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Description

These Hitachi MuliMediaCafds, HB28E016MM2, HB28D032MM2, HB28D064MM2 and
HB28B128MM2, are highly integrated flash memories with serial and random access calpaisility.
accessible via a dedicated serial interface optimized for fast and reliable dataioranhisdnterface
allows several cards to be stacked by through connecting their peripheral contacts. Tlnese F
MultiMediaCards are fully compatible to a new consumer standard, called the MultiMe diateard s
standard defined in the MultiMediaCard system specification [1]. The MultiMe dia Candisgstew
mass-storage system based on innovations in semiconductor technology. It has beendeveloped to prov
inexpensive, mechanically robust storage medium in card form for multimedia consumeorepplicas
MultiMediaCard allows the design of inexpensive players and drives without moving partpowdow
consumption and a wide supply voltage range favors mobile, battery-powered applications suxh as
players, organizers, palmtops, electronic books, encyclopedia and dictionaries. Usingties\daféec
compression schemes such as MPEG, the MultiMediaCard will deliver enough capacity fs @il kin
multimedia data: software/programs, text, music, speech, images, video etc.

Note: MultiMediaCardl is a trademark of Infineon Technologies AG.
Features

» 16 MByte/32 MByte/64 MByte/128 MByte memory capacity
* On card error correction
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* MultiMediaCard system standard compatibility
System specification version 3.1 compliant
SPI mode supports the single and multiple block read and write operations.
Block and partial block read supported (Command classes 2)
Stream read supported (Command class 1)
Block write and erase supported (Command classes 4 and 5)
Group write protection (Command classes 6)
Stream write supported (Command classes 3)
Password data access protection
Small erase block size of 512 bytes, tagged erase supported
Read block size programmable between 1 and 2048 bytes
Ve = 2.7V to 3.6 V operation voltage rangef\= 2.0 V to 3.6 V for the interface)
No external programming voltage required
Damage free powered card insertion and removal (no operation)
4kV ESD protection (Contact Pads)
» High speed serial interface with random access
0 Read speed: sustained : 13.7 Mbit/s (multi-block read) (for HB28E016/D032/D064/B128MM2
burst (one block): 20 Mbit/s
0 Write speed: sustained: 6.4 Mbit/s (multi-block write) (for HB28E016/D032MM2)
12.8 Mbit/s (multi-block write) (for HB28D064/B128MM2)
burst (one block): 20 Mbit/s
0 Up to 10 stacked card (at 20 MHzgd= 2.7 to 3.6V)
O Access time: 30@s (typ) (at 20 MHz, ¥ = 2.7 to 3.6V)
* Low power dissipation
O High speed: 216 mW (max) (at 20 MHzy = 3.6 V): HB28E016/D032MM2
O High speed: 288 mW (max) (at 20 MHzg = 3.6 V): HB28D064/B128MM2

OoDODooooDooogoooogogo
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Block Diagram
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All units in these Hitachi MultiMediaCards are clocked by an internal clock generatote fdeeIdriver
unit synchronizes the DAT and CMD signals from external CLK to the internal used clock signal. The car
controlled by the three line MuliMediaCard interface containing the signals: CMD, CLKeRATq
Chapter “Interfaces’). For the identification of the MultiMediaCard in a stack of Mul@sleldiaa card
identification register (CID) and a relative card address register (RCA) is foreseen. iohaladdjister
contains different types of operation parameters. This register is called card speeifistéatéC SD).
The communication using the MultiMediaCard lines to access either the memory field mtehe ieg
defined by the MultiMediaCard standard (refer to Chapter “Communication”). The card hapatgeawn
on detection unit. No additional master reset signal is required to setup the card after power on. It is prote
against short circuit during insertion and removal while the MuliMediaCard system is ppWesfed to
Chapter “Power Supply”). No external programming voltage supply is required. The programming volta
is generated on card.

These Hitachi MultiMediaCards support a second interface operation mode the SPI interface mode. Th
mode is activated if the CS signal is asserted (negative) during the reception of thewasdt(€hDO0)
(refer to Chapter “SPI Communication”).
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Interface
These Hitachi MultiMediaCards' interface can operate in two different modes:

* MultiMediaCard mode
*  SPI mode

Both modes are using the same pins. The default mode is the MuliMediaCard mode. TheiSPI m
selected by activating (= 0) the CS signal (Pinl) and sending the CMDO.

MultiMediaCard Mode
In the MultiMediaCard mode, all data is transferred over a minimal number of lines:

» CLK: with each cycle of this signal a one-bit transfer on the command and data lines is done. The
frequency may vary between zero and the maximum clock frequency. The MultiMediaCard bus mastt
free to generate these cycles without restrictions in the range of 0 to 20 MHz.

» CMD: is a bidirectional command channel used for card initialization and data transfer commands. -
CMD signal has two operation modes: open drain for initialization mode and push pull for fast comme
transfer. Commands are sent from the MultiMediaCard bus master to the MultiMediaCard and respot
vice versa.

« DAT: is a bidirectional data channel with a width of one line. The DAT signal of the MultiMediaCard
operates in push pull mode.

* RSV: is pulled up with resistor (2 ®typ) in the MultiMediaCard. The external pull-up resistor should
be recommended if the system requires.

o
=2 Lo ________
S l | CMD
o DAT
g CLK
(6]
=
1234567
MultiMediaCard Host
MultiMediaCard

MultiMediaCard Mode Interface

All MultiMediaCards are connected directly to the lines of the MultiMediaCard bus. dWiadotable
defines the card contacts.
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MultiMediaCard Mode Pad Definition

Pin No. Name Type** Description

1 RSV NC No connection

2 CMD I/0/PP/OD Command/Response
3 Vsa S Ground

4 Ve S Power supply

5 CLK I Clock

6 Vs, S Ground

7 DAT I/O/PP Data

Note: 1. S: power supply; I: input; O: output; PP: push-pull; OD: open-drain; NC: No connection or V,,

~ o DAT v -

f enable _
© Vss2 l>
wn CLK 'l’>

o Vss1 [>

CMD

MultiMediaCard interface controller

Memory core interface

unAVan T
o RSV T enable

- B I

Interface driver

OD/PP

MultiMediaCard Mode |/O-drivers
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SPI Mode

The Serial Peripheral Interface (SPI) is a general-purpose synchronous serial intartlydarigl on
certain Motorola microcontrollers. The MultiMediaCard SPI interface is compatible with SPI hosts availal
on the market. As any other SPI device the MuliMediaCard SPI interface consists of thg followi
signals:

CS: Hostto card Chip Select signal.
CLK: Hostto card clock signal
Data in: Host to card data signal.
Data out. Card to host data signal.

The MultiMediaCard card identification and addressing methods are replaced by a hardware Chip Select
signal. There are no broadcast commands. Forevery command,a card (slave) is selected by asserting
low) the CS signal (refer to Figure “SPI Bus System”). The CS signal must be continuoeidbr abhév
duration of the SPI transaction (command, response and data). The only exception occurs during
programming, when the host can de-assert the CS signal without affecting the programnsngTheces
bidirectional CMD and DAT lines are replaced by unidirectional data in and data out sidsls.
eliminates the ability of executing commands while data is being read or written and, thexledar the
sequential and multi block read/write operations obsolete. The single and multiple bleckeread/
commands are supported by the SPI channel. The SPI interface uses the same seven sitmatiaal the
MultiMediaCard bus (refer to Table “SPI Interface Pin Configuration”).

Cs

Power

supply | T | SPI bus master

Cs

l SPI bus (CLK, Datain, Dataout) I

SPI card SPI card

W ?

SPI Bus System
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SPI Interface Pin Configuration

MuitiMediaCard SPI
Pin No. Name  Type** Description Name  Type Description
1 RSV NC Reserved for future use CS | Chip select (neg true)
2 CMD I/O/PP/OD Command/Response DI | Data in
3 Vg, S Ground Vs S Ground
4 Ve S Power supply Ve S Power supply
5 CLK I Clock SCLK | Clock
6 Vs, S Ground Vs, S Ground
7 DAT I/O/IPP Data DO O/PP Data out

Note: 1. S: power supply; I: input; O: output; PP: push-pull; OD: open-drain; NC: No connection orV,,

HITACHI
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Registers

These Hitachi MultiMediaCards contain the following information registers:

Name  Width Type Description

OCR 32 Programmed by the Supported voltage range, card power up status bit
manufacturer.
Read only for user

CID 128 Programmed by the Card identification number, card individual number for
manufacturer. identification.
Read only for user

RCA 16 Programmed during Relative card address, local system address of a card,
initialization, not readable dynamically assigned by the host during initialization.

