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Preface

The H8/3003 is a high-performance microcontroller that integrates system supporting functions
together with an H8/300H CPU core.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-hit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip system supporting functions include RAM, a 16-bit integrated timer unit (ITU), a
programmabl e timing pattern controller (TPC), awatchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, |/O ports, a direct memory access controller (DMAC), arefresh
controller, and other facilities.

The four operating modes offer a choice of data bus width and address space size, enabling the
H8/3003 to adapt quickly and flexibly to avariety of conditions.

This manual describes the H8/3003 hardware. For details of the instruction set, refer to the
H8/300H Programming Manual .
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Section 1 Overview

1.1 Overview

The H8/3003 is amicrocontroller (MCU) that integrates system supporting functions together
with an H8/300H CPU core having an original Hitachi architecture.

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-hit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include RAM, a 16-bit integrated timer unit (ITU), a
programmable timing pattern controller (TPC), a watchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, |/O ports, adirect memory access controller (DMAC), arefresh
controller, and other facilities. Four MCU operating modes offer a choice of data bus width and
address space size.

Table 1-1 summarizes the H8/3003 features.

Table1-1 Features

Feature Description

CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine

e Sixteen 16-bit general registers
(also useable as sixteen 8-bit registers or eight 32-bit registers)

High-speed operation

¢ Maximum clock rate: 16 MHz
¢ Add/subtract: 125 ns
e Multiply/divide: 875 ns

Two CPU operating modes

* Normal mode (64-kbyte address space, not available in the H8/3003)
¢ Advanced mode (16-Mbyte address space)

Instruction features

« 8/16/32-bit data transfer, arithmetic, and logic instructions

« Signed and unsigned multiply instructions (8 bits x 8 hits, 16 bits x 16 bits)

» Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)

e Bit accumulator function

« Bit manipulation instructions with register-indirect specification of bit positions




Table1-1 Features (cont)

Feature Description

Memory RAM: 512 bytes

Interrupt * Nine external interrupt pins: NMI, IRQq to IRQ7
controller * 34 internal interrupts

« Three selectable interrupt priority levels

Bus controller » Address space can be partitioned into eight areas, with independent bus
specifications in each area
« Chip select output available for each area
« 8-bit access or 16-hit access selectable for each area
« Two-state or three-state access selectable for each area
¢ Selection of four wait modes
« Bus arbitration function

Refresh DRAM refresh

controller « Directly connectable to 16-bit-wide DRAM
¢ CAS-before-RAS refresh
¢ Self-refresh mode selectable

Pseudo-static RAM refresh
« Self-refresh mode selectable

Usable as an interval timer

DMA controller Short address mode

(DMAC) * Maximum eight channels available

« Selection of I/O mode, idle mode, or repeat mode

¢ Can be activated by compare match/input capture A interrupts from ITU
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, or
external requests

Full address mode

¢ Maximum four channels available

¢ Selection of normal mode or block transfer mode

« Can be activated by compare match/input capture A interrupts from ITU
channels 0 to 3, external requests, or auto-request




Table1-1 Features (cont)

Feature

Description

16-hit integrated
timer unit (ITU)

< Five 16-bit timer channels, capable of processing up to 12 pulse outputs or 10

pulse inputs

16-bit timer counter (channels 0 to 4)

Two multiplexed output compare/input capture pins (channels 0 to 4)
Operation can be synchronized (channels 0 to 4)

PWM mode available (channels 0 to 4)

Phase counting mode available (channel 2)

Buffering available (channels 3 and 4)

Reset-synchronized PWM mode available (channels 3 and 4)
Complementary PWM mode available (channels 3 and 4)

DMAC can be activated by compare match/input capture A interrupt
(channels 0 to 3)

Programmable
timing pattern
controller (TPC)

Maximum 16-bit pulse output, using ITU as time base

Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit groups)
Non-overlap mode available

Output data can be transferred by DMAC

Watchdog Reset signal can be generated by overflow

timer (WDT), Reset signal can be output externally

1 channel Usable as an interval timer

Serial Selection of asynchronous or synchronous mode

communication
interface (SCI),
2 channels

Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator

A/D converter

Resolution: 10 bits

Eight channels, with selection of single or scan mode
Variable analog conversion voltage range
Sample-and-hold function

Can be externally triggered

I/O ports

50 input/output pins
8 input-only pins




Table1-1 Features (cont)

Feature

Description

Operating modes Four MCU operating modes

Address  Address Initial Bus Max. Bus
Mode Space Pins Width Width
Mode 1 1 Mbyte Agto Ajg 8 bits 16 bits
Mode 2 1 Mbyte Agto Ajg 16 bits 16 bits
Mode 3 16 Mbyte Apto A,z 8 bits 16 bits
Mode 4 16 Mbyte  Agto A,z 16 bits 16 bits
Power-down ¢ Sleep mode
state ¢ Software standby mode
« Hardware standby mode
Other features » On-chip clock oscillator
Product lineup Model Package Oscillator Power Supply Voltage
HD6413003RF 112-pin QFP Divide-by-2 5V £10%
HD6413003RVF  (QFP-112) oscillator 27V1055V
HD6413003TF 1:1 oscillator 5V £10%
HD6413003TVF 27V1055V




1.2 Block Diagram

Figure 1-1 shows an internal block diagram.
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Figure1-1 Block Diagram



1.3 Pin Description

1.3.1 Pin Arrangement

Figure 1-2 shows the p

in arrangement of the H8/3003's QFP-112 package.
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Figure1-2 Pin Arrangement (QFP-112, Top View)




1.3.2 Pin Functions

Pin Assignmentsin Each Mode: Table 1-2 lists the QFP-112 pin assignments in each mode.

Table1-2 QFP-112 Pin Assignmentsin Each Mode

Pin Pin Name

No. Mode 1 Mode 2 Mode 3 Mode 4

1 Ve Vee Vee Vee

2 PBy/TPS/TIOCA, PBo/TPg/TIOCA, PBy/TPg/TIOCA, PBo/TPg/TIOCA,
3 PBy/TP,/TIOCB, PB,/TP4/TIOCB, PB,/TP4/TIOCB; PB,/TP4/TIOCB,
4 PB,ITPo/TIOCA, PB,/TP;/TIOCA, PB,/TP;/TIOCA, PB,/TP;/TIOCA,
5  PBy/TP.,/TIOCB, PB4/TP,/TIOCB, PB4/TP4,/TIOCB, PB4/TP,,/TIOCB,
6  PB/TP;,/TOCXA, PB4/TP1,/TOCXA, PB,/TP1,/TOCXA, PB4/TP1,/TOCXA,
7  PBg/TP;3/TOCXB, PB5/TP;5/TOCXB, PB5/TP;5/TOCXB, PBg/TP,3/TOCXB,
8  PBg/TP14/DREQ, PB¢/TP14/DREQ, PB¢/TP14/DREQ, PBg/TP14/DREQ,
9  PB,/TP;s/DREQ,/ADTRG  PB,/TP,s/DREQ,/ADTRG  PB,/TP,s/DREQ,/ADTRG  PB,/TP,5/DREQ,/ADTRG
10 Vss Vss Vss Vss

11 PC, PC, PCy PC,

12 PC, PC, PC, PC,

13 PC,/TEND,/CS, PC,/TEND,/CS, PC,/TEND,/CS, PC,/TEND,/CS,
14 PC4/DREQ,/CS; PC4/DREQ,/CS; PC4/DREQ,/CS5 PC4/DREQ,/CS;
15 PC,/TEND4/CSq PC,/TEND5/CSg PC,/TEND,/CSg PC,/TEND5/CSq
16 PCg/DREQ,/CS; PC5/DREQ,/CS; PCs/DREQ3/CS; PCs/DREQ3/CS;
17 PC4/IRQg PC4/IRQg PC4/IRQg PC4/IRQg

18 PC,/IRQ; PC,/IRQ; PC,/IRQ; PC,/IRQ;

19 RESO RESO RESO RESO

20 P9y/TxDq P9y/TxDy P9y/TxDy P9y/TxDg

21 P9,/TxD, P9,/TxD; P9,/TxD; P9,/TxD;

22 P9,/RxDqy P9,/RxD, P9,/RxDy P9,/RxD,

23 P9,4/RxD; P94/RxD; P94/RxD; P94/RxD;

24  P9,/SCKy/IRQ, P9,/SCKy/IRQ, P9,/SCKy/IRQ, P9,4/SCKy/IRQ,
25  P95/SCK4/IRQs P95/SCK4/IRQs P95/SCK4/IRQs P95/SCK4/IRQs
26 Vss Vss Vss Vss




Table1-2 QFP-112 Pin Assignmentsin Each Mode (cont)

. Pin Name
Pin
No. Mode 1 Mode 2 Mode 3 Mode 4
27 P4y/Dy't P4,/Dg*2 P4,/Dy” Do
28 P4,/D,1 P4,/D,*2 P4,/D," D,
29 P4,/D,1 P4,/D,*2 P4,/D," D,
30 P4,/Dy1 P4,/D5*2 P4,/D5" Dy
31 P4,/D,1 P4,/D,*2 P4,/D," D,
32 P4g/Dg't P45/Dg"2 P4g/Ds” Ds
33  P44/Dg't P4¢/Dg*2 P4¢/Dg” Dg
34 P4,/Dy1 P4,/D;*2 P4,/D;" D,
35 Vss Vss Vss Vss
36 Dy Dg Dg Dg
37 Dy Dy Dy Dy
38 Dy D10 D10 D10
39 Dgy Dy Dy Dy
40 Dy D12 D12 D12
41 Dy3 D13 D3 D13
42 Dy D14 Di4 D14
43 Dys Dis Dis D1s
44 Vce Vee Vee Vee
45 A, Ag Ay Ao
46 A, Ay Ay Ay
47 A, A, A, A,
48 Ag Ag Ag Aq
49 A, A, A, A,
50 Ag As As As
51 Ag Ag As Ag
52 A, A, A; A,
53 Vss Vss Vss Vss
54 Ag Ag Ag Ag
55 Ag Ag Ag Ag

Notes: 1. In modes 1 and 3 the P4 to P45 functions of pins P4y/Dg to P4,/D are selected after a reset,
but they can be changed by software.
2. In modes 2 and 4 the Dy to D; functions of pins P4y/Dq to D4,/D; are selected after a reset, but they
can be changed by software.
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Table1-2 QFP-112 Pin Assignmentsin Each Mode (cont)

Pin Pin Name

No. Mode 1 Mode 2 Mode 3 Mode 4
56 A Ao Ao Aqo

57 An An An An

58 A12 A12 A12 A12

59 A A1z Az Az

60 A A1 A Ay

61 A15 A15 A15 A15

62 A As As Ase

63 Aqgy A1z A1z A7

64 A18 A18 A18 A18

65 A Ao Ao Ao

66 P6o/WAIT P6o/WAIT P6o/WAIT P6/WAIT
67 P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ
68 P6,/BACK P6,/BACK P6,/BACK P6,/BACK
69 @ [ a [

70 STBY STBY STBY STBY

71 RES RES RES RES

72 NMI NMI NMI NMI

73 Vss Vss Vss Vss

74 EXTAL EXTAL EXTAL EXTAL
75 XTAL XTAL XTAL XTAL

76 Vcc Vee Vee Vee

77 AS AS AS AS

78 RD RD RD RD

79 HWR HWR HWR HWR

80 LWR LWR LWR LWR

81 MD, MD, MD, MD,

82 MD; MD, MD, MD,

83 MD, MD, MD, MD,




Table1-2 QFP-112 Pin Assignmentsin Each Mode (cont)

Pin Pin Name

No. Mode 1 Mode 2 Mode 3 Mode 4

84 AVcc AVce AVce AVee

85 Vgt Vref Vref Vref

86 P7,/AN, P7o/AN, P7o/AN, P7o/ANg

87 P7,/AN; P7,/AN; P7,/AN; P7,/AN;

88 P7,/AN, P7,/AN, P7,/AN, P7,/AN,

89 P74/AN, P74/AN, P74/AN, P74/AN,

90 P7,/AN, P74/AN, P74/AN, P7,/AN,

91 P75/ANg P75/ANg P75/ANg P75/ANg

92 P7¢/ANg P7¢/ANg P7¢/ANg P7¢/ANg

93 P74AN, P74/AN; P74/AN, P74/AN;

94 AVgg AVsg AVsg AVss

95 P5, P5, Ay Axo

96 P5g P5g Ay Ay

97 P54 P5¢ Ay Ay

98 P5,; P5, Asg Az

99 Vss Vss Vss Vss

100 P8,/RFSH/IRQ, P8,/RFSH/IRQ, P8,/RFSH/IRQ, P8,/RFSH/IRQ,
101 P8,/CS,/IRQ; P8,/CS,/IRQ; P8,/CS,/IRQ; P8,/CS,/IRQ;

102

P8,/CS,/IRQ,

P8,/CS,/IRQ,

P8,/CS,/IRQ,

P8,/CS,/IRQ,

103 P8,/CS,/IRQ; P84/CS,/IRQ; P84/CS,/IRQ; P84/CS,/IRQ;

104 P8,/CS, P8,/CS, P8,/CS, P8,/CS,

105 PAG/TPG/TEND/TCLKA  PAG/TPo/TENDG/TCLKA  PAyTP,/TENDy/TCLKA  PA/TPo/TENDy/TCLKA
106 PA,/TP;/TEND;/TCLKB PA,/TP;/TEND,;/TCLKB  PA,/TP,/TEND,/TCLKB  PA,/TP,/TEND,/TCLKB
107 PA,/TP,ITIOCAGTCLKC PA,/TP,ITIOCA)TCLKC  PATP,TIOCA)TCLKC  PA,/TP,/TIOCA)/TCLKC
108 PA4/TP3/TIOCBG/TCLKD PA4/TP3/TIOCBy/TCLKD PA4/TP3/TIOCBy/TCLKD  PAg/TP4/TIOCB/TCLKD
109 PA,/TP,/TIOCA,; PA,/TP,/TIOCA, PA,/TP,/TIOCA, PA,/TP,/TIOCA,

110 PAg/TP5/TIOCB, PAs/TP5/TIOCB, PAs/TPg/TIOCB, PAs/TP5/TIOCB,

111 PAG/TP4/TIOCA, PAG/TP/TIOCA, PAG/TPg/TIOCA, PAG/TP/TIOCA,

112 PA,/TP,/TIOCB, PA,/TP,/TIOCB, PA,/TP,/TIOCB, PA,/TP,/TIOCB,

10



1.4 Pin Functions

Table 1-3 summarizes the pin functions.

Table 1-3 Pin Functions

Pin No.
Type Symbol QFP-112 1/O Name and Function
Power Vee 1,44,76 Input Power: For connection to the power supply
(+5 V). Connect all V¢ pins to the +5-V system
power supply.
Vgs 10, 26, 35, Input  Ground: For connection to ground (0 V).
53,73, 99 Connect all Vgg pins to the 0-V system power
supply.
Clock XTAL 75 Input  For connection to a crystal resonator.
For examples of crystal resonator and external
clock input, see section 16, Clock Oscillator.
EXTAL 74 Input  For connection to a crystal resonator or input of
an external clock signal. For examples of
crystal resonator and external clock input, see
section 16, Clock Pulse Generator.
o 69 Output System clock: Supplies the system clock to
external devices
Operating MD, to MD, 83 to 81 Input  Mode 2 to mode 0: For setting the operating

mode control

mode, as follows

MD, MD, MDy  Operating Mode
0 0 0 —

0 0 1 Mode 1

0 1 0 Mode 2

0 1 1 Mode 3

1 0 0 Mode 4

1 0 1 —

1 1 0 —

1 1 1 —

11



Table 1-3 Pin Functions (cont)

Pin No.
Type Symbol QFP-112 I/O Name and Function
System control RES 71 Input  Reset input: When driven low, this pin resets
the H8/3003
RESO 19 Output Reset output: Outputs a reset signal to
external devices
STBY 70 Input  Standby: When driven low, this pin forces
a transition to hardware standby mode
BREQ 67 Input  Bus request: Used by an external bus master
to request the bus right from the H8/3003
BACK 68 Output Bus request acknowledge: Indicates that the
bus has been granted to an external bus
master
Interrupts NMI 72 Input  Nonmaskable interrupt: Requests a

nonmaskable interrupt

IRQ; to 18to 17, Input Interrupt request 7 to 0: Maskable interrupt

IRQq 25 to 24, request pins
103 to 101
Address bus Azto Ay 981095,  Output Address bus: Outputs address signals
65 to 54,
52 to 45
Data bus DistoDg  431to 36 Input/  Data bus: Bidirectional data bus
34 to 27 output
Bus control CS,t0CS, 16t013  Output Chip select: Select signals for areas 7 to 0
101 to 104
AS 77 Output Address strobe: Goes low to indicate valid
address output on the address bus
RD 78 Output Read: Goes low to indicate reading from the
external address space
HWR 79 Output High write: Goes low to indicate writing to the
external address space; indicates valid data on
the upper data bus (D5 to Dg).
LWR 80 Output Low write: Goes low to indicate writing to the
external address space; indicates valid data on
the lower data bus (D to D).
WAIT 66 Input  Wait: Requests insertion of wait states in bus
cycles during access to the external address
space

12



Table 1-3 Pin Functions (cont)

Pin No.
Type Symbol QFP-112 I/O Name and Function
Refresh RFSH 100 Output Refresh: Indicates a refresh cycle
controller
CS; 101 Output Row address strobe RAS: Row address
strobe signal for DRAM connected to area 3
RD 78 Output Column address strobe CAS: Column
address strobe signal for bit DRAM connected
to area 3; used with 2WE DRAM.
Write enable: Write enable signal for DRAM
connected to area 3; used with 2CAS DRAM.
HWR 79 Output  Upper write: Write enable signal for DRAM
connected to area 3; used with 2WE DRAM.
Upper column address strobe: Column
address strobe signal for DRAM connected to
area 3; used with 2CAS DRAM.
LWR 80 Output Lower write: Write enable signal for DRAM
connected to area 3; used with 2WE DRAM.
Lower column address strobe: Column
address strobe signal for DRAM connected to
area 3; used with 2CAS DRAM.
DMA DREQzto 16, 14 Input  DMA request 3 to 0: DMAC activation
controller DREQq 9,8 requests
(DMAC) —=ND_ ; ; —
TEND3to 15,13, Output Transfer end 3 to 0: These signals indicate
TEND, 106, 105 that the DMAC has ended a data transfer
16-bit TCLKDto 108to 105 Input Clock input A to D: External clock inputs
integrated TCLKA
time unit ;
(ITU) TIOCA4t0  4,2,111, Input/ Input capture/output compare A4 to AO:
TIOCA, 109, 107  output GRA4 to GRAO output compare or input
capture, or PWM output
TIOCB4to  5,3,112, Input/ Input capture/output compare B4 to BO:
TIOCBg 110,108  output GRB4 to GRBO output compare or input
capture, or PWM output
TOCXA, 6 Output Output compare XA4: PWM output
TOCXB,4 7 Output Output compare XB4: PWM output

13



Table 1-3 Pin Functions (cont)

Pin No.
Type Symbol QFP-112 1/O Name and Function
Programmable TPq5 to 9to 2 Output TPC output 15 to 0: Pulse output
timing pattern TP, 112 to 105
controller (TPC)
Serial com- TxD4, 21,20 Output Transmit data (channels 0 and 1): SCI data
munication TxDq output
interface (SCI) RxDq, 23,22 Input  Receive data (channels 0 and 1): SCI data
RxDq input
SCKq, 25,24 Input/  Serial clock (channels 0 and 1): SCI clock
SCK; output input/output
A/D AN; to ANy 93 to 86 Input  Analog 7 to O0: Analog input pins
converter ADTRG 9 Input  A/D trigger: External trigger input for starting
A/D conversion
AVce 84 Input  Power supply pin for the A/D converter.
Connect to the system power supply (+5 V)
when not using the A/D converter.
AVgg 94 Input  Ground pin for the A/D converter. Connect to
system ground (0 V) when not using the A/D
converter.
VREE 85 Input  Reference voltage input pin for the A/D

converter. Connect to the system power supply
(+5 V) when not using the A/D converter.

1/0O ports P4, to P4y, 34to 27 Input/  Port 4: Eight input/output pins. The
output direction of each pin can be selected in the port
4 data direction register (P4DDR).

P5;to P5, 98to 95 Input/  Port 5: Four input/output pins. The direction of
output each pin can be selected in the port 5 data
direction register (P5DDR).

P6, to P6, 68 to 66 Input/  Port 6: Three input/output pins. The direction
output of each pin can be selected in the port 6 data
direction register (P6DDR).

P7,to P7, 93to 86 Input  Port 7: Eight input pins

P8,to P8; 104 to 100 Input/ Port 8: Five input/output pins. The direction of
output each pin can be selected in the port 8 data
direction register (P8DDR).

14



Table 1-3 Pin Functions (cont)

Pin No.
Type Symbol QFP-112 I/O Name and Function
I/O ports P95 to P9, 25to0 20 Input/  Port 9: Six input/output pins. The direction of
output each pin can be selected in the port 9 data
direction register (P9DDR).
PA;to PAg 112t0 105 Input/  Port A: Eight input/output pins. The direction of
output each pin can be selected in the port A data
direction register (PADDR).
PB;to PBy 9to2 Input/  Port B: Eight input/output pins. The direction of
output each pin can be selected in the port B data
direction register (PBDDR).
PC;to PC, 18to 11 Input/  Port C: Eight input/output pins. The direction of
output each pin can be selected in the port C data

direction register (PCDDR).
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Section2 CPU

2.1 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general
registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

2.1.1 Features
The H8/300H CPU has the following features.
e Upward compatibility with H8/300 CPU
Can execute H8/300 series object programs without alteration
e General-register architecture
Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)
e Sixty-two basic instructions

— 8/16/32-hit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions

e Eight addressing modes

— Register direct [Rn]

— Register indirect [ @ERN]

— Register indirect with displacement [@(d:16, ERn) or @(d:24, ERn)]

— Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
— Absolute address [ @aa:8, @aa: 16, or @aa:24]

— Immediate [#xx:8, #xx:16, or #xx:32]

— Program-counter relative [@(d:8, PC) or @(d:16, PC)]

— Memory indirect [ @@aa:8]

e 16-Mbyte linear address space

17



High-speed operation

— All frequently-used instructions execute in two to four states

— Maximum clock frequency: 16 MHz
— 8/16/32-bit register-register add/subtract: 125 ns
— 8 x 8-hit register-register multiply: 875 ns
— 16 + 8-hit register-register divide: 875 ns
— 16 x 16-hit register-register multiply: 1.375 us
— 32+ 16-bit register-register divide: 1.375 s

Two CPU operating modes

— Normal mode (not available in H8/3003)
— Advanced mode

Low-power mode

Transition to power-down state by SLEEP instruction

2.1.2 Differencesfrom H8/300 CPU

In comparison to the H8/300 CPU, the H8/300H has the following enhancements.

More general registers
Eight 16-bit registers have been added.
Expanded address space

— Advanced mode supports a maximum 16-Mbyte address space.
— Normal mode supports the same 64-kbyte address space as the H8/300 CPU.

Enhanced addressing

The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

Enhanced instructions

— Datatransfer, arithmetic, and logic instructions can operate on 32-bit data.
— Signed multiply/divide instructions and other instructions have been added.

18



2.2 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2-1.

The H8/3003 uses only advanced mode.

Normal mode*

CPU operating modes

Advanced mode

Note: * Normal mode is not available in the H8/3003.

Maximum 64 kbytes, program
and data areas combined

Maximum 16 Mbytes, program
and data areas combined

Figure2-1 CPU Operating M odes
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2.3 Address Space

The maximum address space of the H8/300H CPU is 16 Mbytes. The H8/3003 has two operating
modes (MCU modes), one providing a 1-Mbyte address space, the other supporting the full
16 Mbytes.

Figure 2-2 shows the H8/3003's address ranges. For further details see section 3.6, Memory Map
in Each Operating Mode.

The 1-Mbyte operating mode uses 20-bit addressing. The upper 4 bits of effective addresses are
ignored.

H'00000 H'000000

H'FFFFF

HFFFFFF

a. 1-Mbyte mode b. 16-Mbyte mode

Figure2-2 Memory Map
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2.4 Register Configuration
2.4.1 Overview

The H8/300H CPU has the internal registers shown in figure 2-3. There are two types of registers:
general registers and control registers.

General Registers (ERnN)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ERS E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210
CcCr |1 ulH|u[NZ|VC]

Legend

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

ul: User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

osNzCcI

Figure2-3 CPU Registers
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2.4.2 General Registers

The H8/300H CPU has eight 32-bit genera registers. These general registers are al functionally
alike and can be used without distinction between data registers and address registers. When a
general register is used as a dataregister, it can be accessed as a 32-bit, 16-bit, or 8-bit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). Theseregisters are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2-4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

« Address registers

« 32-bit registers « 16-bit registers  8-bit registers
E registers
—1 (extended registers)
EOto E7
ER registers ] RH registers
ERO to ER7 ROH to R7H
L] R registers ]
RO to R7

RL registers
ROL to R7L

Figure2-4 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2-5 shows the
stack.

Free area

SP (ER7)—

Stack area

/\/

Figure 2-5 Stack
2.4.3 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-bit condition code register
(CCR).

Program Counter (PC): This 24-bit counter indicates the address of the next instruction the CPU
will execute. The length of all CPU instructionsis 2 bytes (one word) or a multiple of 2 bytes, so
the least significant PC bit isignored. When an instruction is fetched, the least significant PC bit is
regarded as 0.

Condition Code Register (CCR): This 8-bit register containsinternal CPU status information,
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. NMI is accepted
regardless of the | bit setting. The | bit isset to 1 at the start of an exception-handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details see section 5, Interrupt Controller.
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Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMPB, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMPW, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMPL, or NEG.L instruction is executed, the H flag isset to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC,
and XORC instructions.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Setto 1 when acarry occurs, and cleared to 0 otherwise. Used by:

e Addingtructions, to indicate a carry
e Subtract instructions, to indicate a borrow
«  Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul bits, see section 5, Interrupt Controller.

2.4.4 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRisset to 1. The other CCR bits and the general registers are not initialized. In particular,
the stack pointer (ER7) is not initialized. The stack pointer must therefore be initialized by an
MOV.L instruction executed immediately after areset.
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2.5 Data Formats

The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-hit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (n=0, 1,
2, ..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as
two digits of 4-bit BCD data.

25.1 General Register Data Formats

Figures 2-6 and 2-7 show the dataformats in general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don'tcare .
7 0

1-bit data RnL Don't care EE

7 43 0

4-bit BCD data RnH Don't care |

________________ 7 43 0

4-bit BCD data RnL : Don't care

7 o
Byte data RnH [:j Don't care
MSB s
________________ 7 0
Byte data RnL I Don't care [:]
""""""""MSB LSB

Figure2-6 General Register Data Formats (1)

25




General

Data Type Register Data Format
15 0
woddatw R0 |
MSB LSB
Word data En | L |
MSB LSB

Longword data ERn |
MSB LSB

Legend

ERn: General register
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2-7 General Register Data Formats (2)
2.5.2 Memory Data Formats

Figure 2-8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an
attempt is made to access word or longword data at an odd address, no address error occurs but
the least significant bit of the addressis regarded as 0, so the access starts at the preceding
address. This also appliesto instruction fetches.
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Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address /

Address /

Address 2m
Address 2m + 1

Address 2n

Address 2n + 1
Address 2n + 2
Address 2n + 3

Data Format

/X/

7 0

7]e6|s5]al3|2]1]0

MSB, LSB
MSB\ L L L L L L
LsB
MSB\ L L L L L L
LSB

Figure2-8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 Instruction Set
2.6.1 Instruction Set Overview
The H8/300H CPU has 62 types of instructions, which are classified in table 2-1.

Table2-1 Instruction Classification

Function Instruction Types

Data transfer MOV, PUSH*1, POP*1, MOVTPE*2, MOVFPE*2 3

Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, 18
MULXU, DIVXU, MULXS, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations AND, OR, XOR, NOT 4

Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
BIXOR, BLD, BILD, BST, BIST

Branch Bcc*3, JMP, BSR, JSR, RTS

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP

Block data transfer EEPMOV 1

Total 62 types

Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
They are not available on H8/3003.

3. Bcc is a generic branching instruction.

N
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2.6.2 Instructions and Addressing M odes

Table 2-2 indicates the instructions available in the H8/300H CPU.

Table2-2 Instructionsand Addressing M odes

Addressing Modes

@ @ @ @
(d:16, (d:24, @ERn+/ @ @ @ (d:8, (d:16, @@

Function Instruction #xx Rn @ERn ERn) ERn) @-ERn aa:8 aal6 aai24 PC) PC) aa8 Implied
Data MOV BWL BWL BWL BWL BWL BWL B BWL BWL — — — —
transfer  pop pysH — — — — — — — — — R — — WL

MOVFPE, - - = — — — — B — — — — —

MOVTPE
Arithmetic ADD, CMP BWL BWL — — — — —_ — — — — — —
operations gyg WL BWL — _ — — — — — — — — —

ADDX, SUBX B B — — — — —_ — — — — — —

ADDS, SUBS — L — — — — — —_ — — — — —

INC, DEC — BWL — — — — — — — — — — —

DAA, DAS — B — — — — — —_ — — — — —

DIVXU, — BW — — — — — — — — — — —

MULXS,

MULXU,

DIVXS

NEG —  BwWL — — — — — — — — — — —

EXTU, EXTS — WL — — — — — — — — — — —
Logic AND, OR, BWL BWL — — — — — — — — — — —
operations XOR

NOT — BWL — — — — — — — — — — —
Shift instructions — BWL — — — — — —_ — — — — —
Bit manipulation — B B — — —_ B — — — — _ —
Branch Bcc, BSR - = = — — — — — — o) o) — —

JMP, JSR — — O — — — — — 0 _ _ 0 _

RTS - - = — — — — — — [ — — 0
System TRAPA — — — —_ —_ — — — — — — _ fe)
control RTE . _ _ _ _ _ _ _ — — o

SLEEP - - = — - = - — - - —_ _ o0

LDC B B w W W w — W w — — — —

STC — B w w W w — W w — — — —

ANDC, ORC, B — — — — —_ — — — — — — —

XORC

NOP - - = — - — — — - - — o0
Block data transfer - - = — — — — — — — _ — BW
Legend
B: Byte
W: Word

L:  Longword
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2.6.3 Tables of Instructions Classified by Function

Tables 2-3 to 2-10 summarize the instructions in each functional category. The operation notation
used in these tables is defined next.

Operation Notation

Rd General register (destination)*

Rs General register (source)*

Rn General register*

ERn General register (32-bit register or address register)
(EAd) Destination operand

(EAS) Source operand

CCR Condition code register

N (negative) flag of CCR

Z (zero) flag of CCR

\% V (overflow) flag of CCR
C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

ad AND logical

ad OR logical

ad Exclusive OR logical

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table 2-3 Data Transfer Instructions

Instruction Size*

Function

MOV B/W/L (EAs) - Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B (EAs) - Rd
Cannot be used in the H8/3003.
MOVTPE B Rs - (EAs)
Cannot be used in the H8/3003.
POP Wi/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. Similarly, POP.L ERn is identical to MOV.L @SP+, ERn.
PUSH W/L Rn - @-SP

Pushes a general register onto the stack. PUSH.W Rn is identical to MOV.W
Rn, @-SP. Similarly, PUSH.L ERn is identical to MOV.L ERn, @—SP.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2-4 Arithmetic Operation Instructions

Instruction Size* Function

ADD, B/W/L Rdz*Rs - Rd, Rd +#IMM - Rd

SuB Performs addition or subtraction on data in two general registers, or on

immediate data and data in a general register. (Immediate byte data cannot
be subtracted from data in a general register. Use the SUBX or ADD
instruction.)

ADDX, B Rd+Rs+C - Rd, Rd+#IMM + C - Rd

SUBX Performs addition or subtraction with carry or borrow on data in two general
registers, or on immediate data and data in a general register.

INC, BW/L Rdzl- Rd,Rd+2 - Rd

DEC

Increments or decrements a general register by 1 or 2. (Byte operands can
be incremented or decremented by 1 only.)

ADDS, L Rd+1 - Rd,Rd+2 - Rd,Rd+4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.
DAA, B Rd decimal adjust — Rd

DAS

Decimal-adjusts an addition or subtraction result in a general register by
referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - Rd

Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd xRs - Rd

Performs signed multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits - 32 bits.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table 2-4 Arithmetic Operation Instructions (cont)

Instruction Size* Function

DIVXU B/W Rd+Rs - Rd

Performs unsigned division on data in two general registers: either
16 bits + 8 bits - 8-bit quotient and 8-bit remainder or 32 bits + 16 bits -
16-bit quotient and 16-bit remainder.

DIVXS B/W Rd+Rs - Rd

Performs signed division on data in two general registers: either
16 bits + 8 bits - 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits -
16-bit quotient and 16-bit remainder.

CMP B/W/L Rd - Rs, Rd —#IMM

Compares data in a general register with data in another general register or
with immediate data, and sets CCR according to the result.

NEG B/W/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of data in a general
register.

EXTS Wi/L Rd (sign extension) - Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by extending the sign bit.

EXTU Wi/L Rd (zero extension) - Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by padding with zeros.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2-5 Logic Operation Instructions

Instruction Size*

Function

AND B/W/L

Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and another general
register or immediate data.

OR B/W/L

Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical OR operation on a general register and another general
register or immediate data.

XOR B/WI/L

RdORs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a general register and another
general register or immediate data.

NOT B/W/L

-Rd - Rd

Takes the one’s complement of general register contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table2-6 Shift Instructions

Instruction Size*

Function

SHAL, B/W/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on general register contents.
SHLL, B/W/L Rd (shift) - Rd

SHLR Performs a logical shift on general register contents.
ROTL, B/W/L Rd (rotate) —» Rd

ROTR Rotates general register contents.

ROTXL, B/W/L Rd (rotate) - Rd

ROTXR

Rotates general register contents through the carry bit.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2-7 Bit Manipulation Instructions

Instruction Size*

Function

BSET B 1 - (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BCLR B 0 - (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to 0. The hit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BTST B = (<bit-No.> of <EAd>) - Z
Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit immediate
data or the lower 3 bits of a general register.

BAND B C O(<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C 0O[~ (<bit-No.> of <EAd>)] -~ C

ANDs the carry flag with the inverse of a specified bit in a general register or
memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B: Byte
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Table 2-7 Bit Manipulation I nstructions (cont)

Instruction Size*

Function

BOR B C O(<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C O[~ (<bit-No.> of <EAd>)] — C
ORs the carry flag with the inverse of a specified bit in a general register or
memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIXOR B C O [ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to the
carry flag.

BILD B = (<bit-No.> of <EAd>) - C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B C - - (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a general
register or memory operand.

The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B: Byte
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Table 2-8 Branching Instructions

Instruction Size

Function

Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High cadz=0
BLS Low or same coz=1
Bcc (BHS) Carry clear (high or same) Cc=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZOINOV)=0
BLE Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table 2-9 System Control Instructions

Instruction Size*

Function

TRAPA —

Starts trap-instruction exception handling

RTE — Returns from an exception-handling routine

SLEEP — Causes a transition to the power-down state

LDC B/W  (EAs) -~ CCR
Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory, data is
read by word access.

STC B/W  CCR - (EAd)
Transfers the CCR contents to a destination location. The condition code
register size is one byte, but in transfer to memory, data is written by word
access.

ANDC B CCR U#IMM - CCR
Logically ANDs the condition code register with immediate data.

ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.

XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate data.

NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.

B: Byte
W: Word
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Table2-10 Block Transfer Instruction

Instruction Size

Function

EEPMOV.B —

EEPMOV.W —

if R4L # 0 then
repeat @ER5+ - @ER6+, R4L—-1 - R4L
until R4L =0

else next;

if R4 # 0 then

repeat @ER5+ - @ER6+,R4-1 - R4
until R4=0
else next;

Transfers a data block according to parameters set in general registers R4L
or R4, ER5, and ERG.

R4L or R4: Size of block (bytes)
ERS: Starting source address
ERG6: Starting destination address

Execution of the next instruction begins as soon as the transfer is
completed.
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2.6.4 Basic Instruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OPfield), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation
to be carried out on the operand. The operation field always includes the first 4 bits of the
instruction. Some instructions have two operation fields.

Register Field: Specifies ageneral register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement. A 24-bit address or displacement is treated as 32-bit datain which the
first 8 bitsare 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2-9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, ec.

Operation field and register fields

| op ‘ m ‘ m | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

MOV.B @(d:16, Rn), R

EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2-9 Instruction Formats
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2.6.5 Noteson Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access registers
with write-only bits, or to access ports.

The BCLR instruction can be used to clear flagsin the on-chip registers. In an interrupt-handling
routine, for example, if it is known that the flag isset to 1, it is not necessary to read the flag
ahead of time.

2.7 Addressing M odes and Effective Address Calculation
2.7.1 Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 2-11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify abit
number in the operand.

Table2-11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16, ERn)/@d:24, ERn)
4 Register indirect with post-increment @ERnN+
Register indirect with pre-decrement @-ERnN
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #xX:8/#xX: 16/#xX:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8
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1 Register Direct—Rn: Theregister field of the instruction code specifies an 8-, 16-, or 32-hit
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit
registers.

2 Register Indirect—@ERN: Theregister field of the instruction code specifies an address
register (ERn), the lower 24 bits of which contain the address of the operand.

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-bit
displacement contained in the instruction code is added to the contents of an address register
(ERn) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of amemory operand. A 16-bit displacement is sign-extended when added.

4 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @—ERn:
*  Register indirect with post-increment—@ERn+

Theregister field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of a memory operand. After the operand is accessed, 1, 2, or 4is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

*  Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result become the address of a memory
operand. The result is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the
resulting register value should be even.

5 Absolute Address—@aa: 8, @aa: 16, or @aa: 24: The instruction code contains the absolute
address of amemory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 hitslong (@aa:24). For an 8-bit absolute address, the upper 16 bitsare all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are a sign extension. A
24-hit absolute address can access the entire address space. Table 2-12 indicates the accessible
address ranges.
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Table 2-12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFO00 to H'FFFFF H'FFFFOO to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

6 Immediate—#xx:8, #xx:16, or #xx:32: The instruction code contains 8-hit (#xx:8), 16-bit
(#xx:16), or 32-hit (#xx:32) immediate data as an operand.

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. Theinstruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.

7 Program-Counter Relative—@(d:8, PC) or @(d:16, PC): Thismode is used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-hit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

8 Memory Indirect—@@aa:8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. The
first byte of the memory operand is ignored, generating a 24-hit branch address. See figure 2-10.
The upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is
0 to 255 (H'000000 to H'0000FF). Note that the first part of this range is also the exception vector
area. For further details see section 5, Interrupt Controller.
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Specified by @aa:8 —

/X/

Reserved

Figure2-10 Memory-Indirect Branch Address Specification

When aword-size or longword-size memory operand is specified, or when a branch addressis
specified, if the specified memory addressis odd, the least significant bit isregarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,

Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2-13 explains how an effective addressis calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to

generate a 20-hit effective address.
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Table 2-13 Effective Address Calculation

Addressing Mode and
No. Instruction Format

Effective Address Calculation

Effective Address

1 Register direct (Rn)

| op_|m][m]

Operand is general
register contents

2 Register indirect (@ERN)

31 0 23

| .
~ General register contents I——|

3 Register indirect with displacement
@(d:16, ERn)/@(d:24, ERN)

31 0

I General register contents

:}afs

| op ‘ r ‘ ‘ disp | | Sign extension ‘ disp
\
4 Register indirect with post-increment

or pre-decrement

Register indirect with post-increment 31 0 23

@ERn+ I General register contents
[

Register indirect with pre-decrement 31 0

@-ERn I General register contents 23
v a|

1 for a byte operand, 2 for a word
operand, 4 for a longword operand




Table 2-13 Effective Address Calculation (cont)

Addressing Mode and

14

No. Instruction Format Effective Address Calculation Effective Address
5 Absolute address 23 87
@aa:8 | HFFFE |
“op [ as *
23 1615
@aa’16 |exte||!|é‘sr,1ion‘
| op ‘ abs I t
23
@aa:24 |
op
abs I
6 Immediate Operand is immediate data

#xX:8, #xXx:16, or #xx:32

| op v |

7 Program-counter relative
@(d:8, PC) or @(d:16, PC) 23 0

| PC contents 23

—

disp

| Sign ‘
extension

op disp I




Table 2-13 Effective Address Calculation (cont)

Addressing Mode and

No. Instruction Format Effective Address Calculation Effective Address
8 Memory indirect
@@aa:8
23 8 7 0
Ho000 | abs |
31 0 23

Memory contents I——|

Ly

Legend

r, rm, rn: Register field

op: Operation field
disp: Displacement
IMM: Immediate data
abs: Absolute address



2.8 Processing States
2.8.1 Overview

The H8/300H CPU has five processing states: the program execution state, exception-handling
state, power-down state, reset state, and bus-rel eased state. The power-down state includes sleep
mode, software standby mode, and hardware standby mode. Figure 2-11 classifies the processing
states. Figure 2-13 indicates the state transitions.

Processing states F% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Bus-released state |

The external bus has been released in response to a bus request
signal from a bus master other than the CPU

% Reset state |

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure2-11 Processing States
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2.8.2 Program Execution State
In this state the CPU executes program instructions in normal seguence.
2.8.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branches to that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2-14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at all timesin the program execution state.

Table 2-14 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts immediately
when RES changes from low to high
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end of
exception handling* the current instruction or current
exception-handling sequence
Trap instruction When TRAPA instruction  Exception handling starts when a trap
Low is executed (TRAPA) instruction is executed

Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions, or
immediately after reset exception handling.

Figure 2-12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.
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Reset

External interrupts
Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure2-12 Classification of Exception Sources

End of bus release

Bus request

Program execution state>
SLEEP
instruction

with SSBY =0

End of bus
release

Bus

End of_ Interrupt SLEEP instruction
exception with SSBY =1
handling

NMI, IRQy, IRQ 1,

CE ion-handling stat N\ or IRQ;, interrupt
xception-handling s aej4

A

RES =1

STBY=1, RES =0
C Reset state™* >=

Q—Iardware standby mode*a

Power-down state

KSoftware standby mode> :

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs
whenever RES goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2-13 State Transitions
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2.8.4 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset state is
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
including NMI, are disabled during the reset exception-handling sequence and immediately after it
ends.

Interrupt Exception Handling and Trap I nstruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) is set to 1, the CPU setsthe | bit in the condition code register to 1. If the UE bit
iscleared to 0, the CPU sets both the | bit and the Ul bit in the condition code register to 1. Then
the CPU fetches a start address from the exception vector table and execution branches to that
address.

Figure 2-14 shows the stack after the exception-handling sequence.

¥/\ f

SP-4 SP (ER7) — CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) —| Stack area SP+4 Even

| B | address

¥/\ ¥/\

Before exception > After exception
handling starts Pushed on stack handling ends

Legend
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure2-14 Stack Structure after Exception Handling
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2.8.5 Bus-Released State

In this state the busiis released to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU are the DMA controller, the refresh controller, and an
external bus master. While the busis released, the CPU halts except for internal operations.
Interrupt requests are not accepted. For details see section 6.3.7, Bus Arbiter Operation

2.8.6 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The
I bit in the condition code register is set to 1 by areset. All interrupts are masked in the reset state.
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by a watchdog timer overflow. For details see section 12,
Weatchdog Timer.

2.8.7 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes: sleep
mode, software standby mode, and hardware standby mode.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY hit is cleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bitissetto 1in SYSCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as aspecified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
Thel/O ports also remain in their existing states.

Hardware Standby M ode: A transition to hardware standby mode is made when the STBY input
goes low. Asin software standby mode, the CPU and clock halt and the on-chip supporting
modules are reset, but aslong as a specified voltage is supplied, on-chip RAM contents are
retained.

For further information see section 17, Power-Down State.
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2.9 Basic Operational Timing
2.9.1 Overview

The H8/300H CPU operates according to the system clock (). The interval from one rise of the
system clock to the next riseisreferred to as a“ state.” A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip
supporting modules, and the external address space. Access to the external address space can be
controlled by the bus controller.

2.9.2 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data busis 16 bits wide, permitting both byte and
word access. Figure 2-15 shows the on-chip memory access cycle. Figure 2-16 indicatesthe pin
states.

Bus cycle

< T, state —»<—T,state —»

: B o U W

Internal address bus >< Address ><

Internal read signal ‘ \ ‘ /
Internal data bus : : :
(read access) :>—< Read data 1)

Internal write signal \—/7

Internal data bus -
(write access) :>—< ‘ Write data >—

Figure 2-15 On-Chip Memory Access Cycle
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Address bus >< Add‘ress ><

AS, RD, HWR, LWR

High imbedance

D15 to Dg

Figure2-16 Pin Statesduring On-Chip Memory Access
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2.9.3 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bits wide,
depending on the register being accessed. Figure 2-17 shows the on-chip supporting module
access timing. Figure 2-18 indicates the pin states.

! Bus cycle

i -
et

< T, state —»=—T,state —»e— T3 state —»=

Address ‘

Address bus >< X
Internal read signal ! \ | / w
Read ! ; !
access | data b | ! ! |
Internal data bus :>_< Read data :
Internal write signal \ /
Write ‘ ! T |
access ! : 3 |
Internal data bus :>—< Write data —

Figure 2-17 Access Cyclefor On-Chip Supporting Modules




Address bus ><

AS, RD, HWR, LWR

Dis5to Dg

Figure 2-18 Pin Statesduring Accessto On-Chip Supporting M odules
2.9.4 Accessto External Address Space

The external address spaceis divided into eight areas (areas O to 7). Bus-controller settings
determine whether each areais accessed via an 8-bit or 16-bit bus, and whether it is accessed in
two or three states. For details see section 6, Bus Controller.
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Section 3 MCU Operating Modes

3.1 Overview
3.1.1 Operating Mode Selection

The H8/3003 has four operating modes (modes 1 to 4) that are selected by the mode pins (MD, to
MDy) asindicated in table 3-1. The input at these pins determines the size of the address space
and the initial bus mode.

Table3-1 Operating Mode Selection

Mode Pins Description

Operating Mode MD, MD; MD, Address Space Initial Bus Mode*?  On-Chip RAM
— 0 0 0 — — —

Mode 1 0 0 1 1 Mbyte 8 bits Enabled*?2
Mode 2 0 1 0 1 Mbyte 16 bits Enabled*2
Mode 3 0 1 1 16 Mbytes 8 bits Enabled*?
Mode 4 1 0 0 16 Mbytes 16 bits Enabled*?2

— 1 0 1 — — —

— 1 1 0 — — —

— 1 1 1 — — —

Notes: 1. In all modes, an 8-bit or 16-bit data bus can be selected on a per-area basis by settings
made in the area bus width control register (ABWCR). For details see section 6, Bus
Controller.
2. If the RAM enable bit (RAME) in the system control register (SYSCR) is cleared to 0,
these addresses become external addresses.

For the address space size there are two choices: 1 Mbyte or 16 Mbytes. The external databusis
either 8 or 16 bits wide depending on the settings in the area bus width control register (ABWCR).
If 8-bit accessis selected for al areas, the external data busis 8 bits wide. For details see

section 6, Bus Controller.

Modes 1 to 4 are externally expanded modes that enable access to external memory and peripheral
devices. Modes 1 and 2 support a maximum address space of 1 Mbyte. Modes 3 and 4 support a
maximum address space of 16 Mbytes.

The H8/3003 can only be used in modes 1 to 4. The inputs at the mode pins must select one of
these four modes. The inputs at the mode pins must not be changed during operation.
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3.1.2 Register Configuration

The H8/3003 has a mode control register (MDCR) that indicates the inputs at the mode pins
(MD, to MDg), and a system control register (SY SCR). Table 3-2 summarizes these registers.

Table3-2 Registers

Address* Name Abbreviation R/W Initial Value
H'FFF1 Mode control register MDCR R Undetermined
H'FFF2 System control register SYSCR R/W H'0B

Note: * The lower 16 bits of the address are indicated.
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3.2 Mode Control Register (MDCR)

MDCR is an 8-hit read-only register that indicates the current operating mode of the H8/3003.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
Reserved bits Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: * Determined by pins MD, to MDyg.

Bits 7 and 6—Reserved: Read-only bits, awaysread as 1.
Bits 5 to 3—Reserved: Read-only bits, alwaysread as 0.

Bits 2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate thelogic levels at pins
MD, to MDg (the current operating mode). MDS2 to MDSO correspond to MD, to MDg. MDS2
to MDSO0 are read-only bits. The mode pin (MD, to MDy) levels are latched when MDCR is read.
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3.3 System Control Register (SYSCR)

SY SCR is an 8-hit register that controls the operation of the H8/3003.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable
Enables or

disables
on-chip RAM

Reserved bit

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use Ul bitin CCR 6
as a user bit or an interrupt mask bit

Standby timer select 2to 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Software Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 17, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear
this bit, write 0.

Bit 7

SSBY  Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits 6 to 4—Standby Timer Select (STS2 to ST S0): These bits select the length of time the CPU
and on-chip supporting modules wait for the internal clock oscillator to settle when software
standby mode is exited by an external interrupt. Set these bits so that the waiting time will be at
least 8 ms at the system clock rate. For further information about waiting time selection, see
section 17.4.3, Selection of Oscillator Waiting Time after Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 Waiting time = 8192 states (Initial value)

Waiting time = 16384 states

1
0 Waiting time = 32768 states
1 Waiting time = 65536 states

— Waiting time = 131072 states

PRl Ol O|lO|O

0
1
1
0
1

— Waiting time = 4 states

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register asa
user bit or an interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

1 Ul bit in CCR is used as a user bit (Initial value)

Bit 2—NM | Edge Select (NMIEG): Selectsthe valid edge of the NMI input.

Bit 2

NMIEG Description

0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI

Bit 1—Reserved: Read-only bit, alwaysread as 1.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized by the rising edge of the RES signal. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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3.4 Operating Mode Descriptions
34.1 Mode1

Address pins A9 to A are enabled, permitting access to a maximum 1-Mbyte address space. The
initial bus mode after areset is 8 bits, with 8-bit accessto all areas. If at least one areais
designated for 16-bit accessin ABWCR, the bus mode switches to 16 hits.

3.4.2 Mode2

Address pins A9 to A are enabled, permitting access to a maximum 1-Mbyte address space. The
initial bus mode after areset is 16 bits, with 16-bit accessto al areas. If all areas are designated
for 8-bit access in ABWCR, the bus mode switches to 8 hits.

3.4.3 Mode3

Address pins A3 to Ag are enabled, permitting access to a maximum 16-Mbyte address space.
Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. If at least one areais
designated for 16-bit accessin ABWCR, the bus mode switches to 16 hits.

3.4.4 Mode4

Address pins A3 to Ag are enabled, permitting access to a maximum 16-Mbyte address space.
Theinitial bus mode after areset is 16 bits, with 16-bit accessto al aress. If al areas are
designated for 8-bit accessin ABWCR, the bus mode switchesto 8 bits.
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3.5 Pin Functionsin Each Operating Mode

The pin functions of ports 4 and 5 vary depending on the operating mode. Table 3-3 indicates their
functions in each operating mode.

Table 3-3 Pin Functionsin Each Mode

Port Mode 1 Mode 2 Mode 3 Mode 4
Port 4 P4,to P4y Dy to Dy* P4, to P4y* Dy to Dg*
Port 5 P57 to P54 P57 to P54 A23 to A20 A23 to A20

Note: * Initial state. The bus mode can be switched by settings in ABWCR.
These pins function as P4 to P4, in 8-bit bus mode, and as D, to Dg
in 16-bit bus mode.

3.6 Memory Map in Each Operating Mode

Figure 3-1 shows a memory map for modes 1 to 4. The address space is divided into eight areas.
Theinitial bus mode differs between modes 1 and 2, and also between modes 3 and 4. The address
locations of the on-chip RAM and on-chip registers differ between the 1-Mbyte modes (modes 1
and 2) and 16-Mbyte modes (modes 3 and 4). The address range specifiable by the CPU in its 8-
and 16-bit absolute addressing modes (@aa:8 and @aa: 16) aso differs.
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Modes 1 and 2 (1-Mbyte modes)

Modes 3 and 4 (16-Mbyte modes)

H'00000

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FFDOF
HFFD10

H'FFF00
H'FFFOF
HFFF10

HFFF1B
HFFF1C

FFFFFF

Vector table

External address
space

On-chip registers

16-bit
absolute
addresses
Area 0
Area 1
Area 2
Area 3
Area 4
Area 5
Area 6
Area 7
- 16-bit
absolute
addresses
8-bit
absolute
addresses

H'000000

H007FFFF

H'1FFFFF
H200000

H3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

HOFFFFF
H'A00000

HBFFFFF
H'C00000

HDFFFFF
H'E00000

HFF8000
HFFFDOF
HFFFD10

HFFFFO0
HFFFFOF
HFFFF10

HFFFFLB
HFFFFLC

HFFFFFF

Vector table

External address
space

External address
space

On-chip registers

16-bit
absolute
addresses
Area 0
Area 1
Area 2
Area 3
Area 4
Area 5
Area 6
Area 7
e 16-bit
absolute
addresses
8-hit
absolute
addresses

Note: * External addresses can be accessed by clearing the RAME bit to 0 in the system control register (SYSCR).

Figure3-1 Memory Map in Each Operating Mode
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Section 4 Exception Handling

4.1 Overview
4.1.1 Exception Handling Typesand Priority

Astable 4-1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4-1. If two or more exceptions occur
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are
accepted at al timesin the program execution state.

Table4-1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES pin
Interrupt Interrupt requests are handled when execution of the current
instruction or handling of the current exception is completed

Low Trap instruction (TRAPA) Started by execution of a trap instruction (TRAPA)

4.1.2 Exception Handling Operation

Exceptions originate from various sources. Trap instructions and interrupts are handled as follows.
1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.

2. The CCRinterrupt mask bit isset to 1.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

For areset exception, steps 2 and 3 above are carried out.
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4.1.3 Exception Vector Table

The exception sources are classified as shown in figure 4-1. Different vectors are assigned to
different exception sources. Table 4-2 lists the exception sources and their vector addresses.

* Reset
External interrupts: NMI, IRQ, to IRQ,
Exception
sources * Interrupts
Internal interrupts: 34 interrupts from on-chip
« Trap instruction supporting modules

Figure4-1 Exception Sources

Table4-2 Exception Vector Table

Exception Source Vector Number Vector Address™1
Reset 0 H'0000 to H'0003
Reserved for system use 1 H'0004 to H'0007
2 H'0008 to H'000B
3 H'000C to H'000F
4 H'0010 to H'0013
5 H'0014 to H'0017
6 H'0018 to H'001B
External interrupt (NMI) 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027
10 H'0028 to H'002B
11 H'002C to H'002F
External interrupt IRQq 12 H'0030 to H'0033
External interrupt IRQq 13 H'0034 to H'0037
External interrupt IRQ, 14 H'0038 to H'003B
External interrupt IRQz 15 H'003C to H'003F
External interrupt IRQ4 16 H'0040 to H'0043
External interrupt IRQs 17 H'0044 to H'0047
External interrupt IRQg 18 H'0048 to H'004B
External interrupt IRQ-, 19 H'004C to H'004F
Internal interrupts*2 20 H'0050 to H'0053
to to
60 H'00FO0 to H'O0F3

Notes: 1. Lower 16 bits of the address.
2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
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4.2 Reset
4.2.1 Overview

A reset is the highest-priority exception. When the RES pin goes low, al processing halts and the
H8/3003 enters the reset state. A reset initializes the internal state of the CPU and the registers of
the on-chip supporting modules. Reset exception handling begins when the RES pin changes from
low to high.

The H8/3003 can aso be reset by overflow of the watchdog timer. For details see section 12,
Watchdog Timer.

4.2.2 Reset Sequence
The H8/3003 enters the reset state when the RES pin goes low.

To ensure that the H8/3003 is reset, hold the RES pin low for at least 20 ms at power-up. To reset
the H8/3003 during operation, hold the RES pin low for at least 10 system clock () cycles. See
appendix D.2, Pin States at Reset, for the states of the pinsin the reset state.

When the RES pin goes high after being held low for the necessary time, the H8/3003 starts reset
exception handling as follows.

e Theinterna state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1in CCR.

e The contents of the reset vector address (H'0000 to H'0003) are read, and program execution
starts from the address indicated in the vector address.

Figure 4-2 shows the reset sequence in modes 1 and 3. Figure 4-3 shows the reset sequencein
modes 2 and 4.
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(€ pue T sopo |\l) eouenbes sy Z-v9.unbi-

Internal

Vector fetch processing Prefetch of
1 i first program
i : instruction

3
m
[7p)

Address
bus

1) X ®3) X (5) X @) X 9) X

&) 4) (6) (8)

(1), (3), (5), (7) Address of reset vector: (1) = H'00000, (3) = H'00001, (5) = H'00002, (7) = H'00003
(2), (4), (6), (8) Start address (contents of reset vector)

9) Start address

(10) First instruction of program

Note: After a reset, the wait-state controller inserts three wait states in every bus cycle.




Internal

Vector fetch processing Prefetch of first

program instruction

Address bus >< (1) X 3

(1), (3) Address of reset vector: (1) = H'00000, (3) = H'00002
(2), (4) Start address (contents of reset vector)

5) Start address

(6) First instruction of program

Note: After a reset, the wait-state controller inserts three wait states in every bus cycle.

Figure4-3 Reset Sequence (Modes 2 and 4)
4.2.3 Interruptsafter Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, PC and CCR
will not be saved correctly, leading to a program crash. To prevent this, al interrupt requests,
including NMI, are disabled immediately after areset. Thefirst instruction of the program is
always executed immediately after the reset state ends. This instruction should initialize the stack
pointer (example: MOV.L #xx:32, SP).
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4.3 Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQq to IRQ7) and
34 internal sources in the on-chip supporting modules. Figure 4-4 classifies the interrupt sources
and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT),
refresh controller, 16-bit integrated timer-pulse unit (ITU), DMA controller (DMAC), serial
communication interface (SCI), and A/D converter. Each interrupt source has a separate vector
address.

NMI is the highest-priority interrupt and is always accepted. Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt
priority registers A and B (IPRA and IPRB) in the interrupt controller.

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts { IRQ, to IRQ; (8)
Interrupts WDT'! 1)
Refresh controller *2 (1)
. ITU (15)
Internal interrupts DMAC (8)
SCI (8)
A/D converter (1)

Notes: Numbers in parentheses are the number of interrupt sources.
1. When the watchdog timer is used as an interval timer, it generates an interrupt
request at every counter overflow.
2. When the refresh controller is used as an interval timer, it generates an interrupt
request at compare match.

Figure4-4 Interrupt Sourcesand Number of Interrupts

70




4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE hit is
set to 1 in the system control register (SY SCR), the exception handling sequence setsthe | bit to 1
in CCR. If the UE bitis O, the | and Ul bits are both set to 1. The TRAPA instruction fetches a
start address from a vector table entry corresponding to a vector number from 0 to 3, which is
specified in the instruction code.

4.5 Stack Status after Exception Handling

Figure 4-5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\_/\

SP— CCR

PC

\_/\

Note: In modes 1 and 2 only 20 PC bits are valid; the upper 4 bits are ignored.

Figure4-5 Stack after Completion of Exception Handling
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4.6 Noteson Stack Usage

When accessing word data or longword data, the H8/3003 regards the lowest address bit as 0. The
stack should always be accessed by word access or longword access, and the value of the stack
pointer (SP, ER7) should always be kept even. Use the following instructions to save registers:

PUSH.W Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POPW Rn  (or MOV.W @SP+, Rn)
POPL ERn  (or MOV.L @SP+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4-6 shows an example of what
happens when the SP value is odd.

CCR sp—= RIL HFFFEFA

Sp—= HFFFEFB
PC PC HFFFEFC

HFFFEFD

HFFFEFF

SP—*

TRAPA instruction executed MOV. B RIL, @-ER7
_—————
SP set to H'FFFEFF Data saved above SP CCR contents lost

Legend

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: The diagram illustrates modes 3 and 4.

Figure4-6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

5.1 Overview

5.1.1 Features

The interrupt controller has the following features:

e Interrupt priority registers (IPRs) for setting interrupt priorities

Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
ininterrupt priority registers A and B (IPRA and IPRB).

e Three-level masking by the | and Ul bitsin the CPU condition code register (CCR)
e Independent vector addresses

All interrupts are independently vectored; the interrupt service routine does not have to
identify the interrupt source.

e Nineexterna interrupt pins

NMI has the highest priority and is always accepted; either the rising or falling edge can be
selected. For each of IRQg to IRQ5, sensing of the falling edge or level sensing can be
selected independently.
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5.1.2 Block

Diagram

Figure 5-1 shows a block diagram of the interrupt controller.

NMI
input

IRQ input

OVF
TME

ADI .

ADIE

Legend
I:

IER:
IPRA:
IPRB:
ISCR:
ISR:
SYSCR:
UE:

Ul

Y

Interrupt controller

lIscrR| | IER | | IPRA, IPRB
Y \i
IRQ input -
section ISR
Interrupt
- Priority request
decision logic
Vector
) > number

CPU

ul

Interrupt mask bit

IRQ enable register
Interrupt priority register A
Interrupt priority register B
IRQ sense control register
IRQ status register
System control register
User bit enable

User bit/interrupt mask bit

m

SYSCR

CCR

Figure5-1 Interrupt Controller Block Diagram
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5.1.3 Pin Configuration
Table 5-1 lists the interrupt pins.

Table5-1 Interrupt Pins

Name Abbreviation /O Function

Nonmaskable interrupt NMI Input  Nonmaskable interrupt, rising edge or
falling edge selectable

External interrupt request 7to 0  IRQ to IRQy Input  Maskable interrupts, falling edge or

level sensing selectable

5.1.4 Register Configuration
Table 5-2 lists the registers of the interrupt controller.

Table5-2 Interrupt Controller Registers

Address*1 Name Abbreviation R/W Initial Value
H'FFF2 System control register SYSCR R/W H'0B
H'FFF4 IRQ sense control register ISCR R/W H'00
H'FFF5 IRQ enable register IER R/W H'00
H'FFF6 IRQ status register ISR R/(W)*2 H'00
H'FFF8 Interrupt priority register A IPRA R/W H'00
H'FFF9 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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5.2 Register Descriptions
5.2.1 System Control Register (SYSCR)

SY SCR is an 8-bit readable/writable register that controls software standby mode, selects the
action of the Ul bit in CCR, selectsthe NMI edge, and enables or disables the on-chip RAM.

Only bits 3 and 2 are described here. For bits 7 to 4, see section 17.2, Register Configuration.
For hit 0, see section 15.2, System Control Register (SY SCR).

SYSCRiisinitialized to H'OB by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable

Reserved bit

Standby timer NMI edge select
select 2to 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use CCR bit 6
as a user bit or interrupt mask bit
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Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in CCR as a user bit or an
interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as interrupt mask bit

1 Ul bit in CCR is used as user bit (Initial value)

Bit 2—NM | Edge Select (NMIEG): Selectsthe NMI input edge.

Bit 2

NMIEG Description

0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input

5.2.2 Interrupt Priority RegistersA and B (IPRA, IPRB)

IPRA and IPRB are 8-bit readable/writable registers that control interrupt priority.

77



Interrupt Priority Register A (IPRA): IPRA isan 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0
‘ IPRA7 ‘ IPRA6 ‘ IPRAS ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRAL ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Priority
level AO
Selects the
priority level
of ITU
channel 2
interrupt
requests
Priority level Al
Selects the priority level
of ITU channel 1
interrupt requests

Priority level A2
Selects the priority level of
ITU channel O interrupt requests

Priority level A3
Selects the priority level of WDT and
refresh controller interrupt requests

Priority level A4
Selects the priority level of IRQ, to IRQ-
interrupt requests

Priority level A5
Selects the priority level of IRQ, and IRQ3 interrupt requests

Priority level A6
Selects the priority level of IRQ, interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7): Selects the priority level of IRQg interrupt requests.

Bit 7

IPRA7  Description

0 IRQq interrupt requests have priority level O (low priority) (Initial value)
1 IRQ interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAG): Selects the priority level of IRQ; interrupt requests.

Bit 6

IPRA6  Description

0 IRQ; interrupt requests have priority level O (low priority) (Initial value)
1 IRQ; interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level A5 (IPRAS): Selects the priority level of IRQ, and IRQ3 interrupt
requests.

Bit 5

IPRA5  Description

0 IRQ, and IRQ3 interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, and IRQj interrupt requests have priority level 1 (high priority)

Bit 4——Priority Level A4 (IPRA4): Selectsthe priority level of IRQ, to IRQ7 interrupt requests.

Bit 4

IPRA4  Description

0 IRQ,4 to IRQ5 interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, to IRQ interrupt requests have priority level 1 (high priority)
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Bit 3—Priority Level A3 (IPRA3): Selects the priority level of WDT and refresh controller
interrupt requests.

Bit 3

IPRA3  Description

0 WDT and refresh controller interrupt requests have priority level 0 (Initial value)
(low priority)

1 WDT and refresh controller interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of ITU channel O interrupt requests.

Bit 2

IPRA2  Description

0 ITU channel O interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel O interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRA1): Selectsthe priority level of ITU channel 1 interrupt requests.

Bit 1

IPRA1 Description

0 ITU channel 1 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level AO (IPRAO): Selectsthe priority level of ITU channel 2 interrupt requests.

Bit 0

IPRAO  Description

0 ITU channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRB6 ‘ IPRB5 ‘ IPRB4 ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reserved bit

Priority level B1
Selects the priority level
of A/D converter
interrupt request

Priority level B2
Selects the priority level of
SCI channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
channel O interrupt requests

Priority level B4
Selects the priority level of DMAC group 1
interrupt requests (channels 2 and 3)

Priority level B5
Selects the priority level of DMAC group O interrupt
requests (channels 0 and 1)

Priority level B6
Selects the priority level of ITU channel 4 interrupt requests

Priority level B7
Selects the priority level of ITU channel 3 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selects the priority level of ITU channel 3 interrupt requests.

Bit 7

IPRB7  Description

0 ITU channel 3 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 3 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selectsthe priority level of ITU channel 4 interrupt requests.

Bit 6

IPRB6  Description

0 ITU channel 4 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 4 interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level B5 (IPRB5): Selectsthe priority level of DMAC group O interrupt requests
(channels 0 and 1).

Bit 5

IPRB5 Description

0 DMAC group 0 interrupt requests (channels 0 and 1) have priority level 0 (Initial value)
(low priority)

1 DMAC group 0 interrupt requests (channels 0 and 1) have priority level 1 (high priority)

Bit 4—Priority Level B4 (IPRB4): Selects the priority level of DMAC group 1 interrupt requests
(channels 2 and 3).

Bit 4

IPRB4  Description

0 DMAC group 1 interrupt requests (channels 2 and 3) have priority level 0  (Initial value)
(low priority)

1 DMAC group 1 interrupt requests (channels 2 and 3) have priority level 1 (high priority)
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Bit 3—Priority Level B3 (IPRB3): Selects the priority level of SCI channel 0 interrupt requests.

Bit 3

IPRB3 Description

0 SCIO0 interrupt requests have priority level O (low priority) (Initial value)
1 SCIO interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Selectsthe priority level of SCI channel 1 interrupt requests.

Bit 2

IPRB2 Description

0 SCI1 interrupt requests have priority level O (low priority) (Initial value)
1 SCI1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of A/D converter interrupt requests.

Bit 1

IPRB1 Description

0 A/D converter interrupt requests have priority level O (low priority) (Initial value)
1 A/D converter interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: Although reserved, this bit can be written and read.
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5.2.3 IRQ Status Register (ISR)

ISR is an 8-bit readable/writable register that indicates the status of IRQq to IRQ; interrupt

reguests.

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0

‘ IRQ7F ‘ IRQ6F ‘ IRQ5F ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘ IRQOF ‘

0 0 0 0 0 0 0 0
RIWF  RIWY  RIWYF  RIWF  RIWY  RIWY  RIWF  RIWY

IRQ- to IRQ, flags
These bits indicate IRQ to IRQ interrupt request status

Note: * Only 0 can be written, to clear flags.

ISRisinitialized to H'00 by areset and in hardware standby mode.

Bits 7 to 0—IRQ; to IRQq Flags (IRQ7F to IRQOF): These bitsindicate the status of IRQ7 to
IRQq interrupt requests.

Bits 7to 0
IRQ7F to IRQOF  Description
0 [Clearing conditions] (Initial value)

0 is written in IRQnNF after reading the IRQnNF flag when IRQnF = 1.
IRQNSC =0, IRQn input is high, and interrupt exception handling is carried out.
IRQNSC =1 and IRQn interrupt exception handling is carried out.

[Setting conditions]
IRQNSC =0 and IRQn input is low.
IRQNSC =1 and IRQn input changes from high to low.

Note: n=7to0
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5.2.4 |RQ Enable Register (IER)

IER isan 8-bit readable/writable register that enables or disables IRQ to IRQ7 interrupt requests.

Bit 7 6 5 4 3 2 1 0

‘ IRQ7E ‘ IRQ6E ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IRQ, to IRQ, enable
These bits enable or disable IRQ; to IRQq interrupts

IER isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 to 0—IRQ; to IRQg Enable (IRQ7E to IRQOE): These bits enable or disable IRQ; to
IRQq interrupts.

Bits 7to O

IRQ7E to IRQOE  Description

0 IRQ7 to IRQq interrupts are disabled (Initial value)
1 IRQ7 to IRQy interrupts are enabled
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5.2.5 IRQ Sense Control Register (ISCR)

ISCR is an 8-hit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pins IRQ; to IRQy,.

Bit 7 6 5 4 3 2 1 0

‘ IRQ7SC ‘ IRQGSC‘ IRQSSC‘ IRQ4SC‘ IRQ3SC ‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RW  RW

IRQ- to IRQ, sense control
These bits select level sensing or falling-edge sensing for

IRQ- to IRQ interrupts

ISCRisinitialized to H'00 by areset and in hardware standby mode.

Bits 7 to 0—IRQ7 to IRQg Sense Control (IRQ7SC to IRQOSC): These bits selects whether
interrupts IRQ7 to IRQy are requested by level sensing of pins IRQ; to IRQg, or by falling-edge
sensing.

Bits 7to O

IRQ7SC to IRQOSC Description

0 Interrupts are requested when IRQ- to IRQg inputs are low  (Initial value)
1 Interrupts are requested by falling-edge input at IRQ- to IRQq
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5.3 Interrupt Sources
The interrupt sources include external interrupts (NMI, IRQq to IRQ7) and 34 internal interrupts.
5.3.1 External Interrupts

There are nine external interrupts: NMI, and IRQ to IRQ;. Of these, NMI, IRQg, IRQ4, and IRQ,
can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the
| and Ul bitsin CCR. The NMIEG hit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

IRQq to IRQ7 Interrupts: These interrupts are requested by input signals at pins IRQg to IRQ;.
The IRQq to IRQy interrupts have the following features.

e ISCR settings can select whether an interrupt is requested by the low level of theinput at pins
IRQq to IRQ7, or by the falling edge.

* |ER settings can enable or disable the IRQq to IRQ7 interrupts. Interrupt priority levels can be
assigned by four bitsin IPRA (IPRA7 to IPRA4).

*  Thestatus of IRQg to IRQ7 interrupt requestsisindicated in ISR. The ISR flags can be
cleared to 0 by software.

Figure 5-2 shows a block diagram of interrupts IRQ to IRQ5.

IRQNSC IRQNE
l IRQNF
40[} Edge/lgvell - s Q IRQnN interrupt
sense circuit request
IRQn input f R
Clear signal

Note: n=7t00

Figure5-2 Block Diagram of InterruptsIRQqto IRQ7
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Figure 5-3 shows the timing of the setting of the interrupt flags (IRQNF).

IRQN
input pin

IRQNF

Figure5-3 Timing of Setting of IRQnF

Interrupts IRQg to IRQ- have vector numbers 12 to 19. These interrupts are detected regardless of
whether the corresponding pin is set for input or output. When using a pin for external interrupt
input, clear its DDR bit to 0 and do not use the pin for chip select output, refresh output, or SCI
input or output.

5.3.2 Internal Interrupts
Thirty-four internal interrupts are requested from the on-chip supporting modules.

e Each on-chip supporting module has status flags for indicating interrupt status, and enable
bits for enabling or disabling interrupts.

e Interrupt priority levels can be assigned in IPRA and IPRB.

e ITU and SCI interrupt requests can activate the DMAC, in which case no interrupt request is
sent to the interrupt controller, and the | and Ul bits are disregarded.

5.3.3 Interrupt Vector Table

Table 5-3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after areset isthe default order
shown in table 5-3.
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Table5-3 Interrupt Sources, Vector Addresses, and Priority

Vector
Interrupt Source Origin Number Vector Address* IPR Priority
NMI External pins 7 H'001C to H'0O01F — High
IRQo 12 H'0030 to H'0033 IPRA7 A
IRQq 13 H'0034 to HO037 IPRA6
IRQ, 14 H'0038 to H'003B IPRAS
IRQ3 15 H'003C to H'003F
IRQ4 16 H'0040 to H'0043 IPRA4
IRQsg 17 H'0044 to H'0047
IRQg 18 H'0048 to H'004B
IRQ< 19 H'004C to H'004F
WOVI (interval timer) Watchdog timer 20 H'0050 to H'0053 IPRA3
CMI (compare match) Refresh controller 21 H'0054 to H'0057
Reserved — 22 H'0058 to H'005B

23 H'005C to H'005F
IMIAO (compare match/input  ITU channel O 24 H'0060 to H'0063 IPRA2
capture A0)
IMIBO (compare match/input 25 H'0064 to H'0067
capture BO)
OVIO0 (overflow 0) 26 H'0068 to H'006B
Reserved — 27 H'006C to H'006F
IMIAL (compare match/input  ITU channel 1 28 H'0070 to H'0073 IPRA1l
capture Al)
IMIB1 (compare match/input 29 H'0074 to H'0077
capture B1)
OVI1 (overflow 1) 30 H'0078 to H'007B
Reserved — 31 H'007C to H'007F
IMIA2 (compare match/input  ITU channel 2 32 H'0080 to H'0083 IPRAO
capture A2)
IMIB2 (compare match/input 33 H'0084 to H'0087
capture B2)
QVI2 (overflow 2) 34 H'0088 to H'008B
Reserved — 35 H'008C to H'008F Low

Note: * Lower 16 bits of the address.
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Table5-3 Interrupt Sources, Vector Addresses, and Priority (cont)

Vector
Interrupt Source Origin Number Vector Address* IPR Priority
IMIA3 (compare match/input  ITU channel 3 36 H'0090 to H'0093 IPRB7 High
capture A3) A
IMIB3 (compare match/input 37 H'0094 to H'0097
capture B3)
OVI3 (overflow 3) 38 H'0098 to H'009B
Reserved — 39 H'009C to H'009F
IMIA4 (compare match/input  ITU channel 4 40 H'00AO0 to H'00A3 IPRB6
capture A4)
IMIB4 (compare match/input 41 H'00A4 to H'00A7
capture B4)
QVI4 (overflow 4) 42 H'00A8 to H'0O0AB
Reserved — 43 H'00AC to H'00AF
DENDOA DMAC group O 44 H'00BO to H'00B3 IPRB5
DENDOB 45 H'00B4 to H'00B7
DEND1A 46 H'00B8 to H'00BB
DEND1B 47 H'00BC to H'00BF
DEND2A DMAC group 1 48 H'00CO to H'00C3 IPRB4
DEND2B 49 H'00C4 to H'00C7
DEND3A 50 H'00CS8 to H'00CB
DEND3B 51 H'00CC to H'00CF
ERIO (receive error 0) SCl channel O 52 H'00DO to H'00D3 IPRB3
RXIO (receive data full 0) 53 H'00D4 to H'00D7
TXIO (transmit data empty 0) 54 H'00D8 to H'00DB
TEIO (transmit end 0) 55 H'00DC to H'00ODF
ERI1 (receive error 1) SCI channel 1 56 H'00EO to H'0O0E3 IPRB2
RXI1 (receive data full 1) 57 H'00E4 to H'O0E7
TXI1 (transmit data empty 1) 58 H'00ES8 to H'OOEB
TEI1 (transmit end 1) 59 H'00EC to H'OOEF
ADI (A/D end) A/D 60 H'00FO0 to H'O0OF3 IPRB1 Low

Note: * Lower 16 bits of the address.
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5.4 Interrupt Operation
5.4.1 Interrupt Handling Process

The H8/3003 handles interrupts differently depending on the setting of the UE bit. When UE = 1,
interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and Ul bits.
Table 5-4 indicates how interrupts are handled for all setting combinations of the UE, I, and

Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states. IRQ
interrupts and interrupts from the on-chip supporting modules have their own enable bits.
Interrupt requests are ignored when the enable bits are cleared to 0.

Table5-4 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR

UE I ul Description
1 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.
1 — No interrupts are accepted except NMI.
0 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.
1 0 NMI and interrupts with priority level 1 are accepted.

No interrupts are accepted except NMI.

UE = 1: Interrupts IRQ to IRQ; and interrupts from the on-chip supporting modules can all be
masked by the | bit in the CPU’s CCR. Interrupts are masked when the | bit isset to 1, and
unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher priority.
Figure 5-4 is aflowchart showing how interrupts are accepted when UE = 1.
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Branch to interrupt
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_| Yes

Figure5-4 Process Up to Interrupt Acceptancewhen UE =1




If an interrupt condition occurs and the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests
pending. If two or more interrupts with the same | PR setting are requested simultaneously, the
interrupt controller follows the priority order shown in table 5-3.

The interrupt controller checksthe | bit. If the | bit is cleared to 0, the selected interrupt
request is accepted. If the | bit isset to 1, only NMI is accepted; other interrupt requests are
held pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of
the current instruction has been completed.

In interrupt exception handling, PC and CCR are saved to the stack area. The PC valuethat is
saved indicates the address of the first instruction that will be executed after the return from
the interrupt service routine.

Next the | bitisset to 1 in CCR, masking all interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.

UE =0: Thel and Ul bitsin the CPU’s CCR and the IPR bits enable three-level masking of IRQg
to IRQ; interrupts and interrupts from the on-chip supporting modul es.

Interrupt requests with priority level 0 are masked when the | hit is set to 1, and are unmasked
when the | bitiscleared to O.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both set to 1,
and are unmasked when either the | bit or the Ul hit is cleared to O.

For example, if the interrupt enable bits of al interrupt requests are set to 1, IPRA is set to
H'20, and IPRB is set to H'00 (giving IRQ, and IRQs interrupt requests priority over other
interrupts), interrupts are masked as follows:

a If1=0, al interrupts are unmasked (priority order: NMI > IRQ, > IRQ3 >IRQy ...).
b. If I =21and Ul =0, only NMI, IRQ,, and IRQ3 are unmasked.
c. IfI =1and Ul =1, al interrupts are masked except NMI.
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Figure 5-5 shows the transitions among the above states.

<0
a. All interrupts are - <1 Ul -0 b. Only NMI, IRQ,, and
unmasked ! - IRQ3 are unmasked

Exception handling,
orl <1,Ul <1

ul<o0
Exception handling,
orul <1

c. All interrupts are
masked except NMI

Figure5-5 Interrupt Masking State Transitions (Example)
Figure 5-6 is aflowchart showing how interrupts are accepted when UE = 0.