CsD 128 Programmed by the Card specific data, information about the card operation
manufacturer. Partially conditions.

programmable by the user.

The CID and RCA are used for identifying and addressing the MultiMediaCard. The CSD contains the c
specific data record. This record is a set of information fields to define the operatimmsafdihe
MultiMediaCard.

For the user, the CID is read only register. The CSD contains read only area and some of one time or mu
programmable area by the customer or provider. They are read out by special commands (pt&rr to C
“Commands”). The RCA registers are write only registers. Unlike CID and CSD, RCA dcosésiits
after powering down the card. Its value is reassigned in each initialization cycle. iMedidGrd
registers usage in SPI mode is summarized in Table “MultiMediaCard Registers in SPI Mode™:

MultiMediaCard Registers in SPI Mode

Name  Available in SPI mode Width (Bytes) Description

OCR Yes 4 Operation condition register.
CID Yes 16 Card identification data (serial number, manufacturer 1D
etc.)
RCA No
CSD Yes 16 Card specific data, information about the card operation
conditions.
HITACHI
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Operation Condition Register (OCR)

This register indicates supported voltage range of these Hitachi MultiMediaCards. It isa 32 bitwide regi
and for read only.

OCR Fields

OCR slice Field Value Note
D31 Card power up status bit (Busy). Oorl
D[30-24] reserved 0
D23 3.5-3.6V 1
D22 3.4-35V 1
D21 3.3-3.4V 1
D20 3.2-3.3Vv 1
D19 3.1-3.2v 1
D18 3.0-3.1v 1
D17 29-30V 1
D16 2.8-2.9v 1
D15 2.7-2.8V 1
D14 26-2.7V 0
D13 25-26V 0
D12 24 -25V 0
D11 2.3-24V 0
D10 22-23V 0
D9 21-22Vv 0
D8 20-21V 0
D7 19-20V 0
D6 1.8-1.9Vv 0
D5 1.7-18Vv 0
D4 1.65-1.7V 0
D3 1.60-1.65V 0
D2 1.55-1.60V 0
D1 1.50 — 1.55V 0
DO 1.45-1.50V 0

HITACHI
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Card Identification (CID)

This register contains the card identification information used during the card identification procedure. It
128 bit wide register, one-time programmable by the provider. It was programmed at the manufacture.
CID is divided into eight slices:

CID Fields

Name Field Width CID-slice Note
Manufacturer ID MID 8 [127:120] 1
OEM/Application ID OID 16 [119:104]

Product name PNM 48 [103:56]

Product revision PRV 8 [55:48]

Product serial number PSN 32 [47:16]

Manufacturing date MDT 8 [15:8]

7-bit CRC checksum CRC7 7 [7:1]

not used, always 1 — 1 [0:0]

Note: 1. The value of MID is 0x06.

The CID has to be error free. To ensure the correctness of the CID, a 7-bit CRC checksumis added to th
of the CID. The CRCY7 is computed according to chapter “Cyclic Redundancy Check (CRC)".

Relative Card Address (RCA)

The 16-bit relative card address register carries the card address assigned by the hbet chning
identification. This address is used for the addressed host to card communication after the card identific:
procedure. The default value of the RCA register is 0x0001. The value 0x0000 is reservedto set all car
Standby State with the commarnALECT_DESELECT_CARD (CMD7). The RCA isgrammed with

the command SET_RELATIVE_ADDRESS (CMD3) during the initialization procedure. The content of th
register is lost after power down. The default value is assigned when an internal resetis applied by the p
up detection unit of these Hitachi MuliMediaCards, or when the command GO_IDLE_STATE (CMDO
detected by these Hitachi MultiMediaCards.

HITACHI
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Card Specific Data (CSD)

The card specific data register describes how to access the card content. The CSDddepiereticayr
parameters like maximum data access time, data transfer speed.

The CSD Fields

Name Field Width  CSD-slice Value Type

CSD structure CSD_STRUCTURE 2 [127:126] *“10” read only
Spec version SPEC_VERS 4 [125:122] *“0011” read only
Reserved — 2 [121:120] O read only
Data read access-time-1 TAAC 8 [119:112] OxOE (1 ms) read only
Data read access-time-2in  NSAC 8 [111:104] 0x01 (100 cycles) read only

CLK cycles (NSAC*100)

Max. data transfer rate TRAN_SPEED 8 [103:96] 0x2A (20 Mbit/s)  read only
Card command classes CCC 12 [95:84] OXOFF (class 0, 1, read only
2,3,4,5,6,7)

Max. read data block length  READ_BLK_LEN 4 [83:80] 0x9 (512 bytes) read only
Partial blocks for read READ_BLK_PARTIAL 1 [79:79] ‘1’ (Enabled) read only
allowed

Write block misalignment WRITE_BLK_MISALIG 1 [78:78] ‘0’ (Disabled) read only

N
Read block misalignment READ_BLK_MISALIGN 1 [77:77] ‘0’ (Disabled) read only
DSR implemented DSR_IMP 1 [76:76] ‘0’ (Disabled) read only
Reserved — 2 [75:74] 0 read only
Device size C_SIzZE 12 [73:62] *1 read only
Max. read current at V,; min VDD_R_CURR_MIN 3 [61:59] *2 read only
Max. read current at V,, max VDD_R_CURR_MAX 3 [58:56] *2 read only
Max. write current at V,;min VDD_W_CURR_MIN 3 [55:53] *2 read only
Max. write current at V,, max VDD_W_CURR_MAX 3 [52:50] *2 read only
Device size multiplier C_SIZE_MULT 3 [49:47] *3 read only
Erase group size ERASE_GRP_SIZE 5 [46:42] 0 read only
Erase group size multiplier ERASE_GRP_MULT 5 [41:37] OxOF read only
HITACHI
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Name Field Width  CSD-slice Value Type
Write protect group size WP_GRP_SIZE 5 [36:32] 0x01 (16 kByte) read only
Write protect group enable  WP_GRP_ENABLE 1 [31:31] ‘1 read only
Manufacturer default ECC ~ DEFAULT_ECC 2 [30:29] 0 read only
Write speed factor R2W_FACTOR 3 [28:26] 2(4) read only
Max. write data block length  WRITE_BLK_LEN 4 [25:22] 9 (512 Bytes) read only
Partial blocks for write WRITE_BLK_PARTIAL 1 [21:21] ‘o read only
allowed
Reserved — 5 [20:16] 0 read only
File format group FILE_FORMAT _GRP 1 [15:15] x*4 read/write
Copy flag (OTP) COPY 1 [14:14] X read/write
Permanent write protection PERM_WRITE_PROTE 1 [13:13] X read/write
CT
Temporary write protection TMP_WRITE_PROTEC 1 [12:12] X read/write/
T erase
File format FILE_FORMAT 2 [11:10] X read/write
ECC code ECC 2 [9:8] X read/write/
erase
7-bit CRC CRC7 7 [7:1] X read/write/
erase
Not used, always 1 — 1 [0:0] 1 read only

Notes: 1. Thisfield is depended on the model. Referto also C_SIZE
2. Thisfield is depended on the model.
3. Thisfield is depended on the model. Referto also C_SIZE_MULT
4. x means user programmable

Some of the CSD fields are one-time or multiple programmable by the customer or provider. All other fi
values are fixed. The following section describes the CSD fields and their values fortabbse Hi
MultiMediaCards:

» CSD_STRUCTURE

CSD Register Structure

CSD_STRUCTURE CSD register structure

“10” CSD version No. 1.2

The CSD version of these Hitachi MultiMediaCards is related to the “MultiMediaCard system specificatic
Version 3.1". The parameter CSD_STRUCTURE has permanently the value “10".

HITACHI
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« SPEC_VERS

Defines the Spec version supported by the card. It includes the commands set definition and the definiti
the card responses. The card identification procedure is compatible for all spec versions!

SPEC Version
SPEC_VERS System specification version number
“0011” System specification version 3.1

The Spec version of these Hitachi MultiMediaCards is related to the “MultiMediaCard system specificatic
Version 3.1". The parameter SPEC_VERS has permanently the value “0011".