< |f aninterrupt condition occurs and the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

e When theinterrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the PR interrupt priority settings, and holds other requests
pending. If two or more interrupts with the same | PR setting are requested simultaneously, the
interrupt controller follows the priority order shown in table 5-3.

« Theinterrupt controller checksthel bit. If thel bit is cleared to O, the selected interrupt
request is accepted regardless of its IPR setting, and regardiess of the Ul bit. If the | bit is set
to 1 and the Ul bit is cleared to 0, only NMI and interrupts with priority level 1 are accepted;
interrupt requests with priority level 0 are held pending. If the | bit and Ul bit are both set to
1, only NMI is accepted; all other interrupt requests are held pending.

*  When an interrupt request is accepted, interrupt exception handling starts after execution of
the current instruction has been completed.

* Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC valuethat is
saved indicates the address of the first instruction that will be executed after the return from
the interrupt service routine.

e Thel and Ul bitsare set to 1 in CCR, masking all interrupts except NMI.

e Thevector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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Figure5-6 Process Up to Interrupt Acceptancewhen UE =0

95




5.4.2 Interrupt Sequence

Figure 5-7 shows the interrupt sequence in mode 2 when the program code and stack arein an

external memory area accessed in two states viaa 16-bit bus.
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Figure5-7 Interrupt Sequence (Mode 2, Two-State Access,
Stack in External Memory)
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5.4.3 Interrupt Response Time

Table 5-5 indicates the interrupt response time from the occurrence of an interrupt request until
the first instruction of the interrupt service routine is executed.

Table5-5 Interrupt Response Time

External Memory

On-Chip 8-Bit Bus 16-Bit Bus
No. Item Memory 2 States 3 States 2 States 3 States
1 Interrupt priority decision 2*1 2*1 2*1 2*1 2*1

2 Maximum number of states 1to 23 1to 27 1to31"4 1to23 1to 254
until end of current instruction

3  Saving PC and CCRtostack 4 8 1274 4 64

4 Vector fetch 4 8 124 4 64

5 Instruction prefetch*2 4 8 124 4 64

6 Internal processing*3 4 4 4 4 4

Total 19to 41 31to 57 431073 19to 41 25t0 49

Notes: 1. 1 state for internal interrupts.
2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the interrupt
service routine.
3. Internal processing after the interrupt is accepted and internal processing after prefetch.
4. The number of states increases if wait states are inserted in external memory access.
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5.5 Usage Notes
5.5.1 Contention between Interrupt and Interrupt-Disabling I nstruction

When an instruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs whileaBCLR,
MOV, or other instruction is being executed to clear its interrupt enable bit to O, at the instant
when execution of the instruction ends the interrupt is still enabled, so its interrupt exception
handling is carried out. If a higher-priority interrupt is also requested, however, interrupt exception
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt isignored.
This also appliesto the clearing of an interrupt flag.

Figure 5-8 shows an example in which an IMIEA bitisclearedto Ointhe ITU.

, TIER write cycle by CPU IMIA exception handling

-t
- e

Internal | |
address bus >< TIER address >< ><

Internal
write signal

IMIEA

IMIA

IMFA interrupt

signal [

Figure5-8 Contention between Interrupt and Interrupt-Disabling I nstruction

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flag iscleared to 0.
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5.5.2 Instructionsthat Inhibit Interrupts

The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs,
after determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the
CPU is currently executing one of these interrupt-inhibiting instructions, however, when the
instruction is completed the CPU always continues by executing the next instruction.

5.5.3 Interruptsduring EEPMOV Instruction Execution
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

When the EEPMOV.B instruction is executing a transfer, no interrupts are accepted until the
transfer is completed, not even NMI.

When the EEPMOV.W instruction is executing a transfer, interrupt requests other than NMI are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at
atransfer cycle boundary. The PC value saved on the stack is the address of the next instruction.
Programs should be coded as follows to alow for NMI interrupts during EEPMOV.W execution:

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

99



Section 6 Bus Controller

6.1 Overview

The H8/3003 has an on-chip bus controller that divides the address space into eight areas and can
assign different bus specifications to each. This enables different types of memory to be connected
easily.

A bus arbitration function of the bus controller controls the operation of the DMA controller
(DMAC) and refresh controller. The bus controller can also release the bus to an external device.

6.1.1 Features
Features of the bus controller are listed below.
*  Independent settings for address areas 0 to 7

— 128-kbyte areas in 1-Mbyte modes; 2-Mbyte areasin 16-Mbyte modes.
— Chip select signals (CSy to CS;) can be output for areas 0 to 7.

— Areas can be designated for 8-bit or 16-hit access.

— Areas can be designated for two-state or three-state access.

e Four wait modes

— Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be
selected.
— Zero to three wait states can be inserted automatically.

e Busarbitration function

— A built-in bus arbiter grants the bus right to the CPU, DMAC, refresh controller, or an
external bus master.
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the bus controller.

CSy to CSy
ABWCR
Internal D
address bus A ASTCR
rea —
C decoder —— WCER K e Internal signals --- - -
> Bus mode control signal
Bus control !
circuit = Bus size control signal !
> Access state control signal
- = Wait request signal
A
2]
>3
o
<
©
. ©
_ Wait-state =
WAIT o controller GE)
IS
WCR
R Internal signals-----------
i CPU bus request signal — BRCR
' DMAC bus request signal ~ —————————#]
' Refresh controller bus request signal -] .
i CPU bus acknowledge signal - Bus arbiter
. DMAC bus acknowledge signal |-
Refresh controller bus acknowledge signal |-—
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ' ‘
BACK
Legend . . BREQ
ABWCR: Bus width control register

ASTCR: Access state control register
WCER: Wait state controller enable register
WCR: Wait control register

BRCR: Bus release control register

Figure6-1 Block Diagram of Bus Controller
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6.1.3 Input/Output Pins
Table 6-1 summarizes the bus controller’s input/output pins.

Table6-1 BusController Pins

Name Abbreviation 1/O Function

Chip select0to 7  CSyto CS; Output  Strobe signals selecting areas 0 to 7

Address strobe AS Output  Strobe signal indicating valid address output on the
address bus

Read RD Output  Strobe signal indicating reading from the external
address space

High write HWR Output  Strobe signal indicating writing to the external
address space, with valid data on the upper data
bus (D15 to Dg)

Low write LWR Output  Strobe signal indicating writing to the external
address space, with valid data on the lower data
bus (D to D)

Wait WAIT Input Wait request signal for access to external three-
state-access areas

Bus request BREQ Input Request signal for releasing the bus to an external
device
Bus acknowledge  BACK Output  Acknowledge signal indicating the bus is released

to an external device

6.1.4 Register Configuration
Table 6-2 summarizes the bus controller’s registers.

Table6-2 BusController Registers

Abbrevi- Initial Value
Address* Name ation R/W Modes1&3 Modes2&4
H'FFEC Bus width control register ABWCR R/W HFF H'00
H'FFED Access state control register ASTCR R/W HFF H'FF
H'FFEE Wait control register WCR R/W HF3 H'F3
H'FFEF Wait state controller enable register WCER R/W  HFF H'FF
H'FFF3 Bus release control register BRCR R/W HFE H'FE

Note: * Lower 16 bits of the address.
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6.2 Register Descriptions
6.2.1 BusWidth Control Register (ABWCR)

ABWCR is an 8-hit readable/writable register that selects 8-hit or 16-bit access for each area.

Bit 7 6 5 4 3 2 1 0
‘ ABW7 ‘ ABW6 ‘ ABWS5 ‘ ABWA4 ‘ ABW3 ‘ ABW2 ‘ ABW1 ‘ ABWO ‘
Initial {Mode 1,3 1 1 1 1 1 1 1 1
value | Mode2,4 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Bits selecting bus width for each area

When ABWCR contains H'FF (selecting 8-bit access for all areas), the H8/3003 operates in 8-bit
bus mode: the upper data bus (D45 to Dg) isvalid, and port 4 is an input/output port. When at least
one hit iscleared to 0 in ABWCR, the H8/3003 operates in 16-bit bus mode with a 16-hit data bus
(D45 to Dg). In modes 1 and 3, ABWCR isinitialized to H'FF by areset and in hardware standby
mode. In modes 2 and 4, ABWCR isinitialized to H'00 by areset and in hardware standby mode.
ABWCR isnot initialized in software standby mode.

Bits 7to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO0): These bits select 8-bit access
or 16-bit access to the corresponding address aress.

Bits 7to 0

ABW?7 to ABWO Description

0 Areas 7 to O are 16-bit access areas
1 Areas 7 to 0 are 8-bit access areas

ABWCR specifies the bus width of external memory areas. The bus width of on-chip memory and
registersis fixed and does not depend on ABWCR settings.
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6.2.2 Access State Control Register (ASTCR)

ASTCR isan 8-bit readable/writable register that selects whether each areais accessed in two
states or three states.

Bit 7 6 5 4 3 2 1 0

‘ AST7 ‘ AST6 ‘ AST5 ‘ AST4 ‘ AST3 ‘ AST2 ‘ AST1 ‘ ASTO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits selecting number of states for access to each area

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7to 0—Area 7 to 0 Access State Control (AST7 to ASTQ): These bits select whether the
corresponding areais accessed in two or three states.

Bits 7to O

AST7to ASTO  Description

0 Areas 7 to O are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of states in which external areas are accessed. On-chip memory and
registers are accessed in afixed number of states that does not depend on ASTCR settings.
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6.2.3 Wait Control Register (WCR)

WCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controller
(WSC) and specifies the number of wait states.

Bit 7 6 5 4 3 2 1 0
] — ] = | = wwst|wus2| wer | woo |

Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/W

Reserved bits Wait count 1/0

These bits select the
number of wait states
inserted

Wait mode select 1/0
These bits select the wait mode

WCRisinitialized to H'F3 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.

Bits 3 and 2—Wait M ode Select 1 and 0 (WM S1/0): These bits select the wait mode.

Bit 3 Bit 2

WMS1 WMSO Description

0 0 Programmable wait mode (Initial value)
1 No wait states inserted by wait-state controller

1 0 Pin wait mode 1
1 Pin auto-wait mode
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Bits 1 and 0—Wait Count 1 and 0 (WC1/0): These bits select the number of wait states inserted
in access to external three-state-access areas.

Bit 1 Bit 0
WC1 WCO0 Description
0 0 No wait states inserted by wait-state controller
1 1 state inserted
1 0 2 states inserted
1 3 states inserted (Initial value)

6.2.4 Wait State Control Enable Register (WCER)

WCER is an 8-hit readable/writable register that enables or disables wait-state control of external
three-state-access areas by the wait-state controller.

Bit 7 6 5 4 3 2 1 0

‘ WCE7 ‘ WCE6 ‘ WCES5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘ WCEO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Wait state controller enable 7to 0
These bits enable or disable wait-state control

WCER isinitialized to H'FF by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Wait-State Control Enable 7 to 0 (WCE7 to WCEQ): These bits enable or disable
wait-state control of external three-state-access areas.

Bits 7to O

WCE7 to WCEO Description

0 Wait-state control disabled (pin wait mode 0)

1 Wait-state control enabled (Initial value)
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6.2.5 BusRelease Control Register (BRCR)

BRCR is an 8-hit readable/writable register that enables or disables release of the busto an
external device.

Bit 7 6 5 4 3 2 1 0
-l -] -1 =] =1=-1 - [ere]

Initial value 1 1 1 1 1 1 1 0
Read/Write — — — — — — — R/W
Reserved bits Bus release enable

Enables or disables
release of the bus to
an external device

BRCRisinitialized to H'FE by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 1—Reserved: Read-only bits, alwaysread as 1.

Bit 0—Bus Release Enable (BRLE): Enables or disables release of the bus to an external device.

Bit 0

BRLE  Description

0 The bus cannot be released to an external device; BREQ and BACK (Initial value)
can be used as input/output pins

1 The bus can be released to an external device
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6.3 Operation

6.3.1 AreaDivision

The external address spaceis divided into areas 0 to 7. Each area has a size of 128 kbytesin the
1-Mbyte modes, or 2 Mbytes in the 16-Mbyte modes. Figure 6-2 shows a general view of the

memory map.

H'00000 H'000000

Area 0 (128 kbytes) Area 0 (2 Mbytes)
H'1FFFF H'1FFFFF
H'20000 H'200000

Area 1 (128 kbytes) Area 1 (2 Mbytes)
H'3FFFF H'3FFFFF
H'40000 H'400000

Area 2 (128 kbytes) Area 2 (2 Mbytes)
H'SFFFF H'SFFFFF
H'60000 H'600000

Area 3 (128 kbytes) Area 3 (2 Mbytes)
H'7FFFF H'7FFFFF
H'80000 H'800000

Area 4 (128 kbytes) Area 4 (2 Mbytes)
H'OFFFF H'OFFFFF
H'A0000 H'A00000

Area 5 (128 kbytes) Area 5 (2 Mbytes)
H'BFFFF H'BFFFFF
H'C0000 H'C00000

Area 6 (128 kbytes) Area 6 (2 Mbytes)
H'DFFFF H'DFFFFF
H'E0000 Area 7 (128 kbytes) H'E00000 Area 7 (2 Mbytes)

On-chip RAM " %"2 On-chip RAM"1"2
External address space™® External address space™®

H'FFFFF On-chip registers*! H'FFFFFF On-chip registers™*

a. 1-Mbyte modes (modes 1 and 2) b. 16-Mbyte modes (modes 3 and 4)
Notes: 1. The on-chip RAM and on-chip registers have a fixed bus width and are accessed in a fixed
number of states.
2. When the RAME bit is cleared to 0 in SYSCR, this area conforms to the specifications of area 7.
3. The 12-byte external address space conforms to the specifications of area 7.

Figure6-2 Access AreaMap for Modes1to4
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Chip select signals (CS, to CS;) can be output for each area. The bus specifications for each area
can be selected in ABWCR, ASTCR, WCER, and WCR as shown in table 6-3.

Table 6-3 Bus Specifications

ABWCR ASTCR WCER WCR Bus Specifications
Bus Access
ABWn ASTn WCEn WMS1 WMSO0 Width  States Wait Mode
0 0 — — — 16 2 Disabled
1 0 — — 16 3 Pin wait mode 0
1 0 0 16 3 Programmable wait mode
1 16 3 Disabled
1 0 16 3 Pin wait mode 1
1 16 3 Pin auto-wait mode
1 0 — — — 8 2 Disabled
1 0 — — 8 3 Pin wait mode 0
0 0 8 3 Programmable wait mode
1 8 3 Disabled
1 0 8 3 Pin wait mode 1
1 8 3 Pin auto-wait mode

Note: n=0to7
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6.3.2 Chip Select Signals

For each of areas 0 to 7, the H8/3003 can output a chip select signal (CS to CS;) that goeslow to
indicate when the area is selected. Figure 6-3 shows the output timing of a CSn signal.

Output of the CS,, signal is enabled or disabled in the data direction register (DDR) of the
corresponding port. A reset leaves pin CS; in the output state and pins CS; to CS; in the input
state. To output chip select signals CS; to CS;, the corresponding DDR bits must be set to 1.
For details see section 9, 1/0 Ports.

When the on-chip RAM and on-chip registers are accessed, CS; goes low but the AS, RD, HWR,
and LWR signals remain high. The CS,, signal's are decoded from the address signals. They can be
used as chip select signals for SRAM and other devices.

T, Ty T3

s L

Address >< External address in area n ><

CS,

Figure6-3 CS, Output Timing
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6.3.3 Data Bus

The H8/3003 allows either 8-bit access or 16-bit access to be designated for each of areas0to 7.
An 8-bit-access area uses the upper data bus (D5 to Dg). A 16-bit-access area uses both the upper
data bus (D5 to Dg) and lower data bus (D to Dg).

In read access the RD signal applies without distinction to both the upper and lower data bus. In
write access the HWR signal appliesto the upper data bus, and the LWR signal appliesto the
lower data bus.

Table 6-4 indicates how the two parts of the data bus are used under different access conditions.

Table6-4 Access Conditions and Data Bus Usage

Access Read/ Valid Upper Data Bus Lower Data Bus
Area Size Write  Address Strobe (D15 to Dg) (D5 to D)
8-bit-access — Read — RD Valid Invalid
area Write  — HWR Undetermined data
16-bit-access Byte Read Even RD Valid Invalid
area Odd Invalid Valid
Write  Even HWR Valid Undetermined data
Odd LWR Undetermined data Valid
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Note: Undetermined data means that unpredictable data is output.
Invalid means that the bus is in the input state and the input is ignored.
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6.3.4 BusControl Signal Timing

8-Bit, Three-State-Access Areas: Figure 6-4 shows the timing of bus control signals for an 8-hit,
three-state-access area. The upper address bus (D45 to Dg) is used to access these areas. The LWR
pin is aways high. Wait states can be inserted.

| |
- Buscycle —————————————————»
|
|
|

Address bus

CSn

Read
access

D5 to Dg

D,toD, Invalid

T
uy]

LWR !
Write !
access !

D5 to Dg

D, to D, Undetermined‘data

Note: n=7t00

Figure6-4 BusControl Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas. Figure 6-5 shows the timing of bus control signals for an 8-bit,
two-state-access area. The upper address bus (D45 to Dg) is used to access these areas. The LWR
pin is aways high. Wait states cannot be inserted.

: Bus cycle
: T1 : Tz :
0 I
Address bus >< External address in area n ><
CSn |
AS : : | :
RD | ! | |
Read : : . :
D, to D, - - -
access 15 8 | | Valid l
D, to D, Invalid
HWR | | |
LWR ' High ! i
Write i ! !
access | | i
Dy to Dg : ' Valid i
D, to D, ‘ Undetermined data

Note: n=71t00

Figure 6-5 BusControl Signal Timing for 8-Bit, Two-State-Access Area
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16-Bit, Three-State-Access Areas: Figures 6-6 to 6-8 show the timing of bus control signalsfor a
16-hit, three-state-access area. In these areas, the upper address bus (D45 to Dg) is used to access
even addresses and the lower address bus (D7 to Dy) is used to access odd addresses. Wait states
can be inserted.

- Bus cycle L

T i T, i T3

Address bus

CSn

Read
D45 to D,
access 1 8

D, to D, Invalid

HWR

Write
access

D5 to Dg

D,to Dy 1 Undetermined data |

Note: n=71t00

Figure 6-6 BusControl Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Accessto Even Address)

115



Bus cycle
T2

-~y
T1

Odd external address in area n

X

Address bus

= k=l
L L < = L
[¢]
Z >
8
©
©
““““““““““““““““““““““““““““““ Sl
2 o
= ®©
m >
(]
ke]
=
>
=
=)
T
0 o 0 o
a [a) o a
c 2 [ o o = s
75 @ = i O = E -
o < [i a fa) T 3 fa) fa)
N Y Y
? ?
T o Lo
o 8 £ 3
] =3

Figure6-7 BusControl Signal Timing for 16-Bit, Three-State-Access Area (2)
(Byte Accessto Odd Address)
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Bus cycle
T,

—
T1

External address in area n

X

Address bus

=] B
I N = = L L
> >
S =]
© ©
> >
© o © o
S o S o
= @] [a sy o = [e]
c = =
75 @ = E L 7W 2 -
8] < [i a o) T 3 a o)
N J J
? @
To 2o
3 3 S0
X s =

Figure 6-8 BusControl Signal Timing for 16-Bit, Three-State-Access Area (3)
(Word Access)
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16-Bit, Two-State-Access Areas: Figures 6-9 to 6-11 show the timing of bus control signalsfor a
16-bit, two-state-access area. In these areas, the upper address bus (D45 to Dg) is used to access
even addresses and the lower address bus (D7 to D) is used to access odd addresses. Wait states
cannot be inserted.

‘
-4————————Bus cycle ———————»
\

! Ty ! T2 !

S N e

Address bus ; Even external address in area n ><
CSn :
AS : : | :
RD | ! | 3
Read : : : :
D;5to D - - -
access 15 8 | | Valid 1
D, to D, ‘ ‘ Invalid ‘
AWR | | |
WR | High ! !
Write ! ! !
access
Dy5 to Dg : ' Vald i
D, to D, Undetermined data |

Note: n=7t00

HN

Figure 6-9 BusControl Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Accessto Even Address)
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Figure 6-10 BusControl Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Accessto Odd Address)

Note: n=71t00




- Buscycle ———————»
T T

X

External address in area n

X

Address bus

Valid
Valid

D15 to DS
D, to D,
D5 to Dg
_ D, toD,

Read
access
access

Write

Note: n=71t00

Figure6-11 BusControl Signal Timing for 16-Bit, Two-State-Access Area (3)
(Word Access)
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6.3.5 Wait Modes

Four wait modes can be selected for each area as shown in table 6-5.

Table 6-5 Wait Mode Selection

ASTCR WCER WCR
ASTn Bit WCEn Bit WMS1 Bit WMSO0 Bit WSC Control Wait Mode
0 — — — Disabled No wait states
1 0 — — Disabled Pin wait mode 0
0 0 Enabled Programmable wait mode
1 Enabled No wait states
1 0 Enabled Pin wait mode 1
1 Enabled Pin auto-wait mode

Note: n=71t00

The ASTn and WCER hits can be set independently for each area. Bits WM S1 and WM SO apply
to all areas. All areas for which WSC control is enabled operate in the same wait mode.
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Pin Wait Mode 0: The wait state controller is disabled. Wait states can only be inserted by WAIT
pin control. During access to an external three-state-access area, if the WAIT pinislow at thefall
of the system clock (@) in the T, state, await state (Tyy) isinserted. If the WAIT pin remains low,
wait states continue to be inserted until the WAIT signal goes high. Figure 6-12 shows the timing.

Inserted by WAIT signal
Tw T3

Address bus :>< External address ><:
AS
Read FD

access Read data

*

2
E

Write
access

Data bus Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6-12 Pin Wait Mode O
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Pin Wait Mode 1: In all accessesto external three-state-access areas, the number of wait states
(Tyy) selected by bits WC1 and WCO are inserted. If the WAIT pinislow at the fall of the system
clock (@) in the last of these wait states, an additional wait state isinserted. If the WAIT pin
remains low, wait states continue to be inserted until the WAIT signal goes high.

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers
of wait states for different external devices.

If the wait count is 0, this mode operates in the same way as pin wait mode 0.

Figure 6-13 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one additional
wait state isinserted by WAIT input.

Inserted by Inserted by
wait count | WAIT signal

T1 ‘ To ‘ Tw ‘ Tw

| T3 |
~ F \ \ \ o
o I T I R O e O
WAIT pin N /
Address bus:>< External address

X
AS ] ,7
Read RD

access Read data

]
W

Write
access

Data bus Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6-13 Pin Wait Mode 1
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Pin Auto-Wait Mode: If the WAIT pinislow, the number of wait states (Tyy) selected by bits
WC1 and WCO are inserted.

In pin auto-wait mode, if the WAIT pinislow at the fall of the system clock (@) inthe T, state,
the number of wait states (Tyy) selected by bits WC1 and WCO are inserted. No additional wait
states are inserted even if the WAIT pin remains low. Pin auto-wait mode can be used for an easy
interface to low-speed memory, simply by routing the chip select signal to the WAIT pin.

Figure 6-14 shows the timing when the wait count is 1.

ﬂJHi*/HHH*HH\

9

WAIT
Address bus External address External address
s ] L
RD, RS *‘ ’—’ ’7
Read
access Read data Read data
Data bus
HWR LWR—\—’—‘
Write
access
Data bus Write data >—< Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure 6-14 Pin Auto-Wait Mode
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Programmable Wait M ode: The number of wait states (Ty) selected by bits WC1 and WCO are
inserted in all accesses to externa three-state-access areas. Figure 6-15 shows the timing when the
wait countis1 (WC1 =0, WC0=1).

T1 T2 Tw T3
- -
o I S D

Address bus X External address

s

1Tt

RD
Read
access Read data
Data bus
HWR, LW
Write
access
Data bus Write data %

Figure 6-15 Programmable Wait M ode
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Example of Wait State Control Settings: A reset initializes ASTCR and WCER to H'FF and
WCR to H'F3, selecting programmable wait mode and three wait states for all areas. Software can
select other wait modes for individua areas by modifying the ASTCR, WCER, and WCR settings.
Figure 6-16 shows an example of wait mode settings.

Area 0 3-state-access area, -
programmable wait mode
Area 1 3-state-access area, A
rea programmable wait mode
Area 2 3-state-access area, _
pin wait mode 0
Area 3 3-state-access area, B
pin wait mode 0
Area 4 2-state-access area, _
rea no wait states inserted |
Area 5 2-state-access area,
no wait states inserted
Area 6 2-state-access area,
no wait states inserted
Area 7 2-state-access area,
no wait states inserted T

Bt: 7 6 5 4 3 2 1
ASTCR HOF: | 0 | o | o | o | 1| 1] 1] 1|

WCER H33: [ o [ o | 2 | 1 [ o] o] 1] 1]

Wer HF3: | — [ — | — | —J o] o] 1] 1]

Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR.

Figure6-16 Wait Mode Settings (Example)
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6.3.6 Interconnectionswith Memory (Example)

For each area, the bus controller can select two- or three-state access and an 8- or 16-bit data bus
width. In three-state-access areas, wait states can be inserted in avariety of modes, simplifying the
connection of both high-speed and |ow-speed devices.

Figure 6-18 shows an example of interconnections between the H8/3003 and memory. Figure 6-17
shows a memory map for this example.

A 256-kword x 16-bit EPROM is connected to area 0. This device is accessed in three states viaa
16-bit bus.

Two 32-kword x 8-bit SRAM devices (SRAM1 and SRAM?2) are connected to area 1. These
devices are accessed in two states via a 16-bit bus.

One 32-kword x 8-bit SRAM (SRAM3) is connected to area 7. Thisdeviceis accessed viaan
8-bit bus, using three-state access with an additional wait state inserted in pin auto-wait mode.

H'000000

EPROM
H'03FFFF Area 0

16-bit, three-state-access area

Not used
H'1FFFFF
H'200000

SRAM 1, 2

H'20FFFF Area 1
H'210000 16-bit, two-state-access area

Not used
H'3FFFFF
H'E00000

SRAM 3
H'EO7FFF

Area 7
Not used 8-bit, three-state-access area
) (one auto-wait state)
On-chip RAM

H'FFEEFF On-chip registers

Figure 6-17 Memory Map (Example)
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EPROM

Ajgto Aq
Aigto Ag
K |/015 to |/Og
H8/3003
|/O7 to IIOO
cs, — ce
CS; — — OE
CS,
SRAM1 (even addresses)
Ajsto Aq
A14 to Ao
< [ 07101/0g
WAIT o
CS
RD ] OE
HWR ] WE
LWR SRAM2 (odd addresses)
A15 to A 1
[ A14 to Ao
Axto Ay 110 to 1/0g
— Ccs
+—— — OE
— WE
D;stoDg ‘ ‘ ‘
D, to D, > SRAM3
A to Ag
L AA34t0Ag
<] /07 to 1/Og
— Cs
S — OE
— WE

Figure 6-18 |Interconnections between H8/3003 and Memory (Example)
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6.3.7 BusArbiter Operation

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There
are four bus masters: the CPU, DMA controller (DMAC), refresh controller, and an external bus
master. When a bus master has the bus right it can carry out read, write, or refresh access. Each
bus master uses a bus request signal to request the bus right. At fixed times the bus arbiter
determines priority and uses a bus acknowledge signal to grant the bus to a bus master, which can
then operate using the bus.

The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and
returns an acknowledge signal to the bus master if the bus request signal is active. When two or
more bus masters request the bus, the highest-priority bus master receives an acknowledge signal.
The bus master that receives an acknowledge signal can continue to use the bus until the
acknowledge signal is deactivated.

The bus master priority order is:
(High)  External bus master > refresh controller > DMAC >CPU  (Low)

The bus arbiter samples the bus request signals and determines priority at all times, but it does not
always grant the bus immediately, even when it receives a bus request from a bus master with
higher priority than the current bus master. Each bus master has certain times at which it can
release the bus to a higher-priority bus master.

CPU: The CPU isthe lowest-priority bus master. If the DMAC, refresh controller, or an external
bus master requests the bus while the CPU has the bus right, the bus arbiter transfers the bus right
to the bus master that requested it. The busright istransferred at the following times:

e Thebusright istransferred at the boundary of abus cycle. If word datais accessed by two
consecutive byte accesses, however, the bus right is not transferred between the two byte
accesses.

e |f another bus master requests the bus while the CPU is performing internal operations, such
as executing amultiply or divide instruction, the busright is transferred immediately. The
CPU continues itsinternal operations.

e |f another bus master requests the bus while the CPU isin sleep mode, the busright is
transferred immediately.
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DMAC: When the DMAC receives an activation request, it requests the bus right from the bus
arbiter. If DMAC isabus master and the refresh controller or an external bus master requests the
bus, the bus arbiter transfers the bus right from the DMAC to the bus master that requested the
bus. The busright is transferred at the following times.

The busright is transferred when the DMAC finishes transferring 1 byte or 1 word. A DMAC
transfer cycle consists of aread cycle and awrite cycle. The busright is not transferred between
the read cycle and the write cycle.

Thereisapriority order among the DMAC channels. For details see section 8.4.9, Multiple-
Channel Operation.

Refresh Controller: When arefresh cycle is requested, the refresh controller requests the bus
right from the bus arbiter. When the refresh cycle is completed, the refresh controller releases the
bus. For details see section 7, Refresh Controller.

External Bus Master: When the BRLE hitisset to 1 in BRCR, the bus can be released to an
external bus master. The external bus master has highest priority, and requests the bus right from
the bus arbiter by driving the BREQ signal low. Once the external bus master gets the bus, it keeps
the bus right until the BREQ signal goes high. While the busis released to an external bus master,
the H8/3003 holds the address bus and data bus control signals (AS, RD, HWR, and LWR) in the
high-impedance state, and holds the BACK pin in the low output state.

The bus arbiter samplesthe BREQ pin at the rise of the system clock (@). If BREQ is low, the bus
is released to the external bus master at the appropriate opportunity. The BREQ signal should be
held low until the BACK signal goes low.

When the BREQ pinis high in two consecutive samples, the BACK signal is driven high to end
the bus-release cycle.
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Figure 6-19 shows the timing when the bus right is requested by an external bus master during a
read cycle in atwo-state-access area. There isaminimum interval of two states from when the
BREQ signal goeslow until the busis released.

CPU cycles External bus released CPU cycles
F—F{%

To T T2
" B R R R R
3 : : High-impedance : : —
Address >< Address ‘/ ‘ i i |
Data bus 1 1 1 High-impedance 1 1
(Pus 10.0y) 1 1 1 1 1 1
. High-impedance /—
S,RD  High C\ /0 O ‘ ‘
o : :\ : High-impedance : :/7
HWR, LWR ! ! : ‘ | i
BREQ \ | | na | |
BACK 1 1 1 1 e
i Minimum 2 cycles \ \ | i
I | | | |
1 2 3 4 5 6
1 Low BREQ signal is sampled at rise of T state.
2 BACK signal goes low at end of CPU read cycle, releasing bus right to external bus master.
3 BREQ pin continues to be sampled while bus is released to external bus master.
4,5 HighBREQ signal is sampled twice consecutively.
6 BREQ signal goes high, ending bus-release cycle.

Figure 6-19 External-Bus-Released State (Two-State-Access Area, During Read Cycle)
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6.4 Usage Notes
6.4.1 Connection to Dynamic RAM and Pseudo-Static RAM

A different bus control signal timing applies when dynamic RAM or pseudo-static RAM is
connected to area 3. For details see section 7, Refresh Controller.

6.4.2 Register Write Timing

ABWCR, ASTCR, and WCER Write Timing: Datawritten to ABWCR, ASTCR, or WCER
takes effect starting from the next bus cycle. Figure 6-20 shows the timing when an instruction
fetched from area 0 changes area 0 from three-state access to two-state access.

X

Address !X >< ASTCR address ><

3-state access to area 0 2-state access
toarea 0

Figure6-20 ASTCR Write Timing

132



DDR Write Timing: Datawritten to a data direction register (DDR) to change a CS;, pin from
CS,, output to generic input, or vice versa, takeﬁfect starting from the T3 state of the DDR write
cycle. Figure 6-21 shows the timing when the CS, pin is changed from generic input to CS;
output.

s [ ] L

Address >< PSDDR address ><

cs,

High impedance

Figure6-21 DDR Write Timing

6.4.3 BREQ Input Timing

After driving the BREQ pin low, hold it low until BACK goes low. If BREQ returnsto the high
level before BACK goes low, the bus arbiter may operate incorrectly.

To terminate the external-bus-released state, hold the BREQ signal high for at least three states.
If BREQ is high for too short an interval, the bus arbiter may operate incorrectly.
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Section 7 Refresh Controller

7.1 Overview

The H8/3003 has an on-chip refresh controller that enables direct connection of 16-bit-wide
DRAM or pseudo-static RAM (PSRAM).

DRAM or pseudo-static RAM can be directly connected to area 3 of the external address space.
A maximum 128 kbytes can be connected in modes 1 and 2 (1-Mbyte modes). A maximum
2 Mbytes can be connected in modes 3 and 4 (16-Mbyte modes).

Systems that do not need to refresh DRAM or pseudo-static RAM can use the refresh controller as
an 8-bit interval timer.

7.1.1 Features

The refresh controller can be used for one of three functions: DRAM refresh control, pseudo-static
RAM refresh control, or 8-bit interval timing. Features of the refresh controller are listed below.
Features asa DRAM Refresh Controller
e Enablesdirect connection of 16-bit-wide DRAM
+  Selection of 2CAS or 2WE mode
e Selection of 8-bit or 9-bit column address multiplexing for DRAM address input

Examples:

— 1-Mbit DRAM: 8-bit row address x 8-bit column address
— 4-Mbit DRAM: 9-bit row address x 9-bit column address
— 4-Mbit DRAM: 10-bit row address x 8-bit column address

+  CAS-before-RAS refresh control

e Software-selectable refresh interval

o Software-selectable self-refresh mode

e Wait states can be inserted

Features as a Pseudo-Static RAM Refresh Controller
«  RFSH signal output for refresh control

e Software-selectable refresh interval

o Software-selectable self-refresh mode

e Wait states can be inserted
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Features as an Interval Timer

e Refresh timer counter (RTCNT) can be used as an 8-hit up-counter

*  Selection of seven counter clock sources: @/2, @/8, @/32, 21128, 2/512, &/2048, 2/4096

e Interrupts can be generated by compare match between RTCNT and the refresh time constant
register (RTCOR)

7.1.2 Block Diagram

Figure 7-1 shows a block diagram of the refresh controller.

212, 218, 8/32,
/128, /512, Refresh signal
/2048, /4096 T

Clock selector

Control logic — CMI interrupt

0 |

Comparator

0 |

RTCNT
RTCOR
RTMCSR
RFSHCR

Bus interface
Internal data bus

() _C U C

Module data bus

Legend

RTCNT: Refresh timer counter

RTCOR: Refresh time constant register
RTMCSR: Refresh timer control/status register
RFSHCR: Refresh control register

Figure7-1 Block Diagram of Refresh Controller
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7.1.3 Input/Output Pins

Table 7-1 summarizes the refresh controller’s input/output pins.

Table7-1 Refresh Controller Pins

Signal

Pin Name

1/0

Function

RFSH Refresh

Output

Goes low during refresh cycles; used
to refresh DRAM and PSRAM

HWR  Upper write/upper column UW/UCAS Output

address strobe

Connects to the UW pin of 2WE

DRAM or UCAS pin of 2CAS DRAM

LWR  Lower write/lower column LW/LCAS Output Connects to the LW pin of 2WE DRAM
address strobe or LCAS pin of 2CAS DRAM

RD Column address strobe/  CAS/WE ~ Output  Connects to the CAS pin of 2WE
write enable DRAM or WE pin of 2CAS DRAM

CS;  Row address strobe RAS Output  Connects to the RAS pin of DRAM

7.1.4 Register Configuration

Table 7-2 summarizes the refresh controller’s registers.

Table 7-2 Refresh Controller Registers

Address* Name Abbreviation  R/W Initial Value
H'FFAC Refresh control register RFSHCR R/W H'02
H'FFAD Refresh timer control/status register RTMCSR R/W H'07
H'FFAE Refresh timer counter RTCNT R/W H'00
H'FFAF Refresh time constant register RTCOR R/W H'FF

Note: * Lower 16 bits of the address.
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7.2 Register Descriptions
7.2.1 Refresh Control Register (RFSHCR)

RFSHCR is an 8-hit readable/writable register that selects the operating mode of the refresh
controller.

Bit 7 6 5 4 3 2 1 0

‘ SRFMD ‘PSRAME‘ DRAME ‘ CAS/ﬁ‘ M9/M8 ‘ RFSHE ‘ — ‘ RCYCE ‘
Initial value 0 0 0 0 0 0 1 0
Read/Write R/W R/W R/W R/W R/W R/W — R/W

Refresh cycle
enable

Enables or
disables
insertion of
refresh cycles

Reserved bit

Refresh pin enable
Enables refresh signal output
from the refresh pin

Address multiplex mode select
Selects the number of column address bits

Strobe mode select
Selects 2CAS or 2WE strobing of DRAM

PSRAM enable and DRAM enable
These bits enable or disable connection of pseudo-static RAM and DRAM

Self-refresh mode
Selects self-refresh mode

RFSHCR isinitialized to H'02 by areset and in hardware standby mode.
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Bit 7—Self-Refresh M ode (SRFMD): Specifies DRAM or pseudo-static RAM self-refresh
during software standby mode. When PSRAME = 1 and DRAME = 0, after the SRFMD bit is set
to 1, pseudo-static RAM can be self-refreshed when the H8/3003 enters software standby mode.
When PSRAME = 0 and DRAME = 1, after the SRFMD hit isset to 1, DRAM can be self-
refreshed when the H8/3003 enters software standby mode. In either case, the normal access state
resumes on exit from software standby mode.

Bit 7

SRFMD Description

0 DRAM or PSRAM self-refresh is disabled in software standby mode (Initial value)
1 DRAM or PSRAM self-refresh is enabled in software standby mode

Bit 6—PSRAM Enable (PSRAME) and Bit 5—DRAM Enable (DRAME): These bits enable
or disable connection of pseudo-static RAM and DRAM to area 3 of the external address space.

When DRAM or pseudo-static RAM is connected, the bus cycle and refresh cycle of area 3
consist of three states, regardless of the setting in the access state control register (ASTCR). If
AST3=0in ASTCR, wait states cannot be inserted.

When the PSRAME or DRAME hit isset to 1, bits 0, 2, 3, and 4 in RFSHCR and registers
RTMCSR, RTCNT, and RTCOR are write-disabled, except that the CMF flagin RTMCSR can be
cleared by writing 0.

Bit 6 Bit 5

PSRAME DRAME Description

0 0 Can be used as an interval timer (Initial value)
1 DRAM can be connected

1 0 PSRAM can be connected
1 lllegal setting
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Bit 4—Strobe Mode Select (CAS/WE): Selects 2CAS or 2WE mode. The setting of this bit is
valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled when the PSRAME or
DRAME bhitisset to 1.

Bit4

CAS/WE Description

0 2WE mode (Initial value)
1 2CAS mode

Bit 3—Address Multiplex M ode Select (M 9/MS): Selects 8-hit or 9-bit column addressing.
The setting of this bit is valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled
when the PSRAME or DRAME bit is set to 1.

Bit3

M9/M8  Description

0 8-bit column address mode (Initial value)
1 9-bit column address mode

Bit 2—Refresh Pin Enable (RFSHE): Enables or disables refresh signal output from the
RFSH pin. This bit is write-disabled when the PSRAME or DRAME bit isset to 1.

Bit 2

RFSHE Description

0 Refresh signal output at the RFSH pin is disabled (Initial value)
(the RFSH pin can be used as a generic input/output port)

1 Refresh signal output at the RFSH pin is enabled

Bit 1—Reserved: Read-only hit, awaysread as 1.

Bit 0—Refresh Cycle Enable (RCY CE): Enables or disablesinsertion of refresh cycles.
The setting of this bit is valid when PSRAME = 1 or DRAME = 1. When PSRAME =0 and
DRAME = 0, refresh cycles are not inserted regardless of the setting of this bit.

Bit 0

RCYCE Description

0 Refresh cycles are disabled (Initial value)
1 Refresh cycles are enabled for area 3
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7.2.2 Refresh Timer Control/Status Register (RTMCSR)

RTMCSR is an 8-hit readabl e/writable register that selects the clock source for RTCNT. It also
enables or disables interrupt requests when the refresh controller is used as an interval timer.

Bit 7 6 5 4 3 2 1 0
‘ CMF ‘ CMIE ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 0 1 1 1

Read/Write ~ R/(W)* RW  R/W RW  R/W — — —

Clock select 2to 0 Reserved bits
These bits select an

internal clock source

for input to RTCNT

Compare match interrupt enable
Enables or disables the CMI interrupt requested by CMF

Compare match flag
Status flag indicating that RTCNT has matched RTCOR

Note: * Only O can be written, to clear the flag.

Bits 7 and 6 are initialized by areset and in standby mode. Bits 5 to 3 are initialized by areset and
in hardware standby mode, but retain their previous values on transition to software standby
mode.

Bit 7—Compare Match Flag (CMF): This status flag indicates that the RTCNT and RTCOR
values have matched.

Bit 7
CMF Description

0 [Clearing condition]
Cleared by reading CMF when CMF = 1, then writing O in CMF

1 [Setting condition]
When RTCNT = RTCOR
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Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disablesthe CMI interrupt
reguested when the CMF flag is set to 1 in RTMCSR. The CMIE bit is always cleared to O when
PSRAME =1 or DRAME = 1.

Bit 6

CMIE Description

0 The CMI interrupt requested by CMF is disabled (Initial value)
1 The CMI interrupt requested by CMF is enabled

Bits5to 3—Clock Select 2to 0 (CKS2 to CK S0): These hits select an internal clock source for
input to RTCNT. When used for refresh control, the refresh controller outputs a refresh request at
periodic intervals determined by compare match between RTCNT and RTCOR. When used as an
interval timer, the refresh controller generates CMI interrupts at periodic intervals determined by
compare match. These bits are write-disabled when the PSRAME bit or DRAME hit is set to 1.

Bit 5 Bit 4 Bit 3
CKS2 CKS1 CKsO Description

0 0 0 Clock input is disabled (Initial value)
1 @/2 clock source
1 0 @/8 clock source
1 2/32 clock source
1 0 0 2/128 clock source
1 2/512 clock source
1 0 /2048 clock source
1 /4096 clock source

Bits 2 to 0—Reserved: Read-only bits, alwaysread as 1.
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7.2.3 Refresh Timer Counter (RTCNT)

RTCNT is an 8-bit readabl e/writable up-counter.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT is an up-counter that isincremented by an internal clock selected by bits CKS2 to CKS0
in RTMCSR. When RTCNT matches RTCOR (compare match), the CMF flagis set to 1 and
RTCNT is cleared to H'00.

RTCNT iswrite-disabled when the PSRAME bit or DRAME bit isset to 1. RTCNT isinitiaized
to H'00 by areset and in standby mode.

7.2.4 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit readable/writable register that determines the interval at which RTCNT is
cleared.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR and RTCNT are constantly compared. When their values match, the CMF flag isset to 1
in RTMCSR, and RTCNT is simultaneously cleared to H'00.

RTCOR is write-disabled when the PSRAME bit or DRAME bitissetto 1. RTCOR isinitialized
to H'FF by areset and in hardware standby mode. In software standby mode it retains its previous
value.

143



7.3 Operation
7.3.1 AreaDivision

One of three functions can be selected for the H8/3003 refresh controller: interfacing to DRAM
connected to area 3, interfacing to pseudo-static RAM connected to area 3, or interval timing.
Table 7-3 summarizes the register settings when these three functions are used.

Table 7-3 Refresh Controller Settings

Usage
Register Settings DRAM Interface PSRAM Interface Interval Timer
RFSHCR SRFMD Selects self-refresh mode Cleared to 0
PSRAME Cleared to O Setto 1 Cleared to O
DRAME Setto 1 Cleared to 0 Clearedto O
CAS/WE Selects 2CAS or — —
2WE mode
M9/M8 Selects column — —
addressing mode
RFSHE Selects RFSH signal output Cleared to 0
RCYCE Selects insertion of refresh cycles —
RTCOR Refresh interval setting Interrupt interval setting
RTMCSR CKS2 to CKS0O
CMF Setto 1 when RTCNT = RTCOR
CMIE Clearedto O Enables or disables
interrupt requests
P8DDR P8,DDR Set to 1 (CS3 output) SettoOor 1
ABWCR  ABW3 Clearedto 0 —

DRAM Interface: To set up area 3 for connection to 16-bit-wide DRAM, initialize RTCOR,
RTMCSR, and RFSHCR in that order, clearing bit PSRAME to 0 and setting bit DRAME to 1.
Set bit P8;DDR to 1 in the port 8 data direction register (P8DDR) to enable CS; output. In
ABWCR, make area 3 a 16-bit-access area

Pseudo-Static RAM Interface: To set up area 3 for connection to pseudo-static RAM, initiaize
RTCOR, RTMCSR, and RFSHCR in that order, setting bit PSRAME to 1 and clearing bit
DRAME to 0. Set bit P8;DDR to 1 in PSBDDR to enable CS; output.
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Interval Timer: When PSRAME = 0 and DRAME = 0, the refresh controller operates as an
interval timer. After setting RTCOR, select an input clock in RTMCSR and set the CMIE hit to 1.
CMI interrupts will be requested at compare match intervals determined by RTCOR and bits
CKS2to CKS0in RTMCSR.

When setting RTCOR, RTMCSR, and RFSHCR, make sure that PSRAME = 0 and DRAME = 0.
Writing is disabled when either of these bitsisset to 1.

7.3.2 DRAM Refresh Control

Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is
determined by the settings of RTCOR and bits CKS2 to CKS0 in RTMCSR. Figure 7-2 illustrates
the refresh request interval.

RTCOR
RTCNT

Hoo 0 e /-

Refresh request [ ] [ ] [ ] [ ] [ ]

Figure 7-2 Refresh Request Interval (RCYCE = 1)

Refresh requests are generated at regular intervals as shown in figure 7-2, but the refresh cycleis
not actually executed until the refresh controller gets the bus right.

Table 7-4 summarizes the relationship among area 3 settings, DRAM read/write cycles, and
refresh cycles.
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Table 7-4 Area 3 Settings, DRAM Access Cycles, and Refresh Cycles

Area 3 Settings Read/Write Cycle by CPU or DMAC Refresh Cycle

2-state-access area » 3 states » 3 states

(AST3=0) » Wait states cannot be inserted » Wait states cannot be inserted
3-state-access area » 3 states » 3 states

(AST3=1) » Wait states can be inserted » Wait states can be inserted

To insert refresh cycles, set the RCY CE bit to 1 in RFSHCR. Figure 7-3 shows the state
transitions for execution of refresh cycles.

When the first refresh request occurs after exit from the reset state or standby mode, the refresh
controller does not execute arefresh cycle, but goesinto the refresh request pending state. Note
this point when using a DRAM that requires arefresh cycle for initialization.

When arefresh request occurs in the refresh request pending state, the refresh controller acquires
the busright, then executes a refresh cycle. If another refresh request occurs during execution of
the refresh cycle, it isignored.

Exit from reset or standby mode

Refresh request

Y

End of refresh
cycle*

Refresh request pending state

Refresh request

Y

rRe?qurfaz?* Requesting bus right
Y Bus granted
Fe%fﬂii?* Executing refresh cycle

Note: * A refresh request is ignored if it occurs while the refresh controller is requesting the
bus right or executing a refresh cycle.

Figure7-3 State Transitionsfor Refresh Cycle Execution
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Address Multiplexing: Address multiplexing depends on the setting of the M9/MS bit in
RFSHCR, as described in table 7-5. Figure 7-4 shows the address output timing. Address output is
multiplexed only in area 3.

Table7-5 Address Multiplexing

Address Pins AptoAly Ag Ag A; Ag As A, Az A, Ap Ag

Address Signa|S dUring row A23 to AlO Ag A8 A7 AG A5 A4 A3 A2 Al AO
address output

Address signals during  MO/M8=0 Ay3to Ay Ag Ag A Az As Az Ap A Ag Ag

column address output —
MO/MB =1 AystoAig Aig A1z As Ais As Az A A Ag Ao

}<7T1 4>}<7T2 4>}<7T3 4>‘

’ I I S N S

Aptohg Ay X Angto Ag, Ag X
Address
bus
AgtoA, X Agoa, X A 10 Ag X
Row address Column address
a. M9/M8 =0
}<7T1 4>}<7T2 4>}<7T3 4>‘
o S N N S
Ax3to A, Ag >< Axto A, Ag ><
Address
bus
Agto A, >< Agto Ay >< Agto A ><
Row address Column address
b. M9/M8 =1

Figure 7-4 Multiplexed Address Output (Example without Wait States)
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2CAS and 2WE Modes: The CAS/WE bit in RFSHCR can select two control modes for 16-bit-
wide DRAM: one using UCAS and LCAS; the other using UW and LW. These DRAM pins
correspond to H8/3003 pins as shown in table 7-6.

Table 7-6 DRAM Pins and H8/3003 Pins

DRAM Pin
H8/3003 Pin CAS/WE = 0 (2WE mode) CAS/WE = 1 (2CAS mode)
HWR uw UCAS
LWR w LCAS
RD CAS WE
CS, RAS RAS

Figure 7-5 (1) shows the interface timing for 2WE DRAM. Figure 7-5 (2) shows the interface
timing for 2CAS DRAM.

Read cycle Write cycle* Refresh cycle

Qggress Row >< Column Row >< Column Area 3 top address ><
(RAS) | | | |
o [T | |
(CAS) ! : | |
HWR | | |
ow) | | | |
LWR : 1 : |
o) | 1 :

Note: * 16-bit access

Figure7-5 DRAM Control Signal Output Timing (1) (2WE M ode)
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! Read cycle ! Write cycle* [ Refresh cycle [

Address
bus X Row Column | Row>< Column | Area 3 top address 1 X

(RAS)

HWR
(UCAS)
LWR

; S \ 3
s | L | I I S

EE

:

Note: * 16-bit access

Figure7-5 DRAM Control Signal Output Timing (2) (2CAS Mode)
Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is:
(High)  External bus master > refresh controller > DMA controller >CPU  (Low)
For details see section 6.3.7, Bus Arbiter Operation.

Wait State Insertion: When bit AST3issetto 1in ASTCR, bus controller settings can cause
wait states to be inserted into bus cycles and refresh cycles. For details see section 6.3.5, Wait
Modes.
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Self-Refresh Mode: Some DRAM devices have a self-refresh function. After the SRFMD bit is
set to 1 in RFSHCR, when atransition to software standby mode occurs, the CAS and RAS
outputs go low in that order so that the DRAM self-refresh function can be used. On exit from
software standby mode, the CAS and RAS outputs both go high.

Table 7-7 shows the pin states in software standby mode. Figure 7-6 shows the signal output
timing.

Table 7-7 Pin Statesin Software Standby Mode (1) (PSRAME =0, DRAME =1)

Software Standby Mode

SRFMD =0 SRFMD =1 (self-refresh mode)
Signal CAS/WE =0 CAS/WE =1 CAS/WE =0 CAS/WE =1
HWR High-impedance High-impedance High Low
LWR High-impedance High-impedance High Low
RD High-impedance High-impedance Low High
CS; High High Low Low
RFSH High High Low Low
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Software . Oscillator

standby mode settling time
o |
Address High-impedance ‘
bus ‘
CS3 (RAS) \ | ‘
RO(CAS) | ] | |
HWR (UW) High
LWR (LW) High
RFSH

a. 2 WE mode (SRFMD = 1)

Software ' Oscillator
standby mode } settling time
(( 1 ((

High-impedance

Address

cs: (RAS) | |
RDWE) | : 3

RFSH | |

b. 2 CAS mode (SRFMD = 1)

Figure7-6 Signal Output Timing in Self-Refresh Mode (PSRAME =0, DRAME = 1)
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Operation in Power-Down State: The refresh controller operates in sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT isinitialized, but RFSHCR,
RTMCSR hits 5 to 3, and RTCOR retain their settings prior to the transition to software standby
mode.

Example 1: Connection to 2WE 1-Mbit DRAM (1-Mbyte Mode): Figure 7-7 shows typical
interconnections to a 2WE 1-Mbit DRAM, and the corresponding address map. Figure 7-8 shows
a setup procedure to be followed by a program for this example. After power-up the DRAM must
be refreshed to initialize itsinternal state. Initialization takes a certain length of time, which can be
measured by using an interrupt from another timer module, or by counting the number of times
RTMCSR hit 7 (CMF) is set. Note that no refresh cycleis executed for the first refresh request
after exit from the reset state or standby mode (the first time the CMF flag is set; see figure 7-3).
When using this example, check the DRAM device characteristics carefully and use a procedure
that fits them.

2 WE 1-Mbit DRAM with
x 16-bit organization

H8/3003
Ag A
Ag Asg
A5 A4
Ay Aj
A3 A2
Az Ag
Ay Ao
CS3 % RAS
RD CAS
HWR U_vW
LWR LW
OE
D;sto Dy /01510 110
a. Interconnections (example)
H'60000
DRAM area Area 3 (1-Mbyte mode)
H'7FFFF

b. Address map

Figure 7-7 Interconnectionsand Address Map for 2WE 1-Mbit DRAM (Example)
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Set area 3 for 16-bit access

Set P81 DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'23 in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7-8 Setup Procedurefor 2WE 1-Mbit DRAM (1-M byte M ode)
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Example 2: Connection to 2WE 4-Mbit DRAM (16-Mbyte Mode): Figure 7-9 shows typical
interconnections to asingle 2WE 4-Mbit DRAM, and the corresponding address map. Figure 7-10
shows a setup procedure to be followed by a program for this example.

The DRAM in this example has 10-bit row addresses and 8-bit column addresses. Its address area
is H'600000 to H'67FFFF.

2 WE 4-Mbit DRAM with 10-bit
row address, 8-bit column address,
and x 16-bit organization

H8/3003
A1 Ag
A1z Ag
Ag A7
A, Ag
Ay Az
As Az
Az A
Aq % Ao
CS3 RAS
RD CAS
HWR uw
LWR @
OE
Disto Dy /0,510 1/O
a. Interconnections (example)
H'600000
DRAM area
H'67FFFF
H'680000
Area 3 (16-Mbyte mode)
Not used
H'7FFFFF

b. Address map

Figure7-9 Interconnectionsand Address Map for 2WE 4-Mbit DRAM (Example)
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Set area 3 for 16-bit access

Set P81 DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'23 in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7-10 Setup Procedure for 2WE 4-Mbit DRAM with 10-Bit Row Address and
8-Bit Column Address (16-M byte M ode)
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Example 3: Connection to 2CAS 4-Mbit DRAM (16-Mbyte M ode): Figure 7-11 shows typical
interconnections to asingle 2CAS 4-Mbit DRAM, and the corresponding address map.
Figure 7-12 shows a setup procedure to be followed by a program for this example.

The DRAM in this example has 9-bit row addresses and 9-bit column addresses. Its address area
is H'600000 to H'67FFFF.

2 CAS 4-Mbit DRAM with 9-bit
row address, 9-bit column address,
and x 16-bit organization

H8/3003 Ag Ag
8 A7
As As
A5 A4
A4 A3
A3 A2
Az Ay
Al AO
CSs % RAS
HWR UCAS
LWR LCAS
RD WE
OE
D;sto Dy /04510 11O

a. Interconnections (example)

H'600000 A
DRAM area
H'67FFFF
H'680000
Not used Area 3 (16-Mbyte mode)
H'7FFFFF 3

b. Address map

Figure7-11 Interconnections and Address Map for 2CAS 4-Mbit DRAM (Example)
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Set area 3 for 16-bit access

Set P81 DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'3B in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7-12 Setup Procedurefor 2CAS 4-Mbit DRAM with 9-Bit Row Address and
9-Bit Column Address (16-Mbyte M ode)
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Example 4: Connection to Two 4-M bit DRAM Chips (16-M byte M ode): Figure 7-13 shows
an exampl e of interconnections to two 2CAS 4-Mbit DRAM chips, and the corresponding address
map. Up to four DRAM chips can be connected to area 3 by decoding upper address bits A1g

and A20.

Figure 7-14 shows a setup procedure to be followed by a program for this example. The DRAM
in this example has 9-bit row addresses and 9-bit column addresses. Both chips must be refreshed
simultaneously, so the RFSH pin must be used.

2 CAS 4-Mbit DRAM with 9-bit
row address, 9-bit column
address, and x 16-bit organization

H8/3003 [ AgtoAg
E ’ »—+—| RAS
Agg
Agto Ay
UCAS No. 1
LCAS
| WE
OE
1/045 to 110,
% AgtoAg
CS; g:)—‘H RAS
HWR UCAS
LWR LCAS No. 2
D WE
RFSH %—‘ >o— ' OE
Disto Do 1/045 to 110,
a. Interconnections (example)
H'600000 No. 1
H67EFEF DRAM area
H'680000 No. 2
H'6EEEEE DRAM area
H'700000 Area 3 (16-Mbyte mode)
Not used
H'7FFFFF

b. Address map

Figure 7-13 Interconnections and Address Map for Multiple 2CAS 4-Mbit DRAM Chips
(Example)
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Set area 3 for 16-bit access

Set P8, DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKSO0 in RTMCSR

Write H'3F in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7-14 Setup Procedurefor Multiple 2CAS 4-Mbit DRAM Chipswith 9-Bit
Row Address and 9-Bit Column Address (16-Mbyte M ode)
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7.3.3 Pseudo-Static RAM Refresh Control

Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is
determined asin aDRAM interface, by the settings of RTCOR and bits CKS2 to CKS0 in
RTMCSR. The numbers of states required for pseudo-static RAM read/write cycles and refresh
cycles are the same asfor DRAM (see table 7-4). The state transitions are as shown in figure 7-3.

Pseudo-Static RAM Control Signals: Figure 7-15 shows the control signals for pseudo-static
RAM read, write, and refresh cycles.

| Read cycle | Write cycle* | Refresh cycle |

Note: * 16-bit access

Figure 7-15 Pseudo-Static RAM Control Signal Output Timing
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Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is:
(High)  External bus master > refresh controller > DMA controller > CPU  (Low)
For details see section 6.3.7, Bus Arbiter Operation.

Wait State Insertion: When bit AST3issetto 1in ASTCR, the wait state controller (WSC) can
insert wait states into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes.

Self-Refresh Mode: Some pseudo-static RAM devices have a self-refresh function. After the
SRFMD bitis set to 1 in RFSHCR, when atransition to software standby mode occurs, the
H8/3003's CS; output goes high and its RESH output goes low so that the pseudo-static RAM
self-refresh function can be used. On exit from software standby mode, the RFSH output goes
high.

Table 7-8 shows the pin states in software standby mode. Figure 7-16 shows the signal output
timing.

Table 7-8 Pin Statesin Software Standby Mode (2) (PSRAME =1, DRAME =0)

Software Standby Mode

Signal SRFMD =0 SRFMD =1 (self-refresh mode)
CS; High High

RD High-impedance High-impedance

HWR High-impedance High-impedance

LWR High-impedance High-impedance

RFSF High Low
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Oscillator

3 Software standby mode settling time

((
)T
g _,_\_,_\_,

Address N High-impedance

((
)T

High-impedance

. High-impedance
RD | ¢} p

High-impedance

RFSH

Figure 7-16 Signal Output Timing in Self-Refresh Mode (PSRAME = 1, DRAME =0)

Operation in Power-Down State: The refresh controller operates in sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT isinitialized, but RFSHCR,
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby
mode.
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Example: Pseudo-static RAM may have separate OE and RESH pins, or these may be combined
into asingle OE/RFSH pin. Figure 7-17 shows an example of acircuit for generating an
OE/RFSH signal. Check the device characteristics carefully, and design acircuit that fits them.
Figure 7-18 shows a setup procedure to be followed by a program.

LSI PSRAM

RD
% OE/RFSH

RFSH

Figure 7-17 Interconnection to Pseudo-Static RAM with OE/RFSH Signal (Example)
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Set P8, DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'47 in RFSHCR

Wait for PSRAM to be initialized

i

PSRAM can be accessed

Figure 7-18 Setup Procedurefor Pseudo-Static RAM
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7.3.4 Interval Timing

To use the refresh controller as an interval timer, clear the PSRAME and DRAME both to 0. After
setting RTCOR, select a clock source with bits CKS2 to CKS0 in RTMCSR, and set the CMIE bit
to 1.

Timing of Setting of Compare Match Flag and Clearing by Compare Match: The CMF flag
in RTCSR is set to 1 by a compare match signal output when the RTCOR and RTCNT values
match. The compare match signal is generated in the last state in which the values match (when
RTCNT is updated from the matching value to a new value). Accordingly, when RTCNT and
RTCOR match, the compare match signal is not generated until the next counter clock pulse.
Figure 7-19 shows the timing.

RTCNT N H'00

RTCOR

Compare
match signal

J] .

CMF flag

Figure7-19 Timing of Setting of CMF Flag

Operation in Power-Down State: The interval timer function operatesin sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT and RTMCSR bits 7 and 6
areinitialized, but RTMCSR bits 5 to 3 and RTCOR retain their settings prior to the transition to
software standby mode.
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Contention between RTCNT Write and Counter Clear: If acounter clear signal occursin the
T3 state of an RTCNT write cycle, clearing of the counter takes priority and the write is not
performed. See figure 7-20.

RTCNT write cycle by CPU

Ta T, T3

Address >< RTCNT address ><

Internal
write signal

Counter
clear signal

RTCNT N >< H'00

Figure7-20 Contention between RTCNT Write and Clear
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Contention between RTCNT Writeand Increment: If an increment pulse occursin the T state
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See figure 7-21.

RTCNT write cycle by CPU

T T, T3
L T

Address >< RTCNT address ><

Internal
write signal

RTCNT
input clock

RTCNT N >< M

Counter write data

Figure 7-21 Contention between RTCNT Writeand I ncrement
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Contention between RTCOR Write and Compare Match: If acompare match occursin the Ty
state of an RTCOR write cycle, writing takes priority and the compare match signal is inhibited.
Seefigure 7-22.

RTCOR write cycle by CPU

Ty T2 T3
a
Address >< RTCOR address ><
Internal
write signal
RTCNT N >< N+1
RTCOR N >< P M

RTCOR write data

Compare
match signal : N

Inhibited

Figure 7-22 Contention between RTCOR Writeand Compare Match

RTCNT Operation at Internal Clock Source Switchover: Switching internal clock sources may
cause RTCNT to increment, depending on the switchover timing. Table 7-9 shows the relation
between the time of the switchover (by writing to bits CKS2 to CK S0) and the operation of
RTCNT.

The RTCNT input clock is generated from the internal clock source by detecting the falling edge
of theinternal clock. If aswitchover is made from a high clock source to alow clock source, asin
case No. 3in table 7-9, the switchover will be regarded as afalling edge, an RTCNT clock pulse
will be generated, and RTCNT will be incremented.
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Table 7-9 Internal Clock Switchover and RTCNT Operation

CKS2 to CKSO
No. Write Timing RTCNT Operation

1 Low - low switchoverl

Quee 1 [ L[ L
source ;

New clock
source

ook | [1 [1

RTCNT N X

CKS bits rewritten

2 Low - high switchover*2 ;
omee ] L[ L. 1L
source !

New clock
source

clock. | [ [ [

RTCNT N o X N+1 (]

CKS bits rewritten

Notes: 1. Including switchovers from a low clock source to the halted state, and from the halted
state to a low clock source.
2. Including switchover from the halted state to a high clock source.
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Table 7-9 Internal Clock Switchover and RTCNT Operation (cont)

CKS2 to CKSO

No. Write Timing RTCNT Operation
3 High - low switchover*1 !
Old clock 1
source J |—, I—, I—
New clock
source
RTCNT mz
clock I_I \U/ I_I
RTCNT N N+1i X N+2 X
CKS bits rewritten
4 High — high switchover

couree_|

New clock
source

RTCNT
clock

RTCNT N N+1 X N+?2 X

CKS bits rewritten

Notes: 1. Including switchover from a high clock source to the halted state.
2. The switchover is regarded as a falling edge, causing RTCNT to increment.
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7.4 Interrupt Source

Compare match interrupts (CM1) can be generated when the refresh controller is used as an
interval timer. Compare match interrupt requests are masked/unmasked with the CMIE bit of
RTMCSR.

7.5 Usage Notes
When using the DRAM or pseudo-static RAM refresh function, note the following points:

» Refresh cycles are not executed while the bus is released, during software standby mode, and
when abus cycle is greatly prolonged by insertion of wait states. When these conditions
occur, other means of refreshing are required.

»  If refresh requests occur while the busis released, the first request is held and one refresh
cycleis executed after the bus-released state ends. Figure 7-23 shows the bus cyclesin this
case.

Bus-released state | Refreshcycle | CPUcycle | Refresh cycle

o LT UL
v s

Refresh
request ﬂgj m

BACK \

Figure 7-23 Refresh Cycleswhen Busis Released

171



If abus cycleis prolonged by insertion of wait states, the first refresh request isheld, asin the
bus-released state.

If contention occurs between a transition to software standby mode and a bus request from an
external bus master, the bus may be released for one state just before the transition to
software standby mode (see figure 7-24). When using software standby mode, clear the

BRLE bit to 0 in BRCR before executing the SLEEP instruction.

If similar contention occursin atransition to self-refresh mode, strobe waveforms may not be
output correctly. This can also be prevented by clearing the BRLE bit to 0 in BRCR.

' Bus-released state:  Software standby mode

Strobe

Figure 7-24 Contention between Bus-Released State and Softwar e Standby M ode
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Section8 DMA Controller

8.1 Overview

The H8/3003 has an on-chip DMA controller (DMAC) that can transfer data on up to eight
channels.

8.1.1 Features

DMAC features are listed below.

e Sdlection of short address mode or full address mode
Short address mode

— 8-hit source address and 24-hit destination address, or vice versa
— Maximum eight channels available
— Selection of 1/0 mode, idle mode, or repeat mode

Full address mode

— 24-bit source and destination addresses
— Maximum four channels available
— Selection of normal mode or block transfer mode

e Directly addressable 16-Mbyte address space
e Selection of byte or word transfer

e Activation by internal interrupts, external requests, or auto-request (depending on transfer
mode)

— ITU compare match/input capture interrupts (four)
— SCI transmit-data-empty/receive-data-full interrupts
— External requests

— Auto-request
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8.1.2 Block Diagram

Figure 8-1 shows a DMAC block diagram. The DMAC is divided into two groups (group 0 and
group 1) of four channels each.

Internal IMIAQ —»] Address buffer K
interrupts IMIAL —|
IMIA2 —{ Arithmetic-logic unit
IMIA3 —>
FT&:S — MAROA
Channel
=1
oA IOAROA
DREQO —=| Control logic Channel ETCROA o
DREQT — 0 MAROB p-
TENDO ~—| g
TENDT ~—| Chgg”e' IOAROB ‘?'j
DTCROA ETCROB E}
o
Interrupt  DENDOA ~— DTCROB MAR1A s
signals DENDOB ~-—j
DEND1A = DTCRIA Channel IOARIA
DEND1B = DTCRIB 1A c
Channel ETCR1A
1 MAR1B
Channel |I0AR1B
! 1B
Data buffer ETCR1B
Internal data bus
Legend

Internal address bus

ﬁ

DTCR: Data transfer control register

MAR:

Memory address register

IOAR: /O address register
ETCR: Execute transfer count register

Figure8-1 Block Diagram of DM A Controller (Group 0: Four Channels)
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8.1.3 Functional Overview
Table 8-1 gives an overview of the DMAC functions.

Table8-1 DMAC Functional Overview

Address
Reg. Length
Destina-
Transfer Mode Activation Source tion
Short I/O mode e Compare match/input 24 8
address » Transfers one byte or one word capture A interrupts
mode per request from ITU channels
¢ Increments or decrements the 0to 3
memory address by 1 or 2 e Transmit-data-empty
» Executes 1 to 65,536 transfers interrupt from serial
Idle mode communication
» Transfers one byte or one word interface
per request Receive-data-full 8 24

* Holds the memory address fixed
» Executes 1 to 65,536 transfers
Repeat mode

e Transfers one byte or one word

interrupt from serial
communication
interface

per request » External request 24 8
* Increments or decrements the

memory address by 1 or 2
« Executes a specified number (1 to

255) of transfers, then returns to

the initial state and continues

Full Normal mode e Auto-request 24 24
address e Auto-request » External request
mode —Retains the transfer request

internally

—Executes a specified number
(1 to 65,536) of transfers
continuously

—Selection of burst mode or
cycle-steal mode

» External request

— Transfers one byte or one word
per request

—Executes 1 to 65,536 transfers

Block transfer » Compare match/ 24 24
» Transfers one block of a specified input capture A
size per request interrupts from ITU
« Executes 1 to 65,536 transfers channels 0 to 3
 Allows either the source or « External request
destination to be a fixed block
area
 Block size can be 1 to 255 bytes
or words
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8.1.4 Input/Output Pins
Table 8-2 liststhe DMAC pins.

Table8-2 DMAC Pins

Abbrevia- Input/

Group Channel Name tion Output Function
0 0 DMA request0  DREQ, Input External request for DMAC channel 0
Transferend 0 TEND, Output  Transfer end on DMAC channel 0
1 DMA requestl DREQ; Input External request for DMAC channel 1
Transferend1  TEND; Output  Transfer end on DMAC channel 1
1 2 DMA request2  DREQ, Input External request for DMAC channel 2
Transfer end 2 TEND, Output  Transfer end on DMAC channel 2
3 DMA request3  DREQjg Input External request for DMAC channel 3
Transferend 3~ TEND; Output  Transfer end on DMAC channel 3

Note: External requests cannot be made to channel A in short address mode.

8.1.5 Register Configuration

Table 8-3 liststhe DMAC registers.
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Table8-3 DMAC Registers

Group Channel Address* Name Abbreviation R/W Initial Value
0 0 H'FF20 Memory address register OAR MAROAR R/W  Undetermined
H'FF21 Memory address register OAE MAROAE R/W  Undetermined
H'FF22 Memory address register 0AH MAROAH R/W  Undetermined
H'FF23 Memory address register OAL MAROAL R/W  Undetermined
H'FF26 I/O address register 0OA IOAROA R/W  Undetermined
H'FF24 Execute transfer count register OAH ETCROAH R/W  Undetermined
H'FF25 Execute transfer count register OAL ETCROAL R/W  Undetermined
H'FF27 Data transfer control register OA DTCROA R/W  H'00
H'FF28 Memory address register 0BR MAROBR R/W  Undetermined
H'FF29 Memory address register OBE MAROBE R/W  Undetermined
H'FF2A Memory address register 0BH MAROBH R/W  Undetermined
H'FF2B Memory address register 0BL MAROBL R/W  Undetermined
H'FF2E I/O address register 0B IOAROB R/W  Undetermined
H'FF2C Execute transfer count register OBH ETCROBH R/W  Undetermined
H'FF2D Execute transfer count register OBL ETCROBL R/W  Undetermined
H'FF2F Data transfer control register OB DTCROB R/W  H'00
1 H'FF30 Memory address register 1AR MAR1AR R/W  Undetermined
H'FF31 Memory address register 1AE MAR1AE R/W  Undetermined
H'FF32 Memory address register 1AH MAR1AH R/W  Undetermined
H'FF33 Memory address register 1AL MAR1AL R/W  Undetermined
H'FF36 I/O address register 1A I0OAR1A R/W  Undetermined
H'FF34 Execute transfer count register 1AH ETCR1AH R/W  Undetermined
H'FF35 Execute transfer count register 1AL ETCR1AL R/W  Undetermined
H'FF37 Data transfer control register 1A DTCR1A R/W  H'00
H'FF38 Memory address register 1BR MAR1BR R/W  Undetermined
H'FF39 Memory address register 1BE MAR1BE R/W  Undetermined
H'FF3A Memory address register 1BH MAR1BH R/W  Undetermined
H'FF3B Memory address register 1BL MAR1BL R/W  Undetermined
H'FF3E I/O address register 1B I0AR1B R/W  Undetermined
H'FF3C Execute transfer count register 1BH ETCR1BH R/W  Undetermined
H'FF3D Execute transfer count register 1BL ETCR1BL R/W  Undetermined
H'FF3F Data transfer control register 1B DTCR1B R/W  H'00

Note: * The lower 16 bits of the address are indicated.
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Table8-3 DMAC Registers (cont)

Group Channel Address* Name Abbreviation R/W Initial Value
1 2 H'FF40 Memory address register 2AR MAR2AR R/W  Undetermined
H'FF41 Memory address register 2AE MAR2AE R/W  Undetermined
H'FF42 Memory address register 2AH MAR2AH R/W  Undetermined
H'FF43 Memory address register 2AL MAR2AL R/W  Undetermined
H'FF46 I/O address register 2A I0AR2A R/W  Undetermined
H'FF44 Execute transfer count register 2AH ETCR2AH R/W  Undetermined
H'FF45 Execute transfer count register 2AL ETCR2AL R/W  Undetermined
H'FF47 Data transfer control register 2A DTCR2A R/W  H'00
H'FF48 Memory address register 2BR MAR2BR R/W  Undetermined
H'FF49 Memory address register 2BE MAR2BE R/W  Undetermined
H'FF4A Memory address register 2BH MAR2BH R/W  Undetermined
H'FF4B Memory address register 2BL MAR2BL R/W  Undetermined
H'FF4E I/O address register 2B I0AR2B R/W  Undetermined
H'FF4C Execute transfer count register 2BH ETCR2BH R/W  Undetermined
H'FF4D Execute transfer count register 2BL ETCR2BL R/W  Undetermined
H'FF4F Data transfer control register 2B DTCR2B R/W  H'00
3 H'FF50 Memory address register 3AR MAR3AR R/W  Undetermined
H'FF51 Memory address register 3AE MAR3AE R/W  Undetermined
H'FF52 Memory address register 3AH MAR3AH R/W  Undetermined
H'FF53 Memory address register 3AL MAR3AL R/W  Undetermined
H'FF56 I/O address register 3A IOAR3A R/W  Undetermined
H'FF54 Execute transfer count register 3AH ETCR3AH R/W  Undetermined
H'FF55 Execute transfer count register 3AL ETCR3AL R/W  Undetermined
H'FF57 Data transfer control register 3A DTCR3A R/W  H'00
H'FF58 Memory address register 3BR MAR3BR R/W  Undetermined
H'FF59 Memory address register 3BE MAR3BE R/W  Undetermined
H'FF5A Memory address register 3BH MAR3BH R/W  Undetermined
H'FF5B Memory address register 3BL MAR3BL R/W  Undetermined
H'FF5E I/O address register 3B IOAR3B R/W  Undetermined
H'FF5C Execute transfer count register 3BH ETCR3BH R/W  Undetermined
H'FF5D Execute transfer count register 3BL ETCR3BL R/W  Undetermined
H'FF5F Data transfer control register 3B DTCR3B R/W  H'00

Note: * The lower 16 bits of the address are indicated.
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8.2 Register Descriptions (1) (Short Address M ode)

In short address mode, transfers can be carried out independently on channels A and B. Short
address mode is selected by bits DTS2A and DTSI1A in data transfer control register A (DTCRA)
asindicated in table 8-4.

Table 8-4 Selection of Short and Full Address M odes

Bit 2 Bit 1
Channel DTS2A DTS1A Description
0 1 1 DMAC channel 0 operates as one channel in full address mode
Other than above DMAC channels OA and OB operate as two independent channels
in short address mode
1 1 1 DMAC channel 1 operates as one channel in full address mode
Other than above DMAC channels 1A and 1B operate as two independent channels
in short address mode
2 1 1 DMAC channel 2 operates as one channel in full address mode
Other than above DMAC channels 2A and 2B operate as two independent channels
in short address mode
3 1 1 DMAC channel 3 operates as one channel in full address mode

Other than above

DMAC channels 3A and 3B operate as two independent channels
in short address mode
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8.2.1 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register that specifies a source or
destination address. The transfer direction is determined automatically from the activation source.

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved: they cannot be modified and always read 1.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined

Read/Write — — — — — — — — R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W
MARR MARE MARH MARL

Source or destination address

An MAR functions as a source or destination address register depending on how the DMAC is
activated: as adestination address register if activation is by areceive-data-full interrupt from the
serial communication interface (SCI), and as a source address register otherwise.

The MAR value isincremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 8.2.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.
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8.2.2 1/0 AddressRegisters (I0AR)

An1/O address register (IOAR) is an 8-bit readable/writable register that specifies a source or
destination address. The IOAR value is the lower 8 bits of the address. The upper 16 address bits
aredl 1 (H'FFFF).

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Source or destination address

An I0AR functions as a source or destination address register depending on how the DMAC is
activated: as a source address register if activation is by areceive-data-full interrupt from the SCI,
and as a destination address register otherwise.

The IOAR vaueis held fixed. It is not incremented or decremented when atransfer is executed.
The IOARs are not initialized by areset or in standby mode.
8.2.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifiesthe
number of transfersto be executed. These registers function in oneway in 1/0 mode and idle
mode, and another way in repeat mode.

¢ |/O mode and idle mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

In 1/O mode and idle mode, ETCR functions as a 16-bit counter. The count is decremented by
1 each time one transfer is executed. The transfer ends when the count reaches H'0000.
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*  Repeat mode

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRH

Transfer counter

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRL
Initial count

In repeat mode, ETCRH functions as an 8-bit transfer counter and ETCRL holds the initial
transfer count. ETCRH is decremented by 1 each time one transfer is executed. When ETCRH
reaches H'00, the value in ETCRL isreloaded into ETCRH and the same operation is repeated.

The ETCRs are not initialized by areset or in standby mode.

182



8.2.4 Data Transfer Control Registers (DTCR)

A datatransfer control register (DTCR) is an 8-bit readabl e/writable register that controls the
operation of one DMAC channel.

Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer select
Enables or disables These bits select the data
data transfer transfer activation source
Data transfer size Data transfer interrupt enable
Selects byte or Enables or disables the CPU interrupt
word size at the end of the transfer

Data transfer
increment/decrement
Selects whether to
increment or decrement
the memory address
register

Repeat enable
Selects repeat
mode

The DTCRs areinitialized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Enable (DTE): Enables or disables data transfer on a channel. When the
DTE bit is set to 1, the channel waits for atransfer to be requested, and executes the transfer when
activated as specified by bits DTS2 to DTSO . When DTE is O, the channel is disabled and does
not accept transfer requests. DTE is set to 1 by reading the register when DTE is O, then writing 1.

Bit 7
DTE Description

0 Data transfer is disabled. In I/O mode or idle mode, DTE is cleared to O (Initial value)
when the specified number of transfers have been completed.

1 Data transfer is enabled

If DTIE issetto 1, aCPU interrupt isrequested when DTE is cleared to O.
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Bit 6—Data Transfer Size (DT SZ): Selects the data size of each transfer.

Bit 6

DTSZ Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Data Transfer Increment/Decrement (DTID): Selects whether to increment or
decrement the memory address register (MAR) after a data transfer in 1/0 mode or repeat mode.

Bit 5
DTID Description

0 MAR is incremented after each data transfer (Initial value)

» If DTSZ =0, MAR is incremented by 1 after each transfer
» If DTSZ =1, MAR is incremented by 2 after each transfer

1 MAR is decremented after each data transfer

» IfDTSZ =0, MAR is decremented by 1 after each transfer
« IfDTSZ =1, MAR is decremented by 2 after each transfer

MAR is not incremented or decremented in idle mode.