« TAAC
Defines the asynchronous data access time:

TAAC Access Time Definition

TAAC bit Description Values

2:0 time exponent 0=1ns,1=10ns,2=100ns,3=1ps,4=10ps,5
=100 ps, 6 =1 ms, 7 =10 ms

6:3 time mantissa O=reserved,1=1.0,2=1.2,3=13,4=15,

5=20,6=25,7=30,8=35,9=4.0,A=45,
B=50,C=55D=6.0,E=7.0,F=8.0

7 reserved always ‘0’

The value for the asynchronous delay for these Hitachi MultiMediaCards is 1 ms. The coded TAAC valu
OxOE (=1 ms). For more details refer to Chapter “Operating Characteristics”.

* NSAC

Defines the worst case for the synchronous data access time. The unit for NSAC is Mfledock c
Therefore, maximum value for the data access time is 25.6k clock cycles. The totanackgsas
expressed in the Table “Timing Values” is the sum of both TAAC and NSAC. It has to be commated b
host for the actual clock rate. The read access time should be interpreted as a typical delay for the first de
of a data block or stream. The value of NSAC for these Hitachi MultiMediaCards is 0x01 (100-clock cycle
For more details refer to Chapter “Operating Characteristics”.

HITACHI
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*+ TRAN_SPEED
The following table defines the maximum data transfer rate TRAN_SPEED:

Maximum Data Transfer Rate Definition

TRAN_SPEED bit Description Values

2.0 transfer rate exponent 0 = 100 kbit/s, 1 = 1 Mbit/s, 2 = 10
Mbit/s, 3 = 100 Mbit/s, 4...7 =
reserved

6:3 time mantissa 0x0 = reserved, 0x1 = 1.0, 0x2 = 1.2,

0x3=1.3, 0x4 = 1.5, 0x5=2.0, 0x6 =
2.5, 0x7 = 3.0, 0x8 = 3.5, 0x9 = 4.0,
OxA =4.5,0xB =5.0,0xC =5.5,0xD=
6.0, OXE = 7.0, OXF = 8.0

7 reserved always 'O’

These Hitachi MultiMediaCards support a transfer rate between 0 and 20 Mbit/'s. The parar
TRAN_SPEED is 0x2A.

« CCC

The MultiMediaCard command set is divided into subsets (command classes). The cardotassman
register CCC defines which command classes are supported by this card. A set CCC bét reans t
corresponding command class is supported. For command class definition refer to Table “Com
Classes”.

Supported Card Command Classes

CCC bit Supported card command classes
0 classO

1 classl

11 classll

These Hitachi MultiMediaCards support the command classes 0, 1, 2, 3, 4, 5, 6 and 7. The parameterC
permanently assigned to the value OxOFF.

HITACHI

14



HB28E016/D032/D064/B128MM?2

« READ _BLK_LEN
The data block length is computed §8'2-B-K-LEN,

Data Block Length

READ_BLK_LEN Block length Remark
0 2° =1 byte

1 2" =2 bytes

11 2™ = 2048 bytes

12-15 reserved

The block length might therefore be in the range 1, 2, 4...2048 bytes. This parameterdefinesthe block le
if READ_BLK_ PARTIAL is not set. If READ_BLK_PARTIAL is set this parameter contains the maximum
allowed value of the block length in bytes. All block lengths between one and this value are permitted.
actual block size is programmed by the command SET _BLOCKLEN (CMD16). These Hits
MultiMediaCards support block lengths from 1 byte up to 2048 bytes. The default value of #teparar
READ_BLK_LEN is 0x9 (512 bytes).

* READ_BLK_PARTIAL

READ_BLK_PARTIAL defines whether partial block sizes can be used in block read comma
READ_BLK_PARTIAL = 0 means that only the block size defined by READ_BLK_LEN can be used f
block-oriented data transfers. READ_BLK_PARTIAL = 1 means that smaller blocks can be ued as
The minimum block size will be equal to minimum addressable unit (one byte). These Hit
MultiMediaCards support partial block read. The parameter READ BLK PARTIAL is permaner
assigned to the value ‘1'.

* WRITE_BLK_MISALIGN

Defines if the data block to be written by one command can be spread over more than one physical bloc
the memory device. The size of the memory block is defined in WRITE_BLK_ LEN
WRITE_BLK_MISALIGN is permanently assigned to the value ‘0’, signaling that crossing pHegskcal b
boundaries is not allowed.

* READ_BLK_MISALIGN

Defines if the data block to be read by one command can be spread over more than one physical block
memory device. The size of the data block is defined in READ_BLK_LEN. READ_BLK_MISALIGN =0
signals that crossing physical block boundaries is not allowed. READ_BLK_MISALIGN = 1tkajnals
crossing physical block boundaries is allowed. These Hitachi MuliMediaCards do not supplatke
operations with boundary crossing. The parameter READ_BLK_MISALIGN is permanently assigne
the value ‘0.

HITACHI

15



HB28E016/D032/D064/B128MM?2

« DSR_IMP

Defines if the configurable driver stage option is integrated on the card or not. Ifimplemented a driver st
register (DSR) must be implemented also.

DSR Implementation

DSR_IMP DSR type
0 no DSR implemented
1 DSR implemented

These Hitachi MultiMediaCards' output drivers are not configurable. The parameter DSR _IM
permanently assigned to the value ‘0.

. C_SIZE

This parameter is used to compute the card capacity. The card capacity is computed from the entries C_
C_SIZE_MULT and READ_BLK_LEN as follows:

memory capacity = BLOCKNR*BLOCK_LEN

Where

BLOCKNR = (C_SIZE+1)*MULT
MULT = 26-SZEMULT2 (¢ g1ZE MULT < 8)
BLOCK_LEN = 2RFACBLKLEN \(READ BLK_LEN < 12)
Therefore, the maximal capacity which can be coded is 4096*512*2048 = 4 GBytes.

The following table shows the card capacity for each model.

Model C_SIZE C_SIZE_MULT READ BLK_LEN  Card Capacity

HB28E016MM2 OX7A7 2 9 16 MByte

HB28D032MM2 OX7A7 3 9 32 MByte

HB28D064MM2 OX7A7 4 9 64 MByte

HB28B128MM2 OX7A7 5 9 128 MByte
HITACHI
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+ VDD_R_CURR_MIN, VDD_W_CURR_MIN
The maximum supply current at the minimum supply voltagg(2/7 V) is coded as follows:
Maximum Supply Current Consumption at V. =2.7 V

VDD_R_CURR_MIN
VDD_W_CURR_MIN Code for current consumption at 2.7 V

2:0 0=05mA; 1=1mA; 2=5mA; 3=10mA; 4=25mA; 5=35mA; 6=
60 mA; 7 =100 mA

The parameterVDD_R CURR_MIN and VDD_W_CURR_MiN permanently assigned. The value of
VDD_R_CURR_MIN and VDD_W_CURR_MIN for each model is following:

Model Value

HB28EO016MM2 6 (60 mA)
HB28D032MM2 6 (60 mA)
HB28D064MM2 6 (60 mA)
HB28B128MM2 6 (60 mA)

« VDD_R_CURR_MAX, VDD_W_CURR_MAX

The maximum supply current at the maximum supply voltage(3.6 V) is coded as follows:
Maximum Supply Current Consumption at V. =3.6 V

VDD_R_CURR_MAX

VDD_W_CURR_MAX Code for current consumption at 3.6 V

2:0 0=1mA; 1=5mA; 2=10mA; 3=25mA; 4=35mA; 5=45mA; 6 =80
mA; 7 =200 mA

The parameter VDD_R_CURR_MAX and VDD_W_CURR_M#AXe permanently assigned. The value of
VDD_R_CURR_MAX and VDD_W_CURR_MAX for each model is following:

Model Value

HB28E016MM2 6 (80 mA)
HB28D032MM2 6 (80 mA)
HB28D064MM2 6 (80 mA)
HB28B128MM2 6 (80 mA)

For more details refer to Chapter “Characteristics”.

HITACHI
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« C_SIZE_MULT

This parameteris used for coding a factor MULT for computing the total device size (refStZ&")C
The factor MULT is defined ag"2"#E-MULT+2

Multiply Factor for the Device Size

C_SIZE_MULT MULT Remark

22 =4

2°=8

2'=16

2°=32

2° =64

2" =128

2% =256

N o0~ WIN| | O

2° =512

The card capacity is shown at “C_SIZE".
« ERASE_GRP_SIZE

The contents of this registeris a 5 bit binary coded value, used to calculate the sérasafitbeunit of
these Hitachi MultiMediaCards. The size of the erase unit (also referred to as eraseclymquiper
“Memory Array Partitioning”) is determined by the ERASE_GRP_SIZE and the ERASE_GRP_MUI
entries of the CSD, using the following equation:

size of erasable unit = (ERASE_GRP_SIZE + 1) * (ERASE_GRP_MULT + 1)

The parameter ERASE_GRP_SIZE is permanently assigned to the value ‘0’. The size of & &sable u
these Hitachi MultiMediaCards is (0+1) * (15+1) = 16, which means that the 8 kByte area can be erasec
single erase group command (CMD35 to CMD38).

« ERASE_GRP_MULT

A 5 bit binary coded value is used for calculating the size of the erasable unit of tludge Hi
MultiMediaCards. The parameter ERASE_GRP_MULT is permanently assigned to the value OxOF.
ERASE_GRP_SIZE section for detailed description.

- WP_GRP_SIZE

The size of a write protection group. The content of this register is a binary coded value defining the nun
of erase group. This parameter's value is 1, which means that a write protect group size is 16 kByte.

- WP_GRP_ENABLE

The value is set to ‘1’, meaning group write protection is enabled.

HITACHI
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* DEFAULT_ECC

Set by the card manufacturer and defines the ECC code which is recommended to use (e.g. the device is
for). The value is set to ‘0’, indicating that no designated ECC is recommended.

- R2W_FACTOR

Defines the typical block program time as a multiple of the read access time. The followingtable defines
field format.

R2W_FACTOR

R2W_FACTOR Multiples of read access time

1

2 (write half as fast as read)

4

8

16

32

O 0|~ WIN| L |O

~

reserved

This parameter value is 2 for these Hitachi MultiMediaCards.
* WRITE_BLK_LEN
The data block length is computed &§"F-BK-LEN,

Data Block Length

WRITE_BLK_LEN Block length Remark
0 2° =1 byte

1 2" = 2 bytes

11 2" = 2048 bytes

12-15 reserved

The block length might therefore be in the range 1, 2, 4...2048 bytes. This parameterdefinesthe block le
if WRITE_BLK_PARTIAL is not set. If WRITE_BLK_PARTIAL is set this parameter contains th
maximum allowed value of the block length in bytes. All block lengths between one and thievalue
permitted. The actual block size is programmed by the command SET_BLOCKLEN (CMD16). Tt
Hitachi MultiMediaCards support blocks with the length 512 bytes. The parameter WRITE_BL& LEI
permanently assigned to the value 0x9 (512 bytes).

* WRITE_BLK_PARTIAL

HITACHI
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WRITE_BLK_PARTIAL defines whether partial block sizes can be used in block read and block w
commands. WRITE_BLK_PARTIAL = 0 means that only the block size defined by WRITE_BLK _LE
can be used for block-oriented data transfers. WRITE_BLK_PARTIAL = 1 means that smalleaiblocks
be used as well. The minimum block size will be equal to minimum addressable unit (oriEhbgee)
Hitachi MuliMediaCards support no partial block write. The parameter WRITE_BLK_PARTIAL
permanently assigned to the value ‘0’.

* FILE_FORMAT_GRP

Indicates the selected group of file formats. The default value T$i8'field is read-only for ROM. The
usage of this field is shown in table “File_Formats”.

« COPY

Defines if the contents are an original (COPY = ‘0’) or a copy (= ‘1’). The COPY bit is a one til
programmable bit, being set by the customer. The default value is ‘0'.

« PERM_WRITE_PROTECT

Permanently protects the whole card content against overwriting or erasing (all write and erase commanc
this card is a permanently disabled). This parameter is one-time programmable by the customer. The de
value is ‘0’ (not protected).

« TMP_WRITE_PROTECT

Temporarily protects the whole card content from being overwritten or erased (all write and erase comm:
for this card are temporarily disabled). This parameter is programmable by the customer. The defaultv
is ‘0’ (not protected).

* FILE_FORMAT

Indicates the file format on the card. The default value is ‘0. This field is read-&®Mor The
following formats are defined:

File_Formats

FILE_FORMAT GRP  FILE_FORMAT Type

0 0 Hard disk-like file system with partition table
0 1 DOS FAT (floppy-like) with boot sector only (no partition table)
0 2 Universal File Format
0 3 Others/Unknown
1 0,1,2,3 Reserved
HITACHI
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+ ECC

Defines the ECC code that was used for storing data on the card. This field is used by the host (or applice
to decode the user data. The following table defines the field format.

ECC

ECC ECC type Maximum number of correctable bits
0 none (default) none

1 BCH (542,512) 3

2-3 reserved —

The content provider or customer defines which kind of error correction may be used to proteettke ¢
of the MultiMediaCard. This value is programmable.

+ CRC7

The CRC7 contains the check sum for the CSD content. The check sum is computed accordérg to «
“Cyclic Redundancy Check (CRC)".

The user has to recalculate a new CRC?7 after defining a new CSD.

HITACHI
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MultiMediaCard Communication

All communication between host and cards is controlled by the host (master). The host sends command:
depending on the command, receives a corresponding response from the selected card. Im thes cha
commands to control these Hitachi MultiMediaCards, the card responses and the contetatusfaie s
error field included in the responses, are defined.

Memory Array Partitioning

The basic unit of data transfer to/from the MultiMediaCard is one byte. All data ¢fansitéons which
require a block size always define block lengths as integer multiples of bytes. Sonfienspieciaineed
other partition granularity. For block-oriented commands, the following definition is used:

» Block: is the unit which is related to the block-oriented read and write commands. Its size is the num
of bytes which will be transferred when one block command is sent by the host. The size of a block
either programmable or fixed. The information about allowed block sizes and the programmability is
stored in the CSD.

For devices which have erasable memory cells, special erase commands are defined. fiyeofjthaula
erasable units is:

e Sector: is the unit which is related to the tagged sector commands (CMD32 to CMD34). In these Hitz
MultiMediaCards, this size is same as the WRITE_BLK_LEN in CSD.

» Erase Group: is the smallest number of consecutive write blocks, which can be addressed for erased
size of the Erase Group is card specific and stored in the CSD.

For devices which include a write protection:

*  WP-Group: is the minimal unit which may have individual write protection. Its size is the number of
erase groups which will be write protected by one bit. The size of a WP-group is fixed for each devi
The information about the size is stored in the CSD.

Each erasable unit (erase group and sector) has a special “tag” bit. This bit may barset oy speecial
commands to tag the unit. All tagged units will be erased in parallel by one erase conowamg doll
number of tag commands. All tag bits are cleared by each command except a tag or untag com
Therefore, immediately after a sequence of tag commands an erase command has to be sert by t
Commands others than tagging or erasing abort a tag-erase cycle irregularly.

HITACHI
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/ MultiMediaCard \
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GROUP 0
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Erase Tagging Hierarchy

Each WP-group may have an additional write protection bit. The write protection bits are programmable
special commands (refer to Chapter “Commands”). The information about the availabiiey ie gte
CSD.

4 N
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Group write protection
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Write Protection
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Commands

The command set of the MultiMediaCard system is dividedinto classes corresponding to the type of card
also [1]). These Hitachi MultiMediaCards support the following command classes:

Command ClassegClass 0 to Class 2)

Supported commands

Card command 0O 1 2 3 4 7 9 10 11 12 13 15 16 17 18
class (CCC) Class description

Class 0 basic + + + + + 4+ o+ o+ + o+ o+

Class 1 stream read +

Class 2 block read + o+ o+

Command ClassegClass 2 to Class 7)

Supported commands

Card command 20 23 24 25 26 27 28 29 30 32 33 34 35 36 37 38 42
class (CCC) Class description

Class 2 block read +

Class 3 stream write +

Class 4 block write + + + + o+

Class 5 erase + + + + + + +
Class 6 write protection + + o+

Class 7 lock card +

Class 0 is mandatory and supported by all cards. It represents the card identificatibalizatioimi
commands, which are intended to handle different cards and card types on the same bus liags. Tt
Command Class (CCC) is coded in the card specific data register of each card, so that the hostknows h
access the card. There are four kinds of commands defined on the MultiMediaCard bus:

* broadcast commands (bc) sent on CMD line, no response

» broadcast commands with response (bcr) sent on CMD line, response (all cards simultaneously) on C
line

» addressed (point-to-point) commands (ac) sent on CMD line, response on CMD line