Bit 4—Repeat Enable (RPE): Selects whether to transfer datain 1/0 mode, idle mode, or repeat
mode.

Bit 4 Bit 3

RPE DTIE Description

0 0 1/0 mode (Initial value)
1

1 0 Repeat mode
1 Idle mode

Operations in these modes are described in sections 8.4.2, 1/0 Mode, 8.4.3, Idle Mode, and 8.4.4,
Repeat Mode.
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
requested when the DTE bit iscleared to O.

Bit 3

DTIE Description

0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled

Bits2to 0—Data Transfer Select (DTS2, DTS1, DT S0): These bits select the data transfer
activation source. Some of the selectable sources differ between channels A and B.

Channel A

Bit 2 Bit 1 Bit 0
DTS2A DTS1A DTSOA Description

0 0 0 Compare match/input capture A interrupt from ITU (Initial value)
channel 0
1 Compare match/input capture A interrupt from ITU channel 1
1 0 Compare match/input capture A interrupt from ITU channel 2
1 Compare match/input capture A interrupt from ITU channel 3
1 0 0 Transmit-data-empty interrupt from SCI channel 0 or 1*2
1 Receive-data-full interrupt from SCI channel 0 or 1*2
1 —1 Transfer in full address mode

Notes: 1. See section 8.3.4, Data Transfer Control Register (DTCR).
2. DMAC channels 0 and 1 accept transmit-data-empty and receive-data-full interrupts
from SCI channel 0. DMAC channels 2 and 3 accept transmit-data-empty and receive-
data-full interrupts from SCI channel 1.

185



Channel B

Bit 2 Bit 1 Bit 0
DTS2B DTS1B DTSO0B Description

0 0 0 Compare match/input capture A interrupt from ITU (Initial value)
channel O
1 Compare match/input capture A interrupt from ITU channel 1
1 0 Compare match/input capture A interrupt from ITU channel 2
1 Compare match/input capture A interrupt from ITU channel 3
1 0 0 Transmit-data-empty interrupt from SCI channel 0 or 1*
1 Receive-data-full interrupt from SCI channel 0 or 1*
1 0 Falling edge of DREQ input

1 Low level of DREQ input

Note: * DMAC channels 0 and 1 accept transmit-data-empty and receive-data-full interrupts from
SCI channel 0. DMAC channels 2 and 3 accept transmit-data-empty and receive-data-full
interrupts from SCI channel 1.

The same internal interrupt can be selected as an activation source for two or more channels at
once. In that case the channels are activated in a priority order, highest-priority channel first. For
the priority order, see section 8.4.9, Multiple-Channel Operation.

When achannel is enabled (DTE = 1), its selected DMAC activation source cannot generate a
CPU interrupt.
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8.3 Register Descriptions (2) (Full Address Mode)

In full address mode the A and B channels operate together. Full address mode is selected as
indicated in table 8-4.

8.3.1 Memory Address Registers(MAR)

A memory address register (MAR) is a 32-bit readable/writable register. MARA functions as the
source address register of the transfer, and MARB as the destination address register.

An MAR consists of four 8-hit registers designated MARR, MARE, MARH, and MARL. All hits
of MARR are reserved: they cannot be modified and alwaysread 1.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initialvalve 1 1 1 1 1 1 1 1 Undetermined

Read/Write — — — — — — — — RIWR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W

MARR MARE MARH MARL

Source or destination address

The MAR value isincremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 8.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.
8.3.2 1/0O Address Registers (IOAR)

The I/O address registers (IOARs) are not used in full address mode.

187



8.3.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifiesthe
number of transfersto be executed. The functions of these registers differ between normal mode
and block transfer mode.

« Norma mode

ETCRA
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

ETCRB: Isnot used in normal mode.

In normal mode ETCRA functions as a 16-hit transfer counter. The count is decremented by 1
each time one transfer is executed. The transfer ends when the count reaches H'0000. ETCRB is
not used.
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* Block mode

ETCRA
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRAH
Block size counter
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRAL
Initial block size
ETCRB
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Block transfer counter

In block transfer mode, ETCRAH functions as an 8-hit block size counter. ETCRAL holds the
initial block size. ETCRAH is decremented by 1 each time one byte or word is transferred. When
the count reaches H'00, ETCRAH isreloaded from ETCRAL. Blocks consisting of an arbitrary
number of bytes or words can be transferred repeatedly by setting the same initial block size value
in ETCRAH and ETCRAL.

In block transfer mode ETCRB functions as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time one block is transferred. The transfer ends when the count reaches
H'0000.

The ETCRs are not initialized by areset or in standby mode.
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8.3.4 Data Transfer Control Registers (DTCR)

The datatransfer control registers (DTCRs) are 8-hit readable/writable registers that control the
operation of the DMAC channels. A channel operatesin full address mode when bits DTS2A and
DTS1A areboth set to 1 in DTCRA. DTCRA and DTCRB have different functionsin full address
mode.

DTCRA
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSOA ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer
Enables or disables select 0OA
data transfer f Selects block
. Datatrans er transfer mode
Data transfer size interrupt enable
Selects byte or Enables or disables the
word size CPU interrupt at the end
of the transfer
Source address Data transfer select
increment/decrement 2A and 1A
Source address increment/  These bits must both be
decrement enable setto 1

These bits select whether
the source address register
(MARA) is incremented,
decremented, or held fixed
during the data transfer

DTCRA isinitiaized to H'00 by areset and in standby mode.
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Bit 7—Data Transfer Enable (DTE): Together with the DTME bit in DTCRB, this bit enables or
disables data transfer on the channel. When the DTME and DTE bits are both set to 1, the channel
isenabled. If auto-request is specified, data transfer begins immediately. Otherwise, the channel
waits for transfers to be requested. When the specified number of transfers have been compl eted,
the DTE bit is automatically cleared to 0. When DTE is 0, the channel is disabled and does not
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then writing 1.

Bit 7
DTE Description

0 Data transfer is disabled (DTE is cleared to 0 when the specified number (Initial value)
of transfers have been completed)

1 Data transfer is enabled

If DTIEisset to 1, a CPU interrupt is requested when DTE is cleared to O.

Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer.

Bit 6

DTSZ Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Source Address I ncrement/Decrement (SAID) and Bit 4—Source Address
I ncrement/Decrement Enable (SAIDE): These bits select whether the source address register
(MARA) isincremented, decremented, or held fixed during the data transfer.

Bit 5 Bit 4

SAID SAIDE Description

0 0 MARA is held fixed (Initial value)
1 MARA is incremented after each data transfer

« If DTSZ = 0, MARA is incremented by 1 after each transfer
« IfDTSZ = 1, MARA is incremented by 2 after each transfer

1 0 MARA is held fixed

MARA is decremented after each data transfer

« If DTSZ = 0, MARA is decremented by 1 after each transfer
e If DTSZ = 1, MARA is decremented by 2 after each transfer
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
requested when the DTE bit iscleared to O.

Bit 3

DTIE Description

0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled

Bits 2 and 1—Data Transfer Select 2A and 1A (DTS2A, DTS1A): A channel operatesin full
address mode when DTS2A and DTS1A are both set to 1.

Bit 0—Data Transfer Select OA (DTS0A): Selects norma mode or block transfer mode.

Bit 0

DTSOA Description

0 Normal mode (Initial value)
1 Block transfer mode

Operations in these modes are described in sections 8.4.5, Norma Mode, and 8.4.6, Block
Transfer Mode.
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DTCRB

Bit 7 6 5 4 3 2 1 0

‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ TMS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data transfer master enable
Enables or disables data
transfer, together with

the DTE bit, and is cleared

to 0 by an interrupt

Transfer mode select
Selects whether the
block area is the source
Reserved bit or destination in block
transfer mode

Destination address Data transfer select
increment/decrement 2B to 0B

Destination address These bits select the data
increment/decrement enable transfer activation source

These bits select whether

the destination address

register (MARB) is incremented,
decremented, or held fixed
during the data transfer

DTCRB isinitiaized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Master Enable (DTME): Together with the DTE bit in DTCRA, this bit
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the channel is
enabled. When an NMI interrupt occurs DTME is cleared to O, suspending the transfer so that the
CPU can use the bus. The suspended transfer resumes when DTME is set to 1 again. For further
information on operation in block transfer mode, see section 8.6.6, NMI Interrupts and Block
Transfer Mode.

DTME isset to 1 by reading the register while DTME = 0, then writing 1.

Bit 7

DTME  Description

0 Data transfer is disabled (DTME is cleared to 0 when an NMI interrupt (Initial value)
occurs)

1 Data transfer is enabled
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Bit 6—Reserved: Although reserved, this bit can be written and read.

Bit 5—Destination Address | ncrement/Decrement (DAID) and Bit 4—Destination Address
I ncrement/Decrement Enable (DAIDE): These bits select whether the destination address
register (MARB), isincremented, decremented, or held fixed during the data transfer.

Bit 5 Bit 4

DAID DAIDE Description

0 0 MARSB is held fixed (Initial value)
1 MARSB is incremented after each data transfer

e IfDTSZ = 0, MARB is incremented by 1 after each data transfer
e IfDTSZ = 1, MARB is incremented by 2 after each data transfer

1 0 MARSB is held fixed

MARB is decremented after each data transfer

e If DTSZ = 0, MARB is decremented by 1 after each data transfer
« IfDTSZ = 1, MARB is decremented by 2 after each data transfer

Bit 3—Transfer Mode Select (TMS): Selects whether the source or destination is the block area
in block transfer mode.

Bit 3

TMS Description

0 Destination is the block area in block transfer mode (Initial value)
1 Source is the block area in block transfer mode
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Bits2 to 0—Data Transfer Select (DTS2B, DTS1B, DT SOB): These hits select the data transfer
activation source. The selectable activation sources differ between normal mode and block
transfer mode.

Norma mode

Bit 2 Bit 1 Bit 0
DTS2B DTS1B DTSOB Description

0 0 0 Auto-request (burst mode) (Initial value)
1 *
1 0 Auto-request (cycle-steal mode)
1 *
1 0 0 *
1 *
1 0 Falling edge of DREQ

1 Low level input at DREQ

Note: Settings marked with asterisks (*) cannot be used.

Block transfer mode

Bit 2 Bit 1 Bit 0
DTS2B DTS1B DTSOB Description

0 0 0 Compare match/input capture A interrupt from ITU channel O (Initial value)
1 Compare match/input capture A interrupt from ITU channel 1
1 0 Compare match/input capture A interrupt from ITU channel 2
1 Compare match/input capture A interrupt from ITU channel 3
1 0 0 *
1 *
1 0 Falling edge of DREQ
1 *

Note: Settings marked with asterisks (*) cannot be used.

The same internal interrupt can be selected to activate two or more channels. The channels are
activated in a priority order, highest priority first. For the priority order, see section 8.4.9,
Multiple-Channel Operation.
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8.4 Operation

8.4.1 Overview

Table 8-5 summarizes the DMAC modes.

Table8-5 DMAC Modes

Transfer Mode Activation Notes
Short address I/O mode Compare match/input Up to eight channels
mode Idle mode capture A interrupt from can operate
ITU channels 0 to 3 independently
Repeat mode
P SCI transmit-data-empty Only the B channels
and receive-data-full support external
interrupts requests
External request
Full address Normal mode Auto-request A and B channels are
mode paired; up to four

External request

Block transfer mode

Compare match/input
capture A interrupt from
ITU channels 0 to 3

External request

channels are
available

Burst mode or cycle-
steal mode can be
selected for auto-
requests

A summary of operationsin these modes follows.

I1/0 Mode: One byte or word is transferred per request. A designated number of these transfers
are executed. A CPU interrupt can be requested at completion of the designated number of
transfers. One 24-bit address and one 8-bit address are specified. The transfer direction is
determined automatically from the activation source.

Idle Mode: One byte or word is transferred per request. A designated number of these transfers
are executed. A CPU interrupt can be requested at completion of the designated number of
transfers. One 24-bit address and one 8-bit address are specified. The addresses are held fixed.
The transfer direction is determined automatically from the activation source.

Repeat M ode: One byte or word is transferred per request. A designated number of these
transfers are executed. When the designated number of transfers are completed, the initial address
and counter value are restored and operation continues. No CPU interrupt is requested. One 24-bit
address and one 8-bit address are specified. The transfer direction is determined automatically
from the activation source.
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Normal M ode

Auto-request

The DMAC is activated by register setup alone, and continues executing transfers until the
designated number of transfers have been completed. A CPU interrupt can be requested at
completion of the transfers. Both addresses are 24-bit addresses.

— Cycle-steal mode
The busis released to another bus master after each byte or word is transferred.
— Burst mode

Unless requested by a higher-priority bus master, the busis not released until the
designated number of transfers have been completed.

External request

One byte or word is transferred per request. A designated number of these transfers are
executed. A CPU interrupt can be requested at completion of the designated number of
transfers. Both addresses are 24-bit addresses.

Block Transfer Mode: One block of a specified sizeis transferred per request. A designated
number of block transfers are executed. At the end of each block transfer, one address is restored
toitsinitial value. When the designated number of blocks have been transferred, a CPU interrupt
can be requested. Both addresses are 24-bit addresses.
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8.4.2 1/0 Mode

1/0 mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in 1/0 mode. A designated number of
these transfers are executed. One address is specified in the memory address register (MAR), the
other in the I/O address register (IOAR). The direction of transfer is determined automatically
from the activation source. The transfer is from the address specified in IOAR to the address
specified in MAR if activated by an SCI receive-data-full interrupt, and from the address specified

in MAR to the address specified in IOAR otherwise.

Table 8-6 indicates the register functionsin I/O mode.

Table8-6 Register Functionsin 1/0O Mode

Function

Activated by

SCI Receive-
Data-Full Other
Register Interrupt Activation Initial Setting Operation
23 0 Destination Source Destination or Incremented or
‘ ! MAR | ‘ address address source address  decremented
‘ ‘ register register once per transfer
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address destination
register register address
15 0 Transfer counter Number of Decremented
‘ ETCR ‘ transfers once per
‘ transfer until
H'0000 is
reached and
transfer ends
Legend

MAR: Memory address register

IOAR: 1/O address register

ETCR: Execute transfer count register

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address, which isincremented or decremented as each byte or word is transferred.
IOAR specifies the lower 8 bits of afixed address. The upper 16 bitsare all 1s. IOAR is not

incremented or decremented.

Figure 8-2 illustrates how 1/0O mode operates.
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Address T—»= - 10AR
1 byte or word is

transferred per request

\j

Address B—»

Legend

L = initial setting of MAR

N = initial setting of ETCR

Address T =L

Address B = L + (=1)PTID ¢ (2DTSZ o N — 1)

Figure8-2 Operationin /O Mode

The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared and the transfer ends.
If the DTIE bit isset to 1, aCPU interrupt is requested at this time. The maximum transfer count
is 65,536, obtained by setting ETCR to H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, and external request
signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).
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Figure 8-3 shows a sample setup procedure for 1/0 mode.

< 110 > 1. Set the source and destination addresses

in MAR and IOAR. The transfer direction is

determined automatically from the activation

source.

Set the transfer count in ETCR.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

* Select the DMAC activation source with bits
DTS2 to DTSO.

Set transfer count 2 « Set or clear the DTIE bit to enable or disable
the CPU interrupt at the end of the transfer.

* Clear the RPE hit to 0 to select I/O mode.

» Select MAR increment or decrement with the
DTID bit.

Set source and 1
destination addresses

PN

Read DTCR 3 - Select byte size or word size with the DTSZ bit.
» Set the DTE bit to 1 to enable the transfer.
Set DTCR 4
1/0 mode

Figure8-3 1/0 Mode Setup Procedure (Example)
8.4.3 ldleMode
Idle mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in idle mode. A designated number of
these transfers are executed. One address is specified in the memory address register (MAR), the
other in the I/O address register (IOAR). The direction of transfer is determined automatically
from the activation source. The transfer is from the address specified in IOAR to the address
specified in MAR if activated by an SCI receive-data-full interrupt, and from the address specified
in MAR to the address specified in IOAR otherwise.

Table 8-7 indicates the register functions in idle mode.
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Table 8-7 Register Functionsin Idle Mode

Function
Activated by
SCI Receive-
Data-Full Other
Register Interrupt Activation Initial Setting Operation
23 0 Destination Source Destination or Held fixed
‘ " MAR | ‘ address address source address
! ! register register
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address destination
register register address
15 0 Transfer counter Number of Decremented
‘ ETCR ‘ transfers once per
‘ transfer until
H'0000 is
reached and
transfer ends
Legend

MAR: Memory address register
IOAR: 1/O address register
ETCR: Execute transfer count register

MAR and |OAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address. IOAR specifies the lower 8 bits of afixed address. The upper 16 bits are al
1s. MAR and IOAR are not incremented or decremented.

Figure 8-4 illustrates how idle mode operates.

MAR —»

\/\

\/\

1 byte or word is
transferred per request

-+— |OAR

Figure8-4 Operationin Idle Mode
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The transfer count is specified as a 16-bit valuein ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared, the transfer ends, and
aCPU interrupt is requested. The maximum transfer count is 65,536, obtained by setting ETCR to

H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, and external request

signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).

Figure 8-5 shows a sample setup procedure for idle mode.

< Idle mode

)

Set source and
destination addresses

Set transfer count

Read DTCR

Set DTCR

'

Idle mode

el SN

Set the source and destination addresses

in MAR and IOAR. The transfer direction is deter-

mined automatically from the activation source.

Set the transfer count in ETCR.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

» Select the DMAC activation source with bits
DTS2 to DTSO.

» Set the DTIE and RPE bits to 1 to select idle mode.

 Select byte size or word size with the DTSZ bit.

» Set the DTE bit to 1 to enable the transfer.

Figure 8-5 Idle Mode Setup Procedure (Example)
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8.4.4 Repeat Mode

Repeat mode is useful for cyclically transferring a bit pattern from a table to the programmable
timing pattern controller (TPC) in synchronization, for example, with ITU compare match. Repeat
mode can be selected for each channel independently.

One byte or word is transferred per request in repeat mode, asin 1/0O mode. A designated number
of these transfers are executed. One address is specified in the memory address register (MAR),
the other in the I/O address register (IOAR). At the end of the designated number of transfers,
MAR and ETCR are restored to their original values and operation continues. The direction of
transfer is determined automatically from the activation source. The transfer is from the address
specified in IOAR to the address specified in MAR if activated by an SCI receive-data-full
interrupt, and from the address specified in MAR to the address specified in IOAR otherwise.

Table 8-8 indicates the register functions in repeat mode.

Table 8-8 Register Functionsin Repeat Mode

Function
Activated by
SCI Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
Destination Source Destination or  Incremented or
address address source address decremented at
23 : 0 register register each transfer until
| ' MAR | | ETCRH reaches
H'0000, then restored
to initial value
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ ado!ress ado!ress destination
register register address
Transfer counter Number of Decremented once
7 0 transfers per transfer unti
ETCRH H'0000 is reached,
then reloaded from
{} ETCRL
7 0 Initial transfer count Number of Held fixed
transfers
ETCRL
Legend

MAR: Memory address register
IOAR: 1/O address register
ETCR: Execute transfer count register
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In repeat mode ETCRH is used as the transfer counter while ETCRL holds the initial transfer
count. ETCRH is decremented by 1 at each transfer until it reaches H'00, then is reloaded from
ETCRL. MAR isalso restored to itsinitial value, which is calculated from the DTSZ and DTID
bitsin DTCR. Specifically, MAR isrestored as follows:

MAR « MAR — (=1)DTID . 2DTSZ . ETCRL
ETCRH and ETCRL should beinitially set to the same value.

In repeat mode transfers continue until the CPU clearsthe DTE bit to 0. After DTE iscleared to O,
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No
CPU interrupt is requested.

Asin 1/0O mode, MAR and IOAR specify the source and destination addresses. MAR specifies a
24-hit source or destination address. IOAR specifies the lower 8 bits of afixed address. The upper
16 bitsare al 1s. IOAR is not incremented or decremented.

Figure 8-6 illustrates how repeat mode operates.

Address T — -« I0AR

1 byte or word is
transferred per request

Legend

L = initial setting of MAR

Address B —% N = initial setting of ETCRH and ETCRL
Address T =1L

\/—\ Address B = L + (—1)PTID+ (20TSZ. y _ 1)

Figure8-6 Operation in Repeat Mode
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The transfer count is specified as an 8-bit value in ETCRH and ETCRL. The maximum transfer
count is 255, obtained by setting both ETCRH and ETCRL to H'FF.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, and external request

signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).

Figure 8-7 shows a sample setup procedure for repeat mode.

< Repeat mode >

Set source and
destination addresses

Set transfer count

Read DTCR

Set DTCR

'

Repeat mode

el N

Set the source and destination addresses in MAR

and IOAR. The transfer direction is determined

automatically from the activation source.

Set the transfer count in both ETCRH and ETCRL.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

» Select the DMAC activation source with bits
DTS2 to DTSO.

* Clear the DTIE bit to 0 and set the RPE hitto 1
to select repeat mode.

» Select MAR increment or decrement with the DTID bit.

* Select byte size or word size with the DTSZ bit.

» Set the DTE bit to 1 to enable the transfer.

Figure 8-7

Repeat Mode Setup Procedure (Example)
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8.4.5 Normal Mode

In norma mode the A and B channels are combined. One byte or word is transferred per request.
A designated number of these transfers are executed. Addresses are specified in MARA and
MARB. Table 8-9 indicates the register functionsin 1/0 mode.

Table8-9 Register Functionsin Normal Mode

Register Function Initial Setting Operation

23 0 Source address Source address Incremented or

‘ " MARA | ‘ register decremented once per
‘ ‘ transfer, or held fixed

23 0 Destination Destination Incremented or

‘ ' MARB | ‘ address register ~ address decremented once per
: : transfer, or held fixed
15 0 Transfer counter  Number of Decremented once per
‘ ETCRA ‘ transfers transfer

|

Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as datais transferred.

Thetransfer count is specified as a 16-hit valuein ETCRA. The ETCRA value is decremented by
1 at each transfer. When the ETCRA value reaches H'0000, the DTE bit is cleared and the transfer
ends. If the DTIE bit is set, a CPU interrupt is requested at thistime. The maximum transfer count
is 65,536, obtained by setting ETCRA to H'0000.

Figure 8-8 illustrates how normal mode operates.
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Address Tp—»

Address Bp—»

Y

\/\

=L, + SAIDE » (-1)SAID « (2 DTSZ. N — 1)

Legend

L, = initial setting of MARA
Lg =initial setting of MARB
N =initial setting of ETCRA
Ta =La

Ba

Tg =Lg

Bs

= Ly + DAIDE » (-1)PAID « (2 DTSZ 4 N — 1)

-«—— Address Tg

Y

-—— Address Bg

Figure 8-8 Operation in Normal Mode

Transfers can be requested (activated) by an external request or auto-request. An auto-requested
transfer is activated by the register settings alone. The designated number of transfers are executed
automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode the DMAC
releases the bus temporarily after each transfer. In burst mode the DMAC keeps the bus until the
transfers are completed, unless there is a bus request from a higher-priority bus master.

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR).

207




Figure 8-9 shows a sample setup procedure for normal mode.

Normal mode

Set initial source address

Set initial destination address

Set transfer count

Set DTCRB (1)

Set DTCRA (1)

Read DTCRB

Set DTCRB (2)

Read DTCRA

Set DTCRA (2)

'

Normal mode

pPODE

©o~Noo

Set the initial source address in MARA.

Set the initial destination address in MARB.

Set the transfer count in ETCRA.

Set the DTCRB bits as follows.

¢ Clear the DTME bit to 0.

* Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.

* Select the DMAC activation source with bits
DTS2B to DTSOB.

Set the DTCRA bits as follows.

¢ Clear the DTE hitto 0.

« Select byte or word size with the DTSZ bit.

¢ Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.

¢ Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.

¢ Clear the DTSOA bit to 0 and set the DTS2A
and DTS1A bits to 1 to select normal mode.

Read DTCRB with DTME cleared to 0.

Set the DTME bit to 1 in DTCRB.

Read DTCRA with DTE cleared to 0.

Set the DTE bit to 1 in DTCRA to enable the transfer.

Note: * Carry out settings 1 to 9 with the DEND interrupt masked in the CPU.

Figure8-9 Normal Mode Setup Procedure (Example)
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8.4.6 Block Transfer Mode

In block transfer mode the A and B channels are combined. One block of a specified sizeis
transferred per request. A designated number of block transfers are executed. Addresses are
specified in MARA and MARB. The block area address can be either held fixed or cycled.

Table 8-10 indicates the register functions in block transfer mode.

Table8-10 Register Functionsin Block Transfer Mode

Register Function Initial Setting Operation
23 0 Source address Source address Incremented or
‘ ' MARA | ‘ register decremented once per
‘ ‘ transfer, or held fixed
23 0 Destination Destination Incremented or
‘ " MARB | ‘ address register  address decremented once per
‘ ‘ transfer, or held fixed
7 0 Block size counter Block size Decremented once per
ETCRAH transfer until H'00 is
reached, then reloaded
{} from ETCRAL
7 — 0 Initial block size Block size Held fixed
ETCRAL
15 0 Block transfer Number of block  Decremented once per
\ counter transfers block transfer until H'0000
‘ ET(FRB ‘ is reached and the
transfer ends
Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A
ETCRB: Execute transfer count register B

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as datais transferred. One of these registers operates as a
block arearegister: even if it isincremented or decremented, it is restored to itsinitia value at the
end of each block transfer. The TM S bit in DTCRB selects whether the block areais the source or

destination.
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If M (1 to 255) isthe size of the block transferred at each request and N (1 to 65,536) isthe
number of blocks to be transferred, then ETCRAH and ETCRAL should initially be set to M and
ETCRB should initially be set to N.

Figure 8-10 illustrates how block transfer mode operates. In thisfigure, bit TMSiscleared to O,
meaning the block areais the destination.

Legend

N/_\

— Block 1 —

— Block 2 —

— Block N ]

L o = initial setting of MARA
L g = initial setting of MARB
M =initial setting of ETCRAH and ETCRAL
N =initial setting of ETCRB

TA:LA

J\

— Blockarea —

\_/\

M bytes or words are
transferred per request

Ba =L+ SAIDE » (-1)5AP « (2PTS2 e m — 1)

TB:LB

Bg = Lg+ DAIDE « (-1)PAIP « (2PTSZ e M — 1)

~s+—— Address Ty

»

-«—— Address By

Figure8-10 Operation in Block Transfer Mode
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When activated by atransfer request, the DMAC executes a burst transfer. During the transfer
MARA and MARB are updated according to the DTCR settings, and ETCRAH is decremented.
When ETCRAH reaches H'00, it is reloaded from ETCRAL to restore the initial value. The
memory address register of the block areais also restored to itsinitial value, and ETCRB is
decremented. If ETCRB is not H'0000, the DMAC then waits for the next transfer request.
ETCRAH and ETCRAL should beinitially set to the same value.

The above operation is repeated until ETCRB reaches H'0000, at which point the DTE bit is
cleared to 0 and the transfer ends. If the DTIE bit isset to 1, a CPU interrupt is requested at this
time.

Figure 8-11 shows examples of ablock transfer with byte data size when the block areaisthe
destination. In (&) the block area address is cycled. In (b) the block area addressis held fixed.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, and by external request signals.

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR).
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Start
(DTE =DTME = 1)

Get bus |

Read from MARA address

\
| MARA = MARA + 1 |
\

Write to MARB address

\
| MARB = MARB + 1 |
[

| ETCRAH = ETCRAH -1 |

ETCRAH = H'00

| Release bus |

\
ETCRAH = ETCRAL
MARB = MARB - ETCRAL

| ETCRB =ETCRB -1 |

ETCRB = H'0000

(CIear DTE to 0 and end transfer>

a. DTSZ=TMS =0
SAID =DAID =0
SAIDE = DAIDE =1

Start
(DTE =DTME = 1)

Get bus |

Read from MARA address

\
MARA = MARA + 1 |
\

Write to MARB address

ETCRAH =ETCRAH -1

ETCRAH = H'00

| Release bus |

\
| ETCRAH = ETCRAL |

| ETCRB=ETCRB -1 |

ETCRB = H'0000

(CIear DTE to 0 and end transfer)

b. DTSZ=TMS =0
SAID =0
SAIDE =1
DAIDE =0

Figure8-11 Block Transfer Mode Flowcharts (Examples)




Figure 8-12 shows a sample setup procedure for block transfer mode.

( Block transfer mode

)

Set source address

Set destination address

Set block transfer count

Set block size

Set DTCRB (1)

Set DTCRA (1)

Read DTCRB

Set DTCRB (2)

Read DTCRA

Set DTCRA (2)

'

Block transfer mode

PR

o

B o0~

Set the source address in MARA.

Set the destination address in MARB.

Set the block transfer count in ETCRB.

Set the block size (number of bytes or words)

in both ETCRAH and ETCRAL.

Set the DTCRB bits as follows.

¢ Clear the DTME bit to 0.

« Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.

» Set or clear the TMS bit to make the block area
the source or destination.

* Select the DMAC activation source with bits
DTS2B to DTSOB.

Set the DTCRA bits as follows.

¢ Clearthe DTE to 0.

 Select byte size or word size with the DTSZ bit.

¢ Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.

¢ Set or clear the DTIE hit to enable or disable the
CPU interrupt at the end of the transfer.

¢ Set bits DTS2A to DTSO0A all to 1 to select
block transfer mode.

Read DTCRB with DTME cleared to 0.

Set the DTME bit to 1 in DTCRB.

Read DTCRA with DTE cleared to 0.

. Set the DTE bit to 1 in DTCRA to enable

the transfer.

Note: * Carry out settings 1 to 10 with the DEND interrupt masked in the CPU.

Figure8-12 Block Transfer Mode Setup Procedure (Example)
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8.4.7 DMAC Activation

The DMAC can be activated by an internal interrupt, external request, or auto-reguest. The
available activation sources differ depending on the transfer mode and channel asindicated in
table 8-11.

Table8-11 DMAC Activation Sources

Short Address Mode Full Address
Channels Channels Channels Channels Mode
Activation Source OAand 1A OBand 1B 2Aand 3A 2B and 3B Normal Block
Internal IMIAO o} o o e} X e}
Interrupts —1pa1 o o o o x o
IMIA2 o) o e} e} X o
IMIA3 o} o o o X o}
TXIO o) (e] X x x x
RXI0 e} o X X x x
TXI1 X x o o x x
RXI1 X X e} o X X
External Falling edge  x o X o o o
requests  of DREQ
Low inputat x o X o o X
DREQ
Auto-request X X X X o X

Activation by Internal Interrupts: When an interrupt request is selected asa DMAC activation
source and the DTE bit is set to 1, that interrupt request is not sent to the CPU. It is not possible
for an interrupt request to activate the DMAC and simultaneously generate a CPU interrupt.

When the DMAC is activated by an interrupt request, the interrupt request flag is cleared
automatically. If the same interrupt is selected to activate two or more channels, the interrupt
regquest flag is cleared when the highest-priority channel is activated, but the transfer request is
held pending on the other channelsin the DMAC, which are activated in their priority order.
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Activation by External Request: If an external request (DREQ pin) is selected as an activation
source, the DREQ pin becomes an input pin and the corresponding TEND pin becomes an output
pin, regardless of the port data direction register (DDR) settings. The DREQ input can be level-
sensitive or edge-sensitive.

In short address mode and normal mode, an external request operates as follows. If edge sensing is
selected, one byte or word is transferred each time a high-to-low transition of the DREQ input is
detected. If the next edge isinput before the transfer is completed, the next transfer may not be
executed. If level sensing is selected, the transfer continues while DREQ is low, until the transfer
iscompleted. The busis released temporarily after each byte or word has been transferred,
however. If the DREQ input goes high during atransfer, the transfer is suspended after the current
byte or word has been transferred. When DREQ goes low, the request is held internally until one
byte or word has been transferred. The TEND signal goes low during the last write cycle.

In block transfer mode, an external request operates as follows. Only edge-sensitive transfer
reguests are possible in block transfer mode. Each time a high-to-low transition of the DREQ
input is detected, ablock of the specified size istransferred. The TEND signal goes low during the
last write cycle in each block.

Activation by Auto-Request: The transfer starts as soon as enabled by register setup, and
continues until completed. Cycle-steal mode or burst mode can be selected.

In cycle-steal mode the DMAC releases the bus temporarily after transferring each byte or word.
Normally, DMAC cycles aternate with CPU cycles.

In burst mode the DMAC keeps the bus until the transfer is completed, unless there is a higher-
priority bus request. If there is a higher-priority bus request, the busis released after the current
byte or word has been transferred.
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8.4.8 DMAC BusCycle

Figure 8-13 shows an example of the timing of the basic DMAC bus cycle. This example shows a
word-size transfer from a 16-bit two-state access area to an 8-hit three-state access area. When the
DMAC gets the bus from the CPU, after one dead cycle (Ty), it reads from the source address and
writes to the destination address. During these read and write operations the bus is not rel eased
even if there is another bus request. DMAC cycles comply with bus controller settings in the same
way as CPU cycles.

CPU cycle

DMAC cycle (word transfer) ‘ CPU cycle
=‘<

Ty T Ty T Tqg Ty T T T, T3 Ty T, T3 Ty T, Ty Tp

| | | ' Source | |
1 1 : ! address | Destination address ! !

Figure 8-13 DMA Transfer Bus Timing (Example)

Figure 8-14 shows the timing when the DMAC is activated by low input at a DREQ pin. This
example shows aword-size transfer from a 16-bit two-state access area to another 16-bit two-state
access area. The DMAC continues the transfer while the DREQ pinis held low.
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DMAC cycle
CPU cycle DMAC cycle CPU cycle (last transfer cycle) CPU cycle
—_————————— -

T T2 T3 Tg T T2 Ty T2 T T2 Tg To T Tp T T T2

DREQ ! ! ‘ Source fDestinan'onf ! ‘ Source fDesﬁnationf
1 ‘ . address jaddress | ‘ | address jaddress |

i —— e e
T I e I
A .

Figure 8-14 BusTiming of DMA Transfer Requested by Low DREQ I nput

Figure 8-15 shows an auto-requested burst-mode transfer. This example shows atransfer of three
words from a 16-hit two-state access area to another 16-bit two-state access area.
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CPU cycle ‘ DMAC cycle CPU cycle
=‘< -t

T To Tg Ty T T T Tyg T2 To T Ty T Ty T2 T1 T2

ESource fDestinaﬁoni
' address | address | : ! : :

Figure 8-15 Burst DMA BusTiming

When the DMAC is activated from a DREQ pin there is a minimum interval of four states from
when the transfer is requested until the DMAC starts operating. The DREQ pin is not sampled
during the time between the transfer request and the start of the transfer. In short address mode
and normal mode, the pin is next sampled at the end of the read cycle. In block transfer mode, the
pin is next sampled at the end of one block transfer.

Figure 8-16 shows the timing when the DMAC is activated by the falling edge of DREQ in
normal mode.
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CPU

CPU cycle DMAC cycle cycle | DMAC cycle

To Ty T Ty T Tg T2 T2 Ty T Tp T Tg Ty T2

' ' '
. et

' Minimum 4 states ' ' Next sampling point

Figure8-16 Timing of DMAC Activation by Falling Edge of DREQ in Normal Mode

Figure 8-17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in
normal mode.
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CPU cycle DMAC cycle CPU cycle
o T EE L e -l

To To T2 Ty T Tg Ty T Ty T Ty T Ty T2 Ty

H
H
H
—

' ' '
* Lot} et

" Minimum 4 states | " Next sampling point

Figure8-17 Timing of DMAC Activation by Low DREQ Level in Normal Mode

Figure 8-18 shows the timing when the DMAC is activated by the falling edge of DREQ in block
transfer mode.
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End of 1 block transfer

DMAC cycle T CPU cycle ‘ DMAC cycle
—— —-
Ty T Ty T T T Ty T T T Ty T Tg T1 T

Next sampling

Minimum 4 states
B ]

Figure 8-18 Timing of DMAC Activation by Falling Edge of DREQ in Block Transfer
Mode
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8.4.9 Multiple-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1 > channel 2 > channel 3, and
channel A > channel B. Table 8-12 shows the complete priority order. Group O and group 1
operate as two independent bus masters.

Table8-12 Channel Priority Order

Bus Master Short Address Mode Full Address Mode Priority
Group 0 Channel 0A Channel 0 High
Channel 0B
Channel 1A Channel 1
Channel 1B
Group 1 Channel 2A Channel 2
Channel 2B
Channel 3A Channel 3
Channel 3B Low

Multiple-Channel Operation in the Same Group: If transfers are requested on two or more
channels simultaneously in the same group, or if atransfer on one channel is requested during a
transfer on another channel in the same group, the DMAC operates as follows.

When atransfer is requested, the DMAC requests the bus right. When it gets the busright, it
starts atransfer on the highest-priority channel at that time.

Once atransfer starts on one channel, requests to other channelsin the same group are held
pending until that channel releases the bus.

After each transfer in short address mode, and each externally-requested or cycle-steal
transfer in normal mode, the DMAC releases the bus and returns to step 1. After releasing the
bus, if there isatransfer request for another channel in the same group, the DMAC requests
the bus again.

After completion of aburst-mode transfer, or after transfer of one block in block transfer
mode, the DMAC releases the bus and returnsto step 1. If there is atransfer request for a
higher-priority channel or a bus request from a higher-priority bus master, however, the
DMAC releases the bus after completing the transfer of the current byte or word. After
releasing the bus, if there is atransfer request for another channel in the same group, the
DMAC requests the bus again.

222



Figure 8-19 shows the timing when channel OA is set up for 1/0 mode and channel 1 for burst
mode, and atransfer request for channel OA isreceived while channel 1 is active.

DMAC cycle CPU DMAC cycle CPU DMAC cycle
(Channel 1) cycle (channel 0A) cycle (channel 1)
Ty T T¢g Ty T, T3 T, Ty Tg Ta T Ty T

T T T,

Figure8-19 Timing of Multiple-Channel Operationsin the Same Group

Multiple-Channel Operation in Different Groups: If transfers are requested on channelsin
groups 0 and 1 simultaneoudly, or if atransfer in one group is requested during atransfer in the
other group, the DMAC operates as follows.

e When atransfer is requested, the DMAC reguests the bus right. When it gets the busright, it
activates the highest-priority channel at that time. If there are transfer requests for both
DMAC groups 0 and 1, achannel in group 0 is activated.

e Onceatransfer starts on achannel in one group, requests to other channels are held pending
until that channel releases the bus.

e After each transfer in short address mode, and each externally-requested or cycle-steal
transfer in normal mode, the DMAC releases the bus and returns to step 1. If thereisa
transfer request for a channel in the other group, that channel is activated immediately.

e After completion of aburst-mode transfer, or after transfer of one block in block transfer
mode, the DMAC releases the bus and returnsto step 1. If there is atransfer request for a
group-0 channel while agroup-1 channel is active, however, the group-1 channel releases the
bus after completing the transfer of the current byte or word. When the busis released, if
thereis atransfer request for a channel in the other group, the DMAC is activated
immediately.
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Figure 8-20 shows the timing when channel 0A is set up for 1/0 mode and channel 2 for burst
mode, and a transfer request for channel OA isreceived while channel 2 is active.

DMAC cycle DMAC cycle
(channel 2) (channel 0A) DMAC cycle (channel 2)
—_—— -——————————————

Ty T Tg Ty T Ty T, Tg Tp T, Tp T, Ty T

IR = I

Figure8-20 Timing of Multiple-Channel Operationsin Different Groups

If cycle-steal modeis selected in both groups 0 and 1, the DMAC may activate channelsin these
two groups aternately without passing the bus right to the CPU.
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8.4.10 External Bus Requests, Refresh Controller, and DMAC

During aDMA transfer, if the bus right is requested by an external bus request signal (BREQ) or
by the refresh controller, the DMAC releases the bus after completing the transfer of the current
byte or word. If thereisatransfer request at this point, the DMAC requests the bus right again.
Figure 8-21 shows an example of the timing of insertion of arefresh cycle during a burst transfer
on channel 0.

Refresh
cycle ‘ DMAC cycle (channel 0)
- -

Ty To Ty T Ty T Ty T Ty T Tg Ty T Ty T T3 Tp

DMAC cycle (channel 0)

w1 |

Figure8-21 BusTiming of Refresh Controller and DMAC
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8.4.11 NMI Interruptsand DMAC
NMI interrupts do not affect DMAC operations in short address mode.

If an NMI interrupt occurs during atransfer in full address mode, the DMAC suspends operations.
In full address mode, a channel is enabled when its DTE and DTME hits are both set to 1. NMI
input clearsthe DTME hit to 0. After transferring the current byte or word, the DMAC releases
the bus to the CPU. In normal mode, the suspended transfer resumes when the CPU sets the
DTME bit to 1 again. Check that the DTE bit is set to 1 and the DTME hit is cleared to O before
setting the DTME bit to 1.

Figure 8-22 shows the procedure for resuming a DMA transfer in norma mode on channel O after
the transfer was halted by NMI input.

in normal mode 2. Read DTCRB while DTME =0,

( Resuming DMA transfer ) 1. Check that DTE =1 and DTME = 0.
then write 1 in the DTME bit.

SetDTME to 1 2

#

DMA transfer continues End

Figure8-22 Procedurefor Resuming a DMA Transfer Halted by NMI1 (Example)

For information about NMI interrupts in block transfer mode, see section 8.6.6, NMI Interrupts
and Block Transfer Mode.
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8.4.12 Abortinga DMA Transfer

When the DTE bit in an active channel is cleared to 0, the DMAC halts after transferring the
current byte or word. The DMAC starts again when the DTE bit isset to 1. In full address mode,
the DTME bit can be used for the same purpose. Figure 8-23 shows the procedure for aborting a
DMA transfer by software.

( DMA transfer abort ] 1. Clear the DTE bit to 0 in DTCR.

To avoid generating an interrupt when
aborting a DMA transfer, clear the DTIE
bit to 0 simultaneously.

Set DTCR 1

|

DMA transfer aborted

Figure8-23 Procedurefor Abortinga DMA Transfer
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8.4.13 Exiting Full Address Mode

Figure 8-24 shows the procedure for exiting full address mode and initializing the pair of
channels. To set the channels up in another mode after exiting full address mode, follow the setup
procedure for the relevant mode.

Exiting full address mode 1. Clear the DTE bit to 0 in DTCRA, or wait
for the transfer to end and the DTE bit
‘ to be cleared to 0.

2. Clear all DTCRB bits to 0.
Halt the channel 1 3. Clear all DTCRA bits to 0.
Initialize DTCRB 2
Initialize DTCRA 3

'

Initialized and halted

Figure8-24 Procedurefor Exiting Full Address M ode (Example)
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8.4.14 DMAC Statesin Reset State, Standby Modes, and Sleep Mode

When the chip isreset or enters hardware or software standby mode, the DMAC is initialized.
DMAC operations continue in sleep mode. Figure 8-25 shows the timing of a cycle-steal transfer
in sleep mode.

Sleep mode
CPU cycle ' DMAC cycle ‘ DMAC cycle
- :
T, Tq T, T, T4 Ty Tg T4 T, Ty T

— —r—

o | |

Figure8-25 Timing of Cycle-Steal Transfer in Sleep Mode
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8.5 Interrupts

The DMAC generates only DMA-end interrupts. Table 8-13 lists the interrupts and their priority.

Table8-13 DMAC Interrupts

Description
Group Interrupt Short Address Mode Full Address Mode Interrupt Priority
0 DENDOA  End of transfer on channel OA  End of transfer on High
channel 0
A
DENDOB End of transfer on channel 0B —
DEND1A End of transfer on channel 1A End of transfer on
channel 1
DEND1B End of transfer on channel 1B —
1 DEND2A End of transfer on channel 2A End of transfer on
channel 2
DEND2B End of transfer on channel 2B —
DEND3A End of transfer on channel 3A End of transfer on
channel 3
DEND3B End of transfer on channel 3B — Low

Each interrupt is enabled or disabled by the DTIE bit in the corresponding data transfer control

register (DTCR). Separate interrupt signals are sent to the interrupt controller.

Theinterrupt priority order among channelsis channel 0 > channel 1 > channel 2 > channel 3, and
channel A > channel B. Theinterrupt priority order between groups can be modified in interrupt
priority register B (IPRB).

Figure 8-26 showsthe DMA-end interrupt logic. An interrupt is requested whenever DTE = 0 and

DTIE=1.
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DTE

:1:)—» DMA-end interrupt

DTIE

Figure8-26 DMA-End Interrupt Logic

The DMA-end interrupt for the B channels (DENDB) is unavailablein full address mode. The
DTME hit does not affect interrupt operations.
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8.6 Usage Notes
8.6.1 Noteon Word Data Transfer

Word data cannot be accessed starting at an odd address. When word-size transfer is selected, set
even values in the memory and I/O addressregisters (MAR and I0AR).

8.6.2 DMAC Self-Access

The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified
as source or destination addresses.

8.6.3 Longword Accessto Memory Address Registers
A memory address register can be accessed as longword data at the MARR address.
Example

MOV.L #LBL, ERO
MOV.L ERO, @QMARR

Four byte accesses are performed. Note that the CPU may release the bus between the second byte
(MARE) and third byte (MARH).

Memory address registers should be written and read only when the DMAC is halted.
8.6.4 Noteon Full Address Mode Setup

Full address mode is controlled by two registers: DTCRA and DTCRB. Care must be taken to
prevent the B channel from operating in short address mode during the register setup. The enable
bits (DTE and DTME) should not be set to 1 until the end of the setup procedure.
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8.6.5 Noteon Activating DMAC by Internal Interrupts

When using an internal interrupt to activate the DMAC, make sure that the interrupt selected as
the activating source does not occur during the interval after it has been selected but before the
DMAC has been enabled. The on-chip supporting module that will generate the interrupt should
not be activated until the DMAC has been enabled. If the DMAC must be enabled while the on-
chip supporting module is active, follow the procedure in figure 8-27.

[ Enabling of DMAC ) 1. While the DTE bit is cleared to O,
interrupt requests are sent to the
CPU.
2. Clear the interrupt enable bit to 0
1 in the interrupt-generating on-chip
supporting module.
Interrupt hand- 3. Enable the DMAC.
ling by CPU No 4. Enable the DMAC-activating

, interrupt.

Clear selected interrupt’s 2
enable bitto 0

Enable DMAC 3

Selected interrupt
requested?

Set selected interrupt’s 4
enable bitto 1

'

DMAC operates

Figure 8-27 Procedurefor Enabling DMAC while On-Chip Supporting
Module is Operating (Example)

If the DTE hit is set to 1 but the DTME bit is cleared to 0, the DMAC is halted and the selected
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI interrupt, for
example, the selected activating source cannot generate CPU interrupts. To terminate DMAC
operations in this state, clear the DTE bit to 0 to allow CPU interrupts to be requested. To continue
DMAC operations, carry out steps 2 and 4 in figure 8-27 before and after setting the DTME bit

to 1.
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When an ITU interrupt activates the DMAC, make sure the next interrupt does not occur before
the DMA transfer ends. If one ITU interrupt activates two or more channels, make sure the next
interrupt does not occur before the DMA transfers end on all the activated channels. If the next
interrupt occurs before atransfer ends, the channel or channels for which that interrupt was
selected may fail to accept further activation requests.

8.6.6 NMI Interruptsand Block Transfer Mode
If an NMI interrupt occurs in block transfer mode, the DMAC operates as follows.

¢ When the NMI interrupt occurs, the DMAC finishes transferring the current byte or word,
then clearsthe DTME hit to 0 and halts. The halt may occur in the middle of ablock.

Itis possible to find whether atransfer was halted in the middle of a block by checking the
block size counter. If the block size counter does not have itsinitial value, the transfer was
halted in the middle of ablock.

e If thetransfer is halted in the middle of ablock, the activating interrupt flag is cleared to 0.
The activation request is not held pending.

e Whilethe DTE bit is set to 1 and the DTME hit is cleared to 0, the DMAC is halted and does
not accept activating interrupt requests. If an activating interrupt occursin this state, the
DMAC does not operate and does not hold the transfer request pending internally. Neither isa
CPU interrupt requested.

For this reason, before setting the DTME bit to 1, first clear the enable bit of the activating
interrupt to 0. Then, after setting the DTME bit to 1, set the interrupt enable bit to 1 again.
See section 8.6.5, Note on Activating DMAC by Internal Interrupts.

*  Whenthe DTME bit is set to 1, the DMAC waits for the next transfer request. If it was halted
in the middle of ablock transfer, the rest of the block is transferred when the next transfer
request occurs. Otherwise, the next block is transferred when the next transfer request occurs.

8.6.7 Memory and |/O Address Register Values

Table 8-14 indicates the address ranges that can be specified in the memory and I/O address
registers (MAR and |OAR).
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Table 8-14 Address Ranges Specifiablein MAR and IOAR

1-Mbyte Mode 16-Mbyte Mode

MAR H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

IOAR H'FFF00 to H'FFFFF H'FFFFO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)

MAR bits 23 to 20 areignored in 1-Mbyte mode.
8.6.8 Bus Cyclewhen Transfer is Aborted

When atransfer is aborted by clearing the DTE bit or suspended by an NMI that clearsthe DTME
bit, if this halts a channel for which the DMAC has atransfer request pending internally, a dead
cycle occurs. This dead cycle does not update the halted channel’s address register or counter
value. Figure 8-28 shows an example in which an auto-requested transfer in cycle-steal mode on
channel 0 is aborted by clearing the DTE bit in channel 0.

DMAC
CPU cycle DMAC cycle CPU cycle cycle CPU cycle
T, T T2

Address bus :X >< >< >< ><

i

R : |
GW, LWR 1 ]
34—»3
! DTE bit is |
| cleared |

Figure8-28 BusTiming at Abort of DMA Transfer in Cycle-Steal M ode
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Section 9 /O Ports

9.1 Overview

The H8/3003 has eight input/output ports (ports4, 5, 6, 8, 9, A, B, and C) and one input port
(port 7). Table 9-1 summarizes the port functions. The pinsin each port are multiplexed as shown
intable 9-1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to their DDR and DR, ports 4 and 5 have an input pull-up
control register (PCR) for switching input pull-up transistors on and off.

Ports 4, 5, 6, 8, and C can drive one TTL load and a 90-pF capacitive load. Ports 9, A, and B can
driveone TTL load and a 30-pF capacitive load. Ports 4 to 6 and 8 to C can drive a Darlington
pair. Ports 5 and B can drive LEDs (with 10-mA current sink). Ports P8, to P8g, PA; to PA(, and
PB3 to PB( have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/O Port Block Diagrams.
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Table9-1 Port Functions

Port Description Pins Mode1l Mode2 Mode3 Mode4
Port 4  8-bit I/O port P45 to P44/D; to D Data bus (D7 to Dg) and 8-bit generic
Input pull-up input/output
8-bit bus mode: generic input/output
16-bit bus mode: data bus
Port5 4-bit I/O port P57 to P5,4/A,3 to Ayg Generic input/ Address output
Input pull-up output
Can drive LEDs
Port6  3-bit I/O port P6,/BACK Bus control signal input/output (BACK,
P6,/BREQ BREQ, WAIT) and 3-bit generic
P6o/WAIT input/output
Port 7 8-bit input port P77 to P7¢/AN; to ANg Analog input (AN7 to ANg) to A/D
converter, and 8-bit generic input
Port8 5-bit I/O port P8,/CS, DDR = 0: generic input
P8, to P8, have DDR =1 (reset value): CS; output
Schmitt inputs P84/CS,/IRQ; IRQ to IRQ, input, CS, to CS; output,
P8,/CS,/IRQ, and generic input
P8,/CS3/IRQ, DDR = 0 (reset value): generic input
DDR = 1: CS; to CS; output
P8,/RFSH/IRQq IRQq input, RFSH output, and generic
input/output
Port9  6-bit I/0 port P95/SCK/IRQ5 Input and output (SCK;, SCKq, RxDy,
P9,4/SCKy/IRQ4 RxDg, TxD, TxDg) for serial
P93/RxDq communication interfaces 1 and 0
P9,/RxDg (SCI1/0), IRQ5 and IRQ, input, and
P9,/TxDq 6-bit generic input/output
P9y/TxDg
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Table9-1 Port Functions (cont)

Port Description Pins Mode 1l Mode2 Mode3 Mode 4
Port A 8-bit I/0 port PA,/TP,/TIOCB, Output (TP to TPg) from programmable
Schmitt inputs PAG/TPg/TIOCA, timing pattern controller (TPC), output
PA5/TP5/TIOCB, (TEND,, TENDg) from DMA controller
PA4/TP4/TIOCA, (DMAC), input and output (TCLKD,
PA3/TP3/TIOCBy/TCLKD  TCLKC, TCLKB, TCLKA, TIOCB,,
PA,/TP,ITIOCA)/TCLKC  TIOCA,, TIOCB,, TIOCA;, TIOCB,,
PA{/TP{/TEND,/TCLKB TIOCA) for 16-bit integrated timer
PAG/TPo/TENDG/TCLKA unit (ITU), and 8-bit generic
input/output
Port B 8-bit I/O port PB,/TP15/DREQ;/ADTRG Output (TP45 to TPg) from TPC, input
Can drive LEDs PBg/TP14/DREQq (DREQ; and DREQ) to DMAC, trigger
PB; to PBj have PBs/TP13/TOCXB, input (ADTRG) to A/D converter, ITU
Schmitt inputs PB4/TP1,/TOCXA, input and output (TOCXB,4, TOCXA,,
PB3/TP4/TIOCB, TIOCBy,, TIOCA,, TIOCB3, TIOCAg),
PB,/TP1o/TIOCA, and 8-bit generic input/output
PB,/TPg/TIOCB;
PBy/TPg/TIOCB,
Port C  8-bit I/O port PC,/IRQ, IRQ7 and IRQg input, CS;to CS,
PC4/IRQg output, DMAC input and output
PCs/DREQ4/CS, (DREQg, TEND3, DREQ,, TEND,), and
PC,/TEND4/CSq 8-bit generic input/output
PC,/DREQ,/CSg
PC,/TEND,/CS,
PC,
PCy
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9.2 Port 4
9.2.1 Overview

Port 4 is an 8-bit input/output port with the pin configuration shown in figure 9-1. The pin
functions differ between the 8-bit and 16-bit bus modes.

When the bus width control register (ABWCR) designates areas 0 to 7 all as 8-bit-access areas,
the H8/3003 operates in 8-hit bus mode and port 4 is a generic input/output port. When at least
one of areas 0 to 7 is designated as a 16-bit-access area, the H8/3003 operates in 16-bit bus mode
and port 4 becomes the lower data bus.

Port 4 has software-programmabl e built-in pull-up transistors.

Pinsin port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Port 4 pins 8-bit bus mode*1 16-bit bus mode*?
~— P4,/D; P4 (input/output) D+ (input/output)
— P4g/Dg P4 (input/output) D¢ (input/output)
+—= P45/Dg P45 (input/output) Ds (input/output)
- P4,/D4 P4, (input/output) D, (input/output)

Port 4
— P45/D3 P4 (input/output) D3 (input/output)
~— P4,/D, P4, (input/output) D, (input/output)
~— P4,/D, P4, (input/output) D, (input/output)
~— P44/Dg P4, (input/output) Dg (input/output)

Notes: 1. Initial state in modes 1 and 3.
2. Initial state in modes 2 and 4.

Figure 9-1 Port 4 Pin Configuration
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9.2.2 Register Descriptions
Table 9-2 summarizes the registers of port 4.

Table9-2 Port 4 Registers

Address* Name Abbreviation R/W Initial Value
H'FFC5 Port 4 data direction register PADDR W H'00
H'FFC7 Port 4 data register P4DR R/W H'00
H'FFDA Port 4 input pull-up control register P4PCR R/W H'00

Note: * Lower 16 bits of the address.

Port 4 Data Direction Register (PADDR): PADDR is an 8-hit write-only register that can select
input or output for each pinin port 4.

Bit 7 6 5 4 3 2 1 0

‘ P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P43DDR‘P42DDR ‘ P41DDR‘ P40DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W w w w

Port 4 data direction 7to O
These bits select input or output for port 4 pins

8-Bit Bus Mode: When all areas are designated as 8-bit-access areas, selecting 8-bit bus mode,
port 4 functions as a generic input/output port. A pin in port 4 becomes an output pin if the
corresponding PADDR bit is set to 1, and an input pin if thisbit is cleared to O.

16-Bit BusMode: When at least one areais designated as a 16-bit-access area, selecting 16-bit
bus mode, port 4 functions as the lower data bus.

PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PADDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting.

ABWCR and PADDR are not initialized in software standby mode. When port 4 functions as a
generic input/output port, if a PADDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

241



Port 4 Data Register (P4DR): PADR is an 8-bit readable/writable register that stores data for
pins P4; to P4y,

Bit 7 6 5 4 3 2 1 0

‘ P4,DR ‘ P46DR‘ P45DR ‘ P4,DR ‘ P43DR ‘ P4,DR ‘ P4,DR ‘ P4oDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW R/W RIW RIW RIW RIW RW  RW

Port 4 data7to O
These bits store data for port 4 pins

When abitin PADDR isset to 1, if port 4 isread the value of the corresponding PADR hit is
returned directly, regardless of the actual state of the pin. When abit in PADDR iscleared to O, if
port 4 is read the corresponding pin level isread. This appliesin both 8-bit and 16-bit bus modes.

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 4 Input Pull-Up Control Register (P4APCR): P4PCR is an 8-hit readable/writable register
that controls the MOS input pull-up transistorsin port 4.

Bit 7 6 5 4 3 2 1 0
‘P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P41PCR‘ P40PCR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 input pull-up control 7to 0
These bits control input pull-up transistors built into port 4

In 8-bit bus mode, when a PADDR bit is cleared to O (selecting generic input), if the
corresponding PAPCR bit is set to 1, the input pull-up transistor is turned on.

PAPCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting.
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9.2.3 Pin Functionsin Each M ode

The functions of port 4 differ depending on whether 8-bit or 16-bit bus mode is selected by
ABWCR settings. The pin functions in each mode are described bel ow.

8-Bit Bus Mode: Input or output can be selected separately for each pinin port 4. A pin becomes
an output pin if the corresponding PADDR bit is set to 1 and an input pin if thisbit is cleared to 0.
Figure 9-2 shows the pin functions in 8-bit bus mode. Thisistheinitial state in modes 1 and 3.

~—— P4, (input/output)
~—— P44 (input/output)
~—— P4; (input/output)
~——= P4, (input/output)
Port 4
~—— P4, (input/output)
~——> P4, (input/output)
~—— P4, (input/output)

~—— P4, (input/output)

Figure9-2 Pin Functionsin 8-Bit Bus Mode (Port 4)

16-Bit BusMode: The input/output settings in PADDR are ignored. Port 4 automatically becomes
abidirectional data bus. Figure 9-3 shows the pin functions in 16-bit bus mode. Thisistheinitial
state in modes 2 and 4.
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~——> D5 (input/output)
~—— D¢ (input/output)
~—— Dg (input/output)
~~— D, (input/output)
Port 4
~— D3 (input/output)
— D, (input/output)
~— D; (input/output)

~— D¢ (input/output)

Figure 9-3 Pin Functionsin 16-Bit BusMaode (Port 4)
9.2.4 Input Pull-Up Transistors

Port 4 has built-in MOS input pull-up transistors that can be controlled by software. These input
pull-up transistors can be used in 8-bit bus mode. They can be turned on and off individually.

In 8-bit bus mode, when a PAPCR hit is set to 1 and the corresponding PADDR bit is cleared to O,
the input pull-up transistor is turned on.

Theinput pull-up transistors are turned off by areset and in hardware standby mode. In software
standby mode they retain their previous state.

Table 9-3 summarizes the states of the input pull-ups in the 8-bit and 16-bit bus modes.

Table 9-3 Input Pull-Up Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
8-bit bus mode Off On/off
16-bit bus mode Off

Legend
Off: The input pull-up transistor is always off.
Onloff: The input pull-up transistor is on if PAPCR = 1 and P4DDR = 0. Otherwise, it is off.
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9.3 Port 5

9.3.1 Overview

Port 5 isa4-hit input/output port with the pin configuration shown in figure 9-4. The pin

functions differ depending on the operating mode.

In modes 1 and 2, port 5 is ageneric input/output port. In modes 3 and 4, port 5 is used for address

output.

Port 5 has software-programmabl e built-in pull-up transistors.

Pinsin port 5 can drive one TTL load and a 90-pF capacitive load. They can aso drive an LED or

adarlington transistor pair.

Port 5 pins Modes 1 and 2

> P5;/A,3 P5- (input/output)

(-~ P56/A22 P56 (input/output)
Port 5

i P55/A21 P55 (input/output)

= P54/A5 P5, (input/output)

Modes 3 and 4

Aoz (output)
A, (output)
A, (output)

Ayg (output)

Figure9-4 Port 5 Pin Configuration
9.3.2 Register Descriptions
Table 9-4 summarizes the registers of port 5.

Table9-4 Port 5 Registers

Initial Value
Address* Name Abbreviation R/W Mode 1/2 Mode 3/4
H'FFC8 Port 5 data direction register P5DDR w H'OF H'FF
H'FFCA Port 5 data register P5DR R/W H'00
H'FFDB Port 5 input pull-up control register P5PCR R/W H'00

Note: * Lower 16 bits of the address.
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Port 5 Data Direction Register (PSDDR): PSDDR is an 8-bit write-only register that can select
input or output for each pin in port 5.

Bit 7 6 5 4 3 2 1 0
‘P57DDR‘ P56DDR‘ P55DDR‘ P54DDR‘ P53DDR ‘ P5,DDR ‘ P51DDR‘P50DDR
Mode{lnitial value 0 0 0 0 1 1 1 1
12 | ReadiWrite W W W W — — — —
Mode{lnitial value 1 1 1 1 1 1 1 1
3/4 Read/Write — — — — — — — —
Port 5 data d‘irection 7to4 Reser\‘/ed bits

These bits select input or
output for port 5 pins

Modes 1 and 2 (1-Mbyte M odes): Port 5 functions as a generic input/output port. A pinin port 5
becomes an output pin if the corresponding PSDDR bit is set to 1, and an input pin if thisbit is
cleared to O.

Modes 3 and 4 (16-M byte M odes): All PSDDR bitsarefixed at 1 and port 5 functions as part of
the address bus. Bits P53DDR to P5gDDR are reserved and are also fixed at 1. No bit values can
be modified.

In modes 1 and 2, PSDDR isawrite-only register. Its value cannot be read. All bitsreturn 1 when
read.

P5DDR isinitialized to H'OF by areset and in hardware standby mode. In software standby mode
it retainsits previous setting, so if aPSDDR hit is set to 1, the corresponding pin maintainsits
output state in software standby mode.
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Port 5 Data Register (P5DR): PSDR is an 8-bit readable/writable register that stores data for
pins P57 to P5,.

Bit 7 6 5 4 3 2 1 0
‘ P57 ‘ P56 ‘ P55 ‘ P54 ‘ P53 ‘ P55, ‘ P54 ‘ P59 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Port 5data7to 4 Reserved bits

These bits store data
for port 5 pins

When abitin PSDDR isset to 1, if port 5 is read the value of the corresponding PSDR hit is
returned directly, regardless of the actual state of the pin. When abit in PSDDR iscleared to 0, if
port 5 is read the corresponding pin level is read.

Bits P53 to P5q are reserved. They can be written and read, but they cannot be used for port input
or output.

P5DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 5 Input Pull-Up Control Register (P5PCR): P5PCR is an 8-hit readable/writable register
that controls the MOS input pull-up transistorsin port 5.

Bit 7 6 5 4 3 2 1 0
‘ P57PCR‘ P56PCR‘ P55PCR‘ P54PCR‘ P53PCR ‘ P5,PCR ‘ P51PCR‘ PSOPCR‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 5 input pull-up control 7 to 4 Reserved bits

These bits control input pull-up
transistors built into port 5

In modes 1 and 2, when a PSDDR bit is cleared to O (selecting generic input), if the corresponding
bit from P5;PCR to P54PCR is set to 1, the input pull-up transistor is turned on.

Bits P53PCR to P5gPCR are reserved. They can be written and read, but they do not control input
pull-up transistors.

P5PCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting.
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9.3.3 Pin Functionsin Each Mode

The functions of port 5 differ between modes 1 and 2 (1-Mbytes modes) and modes 3 and 4
(16-Mbyte modes). The pin functions in each mode are described below.

Pin Functionsin Modes 1 and 2 (1-Mbytes M odes): Input or output can be selected separately
for each pinin port 5. A pin becomes an output pin if the corresponding PSDDR bit is set to 1 and
aninput pinif thisbit is cleared to 0. Figure 9-5 shows the pin functionsin modes 1 and 2.

~— P5; (input/output)
~— P54 (input/output)
Port 5
+— P55 (input/output)

~— P5, (input/output)

Figure9-5 Pin Functionsin Modes 1 and 2 (Port 5)

Pin Functionsin Modes 3 and 4 (16-M bytes M odes): The pinsin port 5 are automatically used
for address output. Figure 9-6 shows the pin functions in modes 3 and 4.

— A,z (output)
— Ay, (output)
Port 5
— A, (output)

= A 20 (Output)

Figure9-6 Pin Functionsin Modes 3 and 4 (Port 5)
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9.3.4 Input Pull-Up Transistors

Port 5 has built-in MOS pull-up transistors that can be controlled by software. These input pull-up
transistors can be used in modes 1 and 2. They can be turned on and off individually.

In modes 1 and 2, when a PSPCR hit is set to 1 and the corresponding PSDDR bit is cleared to O,
the input pull-up transistor is turned on.

Theinput pull-up transistors are turned off by areset and in hardware standby mode. In software
standby mode they retain their previous state.

Table 9-5 summarizes the states of the input pull-ups in each mode.

Table 9-5 Input Pull-Up Transistor States (Port 5)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1 off Onl/off
2
3 Off
4
Legend

Off: The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is off.
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9.4 Port 6

9.4.1 Overview

Port 6 isa 3-hit input/output port that is also used for input and output of bus control signals
(BACK, BREQ, and WAIT). Port 6 has the same set of pin functionsin all operating modes.
Figure 9-7 shows the pin configuration of port 6.

Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port 6 pins

~~—— P6, (input/output)/BACK (output)
Port6 ~— P6; (input/output)/BREQ (input)
< P6y (input/output)/WAIT (input)

Figure9-7 Port 6 Pin Configuration

9.4.2 Register Descriptions

Table 9-6 summarizes the registers of port 6.

Table9-6 Port 6 Registers

Address* Name Abbreviation R/W Initial Value
H'FFC9 Port 6 data direction register P6DDR W H'80
H'FFCB Port 6 data register P6DR R/W H'80

Note: * Lower 16 bits of the address.
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Port 6 Data Direction Register (P6DDR): P6DDR is an 8-bit write-only register that can select
input or output for each pin in port 6.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR‘P62DDR ‘ P61DDR‘ PGODDR‘

Initial value 1 0 0 0 0 0 0 0

Read/Write — W W w W W w W
Reserved bits Port 6 data direction 2to 0

These bits select input or
output for port 6 pins

A pinin port 6 becomes an output pin if the corresponding P6DDR hit is set to 1, and an input pin
if thishit iscleared to 0. Bits 7 to 3 are reserved.

PEDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PEDDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting, so if aP6DDR hit is set to 1, the corresponding pin maintainsits
output state in software standby mode.

Port 6 Data Register (P6DR): P6DR is an 8-bit readable/writable register that stores data for
pins P6, to P6yg.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6 > ‘ P61 ‘ P6g ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W
Reserved bits Port 6 data2to 0

These bits store data
for port 6 pins

When abitin PBDDRisset to 1, if port 6 isread the value of the corresponding P6DR hit is
returned directly. When a bit in PBDDR iscleared to O, if port 6 is read the corresponding pin
level isread. In this case bit 7 reads 1 and bits 6 to 3 have undetermined values. Bits 7 to 3 are
reserved. Bits 6 to 3 can be written and read, but they cannot be used for port input or output.
Bit 7 cannot be modified and always reads 1.

PEDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.4.3 Pin Functions

The port 6 pins are also used for BACK output and BREQ and WAIT input. Table 9-7 describes
the selection of pin functions.

Table 9-7 Port 6 Pin Functions

Pin Pin Functions and Selection Method
P6,/BACK Bit BRLE in BRCR and bit P6,DDR select the pin function as follows

BRLE 0 1

P6,DDR 0 1 —

Pin function P6, input P6, output BACK output
P6,/BREQ Bit BRLE in BRCR and bit P6,DDR select the pin function as follows

BRLE 0 1

P6,DDR 0 1 —

Pin function P6, input P6, output BREQ input
P6o/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P6,DDR select the

Note: * Do not set bit P6;DDR to 1.

pin function as follows

WCER All 1s Not all 1s
WMS1 0 1 —
P6,DDR 0 1 o* o*
Pin function P6q input P6, output WAIT input

95 Port7

9.5.1 Overview

Port 7 isan 8-bit input port that is also used for analog input to the A/D converter. Port 7 has the
same set of pin functionsin all operating modes. Figure 9-8 shows the pin configuration of port 7.
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Port 7 pins

~——— P75 (input)/AN - (input)
—— P7g (input)/ANg (input)
~—— P75 (input)/AN;5 (input)
+—— P74 (input)/AN4 (input)
Port 7
~—— P75 (input)/AN 3 (input)
—— P75 (input)/AN, (input)
~—— P7, (input)/AN 1 (input)

~—— P74 (input)/AN (input)

Figure9-8 Port 7 Pin Configuration
9.5.2 Register Description

Table 9-8 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction
register.

Table9-8 Port 7 Register

Address* Name Abbreviation R/W Initial Value

H'FFCE Port 7 data register P7DR R Undetermined

Note: * Lower 16 bits of the address.

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P7; ‘ P7g ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P7, ‘ P7o
Initial value —* —* —* —* _* _* _* _ x
Read/Write R R R R R R R R

Note: * Determined by pins P77 to P7p.

When port 7 isread, the pin levels are always read.
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9.6 Port 8

9.6.1 Overview

Port 8 is a 5-hit input/output port that is also used for CS; to CS; output, RFSH output, and IRQ3
to IRQg input. Port 8 has the same set of pin functionsin all operating modes. Figure 9-9 shows
the pin configuration of port 8.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can aso drivea
darlington transistor pair. Pins P8, to P8y have Schmitt-trigger inputs.

Port 8 pins

«—» P8, (input)/CS, (output)
== P85 (input)/CS; (output)/IRQj (input)
Port8 (=—= P8, (input)/CS, (output)/IRQ, (input)

~— P8, (input)/CS; (output)/IRQ; (input)

~+—— P8, (input/output)/RFSH (output)/IRQq (input)

Figure9-9 Port 8 Pin Configuration
9.6.2 Register Descriptions
Table 9-9 summarizes the registers of port 8.

Table 9-9 Port 8 Registers

Address* Name Abbreviation R/W Initial Value
H'FFCD Port 8 data direction register P8DDR w H'FO
H'FFCF Port 8 data register P8DR R/W H'EO

Note: * Lower 16 bits of the address.
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Port 8 Data Direction Register (P8DDR): P8DDR is an 8-bit write-only register that can select
input or output for each pin in port 8.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ P84DDR‘ P83DDR‘P82DDR ‘ P81DDR‘ P80DDR‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — W w w W w
Reserved bits Port 8 data direction 4to 0

These bits select input or
output for port 8 pins

When bitsin P8DDR bit are set to 1, P8, to P8; become CS, to CS; output pins and P8, becomes
ageneric output pin. When bitsin PBDDR are cleared to 0, the corresponding pins become input
pins.

PBDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P8DDR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting, so if a PBDDR hit is set to 1, the corresponding pin maintainsits
output state in software standby mode.

Port 8 Data Register (P8DR): P8DR is an 8-hit readable/writable register that stores data for
pins P8, to P8g.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ P84 ‘ P83 ‘ P8, ‘ P81 ‘ P8¢ ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8data4to 0

These bits store data
for port 8 pins

When abitin PBDDRisset to 1, if port 8 isread the value of the corresponding PS8DR hit is
returned directly. When abit in PBDDR iscleared to O, if port 8 is read the corresponding pin
level isread.

Bits 7 to 5 are reserved. They cannot be modified and always read 1.

P8DRisinitialized to H'EO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.6.3 Pin Functions

The port 8 pins are also used for CS; to CSy and RFSH output and IRQ3 to IRQ input.
Table 9-10 describes the selection of pin functions.

Table 9-10 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8,/CS, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input CS, output
P83/CS,/IRQ; Bit P83DDR selects the pin function as follows
P83DDR 0 1
Pin function P83 input CS; output
IRQ3 input
P8,/CS,/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input CS, output
IRQ, input
P8,/CS4/IRQ; Bit P8, DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input CS; output

IRQq input

P8,/RFSH/IRQ,

Bit RFSHE in RFSHCR and bit P8;DDR select the pin function as follows

RFSHE 0 1
P8,DDR 0 1 —
Pin function P8y input P8, output RFSH output

IRQg input
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9.7 Port 9

9.7.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TxDg, TXD4, RXDg, RXD4,
SCK g, SCK ;) by serial communication interface channels 0 and 1 (SClg and SCl 4), and for IRQsg
and IRQ, input. Port 9 has the same set of pin functionsin all operating modes. Figure 9-10 shows

the pin configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive load. They can also drivea

darlington transistor pair.

Port 9 pins

—— P95 (input/output)/RxD; (input)
Port 9
— P9, (input/output)/RxDq (input)
~—— P9, (input/output)/TxD; (output)

~— P9, (input/output)/TxDg (output)

~——> P95 (input/output)/SCK, (input/output)/IRQs (input)

~—> P9, (input/output)/SCK (input/output)/IRQ, (input)

Figure9-10 Port 9 Pin Configuration
9.7.2 Register Descriptions
Table 9-11 summarizes the registers of port 9.

Table9-11 Port 9 Registers

Address* Name Abbreviation R/W Initial Value
H'FFDO Port 9 data direction register PODDR W H'CO
H'FFD2 Port 9 data register PODR R/W H'CO

Note: * Lower 16 bits of the address.
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Port 9 Data Direction Register (PO9DDR): PODDR is an 8-bit write-only register that can select
input or output for each pin in port 9.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P9;DDR ‘ P9,DDR ‘ P91DDR‘P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — W W W W W W
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

A pinin port 9 becomes an output pin if the corresponding PODDR bit is set to 1, and an input pin
if thisbitiscleared to 0.

PODDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PODDR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting, so if a PODDR hit is set to 1, the corresponding pin maintainsits
output state in software standby mode.

Port 9 Data Register (P9DR): PODR is an 8-bit readable/writable register that stores data for
pins P9s to PY.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95 ‘ P9, ‘ P9, ‘ P9, ‘ P9, ‘ P9y ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port 9data5to 0

These bits store data
for port 9 pins

When abit in PODDR isset to 1, if port 9 isread the value of the corresponding PODR bit is
returned directly. When abit in PODDR iscleared to O, if port 9 is read the corresponding pin
level isread.

Bits 7 and 6 are reserved. They cannot be modified and always read 1.

PODR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.7.3 Pin Functions

The port 9 pins are also used for SCI0 and SCI1 input and output (TXDg, RXDg, SCKq, TXD4,
RxD4, SCK), and for IRQs and IRQy input. Table 9-12 describes the selection of pin functions.

Table9-12 Port 9 Pin Functions

Pin

Pin Functions and Selection Method

P95/SCK,/IRQs

Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P9sDDR
select the pin function as follows

CKE1 0 1
C/IA 0 1 —
CKEO 0 1 — —
P9sDDR 0 1 — — —
Pin function P95 | P95 | SCK; output | SCK; output | SCK; input
input | output
IRQ; input

P9,/SCKy/IRQ,

Bit C/A in SMR of SCIO, bits CKEO and CKE1 in SCR of SCIO0, and bit P9,DDR
select the pin function as follows

CKE1l 0 1
C/A 0 1 —
CKEO 0 1 — —
P9,DDR 0 1 — — —
Pin function P9, | P9, | SCKqoutput | SCKj output | SCKg input
input | output
IRQ, input
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Table9-12 Port 9 Pin Functions (cont)

Pin Pin Functions and Selection Method
P93/RxDq Bit RE in SCR of SCI1 and bit P9;DDR select the pin function as follows
RE 0 1
P9;DDR 0 1 —
Pin function P95 input P93 output RxD; input
P9,/RxDg Bit RE in SCR of SCI0 and bit P9,DDR select the pin function as follows
RE 0 1
P9,DDR 0 1 —
Pin function P9, input P9, output RxDg input
P9,/TxDq Bit TE in SCR of SCI1 and bit P9;DDR select the pin function as follows
TE 0 1
P9,DDR 0 1 —
Pin function P9, input P9, output TxD; output
P9o/TxDg Bit TE in SCR of SCI0 and bit P9,DDR select the pin function as follows

TE 0 1
P9oDDR 0 1 —
Pin function P9y input P9, output TxDg output
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9.8 Port A

9.8.1 Overview

Port A is an 8-bit input/output port that is also used for output (TP to TPy) from the
programmable timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB,,
TIOCA4, TIOCBy, TIOCAq, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-hit integrated timer-
pulse unit (ITU), and output (TEND,, TEND) from the DMA controller (DMAC). Port A hasthe
same set of pin functionsin all operating modes. Figure 9-11 shows the pin configuration of

port A.

Pinsin port A can drive one TTL load and a 30-pF capacitive load. They can aso drivea
darlington transistor pair. Port A has Schmitt-trigger inputs.

Port A pins

~—— PA- (input/output)/TP, (output)/TIOCB, (input/output)
~—— PAg (input/output)/TPg (output)/TIOCA, (input/output)
~— PAj (input/output)/TPg (output)/TIOCB; (input/output)
«— PA, (input/output)/TP, (output)/TIOCA; (input/output)
PortA ~—— PAj (input/output)/TP3 (output)/TIOCB, (input/output)/TCLKD (input)

~—> PA, (input/output)/TP, (output)/TIOCA, (input/output)/TCLKC (input)

~—— PA/ (input/output)/TP, (output)/TEND, (output)/TCLKB (input)

~— PA, (input/output)/TPq (output)/TEND, (output)/TCLKA (input)

Figure9-11 Port A Pin Configuration
9.8.2 Register Descriptions
Table 9-13 summarizes the registers of port A.

Table9-13 Port A Registers

Address* Name Abbreviation R/W Initial Value
H'FFD1 Port A data direction register PADDR w H'00
H'FFD3 Port A data register PADR R/W H'00

Note: * Lower 16 bits of the address.
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Port A Data Direction Register (PADDR): PADDR is an 8-hit write-only register that can select
input or output for each pinin port A.

Bit 7 6 5 4 3 2 1 0
‘PA7DDR‘ PA6DDR‘ PA5DDR‘ PA4DDR‘ PA3DDR‘PA2DDR ‘ PAlDDR‘PAODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w W w W w w W w

Port A data direction 7to O
These bits select input or output for port A pins

A pinin port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input
pinif thisbit is cleared to 0.
PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PADDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting, so if a PADDR bit is set to 1, the corresponding pin maintains its
output state in software standby mode.

Port A Data Register (PADR): PADR is an 8-bit readable/writable register that stores data for
pins PA; to PA.

Bit 7 6 5 4 3 2 1 0

‘ PA; ‘ PAg ‘ PAsg ‘ PA4 ‘ PA3 ‘ PA> ‘ PA1 ‘ PAg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port A data7to 0
These bits store data for port A pins

When abitin PADDR isset to 1, if port A isread the value of the corresponding PADR bit is
returned directly. When abitin PADDR iscleared to O, if port A isread the corresponding pin
level isread.

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.8.3 Pin Functions

The port A pinsare also used for TPC output (TP to TPg), ITU input/output (TIOCB, to
TIOCBy, TIOCA, to TIOCA(y) and input (TCLKD, TCLKC, TCLKB, TCLKA), and DMAC
output (TEND1, TENDy). Table 9-14 describes the selection of pin functions.

Table9-14 Port A Pin Functions

Pin Pin Functions and Selection Method

PA;/TP;/TIOCB, ITU channel 2 settings (bit PWM2 in TMDR and bits IOB2 to IOBO in TIOR2),
bit NDER7 in NDERA, and bit PA;DDR in PADDR select the pin function as

follows
ITU channel
2 settings L1 in table below L] in table below
PA;DDR — 0 1 1
NDER7 — — 0 1
Pin function TIOCB, output PA PA; TP,
input output | output
TIOCB; input*

Note: * TIOCB, input when I0B2 = 1 and PWM2 = 0.

ITU channel

2 settings 0 0 0
10B2 0 1
I0B1 0 0 1 —
I0BO 0 1 — —
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Table9-14 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method
PAg/TPg/TIOCA, ITU channel 2 settings (bit PWM2 in TMDR and bits IOA2 to IOAO in TIOR2),
bit NDERG6 in NDERA, and bit PAgDDR in PADDR select the pin function as
follows
ITU channel
2 settings (1 in table below (1 in table below
PAgDDR — 0 1 1
NDERG6 — — 0 1
Pin function TIOCA, output PAg PAg TPg
input output | output
TIOCA, input*
Note: * TIOCA, input when I0OA2 = 1.
ITU channel
2 settings 0 O O O
PWM2 0 1
I0A2 0 1 —
I0A1 0 0 1 — —
IOAO 0 1 — — —
PAs/TPs/TIOCB;  ITU channel 1 settings (bit PWM1 in TMDR and bits IOB2 to IOBO in TIOR1),

bit NDER5 in NDERA, and bit PA;DDR in PADDR select the pin function as

follows
ITU channel
2 settings I in table below I in table below
PAsDDR — 0 1 1
NDERS _ — 0 1
Pin function TIOCB; output PAg PAg TPs
input output | output

TIOCB; input*

Note: * TIOCB; input when IOB2 = 1 and PWM1 = 0.

ITU channel

1 settings O O 0
10B2 0 1
I0B1 0 0 1 —
10B0O 0 1 — —

264




Table9-14 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method

PA4/TPLTIOCA,; ITU channel 1 settings (bit PWM1 in TMDR and bits IOA2 to IOAO in TIOR1),
bit NDER4 in NDERA, and bit PA,DDR in PADDR select the pin function as

follows
ITU channel
1 settings ] in table below ] in table below
PA,DDR — 0 1 1
NDER4 — — 0 1
Pin function TIOCA output PA,4 PA,4 TP,
input output | output

TIOCA, input*

Note: * TIOCA; input when IOA2 = 1.

ITU channel
1 settings 0 0 0
PWM1 0 1
I0A2 0 1 —
I0Al 0 0 1 — —
IOA0 0 1 — — —
PA3/TP5/TIOCBy/ ITU channel O settings (bit PWMO in TMDR and bits IOB2 to I0BO0 in TIORO),
TCLKD bits TPSC2 to TPSCO in timer control registers 4 to 0 (TCR4 to TCRO), bit
NDERS3 in NDERA, and bit PA;DDR in PADDR select the pin function as
follows
ITU channel
0 settings ] in table below ] in table below
PA;DDR — 0 1 1
NDER3 — — 0 1
Pin function TIOCB output PA3 PA3 TP,
input output | output
TIOCBy input™!
TCLKD input*2

Notes: 1. TIOCBg input when IOB2 = 1 and PWMO = 0.
2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of

TCR4 to TCRO.
ITU channel
0 settings 0 0
10B2 0 1
10B1 0 0 1 —
I0BO 0 1 — —
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Table9-14 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method
PALITP,/TIOCAy/  ITU channel 0 settings (bit PWMO in TMDR and bits IOA2 to IOAO in TIORO),
TCLKC bits TPSC2 to TPSCO in TCR4 to TCRO, bit NDER2 in NDERA, and bit
PA,DDR in PADDR select the pin function as follows
ITU channel
0 settings L] in table below L] in table below
PA,DDR — 0 1 1
NDER2 — — 0 1
Pin function TIOCA output PA, PA, TP,
input output | output
TIOCA, input*! and TCLKC input*2

Notes: 1. TIOCA, input when IOA2 = 1.
2. TCLKC input when TPSC2 = TPSC1 =1 and TPSCO = 0 in any of
TCR4 to TCRO.

ITU channel
0 settings

U U

PWMO

I0A2

I0A1

I0A0
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Table9-14 Port A Pin Functions (cont)

Pin

Pin Functions and Selection Method

PA/TP,/TCLKB/
TEND,

DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and
DTCR1B), bit NDER1 in NDERA, and bit PA;DDR in PADDR select the pin

function as follows

DMAC channel

1 settings [ in table below [ in table below

PA,DDR — 0 1 1

NDER1 — — 0 1

Pin function TEND; output PA, PA1 TPy
input output | output

TCLKB input*

Note: * TCLKB input when MDF =1 in TMDR, or when TPSC2 =1,
TPSC1 =0, and TPSCO =1 in any of TCR4 to TCRO.

DMAC channel

1 settings O O O O 0 0
DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 1

DTS2B 0 1 1 0 1 0

DTS1B — — | - | =

PA/TPo/TCLKA/
TEND,

DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in DTCROA and
DTCROB), bit NDERO in NDERA, and bit PA,DDR in PADDR select the pin

function as follows

DMAC channel

0 settings [ in table below [ in table below

PA(DDR — 0 1 1

NDERO — — 0 1

Pin function TEND, output PAg PAg TPgo
input output | output

TCLKA input*

Note: * TCLKA input when MDF = 1 in TMDR, or when TPSC2 =1 and
TPSC1 =0 in any of TCR4 to TCRO.

DMAC channel

0 settings O O O O 0 0
DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 1

DTS2B 0 1 1 0 1 0

DTS1B — — — —
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9.9 PortB

9.9.1 Overview

Port B is an 8-bit input/output port that is also used for output (TP;5 to TPg) from the
programmable timing pattern controller (TPC), input/output (TIOCBy,, TIOCB3, TIOCA,,
TIOCA3) and output (TOCXB,4, TOCXA ) by the 16-bit integrated timer-pulse unit (ITU), input
(DREQ,, DREQy) to the DMA controller (DMAC), and ADTRG input to the A/D converter. Port
B has the same set of pin functionsin all operating modes. Figure 9-12 shows the pin
configuration of port B.

Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair. Pins PB3 to PB( have Schmitt-trigger inputs.

Port B pins

l«—= PB (input/output)/TP;5 (output)/DREQ; (input)/ADTRG (input)
< PBg (input/output)/TP,, (output)/DREQ, (input)

~— PBj (input/output)/TP;3 (output)/TOCXB, (output)

+— PB, (input/output)/TP;, (output)/ TOCXA, (output)

Port® ~———> PB3 (input/output)/TP;; (output)/TIOCB, (input/output)
~——— PB, (input/output)/ TP (output)/TIOCA, (input/output)
~— PB (input/output)/TPy (output)/TIOCB3 (input/output)

~— PBg (input/output)/TPg (output)/TIOCA3 (input/output)

Figure9-12 Port B Pin Configuration
9.9.2 Register Descriptions
Table 9-15 summarizes the registers of port B.

Table 9-15 Port B Registers

Address* Name Abbreviation R/W Initial Value
H'FFD4 Port B data direction register PBDDR W H'00
H'FFD6 Port B data register PBDR R/W H'00

Note: * Lower 16 bits of the address.
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Port B Data Direction Register (PBDDR): PBDDR is an 8-bit write-only register that can select
input or output for each pin in port B.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ PBGDDR‘ PB5DDR‘ PB4DDR‘P83DDR‘PBZDDR‘PBlDDR‘PBODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

Port B data direction 7to O
These bits select input or output for port B pins

A pinin port B becomes an output pin if the corresponding PBDDR bit isset to 1, and an input
pinif thisbit iscleared to O.

PBDDR is awrite-only register. Its value cannot be read. All bits return 1 when read.

PBDDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting, so if aPBDDR bit is set to 1, the corresponding pin maintainsits
output state in software standby mode.

Port B Data Register (PBDR): PBDR is an 8-bit readable/writable register that stores data for
pins PB- to PBy,.

Bit 7 6 5 4 3 2 1 0

‘ PB7 ‘ PBg ‘ PBsg ‘ PB4 ‘ PB3 ‘ PB» ‘ PB4 ‘ PBg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port B data 7to O
These bits store data for port B pins

When abitin PBDDRisset to 1, if port B is read the value of the corresponding PBDR hit is
returned directly. When abitin PBDDR is cleared to O, if port B isread the corresponding pin
level isread.

PBDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.9.3 Pin Functions

The port B pins are also used for TPC output (TP;5to TPg), ITU input/output (TIOCB,4, TIOCB;,
TIOCA,4, TIOCA3) and output (TOCXB,4, TOCXA,4), DMAC input (DREQ,, DREQ), and
ADTRG input. Table 9-16 describes the selection of pin functions.

Table 9-16 Port B Pin Functions

Pin Pin Functions and Selection Method
PB,/TP,5/DREQ;/ DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and
ADTRG DTCR1B), bit TRGE in ADCR, bit NDER15 in NDERB, and bit PB;DDR in
PBDDR select the pin function as follows
PB,DDR 0 1 1
NDER15 — 0 1
Pin function PB- input PB- output TP45 output

DREQ, input*?
ADTRG input*2

Notes: 1. DREQ; input under DMAC channel 1 settings L1 in the table below.
2. ADTRG input when TRGE = 1.

DMAC channel

1 settings 0 0 0 0 0 0 0
DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 0 1 1 1
DTS2B 0 1 1 0 1 0 1 1
DTS1B — 0 1 — — — 0 1

270



Table9-16 Port B Pin Functions (cont)

Pin Pin Functions and Selection Method

PBg/TP14/DREQ, DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in DTCROA and
DTCROB), bit NDER14 in NDERB, and bit PBzDDR in PBDDR select the pin
function as follows

PBgDDR 0 1 1
NDER14 — 0 1
Pin function PBg input PBg output TP44 output

DREQq input*

Note: * DREQ, input under DMAC channel 0 settings [ in the table below.

DMAC channel

0 settings H 0 [l 0 O O [l
DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 0 1 1 1
DTS2B 0 1 1 0 1 0 1 1
DTS1B — 0 1 — — — 0 1

PBs/TP,3/TOCXB, ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit
NDER13 in NDERB, and bit PBsDDR in PBDDR select the pin function as

follows
EXB4, CMD1 Not both 1 Both 1
PBsDDR 0 1 1 —
NDER13 — 0 1 —
Pin function PBs PBs TP13 TOCXB, output
input output | output

PB,4/TP1,/TOCXA, ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit
NDER12 in NDERB, and bit PB4,DDR in PBDDR select the pin function as

follows
EXA4, CMD1 Not both 1 Both 1
PB,DDR 0 1 1 —
NDER12 — 0 1 —
Pin function PB4 PB4 TPyo TOCXA, output
input output | output
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Table9-16 Port B Pin Functions (cont)

Pin Pin Functions and Selection Method

PB3/TP11/TIOCB, ITU channel 4 settings (bit PWM4 in TMDR, bit CMD1 in TFCR, bit EB4 in
TOER, and bits IOB2 to IOBO0 in TIOR4), bit NDER11 in NDERB, and bit
PB3;DDR in PBDDR select the pin function as follows

ITU channel
4 settings L] in table below L] in table below
PB;DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCB, output PBj PB3 TPy,
input output | output
TIOCB, input*

Note: * TIOCB, input when CMD1 = PWM4 =0 and I10B2 = 1.

ITU channel

4 settings 0 0 0 0 0
EB4 0 1

CMD1 — 0 1
10B2 — 0 0 0 1 —
I0B1 — 0 0 1 — —
I0BO — 0 1 — — —
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Table9-16 Port B Pin Functions (cont)

Pin

Pin Functions and Selection Method

PB,/TP1o/TIOCA,

ITU channel 4 settings (bit CMD1 in TFCR, bit EA4 in TOER, bit PWM4 in
TMDR, and bits IOA2 to IOAQ in TIOR4), bit NDER10 in NDERB, and bit
PB,DDR in PBDDR select the pin function as follows

ITU channel
4 settings L] in table below L] in table below
PB,DDR — 0 1 1
NDER10 — — 0 1
Pin function TIOCA, output PB, PB, TP1o
input output | output
TIOCA, input*
Note: * TIOCA, input when CMD1 = PWM4 = 0 and IOA2 = 1.
ITU channel
4 settings O O O 0
EA4 1
CMD1 1
PWM4 0 1 —
I0OA2 0 0 1 — —
IOAl 0 0 — — -
IOAO 0 1 — — —
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Table9-16 Port B Pin Functions (cont)

Pin Pin Functions and Selection Method

PB{/TPo/TIOCB; ITU channel 3 settings (bit PWM3 in TMDR, bit CMD1 in TFCR, bit EB3 in
TOER, and bits IOB2 to IOBO0 in TIOR3), bit NDER9 in NDERB, and bit
PB,DDR in PBDDR select the pin function as follows

ITU channel
3 settings L] in table below L] in table below
PB;DDR — 0 1 1
NDER9 — — 0 1
Pin function TIOCB; output PB; PB, TPg
input output | output
TIOCBj input*

Note: * TIOCBj; input when CMD1 = PWM3 =0 and I0B2 = 1.

ITU channel

3 settings 0 0 0 0 0
EB3 0 1

CMD1 — 0 1
10B2 — 0 0 0 1 —
I0B1 — 0 0 1 — —
I0BO — 0 1 — — —
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Table9-16 Port B Pin Functions (cont)

Pin Pin Functions and Selection Method

PBo/TPg/TIOCA; ITU channel 3 settings (bit CMD1 in TFCR, bit EA3 in TOER, bit PWM3 in
TMDR, and bits IOA2 to IOAQ in TIOR3), bit NDERS8 in NDERB, and bit
PByDDR in PBDDR select the pin function as follows

ITU channel
3 settings L] in table below L] in table below
PBoDDR — 0 1 1
NDERS8 — — 0 1
Pin function TIOCA; output PBg PBg TPg
input output | output
TIOCAg; input*

Note: * TIOCAz input when CMD1 = PWM3 = 0 and IOA2 = 1.

ITU channel

3 settings 0 O O O 0

EA3 0 1

CMD1 — 0 1
PWM3 — 0 1 —
I0A2 — 0 0 0 1 — —
IOAl — 0 0 1 — — —
IOAO — 0 1 — — — —
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9.10 Port C

9.10.1 Overview

Port C is an 8-bit input/output port that is also used for DMAC input and output (DREQj3,
DREQ,, TEND3, TEND,), CS; to CS, output, and IRQ; and IRQg input. Port C has the same set
of pin functionsin all operating modes. Figure 9-13 shows the pin configuration of port C.

Pinsin port C can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port C pins

~——> PC- (input/output)/IRQ- (input)

~——= PCg (input/output)/IRQg (input)

«—= PC; (input)/DREQj (input)/CS- (output)

== PC, (input)/ TEND; (output)/CSg (output)
Port C

<~ PCj (input)/DREQ), (input)/CSs (output)
~——= PC, (input)/TEND, (output)/CS, (output)
~—— PC, (input/output)

~— PC, (input/output)

Figure 9-13 Port C Pin Configuration
9.10.2 Register Descriptions
Table 9-17 summarizes the registers of port C.

Table 9-17 Port C Registers

Address* Name Abbreviation R/W Initial Value
H'FFD5 Port C data direction register PCDDR W H'00
H'FFD7 Port C data register PCDR R/W H'00

Note: * Lower 16 bits of the address.
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Port C Data Direction Register (PCDDR): PCDDR is an 8-bit write-only register that can select
input or output for each pinin port C.

Bit 7 6 5 4 3 2 1 0

‘ PC, DDR‘ PCs DDR‘ PCs DDR‘ PC, DDR‘ PCs DDR‘PCZ DDR‘ PC, DDR‘ PCo DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port C data direction 7 to 0
These bits select input or output for port C pins

When bitsin PCDDR are set to 1, pins PC;, PCg, PC4, and PCy become generic output pins and
pins PCg to PC, become CS; to CS, output pins. When bitsin PCDDR are cleared to 0, the
corresponding pins become input pins.

PCDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PCDDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting, so if aPCDDR bit is set to 1, the corresponding pin maintainsits
output state in software standby mode.

Port C Data Register (PCDR): PCDR is an 8-hit readable/writable register that stores data for
pins PC; to PCy,.

Bit 7 6 5 4 3 2 1 0

‘ PC, ‘ PC¢ ‘ PCsg ‘ PC,4 ‘ PC; ‘ PC, ‘ PC, ‘ PCo ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port Cdata7to 0
These bits store data for port C pins

When abitin PCDDR is set to 1, if port C is read the value of the corresponding PCDR hit is
returned directly. When abit in PCDDR is cleared to O, if port C isread the corresponding pin
level isread.

PCDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.10.3 Pin Functions

The port C pins are also used for DMA controller input and output (DREQ3, TEND3, DREQ>,
TEND,), CS; to CS;, output, and IRQ and IRQg input. Table 9-18 describes the selection of
functions of pins PC; to PC,.

Table 9-18 Port C Pin Functions

Pin Pin Functions and Selection Method
PC,/IRQ; Bit PC,DDR selects the pin function as follows
PC,DDR 0 1
Pin function PC; input PC- output
IRQ7 input
PC¢/IRQg Bit PCzDDR selects the pin function as follows
PCsDDR 0 1
Pin function PCg input PCg output
IRQg input
PCs/DREQ3/CS; DMAC channel 3 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR3A and

DTCR3B) and bit PCsDDR in PCDDR select the pin function as follows

PCsDDR

0

1

Pin function

PCs input

CS5 output

DREQ; input*

Note: * DREQj input under DMAC channel 3 settings [ in the table below.

DMAC channel

3 settings 0 0 0 0 O O
DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 1 1 1
DTS2B 1 1 1 0 1 1
DTS1B 0 1 — — — 0 1
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Table9-18 Port C Pin Functions (cont)

Pin Pin Functions and Selection Method
PC4TEND4/CSg; DMAC channel 3 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR3A and
DTCR3B) and bit PC,DDR in PCDDR select the pin function as follows
DMAC channel
3 settings ] in table below ] in table below ] in table below
PC,DDR — 0 1 —
Pin function ?NDQ, output | PCy4 input C?G output Not usable
DMAC channel
3 settings O O o 0|0 0 0
DTS2A, DTS1A Not both 1 Both 1
DTSOA — 0 1 1 1
DTS2B 0 1 0 1
DTS1B — 0 1 — |01 — 0 1
PC4/DREQ,/CS5 DMAC channel 2 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR2A and

DTCR2B) and bit PC3DDR in PCDDR select the pin function as follows

PC,DDR

0

1

Pin function

PC; input

CSg output

DREQ, input*

Note: * DREQ, input under DMAC channel 2 settings [ in the table below.

DMAC channel

2 settings 0 O 0 O 0 0
DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 0 1 1 1
DTS2B 0 1 0 1 0 1
DTS1B — 0 1 — — — 0 1
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Table 9-18 Port C Pin Functions (cont)

Pin Pin Functions and Selection Method

PC,/TEND,/CS, DMAC channel 2 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR2A and
DTCR2B) and bit PC,DDR in PCDDR select the pin function as follows

DMAC channel

2 settings (1 in table below (1 in table below
PC,DDR — 0 1

Pin function TEND, output PC,input | CS, output
DMAC channel

2 settings O 0 O 0 O O
DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 0 1 1 1
DTS2B 0 1 1 0 1 0 1 1
DTS1B — 0 1 — — — 0 1
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Section 10 16-Bit Integrated Timer Unit (ITU)

10.1 Overview

The H8/3003 has a built-in 16-bit integrated timer unit (ITU) with five 16-bit timer channels.
10.1.1 Features

ITU features are listed below.

e Capability to process up to 12 pulse outputs or 10 pulse inputs

e Ten general registers (GRs, two per channel) with independently-assignable output compare
or input capture functions

e Selection of eight counter clock sources for each channel:

Internal clocks: g, @/2, @/4, 2/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD

e Five operating modes selectable in al channels:
— Waveform output by compare match
Selection of 0 output, 1 output, or toggle output (only 0 or 1 output in channel 2)
— Input capture function
Rising edge, falling edge, or both edges (selectable)
— Counter clearing function
Counters can be cleared by compare match or input capture
— Synchronization

Two or more timer counters (TCNTS) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.
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— PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
five-phase PWM output is possible

Phase counting mode selectable in channel 2
Two-phase encoder output can be counted automatically.
Three additional modes selectable in channels 3 and 4
— Reset-synchronized PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
complementary waveforms.

— Complementary PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
non-overlapping complementary waveforms.

— Buffering

Input capture registers can be double-buffered. Output compare registers can be updated
automatically.

High-speed access viainternal 16-bit bus

The 16-hit timer counters, general registers, and buffer registers can be accessed at high speed
viaa 16-bit bus.

Fifteen interrupt sources

Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.

Activation of DMA controller (DMAC)
Four of the compare match/input capture interrupts from channels 0 to 3 can start the DMAC.
Output triggering of programmable pattern controller (TPC)

Compare match/input capture signals from channels 0 to 3 can be used as TPC output
triggers.
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Table 10-1 summarizes the ITU functions.

Table10-1 ITU Functions

Item

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Clock sources

Internal clocks: @, 8/2, g/4, 2/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable independently

General registers GRAO, GRBO GRAL,GRB1 GRA2,GRB2 GRA3,GRB3 GRA4, GRB4

(output compare/input

capture registers)

Buffer registers — — — BRA3, BRB3  BRA4, BRB4

Input/output pins TIOCA,, TIOCA;, TIOCA,, TIOCA;, TIOCA,,
TIOCBy TIOCB, TIOCB, TIOCB; TIOCB,

Output pins — — — — TOCXA,,

TOCXB4

Counter clearing function GRAO/GRBO  GRA1L/GRB1 GRA2/GRB2 GRA3/GRB3 GRA4/GRB4
compare compare compare compare compare
match or match or match or match or match or

input capture

input capture

input capture

input capture

input capture

Compare 0 (@] (@] (@] O O
match output 1 Ie) Ie) Ie) Ie) Ie)
Toggle (e O — (@) (0]
Input capture function (@] (@] (@] O O
Synchronization (@] (@] (@] O O
PWM mode (@] (@] (@] (@] (@]
Reset-synchronized — — — (@] (@]
PWM mode
Complementary PWM — — — (@] (@]
mode
Phase counting mode — — (@] — —
Buffering — — — (@] (@]
DMAC activation GRAO compare GRA1 compare GRA2 compare GRA3 compare —
match or match or match or match or

input capture

input capture

input capture

input capture

Interrupt sources

Three sources

« Compare
match/input
capture AO

* Compare
match/input
capture BO

* Overflow

Three sources

« Compare
match/input
capture Al

* Compare
match/input
capture B1

* Overflow

Three sources

« Compare
match/input
capture A2

* Compare
match/input
capture B2

* Overflow

Three sources

« Compare
match/input
capture A3

* Compare
match/input
capture B3

* Overflow

Three sources

e Compare
match/input
capture A4

e Compare
match/input
capture B4

» Overflow

Legend
O: Available
—: Not available
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10.1.2 Block Diagrams

ITU Block Diagram (overall): Figure 10-1 isablock diagram of the ITU.
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—
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Module data bus

Legend
TOER:
TOCR:
TSTR:
TSNC:
TMDR:
TFCR:

Timer output master enable register (8 bits)
Timer output control register (8 bits)

Timer start register (8 bits)

Timer synchro register (8 bits)

Timer mode register (8 bits)

Timer function control register (8 hits)

Bus interface

Figure10-1 ITU Block Diagram (Overall)
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Block Diagram of Channels0 and 1: ITU channels 0 and 1 are functionally identical. Both have
the structure shown in figure 10-2.

TCLKA to TCLKD 2 = TIOCAq
Clock selector ~— TIOCB
@, 912, 9l4, 8/8 >
— IMIAO
Comparator Control logic — IMIBO
— OVIO
E o0 x| | x
ARERE: S||ol|ul|d
Module data bus
Legend
TCNT: Timer counter (16 bits)
GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits x 2)
TCR: Timer control register (8 bits)
TIOR: Timer 1/O control register (8 bits)
TIER: Timer interrupt enable register (8 bits)
TSR: Timer status register (8 bits)

Figure10-2 Block Diagram of Channels0and 1 (for Channel 0)
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Block Diagram of Channel 2: Figure 10-3 isablock diagram of channel 2. Thisisthe channel
that provides only 0 output and 1 output.

TCLKA to TCLKD 1 = TIOCA,
Clock selector < TIOCB,
@, 912, 9/4, 2/8 >
—= IMIA2
Comparator Control logic — IMIB2
— OVI2
N
ElS] | gl |8
o 04 x O o L %)
Module data bus
Legend
TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)
(16 bits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)
TIER2: Timer interrupt enable register 2 (8 bits)
TSR2: Timer status register 2 (8 bits)

Figure 10-3 Block Diagram of Channel 2
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Block Diagramsof Channels 3 and 4: Figure 10-4 isablock diagram of channel 3. Figure 10-5
isablock diagram of channel 4.

TIOCA,
TIOCB,

IMIA3
IMIB3
OVI3

TCLKA to
TCLKD ]
5 a2 Clock selector
z}4, ﬂ}8 —
Comparator Control logic

™

2llelJ2l a2l el |22y

sl gl 12||8]|8]|a||&

[ O |m O||F||FI||F||F

Module data bus
Legend
TCNT3: Timer counter 3 (16 bits)
GRA3, GRB3: General registers A3 and B3 (input capture/output compare registers)
(16 bits x 2)
BRA3, BRB3: Buffer registers A3 and B3 (input capture/output compare buffer registers)
(16 bits x 2)

TCR3: Timer control register 3 (8 bits)
TIOR3: Timer 1/O control register 3 (8 bits)
TIERS: Timer interrupt enable register 3 (8 bits)
TSR3: Timer status register 3 (8 bits)

Figure 10-4 Block Diagram of Channel 3
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TCLKD

@, 212,
ol4, 2/8 —

Legend

TCNT4:
GRA4, GRB4:

BRA4, BRB4:

TCRA4:
TIOR4:
TIER4:
TSRA4:

Clock selector

Comparator Control logic
Sl 2333|838z
5l | x || & x||o||o||ul|®
[ @ O m O = [ [ [

Module data bus

Timer counter 4 (16 bits)

TOCXA,
TOCXB,

TIOCA,
TIOCB,

IMIA4
IMIB4
ovi4

General registers A4 and B4 (input capture/output compare registers)

(16 bits x 2)

Buffer registers A4 and B4 (input capture/output compare buffer registers)

(16 bits x 2)

Timer control register 4 (8 bhits)

Timer 1/O control register 4 (8 bits)
Timer interrupt enable register 4 (8 bits)
Timer status register 4 (8 bits)

Figure 10-5 Block Diagram of Channel 4
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10.1.3 Inp

ut/Output Pins

Table 10-2 summarizesthe ITU pins.

Table10-2 ITU Pins
Abbre- Input/
Channel Name viation Output Function
Common Clock input A TCLKA  Input External clock A input pin
(phase-A input pin in phase counting mode)
Clock input B TCLKB Input External clock B input pin
(phase-B input pin in phase counting mode)
Clock input C TCLKC  Input External clock C input pin
Clock input D TCLKD  Input External clock D input pin
0 Input capture/output  TIOCAp  Input/ GRAO output compare or input capture pin
compare AO output  PWM output pin in PWM mode
Input capture/output  TIOCBy  Input/ GRBO output compare or input capture pin
compare BO output
1 Input capture/output  TIOCA;  Input/ GRAL output compare or input capture pin
compare Al output  PWM output pin in PWM mode
Input capture/output  TIOCB;  Input/ GRB1 output compare or input capture pin
compare Bl output
2 Input capture/output  TIOCA,  Input/ GRA2 output compare or input capture pin
compare A2 output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRB2 output compare or input capture pin
compare B2 output
3 Input capture/output TIOCA3  Input/ GRAS output compare or input capture pin
compare A3 output  PWM output pin in PWM mode, comple-
mentary PWM mode, or reset-synchronized
PWM mode
Input capture/output TIOCB3  Input/ GRB3 output compare or input capture pin
compare B3 output  PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
4 Input capture/output  TIOCA,  Input/ GRA4 output compare or input capture pin
compare A4 output  PWM output pin in PWM mode, comple-
mentary PWM mode, or reset-synchronized
PWM mode
Input capture/output  TIOCB,  Input/ GRB4 output compare or input capture pin
compare B4 output  PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
Output compare XA4 TOCXA, Output PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
Output compare XB4 TOCXB, Output PWM output pin in complementary PWM

mode or reset-synchronized PWM mode
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10.1.4 Register Configuration

Table 10-3 summarizesthe ITU registers.

Table10-3 ITU Registers

Abbre- Initial
Channel  Address™ Name viation R/W Value
Common  H'FF60 Timer start register TSTR R/W H'EO
H'FF61 Timer synchro register TSNC R/W H'EO
H'FF62 Timer mode register TMDR R/W H'80
H'FF63 Timer function control register TFCR R/W H'CO
H'FF90 Timer output master enable register TOER R/W H'FF
H'FF91 Timer output control register TOCR R/W H'FF
0 H'FF64 Timer control register 0 TCRO R/W H'80
H'FF65 Timer I/O control register 0 TIORO R/W H'88
H'FF66 Timer interrupt enable register 0 TIERO R/W H'F8
H'FF67 Timer status register 0 TSRO R/(W)*2  H'F8
H'FF68 Timer counter 0 (high) TCNTOH R/W H'00
H'FF69 Timer counter 0 (low) TCNTOL R/W H'00
H'FF6A General register AO (high) GRAOH R/W H'FF
H'FF6B General register AO (low) GRAOL R/W H'FF
H'FF6C General register BO (high) GRBOH R/W H'FF
H'FF6D General register BO (low) GRBOL R/W H'FF
1 H'FF6E Timer control register 1 TCR1 R/W H'80
H'FF6F Timer 1/O control register 1 TIOR1 R/W H'88
H'FF70 Timer interrupt enable register 1 TIER1 R/W H'F8
H'FF71 Timer status register 1 TSR1 R/(W)2  H'F8
H'FF72 Timer counter 1 (high) TCNT1H R/W H'00
H'FF73 Timer counter 1 (low) TCNT1L R/W H'00
H'FF74 General register Al (high) GRA1IH R/W H'FF
H'FF75 General register Al (low) GRAIL R/W H'FF
H'FF76 General register B1 (high) GRB1H R/W H'FF
H'FF77 General register B1 (low) GRB1L R/W H'FF

Notes: 1. The lower 16 bits of the address are indicated.
2. Only 0 can be written, to clear flags.
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Table10-3 ITU Registers (cont)

Abbre- Initial
Channel  Address™ Name viation  R/W Value
2 H'FF78 Timer control register 2 TCR2 R/W H'80
H'FF79 Timer I/O control register 2 TIOR2 R/W H'88
H'FF7A Timer interrupt enable register 2 TIER2 R/W H'F8
H'FF7B Timer status register 2 TSR2 R/(W)*2  HF8
H'FF7C Timer counter 2 (high) TCNT2H R/W H'00
H'FF7D Timer counter 2 (low) TCNT2L R/W H'00
H'FF7E General register A2 (high) GRA2H R/W H'FF
H'FF7F General register A2 (low) GRA2L R/W H'FF
H'FF80 General register B2 (high) GRB2H R/W H'FF
H'FF81 General register B2 (low) GRB2L R/W H'FF
3 H'FF82 Timer control register 3 TCR3 R/W H'80
H'FF83 Timer I/O control register 3 TIOR3 R/W H'88
H'FF84 Timer interrupt enable register 3 TIER3 R/W H'F8
H'FF85 Timer status register 3 TSR3 R/(W)2  HF8
H'FF86 Timer counter 3 (high) TCNT3H R/W H'00
H'FF87 Timer counter 3 (low) TCNT3L R/W H'00
H'FF88 General register A3 (high) GRA3H R/W H'FF
H'FF89 General register A3 (low) GRA3L R/W H'FF
H'FF8A General register B3 (high) GRB3H R/W H'FF
H'FF8B General register B3 (low) GRB3L R/W H'FF
H'FF8C Buffer register A3 (high) BRA3H R/W H'FF
H'FF8D Buffer register A3 (low) BRA3L R/W H'FF
H'FF8E Buffer register B3 (high) BRB3H R/W H'FF
H'FF8F Buffer register B3 (low) BRB3L R/W H'FF

Notes: 1. The lower 16 bits of the address are indicated.
2. Only 0 can be written, to clear flags.
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Table 10-3 ITU Registers (cont)

Abbre- Initial
Channel  Address™ Name viation  R/W Value
4 H'FF92 Timer control register 4 TCR4 R/W H'80
H'FF93 Timer /O control register 4 TIOR4 R/W H'88
H'FF94 Timer interrupt enable register 4 TIER4 R/W H'F8
H'FF95 Timer status register 4 TSR4 R/(W)*2  HF8
H'FF96 Timer counter 4 (high) TCNT4H R/W H'00
H'FF97 Timer counter 4 (low) TCNT4L R/W H'00
H'FF98 General register A4 (high) GRA4H R/W H'FF
H'FF99 General register A4 (low) GRA4L R/W H'FF
H'FF9A General register B4 (high) GRB4H R/W H'FF
H'FF9B General register B4 (low) GRB4L R/W H'FF
H'FFIC Buffer register A4 (high) BRA4H R/W H'FF
H'FF9D Buffer register A4 (low) BRA4L R/W H'FF
H'FFOE Buffer register B4 (high) BRB4H R/W H'FF
H'FFIF Buffer register B4 (low) BRB4L R/W H'FF

Notes: 1. The lower 16 bits of the address are indicated.
2. Only 0 can be written, to clear flags.
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10.2 Register Descriptions

10.2.1 Timer Start Register (TSTR)

TSTR isan 8-hit readable/writable register that starts and stops the timer counter (TCNT) in

channels 0 to 4.

Bit 7 6 5 4 3 2 0

‘ — ‘ — ‘ — ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘
Initial value 1 1 1 0 0 0 0
Read/Write — — — R/W R/W R/W R/W
Reserved bits Counter start 4to 0
These bits start and
stop TCNT4 to TCNTO

TSTRisinitialized to H'EO by areset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, always read as 1.
Bit 4—Counter Start 4 (STR4): Starts and stopstimer counter 4 (TCNT4).
Bit 4
STR4 Description
0 TCNT4 is halted (Initial value)
1 TCNT4 is counting
Bit 3—Counter Start 3 (STR3): Starts and stopstimer counter 3 (TCNT3).
Bit 3
STR3 Description
0 TCNT3 is halted (Initial value)
1 TCNT3 is counting
Bit 2—Counter Start 2 (STR2): Starts and stopstimer counter 2 (TCNT2).
Bit 2
STR2 Description
0 TCNT2 is halted (Initial value)
1 TCNT2 is counting
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Bit 1—Counter Start 1 (STR1): Starts and stops timer counter 1 (TCNT1).

Bit 1

STR1 Description

0 TCNT1 is halted (Initial value)
1 TCNT1 is counting

Bit 0—Counter Start 0 (STRO0): Starts and stopstimer counter 0 (TCNTO).

Bit 0

STRO Description

0 TCNTO is halted (Initial value)
1 TCNTO is counting

10.2.2 Timer Synchro Register (TSNC)

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 4 operate
independently or synchronously. Channels are synchronized by setting the corresponding bitsto 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Timer sync 4to 0

These bits synchronize
channels 4 to 0

TSNC isinitialized to H'EO by areset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, alwaysread as 1.

Bit 4—Timer Sync 4 (SYNC4): Selects whether channel 4 operates independently or
synchronously.

Bit 4

SYNC4 Description

0 Channel 4’s timer counter (TCNT4) operates independently (Initial value)
TCNTA4 is preset and cleared independently of other channels

1 Channel 4 operates synchronously

TCNT4 can be synchronously preset and cleared
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Bit 3—Timer Sync 3 (SYNC3): Selects whether channel 3 operates independently or
synchronously.

Bit 3

SYNC3 Description

0 Channel 3's timer counter (TCNT3) operates independently (Initial value)
TCNT3 is preset and cleared independently of other channels

1 Channel 3 operates synchronously

TCNT3 can be synchronously preset and cleared

Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or
synchronously.

Bit 2

SYNC2 Description

0 Channel 2's timer counter (TCNT2) operates independently (Initial value)
TCNT2 is preset and cleared independently of other channels

1 Channel 2 operates synchronously

TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or
synchronously.

Bit 1

SYNC1 Description

0 Channel 1's timer counter (TCNT1) operates independently (Initial value)
TCNT1 is preset and cleared independently of other channels

1 Channel 1 operates synchronously

TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO0): Selects whether channel 0 operates independently or
synchronously.

Bit 0
SYNCO Description

0 Channel 0’s timer counter (TCNTO) operates independently (Initial value)
TCNTO is preset and cleared independently of other channels

1 Channel 0 operates synchronously
TCNTO can be synchronously preset and cleared
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10.2.3 Timer Mode Register (TMDR)

TMDR is an 8-hit readable/writable register that selects PWM mode for channels0to 4. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

PWM mode 4to O
These bits select PWM
mode for channels 4 to 0

Flag direction
Selects the setting condition for the overflow
flag (OVF) in timer status register 2 (TSR2)

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDRisinitialized to H'80 by areset and in standby mode.
Bit 7—Reserved: Read-only bit, alwaysread as 1.

Bit 6—Phase Counting M ode Flag (M DF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6

MDF Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode
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When MDF is set to 1 to select phase counting mode, timer counter 2 (TCNT2) operates as an
up/down-counter and pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts
both rising and falling edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction  Down-Counting Up-Counting
TCLKA pin h High il Low b Low v High
TCLKB pin Low 1y High v High i Low v

In phase counting mode channel 2 operates as above regardless of the external clock edges
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to TPSCO in
timer control register 2 (TCR2). Phase counting mode takes precedence over these settings.

The counter clearing condition selected by the CCLR1 and CCLRO bitsin TCR2 and the compare
match/input capture settings and interrupt functions of timer 1/0 control register 2 (TIOR2), timer
interrupt enable register 2 (TIER2), and timer status register 2 (TSR2) remain effective in phase
counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the overflow flag (OVF) in
timer status register 2 (TSR2). The FDIR designation isvalid in al modesin channel 2.

Bit 5

FDIR Description

0 OVF is setto 1 in TSR2 when TCNT2 overflows or underflows (Initial value)
1 OVF is setto 1 in TSR2 when TCNT2 overflows

Bit 4—PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode.

Bit 4

PWM4  Description

0 Channel 4 operates normally (Initial value)
1 Channel 4 operates in PWM mode

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA4 becomes a PWM output pin. The
output goesto 1 at compare match with general register A4 (GRA4), and to 0 at compare match
with general register B4 (GRB4).

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDO in the timer function control register (TFCR), the CMD1 and CM DO setting takes
precedence and the PWM4 setting is ignored.
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Bit 3—PWM Mode 3 (PWM 3): Selects whether channel 3 operates normally or in PWM mode.

Bit 3

PWM3 Description

0 Channel 3 operates normally (Initial value)
1 Channel 3 operates in PWM mode

When bit PWM3 is set to 1 to select PWM mode, pin TIOCA3 becomes a PWM output pin. The
output goes to 1 at compare match with general register A3 (GRA3), and to 0 at compare match
with general register B3 (GRB3).

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDOQO in the timer function control register (TFCR), the CMD1 and CMDO setting takes
precedence and the PWM 3 setting isignored.

Bit 2—PWM Mode 2 (PWM 2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2

PWM2 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA?2 becomes a PWM output pin. The
output goesto 1 at compare match with general register A2 (GRA2), and to 0 at compare match
with general register B2 (GRB2).

Bit 1—PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1

PWM1 Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWM 1 is set to 1 to select PWM mode, pin TIOCA1 becomes a PWM output pin. The
output goes to 1 at compare match with general register A1 (GRA1), and to 0 at compare match
with general register B1 (GRB1).
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Bit 0—PWM Mode 0 (PWMO0): Selects whether channel 0 operates normally or in PWM mode.

Bit 0

PWMO Description

0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCAO becomes a PWM output pin. The
output goes to 1 at compare match with general register A0 (GRAO), and to 0 at compare match
with general register BO (GRBO).

10.2.4 Timer Function Control Register (TFCR)

TFCR is an 8-hit readable/writable register that sel ects complementary PWM mode, reset-
synchronized PWM mode, and buffering for channels 3 and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Combination mode 1/0

These bits select complementary
PWM mode or reset-synchronized
PWM mode for channels 3 and 4

Buffer mode B4 and A4
These bits select buffering of
general registers (GRB4 and
GRAA4) by buffer registers
(BRB4 and BRA4) in channel 4

Buffer mode B3 and A3
These bits select buffering
of general registers (GRB3
and GRAB3) by buffer
registers (BRB3 and BRA3)
in channel 3

TFCRisinitialized to H'CO by areset and in standby mode.

Bits 7 and 6—Reserved: Read-only bits, awaysread as 1.
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Bits 5 and 4—Combination Mode 1 and 0 (CM D1, CMDO): These bits select whether channels
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode.

Bit 5 Bit 4

CMD1 CMDO Description

0 0 Channels 3 and 4 operate normally (Initial value)
1

1 0 Channels 3 and 4 operate together in complementary PWM mode
1 Channels 3 and 4 operate together in reset-synchronized PWM mode

Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer
counter or counters that will be used in these modes.

When these bits select complementary PWM mode or reset-synchronized PWM mode, they take
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of
timer sync bits SYNC4 and SYNC3 in the timer synchro register (TSNC) arevalid in
complementary PWM mode and reset-synchronized PWM mode, however. When complementary
PWM mode is selected, channels 3 and 4 must not be synchronized (do not set bits SYNC3 and
SYNCA4 bothto 1in TSNC).

Bit 3—Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel 4, or
whether GRB4 is buffered by BRB4.

Bit 3

BFB4 Description

0 GRB4 operates normally (Initial value)
1 GRB4 is buffered by BRB4

Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or
whether GRA4 is buffered by BRA4.

Bit 2

BFA4 Description

0 GRA4 operates normally (Initial value)
1 GRA4 is buffered by BRA4
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Bit 1—Buffer Mode B3 (BFB3): Selects whether GRB3 operates normally in channel 3, or
whether GRB3 is buffered by BRB3.

Bit 1

BFB3 Description

0 GRB3 operates normally (Initial value)
1 GRB3 is buffered by BRB3

Bit 0—Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in channel 3, or
whether GRA3 is buffered by BRA3.

Bit 0

BFA3 Description

0 GRAS operates normally (Initial value)
1 GRAS is buffered by BRA3

10.2.5 Timer Output Master Enable Register (TOER)

TOER is an 8-bit readable/writable register that enables or disables output settings for channels 3
and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Master enable TOCXA,, TOCXB,4
These bits enable or disable output
settings for pins TOCXA4 and TOCXB4

Master enable TIOCA3, TIOCB3, TIOCA,4, TIOCB,4
These bits enable or disable output settings for pins
TIOCAS, TIOCB3, TIOCA4, and TIOCB4

TOER isinitialized to H'FF by areset and in standby mode.

Bits 7 and 6—Reserved: Read-only bits, awaysread as 1.
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Bit 5—Master Enable TOCXB, (EXB4): Enables or disables I TU output at pin TOCXB,.

Bit 5
EXB4 Description

0 TOCXB, output is disabled regardless of TFCR settings (TOCXB, operates as a generic
input/output pin).
If XTGD =0, EXB4 is cleared to 0 when input capture A occurs in channel 1.

1 TOCXB, is enabled for output according to TFCR settings (Initial value)

Bit 4—Master Enable TOCXA, (EXA4): Enables or disables ITU output at pin TOCXAA4.

Bit 4
EXA4 Description

0 TOCXA, output is disabled regardless of TFCR settings (TOCXA, operates as a generic
input/output pin).
If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1.

1 TOCXA, is enabled for output according to TFCR settings (Initial value)

Bit 3—Master Enable TIOCB3 (EB3): Enables or disables ITU output at pin TIOCB3.

Bit 3

EB3 Description

0 TIOCB; output is disabled regardless of TIOR3 and TFCR settings (TIOCB; operates as
a generic input/output pin).
If XTGD =0, EB3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCB; is enabled for output according to TIOR3 and TFCR settings (Initial value)
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Bit 2—Master Enable TIOCB, (EB4): Enables or disables ITU output at pin TIOCB4.

Bit 2
EB4 Description

0 TIOCB, output is disabled regardless of TIOR4 and TFCR settings (TIOCB, operates as
a generic input/output pin).
If XTGD =0, EB4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCB, is enabled for output according to TIOR4 and TFCR settings (Initial value)

Bit 1—Master Enable TIOCA 4 (EA4): Enables or disables ITU output at pin TIOCA4.

Bit 1

EA4 Description

0 TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR settings (TIOCA,
operates as a generic input/output pin).
If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR4, TMDR, and (Initial value)

TFCR settings

Bit 0—Master Enable TIOCA3 (EA3): Enables or disables ITU output at pin TIOCA3.

Bit 0

EA3 Description

0 TIOCA; output is disabled regardless of TIOR3, TMDR, and TFCR settings (TIOCA;
operates as a generic input/output pin).
If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA; is enabled for output according to TIOR3, TMDR, and (Initial value)

TFCR settings
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10.2.6 Timer Output Control Register (TOCR)

TOCR is an 8-bit readable/writable register that selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels.

Bit 7 6 5 4 3 2 1 0
| — ] — |xweo| — | — | o4 oss |

Initial value 1 1 1 1 1 1 1 1
Read/Write — — — R/W — — R/W R/W
Reserved bits Output level select 3, 4

These bits select output
levels in complementary
PWM mode and reset-
synchronized PWM mode

Reserved bits

External trigger disable

Selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized
PWM mode

The settings of the XTGD, OL$4, and OL S3 bits are valid only in complementary PWM mode
and reset-synchronized PWM mode. These settings do not affect other modes.

TOCRisinitialized to H'FF by areset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, alwaysread as 1.

Bit 4—External Trigger Disable (XTGD): Selects externally triggered disabling of ITU output
in complementary PWM mode and reset-synchronized PWM mode.

Bit 4
XTGD  Description

0 Input capture A in channel 1 is used as an external trigger signal in complementary PWM
mode and reset-synchronized PWM mode.
When an external trigger occurs, bits 5 to 0 in the timer output master enable register
(TOER) are cleared to 0, disabling ITU output.

1 External triggering is disabled (Initial value)
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Bits 3 and 2—Reserved: Read-only bits, awaysread as 1.

Bit 1—Output Level Select 4 (OL $4): Selects output levels in complementary PWM mode and
reset-synchronized PWM mode.

Bit 1

OLS4 Description

0 TIOCA3, TIOCA4, and TIOCB4 outputs are inverted

1 TIOCA3, TIOCA4, and TIOCB4 outputs are not inverted (Initial value)

Bit 0—Output Level Select 3 (OL S3): Selects output levelsin complementary PWM mode and
reset-synchronized PWM mode.

Bit 0

OLS3 Description

0 TIOCB3, TOCXA4, and TOCXB4 outputs are inverted

1 TIOCB3, TOCXA4, and TOCXB4 outputs are not inverted (Initial value)

10.2.7 Timer Counters(TCNT)

TCNT isa16-hit counter. The ITU has five TCNTSs, one for each channel.

Channel Abbreviation Function

0 TCNTO Up-counter
1 TCNT1
2 TCNT2 Phase counting mode: up/down-counter
Other modes: up-counter
TCNT3 Complementary PWM mode: up/down-counter
TCNT4 Other modes: up-counter
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 0o o 0o o o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Each TCNT is a16-hit readable/writable register that counts pulse inputs from a clock source. The
clock source is selected by bits TPSC2 to TPSCO in the timer control register (TCR).
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TCNTO and TCNTL1 are up-counters. TCNT2 is an up/down-counter in phase counting mode and
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM
mode and up-counters in other modes.

TCNT can be cleared to H'0000 by compare match with general register A or B (GRA or GRB) or
by input capture to GRA or GRB (counter clearing function) in the same channel.

When TCNT overflows (changes from H'FFFF to H'0000), the overflow flag (OVF) issetto 1in
the timer status register (TSR) of the corresponding channel.

When TCNT underflows (changes from H'0000 to H'FFFF), the overflow flag (OVF) issetto 1in
TSR of the corresponding channel.

The TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each TCNT isinitialized to H'0000 by areset and in standby mode.
10.2.8 General Registers (GRA, GRB)

The general registers are 16-hit registers. The ITU has 10 genera registers, two in each channel.

Channel Abbreviation Function

0 GRAO, GRBO  Output compare/input capture register
1 GRA1, GRB1
2 GRA2, GRB2
3 GRA3, GRB3  Output compare/input capture register; can be buffered by buffer
2 GRA4, GRB4 registers BRA and BRB
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

A general register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settingsin the timer I/O
control register (TIOR).

When a general register is used as an output compare register, its value is constantly compared
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set
to 1inthe timer status register (TSR). Compare match output can be selected in TIOR.
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When a general register is used as an input capture register, rising edges, falling edges, or both
edges of an external input capture signal are detected and the current TCNT value is stored in the
general register. The corresponding IMFA or IMFB flagin TSR is set to 1 at the same time. The
valid edge or edges of the input capture signal are selected in TIOR.

TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized
PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are initialized to the output compare function (with no output signal) by areset
and in standby mode. The initial valueis H'FFFF.

10.2.9 Buffer Registers (BRA, BRB)

The buffer registers are 16-hit registers. The ITU has four buffer registers, two each in channels 3
and 4.

Channel Abbreviation Function

3 BRA3, BRB3 Used for buffering

4 BRA4, BRB4 * When the corresponding GRA or GRB functions as an output
compare register, BRA or BRB can function as an output compare
buffer register: the BRA or BRB value is automatically transferred
to GRA or GRB at compare match

* When the corresponding GRA or GRB functions as an input
capture register, BRA or BRB can function as an input capture
buffer register: the GRA or GRB value is automatically transferred
to BRA or BRB at input capture

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value i 1111 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

A buffer register is a 16-bit readable/writable register that is used when buffering is selected.
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3 in TFCR.

The buffer register and general register operate as apair. When the general register functions as an
output compare register, the buffer register functions as an output compare buffer register. When
the general register functions as an input capture register, the buffer register functions as an input
capture buffer register.
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The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word or byte access.

Buffer registers are initialized to H'FFFF by areset and in standby mode.
10.2.10 Timer Control Registers (TCR)

TCRisan 8-hit register. The ITU hasfive TCRs, onein each channel.

Channel Abbreviation Function

0 TCRO TCR controls the timer counter. The TCRs in all channels are
1 TCR1 functionally identical. When phase counting mode is selected in
channel 2, the settings of bits CKEG1 and CKEGO and TPSC2 to
2 TCR2 TPSCO0 in TCR2 are ignored.
3 TCR3
4 TCR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Timer prescaler 2t0 0
These bits select the
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each TCR is an 8-bit readable/writable register that selects the timer counter clock source, selects
the edge or edges of external clock sources, and selects how the counter is cleared.

TCRisinitialized to H'80 by areset and in standby mode.

Bit 7—Reserved: Read-only bit, alwaysread as 1.
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Bits 6 and 5—Counter Clear 1/0 (CCLR1, CCLRO): These bits select how TCNT is cleared.

Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input capture*?!

1 0 TCNT is cleared by GRB compare match or input capture™1
1 Synchronous clear: TCNT is cleared in synchronization with other

synchronized timers*2

Notes: 1. TCNT is cleared by compare match when the general register functions as a compare
match register, and by input capture when the general register functions as an input
capture register.

2. Selected in the timer synchro register (TSNC).

Bits4 and 3—Clock Edge 1/0 (CKEG1, CKEGO0): These hits select external clock input edges
when an external clock source is used.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count rising edges (Initial value)
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in TCR2 are ignored.
Phase counting takes precedence.
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Bits2to 0—Timer Prescaler 2to 0 (TPSC2 to TPSCO): These bits select the counter clock
source.

Bit 2 Bit 1 Bit O
TPSC2 TPSC1 TPSCO Function

0 0 0 Internal clock: g (Initial value)
1 Internal clock: g/2
1 0 Internal clock: @/4
1 Internal clock: /8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input

When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer
counts the edge or edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1in TMDR), the settings of bits TPSC2 to
TPSCO in TCR2 are ignored. Phase counting takes precedence.

10.2.11 Timer 1/O Control Register (TIOR)

TIOR isan 8-hit register. The ITU hasfive TIORs, onein each channel.

Channel Abbreviation Function

0 TIORO TIOR controls the general registers. Some functions differ in PWM

mode. TIOR3 and TIOR4 settings are ignored when complementary

! TIOR1 PWM mode or reset-synchronized PWM mode is selected in
2 TIOR2 channels 3 and 4.

3 TIOR3

4 TIOR4
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Bit 7 6 5 4 3 2 1 0

‘ — ‘ 10B2 ‘ I0B1 ‘ [e]=]0} ‘ — ‘ I0A2 ‘ IOA1 ‘ I0A0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

I/O control A2 to AO
These bits select GRA
functions

Reserved bit

1/0 control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pins. If the
output compare function is selected, TIOR also selects the type of output. If input captureis
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR isinitialized to H'88 by areset and in standby mode.
Bit 7—Reserved: Read-only bit, alwaysread as 1.
Bits 6 to 4—I/O Control B2to BO (10B2 to 10B0): These bits select the GRB function.

Bit 6 Bit 5 Bit 4
I0B2 I0OB1 I0BO Function

0 0 0 GRB is an output No output at compare match (Initial value)

compare register

1 0 output at GRB compare match*!
1 0 1 output at GRB compare match*1
1 Output toggles at GRB compare match
(1 output in channel 2)*1,*2
1 0 0 GRB is an input GRB captures rising edge of input
1 capture register GRB captures falling edge of input
1 0 GRB captures both edges of input
1

Notes: 1. After a reset, the output is O until the first compare match.
2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output
instead.
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Bit 3—Reserved: Read-only bit, alwaysread as 1.

Bits2to 0—I/O Control A2to A0 (I0A2to IOAQ): These bits select the GRA function.

Bit 2 Bit 1 Bit 0
I0A2 I0A1 I0A0 Function
0 0 0 GRA is an output No output at compare match (Initial value)
1 compare register 0 output at GRA compare match*1
1 0 1 output at GRA compare match*1
1 Output toggles at GRA compare match
(1 output in channel 2)*1,*2
1 0 0 GRA is an input GRA captures rising edge of input
1 capture register GRA captures falling edge of input
1 0 GRA captures both edges of input
1

Notes: 1. After a reset, the output is O until the first compare match.
2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output

instead.

10.2.12 Timer Status Register (TSR)

TSR isan 8-bit register. The ITU has five TSRs, one in each channel.

Channel  Abbreviation Function

0 TSRO Indicates input capture, compare match, and overflow status
1 TSR1

2 TSR2

3 TSR3

4 TSR4
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Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/(W)*  R/(W)* R/(W)*

Reserved bits

Overflow flag
Status flag indicating
overflow or underflow

Input capture/compare match flag B
Status flag indicating GRB compare
match or input capture

Input capture/compare match flag A
Status flag indicating GRA compare
match or input capture

Note: * Only O can be written, to clear the flag.
Each TSR is an 8-hit readable/writable register containing flags that indicate TCNT overflow or
underflow and GRA or GRB compare match or input capture. These flags are interrupt sources

and generate CPU interruptsif enabled by corresponding bitsin the timer interrupt enable register
(TIER).

TSRisinitialized to H'F8 by areset and in standby mode.
Bits 7 to 3—Reserved: Read-only bits, alwaysread as 1.

Bit 2—Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow.

Bit 2
OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]
TCNT overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF*

Notes: * TCNT underflow occurs when TCNT operates as an up/down-counter. Underflow occurs
only under the following conditions:
1. Channel 2 operates in phase counting mode (MDF = 1 in TMDR)
2. Channels 3 and 4 operate in complementary PWM mode (CMD1 =1 and CMDO =0 in
TFCR)
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Bit 1—Input Capture/Compare Match Flag B (IMFB): This status flag indicates GRB
compare match or input capture events.

Bit 1

IMFB Description

0 [Clearing condition] (Initial value)
Read IMFB when IMFB = 1, then write O in IMFB

1 [Setting conditions]

TCNT = GRB when GRB functions as a compare match register.
TCNT value is transferred to GRB by an input capture signal, when GRB functions as
an input capture register.

Bit 0—Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA
compare match or input capture events.

Bit 0

IMFA Description

0 [Clearing condition] (Initial value)
Read IMFA when IMFA = 1, then write 0 in IMFA.
DMAC activated by IMIA interrupt (channels 0 to 3 only).

1 [Setting conditions]

TCNT = GRA when GRA functions as a compare match register.
TCNT value is transferred to GRA by an input capture signal, when GRA functions
as an input capture register.
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10.2.13 Timer Interrupt Enable Register (TIER)
TIER is an 8-hit register. The ITU hasfive TIERS, onein each channel.

Channel  Abbreviation Function

0 TIERO Enables or disables interrupt requests.

1 TIER1

2 TIER2

3 TIER3

4 TIER4
Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Reserved bits

Overflow interrupt enable
Enables or disables OVF
interrupts

Input capture/compare match
interrupt enable B
Enables or disables IMFB interrupts

Input capture/compare match
interrupt enable A

Enables or disables IMFA
interrupts

Each TIER is an 8-hit readable/writable register that enables and disables overflow interrupt
reguests and general register compare match and input capture interrupt requests.

TIER isinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: Read-only bits, alwaysread as 1.
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Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the
overflow flag (OVF) in TSR when OVF issetto 1.

Bit 2

OVIE Description

0 OVl interrupt requested by OVF is disabled (Initial value)
1 OVI interrupt requested by OVF is enabled

Bit 1—Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or disablesthe
interrupt requested by the IMFB flag in TSR when IMFB is set to 1.

Bit 1

IMIEB  Description

0 IMIB interrupt requested by IMFB is disabled (Initial value)
1 IMIB interrupt requested by IMFB is enabled

Bit O—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or disablesthe
interrupt requested by the IMFA flag in TSR when IMFA is set to 1.

Bit 0

IMIEA  Description

0 IMIA interrupt requested by IMFA is disabled (Initial value)
1 IMIA interrupt requested by IMFA is enabled
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10.3 CPU Interface
10.3.1 16-Bit Accessible Registers

Thetimer counters (TCNTS), general registers A and B (GRAs and GRBS), and buffer registers A
and B (BRAs and BRBS) are 16-hit registers, and are linked to the CPU by an internal 16-bit data
bus. These registers can be written or read aword at atime, or abyte at atime.

Figures 10-6 and 10-7 show examples of word access to atimer counter (TCNT). Figures 10-8,
10-9, 10-10, and 10-11 show examples of byte accessto TCNTH and TCNTL.

On-chip data bus
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> < >

CPU L Bus interface < - > (,\j/lzftgutiﬁs
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VALY,

| TCNTH | TCNTL |

Figure10-6 Accessto Timer Counter (CPU Writesto TCNT, Word)

On-chip data bus
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Figure10-7 Accessto Timer Counter (CPU Reads TCNT, Word)
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Figure10-8 Accessto Timer Counter (CPU Writesto TCNT, Upper Byte)
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Figure10-9 Accessto Timer Counter (CPU Writesto TCNT, Lower Byte)
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Figure10-10 Accessto Timer Counter (CPU Reads TCNT, Upper Byte)
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Figure10-11 Accessto Timer Counter (CPU Reads TCNT, Lower Byte)

10.3.2 8-Bit Accessible Registers

The registers other than the timer counters, general registers, and buffer registers are 8-bit
registers. These registers are linked to the CPU by an internal 8-bit data bus.

Figures 10-12 and 10-13 show examples of byte read and write accessto a TCR.

If aword-size datatransfer instruction is executed, two byte transfers are performed.
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Figure10-12 TCR Access (CPU Writesto TCR)
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Figure10-13 TCR Access (CPU Reads TCR)
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10.4 Operation
10.4.1 Overview
A summary of operationsin the various modesis given below.

Normal Operation: Each channel has atimer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
General registers A and B can be used for input capture or output compare.

Synchronous Operation: The timer countersin designated channels are preset synchronously.
Data written to the timer counter in any one of these channelsis simultaneously written to the
timer countersin the other channels as well. The timer counters can a so be cleared synchronously
if so designated by the CCLR1 and CCLRO bitsin the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goesto 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Reset-Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
complementary waveforms. (The three phases are related by having a common transition point.)
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically
function as output compare registers, TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and
TOCXBA4 function as PWM output pins, and TCNT3 operates as an up-counter. TCNT4 operates
independently, and is not compared with GRA4 or GRBA4.

Complementary PWM M ode: Channels 3 and 4 are paired for three-phase PWM output with
non-overlapping complementary waveforms. When complementary PIWM mode is selected
GRAS3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and
TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and TOCXB4 function as PWM output pins.
TCNT3 and TCNT4 operate as up/down-counters.

Phase Counting M ode: The phase relationship between two clock signalsinput at TCLKA and
TCLKB isdetected and TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down-
counter.
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Buffering
« If thegeneral register is an output compare register

When compare match occurs the buffer register value is transferred to the general register.
e |f the general register is an input capture register

When input capture occurs the TCNT vaueis transferred to the general register, and the
previous general register valueis transferred to the buffer register.

e Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TCNT4
change counting direction.

e  Reset-synchronized PWM mode
The buffer register value is transferred to the general register at GRA3 compare match.
10.4.2 Basic Functions

Counter Operation: When one of bits STRO to STR4 is set to 1 in the timer start register
(TSTR), the timer counter (TCNT) in the corresponding channel starts counting. The counting can
be free-running or periodic.

e Sample setup procedure for counter

Figure 10-14 shows a sample procedure for setting up a counter.
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( Counter setup )

Select counter clock 1

Type of counting?

< Free-running counting )
< Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure 10-14 Counter Setup Procedure (Example)

Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock
sourceis selected, set bits CKEG1 and CKEGO in TCR to select the desired edge(s) of the
external clock signal.

For periodic counting, set CCLR1 and CCLRO in TCR to have TCNT cleared at GRA
compare match or GRB compare match.

Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

Write the count period in GRA or GRB, whichever was selected in step 2.

Set the STR bit to 1 in TSTR to start the timer counter.
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Free-running and periodic counter operation

A reset leaves the counters (TCNTS) in ITU channels 0 to 4 all set as free-running counters. A
free-running counter starts counting up when the corresponding bit in TSTR is set to 1. When
the count overflows from H'FFFF to H'0000, the overflow flag (OVF) is set to 1 in the timer
status register (TSR). If the corresponding OV IE bit is set to 1 in the timer interrupt enable
register, a CPU interrupt is requested. After the overflow, the counter continues counting up
from H'0000. Figure 10-15 illustrates free-running counting.

TCNT value

H'0000 ‘ ‘
STRO to i i

STR4 bit | |

OVF )

Figure10-15 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit
CCLR1 or CCLRO in the timer control register (TCR) to have the counter cleared by compare
match, and set the count period in GRA or GRB. After these settings, the counter starts
counting up as a periodic counter when the corresponding bit isset to 1 in TSTR. When the
count matches GRA or GRB, the IMFA or IMFB flagisset to 1 in TSR and the counter is
cleared to H'0000. If the corresponding IMIEA or IMIEB bitissetto 1in TIER, aCPU
interrupt is requested at thistime. After the compare match, TCNT continues counting up
from H'0000. Figure 10-16 illustrates periodic counting.
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TCNT value Counter cleared by general

/ register compare match
GR b ‘ ——————————————————————

H'0000

STR bit
IMF [—1—17

Figure10-16 Periodic Counter Operation
Count timing
— Internal clock source

Bits TPSC2 to TPSCO in TCR select the system clock () or one of three internal clock
sources obtained by prescaling the system clock (2/2, @/4, @/8).
Figure 10-17 shows the timing.

o InEnEEEnEnEEEREREE

((
Internal 2
ClOCk ‘I \ r)r) | | \
TCNT input

X N+1

TCNT N-1 X

Figure10-17 Count Timing for Internal Clock Sources
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— External clock source

Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLKD),
and its valid edge or edges are selected by bits CKEG1 and CKEGO. Therising edge,
falling edge, or both edges can be selected.

The pulse width of the external clock signal must be at least 1.5 system clocks when a
single edge is selected, and at least 2.5 system clocks when both edges are selected.
Shorter pulses will not be counted correctly.

Figure 10-18 shows the timing when both edges are detected.

External
clock input h\

TCNT input

( (
J J
§ §
TCNT N-1 X . N X . N+1
J J

Figure10-18 Count Timing for External Clock Sources (when Both Edges are Detected)
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Waveform Output by Compare Match: In1TU channels 0, 1, 3, and 4, compare match A or B
can cause the output at the TIOCA or TIOCB pinto go to 0, go to 1, or toggle. In channel 2 the
output can only goto O or go to 1.

e Sample setup procedure for waveform output by compare match

Figure 10-19 shows a sample procedure for setting up waveform output by compare match.

( Output setup ) 1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/
output function to the output compare function
1 (TIOCA or TIOCB). An output compare pin outputs
0 until the first compare match occurs.

Select waveform
output mode

Set output timing 2 2. Set avalue in GRA or GRB to designate the
compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the timer
i counter.

Waveform output

Figure 10-19 Setup Procedure for Waveform Output by Compare Match (Example)

»  Examples of waveform output

Figure 10-20 shows examples of 0 and 1 output. TCNT operates as a free-running counter, 0
output is selected for compare match A, and 1 output is selected for compare match B. When
the pin is already at the selected output level, the pin level does not change.
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TCNT value

/
HIFFFF oo e
GRB [ R R R R
o | o
» Time
TiocB No c‘hange No ci‘1ange 1 output
TIOCA | No change m No change 0 output

Figure 10-20 0and 1 Output (Examples)

Figure 10-21 shows examples of toggle output. TCNT operates as a periodic counter, cleared
by compare match B. Toggle output is selected for both compare match A and B.

TCNT value .
Counter cleared by compare match with GRB

4
GRB [ / ffffffffffffffffffffffffffffffffffffffffff
GRA | R R s
TIOCB ! 3 | Toggle
} ! ! ; output
TIOCA : Toggle
‘ output

Figure10-21 Toggle Output (Example)
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e Output compare timing

The compare match signal is generated in the last statein which TCNT and the general
register match (when TCNT changes from the matching value to the next value). When the
compare match signal is generated, the output value selected in TIOR is output at the output
compare pin (TIOCA or TIOCB). When TCNT matches a general register, the compare
match signal is not generated until the next counter clock pulse.

Figure 10-22 shows the output compare timing.

TCNT input
clock

TCNT N X N+1
GR N

Compare ,—I

match signal

TIOCA, ><

TIOCB

Figure 10-22 Output Compare Timing

Input Capture Function: The TCNT value can be captured into a general register when a
transition occurs at an input capture/output compare pin (TIOCA or TIOCB). Capture can take
place on the rising edge, falling edge, or both edges. The input capture function can be used to
measure pulse width or period.

e Sample setup procedure for input capture

Figure 10-23 shows a sample procedure for setting up input capture.
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< Input selection ) 1. Set TIOR to select the input capture function of a
‘ general register and the rising edge, falling edge,

or both edges of the input capture signal. Clear the

port data direction bit to O before making these
Select input-capture input | 1 TIOR settings.
Start counter 2 2. Setthe STR bitto 1 in TSTR to start the timer
counter.

!

Input capture

Figure 10-23 Setup Procedurefor Input Capture (Example)
e Examples of input capture

Figure 10-24 illustrates input capture when the falling edge of TIOCB and both edges of
TIOCA are selected as capture edges. TCNT is cleared by input capture into GRB.

TCNT value Counter cleared by TIOCB

/ input (falling edge)

S L

GRA X HO0005 X woteo| X

GRB ! H'0180
X X

Figure10-24 Input Capture (Example)
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Input capture signal timing

Input capture on the rising edge, falling edge, or both edges can be selected by settingsin
TIOR. Figure 10-25 shows the timing when the rising edge is selected. The pulse width of the
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system
clocks for capture of both edges.

° | L

Input-capture input

Internal input
capture signal

TCNT N

GRA, GRB >< N

Figure10-25 Input Capture Signal Timing
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10.4.3 Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate TCR settings, two or
more timer counters can aso be cleared simultaneously (synchronous clear). Synchronization
enables additional general registers to be associated with a single time base. Synchronization can
be selected for al channels (0 to 4).

Sample Setup Procedure for Synchronization: Figure 10-26 shows a sample procedure for
setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
) channel?
Write to TCNT 2
Yes
| Select counter clear source |3 | Select counter clear source |4
| Start counter | 5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

1. Setthe SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in TCNT in one of the synchronized channels, the same value is
simultaneously written in TCNT in the other channels (synchronized preset).

. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or input capture.

. Set the CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously.

. Set the STR bits in TSTR to 1 to start the synchronized counters.

aabrw

Figure10-26 Setup Procedurefor Synchronization (Example)
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Example of Synchronization: Figure 10-27 shows an example of synchronization. Channels0, 1,
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing
by compare match with GRBO. Channels 1 and 2 are set for synchronous counter clearing. The
timer countersin channels 0, 1, and 2 are synchronously preset, and are synchronously cleared by
compare match with GRBO. A three-phase PWM waveform is output from pins TIOCAOQ,
TIOCAL, and TIOCAZ2. For further information on PWM mode, see section 10.4.4, PWM Mode.

GRBO
GRB1
GRAO
GRB2
GRA1
GRA2

TIOCAl

TIOCA2

Value of TCNTO to TCNT2

A

Cleared by compare match with GRBO

TIOCAD

Figure 10-27 Synchronization (Example)
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10.4.4 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifies the time at which the PWM output changes to 1. GRB specifies the time at which
the PWM output changesto 0. If either GRA or GRB is selected as the counter clear source, a
PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin. PWM mode can
be selected in all channels (0 to 4).

Table 10-4 summarizes the PWM output pins and corresponding registers. If the same valueis set
in GRA and GRB, the output does not change when compare match occurs.

Table10-4 PWM Output Pinsand Registers

Channel Output Pin 1 QOutput 0 Output
0 TIOCAO GRAO GRBO
1 TIOCA1 GRA1 GRB1
2 TIOCA2 GRA2 GRB2
3 TIOCA3 GRA3 GRB3
4 TIOCA4 GRA4 GRB4
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Sample Setup Procedurefor PWM M ode: Figure 10-28 shows a sample procedure for setting
up PWM mode.

.

[En

PWM mode ) . Set bits TPSC2 to TPSCO in TCR to
select the counter clock source. If an

‘ external clock source is selected, set

bits CKEG1 and CKEGO in TCR to

Select counter clock 1 select the desired edge(s) of the

| external clock signal.

2. Set bits CCLR1 and CCLRO in TCR
Select counter clear source 2 to select the counter clear source.
3. Set the time at which the PWM

\ waveform should go to 1 in GRA.

4. Set the time at which the PWM
Set GRA 3 waveform should go to 0 in GRB.
5. Set the PWM bit in TMDR to select

‘ PWM mode. When PWM mode is

selected, regardless of the TIOR

Set GRB 4
contents, GRA and GRB become

‘ output compare registers specifying

the times at which the PWM
Select PWM mode 5 goes to 1 and 0. The TIOCA pin
automatically becomes the PWM

‘ output pin. The TIOCB pin conforms

to the settings of bits IOB1 and I0OB0

Start counter 6 in TIOR. If TIOCB output is not

6. Setthe STR bitto 1 in TSTR to start

l desired, clear both IOB1 and IOBO to 0.
the timer counter.

PWM mode

Figure 10-28 Setup Procedurefor PWM M ode (Example)
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Examples of PWM Mode: Figure 10-29 shows examples of operation in PWM mode. The PWM
waveform is output from the TIOCA pin. The output goesto 1 at compare match with GRA, and
to 0 at compare match with GRB.

In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match with GRA

TCNT value

GRB

GRA

H'0000

TIOCA

. Counter cleared by GRA

/ Counter cleared by compare match with GRB

b. Counter cleared by GRB

Time

Figure10-29 PWM Mode (Example 1)
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Figure 10-30 shows examples of the output of PWM waveforms with duty cycles of 0% and
100%. If the counter is cleared by compare match with GRB, and GRA is set to a higher value
than GRB, the duty cycle is 0%. If the counter is cleared by compare match with GRA, and GRB
is set to a higher value than GRA, the duty cycle is 100%.

TCNT value Counter cleared by compare match with GRB

GRB [~ ) e

GRA [~

H'0000 ‘ ‘ ‘ Time

TIOCA |

T T

Write to GRA Write to GRA

a. 0% duty cycle

TCNT value Counter cleared by compare match with GRA

GRA [ AT s

GRB [~

H'0000 — Time

TIOCA

? ?

Write to GRB Write to GRB

b. 100% duty cycle

Figure10-30 PWM Mode (Example 2)
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10.4.5 Reset-Synchronized PWM Mode

In reset-synchronized PWM mode channels 3 and 4 are combined to produce three pairs of
complementary PWM waveforms, all having one waveform transition point in common.

When reset-synchronized PWM mode is selected TIOCA3, TIOCB3, TIOCA4, TOCXAA4,
TIOCB4, and TOCXB4 automatically become PWM output pins, and TCNT3 functions as an up-
counter.

Table 10-5 lists the PWM output pins. Table 10-6 summarizes the register settings.

Table 10-5 Output Pinsin Reset-Synchronized PWM Maode

Channel  Output Pin  Description

3 TIOCA3 PWM output 1
TIOCB3 PWM output 1” (complementary waveform to PWM output 1)
4 TIOCA4 PWM output 2
TOCXA4 PWM output 2" (complementary waveform to PWM output 2)
TIOCB4 PWM output 3
TOCXB4 PWM output 3" (complementary waveform to PWM output 3)

Table10-6 Register Settingsin Reset-Synchronized PWM Mode

Register Setting

TCNT3 Initially set to H'0000

TCNT4 Not used (operates independently)

GRA3 Specifies the count period of TCNT3

GRB3 Specifies a transition point of PWM waveforms output from TIOCA3 and TIOCB3
GRA4 Specifies a transition point of PWM waveforms output from TIOCA4 and TOCXA4
GRB4 Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4
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Sample Setup Procedure for Reset-Synchronized PWM Moaode: Figure 10-31 shows a sample
procedure for setting up reset-synchronized PWM mode.

G{eset-synchronized PWM modg

Stop counter

Select counter clock

Select counter clear source

Select reset-synchronized
PWM mode

Set TCNT

Set general registers

Start counter

'

Reset-synchronized PWM mode

. Clear the STR3 hitin TSTR to 0 to

halt TCNT3. Reset-synchronized
PWM mode must be set up while
TCNT3 is halted.

. Set bits TPSC2 to TPSCO in TCR to

select the counter clock source for
channel 3. If an external clock source
is selected, select the external clock
edge(s) with bits CKEG1 and CKEGO
in TCR.

. Set bits CCLR1 and CCLRO in TCR3

to select GRA3 compare match as
the counter clear source.

. Set bits CMD1 and CMDO in TFCR to

select reset-synchronized PWM mode.
TIOCA3, TIOCB3, TIOCA4, TIOCBA4,
TOCXA4, and TOCXB4 automatically
become PWM output pins.

. Preset TCNT3 to H'0000. TCNT4

need not be preset.

. GRAZ3 is the waveform period register.

Set the waveform period value in
GRAS. Set transition times of the
PWM output waveforms in GRB3,
GRA4, and GRBA4. Set times within
the compare match range of TCNT3.
X £ GRA3 (X: setting value)

. Set the STR3 bitin TSTR to 1 to start

TCNTS.

Figure 10-31 Setup Procedure for Reset-Synchronized PWM M ode (Example)




Example of Reset-Synchronized PWM Mode: Figure 10-32 shows an example of operation in
reset-synchronized PWM mode. TCNT3 operates as an up-counter in this mode. TCNT4 operates
independently, detached from GRA4 and GRB4. When TCNT3 matches GRA3, TCNT3is
cleared and resumes counting from H'0000. The PWM outputs toggle at compare match with
GRB3, GRA4, GRB4, and TCNT3 respectively, and all toggle when the counter is cleared.

TCNTS3 value
/ Counter cleared at compare match with GRA3

GRA3 [~ g -
GRB3 [~ e e -

GRA4 [ |

Time

GRB4 [ R REREE 7 GRS R EELSF SEEs R
H'0000 f f f

TIOCA3

TIOCB3

TIOCA4

TOCXA4

TIOCB4

TOCXB4

Figure 10-32 Operation in Reset-Synchronized PWM Mode
(When OLS3=0L$4=1) (Example)

For the settings and operation when reset-synchronized PWM mode and buffer mode are both
selected, see section 10.4.8, Buffering.
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10.4.6 Complementary PWM Mode

In complementary PWM mode channels 3 and 4 are combined to output three pairs of
complementary, non-overlapping PWM waveforms.

When complementary PWM mode is selected TIOCA3, TIOCB3, TIOCA 4, TOCXA 4, TIOCB,,
and TOCXB, automatically become PWM output pins, and TCNT3 and TCNT4 function as
up/down-counters.

Table 10-7 lists the PWM output pins. Table 10-8 summarizes the register settings.

Table 10-7 Output Pinsin Complementary PWM Mode

Channel  Output Pin  Description

3 TIOCA3 PWM output 1
TIOCB3 PWM output 1 (non-overlapping complementary waveform to PWM
output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2" (non-overlapping complementary waveform to PWM
output 2)
TIOCB, PWM output 3
TOCXB,4 PWM output 3" (non-overlapping complementary waveform to PWM
output 3)

Table 10-8 Register Settingsin Complementary PWM Mode

Register Setting

TCNT3 Initially specifies the non-overlap margin (difference to TCNT4)

TCNT4 Initially set to H'0000

GRA3 Specifies the upper limit value of TCNT3 minus 1

GRB3 Specifies a transition point of PWM waveforms output from TIOCA3 and TIOCB4
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and TOCXA,
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and TOCXB,
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Setup Procedure for Complementary PWM Mode: Figure 10-33 shows a sample procedure for
setting up complementary PWM mode.

[ Complementary PWM mode )

Stop counting

Select counter clock

Select complementary
PWM mode

Set TCNTs

Set general registers

Start counters

i

Complementary PWM mode

A

. Clear bits STR3 and STR4to 0 in

TSTR to halt the timer counters.
Complementary PWM mode must be
set up while TCNT3 and TCNT4 are
halted.

. Set bits TPSC2 to TPSCO in TCR to

select the same counter clock source
for channels 3 and 4. If an external
clock source is selected, select the
external clock edge(s) with bits
CKEG1 and CKEGO in TCR. Do not
select any counter clear source

with bits CCLR1 and CCLRO in TCR.

. Set bits CMD1 and CMDO in TFCR

to select complementary PWM mode.
TIOCAS, TIOCB3, TIOCA4, TIOCB4,
TOCXA4, and TOCXB4 automatically
become PWM output pins.