» addressed (point-to-point) data transfer commands (adtc) sent on CMD line, response on CMD line,
transfer on DAT line

HITACHI
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The command transmission always starts with the MSB. Each command starts with a start bitand ends \

7-bit CRC command protection field followed by an end bit. The length of each command frame is fixed to

bits (2.4us at 20 MHz):

0

1

bit5...bit0 | bit31...bit0

bit6...bit0

1

start bit

host

command argument

CRC*1

end bit

Note: 1. (Cyclic Redundancy Check)

The start bit is always ‘0’ in command frames (sent from host to MultiMediaCard). The hostbitis always

for commands. The command field contains the binary coded command number. The argumentdepen

the command (refer to Table “Basic Commands (classi@®)Table “Block-Oriented Read Commands (class
2)"). The CRC field is defined in Chapter “Cyclic Redundancy Check (CRC)".
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Read, Write and Erase Time-out Conditions

The times after which a time-out condition for read/write/erase operations occurs adefeardant) 10
times longer than the access/program times for these operations given below. A carglehalkivem
command within this time period, or give up and return an error message. If the hostdoes notget aresy
within the defined time-out it should assume the card is not going to respond anymore and try to recover
reset the card, power cycle, reject, etc.). The typical access and program times are defined as follows:

Read

The read access time is defined as the sum of the two times given by the CSD parameters TAAC and N
(refer to Table “Card Specific Data (CSD)”). These card parameters define the typical delay between the
bit of the read command and the start bit of the datablock. Thisnumber is card dependent and should be used

by the host to calculate throughput and the maximal frequency for stream read.

Write

The R2W_FACTOR field in the CSD is used to calculate the typical block program time obtained by
multiplying the read access time by this factor. It applies to all write/erase commands (e.g.
SET(CLEAR) WRITE PROTECT, PROGRAM CSD(CID) and the block write commands). It should be
used by the host to calculate throughput and the maximal frequency for stream write.

Erase

The duration of an erase command will be (order of magnitude) the number of sectors to be erased multiplied
by the block write delay.
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Basic Commandgclass O)Jand Read Stream Commandclass 1)

CMD
index Type Argument Resp Abbreviation Command description
CMDO bc [31:0] stuff bits  — GO_IDLE_STATE resets all cards to Idle State
CMD1 ber [31:0] OCR R3 SEND_OP_COND checks for cards not supporting the full
without busy range of 2.0 V to 3.6 V. After receiving
CMD1 the card sends an R3 response
(refer to Chapter “Responses”).
CMD2  bcer [31:0] stuff bits  R2 ALL_SEND_CID asks all cards in ready state to send
their CID*" numbers on CMD-line
CMD3 ac [31:16] RCA R1 SET_RELATIVE_A assigns relative address to the card in
[15:0] stuff bits DDR identification state.
CMD4 bc [31:16] DSR — SET_DSR programs the DSR of all cards in
[15:0] stuff bits stand-by state.
CMD7 ac [31:16] RCA R1b (only SELECT/ command toggles a card between the
[15:0] stuff bits  the DESELECT_CARD standby and transfer states or between
selected the programming and disconnect state.
card) In both cases the card is selected by its
own relative address while deselecting
the prior selected card. Address 0
deselects all.
CMD9 ac [31:16] RCA R2 SEND_CSD asks the addressed card to send its
[15:0] stuff bits card-specific data (CSD)* on CMD-line.
CMD10 ac [31:16] RCA R2 SEND_CID asks the addressed card to send its
[15:0] stuff bits card identification (CID) on CMD- line.
CMD11 adtc [31:0] data R1 READ_DAT_UNTIL reads data stream from the card,
address _STOP starting at the given address, until a
STOP_TRANSMISSION follows.
CMD12 ac [31:0] stuff bits R1b*® STOP_TRANSMIS forces the card to stop transmission
SION
CMD13 ac [31:16] RCA R1 SEND_STATUS Asks the addressed card to send its
[15:0] stuff bits status register.
CMD15 ac [31:16] RCA — GO_INACTIVE_ST Sets the card to inactive state in order
[15:0] stuff bits ATE to protect the card stack against
communications breakdowns.
Notes: 1. CID register consists of 128 bits (starting with MSB, it is preceded by an additional start bit, ends

with an end bit)

. CSD register consists of 128 bits (starting with MSB, it is preceded by an additional start bit, ends
with an end bit)

. This command is indicating the busy status of the MultiMediaCard via the data channel.
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Block-Oriented Read Commandgclass 2)

CMD

index  Type Argument Resp Abbreviation Command description

CMD16 ac [31:0] block R1 SET_BLOCKLEN  Selects a block length (in bytes) for all
length following block-oriented read

commands and lock card command.**

CMD17 adtc [31:0] data R1 READ_SINGLE_BL Reads a block of the size selected by
address OCK the SET_BLOCKLEN command.**

CMD18 adtc [31:0] data R1 READ_MULTIPLE_ Continuously send blocks of data until
address BLOCK interrupted by a stop.

Notes: 1. The default block length is as specified in the CSD. These Hitachi MultiMediaCards do not support
partial block write, so the write block size defined by WRITE_BLK_LEN is parmanently assignedto
the value 512 bytes.

2. The data transferred must not cross a physical block boundary unless READ_BLK_MISALIGN is
setin the CSD. These Hitachi MultiMediaCards do not support read block operations withboundary
crossing (READ_BLK_MISALIGN = ‘0"), so the data transferred must not cross a physical block
boundary.

Stream Write Command(class 3)

CMD
index  Type Argument Resp Abbreviation Command description
CMD20 adtc [31:0] data R1 WRITE_DAT_ Writes data stream from the host,

address UNTIL_STOP starting at the given address, until a
STOP_TRANSMISSION follows.

Block-Oriented Read/Write Command(class 2/4)

CMD

index  Type Argument Resp Abbreviation Command description

CMD23 ac [31:16] setto0 R1 SET_BLOCK_COU Defines the number of blocks which are
[15:0] number of NT going to be transferred in the
blocks immediately succeeding multiple block

read or write command.
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Block-Oriented Write Commands(class 4)

CMD
index  Type Argument Resp Abbreviation Command description

CMD24 adtc [31:0] data R1 WRITE_BLOCK Write a block. The write-block-length of
address the Hitachi MultiMediaCard is
permanently assigned to the value 512
bytes.**

CMD25 adtc [31:0] data R1 WRITE_MULTIPLE Continuously writes blocks of data until
address _ BLOCK a STOP_TRANSMISSION follows.

CMD26 adtc [31:0] stuff bits R1 PROGRAM_CID Programming of the card identification
register. This command is only done
once per MultiMediaCard card. The
card has some hardware to prevent this
operation after the first programming.
Normally this command is reserved for
the manufacturer. The CID register is
programmed at the manufacture.

CMD27 adtc [31:0] stuff bits R1 PROGRAM_CSD  Programming of the programmable bits
of the CSD.

Note: 1. The data transferred must not cross a physical block boundary unless WRITE_BLK_MISALIGN is
setin the CSD. These Hitachi MultiMediaCards do not support write block operations withbondary
crossing (WRITE_BLK_MISALIGN = ‘0"), so the data transferred must not cross a physical block
boundary.
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Erase Commandgclass 5)

CMD
index  Type Argument Resp Abbreviation Command description
CMD32 ac [31:0] data R1 TAG_SECTOR_ST Sets the address of the first sector of
address ART the erase group.**
CMD33 ac [31:0] data R1 TAG_SECTOR_EN Sets the address of the last sector in a
address D continuous range within the selected
erase group to be selected for erase, or
the address of a single sector to be
selected.**
CMD34 ac [31:0] data R1 UNTAG_SECTOR Removes one previously selected
address sector from the erase selection.**
CMD35 ac [31:0] data R1 TAG_ERASE_GRO Sets the address of the first erase
address UP_START group within a range to be selected for
erase
CMD36 ac [31:0] data R1 TAG_ERASE_GRO Sets the address of the last erase group
address UP_END within a continuous range to be
selected for erase
CMD37 ac [31:0] data R1 UNTAG_ERASE_G Removes one previously selected
address ROUP erase group from the erase selection**
CMD38 ac [31:0] stuff bits R1b ERASE Erases all previously selected sectors
Note: . “MultiMediaCard system specification Version 3.1” does not support these commands, but these

30

Hitachi MultiMediaCards support them to keep backward compatibility with former MultiMediaCard
series.
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Write Protection Commands(class 6)

CMD
index  Type Argument Resp Abbreviation Command description
CMD28 ac [31:0] data R1b SET_WRITE_PROT if the card has write protection features,
address this command sets the write protection
bit of the addressed group. The
properties of write protection are coded
in the card specific data
(WP_GRP_SIZE).
CMD29 ac [31:0] data R1b CLR_WRITE_PROT if the card provides write protection
address features, this command clears the write
protection bit of the addressed group.
CMD30 adtc [31:0] write R1 SEND_WRITE_PR if the card provides write protection
protect data oT features, this command asks the card
address to send the status of the write
protection bits.**
Note: 1. 32 write protection bits (representing 32 write protect groups starting at the specified address)

followed by 16 CRC bits are transferred in a payload format via the data line. The last (least
significant) bit of the protection bits corresponds to the first addressed group. If the addresses of
the last groups are outside the valid range, then the corresponding write protection bits shall be

set to zero.

Lock Card Command /(class 7)

CMD
index  Type Argument Resp Abbreviation Command description
CMD42 adtc [31:0] stuff bits  R1b LOCK_UNLOCK used to set/reset the password or

lock/unlock the card. The size of the
data block is set by the
SET BLOCK_LEN command.
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Other Command

CMD index Type Argument Resp  Abbreviation Command description
CMD5 reserved
CMD6 reserved
CMD8 reserved
CMD14 reserved
CMD19 reserved
CMD21 ... reserved
CMD22
CMD31 reserved
CMD39 Not
supported
CMD40 Not
supported
CMD41 reserved
CMD43 ... reserved
CMD54
CMD55 ac [31:16] RCA R1 APP_CMD Indicates to the card that the next

[15:0] stuff bits

command is an application specific
command rather than a standard
command

These Hitachi MultiMediaCards do
not support this command.

CMD56 adtc [31:1]RCA  Rlb  GEN_CMD
[0] RD/WR*!

Used either to transfer a data block to
the card or to get a data block from
the card for general purpose /
application specific commands. The
size of the data block shall be set by
the SET_BLOCK_LEN command.

These Hitachi MultiMediaCards do
not support this command.

CMD57 ... reserved
CMD63

Note: 1. ‘1’ the host gets a block of data from the card.
‘0’ the host sends block of data to the card.
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Card identification mode

All the data communication in the card identification mode uses only the command line (CMD).

-

Power on ﬂ
Idle state _
i CMDO |=—— from all states except (ina
card is busy or (idle) - pt (ina)
host omitted

voltage range

CMEI—’ Inactive state
o : CMD15

[
cards with non-compatible voltage range

card looses bus Ready state
ready)

Identification state
(ident)

CMEI card-identification mode

Stand-by state data-transfer mode from all states in data-transfer mode
(stby)

card wins bus

MultiMediaCard State Diagram (Card Identification Mode)

The host starts the card identification process in open drain mode with the identifickticateclp
(generated by a push pull driver stage). The open drain driver stages on the CMD line allow the parallel
operation during card identification. After the bus is activated the host will requeasisthe end their
valid operation conditions with the command SEND_@MNIZ(CMD1). Since the busis inopen drain
mode, as long as there is more than one card with operating conditions restrictions, etise ihasieg
response to the CMD1 a “wired or” operation condition restrictions of those cards. The hostthen must pi
common denominator for operation and notify the application that cards with out of range pdfemeter
the host perspective) are connected to the bus. Incompatible cards go into Inactive State (refer to also CF
“Operating Voltage Range Validation”). The busy bit in the CMD1 response can be used by a card to tell
host that it is still working on its power-up/reset procedure (e.g. downloading the rémgigation from
memory field) and is not ready yet for communication. In this case the hostmust repeat CMD1 until the b
bit is cleared. After an operating mode is established, the host asks all cards forgtieeicatchi
identification (CID) number with the broadcast command ALL_SEND_CID (CMD2). All not alrea
identified cards (i.e. those which are in Ready State) simultaneously start sending their CID numbers seri
while bit-wise monitoring their outgoing bitstream. Those cards, whose outgoing CID bits do notmatch
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corresponding bits on the command line in any one of the bit periods, stop sending their CID immediately
must walit for the next identification cycle (cards stay inthe Ready State). There shovloneecamt
which successfully sends its full CID-number to the host. This card then goes into tluatiderbiate.
The host assigns to this card (using CMD3, SET_RELATIVE_ADDR) a relative card address (RCA, shor
than CID), which will be used to address the card in future communication (faster than with the CID). Ol
the RCA is received the card transfers to the Standby State and does not react to further identification cy
The card also switches the output drivers from the open-drain to the push-pull mode in tftseshatet
repeats the identification process as long as it receives a response (CID) to itgioterbfitanand
(CMD2). When no card responds to this command, all cards have been identified. The time-out conditic
recognize this, is waiting for the start bit for more than 5 clock periods after sending CMD2.

Operating Voltage Range Validation

The MultiMediaCard standards operating range validation is intended to support reducerngéage
MultiMediaCards. These Hitachi MultMediaCards support the range of 2.7 V to 3.6V suggpdy VBl
these Hitachi MultiMediaCards send a R3 response to CMD1 which contains an OCR value of Ox80FF8
if the busy flag is set to “ready” or 0XOOFF8000 if the busy flag is active (refer to Chapter “Responses”).
omitting the voltage range in the command, the host can query the card stack and determimenhe cc
voltage range before sending out-of-range cards into the Inactive State. This bus query should be used
host is able to select a common voltage range or if a notification to the application of non usable cards il
stack is desired. Afterwards, the host must choose a voltage for operation and reissugCidiBl wi
condition, sending incompatible cards into the Inactive State.
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Data Transfer Mode

When in Standby State, both CMD and DAT lines are in the push-pull mode. As long as thd etintent
CSD registers is not known, the dlock rate is equal to the slqy fclock rate. SEND_CSD (CMD9)
allows the host to get the Card Specific Data (CSD register), e.g. ECC type, block lengttragard
capacity, maximum clock rate etc..

T

card-identification mode | CMD3 | |CMD15| | CMDO|

__$ ____________________ ?--

data-transfer mode from all states in

data-transfer mode
CMD13

Sending-data state
(data)

CMD12, |CMD11, 17, 18, 30
"operation
complete"

no state transition CMD7
in data-transfer mode i —
Stand-by state Transfer state
(stby) CMD7 (tran) CMD16, 23, 32...37|
CMD9, 10
|cMD20, 24, 25, 26, 27, 42
"operation
"operation complete"
complete”
CMD24. 25 Receive-data state

(rcv)

CMD28, 29, 38
- CMD7
Disconnect state

(dis) CMD7

CMD12 or
"transfer end"

Programming state
(prg)

MultiMediaCard State Diagram (Data Transfer Mode)

The command SELECT_DESELECT_CARD (CMD?7) is used to select one card and place it inthe Tran:
State. If a previously selected card is in the Transfer State its connection with the host is released and i
move back to the Stand-by State. Only one card can be, at any time, in the Transfer State. A selected c
responding the CMD7, the deselected one does not respond to this command. When CMD7 is sent inclt
the reserved relative card address 0x0000, all cards transfer back to Stand-by State. Thiscommandisu
identify new cards without resetting other already acquired cards. Cards to which an R€adidseain
assigned, do not respond to the identification command flow in this state. All the data communication in
Data Transfer Mode is consequently a point-to point communication between the host antbdheaselec
(using addressed commands). All addressed commands are acknowledged by a response on the CI
All read commands (data is sent from the card via data lines) can be interrupted at anyataten by
command. The data transfer will terminate and the card will stop or start working on the next command.
DAT bus line signal level is high when no data is transmitted. A transmitted data block consists of a star
(LOW), followed by a continuous data stream. The data stream contains the net payloadedain (an
correction bits if an off-card ECC is used). The data stream ends with an end bit (HIGH)ta The
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transmission is synchronous to the clock signal. The payload for block-oriented datéstpaesteved
by a 16-bit CRC check sum (refer to Chapter “Cyclic Redundancy Check (CRC)").

e Stream read

There is a stream oriented data transfer controlled by READ_DAT_UNTIL_STOP (CMD11). T
command instructs the card to send its payload, starting at a specified address, untisehdshast
STOP_TRANSMISSION command (CMD12). The stop command has an execution delay due to the .
command transmission. The data transfer stops after the end bit of the stop commardi off tihe e
memory range is reached while sending data and no stop command has been sent yet by the host, the c
of the further transferred payload is undefined. The maximum clock frequency for streamati@a isper
given by the following formula:

max. speed = min (TRAN_SPEED, (8*2"**°-*-**".NSAC)/TAAC),

min (20, (8*2°) - 100 [cycles])/1000 [us]) [MHz]

min (20, 3.996) 3.996 [MHz]

these parameters being defined in Chapter “Registers”. If the host attempts to uskegueglogr the
card may not be able to sustain data transfer. If this happens, the card will setthe UNDERRUN error bit ir
status register, abort the transmission and wait in the data state for a stop command.