. Clear TCNT4 to H'0000. Set the

non-overlap margin in TCNT3. Do not
set TCNT3 and TCNT4 to the same
value.

. GRA3 is the waveform period

register. Set the upper limit value of
TCNT3 minus 1 in GRA3. Set
transition times of the PWM output
waveforms in GRB3, GRA4, and
GRB4. Set times within the compare
match range of TCNT3 and TCNT4.
T < X (X: initial setting of GRB3,
GRA4, or GRBA4. T: initial setting of
TCNT3)

. Set bits STR3 and STR4 in TSTR to

1 to start TCNT3 and TCNT4.

Note: After exiting complementary PWM mode, to resume operating in complementary
PWM mode, follow the entire setup procedure from step 1 again.

Figure 10-33 Setup Procedure for Complementary PWM Mode (Example)




Clearing Procedure for Complementary PWM Mode: Figure 10-34 shows the stepsto clear
complementary PWM mode. First, (1) set combination mode (CMD) 1 and O bitsin the timer
function control register (TFCR) from 10 back to 00 or 01, to switch from complementary PWM
mode to normal operating mode. Next, (2) wait at least one period of the counter input clock used
by channels 3 and 4, then clear counter start (STR) 3 and 4 bitsin the timer start register (TSTR)
to stop operation of counters TCNT3 and TCNT4 in channels 3 and 4.

If aprocedure other than that described above is used to clear complementary PWM mode, the
output waveform may not change according to the setting when complementary PWM mode is set

again.

CCompIementary PWM mode) 1. Clear the CMD1 bit of TFCR to 0 to
set channels 3 and 4 to normal
\ operating mode.
Clear complementary 1 2. After setting channels 3 and 4 to
PWM mode normal operating mode, wait at least

one counter clock period, then clear

bits STR3 and STR4 of TSTR to 0 to

Stop couating 2 stop counter operation of TCNT3 and
TCNTA4.

Normal operating mode

Figure 10-34 Clearing Procedure for Complementary PWM Mode
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Examples of Complementary PWM Mode: Figure 10-35 shows an example of operationin
complementary PWM mode. TCNT3 and TCNT4 operate as up/down-counters, counting down
from compare match between TCNT3 and GRA3 and counting up from the point at which
TCNT4 underflows. During each up-and-down counting cycle, PWM waveforms are generated by
compare match with general registers GRB3, GRA4, and GRB4. Since TCNT3 isinitially settoa
higher value than TCNT4, compare match events occur in the sequence TCNT3, TCNT4, TCNT4,
TCNT3.

TCNT3 and
TCNT4 values

Down-counting starts at compare
~~ match between TCNT3 and GRA3

GRA3

GRB3

GRA4

GRB4

H'0000 Time

TOCXA4

TIOCB4

TOCXB4

Figure10-35 Operation in Complementary PWM Mode
(When OLS3=0L$4 =1) (Example 1)
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Figure 10-36 shows examples of waveforms with 0% and 100% duty cycles (in one phase) in
complementary PWM mode. In this example the outputs change at compare match with GRB3, so
waveforms with duty cycles of 0% or 100% can be output by setting GRB3 to avalue larger than
GRAZ. The duty cycle can be changed easily during operation by use of the buffer registers. For
further information see section 10.4.8, Buffering.

TCNT3 and
TCNT4 values

A A CRTA N R

GRB3 |/f— T

P e
m H T T
TIOCB3 |_’ 0% duty cycle |_| I_,

a. 0% duty cycle

TCNT3 and
TCNT4 values

GRA3 [~ g

GRB3 [ 7

Time

mocas || | |] | ] | ] I
TiocBs | [ | | [ [ ] B

100% duty cycle

b. 100% duty cycle

Figure10-36 Operation in Complementary PWM M ode
(When OLS3=0OL$4 =1) (Example 2)
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In complementary PWM mode, TCNT3 and TCNT4 overshoot and undershoot at the transitions
between up-counting and down-counting. The setting conditions for the IMFA bit in channel 3
and the OVF bit in channel 4 differ from the usual conditions. In buffered operation the buffer
transfer conditions also differ. Timing diagrams are shown in figures 10-37 and 10-38.

o Y Y w N wer X w Yuos
i |

; ; Flag not set

IMFA

Setto 1

Buffer transfer
signal (BR to GR)

,
‘
‘
‘
,
|
,
GR >< \
/
\
,
\
—
/

Buffer transfer

‘ No buffer transfer

Figure 10-37 Overshoot Timing
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Underflow Overflow
TCNT4 >< H'0001 >< H'0000 >< H'FFFF>< H'0000 ><
; Flag not set

OVF

Setto 1

Buffer transfer
signal (BR to GR)

GR >< n

Buffer transfer No buffer transfer

Figure 10-38 Undershoot Timing

In channel 3, IMFA is set to 1 only during up-counting. In channel 4, OVF is set to 1 only when
an underflow occurs. When buffering is selected, buffer register contents are transferred to the
general register at compare match A3 during up-counting, and when TCNT4 underflows.

General Register Settingsin Complementary PWM M ode: When setting up general registers
for complementary PWM mode or changing their settings during operation, note the following
points.

Initial settings

Do not set values from H'0000to T — 1 (where T istheinitial value of TCNT3). After the
counters start and the first compare match A3 event has occurred, however, settingsin this
range al so become possible.

Changing settings

Use the buffer registers. Correct waveform output may not be obtained if a general register is
written to directly.

Cautions on changes of general register settings

Figure 10-39 shows six correct examples and one incorrect example.
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Figure10-39 Changing a General Register Setting by Buffer Transfer (Example 1)
— Buffer transfer at transition from up-counting to down-counting

If the general register value isin the range from GRA3 - T + 1 to GRA3, do not transfer a
buffer register value outside this range. Conversely, if the general register value is outside
thisrange, do not transfer a value within this range. See figure 10-40.

GRA3+1 N
GRA3 e lllegal changes
GRA3-T+1 - Ao\ TCNT3

GRA3-T ~~ T e N

TCNT4

Figure10-40 Changing a General Register Setting by Buffer Transfer (Caution 1)
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— Buffer transfer at transition from down-counting to up-counting

If the general register value isin the range from H'0000 to T — 1, do not transfer a buffer
register value outside this range. Conversely, when a general register value is outside this
range, do not transfer a value within this range. See figure 10-41.

TCNT3

lllegal changes

H'0000 - oo N X
HFFFF — e

Figure10-41 Changing a General Register Setting by Buffer Transfer (Caution 2)
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— General register settings outside the counting range (H'0000 to GRA3)

Waveforms with a duty cycle of 0% or 100% can be output by setting a general register to
avalue outside the counting range. When a buffer register is set to avalue outside the
counting range, then later restored to a value within the counting range, the counting
direction (up or down) must be the same both times. See figure 10-42.

Output pin

Output pin

oR X A X A

Y z ><r) 7 \7
GR A \&

Write during down-counting Write during up-counting

Figure10-42 Changing a General Register Setting by Buffer Transfer (Example 2)

Settings can be made in thisway by detecting GRA3 compare match or TCNT4
underflow before writing to the buffer register. They can also be made by using GRA3
compare match to activate the DMAC.
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10.4.7 Phase Counting Mode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO, CKEGL1, and CKEGO in TCR2. Settings of bits CCLR1, CCLRO in TCR2, and settingsin
TIOR2, TIER2, TSR2, GRA2, and GRB2 are valid. The input capture and output compare
functions can be used, and interrupts can be generated.

Phase counting is available only in channel 2.

Sample Setup Procedure for Phase Counting M ode: Figure 10-43 shows a sample procedure
for setting up phase counting mode.

( Phase counting mode )

Select phase counting mode 1 1. Set the MDF bit in TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

3. Setthe STR2 bitto 1 in TSTR to start

Select flag setting condition 2 the timer counter.

Start counter 3

'

Phase counting mode

Figure 10-43 Setup Procedurefor Phase Counting M ode (Example)
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Example of Phase Counting Mode: Figure 10-44 shows an example of operations in phase
counting mode. Table 10-9 lists the up-counting and down-counting conditions for TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted.
The phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap
must also be at least 1.5 states, and the pulse width must be at least 2.5 states. See figure 10-45.

TCNT2 value

A

Counting down

Time
ek o b ' R R
Taka o b b b
Figure 10-44 Operation in Phase Counting M ode (Example)
Table 10-9 Up/Down Counting Conditions
Counting Direction  Up-Counting Down-Counting
TCLKB I3 High v Low High 1 Low I3
TCLKA Low b High v v Low b High
P_hase P_hase
‘dlfference‘ ‘dlfference‘ . Pulse width Pulse width

[ e— ] [ e— ] =
|
| |

—

| | | Phase difference and overlap: at least 1.5 states

‘ Overlap ' ' Overlap ' Pulse width: at least 2.5 states

Figure 10-45 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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10.4.8 Buffering

Buffering operates differently depending on whether a general register is an output compare
register or an input capture register, with further differences in reset-synchronized PWM mode
and complementary PWM mode. Buffering is available only in channels 3 and 4. Buffering
operations under the conditions mentioned above are described next.

General register used for output compare

The buffer register value is transferred to the general register at compare match. See
figure 10-46.

Compare match signal

BR GR Comparator TCNT

Figure 10-46 Compare Match Buffering
General register used for input capture

The TCNT valueistransferred to the general register at input capture. The previous general
register value is transferred to the buffer register.
See figure 10-47.

Input capture signal

BR GR TCNT

Figure 10-47 Input Capture Buffering
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e Complementary PWM mode

The buffer register valueis transferred to the general register when TCNT3 and TCNT4
change counting direction. This occurs at the following two times:

— When TCNT3 matches GRA3
— When TCNT4 underflows

e Reset-synchronized PWM mode
The buffer register value is transferred to the general register at compare match A3.

Sample Buffering Setup Procedure: Figure 10-48 shows a sample buffering setup procedure.

( Buffering >

| Select general register functions | 1 1. Set TIOR to select the output compare or input
capture function of the general registers.
2. Set bits BFA3, BFA4, BFB3, and BFB4 in TFCR
i to select buffering of the required general registers.
| Set bufier bits | 2 3. Setthe STR bits to 1 in TSTR to start the timer
counters.

| Start counters | 3

'

Buffered operation

Figure 10-48 Buffering Setup Procedure (Example)
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Examples of Buffering: Figure 10-49 shows an example in which GRA is set to function as an
output compare register buffered by BRA, TCNT is set to operate as a periodic counter cleared by
GRB compare match, and TIOCA and TIOCB are set to toggle at compare match A and B.
Because of the buffer setting, when TIOCA toggles at compare match A, the BRA valueis
simultaneously transferred to GRA. This operation is repeated each time compare match A occurs.
Figure 10-50 shows the transfer timing.

TCNT value Counter cleared by compare match B

H'0000

BRA

GRA H'0200

Toggle
output

I R -
T T bt T

Compare match A

TIOCB

Figure 10-49 Register Buffering (Example 1. Buffering of Output Compar e Register)
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TCNT n X n+1
Compare ,—l

match signal

Buffer transfer

signal

BR =~ N

GR n X N

Figure 10-50 Compare Match and Buffer Transfer Timing (Example)
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Figure 10-51 shows an example in which GRA is set to function as an input capture register
buffered by BRA, and TCNT is cleared by input capture B. The falling edge is selected as the
input capture edge at TIOCB. Both edges are selected as input capture edges at TIOCA. Because
of the buffer setting, when the TCNT value is captured into GRA at input capture A, the previous
GRA value is ssimultaneoudly transferred to BRA. Figure 10-52 shows the transfer timing.

TCNT value

Counter cleared by

/ input capture B

BRA

GRA ;>< H'0005
X

GRB :>< X H'0180

Input capture A

Figure 10-51 Register Buffering (Example 2; Buffering of Input Capture Register)

357




NN e I I N O

TIOC pin b . «t\
L

Input capture

signal 55
TCNT n X n+1 N XN+1
( ) )
GR M X \n ) n, X =N
s 5
BR m X M M X n

Figure10-52 Input Capture and Buffer Transfer Timing (Example)
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Figure 10-53 shows an example in which GRB3 is buffered by BRB3 in complementary PWM
mode. Buffering is used to set GRB3 to a higher value than GRA3, generating a PWM waveform
with 0% duty cycle. The BRB3 value istransferred to GRB3 when TCNT3 matches GRA3, and
when TCNT4 underflows.

TCNT3 and
TCNT4 values

H'1FFF TCNT3 L GRB3
GRA3

H'0999

H'0000 Time

BRB3

GRB3

TIOCA3

TIOCB3

Figure 10-53 Register Buffering (Example 4: Buffering in Complementary PWM M ode)
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10.4.9 1TU Output Timing

The ITU outputs from channels 3 and 4 can be disabled by bit settingsin TOER or by an external
trigger, or inverted by bit settingsin TOCR.

Timing of Enabling and Disabling of I TU Output by TOER: In thisexample an ITU output is
disabled by clearing a master enable bit to 0 in TOER. An arbitrary value can be output by
appropriate settings of the data register (DR) and data direction register (DDR) of the
corresponding input/output port. Figure 10-54 illustrates the timing of the enabling and disabling
of ITU output by TOER.

Address X TOER address ><

TOER

ITU output pin Timer output I/O port

ITU output 4><7 Generic input/output

Figure10-54 Timing of Disabling of ITU Output by Writingto TOER (Example)
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Timing of Disabling of I TU Output by External Trigger: If the XTGD bitisclearedto 0in
TOCR in reset-synchronized PWM mode or complementary PWM mode, when an input capture
A signal occursin channel 1, the master enable bits are cleared to 0 in TOER, disabling ITU
output. Figure 10-55 shows the timing.

TIOCAL pin §>\
Input capture

signal ,—l '7

{(

)T

0 3
TOER N >< H'CO 46 N >< 3 H'CO
ITU output 4 ‘
pins o ITU output >< :: /0 port ITU output >< 1/0 port

)T

ITU output e Generic ITU output . Generic
‘ input/output ‘ input/output

N: Arbitrary setting (H'C1 to H'FF)

Figure10-55 Timing of Disabling of ITU Output by External Trigger (Example)

Timing of Output Inversion by TOCR: The output levelsin reset-synchronized PWM mode and
complementary PWM mode can be inverted by inverting the output level select bits (OLS4 and
OLS3) in TOCR. Figure 10-56 shows the timing.

Tl T2 T3
e

o N B
Address X TOCR address ><

TOCR

ITU output pin ><

Inverted

Figure10-56 Timing of Inverting of ITU Output L evel by Writing to TOCR (Example)
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10.5 Interrupts

The ITU hastwo types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

10.5.1 Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB aresetto 1 by a
compare match signal generated when TCNT matches a general register (GR). The compare
match signal is generated in the last state in which the values match (when TCNT is updated from
the matching count to the next count). Therefore, when TCNT matches a general register, the
compare match signal is not generated until the next timer clock input. Figure 10-57 shows the
timing of the setting of IMFA and IMFB.

° i L

TCNT input
clock

TCNT N >< N+1

GR N

Compare
match signal

IMF

IMI

Figure 10-57 Timing of Setting of IMFA and IMFB by Compare Match
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Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an
input capture signal. The TCNT contents are simultaneously transferred to the corresponding
general register. Figure 10-58 shows the timing.

.

Input capture

signal

IMF

TCNT N

R Y "
IMI

Figure 10-58 Timing of Setting of IMFA and IMFB by Input Capture

Timing of Setting of Overflow Flag (OVF): OVFisset to 1 when TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 10-59 shows the timing.
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TCNT H'FFFF >< H'0000

Overflow
signal

OVF

ovi

Figure10-59 Timing of Setting of OVF
10.5.2 Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag is
cleared. Figure 10-60 shows the timing.

TSR write cycle

T T, T3
= >l >l >

o
Address >< TSR address ><

IMF, OVF

Figure10-60 Timing of Clearing of Status Flags
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10.5.3 Interrupt Sourcesand DMA Controller Activation

Each ITU channel can generate a compare match/input capture A interrupt, a compare match/input
capture B interrupt, and an overflow interrupt. In total there are 15 interrupt sources, all
independently vectored. An interrupt is requested when the interrupt request flag and interrupt
enable bit are both set to 1.

The priority order of the channels can be modified in interrupt priority registers A and B (IPRA
and IPRB). For details see section 5, Interrupt Controller.

Compare match/input capture A interrupts in channels 0 to 3 can activate the DMA controller
(DMAC). When the DMAC is activated a CPU interrupt is not requested.

Table 10-10 lists the interrupt sources.

Table10-10 ITU Interrupt Sources

Interrupt DMAC
Channel Source Description Activatable Priority*
0 IMIAO Compare match/input capture AO Yes High
IMIBO Compare match/input capture BO No A
OVIo Overflow 0 No
1 IMIAL Compare match/input capture Al Yes
IMIB1 Compare match/input capture B1 No
ovii Overflow 1 No
2 IMIA2 Compare match/input capture A2 Yes
IMIB2 Compare match/input capture B2 No
oVvI2 Overflow 2 No
3 IMIA3 Compare match/input capture A3 Yes
IMIB3 Compare match/input capture B3 No
oViI3 Overflow 3 No
4 IMIA4 Compare match/input capture A4 No
IMIB4 Compare match/input capture B4 No
ovi4 Overflow 4 No Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be changed
by settings in IPRA and IPRB.
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10.6 Usage Notes

This section describes contention and other matters requiring special attention during ITU
operations.

Contention between TCNT Writeand Clear: If acounter clear signa occursin the T3 state of a
TCNT write cycle, clearing of the counter takes priority and the write is not performed. See
figure 10-61.

TCNT write cycle
Ty T, T3

Address X TCNT address ><

Internal write signal

Counter clear signal

TCNT N >< H'0000

Figure10-61 Contention between TCNT Writeand Clear
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Contention between TCNT Word Write and Increment: If an increment pulse occursin the T
state of a TCNT word write cycle, writing takes priority and TCNT is not incremented. See
figure 10-62.

TCNT word write cycle

T T, T3
>l >l >

[
Address X TCNT address ><

Internal write signal

TCNT input clock

TCNT N >< P M

TCNT write data

Figure 10-62 Contention between TCNT Word Write and Increment
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Contention between TCNT Byte Write and Increment: If an increment pulse occursin the T,
or Ty state of a TCNT byte write cycle, writing takes priority and TCNT is not incremented. The
TCNT byte that was not written retains its previous value. See figure 10-63, which shows an
increment pulse occurring in the T, state of a byte writeto TCNTH.

TCNTH byte write cycle

Ty T, T3
>l >l >

=
Address X TCNTH address ><

Internal write signal

TCNT input clock

TCNTH N >< M
/
TCNTH write data

TCNTL X >< X+1 >< X

Figure 10-63 Contention between TCNT Byte Write and Increment
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Contention between General Register Write and Compare Match: If acompare match occurs
in the Ty state of a general register write cycle, writing takes priority and the compare match
signal isinhibited. See figure 10-64.

General register write cycle

Ty T, T3
>l >l -

=
Address X GR address ><

Internal write signal

TCNT N >< N+1

GR N >< /M

General register write data

Compare match signal ' P Inhibited

Figure10-64 Contention between General Register Write and Compare Match
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Contention between TCNT Write and Overflow or Underflow: If an overflow occursinthe T
state of a TCNT write cycle, writing takes priority and the counter is not incremented. OVF is
set to 1.The same holds for underflow. See figure 10-65.

TCNT write cycle

Ty T, T3
>l >l >

-
Address X TCNT address ><

Internal write signal

TCNT input clock

Overflow signal

TCNT HFFFF >< M

TCNT write data

OVF

Figure 10-65 Contention between TCNT Write and Overflow
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Contention between General Register Read and Input Capture: If an input capture signal
occurs during the T4 state of ageneral register read cycle, the value before input captureis read.
See figure 10-66.

General register read cycle

Ty T, T3
-l -l -

Address

: ]
X

GR address ><

Internal read signal

Input capture signal

GR X >< M
Internal data bus 4< X >7

Figure10-66 Contention between General Register Read and Input Capture
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Contention between Counter Clearing by Input Capture and Counter Increment: If an input
capture signal and counter increment signal occur simultaneoudly, the counter is cleared according
to the input capture signal. The counter is not incremented by the increment signal. The value
before the counter is cleared istransferred to the general register. See figure 10-67.

. N

Input capture signal

Counter clear signal

TCNT input clock

TCNT N >< H'0000

GR >< N

Figure 10-67 Contention between Counter Clearing by Input Capture and
Counter Increment
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Contention between General Register Write and Input Capture: If aninput capture signal
occursin the Ty state of ageneral register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 10-68.

General register write cycle

Ty T, T3

R

5
Address X GR address ><

Internal write signal

Input capture signal

TCNT M

GR >< \M

Figure 10-68 Contention between General Register Write and Input Capture

Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is
cleared in the last state at which the TCNT value matches the general register value, at the time
when this value would normally be updated to the next count. The actual counter frequency is
therefore given by the following formula:

[7]
(N+1)
(f: counter frequency. @. system clock frequency. N: value set in general register.)
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Contention between Buffer Register Writeand Input Capture: If abuffer register is used for
input capture buffering and an input capture signal occursin the Ty state of awrite cycle, input
capture takes priority and the write to the buffer register is not performed.

See figure 10-69.

Buffer register write cycle

T T, T3
>l >l >

[
Address X BR address ><

Internal write signal

Input capture signal

GR N \>< \X

BR M >< \‘N

TCNT value

Figure10-69 Contention between Buffer Register Write and Input Capture
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Note on Synchronous Preset: When channels are synchronized, if a TCNT value is modified by
byte write access, all 16 bits of all synchronized counters assume the same value as the counter
that was addressed.

(Example) When channels 2 and 3 are synchronized
» Byte write to channel 2 or byte write to channel 3

Write A to upper byte

Ten2 [ w | x| Ofchannel2 _ TeNT2 | A | x|
ToNt3 | Y |z | TeNts | A | x|
Upper byte Lower byte Wiite A to lower byte Upper byte Lower byte

of channel 3
. Tent2 |y | A |
Tents |y | A |

Upper byte Lower byte

* Word write to channel 2 or word write to channel 3

Tent2 | ow | x| _ TecNt2 | A | B |

TcNTs | v |z | WriteABwordto TecNts | A | B |
channel 2 or 3

Upper byte Lower byte Upper byte Lower byte

Note on Setup of Reset-Synchronized PWM M ode and Complementary PWM Mode: When
setting bits CMD1 and CMDO in TFCR, take the following precautions:

e Writeto bits CMD1 and CMDO only when TCNT3 and TCNT4 are stopped.

* Do not switch directly between reset-synchronized PWM mode and complementary PWM
mode. First switch to normal mode (by clearing bit CMD1 to 0), then select reset-
synchronized PWM maode or complementary PWM mode.
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I TU Operating Modes

Table 10-11 (a) |ITU Operating M odes (Channel 0)

Register Settings

TSNC TMDR TFCR TOCR TOER TIORO TCRO
Reset-
Comple- Synchro- Output
Synchro- mentary nized Buffer- Level  Master Clear Clock
Operating Mode nization MDF FDIR PWM PWM PWM ing XTGD Select Enable I0A 10B Select Select
Synchronous preset  SYNCO=1 — — 0O — — — — — — O O (@) o
PWM mode (@) — —  PWMO=1 — — — — — — —* O* @) (0]
Output compare A O — —  PWM0=0 — — — — — — 1oA2=0 O O (@]
Other bits
unrestricted
Output compare B O — — O — — — — — — O ioB2=0 O (@]
Other bits
unrestricted
Input capture A O — —  PWM0=0 — — — — — — ioA2=1 O O (@]
Other bits
unrestricted
Input capture B O — —  PWM0=0 — — — — — — O ioB2=1 O (@]
Other bits
unrestricted
Counter By compare O — — O — — — — — — O O cCLR1=0 O
clearing match/input CCLRO=1
capture A
By compare O — — 0O — — — — — — O O cClrR1=1 O
match/input CCLRO=0
capture B
Syn- SYNCO=1 — — 0O — — — — — — O O cClrR1=1 O
chronous CCLRO=1
clear

Legend: O Setting available (valid). — Setting does not affect this mode.
Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited.
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Table10-11 (b) I1TU Operating Modes (Channel 1)

Register Settings

TSNC TMDR TFCR TOCR TOER TIOR1 TCR1
Reset-
Comple- Synchro- Output
Synchro- mentary nized Buffer- Level  Master Clear Clock
Operating Mode nization MDF FDIR PWM PWM PWM ing XTGD Select Enable I0OA 10B Select Select
Synchronous preset  SYNC1=1 — — 0 — — — — — — O O O o
PWM mode ©) — — PwMi=1 — — — - = — — O &) O
Output compare A O — —  PWM1=0 — — — — — — ioA2=0 O O (@]
Other bits
unrestricted
Output compare B O — — 0 — — — — — — O ioB2=0 O (0]
Other bits
unrestricted
Input capture A O — —  PWM1=0 — — — O2 — — ioA2=1 O O (@]
Other bits
unrestricted
Input capture B O — —  PWM1=0 — — — — — — O ioB2=1 O (0]
Other bits
unrestricted
Counter By compare O — — 0 — — — — — — O O cCLrR1=0 O
clearing match/input CCLRO=1
capture A
By compare O — — 0 — — — — — — O O cClrR1=1 O
match/input CCLRO=0
capture B
Syn- SYNC1=1 — — O — — — — — — O O cCclr1=1 O
chronous CCLRO=1
clear

Legend: O Setting available (valid). — Setting does not affect this mode.
Notes: 1. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited.

2. Valid only when channels 3 and 4 are operating in complementary PWM mode or reset-synchronized PWM mode.
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Table10-11 (c¢) 1TU Operating M odes (Channel 2)
Register Settings
TSNC TMDR TFCR TOCR TOER TIOR2 TCR2
Reset-
Comple- Synchro- Output
Synchro- mentary nized Buffer- Level  Master Clear Clock
Operating Mode nization MDF FDIR PWM PWM PWM ing XTGD Select Enable I0OA 10B Select Select
Synchronous preset  SYNC2=1 O — 0 — — — — — — O O O o
PWM mode O (o) — PWM2=1 — — — — — — — O* @) 0]
Output compare A O (0] —  PWM2=0 — — — — — — ioA2=0 O O (@]
Other bits
unrestricted
Output compare B O (0] — 0 — — — — — — O ioB2=0 O (0]
Other bits
unrestricted
Input capture A O — —  PWM2=0 — — — — — — oA2=1 O O (@]
Other bits
unrestricted
Input capture B O — —  PWM2=0 — — — — — — O ioB2=1 O (0]
Other bits
unrestricted
Counter By compare O (0] — 0 — — — — — — O O cCLrR1=0 O
clearing match/input CCLRO=1
capture A
By compare O (0] — 0 — — — — — — O O cClrR1=1 O
match/input CCLRO=0
capture B
Syn- SYNC2=1 O - O — — — — — — O O cCclr1=1 O
chronous CCLRO=1
clear
Phase counting O MDF=1 O O — — — — — — O O O —

mode

Legend: O Setting available (valid). — Setting does not affect this mode.
Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited.
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Table 10-11 (d) 1TU Operating Modes (Channel 3)

Register Settings

TSNC TMDR TFCR TOCR TOER TIOR3 TCR3
Comple- Reset- Output
Synchro- mentary Synchro- Level Master Clear Clock
Operating Mode nization MDF FDIR PWM PWM nized PWM Buffering XTGD Select Enable I0A 10B Select Select
Synchronous preset ~ SYNC3=1 — — 0 O3 O O — — O O O O O
PWM mode ®) — — Pwm3=1 cmD1i=0 cMmpi=0 O — — ®) — O o ®)
Output compare A O — — PWM3=0 CMD1=0 cMD1=0 O — — O oA2=0 O (@] O
Other bits
unrestricted
Output compare B O — — 0 cmpi=0 cmpi=0 O — — O O ioB2=0 O @]
Other bits
unrestricted
Input capture A O — — PWM3=0 cMD1=0 cmD1=0 O — — EA3ignored I0A2=1 O (@) @]
Other bits ~ Other bits
unrestricted unrestricted
Input capture B O — —  PWM3=0 CMD1=0 cMD1=0 O — — EA3ignored O oA2=1 O O
Other bits Other bits
unrestricted unrestricted
Counter By compare O — — 0 llegal setting: O*4 O — — O O (@) CcClrR1=0 O
clearing match/input CMD1=1 CCLRO=1
capture A CMD0 =0
By compare O — — 0 cmpi=0 cmpi=0 O — — O (@] (@) cCclr1i=1 O
match/input CCLRO=0
capture B
Syn- SYNC3=1 — — O lllegal setting: O O — — O O (@] cclri=1 O
chronous CMD1=1 CCLRO =1
clear CMDO0 =0
Complementary O3 — - = cmpi=1  cmpi=1 O Os O O — — CCLR1=0 Ors
PWM mode CMDO=0 CMD0=0 CCLRO=0
Reset-synchronized O — - = cmpi=1  cmpi=1 O Os O O — — CCLR1=0 O
PWM mode CMDO =1 CMDO =1 CCLRO=1
Buffering O — — O (@] (@] BFA3=1 — — Ot O (@] (@] O
(BRA) Other bits
unrestricted
Buffering O — — 0 O O BFB3=1 — — O (@] (@) (@) @]
(BRB) Other bits
unrestricted

Legend: O Setting available (valid). — Setting does not affect this mode.

Notes: 1.

U WN

Master enable bit settings are valid only during waveform output.

. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited.
. Do not set both channels 3 and 4 for synchronous operation when complementary PWM mode is selected.
. The counter cannot be cleared by input capture A when reset-synchronized PWM mode is selected.
. In complementary PWM mode, select the same clock source for channels 3 and 4.
. Use the input capture A function in channel 1.
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Table 10-11 (€)

ITU Operating Modes (Channel 4)

Register Settings

TSNC TMDR TFCR TOCR TOER TIOR4 TCR4
Comple- Reset- Output
Synchro- mentary Synchro- Level Master Clear Clock
Operating Mode nization MDF FDIR PWM PWM nized PWM Buffering XTGD Select Enable I0A 10B Select Select
Synchronous preset ~ SYNC4=1 — — 0 O3 O O — — O O O O O
PWM mode ®) — — Pwm4=1 cMmD1i=0 cMmpi=0 O — — ®) — O o ®)
Output compare A O — — PWM4=0 CMD1=0 cMD1=0 O — — O oA2=0 O (@] O
Other bits
unrestricted
Output compare B O — — 0 cmpi=0 cmpi=0 O — — O O ioB2=0 O @]
Other bits
unrestricted
Input capture A O — —  PWM4=0 cMD1=0 cmMmD1=0 O — — EA4dignored 10A2=1 O (@) @]
Other bits ~ Other bits
unrestricted unrestricted
Input capture B O — —  PWM4=0 CMD1=0 cMD1=0 O — — EB4ignored O oB2=1 O O
Other bits Other bits
unrestricted unrestricted
Counter By compare O — — 0 llegal setting: O*4 O — — O O (@) CcClrR1=0 O
clearing match/input CMD1=1 CCLRO=1
capture A CMD0 =0
By compare O — — 0 llegal setting: O*4 (@] — — O (@] (@) cCclr1i=1 O
match/input CMD1=1 CCLRO=0
capture B CMDO0 =0
Syn- SYNC4=1 — — O llegal setting: O*4 O — — O O (@] cclri=1 O
chronous CMD1=1 CCLRO =1
clear CMDO0 =0
Complementary O3 — - = cmpi=1  cmpi=1 O O O o] — — CCLR1=0 Ors
PWM mode CMDO=0 CMD0=0 CCLRO=0
Reset-synchronized O — R — cmpi=1 cmpi=1 O O O (@) — — Ors Ors
PWM mode CMDO =1 CMDO =1
Buffering O — — 0 (@) (@) BFA4=1 — — O O (@) (@) @]
(BRA) Other bits
unrestricted
Buffering O — — 0 O O BFB4=1 — — O (@] (@) (@) @]
(BRB) Other bits
unrestricted

Legend: O Setting available (valid). — Setting does not affect this mode.

Notes: 1.

U WN

Master enable bit settings are valid only during waveform output.

. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited.
. Do not set both channels 3 and 4 for synchronous operation when complementary PWM mode is selected.
. When reset-synchronized PWM mode is selected, TCNT4 operates independently and the counter clearing function is available. Waveform output is not affected.
. In complementary PWM mode, select the same clock source for channels 3 and 4.
. TCR4 settings are valid in reset-synchronized PWM mode, but TCNT4 operates independently, without affecting waveform output.
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Section 11 Programmable Timing Pattern Controller

11.1 Overview

The H8/3003 has a built-in programmable timing pattern controller (TPC) that provides pulse
outputs by using the 16-hit integrated timer-pulse unit (ITU) as atime base. The TPC pulse
outputs are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and
independently.

11.1.1 Features

TPC features are listed bel ow.

16-bit output data
Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis.
Four output groups

Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit
outputs.

Selectable output trigger signals

Output trigger signals can be selected for each group from the compare-match signals of four
ITU channels.

Non-overlap mode
A non-overlap margin can be provided between pulse outputs.
Can operate together with the DMA controller (DMAC)

The compare-match signal's selected as trigger signals can activate the DMAC for sequential
output of datawithout CPU intervention.
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11.1.2 Block Diagram

Figure 11-1 shows a block diagram of the TPC.

TP15 ]
TP14 -<+— Pulse output
TP13 -«— pins, group 3
TP12 |
TPll B
TP1o =+ Pulse output
TPy -«— pins, group 2
TPg -
TP7 i
TP¢ = Pulse output
TP5 ~— pins, group 1
TP4 ]
TP3 -
TP, <+ Pulse output
TP, pins, group O
TPO ]

Legend
TPMR:
TPCR:
NDERB:
NDERA:
PBDDR:
PADDR:
NDRB:
NDRA:
PBDR:
PADR:

ITU compare match signals

L4

Control logic

PADDR

PBDDR

NDERA

NDERB

TPMR

TPCR

PBDR

PADR

TPC output mode register
TPC output control register
Next data enable register B
Next data enable register A
Port B data direction register
Port A data direction register
Next data register B

Next data register A

Port B data register

Port A data register

fffff NDRB -~

Internal
data bus

Figure11-1 TPC Block Diagram
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11.1.3 TPC Pins

Table 11-1 summarizes the TPC output pins.

Table11-1 TPC Pins

Name Symbol I/0 Function

TPC output O TPy Output Group 0 pulse output
TPC output 1 TP, Output

TPC output 2 TP, Output

TPC output 3 TP; Output

TPC output 4 TP, Output Group 1 pulse output
TPC output 5 TPg Output

TPC output 6 TPg Output

TPC output 7 TP, Output

TPC output 8 TPg Output Group 2 pulse output
TPC output 9 TPg Output

TPC output 10 TP1o Output

TPC output 11 TP Output

TPC output 12 TP, Output Group 3 pulse output
TPC output 13 TP13 Output

TPC output 14 TPy Output

TPC output 15 TPy5 Output
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11.1.4 Registers
Table 11-2 summarizes the TPC registers.

Table11-2 TPC Registers

Address*l  Name Abbreviation = R/W Initial Value
H'FFD1 Port A data direction register =~ PADDR W H'00
H'FFD3 Port A data register PADR R/(W)*2  H'00
H'FFD4 Port B data direction register PBDDR W H'00
H'FFD6 Port B data register PBDR R/(W)*2  H'00
H'FFAOQ TPC output mode register TPMR R/W H'FO
H'FFA1 TPC output control register TPCR R/W H'FF
H'FFA2 Next data enable register B NDERB R/W H'00
H'FFA3 Next data enable register A NDERA R/W H'00
H'FFAS5/ Next data register A NDRA R/W H'00
H'FFA7*3

H'FFA4 Next data register B NDRB R/W H'00
H'FFA6*3

Notes: 1. Lower 16 bits of the address.

2. Bits used for TPC output cannot be written.

3. The NDRA address is H'FFA5 when the same output trigger is selected for TPC output
groups 0 and 1 by settings in TPCR. When the output triggers are different, the NDRA
address is H'FFA7 for group 0 and H'FFA5 for group 1. Similarly, the address of NDRB
is H'FFA4 when the same output trigger is selected for TPC output groups 2 and 3 by
settings in TPCR. When the output triggers are different, the NDRB address is H'FFA6
for group 2 and H'FFA4 for group 3.
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11.2 Register Descriptions
11.2.1 Port A Data Direction Register (PADDR)

PADDR is an 8-hit write-only register that selects input or output for each pinin port A.

Bit 7 6 5 4 3 2 1 0

‘ PA- DDR‘ PAg DDR‘ PAg DDR‘ PA4 DDR‘ PA3 DDR‘PAZ DDR ‘ PA DDR‘ PAg DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W w w w

Port A data direction 7to 0

These bits select input or
output for port A pins

Port A is multiplexed with pins TP; to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 9.8, Port A.

11.2.2 Port A Data Register (PADR)

PADR is an 8-hit readabl e/writable register that stores TPC output data for groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA~- ‘ PAg ‘ PA5 ‘ PA4 ‘ PA3 ‘ PA, ‘ PA, ‘ PAg ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)Y  RIWY RIAW} RIAW} RIWF  RIWY  RIWY  RIW)
|

Port Adata7to 0

These bits store output data
for TPC output groups 0 and 1

Note: * Bits selected for TPC output by NDERA settings become read-only bits.

For further information about PADR, see section 9.8, Port A.
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11.2.3 Port B Data Direction Register (PBDDR)

PBDDR is an 8-bit write-only register that selects input or output for each pinin port B.

Bit 7 6 5 4 3 2 1 0

‘ PB; DDR‘ PBg DDR‘ PBs DDR‘ PB4DDR‘ PB3 DDR‘PBZ DDR ‘ PB; DDR‘ PBg DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W w w w

Port B data direction 7to O

These bits select input or
output for port B pins

Port B is multiplexed with pins TP;5 to TPg. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PBDDR, see section 9.9, Port B.

11.2.4 Port B Data Register (PBDR)

PBDR is an 8-hit readable/writable register that stores TPC output data for groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB~ ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB, ‘ PB1 ‘ PBo ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  RIW)}  RIWY RIW} RIWY RIWF RIAWY  RIW)  RI(W)

Port B data 7to O
These bits store output data
for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 9.9, Port B.
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11.2.5 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that stores the next output data for TPC output groups
1 and 0 (pins TP7 to TPp). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRA contents are transferred to the corresponding bitsin PADR. The address of
NDRA differs depending on whether TPC output groups 0 and 1 have the same output trigger or
different output triggers.

NDRA isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Same Trigger for TPC Output Groups0 and 1: If TPC output groups 0 and 1 are triggered by
the same compare match event, the NDRA addressis H'FFAS. The upper 4 bits belong to group 1
and the lower 4 bitsto group 0. Address H'FFA7 consists entirely of reserved hits that cannot be
modified and always read 1.

Address H'FFA5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 7 to 4 Next data3to O
These bits store the next output These bits store the next output
data for TPC output group 1 data for TPC output group 0
Address H'FFA7
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups 0 and 1: If TPC output groups 0 and 1 are triggered
by different compare match events, the address of the upper 4 bits of NDRA (group 1) isH'FFAS
and the address of the lower 4 bits (group 0) isH'FFA7. Bits 3 to 0 of address H'FFAS and bits 7
to 4 of address H'FFA7 are reserved bits that cannot be modified and alwaysread 1.

Address H'FFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ —
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 7 to 4 Reserved bits
These bits store the next output
data for TPC output group 1
Address H'FFA7
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 3to 0

These bits store the next output
data for TPC output group 0
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11.2.6 Next Data Register B (NDRB)

NDRB is an 8-hit readable/writable register that stores the next output data for TPC output groups
3 and 2 (pins TP;5 to TPg). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRB contents are transferred to the corresponding bitsin PBDR. The address of
NDRB differs depending on whether TPC output groups 2 and 3 have the same output trigger or
different output triggers.

NDRB isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Same Trigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by
the same compare match event, the NDRB address is H'FFA4. The upper 4 hits belong to group 3
and the lower 4 bitsto group 2. Address H'FFA6 consists entirely of reserved hits that cannot be
modified and always read 1.

Address H'FFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14 ‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 15 to 12 Next data 11 to 8
These bits store the next output These bits store the next output
data for TPC output group 3 data for TPC output group 2
Address H'FFA6
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered
by different compare match events, the address of the upper 4 bits of NDRB (group 3) is H'FFA4
and the address of the lower 4 bits (group 2) is H'FFAG. Bits 3 to 0 of address H'FFA4 and bits 7
to 4 of address H'FFAG6 are reserved bits that cannot be modified and alwaysread 1.

Address H'FFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ — ‘ — ‘ — ‘ —
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 15 to 12 Reserved bits
These bits store the next output
data for TPC output group 3
Address H'FFA6
Bit 7 6 5 4 3 2 1 0
— ‘ — ‘ — ‘ — ‘NDRll ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 11 to 8

These bits store the next output
data for TPC output group 2
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11.2.7 Next Data Enable Register A (NDERA)

NDERA is an 8-hit readable/writable register that enables or disables TPC output groups 1 and O
(TP; to TPg) on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0

‘ NDER7 ‘ NDERG‘ NDER5 ‘ NDER4 ‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 7to O
These bits enable or disable
TPC output groups 1 and 0

If abit isenabled for TPC output by NDERA, then when the ITU compare match event selected
in the TPC output control register (TPCR) occurs, the NDRA value is automatically transferred to
the corresponding PADR bit, updating the output value. If TPC output is disabled, the bit valueis
not transferred from NDRA to PADR and the output value does not change.

NDERA isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or disable TPC
output groups 1 and O (TP to TP) on abit-by-bit basis.

Bits 7to 0

NDER7 to NDERO Description

0 TPC outputs TP, to TP are disabled (Initial value)
(NDRY to NDRO are not transferred to PA; to PAg)

1 TPC outputs TP to TP are enabled

(NDR7 to NDRO are transferred to PA; to PAg)
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11.2.8 Next Data Enable Register B (NDERB)

NDERSB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2
(TPy5 to TPg) on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDERlS‘ NDER14‘ NDERlS‘ NDERlZ‘NDERll‘NDERlO‘ NDER9 ‘ NDERS ‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 15to 8

These bits enable or disable
TPC output groups 3 and 2

If abitisenabled for TPC output by NDERB, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRB value is automatically transferred to
the corresponding PBDR bit, updating the output value. If TPC output is disabled, the bit valueis
not transferred from NDRB to PBDR and the output value does not change.

NDERSB isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 15to 8 (NDER15 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TP;5 to TPg) on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDERS8 Description

0 TPC outputs TP15 to TPg are disabled (Initial value)
(NDR15 to NDRS are not transferred to PB; to PBy)

1 TPC outputs TP,5 to TPg are enabled

(NDR15 to NDRS are transferred to PB; to PByg)
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11.2.9 TPC Output Control Register (TPCR)

TPCR is an 8-bit readable/writable register that selects output trigger signals for TPC outputs on a

group-by-group basis.

Bit 7 6 5 4 3 2 1 0
‘G?;CMSl‘G?)CMSO‘ GZCMSl‘ GZCMSO‘GlCMSl ‘GlCMSO‘ GOCMSl‘GOCMSO‘

Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Group 3 compare
match select 1 and 0
These bits select
the compare match
event that triggers
TPC output group
(TP5 to TPyp)

Group 2 compare

These bits select
the compare match
event that triggers

TPC output group 2 match select 1 and 0

(TP]_]_ to Tpg)

3 match select 1 and O

Group 1 compare

These bits select
the compare match G 0
event that triggers ' OUP Y compare

TPC output group 1 Match select 1 and 0
(TP; to TP,) These bits select

the compare match
event that triggers
TPC output group 0
(TP; to TRy)

TPCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in

software standby mode.
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Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): These bits
select the compare match event that triggers TPC output group 3 (TP;5 to TPy,).

Bit 7 Bit 6
G3CMS1 G3CMSO0 Description
0 0 TPC output group 3 (TP45 to TP,,) is triggered by compare match in ITU
channel 0
1 TPC output group 3 (TP45 to TPy5) is triggered by compare match in ITU
channel 1
1 0 TPC output group 3 (TP45 to TP,,) is triggered by compare match in ITU
channel 2
1 TPC output group 3 (TP45 to TP4,) is triggered by (Initial value)

compare match in ITU channel 3

Bits5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These bits
select the compare match event that triggers TPC output group 2 (TP;4 to TPg).

Bit 5 Bit 4
G2CMS1 G2CMSO Description
0 0 TPC output group 2 (TP, to TPyg) is triggered by compare match in ITU
channel 0
1 TPC output group 2 (TP44 to TPg) is triggered by compare match in ITU
channel 1
1 0 TPC output group 2 (TP4; to TPyg) is triggered by compare match in ITU
channel 2
1 TPC output group 2 (TP44 to TPg) is triggered by (Initial value)

compare match in ITU channel 3
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Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, G1CM S0): These hits
select the compare match event that triggers TPC output group 1 (TP; to TPy).

Bit 3 Bit 2
G1CMS1 G1CMSO Description
0 0 TPC output group 1 (TP; to TP,) is triggered by compare match in ITU
channel 0
1 TPC output group 1 (TP to TP,) is triggered by compare match in ITU
channel 1
1 0 TPC output group 1 (TP; to TP,) is triggered by compare match in ITU
channel 2
1 TPC output group 1 (TP to TP,) is triggered by (Initial value)

compare match in ITU channel 3

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCM S1, GOCM S0): These bits
select the compare match event that triggers TPC output group O (TP3 to TRy).

Bit 1 Bit 0
GOCMS1 GOCMSO Description
0 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU
channel O
1 TPC output group 0 (TP to TPy) is triggered by compare match in ITU
channel 1
1 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU
channel 2
1 TPC output group 0 (TP3 to TPy) is triggered by (Initial value)

compare match in ITU channel 3
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11.2.10 TPC Output Mode Register (TPMR)

TPMR is an 8-hit readable/writable register that selects normal or non-overlapping TPC output for
each group.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NOV ‘ GI1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TP;5)

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TP;; to TPg)

Group 1 non-overlap
Selects non-overlapping TPC
output for group 1 (TP, to TP,)

Group 0 non-overlap
Selects non-overlapping TPC
output for group 0 (TP; to TP;)

The output trigger period of a non-overlapping TPC output waveform is set in genera register B
(GRB) inthe ITU channel selected for output triggering. The non-overlap margin is set in general
register A (GRA). The output values change at compare match A and B. For details see

section 11.3.4, Non-Overlapping TPC Output.

TPMR isinitialized to H'FO by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.
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Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping TPC output for
group 3 (TPy5to TPy).

Bit 3

G3NOV Description

0 Normal TPC output in group 3 (output values change at (Initial value)
compare match A in the selected ITU channel)

1 Non-overlapping TPC output in group 3 (independent 1 and O output at

compare match A and B in the selected ITU channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC output for
group 2 (TPy; to TPg).

Bit 2

G2NOV Description

0 Normal TPC output in group 2 (output values change at (Initial value)
compare match A in the selected ITU channel)

1 Non-overlapping TPC output in group 2 (independent 1 and O output at

compare match A and B in the selected ITU channel)

Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping TPC output for
group 1 (TP7 to TPy).

Bit 1

G1NOV Description

0 Normal TPC output in group 1 (output values change at (Initial value)
compare match A in the selected ITU channel)

1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at

compare match A and B in the selected ITU channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping TPC output for
group 0 (TP3 to TRy).

Bit 0

GONOV Description

0 Normal TPC output in group O (output values change at (Initial value)
compare match A in the selected ITU channel)

1 Non-overlapping TPC output in group O (independent 1 and O output at

compare match A and B in the selected ITU channel)
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11.3 Operation
11.3.1 Overview

When corresponding bitsin PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output
isenabled. The TPC output initially consists of the corresponding PADR or PBDR contents.
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB hit
contents are transferred to PADR or PBDR to update the output values.

Figure 11-2 illustrates the TPC output operation. Table 11-3 summarizes the TPC operating
conditions.

DDR NDER

Output trigger signal

Internal
data bus

A

Q DR D Q NDR Df~——

TPC output pin

Figure11-2 TPC Output Operation

Table 11-3 TPC Operating Conditions

NDER DDR Pin Function

0 0 Generic input port

Generic output port

1 0 Generic input port (but the DR bit is a read-only bit, and when compare
match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output

Sequential output of up to 16-bit patternsis possible by writing new output datato NDRA and
NDRB before the next compare match. For information on non-overlapping operation, see
section 11.3.4, Non-Overlapping TPC Output.
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11.3.2 Output Timing

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output when
the selected compare match event occurs. Figure 11-3 shows the timing of these operations for the
case of normal output in groups 2 and 3, triggered by compare match A.

TCNT >< N >< N+1 ><

GRA N

Compare
match A signal

NDRB n
PBDR m >< N n
TP8 to TP15 m >< n

Figure11-3 Timing of Transfer of Next Data Register Contents and Output (Example)
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11.3.3 Normal TPC Output

Sample Setup Procedure for Normal TPC Output: Figure 11-4 shows a sample procedure for
setting up normal TPC output.

ITU setup

Port and
TPC setup

ITU setup

Normal TPC output

Select GR functions

Set GRA value

Select counting operation

Select interrupt request

Set initial output data

Select port output

Enable TPC output

Select TPC output trigger

Set next TPC output data

Start counter

10

10.

11.

Y

es

Set next TPC output data

11

Set TIOR to make GRA an output compare
register (with output inhibited).

Set the TPC output trigger period.

Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
clear source with bits CCLR1 and CCLRO.
Enable the IMFA interrupt in TIER.

The DMAC can also be set up to transfer
data to the next data register.

Set the initial output values in the DR bits

of the input/output port pins to be used for
TPC output.

Set the DDR bits of the input/output port
pins to be used for TPC output to 1.

Set the NDER bits of the pins to be used for
TPC output to 1.

Select the ITU compare match event to be
used as the TPC output trigger in TPCR.
Set the next TPC output values in the NDR bits.
Setthe STR bitto 1 in TSTR to start the
timer counter.

At each IMFA interrupt, set the next output
values in the NDR bits.
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 11-5 shows
an examplein which the TPC is used for cyclic five-phase pulse output.

TCNT value Compare match
TCNT

mmmmmmmmmm 4

H'0000 ‘ f ,

NDRB 80

PBDR 00 mmmmmmmmmmm

v [T | .

TPy i

TPy3

TPy,

I ——

TPy o

« The ITU channel to be used as the output trigger channel is set up so that GRA is an output compare
register and the counter will be cleared by compare match A. The trigger period is set in GRA.
The IMIEA bit is set to 1 in TIER to enable the compare match A interrupt.

* H'F8is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set in
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Output data H'80 is written in NDRB.

e The timer counter in this ITU channel is started. When compare match A occurs, the NDRB contents
are transferred to PBDR and output. The compare match/input capture A (IMFA) interrupt service routine
writes the next output data (H'C0) in NDRB.

« Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts. If the DMAC is set for
activation by this interrupt, pulse output can be obtained without loading the CPU.

Figure11-5 Normal TPC Output Example (Five-Phase Pulse Output)
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11.3.4 Non-Overlapping TPC Output

Sample Setup Procedure for Non-Overlapping TPC Output: Figure 11-6 shows a sample
procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

| Select GR functions | 1 1. Set TIOR to make GRA and GRB output
[ compare registers (with output inhibited).
| Set GR values | 2 2. Setthe TPC output trigger period in GRB

‘ and the non-overlap margin in GRA.
| Select counting operation | 3. Select the counter‘clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
‘ clear source with bits CCLR1 and CCLRO.
. | Select interrupt requests | 4 4. Enable the IMFA interrupt in TIER.
‘ The DMAC can also be set up to transfer
data to the next data register.
| 5 5. Set the initial output values in the DR bits
\ of the input/output port pins to be used for
| Set up TPC output | 6 TPC output.
[ 6. Setthe DDR bits of the input/output port pins
| Enable TPC transfer | 7 to be used for TPC output to 1.
Port and ‘ 7. ?Stcthe tNDtEtR ;nts of the pins to be used for
- output to 1.
TP setup | Select TPC transfer trigger | 8. In TPCR, select the ITU compare match
‘ event to be used as the TPC output trigger.
| Select non-overlapping groups | 9 9. In TPMR, select the groups that will operate
\ in non-overlap mode.
10. Set the next TPC output values in the NDR
bits.
11. Set the STR bit to 1 in TSTR to start the timer
counter.
ITU setup Start counter 11 12. At each IMFA interrupt, write the next output
value in the NDR bits.

ITU setup

| Set initial output data

Set next TPC output data 10

No

Compare match A?

Yes

Set next TPC output data 12

Figure11-6 Setup Procedurefor Non-Overlapping TPC Output (Example)
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 11-7 shows an example of the use of TPC output for four-phase
complementary non-overlapping pulse output.

TCNT value

e B R T D B SRCRREE
GRA T 1 s L s s
H'0000 T T Time
NoR 95 X 65 (X 59 (X s X 9 X e X |

PEDR o5 XosX e KarX 5o XsoX 56 XaaX 55 XosX 65 X_)

== Non- overlap margin

|_| |

T
me
SRR -
L T
-

TPy

TPy |

T P8 —v—l

« The ITU channel to be used as the output trigger channel is set up so that GRA and GRB are output
compare registers and the counter will be cleared by compare match B. The TPC output trigger
period is set in GRB. The non-overlap margin is set in GRA. The IMIEA bit is set to 1 in TIER to enable
IMFA interrupts.

* H'FF is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set
Bits G3NOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is
written in NDRB.

* The timer counter in this ITU channel is started. When compare match B occurs, outputs change from
1to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delayed
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDRB.

* Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95...
at successive IMFA interrupts. If the DMAC is set for activation by this interrupt, pulse output can be
obtained without loading the CPU.

Figure11-7 Non-Overlapping TPC Output Example (Four-Phase Complementary
Non-Overlapping Pulse Output)
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11.3.5 TPC Output Triggering by Input Capture

TPC output can be triggered by 1TU input capture as well as by compare match. If GRA functions
asan input capture register in the ITU channel selected in TPCR, TPC output will be triggered by
the input capture signal. Figure 11-8 shows the timing.

« L L L L
TIOC pin (1>\~

Input capture

signal

NDR N

\
DR M ><\‘N

Figure11-8 TPC Output Triggering by Input Capture (Example)
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11.4 Usage Notes
11.4.1 Operation of TPC Output Pins

TPg to TP;5 are multiplexed with ITU, DMAC, and other pin functions. When ITU or DMAC
output is enabled, the corresponding pins cannot be used for TPC output. The data transfer from
NDR bits to DR hits takes place, however, regardless of the usage of the pin.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

11.4.2 Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as
follows.

1. NDR bitsare dwaystransferred to DR bits at compare match A.

2. At compare match B, NDR bits are transferred only if their valueis 0. Bits are not transferred
if their valueis 1.

Figure 11-9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
! C
- <—1Q DR D Q NDR D~ :j”;te;r,'ﬂs

TPC output pin

Figure 11-9 Non-Overlapping TPC Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. NDR contents should not be altered during the interval from compare match B
to compare match A (the non-overlap margin).

This can be accomplished by having the IMFA interrupt service routine write the next datain
NDR, or by having the IMFA interrupt activate the DMAC. The next data must be written before
the next compare match B occurs.

Figure 11-10 shows the timing relationships.

Compare
match A

Compare
match B

NDR write NDR write

o | | >< | | ><
DR >< \ ><

0 output 0/1 output 0 output 0/1 output
Write to NDR Write to NDR
in this interval in this interval

Do not write Do not write

to NDR in this to NDR in this

interval interval

Figure 11-10 Non-Overlapping Operation and NDR Write Timing
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Section 12 Watchdog Timer

12.1 Overview

The H8/3003 has an on-chip watchdog timer (WDT). The WDT has two selectable functions: it
can operate as awatchdog timer to supervise system operation, or it can operate as an interval
timer. As awatchdog timer, it generates areset signal for the H8/3003 chip if a system crash
alows the timer counter (TCNT) to overflow before being rewritten. In interval timer operation,
an interval timer interrupt is requested at each TCNT overflow.

12.1.1 Features
WDT features are listed below.
e Selection of eight counter clock sources
a2, 2132, 9164, 91128, al256, /512, 2/2048, or /4096
e Interval timer option
e Timer counter overflow generates areset signal or interrupt.

Thereset signal is generated in watchdog timer operation. An interval timer interrupt is
generated in interval timer operation.

e Watchdog timer reset signal resets the entire H8/3003 internally, and can also be output
externally.

The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire H8/3003 internally. An external reset signal can be output from the RESO pin to
reset other system devices simultaneously.
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12.1.2 Block Diagram

Figure 12-1 shows a block diagram of the WDT.

Overflow

TCNT
Interrupt signal <+———— Interrupt

(interval timer) | control

RSTCSR

Reset control

Reset Clock

I

(internal, external)

Legend

TCNT:  Timer counter

TCSR:  Timer control/status register
RSTCSR: Reset control/status register

Clock
selector

lot——

lot——

lt—————————

Read/
write
control

Internal
data bus
>

Internal clock sources

a/2
2/32
/64
/128
/256
/512
/2048
/4096

Figure12-1 WDT Block Diagram

12.1.3 Pin Configuration
Table 12-1 describes the WDT output pin.

Table12-1 WDT Pin

Name Abbreviation 110 Function

Reset output RESO Output External output of the watchdog timer reset signal
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12.1.4 Register Configuration
Table 12-2 summarizes the WDT registers.

Table12-2 WDT Registers

Address*!
Write*2  Read Name Abbreviation  R/W Initial Value
H'FFA8 H'FFA8 Timer control/status register TCSR R/(W)*3 H'18
H'FFA9  Timer counter TCNT R/W H'00
H'FFAA H'FFAB Reset control/status register RSTCSR R/(W)*3 H'3F

Notes: 1. Lower 16 bits of the address.
2. Write word data starting at this address.
3. Only 0 can be written in bit 7, to clear the flag.
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12.2 Register Descriptions
12.2.1 Timer Counter (TCNT)

TCNT isan 8-bit readable and writable* up-counter.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Whenthe TME bitissetto 1in TCSR, TCNT starts counting pulses generated from an internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), the OVF bit issetto 1in TCSR. TCNT isinitialized to H'00 by areset and when
the TME bit is cleared to 0.

Note: * TCNT iswrite-protected by a password. For details see section 12.2.4, Notes on Register
Access.
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12.2.2 Timer Control/Status Register (TCSR)

TCSR is an 8-hit readable and writable*1 register. Its functions include selecting the timer mode
and clock source.

Bit 7 6 5 4 3 2 1 0

‘ OVF ‘ WT/ﬁ‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write  R/(W)2  R/W RIW — — RIW RIW RIW

Clock select
These bits select the
TCNT clock source

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

Bits 7 to 5 areinitialized to 0 by areset and in standby mode. Bits 2 to O areinitialized to O by a
reset. In software standby mode bits 2 to O are not initialized, but retain their previous values.

Notes: 1. TCSR iswrite-protected by a password. For details see section 12.2.4, Notes on
Register Access.
2. Only 0 can be written, to clear the flag.
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Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed
from H'FF to H'00.

Bit 7
OVF Description
0 [Clearing condition]
Cleared by reading OVF when OVF = 1, then writing 0 in OVF (Initial value)
1 [Setting condition]

Set when TCNT changes from H'FF to H'00

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
when TCNT overflows. If used as awatchdog timer, the WDT generates areset signal when
TCNT overflows.

Bit6

WT/IT  Description

0 Interval timer: requests interval timer interrupts (Initial value)
1 Watchdog timer: generates a reset signal

Bit 5—Timer Enable (TME): Selects whether TCNT runsor is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting

Bits 4 and 3—Reserved: Read-only bits, awaysread as 1.
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Bits2to 0—Clock Select 2 to 0 (CK S2/1/0): These bits select one of eight internal clock
sources, obtained by prescaling the system clock (@), for input to TCNT.

Bit 2 Bit 1 Bit 0
CKS2 CKs1 CKSO0 Description

0 0 0 2/2 (Initial value)
1 2/32
1 0 2/64
1 2/128
1 0 0 /256
1 2/512
1 0 2/2048
1 /4096

12.2.3 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-hit readable and writable" 1 register that indicates when areset signal has been
generated by watchdog timer overflow, and controls external output of the reset signal.

Bit 7 6 5 4 3 2 1 0
‘ WRST ‘ RSTOE‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 1 1 1 1 1 1

Read/Write  R/(W)2  R/W — — — — — _

Reserved bits

Reset output enable
Enables or disables external output of the reset signal

Watchdog timer reset
Indicates that a reset signal has been generated

Bits 7 and 6 are initialized by input of areset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.

Notes: 1. RSTCSR iswrite-protected by a password. For details see section 12.2.4, Notes on
Register Access.
2. Only 0 can be writtenin bit 7, to clear the flag.
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Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that
TCNT has overflowed and generated areset signal. This reset signal resets the entire H8/3003
chip internally. If bit RSTOE is set to 1, this reset signal is also output (low) at the RESO pin to
initialize external system devices.

Bit 7
WRST  Description
0 [Clearing condition]
Cleared to 0 by reset signal input at RES pin, or by writing 0 (Initial value)
1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timer operation

Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin of
the reset signal generated if TCNT overflows during watchdog timer operation.

Bit 6

RSTOE Description

0 Reset signal is not output externally (Initial value)
1 Reset signal is output externally

Bits 5 to 0—Reserved: Read-only bits, alwaysread as 1.
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12.2.4 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write. The procedures for writing and reading these registers are given below.

Writingto TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte instructions. Figure 12-2 shows the format of data written to
TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be
contained in the lower byte of the written word. The upper byte must contain H'5A (password for
TCNT) or H'A5 (password for TCSR). This transfers the write data from the lower byteto TCNT
or TCSR.

TCNT write 15 8 7 0
Address H'FFA8* | H'BA ‘ Write data |
TCSR write 15 8 7 0
Address H'FFA8* | H'A5 Write data |

Note: * Lower 16 bits of the address.

Figure12-2 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written by aword transfer instruction. It cannot be
written by byte transfer instructions. Figure 12-3 shows the format of data written to RSTCSR. To
write 0 in the WRST bit, the write data must have H'A5 in the upper byte and H'00 in the lower
byte. The H'00 in the lower byte clearsthe WRST bit in RSTCSR to 0. To write to the RSTOE hit,
the upper byte must contain H'5A and the lower byte must contain the write data. Writing this
word transfers awrite data value into the RSTOE hit.

Writing 0 in WRST bit 15 8 7 0
Address H'FFAA* | H'A5 ‘ Write data |
Writing to RSTOE bit 15 8 7 0
Address H'FFAA* | H'5A ‘ Write data |

Note: * Lower 16 bits of the address.

Figure12-3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: These registers are read like other registers. Byte access
instructions can be used. The read addresses are H'FFA8 for TCSR, H'FFA9 for TCNT, and
H'FFAB for RSTCSR, as listed in table 12-3.

Table 12-3 Read Addresses of TCNT, TCSR, and RSTCSR

Address* Register
H'FFA8 TCSR
H'FFA9 TCNT
H'FFAB RSTCSR

Note: * Lower 16 bits of the address.
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12.3 Operation

Operations when the WDT is used as awatchdog timer and as an interval timer are described
bel ow.

12.3.1 Watchdog Timer Operation

Figure 12-4 illustrates watchdog timer operation. To use the WDT as a watchdog timer, set the
WT/IT and TME bitsto 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT vaue (normally by writing H'00) before overflow occurs. If TCNT failsto be rewritten and
overflows due to a system crash etc., the H8/3003 isinternally reset for a duration of 518 states.

The watchdog reset signal can be externally output from the RESO pin to reset external system
devices. Thereset signal is output externally for 132 states. External output can be enabled or
disabled by the RSTOE bhit in RSTCSR.

A watchdog reset has the same vector as areset generated by input at the RES pin. Software can
distinguish a RES reset from awatchdog reset by checking the WRST bit in RSTCSR.

If aRES reset and awatchdog reset occur simultaneously, the RES reset takes priority.

WDT overflow

H'FF
TCNT count
value
H'00
Start H'00 written Reset H'00 written
int | in TCNT in TCNT
nternal
reset signal
518 states
RESO
132 states

Figure 12-4 Watchdog Timer Operation
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12.3.2 Interval Timer Operation

Figure 12-5 illustrates interval timer operation. To use the WDT as an interval timer, clear bit
WT/IT to 0 and set bit TME to 1in TCSR. An interval timer interrupt request is generated at each
TCNT overflow. This function can be used to generate interval timer interrupts at regular

intervals.

TCNT

WT/IT=0 Interval Interval Interval Interval
TME=1 timer timer timer timer
interrupt interrupt interrupt interrupt

Figure12-5 Interval Timer Operation
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12.3.3 Timing of Setting of Overflow Flag (OVF)

Figure 12-6 shows the timing of setting of the OVF flagin TCSR. The OVF flag is set to 1 when
TCNT overflows. At the same time, areset signal is generated in watchdog timer operation, or an
interval timer interrupt is generated in interval timer operation.

° | N

TCNT H'FF >< H'00

Overflow signal

OVF

Figure12-6 Timing of Setting of OVF
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12.3.4 Timing of Setting of Watchdog Timer Reset Bit (WRST)

The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR.

Figure 12-7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is
set to 1 when TCNT overflows and OVF isset to 1. At the same time an internal reset signal is
generated for the entire H8/3003 chip. Thisinternal reset signal clears OVF to O, but the WRST
bit remains set to 1. The reset routine must therefore clear the WRST hit.

° | N

TCNT HFF >< H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure12-7 Timing of Setting of WRST Bit and Internal Reset
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12.4 Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOV1). The
interval timer interrupt is requested whenever the OVF bitissetto 1in TCSR.

12.5 Usage Notes

Contention between TCNT Writeand Increment: If atimer counter clock pulseis generated
during the T4 state of awrite cycle to TCNT, the write takes priority and the timer count is not
incremented. See figure 12-8.

Write cycle: CPU writes to TCNT

T1 T2 T3

o | L
TCNT :><

Internal write
signal

TCNT input
clock

TCNT N M

Iy

k-

Counter write data

Figure12-8 Contention between TCNT Write and Increment

Changing CKS2 to CK S0 Values: Halt TCNT by clearing the TME bit to 0 in TCSR before
changing the values of bits CKS2 to CKS0.
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Section 13 Serial Communication Interface

13.1 Overview

The H8/3003 has a serial communication interface (SCI) with two independent channels. Both
channels are functionally identical. The SCI can communicate in asynchronous mode or
synchronous maode, and has a multiprocessor communication function for serial communication
among two or more processors.

13.1.1 Features

SCI features are listed below.

e Selection of asynchronous or synchronous mode for serial communication
a.  Asynchronous mode

Serial data communication is synchronized one character at atime. The SCI can communicate
with auniversal asynchronous receiver/transmitter (UART), asynchronous communication
interface adapter (ACIA), or other chip that employs standard asynchronous serial
communication. It can also communicate with two or more other processors using the
multiprocessor communication function. There are twelve selectable serial data
communication formats.

— Datalength: 7 or 8 bits

— Stop bit length: 1 or 2 bits

— Parity bit: even, odd, or hone

— Multiprocessor bit: lorO

— Receive error detection: parity, overrun, and framing errors

— Break detection: by reading the RxD level directly when aframing error occurs

b. Synchronous mode

Serial data communication is synchronized with a clock signal. The SCI can communicate
with other chips having a synchronous communication function. There is one serial data
communication format.

— Datalength: 8 hits
— Receive error detection: overrun errors
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Full duplex communication

The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneously. The transmitting and receiving sections are both double-buffered, so serial
data can be transmitted and received continuoudly.

Built-in baud rate generator with selectable bit rates

Selectable transmit/receive clock sources: internal clock from baud rate generator, or external
clock from the SCK pin.

Four types of interrupts

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are
reguested independently. The transmit-data-empty and receive-data-full interrupts can
activate the DMA controller (DMAC) to transfer data.
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13.1.2 Block Diagram

Figure 13-1 shows a block diagram of the SCI.

8 | Internal
& | data bus
Module data bus e >
[2]
=]
y s
| RDR | | TDR | SSR | BRR —
Al U SCR -0
RD—~ | RsR | [] TsR SMR Baud rate |« g/4
Transmit/ generator |, 16
D = receive control 2164
Parity generate | 4 } Clock L
Parity check External clock
SCK
> TEI
= TXI
= RXI
= ERI
Legend
RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
BRR: Bit rate register

Figure13-1 SCI Block Diagram
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13.1.3 Input/Output Pins
The SCI has serial pins for each channel aslisted in table 13-1.

Table 13-1 SCI Pins

Channel Name Abbreviation I/0 Function

0 Serial clock pin SCKy Input/output SClg clock input/output
Receive data pin RxDg Input SCly receive data input
Transmit data pin TxDg Output SCly transmit data output

1 Serial clock pin SCK; Input/output SCl, clock input/output
Receive data pin RxD4 Input SCl, receive data input
Transmit data pin TxDq Output SCl, transmit data output

13.1.4 Register Configuration

The SCI hasinternal registers as listed in table 13-2. These registers select asynchronous or
synchronous mode, specify the data format and bit rate, and control the transmitter and receiver
sections.

Table13-2 Registers

Channel Address™  Name Abbreviation R/W Initial Value

0 H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR R/(W)*2  H'84
H'FFB5 Receive data register RDR R H'00

1 H'FFB8 Serial mode register SMR R/W H'00
H'FFB9 Bit rate register BRR R/W H'FF
H'FFBA Serial control register SCR R/W H'00
H'FFBB Transmit data register TDR R/W H'FF
H'FFBC Serial status register SSR R/(W)*2  H'84
H'FFBD Receive data register RDR R H'00

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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13.2 Register Descriptions
13.2.1 Receive Shift Register (RSR)

RSR istheregister that receives serial data.

Bit 7 6 5 4 3 2 1 0

Initial value
Read/Write — — — — — — — —

The SCI loads seria datainput at the RxD pininto RSR in the order received, LSB (bit 0) first,
thereby converting the datato parallel data. When 1 byte has been received, it is automatically
transferred to RDR. The CPU cannot read or write RSR directly.

13.2.2 Receive Data Register (RDR)

RDR isthe register that stores received seria data.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

When the SCI finishes receiving 1 byte of serial data, it transfers the received data from RSR into
RDR for storage. RSR is then ready to receive the next data. This double buffering allows data to
be received continuously.

RDR isaread-only register. Its contents cannot be modified by the CPU. RDR isinitialized to
H'00 by areset and in standby mode.
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13.2.3 Transmit Shift Register (TSR)

TSR isthe register that transmits serial data.

Bit 7 6 5 4 3 2 1 0

Initial value
Read/Write — — — — — — — _

The SCI loads transmit datafrom TDR into TSR, then transmits the data serially from the TxD
pin, LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the next
transmit data from TDR into TSR and starts transmitting it. If the TDRE flagissetto 1in SSR,
however, the SCI does not load the TDR contentsinto TSR. The CPU cannot read or write TSR
directly.

13.2.4 Transmit Data Register (TDR)

TDR isan 8-bit register that stores data for serial transmission.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

When the SCI detects that TSR is empty, it moves transmit data written in TDR from TDR into
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next
transmit datain TDR during serial transmission from TSR.

The CPU can always read and write TDR. TDR isinitialized to H'FF by areset and in standby
mode.
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13.2.5 Serial Mode Register (SMR)

SMR is an 8-bit register that specifies the SCI serial communication format and selects the clock
source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0
C/IA CHR PE ‘ OIE ‘ STOP ‘ MP ‘ CKS1 ‘ CKS0 ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clock select 1/0
These bits select the
baud rate generator's
clock source

Multiprocessor mode
Selects the multiprocessor
function

Stop bit length
Selects the stop bit length

Parity mode
Selects even or odd parity

Parity enable
Selects whether a parity bit is added

Character length
Selects character length in asynchronous mode

Communication mode
Selects asynchronous or synchronous mode

The CPU can always read and write SMR. SMR isinitialized to H'00 by areset and in standby
mode.
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Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or
synchronous mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data length in asynchronous mode. In
synchronous mode the data length is 8 hits regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) in TDR is not transmitted.

Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a
parity bit to transmit data, and the checking of the parity bit in receive data. In synchronous mode
the parity bit is neither added nor checked, regardless of the PE setting.

Bit 5

PE Description

0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked*

Note: * When PE is set to 1, an even or odd parity bit is added to transmit data according to the
even or odd parity mode selected by the O/E bit, and the parity bit in receive data is
checked to see that it matches the even or odd mode selected by the O/E bit.
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Bit 4—Parity Mode (O/E): Selects even or odd parity. The O/E bit setting isvalid in
asynchronous mode when the PE bit is set to 1 to enable the adding and checking of a parity bit.
The O/E setting isignored in synchronous mode, or when parity adding and checking is disabled
in asynchronous mode.

Bit 4

O/E Description

0 Even parity*1 (Initial value)
1 Odd parity*2

Notes: 1. When even parity is selected, the parity bit added to transmit data makes an even
number of 1s in the transmitted character and parity bit combined. Receive data must
have an even number of 1s in the received character and parity bit combined.

2. When odd parity is selected, the parity bit added to transmit data makes an odd number
of 1s in the transmitted character and parity bit combined. Receive data must have an
odd number of 1s in the received character and parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two stop bits in asynchronous mode. This setting
is used only in asynchronous mode. In synchronous mode no stop bit is added, so the STOP hit
setting isignored.

Bit 3

STOP  Description

0 One stop bit*1 (Initial value)
1 Two stop bits*2

Notes: 1. One stop bit (with value 1) is added at the end of each transmitted character.
2. Two stop bits (with value 1) are added at the end of each transmitted character.

In receiving, only thefirst stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis 1 it istreated as a stop hit. If the second stop bit is 0 it istreated as the start bit of the
next incoming character.

431



Bit 2—M ultiprocessor M ode (M P): Selects amultiprocessor format. When a multiprocessor
format is selected, parity settings made by the PE and O/E bits are ignored. The MP bit setting is
valid only in asynchronous mode. It isignored in synchronous mode.

For further information on the multiprocessor communication function, see section 13.3.3,
Multiprocessor Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1/0): These hits select the clock source of the on-chip
baud rate generator. Four clock sources are available: g, @/4, @/16, and &/64.

For the relationship between the clock source, bit rate register setting, and baud rate, see
section 13.2.8, Bit Rate Register.

Bit 1 Bit 0

CKS1 CKSO Description

0 0 [4] (Initial value)
0 1 al4

1 0 /16

1 1 /64

432



13.2.6 Serial Control Register (SCR)

SCR enables the SCI transmitter and receiver, enables or disables serial clock output in
asynchronous mode, enables or disablesinterrupts, and selects the transmit/receive clock source.

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clock enable 1/0

These bits select the
SCI clock source

Transmit end interrupt enable
Enables or disables transmit-
end interrupts (TEI)

Multiprocessor interrupt enable
Enables or disables multiprocessor
interrupts

Receive enable
Enables or disables the receiver

Transmit enable
Enables or disables the transmitter

Receive interrupt enable
Enables or disables receive-data-full interrupts (RXI) and
receive-error interrupts (ERI)

Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TXI)

The CPU can aways read and write SCR. SCR isinitialized to H'00 by areset and in standby
mode.
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Bit 7—Transmit Interrupt Enable (TI1E): Enables or disables the transmit-data-empty interrupt
(TXI) requested when the TDRE flag in SSR is set to 1 due to transfer of serial transmit data from
TDRto TSR.

Bit 7

TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled* (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * TXI interrupt requests can be cleared by reading the value 1 from the TDRE flag, then
clearing it to O; or by clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt
(RX1) requested when the RDRF flag is set to 1 in SSR due to transfer of seria receive datafrom
RSR to RDR; also enables or disables the receive-error interrupt (ERI).

Bit 6

RIE Description

0 Receive-end (RXI) and receive-error (ERI) interrupt requests are disabled (Initial value)
1 Receive-end (RXI) and receive-error (ERI) interrupt requests are enabled

Note: * RXI and ERI interrupt requests can be cleared by reading the value 1 from the RDRF, FER,
PER, or ORER flag, then clearing it to O; or by clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmitting operations.

Bit 5

TE Description

0 Transmitting disabled*1 (Initial value)
1 Transmitting enabled*2

Notes: 1. The TDRE bitis locked at 1 in SSR.
2. In the enabled state, serial transmitting starts when the TDRE bit in SSR is cleared to 0
after writing of transmit data into TDR. Select the transmit format in SMR before setting
the TE bit to 1.
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Bit 4—Receive Enable (RE): Enables or disables the start of SCI serial receiving operations.

Bit 4

RE Description

0 Receiving disabled*! (Initial value)
1 Receiving enabled*2

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags. These
flags retain their previous values.
2. In the enabled state, serial receiving starts when a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode. Select the receive format
in SMR before setting the RE bit to 1.

Bit 3—Multiprocessor Interrupt Enable (M PIE): Enables or disables multiprocessor interrupts.
The MPIE setting is valid only in asynchronous mode, and only if the MP bitissetto 1in SMR.
The MPIE setting isignored in synchronous mode or when the MP bit is cleared to O.

Bit 3
MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)
[Clearing conditions]
The MPIE bit is cleared to 0.
MPB = 1 in received data.

1 Multiprocessor interrupts are enabled*
Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of the RDRF,
FER, and ORER status flags in SSR are disabled until data with the multiprocessor bit
setto 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive errors,
and does not set the RDRF, FER, and ORER flags in SSR. When it receives data in which
MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the MPIE bit to 0,
enables RXI and ERI interrupts (if the RIE bit is set to 1 in SCR), and allows the FER and
ORER flags to be set.
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Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain new transmit data when the MSB is transmitted.

Bit 2

TEIE Description

0 Transmit-end interrupt requests (TEI) are disabled* (Initial value)
1 Transmit-end interrupt requests (TEI) are enabled*

Note: * TEI interrupt requests can be cleared by reading the value 1 from the TDRE flag in SSR,
then clearing the TDRE flag to 0, thereby also clearing the TEND flag to O; or by clearing
the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKEL1/0): These hits select the SCI clock source and
enable or disable clock output from the SCK pin. Depending on the settings of CKE1 and CKEQ,
the SCK pin can be used for generic input/output, serial clock output, or seria clock input.

The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEOQ setting isignored in synchronous mode, or when an externa
clock sourceis selected (CKEL = 1). Set the CKEL and CKEQ hits after selecting the SCI
operating mode in SMR. For further details on selection of the SCI clock source, seetable 13-9in
section 13.3, Operation.

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock, SCK pin available for generic
input/output *1
Synchronous mode Internal clock, SCK pin used for serial clock output *1
0 1 Asynchronous mode Internal clock, SCK pin used for clock output *2
Synchronous mode Internal clock, SCK pin used for serial clock output
1 0 Asynchronous mode External clock, SCK pin used for clock input *3
Synchronous mode External clock, SCK pin used for serial clock input
1 1 Asynchronous mode External clock, SCK pin used for clock input *3
Synchronous mode External clock, SCK pin used for serial clock input

Notes: 1. Initial value
2. The output clock frequency is the same as the bit rate.
3. The input clock frequency is 16 times the bit rate.
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13.2.7 Serial Status Register (SSR)

SSR is an 8-hit register containing multiprocessor bit values, and status flags that indicate SCI
operating status.

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/I(W)* R/I(W)* R/(W)* R/I(W)* R R R/W

Multiprocessor
bit transfer
Value of multi-
processor bit to
be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

Transmit end
Status flag indicating end of
transmission

Parity error
Status flag indicating detection of
a receive parity error

Framing error

Status flag indicating detection of a receive
framing error

Overrun error
Status flag indicating detection of a receive overrun error

Receive data register full
Status flag indicating that data has been received and stored in RDR

Transmit data register empty

Status flag indicating that transmit data has been transferred from TDR into
TSR and new data can be written in TDR

Note: * Only 0 can be written, to clear the flag.
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The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER,
and FER flags. These flags can be cleared to 0 only if they have first been read while set to 1. The
TEND and MPB flags are read-only bits that cannot be written.

SSRisinitialized to H'84 by areset and in standby mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has |loaded transmit data
from TDR into TSR and the next serial transmit data can be written in TDR.

Bit 7
TDRE  Description
0 TDR contains valid transmit data
[Clearing conditions]
Software reads TDRE while it is set to 1, then writes 0.
The DMAC writes data in TDR.
1 TDR does not contain valid transmit data (Initial value)

[Setting conditions]

The chip is reset or enters standby mode.

The TE bitin SCR is cleared to 0.

TDR contents are loaded into TSR, so new data can be written in TDR.

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6
RDRF  Description
0 RDR does not contain new receive data (Initial value)
[Clearing conditions]
The chip is reset or enters standby mode.
Software reads RDRF while it is set to 1, then writes 0.
The DMAC reads data from RDR.
1 RDR contains new receive data

[Setting condition]
When serial data is received normally and transferred from RSR to RDR.

Note: The RDR contents and RDRF flag are not affected by detection of receive errors or by

clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDRF flag is still
set to 1 when reception of the next data ends, an overrun error occurs and receive data is
lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an
OVerrun error.

Bit 5
ORER  Description
0 Receiving is in progress or has ended normally (Initial value)*1
[Clearing conditions]
The chip is reset or enters standby mode.
Software reads ORER while it is set to 1, then writes 0.
1 A receive overrun error occurred*2
[Setting condition]
Reception of the next serial data ends when RDRF = 1.
Notes: 1. Clearing the RE bit to O in SCR does not affect the ORER flag, which retains its

2.

previous value.

RDR continues to hold the receive data before the overrun error, so subsequent receive
data is lost. Serial receiving cannot continue while the ORER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to aframing
error in asynchronous mode.

Bit 4
FER Description
0 Receiving is in progress or has ended normally (Initial value)*1
[Clearing conditions]
The chip is reset or enters standby mode.
Software reads FER while it is set to 1, then writes 0.
1 A receive framing error occurred*2
[Setting condition]
The stop bit at the end of receive data is checked and found to be 0.
Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous

2.

value.

When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is not
checked. When a framing error occurs the SCI transfers the receive data into RDR but
does not set the RDRF flag. Serial receiving cannot continue while the FER flag is set
to 1. In synchronous mode, serial transmitting is also disabled.
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Bit 3—Parity Error (PER): Indicates that data reception ended abnormally due to a parity error
in asynchronous mode.

Bit 3
PER Description

0 Receiving is in progress or has ended normally*1 (Initial value)
[Clearing conditions]
The chip is reset or enters standby mode.
Software reads PER while it is set to 1, then writes 0.

1 A receive parity error occurred*?
[Setting condition]
The number of 1s in receive data, including the parity bit, does not match the even or
odd parity setting of O/E in SMR.

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the PER flag, which retains its previous
value.
2. When a parity error occurs the SCI transfers the receive data into RDR but does not set
the RDRF flag. Serial receiving cannot continue while the PER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted TDR did not contain new transmit data, so transmission has ended. The TEND flag is
aread-only bit and cannot be written.

Bit 2
TEND  Description

0 Transmission is in progress
[Clearing conditions]
Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag.
The DMAC writes data in TDR.

1 End of transmission (Initial value)
[Setting conditions]
The chip is reset or enters standby mode.
The TE bit is cleared to 0 in SCR.
TDRE is 1 when the last bit of a serial character is transmitted.
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Bit 1—Multiprocessor Bit (M PB): Stores the value of the multiprocessor bit in receive data
when a multiprocessor format is used in asynchronous mode. MPB is aread-only bit and cannot
be written.

Bit 1

MPB Description

0 Multiprocessor bit value in receive data is 0* (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: * If the RE bit is cleared to 0 when a multiprocessor format is selected, MPB retains its
previous value.

Bit 0—M ultiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode.
The MPBT setting is ignored in synchronous mode, when a multiprocessor format is not selected,
or when the SCI is not transmitting.

Bit 0

MPBT  Description

0 Multiprocessor bit value in transmit data is O (Initial value)
1 Multiprocessor bit value in transmit data is 1

13.2.8 Bit Rate Register (BRR)

BRR is an 8-bit register that, together with the CKS1 and CKS0 bitsin SMR that select the baud
rate generator clock source, determines the serial communication bit rate.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The CPU can awaysread and write BRR. BRR isinitialized to H'FF by areset and in standby
mode. The two SCI channels have independent baud rate generator control, so different values can
be set in the two channels.

Table 13-3 shows examples of BRR settings in asynchronous mode. Table 13-4 shows examples
of BRR settings in synchronous mode.
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Table 13-3 Examples of Bit Ratesand BRR Settingsin Asynchronous M ode

g (MHz)
2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 O 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 O 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0 0 155 0.16
1200 0 51 0.16 0 54 -0.70 0 63 O 0 77 016
2400 0 25 0.16 0 26 114 0 31 O 0 38 0.16
4800 0 12 0.16 0 13 -2.48 0 15 0 0 19 -234
9600 0 6 —6.99 0 6 —2.48 o 7 0 0 -2.34
19200 0o 2 8.51 0o 2 13.78 0o 3 0 0 4 —2.34
31250 0o 1 0 0o 1 4.86 0o 1 22.88 0 0
38400 0o 1 -18.62 0 1 -14.67 0 1 0 —_- - =
g (MHz)
3.6864 4 4.9152 5
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 031 2 88 -0.25
150 1 191 O 1 207 0.16 1 255 O 2 64 0.16
300 1 9 O 1 103 0.16 1 127 O 1 129 0.16
600 0 191 O 0 207 0.16 0 255 0 1 64 0.16
1200 0O 9 O 0 103 0.16 0 127 O 0 129 0.16
2400 0O 47 O 0 51 0.16 0 63 O 0 64 0.16
4800 0 23 O 0 25 0.16 0 31 0 0 32 -1.36
9600 0 11 0O 0 12 0.16 0 15 0 0 15 1.73
19200 0O 5 0 0O 6 —6.99 0 0 0 1.73
31250 - - = 0o 3 0 0 4 -1.70 0 4 0
38400 0o 2 0 0o 2 8.51 0o 3 0 0 1.73
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Table 13-3 Examples of Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

g (MHz)
6 6.144 7.3728 8
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0 2 9 0 2 103 0.16
300 1 155 0.16 1 159 O 1 191 O 1 207 0.16
600 1 77 0.16 1 79 O 1 95 O 1 103 0.16
1200 0 155 0.16 0 159 0 0 191 O 0 207 0.16
2400 0 77 0.6 o 79 O 0O 9 O 0 103 0.16
4800 0 38 0.16 0 39 0 0 47 O 0 51 0.16
9600 0 19 -234 0 19 0 0 23 O 0 25 0.16
19200 0 9 —-2.34 0O 9 0 0 11 0 0 12 0.16
31250 0 0 0 2.40 0 6 5.33 o 7 0
38400 0 4 -2.34 0 4 0 0 5 0 0 6 —6.99
2 (MHz)

9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 127 O 2 129 0.16 2 155 0.16 2 159 0
300 1 255 O 2 64 0.6 2 77 0.16 2 79 0
600 1 127 O 1 129 0.16 1 155 0.16 1 159 O
1200 0 255 0 1 64 0.16 1 77 0.16 1 79 O
2400 0 127 O 0 129 0.16 0 155 0.16 0O 159 O
4800 0 63 O 0 64 0.16 0 77 0.16 0 79 0
9600 0 31 0 0 32 -1.36 0 38 0.16 0 39 0
19200 0O 15 O 0 15 1.73 0 19 -234 0O 19 O
31250 0 9 -1.70 0 9 0 0 11 o0 0 11 240
38400 o 7 0 o 7 1.73 0 9 -2.34 0o 9 0
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Table 13-3 Examples of Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

@ (MHz)

14 14.7456 16
Bit Rate Error Error Error
(bits/s) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03
150 2 181 0.16 2 191 O 2 207 0.16
300 2 90 0.16 2 9 0 2 103 0.16
600 1 181 0.16 1 191 O 1 207 0.16
1200 1 90 0.16 1 95 O 1 103 0.16
2400 0 181 0.16 0O 191 O 0 207 0.16
4800 0 90 0.16 0 9 0 0 103 0.16
9600 0 45 -0.93 0 47 O 0 51 0.16
19200 0 22 -093 0 23 O 0 25 0.6
31250 0 13 0 0 14 -1.70 0 15 0
38400 0 10 357 0 11 0O 0 12 0.16
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Table 13-4 Examples of Bit Rates and BRR Settingsin Synchronous M ode

@ (MHz)
Bit Rate 2 4 8 10 16
(bits/s) n N n N n N n N n N
110 3 70 - - - = - = - =
250 2 124 2 249 3 124 — — 3 249
500 1 249 2 124 2 249 — — 3 124
1k 1 124 1 249 2 124 — — 2 249
25k 0 199 1 99 1 199 1 249 2 99
5k 0 99 0 199 1 99 1 124 1 199
10k 0 49 0 99 0 199 0 249 1 99
25k 0 19 0 39 0 79 0 99 0 159
50 k 0 0 19 0 39 0 49 0 79
100 k 0 4 0 9 0 19 0 24 0 39
250 k 0 0 3 0 7 0 0 15
500 k 0 0* 0 1 0 3 0 4 0 7
1M 0 0* 0 1 - = 0 3
2M 0 o* - = 0
25M —_ - 0 0* —_ -
4 M 0 0*

Note: Settings with an error of 1% or less are recommended.
Legend

Blank: No setting available

— Setting possible, but error occurs

*: Continuous transmit/receive not possible

The BRR setting is calculated as follows:

Asynchronous mode:

N = L x 106 -1
64 x 22n-1 x B
Synchronous mode:
@
N= —  x106-1
8 x22n-1xB

B: Bit rate (bits/s)
N: BRR setting for baud rate generator (0 < N < 255)
g: System clock frequency (MHz)
n: Baud rate generator clock source (n =0, 1, 2, 3)
(For the clock sources and values of n, see the table below.)
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SMR Settings

n Clock Source CKS1 CKSO
0 o 0 0
1 o/4 0 1
2 oll6 1 0
3  ol6d 1 1

The bit rate error in asynchronous mode is calculated as follows.
@ x 106
(N+1)xB x64x220-1 "

Error (%) = { 1} x 100
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Table 13-5 indicates the maximum bit rates in asynchronous mode for various system clock
frequencies. Tables 13-6 and 13-7 indicate the maximum bit rates with external clock input.

Table 13-5 Maximum Bit Ratesfor Various Frequencies (Asynchronous M ode)

Settings
g (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
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Table13-6 Maximum Bit Rateswith External Clock Input (Asynchronous M ode)

g (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
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Table 13-7 Maximum Bit Rateswith External Clock Input (Synchronous M ode)

g (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3

4 0.6667 666666.7

6 1.0000 1000000.0

8 1.3333 1333333.3

10 1.6667 1666666.7

12 2.0000 2000000.0

14 2.3333 2333333.3

16 2.6667 2666666.7
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13.3 Operation

13.3.1 Overview

The SCI has an asynchronous mode in which characters are synchronized individually, and a
synchronous mode in which communication is synchronized with clock pulses. Serial
communication is possible in either mode. Asynchronous or synchronous mode and the
communication format are selected in SMR, as shown in table 13-8. The SCI clock sourceis
selected by the C/A bit in SMR and the CKE1 and CKEO bitsin SCR, as shown in table 13-9.

Asynchronous Mode

Datalength is selectable: 7 or 8 bits.

Parity and multiprocessor bits are selectable. So is the stop bit length (1 or 2 bits). These
sel ections determine the communication format and character length.

Inreceiving, it is possible to detect framing errors, parity errors, overrun errors, and the break
State.

Aninternal or external clock can be selected as the SCI clock source.

— When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal with afrequency matching the bit rate.

— When an external clock is selected, the external clock input must have a frequency
16 times the bit rate. (The on-chip baud rate generator is not used.)

Synchronous M ode

The communication format has a fixed 8-bit data length.
Inreceiving, it is possible to detect overrun errors.
Aninternal or external clock can be selected as the SCI clock source.

— When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and outputs a serial clock signal to external devices.

— When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Table 13-8 SMR Settingsand Serial Communication For mats

SMR Settings

SCI Communication Format

Multi- Stop
Bit7 Bit6 Bit2 Bit5 Bit3 Data processor Parity Bit
C/A CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bitdata Absent Absent 1 bit
o o o o0 1 mode 2 bits
0 0 0 1 0 Present 1 bit
0 0 0 1 1 2 hits
0 1 0 0 0 7-bit data Absent 1 bit
0 1 0 0 1 2 bits
0 1 0 1 0 Present 1 bit
0 1 0 1 1 2 bits
0 0 1 — 0 Asynchronous 8-bitdata Present Absent 1 bit
o o 1 — 1 Eﬁiis(é?ﬁ'“' 2 bits
0 1 1 — 0 format) 7-bit data 1 bit
0 1 1 — 1 2 bits
1 — — — — Synchronous 8-bit data  Absent None

mode

Table13-9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Settings

SCI Transmit/Receive Clock

Bit7 Bitl Bit0

C/A CKE1 CKEO Mode Clock Source SCK Pin Function

0 0 0 Asynchronous mode  Internal SCI does not use the SCK pin

0 0 1 Outputs a clock with frequency
matching the bit rate

0 1 0 External Inputs a clock with frequency

0 1 1 16 times the bit rate

1 0 0 Synchronous mode Internal Outputs the serial clock

1 0 1

1 1 0 External Inputs the serial clock

1 1 1
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13.3.2 Operation in Asynchronous Mode

In asynchronous mode each transmitted or received character begins with a start bit and ends with
astop bit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 13-2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication lineis normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of astart bit (low), data (LSB first), parity bit
(high or low), and stop hit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit
rate. Receive datais latched at the center of each bit.

Idle (mark) state
1 (LSB) (MSB) 1

Serialdata| 0 |DO|D1|D2|D3|D4|D5|D6|D7|O/l|1 1

Start Parity| Stop
bit Transmit or receive data bit bit
-t - -
1 bit 7 bits or 8 bits 1bitor 1 bitor
no bit 2 bits

One unit of data (character or frame)

A
Y

Figure13-2 Data Format in Asynchronous Communication (Example: 8-Bit Data with
Parity and 2 Stop Bits)
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Communication Formats: Table 13-10 shows the 12 communication formats that can be selected
in asynchronous mode. The format is selected by settingsin SMR.

Table 13-10 Serial Communication Formats (Asynchronous M ode)

SMR Settings Serial Communication Format and Frame Length
CHR PE MP STOP , 1,2 3,4 5 6 7 8 9 10 11 12
0 0 0 0 | S | 8-bit data |STOP
0 0 0 1 | S | 8-bit data |STOP|STOP
0 1 0 0 | S | 8-bit data | P |STOP
0 1 0 1 | S | 8-bit data | P |STOP‘STOP
1 0 0 0 | S | 7-bit data |STOP
1 0 0 1 | S | 7-bit data |STOP‘STOP
1 1 0 0 | S | 7-bit data | P |STOP
1 1 0 1 | S | 7-bit data | P |STOP‘STOP
0 — 1 0 | S | 8 bit data |MPB|STOP
0 — 1 1 | S | 8 bit data |MPB|STOP‘STOP
1 — 1 0 | S | 7-bit data |MPB|STOP
1 — 1 1 | S | 7-bit data |MPB|STOP‘STOP
Legend
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected
by the C/A bit in SMR and bits CKE1 and CKEOQ in SCR. See table 13-9.

When an external clock isinput at the SCK pin, it must have a frequency equal to 16 times the
desired bit rate.

When the SCI operates on an internal clock, it can output aclock signa at the SCK pin. The
frequency of this output clock is egual to the bit rate. The phaseis aligned asin figure 13-3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

NN s RN D

| o |po|D1|p2|D3|[pa|D5|[D6|D7][0n]| 1 1

1 frame

‘A ;‘

\

Figure 13-3 Phase Relationship between Output Clock and Serial Data
(Asynchronous M ode)

Transmitting and Receiving Data

SCI Initialization (Asynchronous Mode): Before transmitting or receiving, clear the TE and RE
bitsto 0in SCR, then initialize the SCI as follows.

When changing the communication mode or format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing TE to 0 setsthe TDRE flag to 1 and initializes
TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and ORER flags and
RDR, which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or
subsequent operation. SCI operation becomes unreliable if the clock is stopped.

Figure 13-4 is a sample flowchart for initializing the SCI.
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Start of initialization

Clear TE and RE bits
to 0in SCR

Set CKE1 and CKEO bits
in SCR (leaving TE and
RE bits cleared to 0)

Select communication
format in SMR

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TE or RE bitto 1 in SCR
Set RIE, TIE, TEIE, and
MPIE bits as necessary

#

Transmitting or receiving

Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0. If clock output is selected in
asynchronous mode, clock output starts immediately after
the setting is made in SCR.

Select the communication format in SMR.

Write the value corresponding to the bit rate in BRR.

This step is not necessary when an external clock is used.
Wait for at least the interval required to transmit or receive
1 bit, then set the TE or RE bit to 1 in SCR. Set the RIE,
TIE, TEIE, and MPIE bits as necessary. Setting the TE

or RE bit enables the SCI to use the TxD or RxD pin.

Figure 13-4 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Asynchronous M ode): Figure 13-5 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

| Initialize | 1 1. SCl initialization: the transmit data output function
of the TxD pin is selected automatically.
2. SCI status check and transmit data write: read SSR,
Start transmitting check that the TDRE flag is 1, then write transmit data
in TDR and clear the TDRE flag to 0.
3. To continue transmitting serial data: after checking
that the TDRE flag is 1, indicating that data can be
written, write data in TDR, then clear the TDRE
flag to 0. When the DMAC is activated by a transmit-
No -data-empty interrupt request (TXI) to write data in TDR,
the TDRE flag is checked and cleared automatically.
4. To output a break signal at the end of serial transmission:
Yes set the DDR bit to 1 and clear the DR bit to O
(DDR and DR are /O port registers), then clear the
TE bitto 0 in SCR.

| Read TDRE flag in SSR | 2

Write transmit data
in TDR and clear TDRE
flag to 0 in SSR

All data No

transmitted? 3
Yes
Read TEND flag in SSR
Output break 4

signal?

Yes

Clear DR bit to 0,
set DDR bhitto 1

\
Clear TE bitto 0 in SCR

\j
End

Figure 13-5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows.

e The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

» After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit isset to 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

Serial transmit data is transmitted in the following order from the TxD pin:

— Start hit: One 0 hit is output.

— Transmit data: 7 or 8 bits are output, L SB first.

— Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one multiprocessor
bit is output. Formats in which neither a parity bit nor a
multiprocessor bit is output can also be selected.

— Stop hit: One or two 1 bits (stop bits) are output.
— Mark dtate: Output of 1 bits continues until the start bit of the next
transmit data.

*  The SCI checksthe TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads new datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of
the next frame. If the TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, outputs the
stop bit, then continues output of 1 bitsin the mark state. If the TEIE bitissetto 1in SCR, a
transmit-end interrupt (TEI) is requested at thistime.

Figure 13-6 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data  bit  bit bit Data  bit bt 1
0|DO|D1|"|D7|O/1|1 0|DO|D1|"|D7|0/1|1 Idle (mark)
{C {C

state

(«

TDRE |
(@

W

TEND f T \ T )

TXI TXI interrupt handler I T
interrupt  writes data in TDR and  interrupt TEI interrupt request
request clears TDRE flag to 0 request
= .
1 frame

Figure13-6 Exampleof SCI Transmit Operation in Asynchronous M ode
(8-Bit Datawith Parity and 1 Stop Bit)
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Receiving Serial Data (Asynchronous Mode): Figure 13-7 shows a sample flowchart for
receiving serial data and indicates the procedure to follow.

| Initialize

| 1

Start receiving

Read ORER, PER,
and FER flags in SSR

PER URERU
ORER =17

Read RDRF flag in SSR

| a

No

Yes

Read receive data
from RDR, and clear
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

!

End

(continued on next page)

1. SCl initialization: the receive data function of

the RxD pin is selected automatically.

2., 3. Receive error handling and break

detection: if a receive error occurs, read the
ORER, PER, and FER flags in SSR to identify
the error. After executing the necessary error
handling, clear the ORER, PER, and FER
flags all to 0. Receiving cannot resume if any
of the ORER, PER, and FER flags remains
set to 1. When a framing error occurs, the
RxD pin can be read to detect the break state.

. SCI status check and receive data read: read

SSR, check that RDRF is set to 1, then read
receive data from RDR and clear the RDRF
flag to 0. Notification that the RDRF flag has
changed from 0 to 1 can also be given by the
RXI interrupt.

. To continue receiving serial data: check the

RDRF flag, read RDR, and clear the RDRF
flag to O before the stop bit of the current
frame is received. If the DMAC is activated
by an RXI interrupt to read the RDR value,
the RDRF flag is cleared automatically.

Figure13-7 Sample Flowchart for Receiving Serial Data (1)
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No

3

( Error handling

ORER =17

Yes

Overrun error handling

—
o

Break?

No

Yes

Y

Framing error handling

No

-
-

PER =17

Yes

Parity error handling

o
il

Clear RE bitto 0 in SCR

Clear ORER, PER, and
FER flags to 0 in SSR

End

Figure13-7 Sample Flowchart for Receiving Serial Data (2)
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In receiving, the SCI operates as follows.

*  The SCI monitors the receive data line. When it detects a start bit, the SCI synchronizes
internally and starts receiving.

* Receivedataisstored in RSR in order from LSB to MSB.
e The parity bit and stop bit are received.
After receiving, the SCI makes the following checks:

— Parity check:  The number of 1sin the receive data must match the even or odd parity
setting of the O/E bitin SMR.

— Stop bit check: The stop bit value must be 1. If there are two stop hits, only the first stop
bit is checked.

— Statuscheck: The RDRF flag must be 0 so that receive data can be transferred from
RSR into RDR.

If these checks all pass, the RDRF flag is set to 1 and the received datais stored in RDR. If one of
the checks fails (receive error), the SCI operates asindicated in table 13-11.

Note: When areceive error occurs, further receiving is disabled. In receiving, the RDRF flag is
not set to 1. Be sure to clear the error flags.

*  Whenthe RDRFflagissetto 1, if the RIE bit isset to 1 in SCR, areceive-data-full interrupt
(RX1) isrequested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in SCR isalso
set to 1, areceive-error interrupt (ERI) is requested.

Table13-11 Receive Error Conditions

Receive Error Abbreviation  Condition Data Transfer

QOverrun error ORER Receiving of next data ends Receive data not transferred
while RDRF flag is still set to from RSR to RDR
1in SSR

Framing error FER Stop bitis 0 Receive data transferred

from RSR to RDR

Parity error PER Parity of receive data differs Receive data transferred
from even/odd parity setting from RSR to RDR
in SMR
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Figure 13-8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit  bit  hit Data bit  bit 1
0 |Do | D1 || D7 |0/1 | 1 | 0 |Do | D1 || D7 |0/1| 1 idle (mark)
R R

state

RDRF
{ {

)

“ T T

)
s ‘ ‘ s

—

RXI RXI interrupt handler T
request reads data in RDR and
- »| Clears RDRF flag to 0
1 frame

Framing error,
ERI request

Figure 13-8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit)
13.3.3 Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using aformat with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID. A seriad
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes | D-sending cycles from data-sending
cycles.

The transmitting processor starts by sending the ID of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set

to 1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith their IDs. The receiving processor with amatching ID continues to receive further
incoming data. Processors with IDs not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive datain this way.

Figure 13-9 shows an example of communication among different processors using a
multiprocessor format.
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Communication Formats; Four formats are available. Parity-bit settings are ignored when a

multiprocessor format is selected. For details see table 13-8.

Clock: See the description of asynchronous mode.

Transmitting

processor
Serial communication line
Receiving Receiving Receiving Receiving

processor A

processor B

processor C

processor D

(ID = 01) (ID = 02) (ID = 03) (ID = 04)
Serial data H'01 H'AA
(MPB = 1) (MPB = 0)

ID-sending cycle: receiving
processor address

Data-sending cycle:

data sent to receiving
processor specified by ID
Legend

MPB: Multiprocessor bit

Figure 13-9 Example of Communication among Processor s using M ultiprocessor For mat
(Sending Data H'AA to Receiving Processor A)
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Transmitting and Receiving Data

Transmitting Multiprocessor Serial Data: Figure 13-10 shows a sample flowchart for
transmitting multiprocessor serial data and indicates the procedure to follow.

Initialize |
\
C Start transmitting >

F—

Read TDRE flag in SSR

*

Write transmit data in
TDR and set MPBT bit in SSR

| Clear TDRE flag to 0 |

Yes
) N
Output break signal?
Yes

| Clear DR bit to 0, set DDR bitto 1 |

| Clear TEbitto0inSCR |

i

Y
End

. SCl initialization: the transmit data

output function of the TxD pin is
selected automatically.

. SCI status check and transmit data

write: read SSR, check that the TDRE
flag is 1, then write transmit

data in TDR. Also set the MPBT flag to
0 or 1in SSR. Finally, clear the TDRE
flag to 0.

. To continue transmitting serial data:

after checking that the TDRE flag is 1,
indicating that data can be

written, write data in TDR, then clear
the TDRE flag to 0. When the DMAC
is activated by a transmit-data-empty
interrupt request (TXI) to write data in
TDR, the TDRE flag is checked and
cleared automatically.

. To output a break signal at the end of

serial transmission: set the DDR bit to
1 and clear the DR bit to 0 (DDR and
DR are /O port registers), then clear
the TE bit to 0 in SCR.

Figure13-10 Sample Flowchart for Transmitting Multiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows.

e The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

e After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit in SCR is set to 1, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

— Start hit: One 0 bit is output.

— Transmit data: 7 or 8 bits are output, L SB first.

— Multiprocessor bit: One multiprocessor bit (MPBT value) is outpult.

— Stop hit: One or two 1 bits (stop bits) are output.

— Mark state: Output of 1 bits continues until the start bit of the next transmit data.

e The SCI checksthe TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads data from TDR into TSR, outputs the stop bit, then begins serial transmission of the
next frame. If the TDRE flag is 1, the SCI setsthe TEND flag in SSR to 1, outputs the stop
bit, then continues output of 1 bitsin the mark state. If the TEIE bitissetto 1in SCR, a
transmit-end interrupt (TEI) isrequested at thistime.

Figure 13-11 shows an example of SCI transmit operation using a multiprocessor format.

Multi- Multi-
processor processor
bit bit
Start Stop Start Stop
1 bit Data bit  bit Data bit 1
. T T
Serial 0 | DO | D1 | | D7 |0/1 | 1 0 | DO | D1 | | D7 |0/1 | 1 Idle (mark)
T T

data state

I

TDRE ¢ | ’
TEND ? ? ? N

Y
‘ 1€ ‘ 1€

TXI TXI interrupt handler TXI T
request  writes data in TDR and request TEI request
clears TDRE flag to O

‘ 1 frame

Figure13-11 Example of SCI Transmit Operation (8-Bit Data with M ultiprocessor Bit and
One Stop Bit)
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Receiving Multiprocessor Serial Data: Figure 13-12 shows a sample flowchart for receiving
multiprocessor serial data and indicates the procedure to follow.

| Initialize |

Start receiving

Set MPIE bitto 1 in SCR
\
Read ORER and FER flags in SSR

FERUOPRER=1
No

| Read RDRF flag in SSR |

| Read receive data from RDR |

No
Own ID?

Yes

3

1

Read ORER and FER flags in SSR

es

FEROORER =1

No
| Read RDREF flag in SSR

No

No — .
Finished receiving?

Yes

| Clear RE bit to 0 in SCR |

End

Y
|

. SCl initialization: the receive data function

of the RxD pin is selected automatically.

. ID receive cycle: set the MPIE bit to 1 in SCR.
. SCI status check and ID check: read SSR,

check that the RDRF flag is set to 1, then read
data from RDR and compare with the
processor’s own ID. If the ID does not match,
set the MPIE bit to 1 again and clear the
RDRF flag to 0. If the ID matches, clear the
RDRF flag to 0.

. SCI status check and data receiving: read

SSR, check that the RDRF flag is set to 1,
then read data from RDR.

. Receive error handling and break detection:

if a receive error occurs, read the

ORER and FER flags in SSR to identify the error.
After executing the necessary error handling,
clear the ORER and FER flags both to 0.
Receiving cannot resume while either the ORER
or FER flag remains set to 1. When a framing
error occurs, the RxD pin can be read to detect
the break state.

( Error handling )

(continued on next page)

Figure13-12 Sample Flowchart for Receiving Multiprocessor Serial Data (1)
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5

C Error handling )

No

Yes

Overrun error handling

;‘

Yes
Break?

Y

Framing error handling

Clear RE bitto 0 in SCR

Clear ORER, PER, and FER
flags to 0 in SSR

y
End

Figure13-12 Sample Flowchart for Receiving Multiprocessor Serial Data (2)
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Figure 13-13 shows an example of SCI receive operation using a multiprocessor format.

Start Stop Start Stop
1 bit Data (ID1) MPB it bit Data (datal) MPB it 1
I( I
|0|D0|D1||D7|1|1|0|D0|D1||D7|0|1 Idle (mark)
% 55 state
I
R
MPIE
RDRF /
I I
T Rl
A, |
RDR value / X ID1
RXI request RXI handler reads Not own ID, so  No RXI request,
(multiprocessor RDR data and clears MPIE bitis set ~ RDR not updated
interrupt), MPIE =0 RDRF flag to 0 to 1 again
a. Own ID does not match data
Start Stop Start Stop
1 bit Data (ID2) MPB  hit bit Data (data2) MPB bit 1
) 4
|O|D0|Dl||D7|l|1|0|DO|D1||D7|0|1 Idle (mark)
s 5§ state
MPIE |
I
Rl
RDRF
4 4
. |
RDR value ID1 >< ID2 >< Data 2
RXI request RXI interrupt handler Own ID, so receiving MPIE bit is set
(multiprocessor reads RDR data and continues, with data to 1 again

interrupt), MPIE = 0 clears RDRF flag to O received by RXI
interrupt handler

b. Own ID matches data

Figure 13-13 Example of SCI Receive Operation (8-Bit Data with Multiprocessor Bit and
One Stop Bit)
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13.3.4 Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
Thismode is suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full
duplex communication is possible. The transmitter and receiver are also double buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving isin progress.

Figure 13-14 shows the general format in synchronous serial communication.

-—— Transfer direction
One unit (character or frame) of serial data

Serial clock

LSB MSB

Serialdata 4, X Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X
| |

Don't care Don’t care

Note: * High except in continuous transmitting or receiving

Figure 13-14 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is placed on the communication line from one
falling edge of the serial clock to the next. Dataiis guaranteed valid at the rise of the serial clock.
In each character, the serial data bits are transmitted in order from LSB (first) to MSB (last). After
output of the MSB, the communication line remainsin the state of the MSB. In synchronous mode
the SCI receives data by synchronizing with the rise of the serial clock.

Communication Format: The datalength isfixed at 8 bits. No parity bit or multiprocessor bit
can be added.

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected by clearing or setting the CKEL bit in SCR. See table 13-9.
When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock
pulses are output per transmitted or received character. When the SCI is not transmitting or
receiving, the clock signal remainsin the high state. When the SCI is only receiving, it receivesin
units of two characters, so it outputs 16 clock pulses. To receivein units of one character, an
external clock source must be selected.
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Transmitting and Receiving Data

SCI Initialization (Synchronous M ode): Before transmitting or receiving, clear the TE and RE
bitsto 0in SCR, then initialize the SCI as follows.

When changing the communication mode or format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing the TE bit to 0 sets the TDRE flag to 1 and
initializes TSR. Clearing the RE bit to 0, however, does not initialize the RDRF, PER, FER, and
ORE flags and RDR, which retain their previous contents.

Figure 13-15 is a sample flowchart for initializing the SCI.

Start of initialization

[N

. Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0.
2. Select the communication format in SMR.
Clear TE and RE 3. Wirite the value corresponding to the bit rate in BRR.
bits to 0 in SCR This step is not necessary when an external clock is used.
‘ 4. Wait for at least the interval required to transmit or receive
one bit, then set the TE or RE bitto 1 in SCR. Also set

Set RIE, TIE, TEII_E, MPIE, 1 the RIE, TIE, TEIE, and MPIE bits as necessary.
CKE1, and CKEO bits in SCR Setting the TE or RE bit enables the SCI to use the
(leaving TE and RE bits TxD or RxD pin.
cleared to 0)

| 2

Select communication

format in SMR

‘ 3

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TEor REto 1in SCR
Set RIE, TIE, TEIE, and 4
MPIE bits as necessary

i

Start transmitting or receiving

Figure13-15 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Synchronous M ode): Figure 13-16 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

o 1. SCl initialization: the transmit data output function
Initialize

of the TxD pin is selected automatically.
2. SCI status check and transmit data write: read SSR,
" check that the TDRE flag is 1, then write transmit
Start transmitting data in TDR and clear the TDRE flag to 0.
- 3. To continue transmitting serial data: after checking
that the TDRE flag is 1, indicating that data can be
Read TDRE flag in SSR 2 written, write data in TDR, then clear the TDRE flag
to 0. When the DMAC is activated by a transmit-
data-empty interrupt request (TXI) to write data in
No TDR, the TDRE flag is checked and cleared
automatically.

Yes

Write transmit data in
TDR and clear TDRE flag
to 0in SSR

All data
transmitted?

Yes

Read TEND flag in SSR

Clear TE bitto 0 in SCR

'

End

Figure13-16 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit isset to 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock
sourceis selected, the SCI outputs data in synchronization with the input clock. Dataiis output
from the TxD pin in order from LSB (bit 0) to MSB (bit 7).

The SCI checksthe TDRE flag when it outputs the MSB (bit 7). If the TDRE flag is O, the
SCI loads data from TDR into TSR and begins serial transmission of the next frame. If the
TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, and after transmitting the M SB,
holds the TxD pin in the MSB state. If the TEIE bit in SCR is set to 1, atransmit-end
interrupt (TEI) isrequested at thistime.

After the end of serial transmission, the SCK pinis held in a constant state.
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Figure 13-17 shows an example of SCI transmit operation.

Serial clock

Serial data

TDRE

TEND

Transmit
direction

-

I [

X Bit 0 X Bitl><: X Bit6 X Bit 7

i
T

TXI
request

TXl interrupt handler ~ TXI TEI
writes data in TDR request request
and clears TDRE
flag to O

1 frame

Figure 13-17 Example of SCI
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Receiving Serial Data: Figure 13-18 shows a sample flowchart for receiving serial dataand
indicates the procedure to follow. When switching from asynchronous mode to synchronous
mode, make sure that the ORER, PER, and FER flags are cleared to 0. If the FER or PER flag is
set to 1 the RDRF flag will not be set and both transmitting and receiving will be disabled.

Initialize 1 1. SClinitialization: the receive data function of
the RxD pin is selected automatically.

2., 3. Receive error handling: if a receive error
occurs, read the ORER flag in SSR, then after
executing the necessary error handling, clear

o the ORER flag to 0. Neither transmitting nor

Read ORER flag in SSR | 2 receiying can resume while the ORER flag

remains set to 1.

4. SCI status check and receive data read: read
SSR, check that the RDRF flag is set to 1,
then read receive data from RDR and clear
the RDRF flag to 0. Notification that the RDRF
flag has changed from 0 to 1 can also be
given by the RXI interrupt.

5. To continue receiving serial data: check the

Read RDRF flag in SSR | 4 RDRF flag, read RDR, and clear the RDRF

flag to 0 before the MSB (bit 7) of the current

frame is received. If the DMAC is activated

No by a receive-data-full interrupt request (RXI)

to read RDR, the RDRF flag is cleared
automatically.

Start receiving

Error handling

Yes

Read receive data
from RDR, and clear 5
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

i

End

Figure 13-18 Sample Flowchart for Serial Receiving (1)
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3

< Error handling >

Overrun error handling

Clear ORER flag to 0 in SSR

¢

End

Figure 13-18 Sample Flowchart for Serial Receiving (2)
In receiving, the SCI operates as follows.
e The SCI synchronizes with serial clock input or output and initializes internally.
* Receivedataisstored in RSR in order from LSB to MSB.

After receiving the data, the SCI checks that the RDRF flag is 0 so that receive data can be
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the received
datais stored in RDR. If the check does not pass (receive error), the SCI operates as indicated
in table 13-11.

*  After setting the RDRF flag to 1, if the RIE bit isset to 1 in SCR, the SCI requests areceive-
data-full interrupt (RXI). If the ORER flagis set to 1 and the RIE bit in SCRisalso setto 1,
the SCI requests a receive-error interrupt (ERI).
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Figure 13-19 shows an example of SCI receive operation.

-<+—— Receive direction

Serial clock
Serialdata X Bit7 BitOXf:' W etz X sito X Bt X X site X Bit7 X

I

RDRF ) | 7

ORER / T ) \ )
‘ R T
RXI RXI interrupt handler RXI ?
request | reads datain RDR and| request Overrun error,
clears RDRF flag to O ERI request
1 frame

Figure13-19 Example of SCI Receive Operation

Transmitting and Receiving Serial Data Simultaneously (Synchronous M ode): Figure 13-20
shows a sample flowchart for transmitting and receiving serial data simultaneously and indicates
the procedure to follow.
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| Initialize | 1
\
( Start transmitting and receiving >

;}

| Read TDRE flag in SSR | 2

No

Yes

Write transmit data in TDR and
clear TDRE flag to 0 in SSR

Read ORER flag in SSR |

Error handling

Read RDRF flag in SSR | 4

No

Yes

Read receive data from RDR
and clear RDRF flag to 0 in SSR

End of transmitting and
receiving?

Yes

Clear TE and RE bits to 0 in SCR

!

End

Note: * When switching from transmitting or receiving to simultaneous
transmitting and receiving, clear the TE and RE bits both to O,
then set the TE and RE bits both to 1.

. SCl initialization: the transmit data

output function of the TxD pin and
receive data input function of the
RxD pin are selected, enabling
simultaneous transmitting and
receiving.

. SCI status check and transmit

data write: read SSR, check that
the TDRE flag is 1, then write
transmit data in TDR and clear

the TDRE flag to 0.

Notification that the TDRE flag has
changed from 0 to 1 can also be
given by the TXI interrupt.

. Receive error handling: if a receive

error occurs, read the ORER flag in
SSR, then after executing the neces-
sary error handling, clear the ORER
flag to 0.

Neither transmitting nor receiving
can resume while the ORER flag
remains set to 1.

. SCI status check and receive

data read: read SSR, check that
the RDRF flag is 1, then read
receive data from RDR and clear
the RDRF flag to 0. Notification
that the RDRF flag has changed
from 0 to 1 can also be given

by the RXI interrupt.

. To continue transmitting and

receiving serial data: check the
RDREF flag, read RDR, and clear
the RDRF flag to 0 before the
MSB (bit 7) of the current frame
is received. Also check that the
TDRE flag is (bit 7) of the current
frame is received. Also check that
the TDRE flag is set to 1, indicat-
ing that data can be written, write
data in TDR, then clear the TDRE
flag to O before the MSB (bit 7) of
the current frame is transmitted.
When the DMAC is activated by
a transmit-data-empty interrupt
request (TXI) to write data in TDR,
the TDRE flag is checked and
cleared automatically. When the
DMAC is activated by a receive-
data-full interrupt request (RXI) to
read RDR, the RDRF flag is
cleared automatically.

Figure13-20 Sample Flowchart for Serial Transmitting
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13.4 SCI Interrupts

The SCI has four interrupt request sources. TEI (transmit-end interrupt), ERI (receive-error
interrupt), RXI (receive-data-full interrupt), and TXI (transmit-data-empty interrupt). Table 13-12
lists the interrupt sources and indicates their priority. These interrupts can be enabled and disabled
by the TIE, TEIE, and RIE bitsin SCR. Each interrupt request is sent separately to the interrupt
controller.

The TXI interrupt is requested when the TDRE flag is set to 1 in SSR. The TEI interrupt is
requested when the TEND flag isset to 1 in SSR. The TXI interrupt request can activate the
DMAC to transfer data. Data transfer by the DMAC automatically clearsthe TDRE flag to 0. The
TEI interrupt request cannot activate the DMAC.

The RXI interrupt is requested when the RDRF flag is set to 1 in SSR. The ERI interrupt is
requested when the ORER, PER, or FER flag is set to 1 in SSR. The RX| interrupt request can
activate the DMAC to transfer data. Data transfer by the DMAC automatically clears the RDRF
flag to 0. The ERI interrupt request cannot activate the DMAC.

DMAC channelsin group O can be activated by interrupts from SCI channel 0. DMAC channels
in group 1 can be activated by interrupts from SCI channel 1.

Table 13-12 SCI Interrupt Sources

Interrupt  Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

TXI Transmit data register empty (TDRE)

TEI Transmit end (TEND) Low
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13.5 Usage Notes
Note the following points when using the SCI.

TDR Writeand TDRE Flag: The TDRE flag in SSR is a status flag indicating the loading of
transmit data from TDR into TSR. The SCI sets the TDRE flag to 1 when it transfers data from
TDRto TSR.

Data can be written into TDR regardless of the state of the TDRE flag. If new dataiswrittenin
TDR when the TDRE flag is 0, the old data stored in TDR will be lost because this data has not
yet been transferred to TSR. Before writing transmit datain TDR, be sure to check that the TDRE
flagissetto 1.

Simultaneous Multiple Receive Errors: Table 13-13 indicates the state of SSR status flags when
multiple receive errors occur simultaneously. When an overrun error occurs the RSR contents are
not transferred to RDR, so receive datais lost.

Table 13-13 SSR Status Flags and Transfer of Receive Data

SSR Status Flags Receive Data

Transfer
RDRF ORER FER PER RSR - RDR Receive Errors
1 1 0 0 X Overrun error
0 0 1 0 O Framing error
0 0 0 1 O Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 O Framing error + parity error
1 1 1 1 X Overrun error + framing error + parity error

Notes: O: Receive data is transferred from RSR to RDR.
x Receive data is not transferred from RSR to RDR.
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Break Detection and Processing: Break signals can be detected by reading the RxD pin directly
when aframing error (FER) is detected. In the bresk state the input from the RxD pin consists of
al Os, sothe FER flag is set and the parity error flag (PER) may aso be set. In the break state the
SCI receiver continues to operate, so if the FER flagis cleared to O it will be set to 1 again.

Sending a Break Signal: When the TE bit is cleared to 0 the TxD pin becomes an /O port, the
level and direction (input or output) of which are determined by DR and DDR bits. This feature
can be used to send a break signal.

After the seria transmitter isinitialized, the DR value substitutes for the mark state until the TE
bitisset to 1 (the TXD pin function is not selected until the TE hit is set to 1). The DDR and DR
bits should therefore both be set to 1 beforehand.

To send a break signal during serial transmission, clear the DR bit to O, then clear the TE bit to 0.
When the TE bit is cleared to O the transmitter isinitialized, regardless of its current state, so the
TxD pin becomes an output port outputting the value 0.

Receive Error Flags and Transmitter Operation (Synchronous Mode Only): When areceive
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting, even if the TDRE
flagisclear to 0. Be sure to clear the receive error flags to O when starting to transmit. Note that
clearing the RE bit to 0 does not clear the receive error flagsto 0.

Receive Data Sampling Timing in Asynchronous M ode and Receive Mar gin: In asynchronous
mode the SCI operates on a base clock with 16 times the bit rate frequency. In receiving, the SCI
synchronizesinternally with the fall of the start bit, which it samples on the base clock. Receive
dataislatched at the rising edge of the eighth base clock pulse. See figure 13-21.
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Figure13-21 Receive Data Sampling Timing in Asynchronous Mode

The receive margin in asynchronous mode can therefore be expressed as in equation (1).

D-05
%(1+F)|x 100% coovrrrrerrneee )

1
M =|(0.5 N )—-(L-05F
M: Receive margin (%)
N: Ratio of clock frequency to bit rate (N = 16)
D: Clock duty cycle (D =0to 1.0)
L: Framelength (L =9to0 12)
F:. Absolute deviation of clock frequency

From equation (1), if F =0 and D = 0.5 the receive margin is 46.875%, as given by equation (2).

D=05F=0
M=(0.5- ) x 100%
2x16
S B.875%0..ceeeeeeete ettt ettt ettt e st et e et e bt et e et et e st e sreaaes 2

Thisisatheoretical value. A reasonable margin to allow in system designs is 20% to 30%.
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Restrictions on Usage of DMAC

When an external clock source is used for the serial clock, after the DMAC updates TDR,
alow aninterval of at least five system clock (@) cycles before input of the serial clock to
start transmitting. If the seria clock isinput within four states of the TDR update, a
malfunction may occur. (See figure 13-22.)

To have the DMAC read RDR, be sure to select the SCI receive-data-full interrupt (RX1) as
the activation source with bits DTS2 to DTS0 in DTCR.

SCK

;ti

|
|

TDRE

XDOXD1><D2><D3><D4><D5><D6><D7><

Note: In operation with an external clock source, be sure to be t > 4 states.

Figure 13-22 Synchronous Transmission Using DMAC (Example)
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Section 14 A/D Converter

14.1 Overview

The H8/3003 includes a 10-hit successive-approximations A/D converter with a selection of up to
eight analog input channels.

14.1.1 Features

A/D converter features are listed bel ow.

10-bit resolution
Eight input channels
Selectable analog conversion voltage range

The analog voltage conversion range can be programmed by input of an analog reference
voltage at the Vrgg pin.

High-speed conversion
Conversion time: maximum 8.4 s per channel (with 16 MHz system clock)
Two conversion modes

Single mode: A/D conversion of one channel
Scan mode: continuous conversion on one to four channels

Four 16-bit data registers

A/D conversion results are transferred for storage into data registers corresponding to the
channels.

Sample-and-hold function
A/D conversion can be externally triggered
A/D interrupt requested at end of conversion

At the end of A/D conversion, an A/D end interrupt (ADI) can be requested.
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14.1.2 Block Diagram

Figure 14-1 shows a block diagram of the A/D converter.

On-chip
Module data bus data bus
8
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AN —» ]
5 ‘ _
ANy ——» I ! -~ /8

AN4 — plexer

Control circuit

Analog
multi- |

Sample-and-

AN —™ hold circuit l«— 2/16

Legend
ADCR:

ADCSR:
ADDRA:
ADDRSB:
ADDRC:
ADDRD:

? | \—> ADI

A/D control register
A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

Figure14-1 A/D Converter Block Diagram
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14.1.3 Input Pins

Table 14-1 summarizes the A/D converter’s input pins. The eight analog input pins are divided
into two groups: group 0 (ANg to AN3), and group 1 (AN4 to AN7). AV ¢ and AV gg are the
power supply for the analog circuitsin the A/D converter. Vrgg is the A/D conversion reference

voltage.

Table14-1 A/D Converter Pins

Abbrevi-
Pin Name ation 110 Function
Analog power supply pin AVce Input  Analog power supply
Analog ground pin AVgg Input  Analog ground and reference voltage
Reference voltage pin VREF Input  Analog reference voltage
Analog input pin 0 ANg Input  Group 0 analog inputs
Analog input pin 1 AN, Input
Analog input pin 2 AN, Input
Analog input pin 3 ANy Input
Analog input pin 4 ANy Input  Group 1 analog inputs
Analog input pin 5 AN Input
Analog input pin 6 ANg Input
Analog input pin 7 AN, Input
A/D external trigger input pin  ADTRG  Input External trigger input for starting A/D conversion
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14.1.4 Register Configuration

Table 14-2 summarizes the A/D converter’s registers.

Table14-2 A/D Converter Registers

Address*! Name Abbreviation = R/W Initial Value
H'FFEO A/D data register A (high) ADDRAH R H'00
H'FFE1 A/D data register A (low) ADDRAL R H'00
H'FFE2 A/D data register B (high) ADDRBH R H'00
H'FFE3 A/D data register B (low) ADDRBL R H'00
H'FFE4 A/D data register C (high) ADDRCH R H'00
H'FFES5 A/D data register C (low) ADDRCL R H'00
H'FFE6 A/D data register D (high) ADDRDH R H'00
H'FFE7 A/D data register D (low) ADDRDL H'00
H'FFE8 A/D control/status register ADCSR R/(W)*2  H'00
H'FFE9 A/D control register ADCR R/W H'7E
Notes: 1. Lower 16 bits of the address

2. Only 0 can be written in bit 7, to clear the flag.
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14.2 Register Descriptions

14.2.1 A/D Data RegistersA to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
ADDRnN ‘ADQ‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘AD1‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o 0o o o o o o o o o o o o o o o

ReadWrite R R R R R R R R R R R R R R R R
(n=AtoD) ‘ ‘
A/D conversion data Reserved bits
10-bit data giving an
A/D conversion result

The four A/D dataregisters (ADDRA to ADDRD) are 16-bit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the
upper byte of the A/D dataregister. The lower 2 hits are stored in the lower byte. Bits5to 0 of an
A/D dataregister are reserved bits that always read 0. Table 14-3 indicates the pairings of analog
input channels and A/D data registers.

The CPU can always read and write the A/D data registers. The upper byte can be read directly,
but the lower byte is read through a temporary register (TEMP). For details see section 14.3, CPU
Interface.

The A/D dataregisters areinitialized to H'0000 by areset and in standby mode.

Table 14-3 Analog Input Channelsand A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
AN, AN, ADDRA
AN, ANg ADDRB
AN, ANg ADDRC
ANj AN ADDRD
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14.2.2 A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

Channel select 2to 0

These bits select analog
input channels

Clock select
Selects the A/D conversion time

Scan mode
Selects single mode or scan mode

A/D start
Starts or stops A/D conversion

A/D interrupt enable
Enables and disables A/D end interrupts

A/D end flag
Indicates end of A/D conversion

Note: * Only 0 can be written, to clear the flag.

ADCSR is an 8-bit readable/writable register that selects the mode and controls the A/D converter.
ADCSR isinitialized to H'00 by areset and in standby mode.
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Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7
ADF Description

0 [Clearing condition] (Initial value)
Cleared by reading ADF while ADF = 1, then writing 0 in ADF

1 [Setting conditions]
Single mode: A/D conversion ends
Scan mode: A/D conversion ends in all selected channels

Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the
end of A/D conversion.

Bit 6

ADIE Description

0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin.

Bit 5

ADST  Description

0 A/D conversion is stopped (Initial value)

1 Single mode: A/D conversion starts; ADST is automatically cleared to 0 when conversion
ends.

Scan mode: A/D conversion starts and continues, cycling among the selected channels,
until ADST is cleared to 0 by software, by a reset, or by a transition to standby mode.
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Bit 4—Scan Mode (SCAN): Selects single mode or scan mode. For further information on
operation in these modes, see section 14.4, Operation. Clear the ADST bit to 0 before switching
the conversion mode.

Bit 4

SCAN  Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Selectsthe A/D conversion time. Clear the ADST hit to 0 before
switching the conversion time.

Bit 3

CKS Description

0 Conversion time = 266 states (maximum) (Initial value)
1 Conversion time = 134 states (maximum)

Bits 2 to 0—Channel Select 2to 0 (CH2to CHO): These bits and the SCAN bit select the analog
input channels. Clear the ADST bit to O before changing the channel selection.

Group
Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 ANg (Initial value) ANg
1 AN, ANg, AN;
1 0 AN, AN to AN,
1 ANj ANy to AN,
1 0 0 AN, AN,
1 ANg AN, ANg
1 0 ANg AN, to ANg
1 AN- AN, to AN,
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14.2.3 A/D Control Register (ADCR)

Bit 7 6 5 4 3 2 1 0
jwee | — [ - | - [ -] -] —-1]-]

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — _ _

Reserved bits

Trigger enable
Enables or disables external triggering of A/D conversion

ADCR is an 8-hit readable/writable register that enables or disables external triggering of A/D
conversion. ADCR isinitialized to H'7F by areset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conversion.

Bit 7

TRGE  Description

0 A/D conversion cannot be externally triggered (Initial value)
1 A/D conversion starts at the falling edge of the external trigger signal (ADTRG)

Bits 6 to 0—Reserved: Read-only bits, alwaysread as 1.
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14.3 CPU Interface

ADDRA to ADDRD are 16-hit registers, but they are connected to the CPU by an 8-bit data bus.
Therefore, athough the upper byte can be be accessed directly by the CPU, the lower byteis read
through an 8-bit temporary register (TEMP).

An A/D dataregister isread as follows. When the upper byte is read, the upper-byte valueis
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the
lower byteisread, the TEMP contents are transferred to the CPU.

When reading an A/D data register, always read the upper byte before the lower byte. It is possible
to read only the upper byte, but if only the lower byteis read, incorrect data may be obtained.

Figure 14-2 shows the data flow for access to an A/D dataregister.

Upper-byte read

Module data bus

&EXA) Bus interface
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Lower-byte read

Module data bus

CPU :
(H40) Bus interface
TEMP
(H'40)
ADDRNH ADDRnNL
(H'AA) (H'40)
(n=Ato D)

Figure14-2 A/D Data Register Access Operation (Reading H'AA40)
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14.4 Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes. single mode and scan mode.

14.4.1 SingleMode (SCAN =0)

Single mode should be selected when only one A/D conversion on one channel is required. A/D
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The
ADST bit remains set to 1 during A/D conversion and is automatically cleared to O when
conversion ends.

When conversion ends the ADF bit isset to 1. If the ADIE bitisalso set to 1, an ADI interrupt is
reguested at thistime. To clear the ADF flag to O, first read ADCSR, then write 0in ADF.

When the mode or analog input channel must be switched during analog conversion, to prevent
incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After making
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit can be
Set at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN,) is selected in single mode are described next.
Figure 14-3 shows atiming diagram for this example.

1. Singlemodeis selected (SCAN = 0), input channel AN, isselected (CH2 = CH1 =0,
CHO = 1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started
(ADST =1).

2. When A/D conversion is completed, the result is transferred into ADDRB. At the sametime
the ADF flag is set to 1, the ADST hit is cleared to 0, and the A/D converter becomesidle.

3. SinceADF=1and ADIE =1, an ADI interrupt is requested.

4. The A/D interrupt handling routine starts.

5. Theroutine reads ADCSR, then writes 0 in the ADF flag.

6. Theroutine reads and processes the conversion result (ADDRB).

7. Execution of the A/D interrupt handling routine ends. After that, if the ADST bitissetto 1,
A/D conversion starts again and steps 2 to 7 are repeated.
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14.4.2 Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit is set to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (ANg when CH2 = 0, AN, when CH2 = 1). When two or more channels are
selected, after conversion of the first channel ends, conversion of the second channel (AN, or
ANG) starts immediately. A/D conversion continues cyclically on the selected channels until the
ADST bhit iscleared to 0. The conversion results are transferred for storage into the A/D data
registers corresponding to the channels.

When the mode or analog input channel selection must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channels in group 0 (ANg to AN,) are selected in scan mode are
described next. Figure 14-4 shows atiming diagram for this example.

1. Scan modeis selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channels
ANgto AN, are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).

2. When A/D conversion of the first channel (ANg) is completed, the result is transferred into
ADDRA. Next, conversion of the second channel (AN;) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN,).

4. When conversion of all selected channels (ANg to AN,) is completed, the ADF flagisset to 1
and conversion of the first channel (ANg) starts again. If the ADIE bitisset to 1, an ADI
interrupt is requested at thistime.

5. Steps2to 4 arerepeated as long asthe ADST bit remains set to 1. When the ADST hit is
cleared to 0, A/D conversion stops. After that, if the ADST bitisset to 1, A/D conversion
starts again from the first channel (ANg).
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14.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atime tp after the ADST bit is set to 1, then starts conversion. Figure 14-5 shows the A/D
conversion timing. Table 14-4 indicates the A/D conversion time.

Asindicated in figure 14-5, the A/D conversion time includes tp and the input sampling time. The
length of tp varies depending on the timing of the write accessto ADCSR. The total conversion
time therefore varies within the ranges indicated in table 14-4.

In scan mode, the values given in table 14-4 apply to the first conversion. In the second and
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states
when CKS=1.

Address bus

Write signal

Input sampling
timing

ADF

tD tSPL

teony

Legend

(2): ADCSR write cycle
(2): ADCSR address

tp: Synchronization delay
tspL: Input sampling time
tcony: A/D conversion time

Figure14-5 A/D Conversion Timing

497



Table14-4 A/D Conversion Time (Single M ode)

CKS =0 CKs=1
Symbol Min Typ Max Min Typ Max
Synchronization delay o 10 — 17 6 — 9
Input sampling time tspL — 80 — — 40 —
A/D conversion time tconv 259 — 266 131 — 134

Note: Values in the table are numbers of states.

14.4.4 External Trigger Input Timing

A/D conversion can be externaly triggered. When the TRGE bit isset to 1 in ADCR, external
trigger input is enabled at the ADTRG pin. A high-to-low transition at the ADTRG pin sets the
ADST bitto 1in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same asif the ADST bit had been set to 1 by software. Figure 14-6 shows the
timing.

Internal trigger
signal

ADST

A/D conversion

A

Figure14-6 External Trigger Input Timing
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14.5 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
reguest can be enabled or disabled by the ADIE bit in ADCSR.

14.6 Usage Notes
When using the A/D converter, note the following points:

Analog I nput Voltage Range: During A/D conversion, the voltages input to the analog input pins
AN,, should bein therange AVsg < AN, < Vger- (N=0t0 7)

AV and AV g I nput Voltages: AV sg should have the following values: AVgg = Vs,
If the A/D converter is not used, the values should be AV ¢ = Ve and AVgg = Vs,

Vrer I|nput Range: The analog reference voltage input at the V ggr pin should be in the range
VRee < AVc. If the A/D converter is not used, the value should be Vgegr = Ve
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Section 15 RAM

15.1 Overview

The H8/3003 has 512 bytes of on-chip static RAM. The RAM is connected to the CPU by a 16-hit
data bus. The CPU accesses both byte data and word data in two states, making the RAM suitable
for rapid data transfer.

The on-chip RAM is assigned to addresses H'FFD10 to H'FFFOF in modes 1 and 2, and addresses
H'FFFD10 to H'FFFFOF in modes 3 and 4. The RAM enable bit (RAME) in the system control
register (SY SCR) can enable or disable the on-chip RAM.

15.1.1 Block Diagram

Figure 15-1 shows a block diagram of the on-chip RAM.

On-chip data bus (upper 8 bits)

N

On-chip data bus (lower 8 hits)

Bus interface

0 G

HFD10* HFD11*

H'FD12 H'FD13*

On-chip RAM

H'FFOE* H'FFOF*

Even addresses Odd addresses
Note: * Lower 16 bits of the address

Figure15-1 RAM Block Diagram
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15.1.2 Register Configuration

The on-chip RAM is controlled by the system control register (SY SCR). Table 15-1 givesthe
address and initial value of SY SCR.

Table15-1 RAM Control Register

Address* Name Abbreviation R/W Initial Value

H'FFF2 System control register SYSCR R/W H'0B

Note: * Lower 16 bits of the address
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15.2 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W

RAM enable bit
Enables or
disables
on-chip RAM

Reserved bit

NMI edge select
User bit enable

Standby timer select 2to 0
Software standby

One function of SY SCR is to enable or disable access to the on-chip RAM. The on-chip RAM is
enabled or disabled by the RAME bit in SY SCR. For details about the other bits, see section 3.3,
System Control Register.

Bit 0—RAM Enable (RAME): Enables or disablesthe on-chip RAM. The RAME bit is
initialized at the rising edge of the input at the RES pin. It isnot initialized in software standby
mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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15.3 Operation

When the RAME hit is set to 1, accesses to addresses H'FFD10 to H'FFFOF in modes 1 and 2, and
to addresses H'FFFD 10 to H'FFFFOF in modes 3 and 4, are directed to the on-chip RAM. When
the RAME hit is cleared to O, the off-chip address space is accessed.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written
and read by word access. It can also be written and read by byte access. Byte datais accessed in
two states using the upper 8 bits of the data bus. Word data starting at an even address is accessed
in two states using all 16 bits of the data bus.
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Section 16 Clock Pulse Generator

16.1 Overview

The H8/3003 has a built-in clock pulse generator (CPG) that generates the system clock (@) and
other internal clock signals (@/2 to 2/4096).

The H8/3003 is available in a clock-halving version and a 1:1 version, which have different clock
pulse generator configurations. The clock pulse generator of the clock-halving version consists of
an oscillator circuit, asystem clock divider, and prescalers for the on-chip supporting modul es.
The clock pulse generator of the 1:1 version consists of an oscillator circuit, a duty adjustment
circuit, and the prescalers.

16.1.1 Block Diagram

Figure 16-1 shows block diagrams of the clock pulse generator.

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff CPG -~~~
XTAL Frequency
Oscillator divider * Prescalers
EXTAL —= (112)
] @/2 to @/4096

a. Clock pulse generator of clock-halving version

———————————————————————————————————————————————————————————————————— CPG -~y
XTAL —= Duty
Oscillator [——— adju_stm_ent Prescalers
EXTAL circuit

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

[} @/2 to @/4096

b. Clock pulse generator of 1:1 version

Figure16-1 Block Diagram of Clock Pulse Generator
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16.2 Oscillator Circuit

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock
signal.

16.2.1 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as in the examplein figure 16-2.
The damping resistance Rd should be selected according to table 16-1. An AT-cut parallel-
resonance crystal should be used.

Cu1
EXTAL Ti }ﬂT
[
XTAL i{ }ﬂT
Cp

CL1=C, =10 pF to 22 pF

Figure16-2 Connection of Crystal Resonator (Example)

Table16-1 Damping Resistance Value

Frequency (MHz) 2 4 8 10 12 16 20

24

Rd (Q) 1k 500 200 70 0 0 0

Crystal Resonator: Figure 16-3 shows an equivalent circuit of the crystal resonator. The crystal
resonator should have the characteristics listed in table 16-2.

XTAL =-—9 ¢+——» EXTAL

c AT-cut parallel-resonance type
o]

Figure 16-3 Crystal Resonator Equivalent Circuit
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Table16-2 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16 20 24
Rs max (Q) 500 120 80 70 60 50 40 40
Co (pF) 7 pF max

Clock-Halving Version: Use acrystal resonator with a frequency equal to twice the system clock
frequency (9).

1:1 Version: Use acrystal resonator with afrequency equal to the system clock frequency ().

Notes on Board Design: When a crystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 16-4.

When the board is designed, the crystal resonator and its load capacitors should be placed as close
as possible to the X TAL and EXTAL pins.

Avoid —  Signal A Signal B

CLo ‘ H8/3003

ﬁT || | XTAL

]

r || | ‘ EXTAL

Figure 16-4 Example of Incorrect Board Design
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16.2.2 External Clock Input

Circuit Configuration: An external clock signal can be input as shown in the examplesin
figure 16-5. In example b, the clock should be held high in standby mode.

If the XTAL pinisleft open, the stray capacitance should be 10 pF.

EXTAL m————— External clock input

XTAL [——— Open

a. XTAL pin left open

EXTAL External clock input

XTAL 74HC04

b. Complementary clock input at XTAL pin

Figure16-5 External Clock Input (Examples)
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External Clock

e Clock-halving version

The external clock signal should have a frequency equal to twice the system clock frequency

(9) and aduty cycle of 40% to 60%.

e 1:1version

The external clock frequency should be equal to the system clock frequency (@). Table 16-3
and figure 16-6 indicate the clock timing.

Table 16-3 Clock Timi

ng

Vec=2.7t055V Ve =50V +10%

Item Symbol Min Max Min Max Unit Test Conditions
External clock rise  tgy, — 10 — 5 ns
time
External clock fall texs — 10 — 5 ns
time
External clock . 30 70 30 70 % g>5MHz Figure
input duty (a/tcyc) 40 60 40 60 % o<5MHz 0
g clock width 40 60 40 60 %
duty (b/tcyc)
<a—>
EXTAL Z
VCC x 0.5
=~ e > = text
1]
/ VCC x 0.5

.

Figure16-6 External Clock Input Timing
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16.3 System Clock Divider (Clock-Halving Version)

The system clock divider divides the oscillator output by 2 to generate the system clock (2).

16.4 Duty Adjustment Circuit (1:1 Version)

When the oscillator frequency is5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate a system clock ().

16.5 Prescalers

The prescalers divide the system clock (@) to generate internal clocks (@/2 to 2/4096).
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Section 17 Power-Down State

17.1 Overview

The H8/3003 has a power-down state that greatly reduces power consumption by halting CPU
functions. The power-down state includes the following three modes:

e Sleep mode
e Software standby mode
e Hardware standby mode

Table 17-1 indicates the methods of entering and exiting these power-down modes and the status
of the CPU and on-chip supporting modules in each mode.

Table17-1 Power-Down State

State

Entering CPU Refresh Supporting 110 Exiting
Mode Conditions Clock CPU Registers DMAC Controller Functions RAM Ports Conditions
Sleep SLEEP instruc- Active Halted Held Active Active Active Held Held * Interrupt
mode tion executed * RES

while SSBY =0 « STBY

in SYSCR
Software SLEEP instruc- Halted Halted Held Halted Halted Halted Held Held * NMI
standby  tion executed and and and * IRQq to IRQ,
mode while SSBY =1 reset  held* reset * RES

in SYSCR « STBY
Hardware Low input at Halted Halted Undeter Halted Halted Halted Held*2 High * STBY
standby  STBY pin mined and and and impedance <« RES
mode reset  reset reset

Notes: 1. The refresh timer counter (RTCNT) and bits 7 and 6 of the refresh timer control/status register (RTMCSR) are
initialized. Other bits and registers hold their previous states.
2. The RAME bit must be cleared to 0 in SYSCR before the transition from the program execution state to hardware
standby mode.
Legend
SYSCR: System control register
SSBY:  Software standby bit
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17.2 Register Configuration

The H8/3003's system control register (SY SCR) controls the power-down state. Table 17-2
summarizes this register.

Table17-2 Control Register

Address* Name Abbreviation R/W Initial Value

H'FFF2 System control register SYSCR R/W H'0B

Note: * Lower 16 bits of the address.

17.2.1 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable

Reserved bit

NMI edge select

User bit enable

Standby timer select 2to 0
These bits select the

waiting time at exit from
software standby mode

Software standby
Enables transition to
software standby mode

SY SCR is an 8-bit readable/writable register. Bit 7 (SSBY) and bits 6 to 4 (STS2 to STSO0) control
the power-down state. For information on the other SY SCR bits, see section 3.3, System Control
Register.
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Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. When software
standby mode is exited by an external interrupt, this bit remains set to 1 after the return to normal
operation. To clear this bit, write 0.

Bit 7

SSBY  Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode

Bits 6 to 4—Standby Timer Select (STS2 to ST S0): These hits select the length of time the CPU
and on-chip supporting modules wait for the clock to settle when software standby mode is exited
by an external interrupt. If the clock is generated by a crystal resonator, set these bits according to
the clock frequency so that the waiting time will be at least 8 ms. Seetable 17-3. If an external
clock isused, any setting is permitted.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Waiting time = 8192 states (Initial value)
1 Waiting time = 16384 states
1 0 Waiting time = 32768 states
1 Waiting time = 65536 states
1 0 — Waiting time = 131072 states
1 — Waiting time = 4 states*

Note: * Do not use this setting for the 1:1 clock version.
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17.3 Sleep Mode
17.3.1 Transition to Sleep Mode

When the SSBY hit is cleared to 0 in the system control register (SY SCR), execution of the
SLEEP instruction causes a transition from the program execution state to sleep mode.
Immediately after executing the SLEEP instruction the CPU halts, but the contents of itsinternal
registers are retained. The DMA controller (DMAC), refresh controller, and on-chip supporting
modules do not halt in sleep mode.

17.3.2 Exit from Sleep Mode
Sleep mode is exited by an interrupt, or by input at the RES or STBY pin.

Exit by Interrupt: Aninterrupt terminates sleep mode and causes a transition to the interrupt
exception handling state. Sleep mode is not exited by an interrupt source in an on-chip supporting
moduleif the interrupt is disabled in the on-chip supporting module. Sleep mode is not exited by
an interrupt other than NMI if the interrupt is masked by IPR and the | and Ul bitsin CCR.

Exit by RES Input: Low input at the RES pin exits from sleep mode to the reset state.

Exit by STBY Input: Low input at the STBY pin exits from sleep mode to hardware standby
mode.
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17.4 Software Standby M ode
17.4.1 Transition to Software Standby M ode

To enter software standby mode, execute the SLEEP instruction while the SSBY hitissetto1in
SYSCR.

In software standby mode, current dissipation is reduced to an extremely low level because the
CPU, clock, and on-chip supporting modules all halt. The DMAC and on-chip supporting
modules are reset. Aslong as the specified voltage is supplied, however, CPU register contents
and on-chip RAM data are retained. The settings of the I/O ports and refresh controller* are also
held.

Note: * Therefresh timer counter (RTCNT) and bits 7 and 6 of the refresh timer control/status
register (RTMCSR) are initialized. Other bits and registers hold their previous states.

17.4.2 Exit from Software Standby M ode

Software standby mode can be exited by input of an external interrupt at the NMI, IRQq, IRQ4, or
IRQ, pin, or by input at the RES or STBY pin.

Exit by Interrupt: When an NMI, IRQq, IRQ4, or IRQ, interrupt request signal is received, the
clock oscillator begins operating. After the oscillator settling time selected by bits STS2 to STSO
in SY SCR, stable clock signals are supplied to the entire H8/3003 chip, software standby mode
ends, and interrupt exception handling begins. Software standby mode is not exited if the interrupt
enable bits of interrupts IRQg, IRQ4, and IRQ, are cleared to 0, or if these interrupts are masked
in the CPU.

Exit by RES Input: When the RES input goes low, the clock oscillator starts and clock pulses are
supplied immediately to the entire H8/3003 chip. The RES signal must be held low long enough
for the clock oscillator to stabilize. When RES goes high, the CPU starts reset exception handling.

Exit by STBY Input: Low input at the STBY pin causes atransition to hardware standby mode.
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17.4.3 Selection of Waiting Timefor Exit from Software Standby Mode
Bits STS2 to STS0 in SY SCR should be set as follows.

Crystal Resonator: Set STS2 to STS0 so that the waiting time (for the clock to stabilize) is at
least 8 ms. Table 17-3 indicates the waiting times that are selected by STS2 to STSO settings at
various system clock frequencies.

External Clock: Any value may be set in the clock-halving version. Normally the minimum
value (STS2 = STS1 = STS0 = 1) isrecommended. In the 1:1 clock version, any value other than
the minimum value may be set.

Table17-3 Clock Frequency and Waiting Time for Clock to Settle

Waiting
STS2 STS1 STSO Time 16 MHZ 12 MHz 10 MHz 8 MHz 6 MHz 4 MHz 2 MHz Unit

0 0 0 8192 0.51 0.65 0.8 1.0 13 2.0 4.1 ms

states

0 0 1 16384 1.0 1.3 1.6 2.0 27 41
states

0 1 0 32768 2.0 2.7 33 41 5.5 16.4
states

0 1 1 65536 4.1 5.5 6.6 109| 164 328
states

1 0 — 131072 [ 82| [109] [131] 164 218 328 655
states

1 1 — 4 states* 0.25 0.33 0.4 0.5 0.67 1.0 2.0 VS

| ]: Recommended setting

Note: * This setting cannot be used in the 1:1 clock version.
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17.4.4 Sample Application of Software Standby Mode

Figure 17-1 shows an example in which software standby mode is entered at the fall of NMI and
exited at therise of NMI.

With the NM1 edge select bit (NMIEG) cleared to 0 in SY SCR (selecting the falling edge), an
NMI interrupt occurs. Next the NMIEG hit is set to 1 (selecting the rising edge) and the SSBY  bit
is set to 1; then the SLEEP instruction is executed to enter software standby mode.

Software standby mode is exited at the next rising edge of the NMI signal .

seomistor LTI raiiinnmmm
o i
NMI _______} !

NMIEG |
SSBY | h
NMI interrupt Software standby  Oscillator NMI exception
handler mode (power- settling time handling
NMIEG =1 down state) (tosc2)
SSBY =1
SLEEP
instruction
Figure17-1 NMI Timing for Software Standby Mode (Example)
17.45 Note

The I/O ports retain their existing states in software standby mode. If a port isin the high output
state, its output current is not reduced.
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17.5 Hardware Standby Mode
17.5.1 Transition to Hardware Standby Mode

Regardless of its current state, the chip enters hardware standby mode whenever the STBY pin
goes low. Hardware standby mode reduces power consumption drastically by halting all functions
of the CPU, DMAC, refresh controller, and on-chip supporting modules. All modules are reset
except the on-chip RAM. Aslong as the specified voltage is supplied, on-chip RAM datais
retained*. 1/0 ports are placed in the high-impedance state.

The inputs at the mode pins (MD2 to MDQ) should not be changed during hardware standby
mode.

Note: * Clear the RAME bit to 0 in SY SCR before STBY goes low to retain on-chip RAM data.
17.5.2 Exit from Hardware Standby Mode

Hardware standby mode is exited by inputs at the STBY and RES pins. While RES islow, when
STBY goes high, the clock oscillator starts running. RES should be held low long enough for the
clock oscillator to settle. When RES goes high, reset exception handling begins, followed by a
transition to the program execution state.

17.5.3 Timingfor Hardware Standby M ode

Figure 17-2 shows the timing relationships for hardware standby mode. To enter hardware standby
mode, first drive RES low, then drive STBY low. To exit hardware standby mode, first drive
STBY high, wait for the clock to settle, then bring RES from low to high.

osatetor ||| |1 {]]1] 1l
oscillator 0
RES
(
) )
STBY |
(
) )
ld—»:
* Oscillator
settling time
Reset
exception
handling

Figure17-2 Hardware Standby Mode Timing
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Section 18 Electrical Characteristics

18.1 Absolute Maximum Ratings
Table 18-1 lists the absolute maximum ratings.

Table 18-1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Input voltage (except port 7) VN —0.3t0 V¢ +0.3 \%
Input voltage (port 7) VN —0.3t0 AVc +0.3 Vv
Reference voltage VREE —0.3t0 AV +0.3 \Y,
Analog power supply voltage AVce -0.3to +7.0 \Y,
Analog input voltage Van —0.3t0 AVc +0.3 \Y,
Operating temperature Topr Regular specifications: —20 to +75 °C
Storage temperature Tstg Wide-range specifications: —40 to +85 °C
-551to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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18.2 Electrical Characteristics

18.2.1 DC Characteristics

Table 18-2 lists the DC characteristics. Table 18-3 lists the permissible output currents.
Table18-2 DC Characteristics

Conditions: Ve = 5.0V + 10%, AV = 5.0V + 10%, VRer = 4.5V to AV,

Vgg=AVgg=0V*, T,=-20°Cto +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, Vi~ 1.0 — — \Y
trigger input + . .
V0|tages P80 to P82, VT VCC x0.7 V
PBO to PBg VT+ — VT_ 0.4 — — Vv
Input high RES, STBY, Vi Vee — 0.7 — Vee + 03 V
voltage NMI, MD, to
MD,
EXTAL Ve x0.7 — Vee +0.3 V
Port 7 2.0 — AVCC +0.3V
Ports 4, 5, 6, 2.0 — Vec+03 V
9, C, P83, P8y,
PB, to PB-,
Input low RES, STBY, V| -0.3 — 0.5 \Y,
voltage MD, to MDg
NMI, EXTAL, -0.3 — 0.8 \Y,
ports 4, 5,6, 7,
9, C, P83, P8y,
PB4 to PB-,
D15 to D8
Output high  All output pins Vgoy Vec—-05 — — \ loy = —200 pA
voltage 35 — — Vo lgy=-1mA

Note: * If the A/D converter is not used, do not leave the AV¢c, AVgs, and Vgeg pins open.
Connect AVc¢ and Vggg to Ve, and connect AVgg to Vgs.
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Table 18-2 DC Characteristics (cont)

Conditions; VCC =50V *+ 10%, AVCC =50V = 10%, VREF =45V to AVCC s
Vgg=AVgg=0V*1 T,=-20°C to +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Output low  All output pins Vg — — 0.4 \% lo. =1.6 MA
voltage (except RESO)
Ports 5 and B, — — 1.0 \Y loL =10 MA
A19 to Ao
RESO — — 0.4 \Y loL = 2.6 MA
Input leakage STBY, NMI, [Nl — — 1.0 MA  V|y=05to
current RES, Vee-05V
MD, to MD
Port 7 — — 1.0 MA  V|y=05to
AVee - 0.5V
Three-state Ports 4,5,6, |l1g] — — 1.0 HA  Vy=05to
leakage 8to C, Agto Vee—05V
current Ag, D15 to Dg
(off state)  RESO — — 100 pA  Vy=05t0
Vee—05V
Input pull-up Ports4and5 —Ip 50 — 300 MA  V|y=0V
current
Input NMiI Cin — — 50 pPF Viy=0V
capacitance  aj| input pins — — 15 f=1MHz
except NMI Ta=25°C
Current Normal lcc — 35 55 mA =10 MHz
dissipation*2 operation _ 40 65 mA  f=12 MHz
— 50 80 mA =16 MHz
Sleep mode — 25 40 mA =10 MHz
— 30 45 mA =12 MHz
— 35 60 mA =16 MHz
Standby — 0.01 5.0 MA  T,=<50°C
*3
mode — — 200 pA  50°C<T,

Notes: 1. If the A/D converter is not used, do not leave the AV, AVgg, and Vggg pins open.
Connect AVcc and VRygg to Ve, and connect AVgg to Vgs.
2. Current dissipation values are for Viymin = Vcc — 0.5 V and V| hax = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.
3. The values are for Veam < Vee <4.5V, Vigmin = Vee %X 0.9, and V) max = 0.3 V.
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Table 18-2 DC Characteristics (cont)

Conditions: VCC =50V = 10%, AVCC =50V = 10%, VREF =45V to AVCC!
Vgg=AVgg=0V*1 T,=-20°C to +75°C (regular specifications),
T,=—-40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Analog power During AID  Alcc — 1.2 2.0 mA
supply current conversion

Idle — 0.01 5.0 HA
Reference During AID  Alcc — 0.3 0.6 MmA  Vgge=5.0V
current conversion

Idle — 0.01 5.0 HA
RAM standby voltage VRAM 2.0 — — \Y,

Notes: 1. If the A/D converter is not used, do not leave the AV¢c, AVgs, and Vgeg pins open.
Connect AV and VRyeg to Ve, and connect AVgg to Vgs.
2. Current dissipation values are for Viymin = Vcc — 0.5 V and V| hax = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.
3. The values are for VRam < Vee < 4.5V, Vigmin = Vee % 0.9, and Vi jax = 0.3 V.