» Blockread

The basic unit of data transfer is a block whose maximum size is defined inthe CSD (REABNBLK
READ_BLK PARTIAL is set, thus smaller blocks whose starting and ending address are whinokylconte
within one physical block (as defined by READ_BLK_LEN)may also be transmitted. A 16-bit CRC
appended to the end of each block ensuring data transfer integrity. READ_SINGLE_BLOCK (CMD17)ste
a block read and after a complete transfer the card goes back to Transfer State.

READ_MULTIPLE_BLOCK (CMD18) starts a transfer of several consecutive blocks. Two types
multiple block read transactions are defined (the host can use either one at any time):

¢ Open-ended Multiple block read

The number of blocks for the read multiple block operationis notdefined. The card will continuous
transfer data blocks until a stop transmission command is received.

e Multiple block read with pre-defined block count

The card will transfer the requested number of data blocks, terminate the transaction and return t
transfer state. Stop command is not required at the end of this type of multiple block read, unles:
terminated with an error. In order to start a multiple block read with pre-defined block count, the h
must use the SET_BLOCK_COUNT command (CMD23) immediately preceding the
READ_MULTIPLE_BLOCK (CMD18) command. Otherwise the card will start an open-ended
multiple block read which can be stopped using the STOP_TRANSMISSION command.

The host can abort reading at any time, within a multiple block operation, regardlesssdfyplee it
Transaction abort is done by sending the stop transmission command.
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If the card detects an error (e.g. out of range, address misalignment, internal errangete Jndutiple
block read operation (both types) it will stop data transmission and remain in the DaTheSkatst must
than abort the operation by sending the stop transmission command. The read error is réngorted
response to the stop transmission command.

If the host sends a stop transmission command after the card transmits the last blolplef lzadu
operation with a pre-defined number of blocks, it will be responded to as an illegal command, since the
is no longer in data state.

If the host uses partial blocks whose accumulated length is not block aligned and blgicknerisadi not
allowed, the card shall detect a block misalignment error condition at the beginning ofmiiea figsie d
block (ADDRESS_ERROR error bit will be set in the status register).

* Stream write

Stream write (CMD20) starts the data transfer from the host to the card beginning fr oimgresidtass
until the host issues a stop command. If partial blocks are allowed (if CSD param
WRITE_BL_PARTIAL is set) the data stream can start and stop at any address within the card address s
otherwise it shall start and stop only at block boundaries. Since the amount of data fter ke tia met
determined in advance, CRC can not be used. If the end of the memory range is reached while sending
and no stop command has been sent by the host, all further transferred data is discarded. The maximum
frequency for stream write operation is given by the following formula:

max. speed = min ( TRAN_SPEED, (8*2"WRTEBLLEN.NSAC)/(TAAC*R2W_FACTOR)),
= min (20, (8*2° — 100 [cycles])/1000 [ps]*4)[MHz] = min (20, 0.999) 0.999 [MHz]

these parameters being defined in Chapter “Registers”. If the host attempts to uskegegiogr the
card may not be able to process the data and will stop programming, set the OVERRUN error bit in the si
register, and while ignoring all further data transfer, wait (in the Receive-data- Statepf@ommand.
The write operation shall also be aborted if the host tries to write over a write-protactéu téis case,
however, the card shall set the WP_VIOLATION bit.

* Block write

Block write (CMD24 - 27) means that one or more blocks of data are transferred from the host to the card
a 16-bit CRC appended to the end of each block by the host. A card supporting block write m gt alwe
able to accept a block of data defined by WRITE_BLK_LEN. If the CRC fails, the card wik itftécat
failure on the DAT line; the transferred data will be discarded and not written and allriumgmeitted
blocks (in multiple block write mode) will be ignored.

WRITE_MULTIPLE_BLOCK (CMD25) starts a transfer of several consecutive blocks. Two types
multiple block write transactions, identical to the multiple block read, are defined (the host can use either
at any time):

¢ Open-ended Multiple block write

The number of blocks for the write multiple block operation is not defined. The card will
continuously accept and program data blocks until a stop transmission command is received.
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e Multiple block write with pre-defined block count

The card will transfer the requested number of data blocks, terminate the transaction and return t
transfer state. Stop command is not required at the end of this type of multiple block write, unles
terminated with an error. In order to start a multiple block write with pre-defined block count, the hc
must use the SET_BLOCK_COUNT command (CMD23) immediately preceding the
WRITE_MULTIPLE_BLOCK (CMD25) command. Otherwise the card will start an open-ended
multiple block write which can be stopped using the STOP_TRANSMISSION command.

The host can abort writing at any time, within a multiple block operation, regardlesstotyhe i
Transaction abort is done by sending the stop transmission command. If a multiple bledgkhwrite
predefined block count is aborted, the data in the remaining blocks is not defined.

If the card detects an error (e.g. write protect violation, out of range, address misailigermaherror,
etc.) during a multiple block write operation (both types) it will ignore any further incoming data blocks al
remain in the Receive State. The host must than abort the operation by sending the s$spotransn
command. The write error is reported in the response to the stop transmission command.

If the host sends a stop transmission command after the card received the last block of a multiple block
with a pre-defined number of blocks, it will be responded to as an illegal command, sindeishgoca
longer in rcv state.

If the host uses partial blocks whose accumulated length is not block aligned and blgckerisadi not
allowed (CSD parameter WRITE_BLK_MISALIGN is not set), the card will detect the bloagnmisati
error and abort programming before the beginning of the first misaligned block. The cardthéll se
ADDRESS_ERROR error bit in the status register, and wait (in the Receive-data-State) for a stop comn
while ignoring all further data transfer. The write operation will also be aborted if the host tries to write ov
a write-protected area. In this case, however,the card will set the WP_VIOLATION bit. Programming of
CID and CSD register does not require a previous block length setting. The transferredaatdr(s al
protected.

* Erase

It is desirable to erase as many sectors at a time as possible in order to enhandartugtgata
Identification of these sectors is accomplished with the TAG_* commands. Either an arbitrary set of sec
within a single erase group, or an arbitrary selection of erase groups may be erased abuin®otib@ath
together. Thatis, the unit of measure for determining an erase is either a sector aqyranperasteif a
sector, all selected sectors must lie within the same erase group. To facilitate selection, a first command
the starting address is followed by a second command with the final address, and all sectors within this r,
will be selected for erase. After arange is selected, an individual sector (or groughatvithige can be
removed using the UNTAG command. The host must adhere to the following command seque
TAG_SECTOR_START, TAG_SECTOR_END, UNTAG_SECTOR (up to 16 untag sector commands
be sent for one erase cycle) and ERASE (or the same sequence for group tagging). The following exce
conditions are detected by the card: An erase or tag/untag command is received out of skquemde. T
will set the ERASE_SEQUENCE error bit in the status register and reset the whole sequeuicef An
sequence command (except SEND_STATUS) is received. The card will set the ERASE_RESET status'
the status register, reset the erase sequence and execute the last command. Inteeiechsdesgawrite
protected sectors, they will be left intact and only the non-protected sectors will be €hased.
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WP_ERASE_SKIP status bit in the status registerwill be set. The address field ithméagi<is a
sectoror a group address in byte units. The card will ignore all LSB's below the group desectbes
number of untags commands (CMD34 and CMD37) which are used in a sequence is limited up to 1¢
described above for block write, the card will indicate that an erase is in progress by holding DAT low. T
actual erase time may be quite long, and the host may choose to deselect the card using CMD?7.