Conditions: Ve =27V 1055V, AV =27V 1055V, VRge = 2.7V t0 AV,
Vgg=AVgg=0V*, T,=-20°Cto +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Iltem Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, Vi~ Veex0.2 — — \Y
trigger input P8, to P8,, VA _ _ Vee 07V
voltages PBg to PB3
VT+— VT_ VCC x 0.07 — —_ Vv

Input high RES, STBY, Vi Veex09 — Veet03  V
voltage NMI, MD, to

MDg

EXTAL VCC x 0.7 —_ VCC +0.3 Vv

Port 7 Veex0.7  — AV +0.3 V

Ports 4, 5, 6, Ve x0.7  — Vee+03  V

9, C, P83, P8y,

PB4 to PB-,

D15 to D8

Note: * If the A/D converter is not used, do not leave the AVcc, AVgs, and Vggg pins open.
Connect AV¢c and Vreg 10 Ve, and connect AVgg to Vgs.
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Table 18-2 DC Characteristics (cont)

Conditions; VCC =27V to55YV, AVCC =27V to55YV, VREF =27V to AVCC!
Vgg=AVgg=0V*, T,=-20°Cto +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Input low RES, STBY, V| -0.3 — Veex0.1 VvV
voltage MD, to MDq
NMI, EXTAL, -0.3 — Veex02 V. Ve <40V
ports 4, 5, 6, 7,
9, C, P83, P8,
384:0;87’ 0.8 V. Vce=
1510 g 401055V
Output high  All output pins Vgy Vee—05 — — \Y lon = —200 pA
voltage Vee—10 —  — V. Vec<45V
lOH =-1 mA.
35 — — V. 45V<Vcc<55V
IOH =-1mA
Output low  All output pins Vg — — 0.4 \% lo. = 1.6 mA
voltage (except RESO)
Ports 5 and B, — — 1.0 \Y Vec 4V
Alg to AO IOL =5 mA,
4V <Vec <55V
loL = 10 mA
RESO — — 0.4 \% oL =2.6 mMA
Input leakage STBY, NMI,  |Ijnl — — 1.0 MA  V,y=05to
current RES, Vee—-05V
MD, to MD,
Port 7 — — 1.0 MA  VN=05t0
AVec—0.5V
Three-state Ports 4,5, 6, |[ltsql — — 1.0 MA  V,y=05to
leakage 8to C, Ajgto Vec—-05V
current Ao D5 to Dg
(off state)  RESO — — 10.0 LAV, =05to
Vec—0.5V
Input pull-up Ports 4 and 5 —Ip 10 — 300 MA Ve = 2.7V to
current 5.5V,
V|N =0V

Note: * If the A/D converter is not used, do not leave the AV¢, AVgg, and Vggg pins open.
Connect AV and VReg to Ve, and connect AVgg to Vgs.
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Table 18-2 DC Characteristics (cont)

Conditions: VCC =27V to55YV, AVCC =27V to55YV, VREF =27V to AVCC!
Vgg=AVgg=0V*1 T,=-20°C to +75°C (regular specifications),
T,=—-40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Input NMI Cin — — 50 pF V=0V
capacitance m _ . 15 tr = =1 2/|5|;|Cz:
except NMI a
Current Normal loc™ — 30 36.2 mA f=8MHz
dissipation*2  operation 5.0V) (5.5V)
Sleep mode — 20 274 mA f=8MHz
(5.0Vv) (5.5V)
Standby — 0.01 5.0 MA  T,<50°C
mode’3 — — 20.0 WA 50°C<T,
Analog power During AID  Alcc — 1.0 2.0 mA AV =30V
supply current conversion _ 12 _ MA AV =5.0V
Idle — 0.01 5.0 HA
Reference During AID  Alcc — 0.2 0.4 mA  Vgge=3.0V
current conversion — 03 — MA  Vper =50V
Idle — 0.01 5.0 HA
RAM standby voltage VRAM 2.0 — — \Y,

Notes: 1. If the A/D converter is not used, do not leave the AVqc, AVgs, and Vger pins open.

Connect AV and VRyeg to Ve, and connect AVgg to Vgs.

2. Current dissipation values are for Viymin = Vcc — 0.5 V and V| hax = 0.5 V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for Veapm £ Vee < 2.7V, Vigmin = Vee % 0.9, and V| ax = 0.3 V.

4. lcc depends on V¢ and f as follows:
lccmax = 1.0 (MA) + 0.8 (MA/MHZz - V) x V¢ % f [normal mode]
lccmax = 1.0 (MA) + 0.6 (MA/MHZz - V) x V¢ % f [sleep mode]
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Table 18-2 DC Characteristics (cont)

Conditions; VCC =3.0Vto55YV, AVCC =30V to55YV, VREF =3.0Vto AVCC!
Vgg=AVgg=0V*1 T,=-20°C to +75°C (normal specification product),
T,=-40°C to +85°C (extended temperature range specification product)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt Port A, Vi~ Vee X0.2 — — \
trigger input P8, to P8, Vit _ _ Vee x0.7 V
voltage PBg to PB3
VT+ - VT_ VCC x 0.07 — —_— \Y
voltage NMI, MD, to
MD,
EXTAL Ve x0.7 — Vee+03 V
Port 7 Vee 0.7 — AVee + 0.3V
Ports 4, 5, 6, 9, Vee x0.7 — Vee+03 V
C, P83, P84, PBy
to PB7, Dy5 to Dg
Input low RES, STBY, V“_ -0.3 — VCC x0.1 V VCC <40V
voltage MD, to MDq
NMI, EXTAL, -0.3 — Veex0.2 V
Ports 4,5, 6,7, 9, 0.8 Voc =4.0t05.5V
C, P83, P84, PBy
to PB7, Dy5 to Dg
Output high All output pins  VoH Vec-05 — — \% lon = —200 pA
voltage Vee—-10 —  — V. Vee<45V
lon=-1mA
35 — — \Y 45V <Vec <55V
IOH =-1mA
Output low All output pins VoL — — 0.4 \% lop = 1.6 mA
voltage (except RESO)
Ports 5 and B, — — 1.0 V. V=40V,
A19 to AO lOL =5 mA,
4.0V< Ve <55V,
IOL =10 mA
RESO — — 0.4 Vg =2.6mA
Input STBY, NMI, |IIN] — — 1.0 MA  V,y=0.5to
leakage RES, Vee—-05V
current MD, to MDg
Port 7 — — 1.0 MA  V,y=05to
AVee—-05V
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Table 18-2 DC Characteristics (cont)

Conditions: Vcc=3.0V 055V, AV =30V 055V, VRege =3.0V t0 AV,

Vgg=AVgg=0V"1 T,=-20°C to +75°C (normal specification product),
T,=-40°C to +85°C (extended temperature range specification product)

Item Symbol  Min Typ Max Unit Test Conditions
Three-state POrs4,5,6,  |lrsil — — 1.0 MA  Vy=05to
leakage 810 C, Ajgto Vee—0.5V
current Ao, Dy5 1o Dg
(off state) RESO — — 10.0 MA
Input pull Ports4and5 —lp 10 — 300 MA  Vcc=3.0Vto
-up current 55V,
V|N =0V

Input NMI C|N —_— —_— 50 pF V|N =0V
capacitance | input pins — — 15 pF  f=1MHz

except NMI T,=25°C
Current Normal lcc™ — 38 45 mA =10 MHz
dissipation*2 operation — (5.0V) (5.5V)

Sleep — 27 34 mA f=10 MHz

— 5.0V) (5.5V)
Standby*3-{ — 0.01 5.0 MA  T,<50°C
— — 20.0 50°C < T,

Analog During A/D Alcc — 1.0 2.0 mA AV =3.0V
power conversion N 1.2 . AVee =5.0V
supply —

A/D conversion — 0.01 5.0 HA

standby
Reference During A/D AICC —_— 0.2 0.4 mA VREF =30V
power conversion — 03 — Vree = 5.0V
supply T EEE—
current A/D conversion — 0.01 5.0 HA

standby
RAM standby voltage VraAM 2.0 — — \Y
Notes: 1. When the A/D converter is not used, do not leave the AV¢c, Vgrer, and AVgg pins open.

2.

Connect the AVc and Vrgg pins to V¢, and the AVgg pin to Vgg.

The current dissipation value is the value when all output pins are unloaded and the on-
chip pull-up MOS is off under the following conditions: V,;;y min =Vcct0 0.5V, V,_

max = 0.5 V.

When Vgam < Vee < 3.0V, the value is for the case where Viymin = V¢ % 0.9, and
Viimax = 0.3 V.

. lcc is dependent upon V¢ and f in accordance with the following formulas.

Iccmax = 1.0 (mA) + 0.8 (MA/MHz - V) x Ve x f [normal mode]
Iccmax = 1.0 (mA) + 0.6 (MA/MHz - V) x Ve % f [sleep mode]
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Table 18-3 Permissible Output Currents

Conditions: VCC =27V to55YV, AVCC =27V to55YV, VREF =27V to AVCC!
Vgg=AVgg=0V, T,=-20°C to +75°C (regular specifications),
T,=-40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Permissible output Ports 5 and B, A9 to Ay loL — — 10 mA
low current (per pin) Other output pins — — 2.0 mA
Permissible output Total of 32 pins including oL — — 80 mA
low current (total) ports 5 and B and Ajg to Ag
Total of all output pins, — — 120 mA
including the above
Permissible output All output pins loH — — 2.0 mA
high current (per pin)
Permissible output Total of all output pins Zlon — — 40 mA

high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 18-3.

2. When driving a darlington pair or LED, always insert a current-limiting resistor in the

output line, as shown in figures 18-1 and 18-2.
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H8/3003

Port

Darlington pair

Figure18-1 Darlington Pair Drive Circuit (Example)

H8/3003

Ports 5 and B
600 Q

LED

Figure18-2 LED Drive Circuit (Example)
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18.2.2 AC Characteristics

Bustiming parameters are listed in table 18-4. Control signal timing parameters are listed in
table 18-5. Refresh controller bus timing parameters are listed in table 18-6. Timing parameters of
the on-chip supporting modules are listed in table 18-7.

Table18-4 BusTiming

Condition A: V=27V 1055V, AV =27V 1055V, VRege = 2.7V 10 AV,
Vgg=AVgg=0V, g=2MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionB: V=30V t055V, AV =3.0V 1055V, Vgege=3.0V to AV,
Vgg=AVgs=0V, =2 MHzto 10 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition C: VCC =50V % 10%, AVCC =50V % 10%, VREF =45V to AVCC’
Vgg=AVgs=0V, g=2MHzto 16 MHz, T,=-20°Cto +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz

Iltem Symbol Min Max Min Max Min Max Unit -I(;?)Sr:ditions
Clock cycle time teve 125 500 100 500 625 500 ns Figure 18-4,
Clock low pulse width e, 40 — 30 — 20 — Figure 18-5
Clock high pulse width tcH 40 — 30 — 20 —

Clock rise time tcr — 20 — 15 — 10

Clock fall time tce — 20 — 15 — 10

Address delay time tap — 60 — 50 — 30

Address hold time taH 25 — 20 — 10 —

Address strobe delay tasp — 60 — 40 — 30

time

Write strobe delay time  tygp — 60 — 50 — 30

Strobe delay time tsp — 60 — 50 — 30

Write data strobe pulse  tyswi* 85 — 60 — 35 —

width 1

Write data strobe pulse  tygwo* 150 — 110 — 65 —

width 2

Address setup time 1 tast 20 — 15 — 10 —

Address setup time 2 tago 80 — 65 — 40 —

Read data setup time trRDs 50 — 35 — 20 —

Read data hold time tRDH 0 — 0 — 0 —
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Table 18-4 BusTiming (cont)

Condition A: V=27V 1055V, AV =27V 1055V, VRege = 2.7V 10 AV,
Vgg=AVgg=0V, g=2MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionB: V=30V t055V,AVcc=3.0V 1055V, Vgge=3.0V to AV,
Vgg=AVgs=0V, =2 MHzto 10 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition C: VCC =50V % 10%, AVCC =5.0V % 10%, VREF =45V to AVCC’
Veg=AVgs=0V, 8=2MHzto 16 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz

Test
Iltem Symbol Min Max Min Max Min Max Unit Conditions
Write data delay time twpb — 75 — 75 — 60 ns Figure 18-4,
Write data setup time 1 typsy 60 — 65 — 35 — Figure 18-5
Write data setup time 2 typs» 15 — 10 — 5 —
Write data hold time twoH 25 — 20 — 20 —
Read data access tacct* — 110 — 100 — 55
time 1
Read data access tacco* — 230 — 200 — 115
time 2
Read data access tacca* — 55 — 50 — 25
time 3
Read data access tacca* — 160 — 150 — 85
time 4
Precharge time tpcp* 85 — 60 — 40 —
Wait setup time twrs 40 — 40 — 25 — ns Figure 18-6
Wait hold time twTH 10 — 10 — 5 —
Bus request setup ime taros 40 — 40 — 40 — ns Figure 18-18
Bus acknowledge teacD1 — 60 — 50 — 30
delay time 1
Bus acknowledge teacD2 — 60 — 50 — 30
delay time 2
Bus-floating time tezp — 70 — 70 — 40

Note is on next page.
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Note: At 8 MHz, the times below depend as indicated on the clock cycle time.

tACCl =15x tcyc - 78 (nS) tWSWl =1.0x tcyc —-40 (nS)
taccz = 2.5 X teye — 83 (ns) twswz = 1.5 X teye — 38 (ns)
taccs = 1.0 X teye — 70 (ns) tpcH = 1.0 X teyc — 40 (ns)

tacca = 2.0x tcyc —90 (ns)
At 10 MHz, the times below depend as indicated on the clock cycle time.

tACCl =15x tcyc -50 (nS) tWSWl =1.0x tcyc —-40 (nS)
tACCZ =25x tcyc -50 (nS) twsw2 =15x tcyc -40 (nS)
taccs = 1.0 X teye — 50 (ns) tpch = 1.0 X teyc — 40 (ns)

tacca = 2.0 X teye — 50 (ns)
At 16 MHz, the times below depend as indicated on the clock cycle time.

tACCl =15x tcyc -39 (nS) tWSWl =1.0x tcyc - 28 (ns)
tACCZ =25x tcyc —-41 (nS) tWSWZ =15x tcyc - 28 (nS)
tACC3 =1.0x tcyc - 38 (nS) tPCH =1.0x tcyc -23 (nS)

tacca = 2.0 X teye — 40 (ns)
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Table 18-5 Refresh Controller Bus Timing

Condition A: V=27V 1055V, AV =27V 1055V, Vgege = 2.7V t0 AV,
Vgg=AVgs=0V, g=2MHzto 8 MHz, T,=-20°C to +75°C (regular
specifications), T, =—40°C to +85°C (wide-range specifications)

ConditionB: V=30V t055V,AVcc=3.0V 1055V, Vgege=3.0V to AV,
Vgs=AVgg=0V, =2 MHzto 10 MHz, T,=-20°C to +75°C (regular
specifications), T, =—40°C to +85°C (wide-range specifications)

ConditionC: Ve =5.0V £10%, AV =5.0V +10%, VRge = 4.5V 10 AV,
Vg =AVgg=0V, g=2MHzto 16 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C

8 MHz 10 MHz 16 MHz Test
Item Symbol Min Max Min Max Min Max Unit Conditions
RAS delay time 1 tRAD1 — 60 — 50 — 30 ns Figure 18-7
RAS delay time 2 tRAD2 — 60 — 5 — 30 tlfigure 18-13
RAS delay time 3 tRAD3 — 60 — 50 — 30
Row address hold time*  trRaH 25 — 20 — 15 —
RAS precharge time* trP 85 — (o J— 40 —
CAS to RAS precharge  tcrp 85 — 70 — 40 —
time*
CAS pulse width tcas 110 — 85 — 40 —
RAS access time* tRAC — 160 — 150 — 85
Address access time taa — 105 — 75 — 55
CAS access time tcac — 50 — 50 — 25
Write data setup time 3 twps3 75 — 50 — 40 —
CAS setup time* tcsr 20 — 5 — 5 —
Read strobe delay time  trsD — 60 — 50 — 30
Note: At 8 MHz, the times below depend as indicated on the clock cycle time.
tran = 0.5 X teye — 38 (ns) teac = 1.0 X teye — 75 (ns)
trac = 2.0 X teye — 90 (ns) tcsr = 0.5 X teyc — 43 (ns)

trp = tcrp = 1.0 X teyc — 40 (nSs)

At 10 MHz, the times below depend as indicated on the clock cycle time.

tRAH =0.5x tcyc - 30 (nS) tCAC =1.0x tcyc -50 (nS)
trac = 2.0 X teye — 50 (ns) tesr = 0.5 X teyc — 35 (ns)
trp = tcrp = 1.0 X teyc — 30 (ns)

At 16 MHz, the times below depend as indicated on the clock cycle time.

tRAH =0.5x tcyc -16 (nS) tCAC =1.0x tcyc - 38 (nS)
tRAC =2.0x tcyc —-40 (nS) tCSR =0.5x tcyc - 16 (nS)
trp = torp = 1.0 X tgyc — 23 (nS)
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Table 18-6 Control Signal Timing

Condition A: V=27V 1055V, AV =27V 1055V, Vgegr =27V to AV,
=-20°Cto +75°C (regular
specifications), T, =—-40°C to +85°C (wide-range specifications)

Vss=AVgs=0V, 8= 2MHz 0 8 MHz, T,

ConditionB: V=30V t055V,AVcc=3.0V 1055V, Vryege=3.0V to AV,
Vgg=AVgg=0V, g=2MHzto 10 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: Ve =5.0V 1 10%, AV =5.0V + 10%, Vgge = 4.5V t0 AV,
Vgg=AVgg=0V, g=2MHzto 16 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C

8 MHz

10 MHz

16 MHz

Test
Item Symbol Min Max Min Max Min Max Unit Conditions
RES setup time tress 200 — 200 — 200 — ns Figure 18-15
RES pulse width tresw 10 — 10 — 10 — tcyc
RESO output delay treso — 100 — 100 — 100 ns Figure 18-16
time
RESO output pulse tresow 132 — 132 — 132 — tcyc
width
NMI setup time tums 150 — 150 — 150 — ns Figure 18-17
(NMI, TRQ7 to IRQo)
NMI hold time tanin 10 — 10 — 10 —
(NMI, IRQ7 to IRQo)
Interrupt pulse width taww 200 — 200 — 200 —
(NMI, IRQ2 to IRQo
when exiting software
standby mode)
Clock oscillator settling tosct 20 — 20 — 20 — ms Figure 18-19
time at reset (crystal)
Clock oscillator settling tosce 8 — 8 — 8 — Figure 17-1

time in software standby

(crystal)
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Table 18-7 Timing of On-Chip Supporting Modules

Condition A: V=27V 1055V, AV =27V 1055V, Vgege = 2.7V t0 AV,
Vgg=AVgs=0V, g=2MHzto 8 MHz, T,=-20°C to +75°C (regular
specifications), T, =—40°C to +85°C (wide-range specifications)

ConditionB: V=30V t055V,AVcc=3.0V 1055V, Vgege=3.0V to AV,
Vgs=AVgg=0V, =2 MHzto 10 MHz, T,=-20°C to +75°C (regular
specifications), T, =—40°C to +85°C (wide-range specifications)

ConditionC: Ve =5.0V £ 10%, AV =5.0V + 10%, Vgee = 4.5V t0 AV,
Vg =AVgg=0V, g=2MHzto 16 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C

8 MHz 10 MHz 16 MHz Test
Item Symbol Min  Max Min Max Min Max Unit Conditions
DMAC DREQ setup toras 40 — 30 — 30 — ns Figure 18-27
time
time
TEND delay treD1 — 100 — 50 — 50 Figure 18-25,
time 1 Figure 18-26
TEND delay trep2 — 100 — 50 — 50
time 2
ITU Timer output trocp — 100 — 100 — 100 ns Figure 18-21
delay time
Timer input trics 50 — 50 — 50 —
setup time
Timer clock treks 50 — 50 — 50 — Figure 18-22
input setup time
Timer Single trekwH 15 — 15 — 15 — teve
clock edge
pl:"se Both tTCKWL 25 —_— 2.5 — 25 —
width
edges
SCI  Input  Asyn- tscye 4 — 4 — 4 — Figure 18-23
clock  chronous
|
cycle Syn- tscve 6 — 6 — 6 —
chronous
Input clock rise  tgckr — 15 — 15 — 15
time
Input clock fall  tgckr — 15 — 15 — 15
time
Input clock tsckw 0.4 0.6 0.4 0.6 0.4 0.6 tscve
pulse width
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Table 18-7 Timing of On-Chip Supporting Modules (cont)

Condition A: V=27V 1055V, AV =27V 1055V, VRege = 2.7V t0 AV,
Vg =AVgs=0V, 2=2MHzto 8 MHz, T,=-20°C to +75°C (regular
specifications), T, =—40°C to +85°C (wide-range specifications)
ConditionB: V=30V t055V,AVcc=3.0V 1055V, Vrge=3.0V to AV,
Vgg=AVgg=0V, g=2MHzto 10 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition C: Ve =5.0V # 10%, AV = 5.0V + 10%, Vrer = 4.5V 10 AV,
Vgg=AVgg=0V, g=2MHzto 16 MHz, T,=-20°Cto +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz Test

Item Symbol Min Max Min Max Min Max Unit Conditions
SCI Transmit data trxp — 100 — 100 — 100 ns Figure 18-24

delay time

Receive data trxs 100 — 100 — 100 —

setup time

(synchronous)

Receive data tRxH 100 — 100 — 100 —

hold time

(synchronous)

Ports Output data tpwD — 100 — 100 — 100 ns Figure 18-20

and delay time

TPC Input data tprs 50 — 50 — 50 —

setup time
(synchronous)
Input data tPRH 50 — 50 — 50 —
hold time
(synchronous)
5V
C =90 pF: ports 4,5, 6,8, C,
R Agg to Ag, D5 to Dg,
L g, AS, RD, HWR, LWR
H8/3003 \ | C=30pF: ports 9, A, B
output pin \
R, =2.4kQ
R,=12kQ
c Ry Input/output timing measurement levels
*Low: 0.8V
« High: 2.0V
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18.2.3 A/D Conversion Characteristics
Table 18-8 liststhe A/D conversion characteristics.
Table 18-8 A/D Converter Characteristics

Condition A: Vcc =27V t055V, AV =27V 1055V, Vgege =2.7V to AV,
Vgg=AVgs=0V, =2 MHzto 8 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: VCC =30Vto55YV, AVCC =30Vto55YV, VREF =30V to AVCC’
Vgg=AVgs=0V, g=2MHzto 10 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: Ve =5.0V +10%, AV =5.0V * 10%, Veegr = 4.5V t0 AV,
Vgg=AVgs=0V, =2 MHzto 16 MHz, T,=-20°C to +75°C (regular
specifications), T, =—40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C
8 MHz 10 MHz 16 MHz

Item Min Typ Max Min Typ Max Min Typ Max  Unit
Resolution 10 10 10 10 10 10 10 10 10 bits
Conversion time — — 168 — — 134 — — 8.4 us
Analog input — — 20 — — 20 — — 20 pF
capacitance
Permissible signal- — — 101 — — 101 — — 103 kQ
source impedance  __ _ 52 — _ 55 — — 54
Nonlinearity error — — 6.0 — — +6.0 — — +3.0 LSB
Offset error — — 40 — — 40 — — +2.0 LSB
Full-scale error — — 4.0 — — 40 — — +2.0 LSB
Quantization error — — 05 — — +05 — — +0.5 LSB
Absolute accuracy — — — +8.0 — — +8.0 — — +4.0 LSB

Notes: 1. The value is for 4.0 < AVcc <5.5.
2. The valueis for 2.7 < AV¢c < 4.0.

The value is for g < 12 MHz.

The value is for g > 12 MHz.

The value is for 3.0 < AV < 4.0.

ar®
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18.3 Operational Timing
This section shows timing diagrams.
18.3.1 BusTiming
Bustiming is shown as follows:
e Basic buscycle: two-state access
Figure 18-4 shows the timing of the external two-state access cycle.
» Basic buscycle: three-state access
Figure 18-5 shows the timing of the external three-state access cycle.
» Basic buscycle: three-state access with one wait state

Figure 18-6 shows the timing of the external three-state access cycle with one wait state
inserted.
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Ty T
- foye .
ten teL
(-
—
2 _/ N
ter e — ~—1lcr
— =ty
Agz to Ag §<
CS, to CSg t
PCH N
tasp,  faccs fsp | tam |
AS tASl ‘& Aﬁ\\\ --------------
tpch _
tasp  faces fsp | tam |
RD .
t N
(read) ASL ;X S
B tacct | tros | tRDH
D;5to Dy 2
(read) N t
PCH
tasp tsp | tam
HWR, LWR ﬁ -
, t N
(write) ASL | o] - 4 N
WSW1
L twps1 | | twoH
twop ™
D15 to Dg
(write)

Figure 18-4 Basic BusCycle: Two-State Access
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e AR EEE— |

%} / : ; : ; ‘\______/J[_____\\\_____d///__
A23 to AO >KT ><

B tacca |
AS N

B tacca |
RD (read) N\

B tacc2 a LR DS
D15 to DO
(read)
twsp twswz

HWR, LWR t
(write) AS2 ~

twps2
D15 to DO
(write)

Figure18-5 Basic Bus Cycle: Three-State Access
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RD (read)

Dy5to Dy
(read)

HWR, LWR
(write)

Dy5to Dy

(write)

twrs| twrn  twrs it
T W

=
>
3

e

Figure18-6 Basic Bus Cycle: Three-State Accesswith One Wait State
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18.3.2 Refresh Controller Bus Timing

Refresh controller bus timing is shown as follows:

DRAM bustiming
Figures 18-7 to 18-12 show the DRAM bus timing in each operating mode.
PSRAM bustiming

Figures 18-13 and 18-14 show the pseudo-static RAM bus timing in each operating mode.

- T -l T2 -l T3 -
. — — Jﬁ\ M
_/AtA[L N— AtA':L
Agto Ay >§ X ><
AS
trADL ™ TtRAH - :RAD::
CS3 (RAS) = ﬁ Ao we I
tasp
- tSD
_ tecas |
RD (CAS) st N P I
HWR (OW),
LWR (LW), .
(read) - RAC - t
—— |- 42*
_ ASD
AWR (OW), Lol
LWR (W), teac
(write) - twonw, ...
RFSH
trDs
- - — - trRpH*
D5 to Dy
(read)
twpss
Dys to Do —$—>
(write)

Note: * Stipulation from earliest CS3 and RD negate timing.

Figure 18-7 DRAM BusTiming (Read/Write): Three-State Access
— 2WE Mode —

541




T T T3

o B EEE—
? _/ ;<_/ : >Jw
Agto A X X
lasp tep
AS
- fesr - RAD3
Css(RAs) || N N
lasp || trap2 tsp

RD (CAS)
HWR (UW)
LWR (LW)

trAD2 tRaps, T
RFSH

tcsr
Figure 18-8 DRAM Bus Timing (Refresh Cycle): Three-State Access
— 2WE Mode—

2
CS3 (RAS) AtCSR; \ (
. t
RD (CAS) Ry
RFSH \

Figure18-9 DRAM BusTiming (Self-Refresh Mode)
— 2WE Mode —
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? _/ t /| t Sx_)z—x \M
AD AD
Agto A, X B
AS
> = kama tRaDs
CS3 (RAS) sy N A e T
- | - N N
tasp .
o SD
HWR (UCAS » loas |
HWR ( ). _ tast N o tere P
LWR (LCAS) SRS | S e o SR = Y DN
RD (WE)
(read) B trac - t
)
= tp . A - -
RD (WE —\ t
R (WE) it /| twoH N
(write) - N
RFSH —
- = = tgpw
D5 to Dy J
(read) RS f
P twpss
D5 to Dy o 1
(write) x 7

Note: * Stipulation from earliest CS; and RD negate timing.

Figure18-10 DRAM BusTiming (Read/Write): Three-State Access
— 2CAS Mode —
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-~
S B = N
Agto A X

= -
AS RN T
<Ok traD3
CS3 (RAS)
lasp || tRab2 tso

AWR (UCAS), o
LWR (LCAS)
RD (WE)

tRAD2 tRapz, T

[ [ E—
RFSH

tcsr
Figure18-11 DRAM BusTiming (Refresh Cycle): Three-State Access
— 2CAS Mode —

2
CS3 (RAS) lesr N (
HWR (UCAS), lesk
LWR (LCAS) (
RFSH \

Figure 18-12

DRAM Bus Timing (Self-Refresh M ode)
— 2CAS Mode —
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~ T1 y T ol T3 ol
e e —_/4_\_)4—&;}—\_/
Aoz to Ag >§ ><
AS
{RADT tRaps

CSs - :Z trp ;f

ftasy o T
RD (read) trep ‘ 7

trDS RDH*
(ool -
Dj5to Do k
(read)
twsp tsp
~f L (-
HWR, LWR
(write) ]
twps2

D15 to Dg
(write)
RFSH

Note: * Stipulation from earliest CS; and RD negate timing.

Figure 18-13 PSRAM Bus Timing (Read/Write): Three-State Access

T, T, T3
2 Aé—\_/ : >W
Aoz to Ag >< ><
CS;, HWR,
LWR, RD trAD2 trRAD3
|-t~ (ol —— o
RFSH 4 <(

Figure18-14 PSRAM BusTiming (Refresh Cycle): Three-State Access
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18.3.3 Control Signal Timing
Control signal timing is shown as follows:
e Resetinput timing
Figure 18-15 shows the reset input timing.
e Reset output timing
Figure 18-16 shows the reset output timing.
e Interrupt input timing
Figure 18-17 shows the input timing for NMI and TRQ7 to IRQy.
e Busrelease mode timing

Figure 18-18 shows the bus-release mode timing.

?

™| = tgess

tRess —™
E

)

tRESW

Figure18-15 Reset Input Timing

Q

tRESD trReSD

4—} «
~—

tRESOW

s}
m
w

NI N N

Figure18-16 Reset Output Timing
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tmis | | tmiH

NMI X

tmis | | tmiH

IRQEg: Edge-sensitive IRQ
IRQ, : Level-sensitive IRQ, (I=0to 7)

tmiw
NMI : ‘ :

IRQ;
J=0to2)

Figure18-17 Interrupt Input Timing

tBrQs ™ lBros
BREQ
()() (
« - teacp1
BACK

tsacD2

tgzp —*

Az to Ag, N tszp
AS, RD, B 5
)Y

HWR, LWR

Figure 18-18 Bus-Release Mode Timing
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18.3.4 Clock Timing
Clock timing is shown as follows:
e Oscillator settling timing

Figure 18-19 shows the oscillator settling timing.

Q

N R AR AVAYAVANAVAVES= =N ATRYAY

sov L

tosc1 tosc1

Figure 18-19 Oscillator Settling Timing
18.3.5 TPC and I/O Port Timing

TPC and I/O port timing is shown as follows.

- -~

2 M
tprs tPRH

(- |-
Port4to C >4 %
(read)

tpwp
R S

Port 4 to 6,
8to C

(write)

Figure18-20 TPC and 1/O Port Input/Output Timing
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18.3.6 ITU Timing
ITU timing is shown as follows:
e ITU input/output timing
Figure 18-21 shows the I TU input/output timing.
e |TU externa clock input timing

Figure 18-22 shows the ITU external clock input timing.

0 TN L

trocp
Output
compare*l
trics
o I
Input
capture*?2

Notes: 1. TIOCAO to TIOCA4, TIOCBO to TIOCB4, TOCXA4, TOCXB4
2. TIOCAO to TIOCA4, TIOCBO to TIOCB4

Figure18-21 1TU Input/Output Timing

TN N
o e/
treks
[ — g
TCLKA to 55—\
TCLKD rJg_/ ~_
B trekwe D trekwH .
- >l -

Figure18-22 1TU Clock Input Timing
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18.3.7 SCI Input/Output Timing

SCI timing is shown as follows:

SCI input clock timing

Figure 18-23 shows the SCI input clock timing.

SCI input/output timing (synchronous mode)

Figure 18-24 shows the SCI input/output timing in synchronous mode.

SCKO, SCK1

Figure 18-23 SCK Input Clock Timing

tscve

N N

trxp
TxDO, TxD1 -
(transmit
data)
trxs| [tRxH
RxDO0, RxD1 [ -

P

22X X

(receive
data) ><

Figure18-24 SCI Input/Output Timingin Synchronous Mode
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18.3.8 DMAC Timing

DMAC timing is shown as follows.

DMAC TEND output timing/2 state access

Figure 18-25 shows the DMAC TEND output timing/2 state access
DMAC TEND output timing/3 state access

Figure 18-26 shows the DMAC TEND output timing/3 state access.
DMAC DREQ input timing

Figure 18-27 shows DMAC DREQ input timing.

treD1 treD2

Figure18-26 DMAC TEND Output Timing/3 State Access

551




@
tbros | | tbrROH
- |-

Figure 18-27 DMAC DREQ Input Timing
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Appendix A Instruction Set

A.1 Instruction List

Operand Notation

Symbol Description

Rd General destination register

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERnN General register (32-bit register)

(EAd) Destination operand

(EAS) Source operand

PC Program counter

SP Stack pointer

CCR Condition code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

S Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

ad Logical AND of the operands on both sides

ad Logical OR of the operands on both sides

ad Exclusive logical OR of the operands on both sides

- NOT (logical complement)

(), <> Contents of operand

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers
(RO to R7 and EO to E7).
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Condition Code Notation

Symbol Description
P Changed according to execution result
* Undetermined (no guaranteed value)
0 Clearedto O
Setto 1
— Not affected by execution of the instruction
A Varies depending on conditions, described in notes
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Table A-1

Instruction Set

1. Datatransfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States *1
2
g x
@ =8
= ® ~ B
= x| = O e = o
g clWle) || g/ 2| conditionCode | & | §
o [ITR =
: Xl Ww|8|T|8280 = s | 3
Mnemonic O | Operation £ r® Q0 Q| Q| E H|{N|Z|V z | <
MOV.B #xx:8, Rd B | #xx:8 -~ Rd8 2 —|—t]t]O 2
MOV.B Rs, Rd B | Rs8 - Rd8 2 —|—t]1t]0 2
MOV.B @ERs, Rd B | @ERs - Rd8 2 —|—]t|t]O0 4
MOV.B @(d:16, ERs), | B | @(d:16, ERs) — Rd8 4 —|—t]t]O 6
Rd
MOV.B @(d:24, ERs), | B | @(d:24, ERs) - Rd8 8 —|—]t|t]0 10
Rd
MOV.B @ERs+, Rd B | @ERs -~ RD8 2 —|—]t]t]0 6
ERs32+1 - ERs32
MOV.B @aa:8, Rd B | @aa:8 — Rd8 2 —|—t]t]O 4
MOV.B @aa:16, Rd B | @aa:16 —» Rd8 4 —|—t]1]0 6
MOV.B @aa:24, Rd B | @aa:24 - Rd8 6 —|—t]1t]0 8
MOV.B Rs, @ERd B | Rs8 -~ @ERd 2 —|—]t]t]0 4
MOV.B Rs, @(d:16, B | Rs8 - @(d:16, ERd) 4 —|—]t|s]0 6
ERd)
MOV.B Rs, @(d:24, B | Rs8 -~ @(d:24, ERd) 8 —|—|t]t |0 10
ERd)
MOV.B Rs, @ERd B | ERd32-1 - ERd32 2 —|—t]1]0 6
Rs8 - @ERd
MOV.B Rs, @aa:8 B | Rs8 -~ @aa:8 2 —|t]t |0 4
MOV.B Rs, @aa:16 B | Rs8 - @aa:16 4 —|t ]t |0 6
MOV.B Rs, @aa:24 B | Rs8 - @aa:24 6 —lt |t ]0 8
MOV.W #xx:16, Rd W | #xx:16 —» Rd16 4 —|t ]t |0 4
MOV.W Rs, Rd W | Rs16 - Rd16 2 —|t]1s |0 2
MOV.W @ERs, Rd W | @ERs - Rd16 2 —|lt ]t ]0 4
MOV.W @(d:16, ERs), | W | @(d:16, ERs) — Rd16 4 —|:t]t |0 6
Rd
MOV.W @(d:24, ERs), | W | @(d:24, ERs) — Rd16 8 —|:t]t |0 10
Rd
MOV.W @ERs+, Rd W | @ERs - Rd16 2 —|t ]t |0 6
ERs32+2 - @ERd32
MOV.W @aa:16, Rd W | @aa:16 —» Rd16 4 —|t ]t |0 6
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Table A-1 Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States *1
2
g x
% ~| &
S| ® ~ 3
g x| = O - = o
g c|Wle| |2) 8l e| CcConditionCode | & | §
2 W o =
. g _ Xlc|lWwlS|lT1|8280|= s | 3
Mnemonic O | Operation X|Iz|®IQ 0 Q ] B E HIN|Z|VI|C| =z <
MOV.W @aa:24, Rd W | @aa:24 - Rd16 6 —|—|t|t|0]|— 8
MOV.W Rs, @ERd W | Rs16 - @ERd 2 —|—|t|t|0|— 4
MOV.W Rs, @(d:16, W | Rs16 - @(d:16, ERd) 4 —|—]t|s]0|— 6
ERd)
MOV.W Rs, @(d:24, W | Rs 16 - @(d:24, ERd 8 —|—|t|t|0]|— 10
ERd)
MOV.W Rs, @-ERd W | ERd32-2 - ERd32 2 —|—|t|t|0]|— 6
Rs16 - @ERd
MOV.W Rs, @aa:16 W | Rsl6 - @aa:16 4 — =]t |t |0 |— 6
MOV.W Rs, @aa:24 W | Rsl6 - @aa:24 6 — =t |t |0]|— 8
MOV.L #xx:32, Rd L | #xx:32 - Rd32 6 —| =]t |t |0 |— 6
MOV.L ERs, ERd L | ERs32 - ERd32 2 ——|t|t|0]|— 2
MOV.L @ERs, ERd L | @ERs - ERd32 4 — =t |0]|— 8
MOV.L @(d:16, ERs), L | @(d:16, ERs) —» ERd32 6 —lt|1]0|— 10
ERd
MOV.L @(d:24, ERs), L | @(d:24, ERs) -~ ERd32 10 —lt|1]0]|— 14
ERd
MOV.L @ERs+, ERd L | @ERs - ERd32 4 —|t|t|0|— 10
ERs32+4 - ERs32
MOV.L @aa:16, ERd L | @aa:16 - ERd32 6 —| ¢t |t |0 ]|— 10
MOV.L @aa:24, ERd L | @aa:24 - ERd32 8 —|lt]|t]|0|— 12
MOV.L ERs, @ERd L | ERs32 - @ERd 4 —|t|t|0|— 8
MOV.L ERs, @(d:16, L | ERs32 - @(d:16, ERd) 6 —lt|t]|0|— 10
ERd)
MOV.L ERs, @(d:24, L | ERs32 - @(d:24, ERd) 10 —lt|t|0|— 14
ERd)
MOV.L ERs, @-ERd L | ERd32-4 - ERd32 4 —|t |t |0 |— 10
ERs32 - @ERd
MOV.L ERs, @aa:16 L | ERs32 - @aa:16 6 —| ¢t |t |0 |— 10
MOV.L ERs, @aa:24 L | ERs32 - @aa:24 8 —|t |t |0 ]|— 12
POP.W Rn W | @SP - Rn16 2 —lt|t]0|— 6
SP+2 - SP
POP.L ERn L | @SP - ERn32 4 —lt|t]0|— 10
SP+4 -, SP
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Table A-1 Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States *1
4
g x
% ~d
= ® ~ B
e x| = (@) = = o
< c\Yx 2| & ©| condition Code =
o W o = £
. g _ Xl Ww|S|T|8280 = s | 3
Mnemonic O | Operation X |® B O QO Q E|I|H|N|Z|V|C| = <
PUSH.W Rn W | SP-2 - SP 2| —|—|t|t]|0|— 6
Rn16 - @SP
PUSH.L ERn L | SP—4 - SP 4 |—|—]t |2 ]|0|— 10
ERN32 - @SP
MOVFPE @aa:16, B | Cannot be used in the 4 Cannot be used in the H8/3003
Rd H8/3003
MOVTPE Rs, B | Cannot be used in the 4 Cannot be used in the H8/3003
@aa:16 H8/3003

2. Arithmetic instructions

Addressing Mode and No. of
Instruction Length (bytes) States *1
:
N [
%) ~&
=|® ~ k5
E €= O g = | 8
8 glulx Q| @ ©| condition Code g S
W o =
. g . o |WlS(T|8(2(9|2 s |3
Mnemonic O | Operation £ r|® Q| ® QS E|I|H|IN|Z|V|C| =2 | <
ADD.B #xx:8, Rd B | Rd8+#xx:8 - Rd8 2 — sttt ]|t 2
ADD.B Rs, Rd B | Rd8+Rs8 - Rd8 2 — |ttt 2
ADD.W #xx:16, Rd W | Rd16+#xx:16 — Rd16 4 — O e]s]s]s 4
ADD.W Rs, Rd W | Rd16+Rs16 - Rd16 2 — |:| E T A 2
ADD.L #xx:32, ERd L | ERd32+#xx:32 - 6 —|0 E A A 6
ERd32
ADD.L ERs, ERd L | ERd32+ERs32 - 2 —|0 E I I 2
ERd32
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C - Rd8 2 — |t |t O Tt 2
ADDX.B Rs, Rd B | Rd8+Rs8 +C - Rd8 2 —le | |O] s 2
ADDS.L #1, ERd L | ERd32+1 - ERd32 2 — == == 2
ADDS.L #2, ERd L | ERd32+2 - ERd32 2 — === |—|— 2
ADDS.L #4, ERd L | ERd32+4 - ERd32 2 — === |—|— 2
INC.B Rd B | Rd8+1 - Rd8 2 — =t ]t ]|t |— 2
INC.W #1, Rd W | Rd16+1 - Rd16 2 — =t ]t ]|t |— 2
INC.W #2, Rd W | Rd16+2 - Rd16 2 — |t |t |t |— 2

557




Tiable A-1 Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States *1
2
g [
% ~| &
S| ® ~ 3
e x| = (@) - = o
< sz 2| ® o| condition Code =
o Wl o = £
. g _ Xlc|lWwlS|lT1|8280|= s | 3
Mnemonic O | Operation X|Iz|®IQ 0 Q ] B E HIN|Z|VI|C| =z <
INC.L #1, ERd L | ERd32+1 - ERd32 2 — |ttt |— 2
INC.L #2, ERd L | ERd32+2 - ERd32 2 — |ttt |— 2
DAA Rd B | Rd8 decimal adjust 2 Flope |t — 2
- Rd8
SUB.B Rs, Rd B | Rd8-Rs8 - Rd8 2 F T A A 2
SUB.W #xx:16, Rd W | Rd16—#xx:16 — Rd16 4 O E B I 4
SUB.W Rs, Rd W | Rd16-Rs16 - Rd16 2 Ofs|s]:]: 2
SUB.L #xx:32, ERd L | ERd32—#xx:32 6 D EO B A 6
- ERd32
SUBL.L ERs, ERd L | ERd32-ERs32 2 D EO B A 2
- ERd32
SUBX.B #xx:8, Rd B | Rd8—#xx:8-C - Rd8 2 Tt D Tt 2
SUBX.B Rs, Rd B | Rd8—Rs8—-C . Rd8 2 R 2
SUBS.L #1, ERd L | ERd32-1 - ERd32 2 — === 2
SUBS.L #2, ERd L | ERd32-2 - ERd32 2 — = === 2
SUBS.L #4, ERd L | ERd32-4 - ERd32 2 — === ]— 2
DEC.B Rd B | Rd8-1 - Rd8 2 —| |t |— 2
DEC.W #1, Rd W | Rd16-1 - Rd16 2 — |ttt |— 2
DEC.W #2, Rd W | Rd16-2 - Rd16 2 — |ttt |— 2
DEC.L #1, ERd L | ERd32-1 - ERd32 2 —| sttt |— 2
DEC.L #2, ERd L | ERd32-2 - ERd32 2 — |ttt |— 2
DAS.Rd Rd8 decimal adjust 2 lo v Y| — 2
- Rd8
MULXU. B Rs, Rd B | Rd8 x Rs8 - Rd16 2 — === ]— 14
(unsigned multiplication)
MULXU. W Rs, ERd W | Rd16 x Rs16 — ERd32 2 — === ]— 22
(unsigned multiplication)
MULXS. B Rs, Rd B | Rd8 x Rs8 - Rd16 4 —| |t |—|— 16
(signed multiplication)
MULXS. W Rs, ERd W | Rd16 x Rs16 — ERd32 4 —| |t |—|— 24
(signed multiplication)
DIVXU. B Rs, Rd B | Rd16 + Rs8 - Rd16 2 SN I ey p 14
(RdH: remainder,
RdL: quotient)
(unsigned division)
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Table A-1 Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States *1
4
g x
% ~d
c|® —~ 3
e x| = @) = = o
< c\Yx 2| & ©| condition Code =
o W o = £
. g _ Xl Ww|S|T|8280 = s | 3
Mnemonic O | Operation Xr|® OB B O ] O E H|{N|Z|V z <
DIVXU.WRs, ERd | W | ERd32 + Rs16 - ERd32 2 —|0g|— 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS. B Rs, Rd B | Rd16 + Rs8 — Rd16 4 —|0g|— 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS.WRs, ERd | W | ERd32 + Rs16 — ERd32 4 —0g|— 24
(Ed: remainder,
Rd: quotient)
(signed division)
CMP.B #xx:8, Rd B | Rd8—#xx:8 2 N A R 2
CMP.B Rs, Rd B | Rd8—Rs8 2 E I I 2
CMP.W #xx:16, Rd W | Rd16—#xx:16 4 D N A S 4
CMP.W Rs, Rd W | Rd16-Rs16 2 D N I 2
CMPL #xx:32, ERd | L | ERd32—#xx:32 6 ISR 4
CMP.L ERs, ERd L | ERd32-ERs32 2 D N A S 2
NEG.B Rd B | 0-Rd8 - Rd8 2 R A 2
NEG.W Rd W | 0-Rd16 - Rd16 2 R A 2
NEG.L ERd L | 0-ERd32 - ERd32 2 £ I R 2
EXTU.W Rd W | 0 - (<bits 15 to 8> 2 —|0 |t |0 2
of Rd16)
EXTU.L ERd L | 0 - (<bits 31 to 16> 2 —|0|t |0 2
of Rd32)
EXTS.W Rd W | (<bit 7> of Rd16) — 2 —|t ]t |0 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L | (<bit 15> of Rd32) - 2 —|t ]t |0 2
(<bits 31 to 16> of
ERd32)
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Table A-1 Instruction Set (cont)

3. Logic instructions

Addressing Mode and No. of
Instruction Length (bytes) States *1
:
g [
@ ~| 4
= ® ~ B
o x|z O o = o
g s|Wie| |2) 8o ConditionCode | & | §
[ W o =
Q X c|w2| 1| 8202 5| 3
Mnemonic O | Operation £ r|® Q0 o Q E HI{N|zZ|V|C| =z <
AND.B #xx:8, Rd B | RA8[#xx:8 —» Rd8 2 —|—|t]|t]0|— 2
AND.B Rs, Rd B | Rd8[Rs8 - Rd8 2 —|—|t |t |0 |— 2
AND.W #xx:16, Rd W | Rd16[#xx:16 —» Rd16 4 — =]t |t |0 |— 4
AND.W Rs, Rd W | Rd160Rs16 - Rd16 2 — =t |0]|— 2
AND.L #xx:32, ERd L | ERd32[#xx:32 — ERd32 | 6 —|—|t|t|0|— 6
AND.L ERs, ERd L | ERd32CERs32 - ERd32 4 —|—|t|t|0]|— 4
OR.B #xx:8, Rd B | RA8[#xx:8 —» Rd8 2 —|—|t|t|0|— 2
OR.B Rs, Rd B | Rd8[Rs8 - Rd8 2 —|—|t |t |0 |— 2
OR.W #xx:16, Rd W | Rd16[#xx:16 - Rd16 4 — =]t |t |0 |— 4
OR.W Rs, Rd W | Rd160Rs16 - Rd16 2 — =t |0]|— 2
OR.L #xx:32, ERd L | ERd32[#xx:32 — ERd32 | 6 —|—|t|t|0|— 6
OR.L ERs, ERd L | ERd32CERs32 - ERd32 4 —|—|t|t|0]|— 4
XOR.B #xx:8, Rd B | Rd80#xx:8 — Rd8 2 —|—|t|t|0]|— 2
XOR.B Rs, Rd B | Rd8JRs8 - Rd8 2 —|—|t|t|0|— 2
XOR.W #xx:16, Rd W | Rd160#xx:16 - Rd16 4 — =]t |t |0 |— 4
XOR.W Rs, Rd W | Rd160Rs16 - Rd16 2 — =t |0]|— 2
XOR.L #xx:32, ERd L | ERd320#xx:32 -~ ERd32 | 6 —|—|t|t|0|— 6
XOR.L ERs, ERd L | ERd320ERs32 - ERd32 4 —|—|t|t|0]|— 4
NOT.B Rd B | - Rd8 - Rd8 2 ——|t|t|0]|— 2
NOT.W Rd W | - Rd16 - Rd16 2 —|—|t |t |0 |— 2
NOT.L ERd L | =Rd32 - Rd32 2 —|—|t]|t|0]|— 2
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Table A-1 Instruction Set (cont)

4. Shift instructions

Addressing Mode and No. of
Instruction Length (bytes) States *1
pa
g 04
@ ~4
S| ® ~ ®
g x|z O o = o
g clWle) || g/ 2| condionCode | & | §
o [T =
g X217 18|20 5| 3
Mnemonic O | Operation £ r® Q|0 Q| Q| E H|{N|z|V|C| =z <
SHAL.B Rd B 2 — =1t ]s]1]s 2
SHAL.W Rd w | o 2 N 2
P —
SHAL.L ERd L MSB LSB 2 — =l ]|t 2
SHAR.B Rd B 2 —|—lt]s]0]s 2
SHAR.W Rd w .__ 2 —|—t]s]0]|2 2
SHAR.L ERd L| MSB LSB 2 —|—|1]s|0]1 2
SHLL.B Rd B 2 —|—lt]s]0]s 2
SHLL.W Rd W | o 2 ——l:li]o]s 2
P —
SHLL.L ERd L MSB LSB 2 —|—|1]s|0]1 2
SHLR.B Rd B 2 —|—lt]s]0]s 2
SHLR.W Rd W O*I:}> 2 ——l:lt]o]s 2
SHLR.L ERd L| MsB LSB 2 ——lt|:]o]:s 2
ROTXL.B Rd B 2 —|—lt]s]0]s 2
ROTXL.W Rd W ‘1 2 —|—=]t]:]0]s 2
ROTXL.L ERd L MSB = LsB 2 —|—|1]s|0]1 2
ROTXR.B Rd B 2 —|—lt]s]0]s 2
P—————— vy ’ B P Y P
ROTXR.L ERd L| MsB LsB 2 —li]ilo]: 2
ROTL.B Rd B 2 —|ltlt]o]1 2
ROTL.W Rd w 2 |l lo]: 2
ROTL.L ERd L MSB = LsB 2 —l1lt]o]s 2
ROTR.B Rd B 2 —|ltlt]o]1 2
ROTRWRa Wl T S P PR
ROTR.L ERd L| MsB LsB 2 —li]ilo]: 2
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Table A-1 Instruction Set (cont)

5. Bit manipulation instructions

Addressing Mode and No. of
Instruction Length (bytes) States *1
2
2 x
@ =8
c|® —~ 3
= iz |9 o s | S
g c|Wlx| |2|gl8| ConditionCode | & | §
24 W| o =
2 X c|w2| 1| 8202 5| 2
Mnemonic O | Operation X r® | ] E HIN|Z|V|IC| = <
BSET #xx:3, Rd B | (#xx:30f Rd8) ~ 1 — == === 2
BSET #xx:3, @ERd B | #xx:30f @ERd) ~ 1 4 — == === 8
BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 1 4 — == ]—=|—=|— 8
BSET Rn, Rd B | (Rn8 of Rd8) ~ 1 2 R [y [y 2
BSET Rn, @ERd B | (Rn8 of @ERd) ~ 1 4 — == ]=|—=|— 8
BSET Rn, @aa:8 B | (Rn8 of @aa:8) ~ 1 4 el el el el el 8
BCLR #xx:3, Rd B | (#xx:3 0of Rd8) ~ 0 2 — == === 2
BCLR #xx:3, @ERd B | #xx:3 of @ERd) ~ 0 4 — == === 8
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 0 4 — == ]—=|—=|— 8
BCLR Rn, Rd B | (Rn8 of Rd8) ~ 0 2 R [y [y 2
BCLR Rn, @ERd B | (Rn8 of @ERd) ~ 0 4 — == ]=|—=|— 8
BCLR Rn, @aa:8 B | (Rn8 of @aa:8) ~ 0 4 el el el el el 8
BNOT #xx:3, Rd B | (#xx:3 of Rd8) 2 — == === 2
- (#xx:3 of Rd8)
BNOT #xx:3, @ERd B | (#xx:3 of @ERd) - 4 — == === 8
= (#xx:3 of @ERJ)
BNOT #xx:3, @aa:8 B | (#xx:3 of @aa:8) - 4 — = === 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B | (Rn8 of Rd8) 2 === 2
= (Rn8 of Rd8)
BNOT Rn, @ERd B | (Rn8 of @ERd) ~ 4 R B [y [y p— 8
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) 4 — === — 8
- (Rn8 of @aa:8)
BTST #xx:3, Rd B | (#xx:3 0f Rd8) - Z 2 — =t |—|— 2
BTST #xx:3, @ERd B | (#xx:3 of @ERd) - Z 4 — =t |—=|= 6
BTST #xx:3, @aa:8 B | (#xx:3 of @aa:8) - Z 4 — =t =] 6
BTST Rn, Rd B | (Rn8 of @Rd8) - Z 2 — =t |—|— 2
BTST Rn, @ERd B | (Rn8 of @ERd) - Z 4 =t |=|= 6
BTST Rn, @aa:8 B | (Rn8 of @aa:8) - Z 4 — =t =] 6
BLD #xx:3, Rd B | (#xx:3 0f Rd8) - C 2 —|—|——]t 2
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Table A-1 Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States *1
<

[}

5 -|&

= c|® ~ T

c x| s O S . = o

IS c W) A | 8| ©| Condition Code g S

g x Gilz¥ gl2le|a 5 2
Mnemonic & | Operation 2|98 |0|0|8|0|E|!|H|N|Zz|V|Cc| 2 | 3
BLD #xx:3, @ERd B | #xx:3 of @ERd) -~ C 4 — = === 6
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) — C 4 — | —|=|=|— 6
BILD #xx:3, Rd B | - (#xx:3 0of Rd8) -~ C 2 — == == 2
BILD #xx:3, @ERd B | = (#xx:3 of @ERd) - C 4 — == |—=|— 6
BILD #xx:3, @aa:8 B | - (#xx:3 of @aa:8) —~ C 4 — | —|—=|=|— 6
BST #xx:3, Rd B | C - (#xx:3 of Rd8) 2 — == == 2
BST #xx:3, @REd B | C - (#xx:3 of @ERd) 4 — == |—=|— 8
BST #xx:3, @aa:8 B | C - (#xx:3 of @aa:8) 4 — = === 8
BIST #xx:3, Rd B | C - (#xx:3 of Rd8) 2 — == == 2
BIST #xx:3, @ERd B | C -~ (#xx:3 of @ERd24) 4 — = === 8
BIST #xx:3, @aa:8 B | C - (#xx:3 of @aa:8) 4 — == == 8
BAND #xx:3, Rd B | CO#xx:30f Rd8) - C 2 — == == 2
BAND #xx:3, @ERd B | CO#xx:3 of @ERd24) - C 4 e el el el 6
BAND #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 — === = 6
BLAND #xx:3, Rd B | CO#xx:30f Rd8) — C 2 — == |—=|— 2
BLAND #xx:3, @ERd | B | CO(#xx:3 of @ERd24) - C 4 e el el el 6
BLAND #xx:3, @aa:8 | B | CO#xx:3 of @aa:8) - C 4 — === = 6
BOR #xx:3, Rd B | CO#xx:30f Rd8) - C 2 — == == 2
BOR #xx:3, @ERd B | CO#xx:3 of @ERd24) - C 4 — === 6
BOR #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 — === 6
BIOR #xx:3, Rd B | CO#xx:3 of Rd8) — C 2 —|—|—|— 2
BIOR #xx:3, @ERd B | CO#xx:3 of @ERd24) - C 4 — === 6
BIOR #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 — === 6
BXOR #xx:3, Rd B | CO(#xx:3 of Rd8) - C 2 —|—|—|— 2
BXOR #xx:3, @ERd B | CO(#xx:3 of @ERd24) ~ C 4 — === 6
BXOR #xx:3, @aa:8 B | CO#xx:3 of @aa:8) -~ C 4 — === 6
BIXOR #xx:3, Rd B | CO(#xx:3 of Rd8) - C 2 —|—|—|— 2
BIXOR #xx:3, @ERd B | CO(#xx:3 of @ERd24) —~ C 4 — === 6
BIXOR #xx:3, @aa:8 | B | CO(#xx:3 of @aa:8) -~ C 4 — === 6
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Table A-1 Instruction Set (cont)

6. Branching instructions

Addressing Mode and No. of
Instruction Length (bytes) States *1
+
3 3
3 |
2 g C\i) g c| B - K] §
g 5 S:CJ S SCI_I sls C% % Condition Code E E
Mnemonic & | operation il&|e|® e e & E|lI|H|N|z|v|c| 2|23
BRA d:8 (BT d:8) If condition | Always 2 —_ == == 4
BRA d:16 (BT d:16) | — i;‘é’“f then 4 N D 5
BRN d:8 (BF d:8) pPC+d else | Never 2 e e el el 4
BRN d:16 (BF d:16) — | next; 4 [N D D B P 6
BHI d:8 — cOoz=0 2 el el el el 4
BHI d:16 — 4 === 6
BLS d:8 — coz=1 2 — = === 4
BLS d:16 — 4 = === 6
BCC d:8 (BHS d:8) — c=0 2 === 4
BCC d:16 (BHS d:16) | — 4 == 6
BCS d:8 (BLO d:8) — c=1 2 — | — === 4
BCS d:16 (BLO d:16) | — 4 === 6
BNE d:8 — Z=0 2 Bl e e 4
BNE d:16 — 4 = === 6
BEQ d:8 — z=1 2 — == == 4
BEQ d:16 — 4 N DR PR PR P 6
BVC d:8 — V=0 2 —|—|=]=]= 4
BVC d:16 — 4 === 6
BVS d:8 — V=1 2 === 4
BVS d:16 — 4 = === 6
BPL d:8 — N=0 2 — === ]— 4
BPL d:16 — 4 == 6
BMI d:8 — N=1 2 —|—|=]=]= 4
BMI d:16 — 4 == 6
BGE d:8 — NOV =0 2 Bl e e 4
BGE d:16 — 4 = === 6
BLT d:8 — NOV =1 2 — = === 4
BLT d:16 — 4 N DR PR PR P 6
BGT d:8 — ZO(NDV) 2 = 4
BGT d:16 — =0 4 === 6
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Table A-1 Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States *1
2
: i
- - !
= -— [$)
g cldi@| |%| &8 conditonCode | & | §
g Xlelw| wigizlele 5 2
Mnemonic O | Operation Xr|® OB B O ] O E H|{N|Z|V z <
BLE d:8 — | If condition ZO(NOV) 2 — | — === 4
BLE d:16 ~ | istruethen | =1 4 RN 6
PC
PC+d else
next;
JMP @ERN —| PC < ERn 2 e el el el 4
JMP @aa:24 — | PC « aa:24 4 === 6
JMP @@aa:8 — | PC - @aa:8 2 — | —|—=|=|= 8 10
BSR d:8 —| PC -~ @-SP 2 — = === 6 8
PC ~ PC+d:8
BSR d:16 —| PC - @-SP 4 — = === 8 10
PC — PC+d:16
JSR @ERn —| PC - @-SP 2 === 6 | 8
PC — @ERnN
JSR @aa:24 —| PC -~ @-SP 4 — | — === 8 10
PC - @aa:24
JSR @@aa:8 —| PC -~ @-SP 2 — | —|—=|=|—= 8 12
PC - @aa:8
RTS —| PC « @SP+ 2 |—|—|—|—|— 8 | 10
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Table A-1 Instruction Set (cont)

7. System control instructions

Addressing Mode and No. of
Instruction Length (bytes) States *1
2
g [
@ ~| 4
et < ® —~ 2
c 5 c 8 k] . = ©
o Al | | 2| Ccondition Code gl 5
24 W| o =
. g _ Xlcluw|Sl1|8 20| = 5| 3
Mnemonic O | Operation £ r|® Q0 o Q E H{N|Z|V z <
TRAPA #x:2 PC - @-SP 2 —|—|—— 14 16
CCR - @-SP
<vector> - PC
RTE — | CCR ~ @SP+ E T A 10
PC - @SP+
SLEEP — | Transition to power- — === 2
down state
LDC #xx:8, CCR B | #xx:8 - CCR 2 E B R 2
LDC Rs, CCR B | Rs8 -~ CCR 2 E B T 2
LDC @ERs, CCR W | @ERs - CCR 4 E I A S 6
LDC @(d:16, ERs), W | @(d:16, ERs) -~ CCR 6 vttt 8
CCR
LDC @(d:24, ERs), W | @(d:24, ERs) -~ CCR 10 S S B 12
CCR
LDC @ERs+, CCR W | @ERs - CCR 4 ER B T 4 8
ERs32+2 - ERs32
LDC @aa:16, CCR W | @aa:16 - CCR 6 E B A 8
LDC @aa:24, CCR W | @aa:24 - CCR 8 E N A A 10
STC CCR, Rd B | CCR - Rd8 2 — === 2
STC CCR, @ERd W | CCR - @ERd 4 — === 6
STC CCR, @(d:16, W | CCR - @(d:16, ERd) 6 — === 8
ERd)
STC CCR, @(d:24, W | CCR - @(d:24, ERd) 10 — === 12
ERd)
STC CCR, @-ERd W | ERd32-2 -, ERd32 4 — === 8
CCR - @ERd
STC CCR, @aa:16 W | CCR - @aa:16 6 —|—|—— 8
STC CCR, @aa:24 W | CCR - @aa:24 8 el el el 10
ANDC #xx:8, CCR B | CCR#xx:8 - CCR 2 EO B A 2
ORC #xx:8, CCR B | CCR#xx:8 -~ CCR 2 E N A 2
XORC #xx:8, CCR B | CCRO#xx:8 - CCR 2 E B R I 3 2
NOP —| PC < PC+2 2 — === 2
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Table A-1 Instruction Set (cont)

8. Block transfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States *1
2
8 x
n ~| 4
c|® — B
= izl |9 o s | S
g cl¥ix| |%| &2 conditonCode | & | §
24 Wl o =
) s ) Xl Ww|8|T|8280 = 5 Z
Mnemonic O | Operation XIr|®|® @] E|I|H|IN|Z|VI|C| =z <
EEPMOV. B — | if R4L # 0 then 4 | —|—|—|—|—|—]| 8+
repeat @R5 - @R6 4n*2
R5+1 - R5
R6+1 - R6
R4L-1 - RAL
until R4L=0
else next
EEPMOV. W — | if R4 £ 0 then 4| —|—|—|—|—|—] 8+
repeat @R5 -~ @R6 4n*2
R5+1 - R5
R6+1 - R6
R4L-1 - R4
until R4=0
else next

Notes: 1. The number of states is the number of states required for execution when the instruction and its
operands are located in on-chip memory. For other cases see section A.3, Number of States
Required for Execution.

2. nis the value set in register R4L or R4.

Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.

Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.

Retains its previous value when the result is zero; otherwise cleared to 0.

Set to 1 when the adjustment produces a carry; otherwise retains its previous value.

The number of states required for execution of an instruction that transfers data in

synchronization with the E clock is variable.

Set to 1 when the divisor is negative; otherwise cleared to 0.

Set to 1 when the divisor is zero; otherwise cleared to 0.

Set to 1 when the quotient is negative; otherwise cleared to 0.

O0OoOo Oooodod
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A.2 Operation Code Map (1)

Instruction code: | 1st byte | 2nd byte Instruction when most significant bit of BH is 0.
AH[AL |BH|BL : - . .
Instruction when most significant bit of BH is 1.
AL 0 1 2 3 4 5 6 7 8 9 A B C D E F
AH
0 nop | Table A2l o LbC | ORG | XORC | ANDC | LDC ADD Table A.2| Table A.2 MoV ADDX | Table A2
@ @ @ @
Table A.2| Table A.2| Table A.2| Table A.2 Table A.2 Table A.2| Table A.2 Table A.2
1 OR.B XOR.B AND.B CMP SUBX
@ @ @ @ @ SuB @ 6) %)
2
3
4 BRA BRN BHI BLS BCC BCS BNE BEQ BVC BVS BPL BMI BGE BLT BGT BLE
Table A.2
5 MULXU.B| DIVXU.B |[MULXU.W| DIVXU.W RTS BSR RTE TRAPA @ JMP BSR JSR
BST
6 OR.W XOR.W | AND.W MOV.B MOV
BIST
BSET BNOT BCLR BTST
BOR BXOR BAND BLD
7 MOV.B/W Tablg A2 Tabl; A2 EEPMOV Tabl; A2
BIOR | ~BIXOR| ~BlaND| " BILD @ @ ®
8 ADD
9 ADDX
A CMP
B SUBX
C OR
D XOR
E AND
F MOV
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Operation Code Map (2)

Instruction code: | 1st byte | 2nd byte
AH[AL |BH|BL
BH 0 1 2 3 4 5 6 7 8 9 A B C D E F
AH AL
o1 MoV LDC/STC SLEEP Tab('g)A'z Tab('g)A'z Tab('s)A'z
0A INC ADD
0B ADDS INC INC ADDS INC INC
OF DAA MOV
10 SHLL SHLL SHAL SHAL
11 SHLR SHLR SHAR SHAR
12 ROTXL ROTXL ROTL ROTL
13 ROTXR ROTXR ROTR ROTR
17 NOT NOT EXTU EXTU NEG NEG EXTS EXTS
1A DEC SuB
1B SUBS DEC DEC SuB DEC DEC
1F DAS CMP.L
58 BRA BRN BHI BLS BCC BCS BNE BEQ BVvVC BVS BPL BMI BGE BLT BGT BLE
79 MOV ADD CMP SuB OR XOR AND
7A MOV ADD CMP SuB OR XOR AND
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Operation Code Map (3)

Instruction code: | 1st byte | 2nd byte | 3rd byte| 4th byte Instruction when most significant bit of DH is 0.
AH|AL |BH|BL |CH|CL |DH| DL . . .
‘ ‘ ‘ ‘ Instruction when most significant bit of DH is 1.
C
AH 0 1 2 3 4 5 6 7 8 9 B D F
ALBH
BLCH
LDC LBC LDC LDC
01406 STC STC STC STC
01C05 MULXS MULXS
01D05 DIVXS DIVXS
01F06 OR XOR AND
7Cro6*1 BTST
BOR BXOR BAND BLD
7Cro7*1 BTST
BIOR BIXOR BIAND BILD
BST
7Drog* 1 BSET BNOT BCLR
BIST
7Dro7*1 BSET BNOT BCLR
7Eaa6*2 BTST
BOR BXOR BAND BLD
7Eaa7*2 BTST
BIOR BIXOR BIAND BILD
BST
7Faa6*2 BSET BNOT BCLR
BIST
7Faa7"2 BSET BNOT BCLR

Notes: 1. ris the register designation field.

2. aais the absolute address field.
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A.3 Number of States Required for Execution

Thetables in this section can be used to calculate the number of states required for instruction
execution by the H8/300H CPU. Table A-3 indicates the number of instruction fetch, data
read/write, and other cycles occurring in each instruction. Table A-2 indicates the number of states
required per cycle according to the bus size. The number of states required for execution of an
instruction can be calculated from these two tables as follows:

Number of states=1 xS +JIx S;+ K xS +L xS + M x S + N x S
Examples of Calculation of Number of States Required for Execution

Examples: Advanced mode, stack located in external address space, on-chip supporting modules
accessed with 8-bit bus width, external devices accessed in three states with one wait state and
16-bit bus width.

BSET #0, @FFFFC7:8
FromtableA-3, =L =2andJ=K=M=N=0
FromtableA-2, S =4and S =3
Number of states=2x4+2x3=14

JSR @@30
FromtableA-3, | =J=K=2andL=M=N=0

FromtableA-2, S =S;=5¢ =4
Number of states=2x4+2x4+2x4=24
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Table A-2 Number of Statesper Cycle

Access Conditions

On-Chip Sup-

External Device

porting Module

8-Bit Bus 16-Bit Bus

On-Chip 8-Bit 16-Bit  2-State 3-State 2-State 3-State

Cycle Memory Bus Bus Access Access Access Access
Instruction fetch S 2 6 3 4 6+2m 2 3+m
Branch address read S;

Stack operation Sk

Byte data access SN 3 3+m

Word data access Sm 6 4 6 +2m

Internal operation SN 1

Legend

m: Number of wait states inserted into external device access
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Table A-3 Number of Cyclesper Instruction

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access  Access Operation
Instruction Mnemonic | J K L M N

ADD ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W #xx:16, Rd
ADD.W Rs, Rd
ADD.L #xx:32, ERd
ADD.L ERs, ERd

ADDS ADDS #1/2/4, ERd

ADDX ADDX #xx:8, Rd
ADDX Rs, Rd

AND AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

ANDC ANDC #xx:8, CCR

BAND BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

Bcc BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8
BLS d:8
BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8
BEQ d:8
BVC d:8
BVS d:8
BPL d:8
BMI d:8
BGE d:8
BLT d:8
BGT d:8
BLE d:8

NNRNNRNNNNRNNMNRNNRNNNNIMNNRIRINORPNRR|PR(RP(PORP NP R
[
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Table A-3 Number of Cyclesper Instruction (cont)

Instruction Mnemonic

Instruction Branch
Addr. Read Operation Access

Fetch
|

J

Stack

K

Byte Data Word Data Internal

L

Access

M

Operation

Bcc

BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16

BLS d:16

BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16

BEQ d:16

BVC d:16

BVS d:16

BPL d:16

BMI d:16

BGE d:16

BLT d:16

BGT d:16

BLE d:16

NNNNDNNNNDNNNNNNMNNNDNN]|Z

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8

BIOR

BIOR #xx:8, Rd
BIOR #xx:8, @ERd
BIOR #xx:8, @aa:8

BIST

BIST #xx:3, Rd
BIST #xx:3, @ERd
BIST #xx:3, @aa:8

BIXOR

BIXOR #xx:3, Rd
BIXOR #xx:3, @ERd
BIXOR #xx:3, @aa:8

BLD

BLD #xx:3, Rd
BLD #xx:3, @ERd
BLD #xx:3, @aa:8

NNEFEINMNNEINNEINNEPEINMNNNEINNEINNENMNNNEINDNNMNNNDNNDNNNNDNNDNNNDNNDNDNNNDDN
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Table A-3 Number of Cyclesper Instruction (cont)

Instruction Branch

Stack

Byte Data Word Data Internal

Fetch Addr. Read Operation Access  Access Operation

Instruction Mnemonic | J K L M N
BNOT BNOT #xx:3, Rd 1

BNOT #xx:3, @ERd 2 2

BNOT #xx:3, @aa:8 2 2

BNOT Rn, Rd 1

BNOT Rn, @ERd 2 2

BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1

BOR #xx:3, @ERd 2 1

BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1

BSET #xx:3, @ERd 2 2

BSET #xx:3, @aa:8 2 2

BSET Rn, Rd 1

BSET Rn, @ERd 2 2

BSET Rn, @aa:8 2 2
BSR BSRd:8 Normal'l 2 1

Advanced 2 2
BSR d:16 Normal'l 2 1 2
Advanced 2 2 2

BST BST #xx:3, Rd 1

BST #xx:3, @ERd 2 2

BST #xx:3, @aa:8 2 2
BTST BTST #xx:3, Rd 1

BTST #xx:3, @ERd 2 1

BTST #xx:3, @aa:8 2 1

BTST Rn, Rd 1

BTST Rn, @ERd 2 1

BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1

BXOR #xx:3, @ERd 2 1

BXOR #xx:3, @aa:8 2 1
CMP CMP.B #xx:8, Rd 1

CMP.B Rs, Rd 1

CMP.W #xx:16, Rd 2

CMP.W Rs, Rd 1

CMP.L #xx:32, ERd 3

CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1
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Table A-3 Number of Cyclesper Instruction (cont)

Instruction Branch

Stack

Byte Data Word Data Internal

Fetch Addr. Read Operation Access  Access Operation
Instruction Mnemonic | J K L M N
DEC DEC.B Rd 1
DEC.W #1/2, Rd 1
DEC.L #1/2, ERd 1
DIVXS DIVXS.B Rs, Rd 2 12
DIVXS.W Rs, ERd 2 20
DIVXU DIVXU.B Rs, Rd 1 12
DIVXU.W Rs, ERd 1 20
EEPMOV EEPMOV.B 2 2n + 2*2
EEPMOV.W 2 2n + 2*2
EXTS EXTS.W Rd 1
EXTS.L ERd 1
EXTU EXTU.W Rd 1
EXTU.L ERd 1
INC INC.B Rd 1
INC.W #1/2, Rd 1
INC.L #1/2, ERd 1
JMP JMP @ERnN 2
JMP @aa:24 2
JMP @@aa:8 Normal*l 2 1
Advanced 2 2 2
JSR JSR @ERn  Normal*l 2 1
Advanced 2 2
JSR @aa:24 Normall 2 1
Advanced 2 2
JSR @@aa:8 Normal*l 2 1
Advanced 2 2
LDC LDC #xx:8, CCR 1
LDC Rs, CCR 1
LDC @ERs, CCR 2 1
LDC @(d:16, ERs), CCR 3 1
LDC @(d:24, ERs), CCR 5 1
LDC @ERs+, CCR 2 1 2
LDC @aa:16, CCR 3 1
LDC @aa:24, CCR 4 1
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Table A-3 Number of Cyclesper Instruction (cont)

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access  Access Operation
Instruction Mnemonic | J K L M N

MOV MOV.B #xx:8, Rd
MOV.B Rs, Rd
MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @ERd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)
MOV.B Rs, @-ERd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.B Rs, @aa:24
MOV.W #xx:16, Rd
MOV.W Rs, Rd
MOV.W @ERs, Rd
MOV.W @(d:16, ERs), Rd
MOV.W @(d:24, ERs), Rd
MOV.W @ERs+, Rd
MOV.W @aa:16, Rd
MOV.W @aa:24, Rd
MOV.W Rs, @ERd
MOV.W Rs, @(d:16, ERd)
MOV.W Rs, @(d:24, ERd)
MOV.W Rs, @-ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24
MOV.L #xx:32, ERd
MOV.L ERs, ERd
MOV.L @ERs, ERd
MOV.L @(d:16, ERs), ERd 3
MOV.L @(d:24, ERs), ERd 5
MOV.L @ERs+, ERd 2
MOV.L @aa:16, ERd 3
MOV.L @aa:24, ERd 4
MOV.L ERs, @ERd 2
MOV.L ERs, @(d:16, ERd) 3
MOV.L ERs, @(d:24, ERd) 5
MOV.L ERs, @-ERd 2
MOV.L ERs, @aa:16 3
MOV.L ERs, @aa:24 4

PR RPRRRRRERREPRRRRER

NFRF WOWNRPRANRPRONRPANRPRREPNONRRANRPONRREANRRR
PR RPRRPRRPRRRRRRERER

NNNNNNNDNDNDNDNN
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Table A-3 Number of Cyclesper Instruction (cont)

Instruction Mnemonic

Instruction Branch

Fetch
|

J

Stack
Addr. Read Operation Access

K

Byte Data Word Data Internal

L

Access

M

Operation
N

MOVFPE

MOVFPE @aa:16, Rd*3

13

MOVTPE

MOVTPE Rs, @aa:16™3

173

MULXS

MULXS.B Rs, Rd
MULXS.W Rs, ERd

12
20

MULXU

MULXU.B Rs, Rd
MULXU.W Rs, ERd

12
20

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8, Rd
OR.BRs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.L ERs, ERd

ORC

ORC #xx:8, CCR

POP

POP.W Rn
POP.L ERnN

PUSH

PUSH.W Rn
PUSH.L ERn

N[N

NN (NN

ROTL

ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

ROTXR

ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

RTE

RTE

2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
2
1
3
2
1
1
2
1
2
1
1
1
1
1
1
1
1
1
1
1
1
2
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Table A-3 Number of Cyclesper Instruction (cont)

Instruction Branch
Fetch
Instruction Mnemonic | J

Addr. Read Operation Access

Stack Byte Data Word Data Internal
Access Operation

K L M N

RTS RTS Normal*1

1 2

Advanced

2 2

SHAL SHAL.B Rd
SHAL.W Rd

SHAL.L ERd

SHAR SHAR.B Rd
SHAR.W Rd

SHAR.L ERd

SHLL
SHLL.W Rd
SHLL.L ERd

SHLR SHLR.B Rd
SHLR.W Rd

SHLR.L ERd

SLEEP SLEEP

sTC STC CCR, Rd

STC CCR, @ERd

STC CCR, @(d:16, ERd) 3
STC CCR, @(d:24, ERd) 5
STC CCR, @-ERd 2
STC CCR, @aa:16

STC CCR, @aa:24

2
2
1
1
1
1
1
1
SHLL.B Rd 1
1
1
1
1
1
1
1
2

PR RRRR
N

SUB SUB.B Rs, Rd
SUB.W #xx:16, Rd
SUB.W Rs, Rd
SUB.L #xx:32, ERd

SUB.L ERs, ERd

SUBS SUBS #1/2/4, ERd

SUBX SUBX #xx:8, Rd

SUBX Rs, Rd

TRAPA TRAPA #x:2 Normal*l

Advanced

XOR XOR.B #xx:8, Rd
XOR.BRs, Rd
XOR.W #xx:16, Rd
XOR.W Rs, Rd
XOR.L #xx:32, ERd

XOR.L ERs, ERd

RINWRPNRRE|[NNRPR[RPIPORNR|[M®

XORC XORC #xx:8, CCR

Notes: 1. nis the value set in register R4L or R4. The source and destination are accessed n + 1 times each.
2. For the number of states required for data access, refer to the relevant hardware manual.

3. Not available in the H8/3003.
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Appendix B Register Field

B.1 Register Addresses and Bit Names

580

Data )

Address Register Bus Bit Names

(low) Name Wwidth Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name

H'1C

H'1D

H'1lE

H'1lF

H'20 MAROAR 8 DMAC

H21 MAROAE 8 Rl L

H22 MAROAH 8

H'23 MAROAL 8

H'24 ETCROAH 8

H'25 ETCROAL 8

H'26 I0AR0A 8

H'27 DTCROA 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode

DTE DTSz SAID SAIDE DTIE DTS2A DTS1A DTSO0A Full

address
mode

H'28 MAROBR 8 DMAC

H'29 MAROBE 8 channel 0B

H'2A MAROBH 8

H'2B MAROBL 8

H2C ETCROBH 8

H'2D ETCROBL 8

H'2E I0AROB 8

H'2F DTCROB 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode

DTME — DAID DAIDE TMS DTS2B DTS1B DTSOB Full

address
mode

Legend

DMAC: DMA controller

(Continued on next page)



(Continued from preceding page)

Data .
Address Register Bus Bit Names
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name
H'30 MAR1AR 8 DMAC
H'31 MARIAE 8 channel 1A
H'32 MAR1AH 8
H'33 MAR1AL 8
H'34 ETCR1AH 8
H'35 ETCR1AL 8
H'36 I0AR1A 8
H'37 DTCR1A 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode
DTE DTSz SAID SAIDE DTIE DTS2A DTS1A DTSOA Full
address
mode
H'38 MAR1BR 8 DMAC
H'39 MARIBE 8 channel 1B
H'3A MAR1BH 8
H'3B MAR1BL 8
H'3C ETCR1BH 8
H'3D ETCR1BL 8
H'3E I0AR1B 8
H'3F DTCR1B 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode
DTME — DAID DAIDE TMS DTS2B DTS1B DTSOB Full
address
mode
H'40 MAR2AR 8 DMAC
H41 MAR2AE 8 channel 2A
H'42 MAR2AH 8
H'43 MAR2AL 8
H'44 ETCR2AH 8
H'45 ETCR2AL 8
H'46 I0AR2A 8
H'47 DTCR2A 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode
DTE DTSz SAID SAIDE DTIE DTS2A DTS1A DTSOA Full
address
mode
Legend

DMAC: DMA controller

(Continued on next page)
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Data .
Address Register Bus Bit Names
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name
H'48 MAR2BR 8 DMAC
H'49 MAR2BE 8 channel 2B
H'4A MAR2BH 8
H'4B MAR2BL 8
H'4C ETCR2BH 8
H'4D ETCR2BL 8
H'4E I0AR2B 8
H'4F DTCR2B 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode
DTME — DAID DAIDE TMS DTS2B DTS1B DTSOB Full
address
mode
H'50 MAR3AR 8 DMAC
H'51 MAR3AE 8 channel 3A
H'52 MAR3AH 8
H'53 MAR3AL 8
H'54 ETCR3AH 8
H'55 ETCR3AL 8
H'56 I0AR3A 8
H'57 DTCR3A 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode
DTE DTSz SAID SAIDE DTIE DTS2A DTS1A DTSOA Full
address
mode
H'58 MAR3BR 8 DMAC
H'59 MAR3BE 8 channel 38
H'5A MAR3BH 8
H'5B MAR3BL 8
H'5C ETCR3BH 8
H'5D ETCR3BL 8
H'5E I0AR3B 8
H'5F DTCR3B 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO Short
address
mode
DTME — DAID DAIDE TMS DTS2B DTS1B DTSOB Full
address
mode
Legend

DMAC: DMA controller

(Continued on next page)
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Data .
Address Register Bus Bit Names
(low)  Name Width Bit7  Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Module Name
H'60 TSTR 8 — — — STR4 STR3 STR2 STRL STRO  ITU
H'61 TSNC 8 — — — SYNC4 SYNC3 SYNC2 SYNC1 synco (@l channels)
H'62 TMDR 8 MDF  FDIR PWM4 PWM3 PWM2 PWM1 PWMO
H'63 TFCR 8 — — CMD1 CMDO BFB4 BFA4 BFB3  BFA3
H'64 TCRO 8 — CCLR1 CCLRO CKEGl CKEGO TPSC2 TPSC1 TPSCO  ITU channel 0
H'65 TIORO 8 — IoB2 0Bl IOBO  — I0A2  I0Al  I0AO
H'66 TIERO 8 — — — — — OVIE IMIEB IMIEA
H'67 TSRO 8 — — — — — OVF  IMFB  IMFA
H'68 TCNTOH 16
H'69 TCNTOL

H'6A GRAOH 16

H'6B GRAOL
H'6C GRBOH 16

H'6D GRBOL

H'6E TCR1 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel 1
H'6F TIOR1 8 — 10B2 10B1 10B0O — I0A2 I0A1 I0A0
H'70 TIER1 8 — — — — — OVIE IMIEB  IMIEA
H'71 TSR1 8 — — — — — OVF IMFB IMFA

H'72 TCNT1H 16

H'73 TCNTI1L

H'74 GRA1H 16

H'75 GRAI1L

H'76 GRB1H 16

H'77 GRBI1L

H'78 TCR2 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel 2
H'79 TIOR2 8 — 10B2 10B1 10BO — I0A2 I0A1 I0A0

H'7A TIER2 8 — — — — — OVIE IMIEB  IMIEA

H'7B TSR2 8 — — — — — OVF IMFB IMFA

H'7C TCNT2H 16

H'7D TCNT2L
H'7E GRA2H 16
H'7F GRA2L

H'80 GRB2H 16
H'81 GRB2L
Legend

ITU: 16-bit integrated timer unit

(Continued on next page)
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Data .
Address Register Bus Bit Names
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name
H'82 TCR3 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl1l TPSCO ITU channel 3
H'83 TIOR3 8 — 10B2 10B1 10BO — 10A2 I0A1 I0A0
H'84 TIER3 8 — — — — — OVIE IMIEB  IMIEA
H'85 TSR3 8 — — — — — OVF IMFB IMFA
H'86 TCNT3H 16
H'87 TCNT3L
H'88 GRA3H 16
H'89 GRA3L
H'8A GRB3H 16
H'8B GRB3L
H'8C BRA3H 16
H'8D BRA3L
H'8E BRB3H 16
H'8F BRB3L
H'90 TOER 8 — — EXB4 EXA4 EB3 EB4 EA4 EA3 ITU
H91 TOCR 8 — — — XTGD — — oLsa oLsz  (allchannels)
H'92 TCR4 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel 4
H'93 TIOR4 8 — 10B2 10B1 10B0O — 10A2 I0A1 I0A0
H'94 TIER4 8 — — — — — OVIE IMIEB  IMIEA
H'95 TSR4 8 — — — — — OVF IMFB IMFA
H'96 TCNT4H 16
H'97 TCNTA4L
H'98 GRA4H 16
H'99 GRA4L
H'9A GRB4H 16
H'9B GRBA4L
H'9C BRA4H 16
H'9D BRA4L
H'9E BRB4H 16
H'9F BRBA4L
Legend
ITU: 16-bit integrated timer unit

(Continued on next page)
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Data _
Address Register Bus Bit Names
(low)  Name Width Bit7  Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Module Name
H'AO TPMR 8 — — — — G3NOV G2NOV GINOV GONOV TPC
HAL TPCR 8 G3CMS1 G3CMS0 G2CMS1 G2CMS0 GI1CMS1 G1CMS0 GOCMS1 GOCMSO0
HA2 NDERB 8 NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS
HA3 NDERA 8 NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO
HA4 NDRB*l 8 NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDRS
8 NDR15 NDR14 NDR13 NDR12 — — — —
H'AS NDRA*L 8 NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDRL1 NDRO
8 NDR7 NDR6 NDR5 NDR4 — — — —
H'AG NDRB*l 8 — — — — — — — —
8 — — — — NDR11 NDR10 NDR9 NDRS8
HA7 NDRA*L 8 — — — — — — — —
8 — — — — NDR3 NDR2 NDR1 NDRO
H'A8 TCSR'2 8 OVF  WTIT TME — — CKS2 CKS1 CKSO  WDT
H'A9 TCNT*2 8
HAA  — — — — — — — — —
HAB RSTCSR*3 8 WRST RSTOE — — — — — —
HAC  RFSHCR 8 SRFMD PSRAME DRAME CAS/WE M9/M8 PFSHE — RCYCE  Refresh
H'AD RTMCSR 8 CMF  CMIE CKS2 CKS1 CKSO — — — controller
HAE RTCNT 8
HAF RTCOR 8
H'BO SMR 8 C/A CHR PE OE  STOP MP CKS1 CKSO  SCIchannel 0
HB1 BRR 8
HB2 SCR 8 TIE RE TE RE MPIE TEIE CKEl CKEO
H'B3 TDR 8
H'B4 SSR 8 TDRE RDRF ORER FER PER TEND MPB  MPBT
H'BS5 RDR 8
H'B6 — — — — — — — — —
HB7 — — — — — — — — —

Notes: 1. The address depends on the output trigger setting.

Legend

2. For write access to TCSR and TCNT, see section 12.2.4, Notes on Register Access.
3. For write access to RSTCSR, see section 12.2.4, Notes on Register Access.

TPC: Programmable timing pattern controller

WDT: Watchdog timer
Serial communication interface

SCI:

(Continued on next page)
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Data .
Address Register Bus Bit Names
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name
H'B8 SMR 8 C/A CHR PE OE STOP MP CKS1 CKSO SCl channel 1
H'B9 BRR 8
H'BA SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'BB TDR 8
H'BC SSR 8 TDRE RDRF ORER FER PER TEND MPB MPBT
H'BD RDR 8
HBE  — — — — — — — — —
HBF  — — — — — — — — —
H'CO — — — — — — — — —
H'C1 — — — — — — — — —
H'C2 — — — — — — — — —
H'C3 — — — — — — — — —
H'C4 — — — — — — — — —
H'C5 P4DDR 8 P47;DDR P4gDDR P45DDR P4,DDR P43DDR P4,DDR P4,DDR P43DDR  Port 4
H'C6 — — — — — — — — —
HC7  P4DR 8 P4, P4y P4 P4, P4y P4, P4 P4y Port 4
H'C8 P5DDR 8 P5;DDR P5DDR P55DDR P54,DDR P53DDR P5,DDR P5;DDR P5,DDR  Port 5
H'C9 P6DDR 8 — P6gDDR P65DDR P64DDR P63DDR P6,DDR P6;DDR P6,DDR Port 6
HCA  PSDR 8 Ps, PS5y P5, PS5, P5; P5, P5 PS5 Port 5
HCB  P6DR 8 — P6; P6s P6, P63 P6, P6; PGy Port 6
H'CC — — — — — — — — —
H'CD P8DDR 8 — — — P8,DDR P83DDR P8,DDR P8,;DDR P83,DDR Port 8
HCE  P7DR 8 P7, Pl PIs P1, PI3 P, PI, PT, Port 7
HCF  P8DR 8 — — — P8, P8s; P8, P8 P8 Port 8
HDO  P9DDR 8 — — P9sDDR P9,DDR P93DDR P9,DDR P9;DDR P9oDDR  Port 9
HD1  PADDR 8 PA;DDR PAGDDR PASDDR PA;DDR PA3DDR PA,DDR PA;DDR PAGDDR  Port A
HD2  P9DR 8 — — P95 P9, P93 P9, P9 P9, Port 9
HD3  PADR 8 PA; PA; PAs PA, PA; PA, PA;  PAg Port A
HD4  PBDDR 8 PB,DDR PBgDDR PBsDDR PB,4DDR PB3DDR PB,DDR PB;DDR PBoDDR  Port B
HD5  PCDDR 8 PC7DDR PC4DDR PC5DDR PC4DDR PC3DDR PC,DDR PC,DDR PCoDDR  Port C
HD6  PBDR 8 PB, PBg PBs PB, PBy PB, PB; PBg Port B
HD7?  PCDR 8 PC; PCq PCgs PC, PC3 PC, PC; PCqy Port C

Legend
SCI: Serial communication interface

(Continued on next page)
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Data .
Address Register Bus Bit Names
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name
H'D8 — — — — — — — — —
H'D9 — — — — — — — — —
H'DA P4PCR 8 P4;PCR P4gPCR P45PCR P44PCR P43PCR P4,PCR P4,PCR P4,PCR Port4
HDB  P5PCR 8 P5;PCR P56PCR P55PCR P5,PCR P5;PCR P5,PCR P5;PCR P5,PCR Port 5
HDC — — — — — — — — — —
HDD  — — — — — — — — —
HDE  — — — — — — — — —
HDF  — — — — — — — — —
H'EO ADDRAH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/ID
HE1l ADDRAL 8 AD1 ADO — — — — — —
H'E2 ADDRBH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E3 ADDRBL 8 AD1 ADO — — — — — —
H'E4 ADDRCH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E5 ADDRCL 8 AD1 ADO — — — — — —
H'E6 ADDRDH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E7 ADDRDL 8 AD1 ADO — — — — — —
H'E8 ADCSR 8 ADF ADIE ADST SCAN CKS CH2 CH1 CHO
H'E9 ADCR 8 TRGE — — — — — — —
HEA — — — — — — — — —
H'EB — — — — — — — — —

HEC ABWCR ABW7 ABW6 ABWS5 ABW4 ABW3 ABW2 ABW1 ABWO Bus controller

H'ED ASTCR AST7 AST6 ASTS5 AST4 AST3 AST2 AST1  ASTO

8

8
HEE WCR 8 — — — — WMS1 WMSO0 WC1 WCO
HEF WCER 8 WCE7 WCE6 WCE5 WCE4 WCE3 WCE2 WCE1 WCEO

Legend
A/D: A/D converter

(Continued on next page)
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Data )
Address Register Bus Bit Names
(low) Name width Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Module Name
H'FO — — — — — — — — —
HF1 MDCR 8 — — — — — MDS2 MDS1 MDSO System control
H'F2 SYSCR 8 SSBY STS2 STS1 STSO UE NMIEG — RAME
H'F3 BRCR 8 — — — — — — — BRLE Bus controller
H'F4 ISCR 8 IRQ7SC IRQ6SC IRQ5SC IRQ4SC IRQ3SC IRQ2SC IRQ1SC IRQOSC  Interrupt
H'F5 IER 8 IRQ7E IRQBE IRQ5E IRQ4E IRQ3E IRQ2E IRQLE IRQOE  controller
H'F6 ISR 8 IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQIF IRQOF
HF7 — — — — — — — — —
H'F8 IPRA 8 IPRA7 IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRAL IPRAO Interrupt
H'F9 IPRB 8 IPRB7 IPRB6 IPRB5 IPRB4 IPRB3 IPRB2 IPRB1L — controller
HFA — — — — — — — — —
HFB — — — — — — — — —
HFC — — — — — — — — —
HFD — — — — — — — — —
HFE — — — — — — — — —
H'FF — — — — — — — — —
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B.2 Register Descriptions

Register Register Address to which Name of on-chip
acronym name the register is mapped supporting
module
H'60

ITU (all channels)

TSTR Timer Start Register

Bit
numbe;\

Bit 7 6 5 4 3 2 1 0

Initial bit — ‘ — ‘ — ‘ — ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘f

values Initial value 1 1 1 0 0 0 0 0 Names of the
Read/Write — — — RIW RIW bits. Dashes

(—) indicate
reserved bits.

Possible types of access

Counter start 0

R | Read only 0| TCNTO is halted
W | Write only 1| TCNTO is counting
R/W | Read and write Counter start1 ———————
0| TCNT1 is halted N
1| TCNT1 is counting Fu”,name
of bit
Counter start 2
0 | TCNT2 is halted
1| TCNT2 is counting
Counter start 3 Des_cnptlc_)ns
0] TCNT3 is halted of bit settings

1| TCNT3 s counting

Counter start 4
0 | TCNT4 is halted
1| TCNT4 is counting
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MAROA R/E/H/L—Memory Address Register OA R/E/H/L H'20, H'21, DMACO

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

H'22,H'23

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

1 1 1 1 1 1 1 1 Undetermined
_ - — — — — — — RMWR/WR/W R/W R/W R/WR/W R/W

MAROAR MAROAE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Undetermined Undetermined
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MAROAH MAROAL

Source or destination address
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ETCROA H/L—Execute Transfer Count Register OA H/L H'24, H'25 DMACO
e Short address mode

1/0 mode and idle mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

Repeat mode
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCROAH
Transfer counter
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCROAL
Initial count
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ETCROA H/L—Execute Transfer Count Register OA H/L H'24, H'25 DMACO
(cont)

¢ Full address mode

Normal mode
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

Block transfer mode

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCROAH

Block size counter

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCROAL

Initial block size
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IOAROA—I/O Address Register 0A H'26 DMACO
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Short address mode: source or destination address
Full address mode: not used
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DTCROA—Data Transfer Control Register 0A H'27 DMACO
e Short address mode
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSz ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
] | ‘ ‘
[
Data transfer select
Bit2 | Bitl | BitO
DTS2 | DTS1 | DTSO | Data Transfer Activation Source
0 0 0 Compare match/input capture A interrupt from ITU channel O
1 Compare match/input capture A interrupt from ITU channel 1
1 0 Compare match/input capture A interrupt from ITU channel 2
1 Compare match/input capture A interrupt from ITU channel 3
1 0 0 SCI transmit-data-empty interrupt
1 SCI receive-data-full interrupt
1 * Transfer in full address mode

Data transfer interrupt enable
0 | Interrupt requested by DTE bit is disabled
1| Interrupt requested by DTE bit is enabled

Repeat enable
RPE | DTIE | Description

0 0 I/0O mode
1
1 0 Repeat mode

1 Idle mode

Data transfer increment/decrement

0| Incremented: If DTSZ =0, MAR is incremented by 1 after each transfer
If DTSZ = 1, MAR is incremented by 2 after each transfer

1| Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer
If DTSZ = 1, MAR is decremented by 2 after each transfer

Data transfer size
0 | Byte-size transfer
1 | Word-size transfer

Data transfer enable
0 | Data transfer is disabled
1 | Data transfer is enabled

594




DTCROA—Data Transfer Control Register 0A H'27 DMACO
(cont)

¢ Full address mode

Bit 7 6 5 4 3 2 1 0

‘ DTE ‘ DTSz ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSOA ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

e |

Data transfer select OA

0 | Normal mode
1 | Block transfer mode

Data transfer select 2A and 1A
Set both bits to 1

Data transfer interrupt enable
0 | Interrupt request by DTE bit is disabled
1 | Interrupt request by DTE bit is enabled

Source address increment/decrement
Bit5 | Bit4
SAID |SAIDE| Increment/Decrement Enable

0 0 MARA is held fixed

1 Incremented: If DTSZ = 0, MARA is incremented by 1 after each transfer
If DTSZ = 1, MARA is incremented by 2 after each transfer

1 0 MARA is held fixed

1 Decremented: If DTSZ = 0, MARA is decremented by 1 after each transfer
If DTSZ = 1, MARA is decremented by 2 after each transfer

Data transfer size
0 | Byte-size transfer
1 | Word-size transfer

Data transfer enable
0 | Data transfer is disabled
1 | Data transfer is enabled
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MAROB R/E/H/L—Memory Address Register 0B R/E/H/L H'28, H'29, DMACO

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

H'2A, H'2B

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

1 1 1 1 1 1 1 1 Undetermined
_ - - — — — — — RWR/WR/W R/W R/W R/W R/W R/W

MAROBR MAROBE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Undetermined Undetermined
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MAROBH MAROBL

Source or destination address
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ETCROB H/L—Execute Transfer Count Register 0B H/L H'2C, H'2D DMACO
*  Short address mode

1/0 mode and idle mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

Repeat mode
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCROBH
Transfer counter
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCROBL
Initial count
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ETCROB H/L—Execute Transfer Count Register 0B H/L H'2C, H'2D DMACO
(cont)

¢ Full address mode

Normal mode
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Not used
Block transfer mode
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
NN .
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Block transfer counter

IOAROB—I/O Address Register 0B H'2E DMACO
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Short address mode: source or destination address
Full address mode: not used
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DTCROB—Data Transfer Control Register OB H'2F DMACO
e Short address mode
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSz ‘ DTID ‘ RPE DTIE ‘ DTS2 DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

[
Data transfer select

Bit2 | Bitl | BitO
DTS2 | DTS1 | DTSO | Data Transfer Activation Source
0 0 0 Compare match/input capture A interrupt from ITU channel O
1 Compare match/input capture A interrupt from ITU channel 1
1 0 Compare match/input capture A interrupt from ITU channel 2
1 Compare match/input capture A interrupt from ITU channel 3
1 0 0 SCI transmit-data-empty interrupt
1 SCI receive-data-full interrupt
1 0 | Falling edge of DREQ input
1 | Low level of DREQ input

Data transfer interrupt enable

0 | Interrupt requested by DTE bit is disabled

CPU interrupt requested when DTE =0

1| Interrupt requested by DTE bit is enabled

Repeat enable
RPE | DTIE | Description
0 0 I/0O mode
1
1 0 Repeat mode
1 Idle mode

Data transfer increment/decrement

0 | Incremented: If DTSZ = 0, MAR is incremented by 1 after each transfer
If DTSZ = 1, MAR is incremented by 2 after each transfer

1 | Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer
If DTSZ = 1, MAR is decremented by 2 after each transfer

Data transfer size
0 | Byte-size transfer
1 | Word-size transfer

Data transfer enable
0 | Data transfer is disabled
1 | Data transfer is enabled

599




DTCROB—Data Transfer Control Register 0B H'2F DMACO
e Full address mode
Bit 7 6 5 4 2 1 0
‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ TMS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
|
\
Data transfer select 2B to 0B
Bit2 | Bitl | BitO Data Transfer Activation Source
DTS2B|DTS1BDTS0B| Normal Mode Block Transfer Mode
0 0 0 Auto-request Compare match/input capture
(burst mode) A from ITU channel 0
1 Not available Compare match/input capture
A from ITU channel 1
1 0 Auto-request Compare match/input capture
(cycle-steal mode) A from ITU channel 2
1 Not available Compare match/input capture
A from ITU channel 3
1 0 0 Not available Not available
1 Not available Not available
1 0 Falling edge of DREQ Falling edge of DREQ
1 Low level input at DREQ | Not available
Transfer mode select
0 | Destination is the block area in block transfer mode
1| Source is the block area in block transfer mode

Destination address increment/decrement

Bit5 | Bit4
DAID |DAIDE| Increment/Decrement Enable
0 0 MARB is held fixed
1 Incremented: If DTSZ = 0, MARB is incremented by 1 after each transfer
If DTSZ = 1, MARB is incremented by 2 after each transfer
1 0 MARB is held fixed
1 Decremented: If DTSZ = 0, MARB is decremented by 1 after each transfer
If DTSZ = 1, MARB is decremented by 2 after each transfer

Data transfer master enable
0 | Data transfer is disabled
1 | Data transfer is enabled
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MARI1A R/E/H/L—Memory Address Register 1A R/E/H/L H'30, H'31, DMAC1

H'32,H'33
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value 1 1 1 1 1 1 1 1 Undetermined
Read/Write - - — — — — — — RWR/WR/WR/W R/W R/WR/W R/W
MAR1AR MARI1AE
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MAR1AH MARI1AL

Note: Bit functions are the same as for DMACO.
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ETCRI1A H/L—Execute Transfer Count Register 1A H/L H'34, H'35 DMAC1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCR1AH
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRI1AL
Note: Bit functions are the same as for DMACO.

IOAR1A—I/O Address Register 1A H'36 DMAC1
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.

602



DTCR1A—Data Transfer Control Register 1A H'37 DMAC1

e Short address mode

Bit 7 6 5 4 3 2 1 0

‘ DTE ‘ DTSz ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

*  Full address mode

Bit 7 6 5 4 3 2 1 0

‘ DTE ‘ DTSz ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSOA ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.

MAR1B R/E/H/L—Memory Address Register 1B R/E/H/L H'38, H'39, DMAC1
H'3A, H'3B
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ ‘ ‘ Undetermined ‘ ‘ ‘
Read/Write _ - - — — — — — RWR/WR/W R/W R/W R/W R/W R/W
MAR1BR MAR1BE
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value ‘ ‘ ‘ Undetermined ‘ ‘ ‘ ‘ ‘ Undetermined ‘ ‘ ‘

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MAR1BH MAR1BL

Note: Bit functions are the same as for DMACO.
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ETCR1B H/L—Execute Transfer Count Register 1B H/L H'3C, H'3D DMAC1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCR1BH
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRI1BL
Note: Bit functions are the same as for DMACO.

IOAR1B—I/O Address Register 1B H'3E DMAC1
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.
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DTCR1B—Data Transfer Control Register 1B H'3F DMAC1

Short address mode
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSz ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Full address mode

Bit 7 6 5 4 3 2 1 0

‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ TMS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.

MARZ2A R/E/H/L—Memory Address Register 2A R/E/H/L H'40, H'41, DMAC?2
H'42, H'43
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value 1 1 1 1 1 1 1 1 Undetermined
Read/Write _ - - - — — — — R/WR/WR/W R/W R/W R/W R/W R/W
MAR2AR MAR2AE

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MAR2AH MARZ2AL

Note: Bit functions are the same as for DMACO.
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ETCR2A H/L—Execute Transfer Count Register 2A H/L H'44, H'45 DMAC2
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCR2AH
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCR2AL
Note: Bit functions are the same as for DMACO.

IOAR2A—I/O Address Register 2A H'46 DMAC2
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.
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DTCR2A—Data Transfer Control Register 2A H'47 DMAC2
e  Short address mode
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTSl‘ DTSO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
*  Full address mode
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSOA ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for DMACO.
MAR2B R/E/H/L—Memory Address Register 2B R/E/H/L H'48, H'49, DMAC2
H'4A, H'4B
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value 1 1 1 1 1 1 1 1 Undetermined
Read/Write _ - - - — — — — R/WR/WR/W R/W R/W R/W R/W R/W
MAR2BR MAR2BE
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MAR2BH

Note: Bit functions are the same as for DMACO.
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ETCR2B H/L—Execute Transfer Count Register 2B H/L H'4C, H'4D DMAC2
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCR2BH
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCR2BL
Note: Bit functions are the same as for DMACO.

IOAR2B—I/O Address Register 2B H'4E DMAC2
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.
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DTCR2B—Data Transfer Control Register 2B H'4F DMAC2

e Short address mode

Bit 7 6 5 4 3 2 1 0

‘ DTE ‘ DTSz ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

e Full address mode

Bit 7 6 5 4 3 2 1 0

‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ TMS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.

MAR3A R/E/H/L—Memory Address Register 3A R/E/H/L H'50, H'51, DMAC3
H'52, H'53
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ ‘ ‘ Undetermined ‘ ‘ ‘
Read/Write _ - - — — — — — R/WR/WR/W R/W R/W R/WR/W R/W
MAR3AR MAR3AE
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value ‘ ‘ ‘ Undetermined ‘ ‘ ‘ ‘ ‘ Undetermined ‘ ‘ ‘

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MAR3AH MAR3AL

Note: Bit functions are the same as for DMACO.
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ETCR3A H/L—Execute Transfer Count Register 3A H/L H'54, H'55 DMAC3
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCR3AH
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCR3AL
Note: Bit functions are the same as for DMACO.

IOAR3A—I/O Address Register 3A H'56 DMAC3
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.
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DTCR3A—Data Transfer Control Register 3A H'57 DMAC3

e Short address mode

Bit 7 6 5 4 3 2 1 0

‘ DTE ‘ DTSz ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

*  Full address mode

Bit 7 6 5 4 3 2 1 0

‘ DTE ‘ DTSz ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSOA ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.

MAR3B R/E/H/L—Memory Address Register 3B R/E/H/L H'58, H'59, DMACS3
H'5A, H'5B
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ ‘ ‘ Undetermined ‘ ‘ ‘
Read/Write _ - - — — — — — RWR/WR/W R/W R/W R/W R/W R/W
MAR3BR MAR3BE
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value ‘ ‘ ‘ Undetermined ‘ ‘ ‘ ‘ ‘ Undetermined ‘ ‘ ‘

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

MAR3BH MAR3BL

Note: Bit functions are the same as for DMACO.
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ETCR3B H/L—Execute Transfer Count Register 3B H/L H'5C, H'5D DMAC3
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCR3BH
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCR3BL
Note: Bit functions are the same as for DMACO.

IOAR3B—I/O Address Register 3B H'5E DMAC3
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.
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DTCR3B—Data Transfer Control Register 3B H'5F DMAC3
*  Short address mode
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSz ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
*  Full address mode
Bit 7 6 5 4 3 2 1 0
‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ TMS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.
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TSTR—Timer Start Register

H'60 ITU (all channéls)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

]

Counter start 0
0 | TCNTO is halted
1| TCNTO is counting

Counter start 1
0 | TCNT1 is halted
1| TCNT1 is counting

Counter start 2
0| TCNT2 is halted
1| TCNT2 is counting

Counter start 3

0

TCNT3 is halted

1

TCNT3 is counting

Counter start 4

0

TCNT4 is halted

1

TCNT4 is counting
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TSNC—Timer Synchro Register H'61 ITU (all channels)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

Timer sync O
0 | TCNTO operates independently
1| TCNTO is synchronized

Timer sync 1
0 | TCNT1 operates independently
1| TCNT1 is synchronized

Timer sync 2
0 | TCNT2 operates independently
1| TCNT2 is synchronized

Timer sync 3
0 | TCNTS3 operates independently
1| TCNT3 is synchronized

Timer sync 4
0 | TCNT4 operates independently
1| TCNT4 is synchronized
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TMDR—Timer Mode Register H'62 ITU (all channéls)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

|

PWM mode 0
0 | Channel 0 operates normally
1 | Channel 0 operates in PWM mode

PWM mode 1
0 | Channel 1 operates normally
1| Channel 1 operates in PWM mode

PWM mode 2
0 | Channel 2 operates normally
1| Channel 2 operates in PWM mode

PWM mode 3
0 | Channel 3 operates normally
1 | Channel 3 operates in PWM mode

PWM mode 4
0 | Channel 4 operates normally
1| Channel 4 operates in PWM mode

Flag direction

0

OVF is setto 1 in TSR2 when TCNT2 overflows or underflows

1

OVF is setto 1 in TSR2 when TCNT2 overflows

Phase counting mode flag

0

Channel 2 operates normally

1

Channel 2 operates in phase counting mode
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TFCR—Timer Function Control Register H'63 ITU (all channels)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Buffer mode A3
0 | GRAS operates normally
1 | GRA3 is buffered by BRA3

Buffer mode B3
0 | GRB3 operates normally
1| GRB3 is buffered by BRB3

Buffer mode A4
0 | GRA4 operates normally
1| GRAA is buffered by BRA4

Buffer mode B4
0 | GRB4 operates normally
1 | GRB4 is buffered by BRB4

Combination mode 1 and 0
Bit5 | Bit4
CMD1|CMDO0| Operating Mode of Channels 3 and 4

0 0 Channels 3 and 4 operate normally
1
1 0 Channels 3 and 4 operate together in complementary PWM mode
1 Channels 3 and 4 operate together in reset-synchronized PWM mode
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TCRO—Timer Control Register 0 H'64 ITUO
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLRl‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W
]
|
Timer prescaler 2t0 0
Bit2 | Bitl | BitO
TPSC2|TPSC1|TPSCO| TCNT Clock Source
0 0 0 Internal clock: g
1 Internal clock: g/2
1 0 Internal clock: g/4
1 Internal clock: 2/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input

Clock edge 1 and 0

Bit4 | Bit3
CKEG1/CKEGO| Counted Edges of External Clock
0 0 Rising edges counted
1 Falling edges counted
1 — | Both edges counted
Counter clear 1 and 0
Bit6 | Bit5
CCLR1|CCLRO| TCNT Clear Source
0 0 TCNT is not cleared
1 TCNT is cleared by GRA compare match or input capture
1 0 TCNT is cleared by GRB compare match or input capture
1 Synchronous clear: TCNT is cleared in synchronization
with other synchronized timers
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TIORO—Timer 1/O Control Register 0 H'65 ITUO
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ I0B1 ‘ 10BO ‘ — ‘ I0A2 ‘ I0Al ‘ IOA0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W
1/0 control A2 to AO
Bit2 | Bitl | BitO
IOA2 | IOAL | IOAOD | GRA Function
0 0 0 GRA is an output | No output at compare match
1 | compare register | g output at GRA compare match
1 0 1 output at GRA compare match
1 Output toggles at GRA compare match
1 0 0 GRAis aninput | GRA captures rising edge of input
1 | captureregister | GRA captures falling edge of input
1 0 GRA captures both edges of input
1
1/0 control B2 to BO
Bit6 | Bit5 | Bit4
IOB2 | IOB1 | IOBO | GRB Function
0 0 0 GRB is an output | No output at compare match
1 | compare register | g oytput at GRB compare match
1 0 1 output at GRB compare match
1 Output toggles at GRB compare match
1 0 0 GRB is an input | GRB captures rising edge of input
1 | captureregister | GRB captures falling edge of input
1 0 GRB captures both edges of input
1
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TIERO—Timer Interrupt Enable Register 0 H'66 ITUO

Bit

Initial value
Read/Write

6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
1 1 1 1 0 0 0

— — — R/W R/W R/W

Input capture/compare match interrupt enable A
0 | IMIA interrupt requested by IMFA is disabled
1| IMIA interrupt requested by IMFA is enabled

Input capture/compare match interrupt enable B

0

IMIB interrupt requested by IMFB is disabled

1

IMIB interrupt requested by IMFB is enabled

Overflow interrupt enable

0

OVl interrupt requested by OVF is disabled

1

OVl interrupt requested by OVF is enabled
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TSRO—Timer Status Register 0 H'67 ITUO

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/(W)*  R/(W)* R/(W)*

Input capture/compare match flag A
0 | [Clearing condition]
Read IMFA when IMFA = 1, then write 0 in IMFA
1| [Setting conditions]
TCNT = GRA when GRA functions as a compare
match register.
TCNT value is transferred to GRA by an input capture
signal, when GRA functions as an input capture register.

Input capture/compare match flag B
0 | [Clearing condition]
Read IMFB when IMFB = 1, then write 0 in IMFB

1 | [Setting conditions]

TCNT = GRB when GRB functions as a compare

match register.

TCNT value is transferred to GRB by an input capture
signal, when GRB functions as an input capture register.

Overflow flag
0 | [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF
1 | [Setting condition]
TCNT overflowed from H'FFFF to H'0000

Note:* Only 0 can be written, to clear the flag.
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TCNTOH/L—Timer Counter O H/L H'68, H'69 ITUO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 0o o 0 o o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Up-counter

GRAO H/L—General Register A0 H/L H'6A, H'6B ITUO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write ~ R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Output compare or input capture register

GRBO H/L—General Register BOH/L H'6C, H'6D ITUO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0O
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Output compare or input capture register

TCR1—Timer Control Register 1 H'6E ITUL
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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TIOR1—Timer |/O Control Register 1 H'6F ITUL

Bit 7 6 5 4 3 2 1 0

‘ — ‘ 10B2 ‘ I0B1 ‘ 10B0O ‘ — ‘ IOA2 ‘ I0A1 ‘ I0OA0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TIER1—Timer Interrupt Enable Register 1 H'70 ITUL
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TSR1—Timer Status Register 1 H'71 ITUL
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — RI(W)*  RIW)*  R/(W)*

Notes: Bit functions are the same as for ITUO.
* Only 0 can be written, to clear the flag.

TCNT1H/L—Timer Counter 1 H/L H'72,H'73 ITUL

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value o o o o o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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GRA1H/L—General Register A1H/L H'74,H'75 ITU1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

GRB1 H/L—General Register B1 H/L H'76,H'77 ITUL

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvane 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TCR2—Timer Control Register 2 H'78 ITU2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Notes: 1. Bit functions are the same as for ITUO.
2. When channel 2 is used in phase counting mode, the counter clock source selection by
bits TPSC2 to TPSCO is ignored.
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TIOR2—Timer |/O Control Register 2 H'79 ITU2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ 10B1 ‘ 10BO ‘ — ‘ I0A2 ‘ I0A1 I0AO0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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TIER2—Timer Interrupt Enable Register 2 H'7A

ITU2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — —

— — — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TSR2—Timer Status Register 2

H'7B ITU2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write —

— — — —  RIW)*  RIW)*  RI(W)*

‘ Bit functions are the
same as for ITUO.
Overflow flag
0 | [Clearing condition]
Read OVF when OVF =1, then write 0 in OVF
1 | [Setting condition]

TCNT overflowed from H'FFFF to H'0000 or underflowed from
H'0000 to H'FFFF

Note: * Only O can be written, to clear the flag.

TCNT2H/L—Timer Counter 2 H/L

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3
Initial value o o o o o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Phase counting mode: up/down counter
Other modes: up-counter
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GRA2 H/L—General Register A2 H/L H'7E, H'7TF ITU2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 117 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

GRB2 H/L—General Register B2 H/L H'80, H'81 ITU2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvauoe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TCR3—Timer Control Register 3 H'82 ITU3
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CLEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TIOR3—Timer |/O Control Register 3 H'83 ITU3
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ 10B1 ‘ 10B0O ‘ — ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

627



TIER3—Timer Interrupt Enable Register 3 H'84

ITU3
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — —

— — — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TSR3—Timer Status Register 3

H'85 ITU3
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — —

_ — — RI(W)*  RI(W)*  RI(W)*

‘ Bit functions are the
same as for ITUO
Overflow flag
0 | [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF
1| [Setting condition]

TCNT overflowed from H'FFFF to H'0000 or underflowed from
H'0000 to H'FFFF

Note: * Only O can be written, to clear the flag.

TCNT3H/L—Timer Counter 3H/L H'86, H'87 ITU3

Bit 15 14 13 12 11 10 9 8 7 6 S5 4 3
Initial value o o o o0 o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Complementary PWM mode: up/down counter
Other modes: up-counter
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GRA3H/L—General Register A3H/L H'88, H'89 ITUS

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1171 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Output compare or input capture register (can be buffered)

GRB3 H/L—General Register B3 H/L H'8A, H'8B ITU3

Bit 15 14 13 12 112 10 9 8 7 6 5 4 3 2 1 O
Initial value 1 1 1171 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Output compare or input capture register (can be buffered)

BRA3 H/L—Buffer Register A3H/L H'8C, H'8D ITU3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1171 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW

Used to buffer GRA

BRB3 H/L—Buffer Register B3 H/L H'8E, H'8F ITU3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1 1 1171 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Used to buffer GRB
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TOER—Timer Output Enable Register H'90 ITU (all channels)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W R/W R/W R/W R/W R/W

Master enable TIOCA3

0 | TIOCA; output is disabled regardless of TIOR3, TMDR, and TFCR settings

1| TIOCAj; is enabled for output according to TIOR3, TMDR, and TFCR settings

Master enable TIOCA4
0 | TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR settings
1| TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR settings

Master enable TIOCB4
0 | TIOCB, output is disabled regardless of TIOR4 and TFCR settings
1| TIOCBy is enabled for output according to TIOR4 and TFCR settings

Master enable TIOCB3
0 | TIOCB3 output is disabled regardless of TIOR3 and TFCR settings
1 | TIOCBj is enabled for output according to TIOR3 and TFCR settings

Master enable TOCXA4
0 | TOCXA, output is disabled regardless of TFCR settings
1| TOCXA, is enabled for output according to TFCR settings

Master enable TOCXB4
0 | TOCXB, output is disabled regardless of TFCR settings
1| TOCXB, is enabled for output according to TFCR settings
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TOCR—Timer Output Control Register H'91 ITU (all channels)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ XTGD ‘ — ‘ — ‘ OoLs4 ‘ OLS3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — R/W — — R/W R/W

Output level select 3
0 | TIOCB3, TOCXA4, and TOCXB4 outputs are inverted
1| TIOCB3, TOCXA4, and TOCXB4 outputs are not inverted

Output level select 4
0 | TIOCA3, TIOCA,4, and TIOCB,4 outputs are inverted
1| TIOCA3, TIOCA,4, and TIOCB,4 outputs are not inverted

External trigger disable

0 | Input capture A in channel 1 is used as an external trigger signal in
reset-synchronized PWM mode and complementary PWM mode*

1 | External triggering is disabled

Note: * When an external trigger occurs, bits 5to 0 in TOER are cleared to 0, disabling ITU
output.
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TCR4—Timer Control Register 4 H'92 ITU4

Bit 7 6 5 4 3 2 1 0

‘ — ‘ CCLRl‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TIOR4—Timer I/O Control Register 4 H'93 ITU4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ I0B2 ‘ I10B1 ‘ 10B0 ‘ — ‘ I0A2 ‘ I0Al ‘ I0A0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TIER4—Timer Interrupt Enable Register 4 H'94 1TU4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TSR4—Timer Status Register 4 H'95 ITU4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/(W)*  R/(W)* R/(W)*

Notes: Bit functions are the same as for ITUO.
* Only O can be written, to clear the flag.
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TCNT4 H/L—Timer Counter 4 H/L H'96, H'97 ITU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value o o o o o o o o o o o o o o o o
Read/Write ~ R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITU3.

GRA4 H/L—General Register A4 H/L H'98, H'99 ITU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITU3.

GRB4 H/L—General Register B4 H/L H'9A, H'9B ITU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value i1 111 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITU3.

BRA4 H/L—Buffer Register A4 H/L H'9C, H'9D ITU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITU3.
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BRB4 H/L—Buffer Register B4 H/L H'OE, H'9F

ITU4
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITU3.

TPMR—TPC Output Mode Register H'AO TPC
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NOV ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — —

— — R/W R/W R/W R/W

|
Group 0 non-overlap
0 | Normal TPC output in group 0.
Output values change at compare match A in the selected ITU channel.

1 | Non-overlapping TPC output in group 0, controlled by compare match
A and B in the selected ITU channel

Group 1 non-overlap
0 | Normal TPC output in group 1.
Output values change at compare match A in the selected ITU channel.

1 | Non-overlapping TPC output in group 1, controlled by compare match
A and B in the selected ITU channel

Group 2 non-overlap
0 | Normal TPC output in group 2.
Output values change at compare match A in the selected ITU channel.

1 | Non-overlapping TPC output in group 2, controlled by compare match
A and B in the selected ITU channel

Group 3 non-overlap
0 | Normal TPC output in group 3.
Output values change at compare match A in the selected ITU channel.

1| Non-overlapping TPC output in group 3, controlled by compare match
A and B in the selected ITU channel
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TPCR—TPC Output Control Register H'Al TPC

Bit 7 6 5 4 3 2 1 0

‘ GSCMSl‘G3CMSO‘ GZCMSl‘ GZCMSO‘GlCMSl ‘GlCMSO‘ GOCMSl‘GOCMSO‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

\
Group 0 compare match select 1 and 0
Bit 1 Bit 0
GOCMS1|GOCMSO| ITU Channel Selected as Output Trigger
0 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU channel 0
1 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU channel 1
1 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU channel 2
1 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITU channel 3
Group 1 compare match select 1 and 0
Bit 3 Bit 2
G1CMS1|G1CMS0| ITU Channel Selected as Output Trigger
0 0 TPC output group 1 (TP to TP,) is triggered by compare match in ITU channel 0
1 TPC output group 1 (TP to TP,) is triggered by compare match in ITU channel 1
1 0 TPC output group 1 (TP, to TP,) is triggered by compare match in ITU channel 2
1 TPC output group 1 (TP to TP,) is triggered by compare match in ITU channel 3
Group 2 compare match select 1 and 0
Bit5 Bit 4
G2CMS1|G2CMS0| ITU Channel Selected as Output Trigger
0 0 TPC output group 2 (TP, to TPg) is triggered by compare match in ITU channel O
1 TPC output group 2 (TP to TPg) is triggered by compare match in ITU channel 1
1 0 TPC output group 2 (TP to TPg) is triggered by compare match in ITU channel 2
1 TPC output group 2 (TP to TPg) is triggered by compare match in ITU channel 3

Group 3 compare match select 1 and 0

Bit 7 Bit 6
G3CMS1|G3CMSO0| ITU Channel Selected as Output Trigger
0 0 TPC output group 3 (TPy5 to TP;,) is triggered by compare match in ITU channel 0
1 TPC output group 3 (TPy5 to TP;,) is triggered by compare match in ITU channel 1
1 0 TPC output group 3 (TPy5 to TPyy) is triggered by compare match in ITU channel 2
1 TPC output group 3 (TPy5 to TPyy) is triggered by compare match in ITU channel 3
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NDERB—Next Data Enable Register B H'A2 TPC

Bit 7 6 5 4 3 2 1 0
‘NDERlS‘NDERM‘ NDER13‘ NDERlZ‘NDERll‘NDERlO‘ NDER9 ‘ NDERS8 ‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 15to 8

Bits 7to O
NDER15 to NDER8| Description
0 TPC outputs TPy5 to TPg are disabled
(NDR15 to NDRS8 are not transferred to PB; to PB)
1 TPC outputs TP;5 to TPg are enabled
(NDR15 to NDRS8 are transferred to PB; to PBg)
NDERA—Next Data Enable Register A H'A3 TPC
Bit 7 6 5 4 3 2 1 0
‘ NDERY ‘ NDER6 ‘ NDER5 ‘ NDER4 ‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 7to 0

Bits 7to O
NDER7 to NDERO | Description
0 TPC outputs TP, to TPy are disabled
(NDR7 to NDRO are not transferred to PA 7 to PA()
1 TPC outputs TP; to TPy are enabled
(NDR7 to NDRO are transferred to PA 7 to PA()
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NDRB—Next Data Register B H'A4/H'A6 TPC
e Same output trigger for TPC output groups 2 and 3

Address H'FFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next output data for Next output data for
TPC output group 3 TPC output group 2
Address H'FFA6
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

- Different output triggers for TPC output groups 2 and 3

Address H'FFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next output data for
TPC output group 3
Address H'FFA6
Bit 7 6 5 4 3 2 1 0
— — — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDRS8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Next output data for
TPC output group 2

637



NDRA—Next Data Register A H'A5/H'A7 TPC
e Same output trigger for TPC output groups 0 and 1
Address H'FFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next output data for Next output data for
TPC output group 1 TPC output group 0
Address H'FFA7
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —
- Different output triggers for TPC output groups 0 and 1
Address H'FFA5S
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next output data for
TPC output group 1
Address H'FFA7
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
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] ‘

Timer enable

Timer mode select

TCSR—Timer Control/Status Register H'A8 wWDT
Bit 7 6 5 4 3 2 1 0
‘ OVF ‘ WT/IT ‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write R/(W)* R/W R/W — — R/W R/W R/W
——
Clock select 2to 0
0 | Timer disabled 0 0 0 a/2
* TCNT is initialized to H'00 and halted 1 132
1 | Timer enabled 1 0 /64
¢ TCNT is counting 1 /128
¢ CPU interrupt requests are enabled 1 0 0 21256
1 a/512
0 | Interval timer: requests interval timer interrupts 1 0 | 8/2048
1 | Watchdog timer: generates a reset signal 1 /4096

Overflow flag

0 | [Clearing condition]

Read OVF when OVF = 1, then write 0 in OVF

1 | [Setting condition]
TCNT changes from H'FF to H'00

Note: * Only O can be written, to clear the flag.
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TCNT—Timer Counter H'A9 (read), WDT
H'A8 (write)
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Count value
RSTCSR—Reset Control/Status Register H'AB (read), WDT
H'AA (write)
Bit 7 6 5 4 3 2 1 0
WRST |RsTOE|, — | — | — | — | — | —
Initial value 0 0 1 1 1 1 1 1
Read/Write R/(W)* R/W — — — — — —

Reset output enable

0 | Reset signal is not output externally

1| Reset signal is output externally

Watchdog timer reset

0 | [Clearing condition]

Reset signal input at RES pin, or 0 written by software

1 | [Setting condition]

TCNT overflow generates a reset signal

Note: * Only O can be written in bit 7, to clear the flag.
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RFSHCR—Refresh Control Register H'AC Refresh controller

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
‘ SRFMD ‘PSRAME‘ DRAME‘CAS/W‘ MQ/W‘ RFSHE ‘ — ‘ RCYCE ‘
0 0 0 0 0 0 1 0
RIW RIW RIW RIW RIW RIW — RIW

\
Refresh cycle enable

0 | Refresh cycles are disabled

1 | Refresh cycles are enabled for area 3

Refresh pin enable

0 | Refresh signal output at the RFSH pin is disabled

1 | Refresh signal output at the RFSH pin is enabled

Address multiplex mode select
0 | 8-bit column address mode
1 | 9-bit column address mode

Strobe mode select
0 | 2 WE mode
1| 2 CAS mode

PSRAM enable, DRAM enable

Bit 6 Bit 5
PSRAME | DRAME | RAM Interface
0 0 Can be used as an interval timer
1 DRAM can be connected
1 0 PSRAM can be connected
1 lllegal setting

Self-refresh mode

0

DRAM or PSRAM self-refresh is disabled in software standby mode

1

DRAM or PSRAM self-refresh is enabled in software standby mode
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RTM CSR—Refresh Timer Control/Status Register

Bit 7

H'AD Refresh controller

Initial value 0

6 5 4 3 2 1 0

‘ CMF ‘ CMIE ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘ — ‘ — ‘ — ‘
0 0 0 0 1 1 1
R/W R/W R/W R/W — — —

Read/Write R/(W)*

Compare match interrupt enable

Clock select 2to 0

Bit5 | Bit4 | Bit3
CKS2 | CKS1 | CKSO | Counter Clock Source
0 0 0 Clock input is disabled
1 al2
1 0 2/8
1 /32
1 0 0 2/128
1 /512
1 0 /2048
1 /4096

0

The CMI interrupt requested by CMF is disabled

1

The CMI interrupt requested by CMF is enabled

Compare match flag

0

[Clearing condition]

Read CMF when CMF = 1, then write O in CMF

[Setting condition]

RTCNT =

RTCOR

Note: * Only O can be written, to clear the flag.
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RTCNT—Refresh Timer Counter H'AE Refresh controller

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Count value
RTCOR—Refresh Time Constant Register H'AF Refresh controller
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Interval at which RTCNT is cleared
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SMR—Serial Mode Register H'BO SCI0
Bit 7 6 5 7 3 2 1 0
‘ C/IA ‘ CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
T

Clock select 1and 0

Bit1 | Bit0O
CKS1|CKSO0| Clock Source
0 0 g clock
Multiprocessor mode 1 @/4 clock
0 | Multiprocessor function disabled 1 0 | 9/16 clock
1 | Multiprocessor format selected 1 2/64 clock

Stop bit length

0 | One stop bit

1 | Two stop bits

Parity mode

0 | Even parity

1 | Odd parity

Parity enable

0 | Parity bit is not added or checked

1 | Parity bit is added and checked

Character length

0 | 8-bit data

1 | 7-bit data

Communication mode

0

Asynchronous mode

1

Synchronous mode
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BRR—BIt Rate Register H'B1 SCI0
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Serial communication bit rate setting
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SCR—Serial Control Register

H'B2 SCIO0

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

I
Clock enable 1 and O

Bit1 | BitO
CKE1|CKEO| Clock Selection and Output
0 0 | Asynchronous mode | Internal clock, SCK pin available for generic input
output
Synchronous mode | Internal clock, SCK pin used for serial clock output
1 | Asynchronous mode | Internal clock, SCK pin used for clock output
Synchronous mode | Internal clock, SCK pin used for serial clock output
1 0 | Asynchronous mode | External clock, SCK pin used for clock input
Synchronous mode | External clock, SCK pin used for serial clock input
1 | Asynchronous mode | External clock, SCK pin used for clock input
Synchronous mode | External clock, SCK pin used for serial clock input

Transmit-end interrupt enable

0 | Transmit-end interrupt requests (TEI) are disabled

1 | Transmit-end interrupt requests (TEI) are enabled

Multiprocessor interrupt enable

0 | Multiprocessor interrupts are disabled (normal receive operation)

1 | Multiprocessor interrupts are enabled

Transmit enable

R

eceive enable

0

Transmitting is disabled

0 | Transmitting is disabled

1

Transmitting is enabled

1 | Transmitting is enabled

Receive interrupt enable

0 | Receive-end (RXI) and receive-error (ERI) interrupt requests are disabled

1 | Receive-end (RXI) and receive-error (ERI) interrupt requests are enabled

Transmit interrupt enable

0 | Transmit-data-empty interrupt request (TXI) is disabled

1 | Transmit-data-empty interrupt request (TXI) is enabled
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TDR—Transmit Data Register H'B3 SCIO0
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Serial transmit data
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SSR—Serial Status Register

H'B4 SCIO0

Bit 7 6 5 4 3 2 1 0
‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘

Initial value 1 0 0 0 0 1 0 0

R/(W)* R R R/W

Read/Write  R/W)*  RIW)*  RIAW)*  RI(W)*
J

] ]

[
Multiprocessor bit

Multiprocessor bit transfer

0 | Multiprocessor bit value in 0
receive data is 0

Multiprocessor bit value in
transmit data is O

Transmit end

1 | Multiprocessor bit value in 1
receive data is 1

Multiprocessor bit value in
transmit data is 1

0 | [Clearing conditions]

The DMAC writes data in TDR.

Read TDRE when TDRE = 1, then write O in TDRE.

1 | [Setting conditions]

TE is cleared to 0 in SCR.

Reset or transition to standby mode.

TDRE is 1 when last bit of serial character is transmitted.

Framing error

0 | [Clearing conditions]

Reset or transition to standby mode.
Read FER when FER =1, then write O
in FER.

1 | [Setting condition]
Framing error (stop bit is 0)

Parity error

0 | [Clearing conditions]
Reset or transition to standby mode.
Read PER when PER = 1, then write 0 in
PER.

1 | [Setting condition]

Parity error: (parity of receive data does not
match parity setting of O/E in SMR)

Receive data register full

0

[Clearing conditions]

Reset or transition to standby mode.

Read RDRF when RDRF = 1, then write 0 in
RDRF.

The DMAC reads data from RDR.

[Setting condition]
Serial data is received normally and transferred
from RSR to RDR

Transmit data register empty

Overrun error

0 | [Clearing conditions]
Reset or transition to standby mode.
Read ORER when ORER =1, then write 0 in
ORER.

1 | [Setting condition]

Overrun error (reception of next serial data
ends when RDRF = 1)

0 | [Clearing conditions]
Read TDRE when TDRE = 1, then write 0 in TDRE.
The DMAC writes data in TDR.

1 | [Setting conditions]

Reset or transition to standby mode.

TEis0in SCR

Data is transferred from TDR to TSR, enabling new
data to be written in TDR.

Note: * Only O can be written, to clear the flag.
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RDR—Receive Data Register H'B5 SCIO0
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

Serial receive data

SMR—Serial Mode Register H'B8 SCil

Bit 7 6 5 4 3 2 1 0

‘ C/A ‘ CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.

BRR—BIt Rate Register H'B9 SCll
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.

SCR—Serial Control Register H'BA SCil
Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for SCIO.
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TDR—Transmit Data Register H'BB SCil
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.

SSR—Serial Status Register H'BC SCil
Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W
Notes: Bit functions are the same as for SCIO.
* Only O can be written, to clear the flag.

RDR—Receive Data Register H'BD SCil
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

Note: Bit functions are the same as for SCIO.
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PADDR—Port 4 Data Direction Register H'C5 Port 4

Bit 7 6 5 4 3 2 1 0
‘P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P43DDR‘P42DDR ‘ P41DDR‘ P40DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

Port 4 input/output select
0 | Generic input pin
1 | Generic output pin

P4ADR—Port 4 Data Register H'C7 Port 4
Bit 7 6 5 4 3 2 1 0
‘ P4+ ‘ P4g ‘ P45 ‘ P4, ‘ P43 ‘ P4, ‘ P4, ‘ P4, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/IW R/IW R/W RIW R/W R/W RIW

Data for port 4 pins

P5DDR—Port 5 Data Direction Register H'C8 Port 5

Bit 7 6 5 4 3 2 1 0
‘P57DDR‘ P56DDR‘ P55DDR‘ P54DDR‘ P53DDR ‘ P5,DDR ‘ P51DDR‘P50DDR‘

Mode | Initial value 0 0 0 0 1 1 1 1

1,2 { Read/Write W w w w — — — —

Mode {Initial value 1 1 1 1 1 1 1 1

3.4 | ReadWrite — — — — — — — —

Port 5 input/output select
0 | Generic input
1 | Generic output
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P6DDR—Port 6 Data Direction Register H'C9 Port 6

Bit 7 6 5 4 3 2 1 0

‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR‘P62DDR ‘ P61DDR‘ P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — w w w w w w w

Port 6 input/output select
0 | Generic input
1 | Generic output

P5DR—Port 5 Data Register H'CA Port 5
Bit 7 6 5 4 3 2 1 0
‘ P57 ‘ P56 ‘ P55 ‘ P54 ‘ P53 ‘ P55, ‘ P51 ‘ P5¢ ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port 5 pins

P6DR—Port 6 Data Register H'CB Port 6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P65 ‘ P61 ‘ P6g ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Data for port 6 pins
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P8DDR—Port 8 Data Direction Register H'CD Port 8
Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘P84DDR‘P83DDR‘P82DDR‘P81DDR‘P80DDR‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — w w w w w

Port 8 input/output select

Port 8 input/output select

0 | Generic input 0 | Generic input
1 | CSoutput 1 | Generic output
P7DR—Port 7 Data Register H'CE Port 7
Bit 7 6 5 4 3 2 1 0
‘ P7; ‘ P7¢ ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P7, ‘ P7o ‘
Initial value —* —* —* —* —* —* —* —*
Read/Write R R R R R R R R
Data for port 7 pins
Note: * Determined by pins P77 to P7,.
P8DR—Port 8 Data Register H'CF Port 8
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ P84 ‘ P83 ‘ P8, ‘ P81 ‘ P8¢ ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
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PO9DDR—Port 9 Data Direction Register H'DO Port 9

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93DDR‘P92DDR ‘ P91DDR‘ P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w w w w w w

Port 9 input/output select
0 | Generic input
1| Generic output

PADDR—Port A Data Direction Register H'D1 Port A
Bit 7 6 5 4 3 2 1 0
‘PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘PA3DDR‘PA2DDR ‘ PAlDDR‘PAODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W w w w

Port A input/output select
0 | Generic input
1 | Generic output

P9DR—Port 9 Data Register H'D2 Port 9
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95 ‘ P9, ‘ P93 ‘ P9, ‘ P9, ‘ P9g ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Data for port 9 pins
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PADR—Port A Data Register

H'D3 Port A
Bit 7 6 5 4 3 2 1 0
‘ PA, ‘ PAg ‘ PAg ‘ PA4 ‘ PA3 ‘ PA, ‘ PA1 ‘ PAg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port A pins

PBDDR—Port B Data Direction Register

H'D4 Port B
Bit 7 6 5 4 3 2 1 0

‘ PB+ DDR‘ PBg DDR‘ PBsg DDR‘ PB4 DDR‘ PBs3 DDR‘PBZ DDR ‘ PB; DDR‘ PBg DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W W w W

Port B input/output select
0 | Generic input
1 | Generic output

PCDDR—Port C Data Direction Register

H'D5 Port C
Bit 7 6 5 4 3 2 1 0
‘PC7 DDR‘ PCsg DDR‘ PCs DDR‘ PC4 DDR‘ PC3 DDR‘PCZ DDR ‘ PC;, DDR‘ PCo DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W w W w

Port C input/output select
0 | Generic input
1 | CS output

Port C input/output select
0 | Generic input
1| Generic output
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PBDR—Port B Data Register H'D6 Port B

Bit 7 6 5 4 3 2 1 0

‘ PB< ‘ PBg ‘ PBg ‘ PB4 ‘ PB3 ‘ PB» ‘ PB1 ‘ PBy ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port B pins

PCDR—Port C Data Register H'D7 Port C
Bit 7 6 5 4 3 2 1 0
‘ PCy ‘ PCg ‘ PCs ‘ PCy4 ‘ PCs3 ‘ PC, ‘ PCq ‘ PCy ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data for port C pins

PAPCR—Port 4 Input Pull-Up Control Register H'DA Port 4
Bit 7 6 5 4 3 2 1 0
‘ P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P41PCR‘ P4oPCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 input pull-up control 7to 0
0 | Input pull-up transistor is off
1 | Input pull-up transistor is on

Note: Valid when the corresponding PADDR bit is cleared to 0 (designating generic input).
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P5PCR—Port 5 Input Pull-Up Control Register H'DB Port 5

Bit 7 6 5 4 3 2 1 0
‘P57PCR‘ P56PCR‘ P55PCR‘ P54PCR‘ P53PCR‘P52PCR ‘ P51PCR‘ PSOPCR‘
Initial value 0 0 0 0 0 0 0 0
R/W

Read/Write R/W R/W R/W R/W R/W R/W R/W

Port 5 input pull-up control 7to 4
0 | Input pull-up transistor is off
1| Input pull-up transistor is on

Note: Valid when the corresponding PSDDR bit is cleared to 0 (designating generic input).

ADDRA H/L—A/D Data Register A H/L H'EO, H'El A/D
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ADQ‘ADS‘AD7‘AD6‘AD5‘ADA‘AD3‘AD2‘AD1‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o o o o o o o o o o o o
R R R R R

Read/Write R R R R R R R R R R R

ADDRAH ADDRAL

A/D conversion data
10-bit data giving an
A/D conversion result

Reserved bits
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ADDRB H/L—A/D Data Register B H/L H'E2, H'E3 A/D

7 6 5 4 3 2 1 0

Bit 15 14 13 12 11 10 9 8
‘ADQ‘ADS‘ADY‘AD6‘AD5‘AD4‘AD3‘AD2‘AD1‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o0 0 O o o o o o o o o o o
R R R

Read/Write R R R R R R R R R R R R R

ADDRBH ADDRBL

A/D conversion data
10-bit data giving an
A/D conversion result

Reserved bits

ADDRC H/L—A/D Data Register C H/L H'E4, H'ES A/D

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Bit
‘ADQ‘ADS‘ADY‘AD6‘AD5‘AD4‘AD3‘AD2‘AD1‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘

Initalvane 0 O O O O O O O O O O O o o o o

ReadWrite R R R R R R R R R R R R R R R R

ADDRCH ADDRCL

A/D conversion data
10-bit data giving an
A/D conversion result

Reserved bits

ADDRD H/L—A/D Data Register D H/L H'E6, H'E7 A/D

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Bit
‘ADQ‘ADS‘AD7‘ADG‘ADS‘AD4‘AD3‘AD2‘AD1‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘

Initial value o o o o o o o o o o o o o o o o

Read/Write R R R R R R R R R R R R R R R R

ADDRDH ADDRDL

A/D conversion data
10-bit data giving an
A/D conversion result

Reserved bits
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ADCR—A/D Control Register H'E9 A/D

Bit 7 6 5 4 3 2 1 0
mee | — | — | = | = = | =] -]

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — — _
T

Trigger enable
0 | A/D conversion cannot be externally triggered
1| A/D conversion starts at the fall of the external trigger signal (ADTRG)
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ADCSR—A/D Control/Status Register H'E8 A/D
Bit 7 6 5 4 3 2 0

‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

I
Clock select

0 | Conversion time = 266 states (maximum)

1 | Conversion time = 134 states (maximum)

Channel select 2to 0

Group Channel
Selection|  Selection Description
CH2 CH1 | CHO | Single Mode | Scan Mode
0 0 0 |ANg ANg
Scan mode 1 | AN, AN, AN,
0/ Single mode 1 0 | AN, AN to AN,
1| Scan mode 1 AN ANg 10 AN
1 0 0 | ANy AN,
1 | ANg AN, ANg
1 0 | ANg AN, to ANg
1 AN7 AN4 to AN7
A/D start
0 | A/D conversion is stopped

1

Single mode: A/D conversion starts; ADST is automatically cleared to 0 when

conversion ends

Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a

transition to standby mode

A/D interrupt enable

0 | A/D end interrupt request is disabled

1 | A/D end interrupt request is enabled

A/D end flag

0

[Clearing condition]

Read ADF while ADF = 1, then write 0 in ADF

[Setting conditions]
Single mode: A/D conversion ends

Scan mode: A/D conversion ends in all selected channels

Note: * Only 0 can be written, to clear flag.
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ABWCR—BusWidth Control Register H'EC Bus controller

Bit 7 6 5 4 3 2 1 0

‘ ABW7 ‘ ABW6 ‘ ABWS5 ‘ ABW4 ‘ ABWS3 ‘ ABW2 ‘ ABW1 ‘ ABWO ‘
Initial {Mode 1,3 1 1 1 1 1 1 1 1
value | Mode 2,4 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW

Area 7 to 0 bus width control

Bits 7to 0
AWBY7 to AWBO | Bus Width of Access Area
0 Areas 7 to 0 are 16-bit access areas
1 Areas 7 to 0 are 8-bit access areas
ASTCR—Access State Control Register H'ED Bus controller
Bit 7 6 5 4 3 2 1 0
‘ AST7 ‘ AST6 ‘ ASTS ‘ AST4 ‘ AST3 ‘ AST?2 ‘ AST1 ‘ ASTO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Area 7 to 0 access state control

Bits 7t0 0
AST7 to ASTO Number of States in Access Cycle
0 Areas 7 to 0 are two-state access areas
1 Areas 7 to 0 are three-state access areas
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WCR—Wait Control Register H'EE Bus controller
Bit 7 6 5 4 3 2 1 0
] ] = ] = wwst|wwso| wer | woo |
Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/W

Wait mode select 1 and 0

Wait count 1 and O

Bit3 | Bit2 Bitl | BitO
WMS1/WMSO0| Wait Mode WC1 | WCO | Number of Wait States
0 0 Programmable wait mode 0 0 No wait states inserted by
1 | No wait states inserted by wait-state controller
wait-state controller 1 1 state inserted
1 0 Pin wait mode 1 0 2 states inserted
1 Pin auto-wait mode 1 3 states inserted
WCER—Wait Controller Enable Register H'EF Bus controller
Bit 7 6 5 4 3 2 1 0
‘ WCE7 ‘ WCE®6 ‘ WCE5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCEL1 ‘ WCEO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Wait state controller enable 7to 0

0

Wait-state control is disabled (pin wait mode 0)

1

Wait-state control is enabled
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MDCR—M ode Control Register H'F1 System control
Bit 7 6 5 4 3 2 1 0
] — | — ] — | — |wos2| most| woso|
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R

Mode select 2to 0 ———

Bit2 | Bitl | Bit0O
MD, | MD; | MDq | Operating mode
0 0 0o |—
1 Mode 1
1 0 Mode 2
1 Mode 3
1 0 0 Mode 4
1 J—
1 0o |—
1 J—

Note: * Determined by the state of the mode pins (MD» to MDg).
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SYSCR—System Control Register

Bit

Initial value
Read/Write

H'F2 System control

7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘
0 0 0 0 1 0 1 1
R/W R/W R/W R/W R/W R/W — R/W
‘ R
RAM enable
0 | On-chip RAM is disabled
1| On-chip RAM is enabled

NMI edge select

0 | An interrupt is requested at the falling edge of NMI

1| Aninterrupt is requested at the rising edge of NMI

User bit enable

0 | CCR bit 6 (Ul) is used as an interrupt mask bit

1| CCR hit 6 (Ul) is used as a user bit

Standby timer select 2to 0

Bit6 | Bit5 | Bit4
STS2 | STS1 | STSO | Standby Timer

0 0 0 Waiting time = 8192 states

1 Waiting time = 16384 states
1 0 Waiting time = 32768 states
1 | Waiting time = 65536 states
1 0 — | Waiting time = 131072 states
1 — | Waiting time = 4 states

Software standby

0

SLEEP instruction causes transition to sleep mode

1

SLEEP instruction causes transition to software standby mode
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BRCR—Bus Release Control Register H'F3 Bus controller

Bit 7 6 5 4 3 2 1 0
-l -] -1 =] =1=-1 - [ere]

Initial value 1 1 1 1 1 1 1 0
Read/Write — — — — — — — R/W
T

Bus release enable
0 | The bus cannot be released to an external device
1 | The bus can be released to an external device

I SCR—IRQ Sense Control Register H'F4 Interrupt controller
Bit 7 6 5 4 3 2 1 0
‘ IRQ7SC‘ IRQGSC‘ IRQSSC‘ IRQ4SC‘ IRQSSC‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

IRQ7 to IRQq sense control
0 | Interrupts are requested when IRQ7 to IRQ inputs are low
1| Interrupts are requested by falling-edge input at IRQ7 to IRQq

|[ER—IRQ Enable Register H'F5 Interrupt controller
Bit 7 6 5 4 3 2 1 0

‘ IRQ7E ‘ IRQ6E ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W) R/(W)  R/(W) R/(W)  R/(W) R/(W) R/(W) R/(W)
|
IRQ; to IRQq enable
0 | IRQ7 to IRQq interrupts are disabled
1| IRQ7 to IRQq interrupts are enabled
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Interrupt controller

1 0

0 0

| SR—IRQ Status Register H'F6
Bit 7 6 5 4 3 2
‘ IRQ7F ‘ IRQ6F ‘ IRQ5F ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘ IRQOF ‘
Initial value 0 0 0 0 0 0
Read/Write R/(WYy  R/(WyF R/I(WyF R/(W)y RI(W); R/(W)y

RIW)  RI(W)

\
IRQ7; to IRQq flags

Bits 7to 0
IRQ7F to IRQOF | Setting and Clearing Conditions

0 [Clearing conditions]
Read IRQnF when IRQnF = 1, then write 0 in IRQNnF.
IRQNSC = 0, IRQn input is high, and interrupt exception
handling is carried out.
IRQNSC =1 and IRQn interrupt exception handling is
carried out.

1 [Setting conditions]
IRQNSC =0 and IRQn input is low.
IRQnNSC =1 and IRQnN input changes from high to low.

Note: * Only O can be written, to clear the flag.
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IPRA—Interrupt Priority Register A H'F8 Interrupt controller

Bit 7 6 5 4 3 2 1 0

‘ IPRA7 ‘ IPRAG6 ‘ IPRA5S ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRAL ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Priority level A7 to AO
0 | Priority level O (low priority)
1 | Priority level 1 (high priority)

* Interrupt sources controlled by each bit

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IPRA7 IPRA6 IPRA5 [IPRA4 IPRA3 IPRA2 IPRA1 IPRAO

Interrupt  IRQgq IRQ, IRQ,, IRQ,to  WDT, ITU ITU ITU
source IRQ3 IRQ7 Refresh chan- chan- chan-
Con- nel 0 nel 1 nel 2
troller
IPRB—Interrupt Priority Register B H'F9 Interrupt controller
Bit 7 6 5 4 3 2 1 0
‘ IPRB7 ‘ IPRB6 ‘ IPRB5 ‘ IPRB4 ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ IPRBO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/IW R/W R/W R/IW R/W R/IW R/IW R/W
Priority level B7 to BO Reserved bit

0 | Priority level O (low priority)
1 | Priority level 1 (high priority)

e Interrupt sources controlled by each bit

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IPRB7 IPRB6 IPRB5 [IPRB4 IPRB3 [IPRB2 IPRB1 —

Interrupt  1TU ITU DMAC DMAC SCI SCI A/D —
source  chan- chan- group group chan- chan- con-
nel 3 nel 4 0 1 nel 0 nel 1 verter
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Appendix C 1/0O Port Block Diagrams

C.1 Port 4 Block Diagram

8-bit bus mode
16-bit bus mode

i

g

) Q D
Write to external P4,DDR
address

i

P4,

)
N
=}
o
b

\

Internal data bus (upper)

J—CE RP4
™S
L~
Read external
address

WP4P: Write to PAPCR
RP4P: Read P4PCR
WPA4D: Write to PADDR
WP4:  Write to port 4
RP4: Read port 4
n=0to7

Internal data bus (lower)

FigureC-1 Port 4 Block Diagram
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C.2 Port 5Block Diagram

Reset
|
R —
- @ o lE
P5,PCR S
External bus Software c a
released standby RP5P T ﬁ
Mode 3/4 WPSP g
Mode 3/4 =
o
Hardware standby Resgt R?SEt L
S R =
D
QPSnDDR
C
T
Mode WP5D
1/2 Re§et
R
PS5, Q ps, DR
C
T
Mode WP5
3/4
’\I—CE RP5
™S
L~
WP5P: Write to PSPCR
RP5P: Read P5PCR
WP5D: Write to PSDDR
WP5:  Write to port 5
RP5: Read port 5
n=4to7

Note: * Set priority

Internal data bus (lower)

Figure C-2 Port 5 Block Diagram




C.3 Port 6 Block Diagrams

Reset
|
R 2
o
o]
D B
P6,DDR ©
T
c £
T [J]
WP6D =
Reset
|
R
P6¢g \/II ’ Q D
P6,DR
c
T
WP6
+—— RP6
™ Bus controller
> O
WP6D: Write to PEDDR cl> - m/AJtT
WP6: Write to port 6 1 P

RP6: Read port 6

FigureC-3(a) Port 6 Block Diagram (Pin P6g)
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Reset
I

H/—CL RP6
>

» BREQ input

R § Bus
o] controller
D J e
P6,DDR s |
c |
C 3
T c :
WP6D ~— 1 Busrelease
Reset ' enable
| |
R |
P6; D |
N P6,DR !
c |
T I
WP6 |
N !
L !

WP6D: Write to P6DDR
WP6: Write to port 6
RP6: Read port 6

FigureC-3 (b) Port 6 Block Diagram (Pin P6,)
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Reset
|

P6,DDR

T
WP6D
Re§et

P6,DR

WP6

Internal data bus

Bus controller

enable

S

’\J—@ RP6

4>

WP6D: Write to PEDDR
WP6:  Write to port 6
RP6: Read port 6

FigureC-3(c) Port 6 Block Diagram (Pin P6,)
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C.4 Port 7 Block Diagram

P
~

P

I
P | >

Internal data bus

A/D converter module

{]1 \Va

RP7: Read port 7
n=0to7

Figure C-4 Port 7 Block Diagram (Pin P7,,)
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C.5 Port 8 Block Diagrams

P8g

Reset
|

P8,DDR

T
WP8D
Re§et

P8,DR

WP8

Internal data bus

Refresh
controller

Output
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Read port 8
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controller

L
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FigureC-5(a) Port 8 Block Diagram (Pin P8g)
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FigureC-5(b) Port 8 Block Diagram (Pins P8,, P8,, P83)
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FigureC-5(c) Port 8 Block Diagram (Pin P8,)
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C.6 Port 9 Block Diagrams
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WP9:  Write to port 9
RP9: Read port9
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Figure C-6 (a)
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Port 9 Block Diagram (Pins P9y, P9,)
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Port 9 Block Diagram (Pins P9,, P93)
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Figure C-6 (c) Port 9 Block Diagram (Pins P9, P9s)
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C.7 Port A Block Diagrams
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FigureC-7 (a) Port A Block Diagram (Pins PAg, PA4)
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Figure C-7 (b) Port A Block Diagram (Pins PA,, PA3)
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C.8 Port B Block Diagrams
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FigureC-8(a) Port B Block Diagram (Pins PBgto PB3)
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C.9 Port C Block Diagrams
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Figure C-9 (a)
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FigureC-9 (b) Port C Block Diagram (Pins PC,, PC,)
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Port C Block Diagram (Pins PCg, PC7)
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Appendix D Pin States

D.1 Port Statesin Each Mode

TableD-1 Port States

Hardware Software  Bus- Program
Pin Reset Standby Standby Released  Execution
Name Mode State Mode Mode Mode Sleep Mode
7] — Clock output T Clock output Clock output
Aqgto Ag lto4 L T T T Ajgto Ag
D5 to Dg lto 4 T T T T D45 to Dg
AS, RD, 1to4 H T T T AS, RD,
HWR, LWR HWR, LWR
P4,to P4y 1to4 8-bitbus T T keep keep 1/0O port
D7 to DO 16-bit bus T T D7 to DO
P5;,toP5, 1,2 T keep keep 1/0O port
A23 to AZO 3, 4 T T A23 to A20
P6q 1to 4 T keep keep I/O port*1
WAIT
P6,; lto4 T T (BRLE=0) T I/O port
keep BREQ
(BRLE = 1)
=
P6, lto4 T T (BRLE =0) I/O port
keep L (BRLE =0)
(BRLE = 1) or BACK
H (BRLE = 1)
P7;to P7, lto4 T T T T Input port
Note: * Do not set the DDR bit to 1.
Legend
H: High
L: Low
T: High-impedance state

keep: Input pins are in the high-impedance state; output pins maintain their previous state.
DDR: Data direction register bit
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Table D-1

Port States (cont)

Hardware Software  Bus- Program
Pin Reset Standby Standby Released Execution
Name Mode State Mode Mode Mode Sleep Mode
P8y lto 4 T T (RFSHE = 0) (RFSHE =0) 1/O port
keep keep (RFSHE =0)
(RFSHE = 1) (RFSHE =1) or RFSH
RFSH H (RFSHE = 1)
P8;toP8; 1to4 T T (DDR =0) keep Input port
T (DDR = 0) or
(DDR =1) CS3t0 CS,
H (DDR =1)
P8, lto4 L T (DDR =0) keep Input port
T (DDR =0)
(DDR =1) or CSy
L (DDR = 1)
PO9stoP9; 1to4 T T keep keep I/O port
PA;toPA; 1to4 T T keep keep 1/0O port
PB;toPBy 1lto4 T T keep keep 1/0O port
PC+, PCq lto4 T T keep keep I/O port
PC4, PCy
PCstoPC, 1to4 T T (DDR =0) keep Input port
keep (DDR =0) or
(DDR =1) CS;t0 CS,
H (DDR =1)
Legend
H: High
L: Low
T: High-impedance state

keep: Input pins are in the high-impedance state; output pins maintain their previous state.

DDR: Data direction register bit
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D.2 Pin States at Reset

Reset in T, State: Figure D-1 is atiming diagram for the case in which RES goes low during the
T, state of an external memory access cycle. As soon as RES goes low, all ports areinitialized to
theinput state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance
state. The address busis initialized to the low output level 0.5 state after the low level of RES is
sampled. Sampling of RES takes place at the fall of the system clock ().

Access to external address
- -]

T T, T3

|

(]

ES

Internal
reset signal

Address bus >< >< H'000000

CSo

High impedance

CS,t0CS;

~—

High

RD (read access)
High

HWR, LWR :
(write access) High

High impedance

Data bus
(write access)

High impedance

~—

I/O port

FigureD-1 Reset during Memory Access (Reset during T, State)
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Reset in T, State: Figure D-2 isatiming diagram for the case in which RES goes low during the
T, state of an external memory access cycle. As soon as RES goes low, all ports are initialized to
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance
state. The address busis initiaized to the low output level 0.5 state after the low level of RES is
sampled. The same timing applies when areset occurs during await state (Tyy).

]

ES

Internal
reset signal

Address bus
CSo

CS7t0 CSy

AS

RD (read access)
HWR, LWR

(write access)

Data bus
(write access)

1/0 port

Access to external address

- -
T T, T3
1
>< >< H'000000
\ High impedance
/
[\ High impedance
\ High impedance
/

FigureD-2 Reset during Memory Access (Reset during T, State)
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Reset in T4 State: Figure D-3 isatiming diagram for the case in which RES goes low during the
T state of an external memory access cycle. As soon as RES goes low, all ports are initiaized to
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance
state. The address bus outputs are held during the T3 state. The same timing applies when areset
occursin the T, state of an access cycle to a two-state-access area.

Access to external address
|-

Ty T, T3

|

Q

RES

Internal
reset signal

Address bus >< >< H'000000

CSo

High impedance

~—

CS; to CS;

AS

RD (read access)

HWR, LWR
(write access)

High impedance

— T

Data bus
(write access)

High impedance

~— ~—

1/0 port

FigureD-3 Reset during Memory Access (Reset during T3 State)
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Appendix E Timing of Transition to and Recovery from
Hardware Standby Mode

Timing of Transition to Hardwar e Standby Mode

(1) Toretain RAM contents with the RAME hit set to 1 in SY SCR, drive the RES signal low 10
system clock cycles before the STBY signal goes low, as shown below. RES must remain low
until STBY goes low (minimum delay from STBY low to RES high: O ns).

STBY

2 10tcyc =2 0Ons
et

s

|

ny)
m
[72)

(2) Toretain RAM contents with the RAME hit cleared to 0 in SY SCR, RES does not have to be
driven low asin (1).

Timing of Recovery from Hardware Standby Mode: Drive the RES signal low approximately
100 ns before STBY goes high.

STBY

t=100 ns tosc

|

)
m
(7]
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Appendix F Package Dimensions

Figure E-1 shows the QFP-112 package dimensions of the H8/3003.

Unit: mm
) 232+0.3
0.65 mm Pitch
020 ‘
84 57
™
S
+l
N
I 1
N —
5 3 0
$7 = g
Rl 8 3 16
VI e
— 0°—5°
e ¥
f 4
0.8+0.3

FigureF-1 Package Dimensions (QFP-112)
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