« Write protect management

Card data may be protected against either erase or write. The entire card may be permanently write prot
by the manufacturer or content provider by setting the permanent or temporary write protect bitsinthe C
Portions of the data may be protected (in units of WP_GRP_SIZE sectors as specified inahd €8D),
write protection may be changed by the application. The SET_WRITE_PROT command sets the
protection of the addressed write-protect group, and the CLR_ WRITE_PROT command clears the
protection of the addressed write-protect group. The SEND_WRITE_PROT command is similgieto a <
block read command. The card shall send a data block containing 32 write protection binsirgeptese
write protect groups starting at the specified address) followed by 16 CRC bits. The addressfield inthe w
protect commands is a group address in byte units. The card will ignore all LSB'’s below the group size.

» Card lock/unlock operation

The password protection feature enables the host to lock a card while providing a password, which latet
be used for unlocking the card. The password and its size are kept in a 128-bit PWD and 8-bit PWD._
registers, respectively. These registers are non-volatile so that a power cycle vgd tiwtraralLocked
cards respond to (and execute) all commands in the "basic" command class (class 0) and’ “lock
command class. Thus the hostis allowed to reset, initialize, select, query forcstautsn@tto access
data on the card. If the password was previously set (the value of PWD_LEN is not‘0’) wii¢ the lo
automatically after power on. Similar to the existing CSD and CID register write commands the lock/unlc
command is available in "transfer state" only. This means that it does not include aargddressand
the card has to be selected before using it. The card lock/unlock command has the structure ar
transaction type of a regular single block write command. The transferred data block includes allthe reqt
information of the command (password setting mode, PWD itself, card lock/unlock etc.). The following tal
describes the structure of the command data block.

Lock Card Data Structure

Byte# Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO

0 Reserved ERASE LOCK_ CLR_ SET_
UNLOCK PWD PWD

1 PWD_LEN

2 Password data

PWD_LEN + 1

e ERASE: 1 Defines Forced Erase Operation (all other bits shall be ‘0) and only the cmd byte i
sent.
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¢ LOCK/UNLOCK: 1 =Locks the card. 0 = Unlock the card (note that it is valid to set this bit
together with SET_PWD but it is not allowed to set it together with CLR_PWD).

¢ CLR_PWD: 1 =Clears PWD.

e SET_PWD: 1 = Setnew password to PWD

e PWD_LEN: Defines the following password length (in bytes).

« PWD: The password (new or currently used depending on the command).

The data block size shall be defined by the host before it sends the card lock/unlock commuanld. T
allow different password sizes. The following paragraphs define the various lock/unlock comn
sequences:

e Setting the Password
—Select a card (CMD?7), if not previously selected already

—Define the block length (CMD16), given by the 8bit card lock/unlock mode, the 8-bit passwi
size (in bytes), and the number of bytes of the new password. In case that a password replac
is done, then the block size shall consider that both passwords, the old and the new ane, ar
with the command.

—Send Card Lock/Unlock command with the appropriate data block size on the data
including 16-bit CRC. The data block shall indicate the mode (SET_PWD), the len
(PWD_LEN) and the password itself. In case that a password replacement is done, then the
value (PWD _LEN) shall include both passwords, the old and the new one, and the PWD f
shall include the old password (currently used) followed by the new password.

—In case that the sent old password is not correct (not equal in size and content)
LOCK _UNLOCK_FAILED error bit will be set in the status register and the old passwo
does not change. In case that PWD matches the sent old password then the given new passwi
and its size will be saved in the PWD and PWD_LEN fields, respectively.

Note that the password length register (PWD_LEN) indicates if a password is currentlg isét eqivéls

‘0’ thereis no password set. If the value of PWD_LEN is not equal to zero the card wiklbektér
power up. It is possible to lock the card immediately in the current power session bythset-ting
LOCK/UNLOCK bit (while setting the password) or sending additional command for card lock.

* Reset the Password:
—Select a card (CMD?7), if not previously selected already

—Define the block length (CMD16), given by the 8 bit card lock/unlock mode, the 8 bit passw
size (in bytes), and the number of bytes of the currently used password.

—Send the card lock/unlock command with the appropriate data block size on the data
including 16-bit CRC. The data block shall indicate the mode CLR _PWD, the len
(PWD_LEN) and the password (PWD) itself (LOCK/UNLOCK bit is don't care). If the PWI
and PWD_LEN content match the sent password and its size, then the content of the |
register is cleared and PWD_LEN is set to 0. If the password is not correct then
LOCK_UNLOCK_FAILED error bit will be set in the status register.
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e Locking a card:
—Select a card (CMD?7), if not previously selected already

—Define the block length (CMD16), given by the 8 bit card lock/unlock mode, the 8 t
password size (in bytes), and the number of bytes of the currently used password.

—Send the card lock/unlock command with the appropriate data block size on the
line including 16-bit CRC. The data block shall indicate the mode LOCK, the lenc
(PWD_LEN) and the password (PWD) itself.

If the PWD content equals to the sent password then the card will be locked and the card-locked status bi
be set in the status register. If the password is not correct then LOCK_UN LOCK_FA ILEDwetfdrebit
set in the status register. Note that it is possible to set the password and to lock the card inthe same seq
In such case the host shall perform all the required steps for setting the passwor chés atheser)
including the bit LOCK set while the new password command is sent. If the password wasty @etviou
(PWD_LEN is not ‘0’), then the card will be locked automatically after power on reset. An attemptto lock
locked card or to lock a card that does not have a password will fail and the LOCK_UNLOCK_FAILED err
bit will be set in the status register.

¢ Unlocking the card:
—Select a card (CMD?7), if not previously selected already.

—Define the block length (CMD16), given by the 8 bitcard lock/unlock mode, the 8
password size (in bytes), and the number of bytes of the currently used password.

—Send the card lock/unlock command with the appropriate data block size on the
lineincluding 16-bit CRC. The data block shall indicate the mode UNLOCK, the ler
(PWD_LEN) and the password (PWD) itself.

If the PWD content equals to the sent password then the card will be unlocked and the card-locked statt
will be cleared in the status register. If the password is notcorrectthen the LOCK_UNLOCK_FAILED err
bit will be set in the status register. Note that the unlocking is done only for the cueesepsion. As
long as the PWD is not cleared the card will be locked automatically on the next power up. The onlywa
unlock the card is by clearing the password. An attempt to unlock an unlocked card will fail
LOCK_UNLOCK_FAILED error bit will be set in the status register.

« Forcing Erase:

In case that the user forgot the password (the PWD content) it is possible to erasedatiatae aontent
along with the PWD content. This operation is called Forced Erase.

—Select a card (CMD?7), if not previously selected already.

—Define the block length (CMD16) to 1 byte (8bit card lock/unlock command). Se
the card lock/unlock command with the appropriate data block of one byte on the
line including 16-bit CRC. The data block shall indicate the mode ERASE (the ERA
bit shall be the only bit set).
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If the ERASE bit is not the only bit in the data field then the LOCK_UNLOCK_FAILED error bit will be set
in the status register and the erase request is rejected. If the command was acce fitatHBEeDARD

CONTENT WILL BE ERASED including the PWD and PWD_LEN register content and the locked cz
will get unlocked. An attempt to force erase on an unlocked card will fail and LOCK_UNLOCK_FAILE

error bit will be set in the status register.
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e State transition summary
Table “Card State Transition Table” defines the card state transitions as a function of received comman

Card State Transition Table

Current state

Command idle ready ident stby tran data rcv prg dis ina

CRC fail —t - — — — — — — — —

Commands out of the — — — — — — — — — —
supported class(es)

ClassO CMDO idle idle idle idle idle idle idle idle idle —

CMD1, card V. ready — — — — — — — — —
range compatible

CMD1, card is busy idle — — — — — — — — _

CMD1, card V¢ ina — — — — — — — — —
range not
compatible

CMD2, card wins — ident — — — — — — _ _
bus

CMD2, card loses — ready — — — — — — — —
bus

CMD3 — — stoy — — — — — — —
CMD4 — — — stby — — — — — —

CMD7, card is — — — tran — — — — prg —
addressed

CMD7, cardisnot — — — — stoy stby — dis — —
addressed

CMD9 — — — stoy — — — — — —
CMD10 — — — stby — — — — - _
CMD12 — — — — — tran prg — — —

CMD13 — — — stby  tran data rcv prg dis —

CMD15 — — — ina ina ina ina ina ina —

Classl CMD11 — — — — data — — — _ —

Class2 CMD16 — — — — tran — — — — _
CMD17 — — — — data — — — — _
CMD18 — — — — data — — — _ —
CMD 23 — — — — tran — — — — _

Class3 CMD20 — — — — rcv — — — — _
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Current state

Command idle ready ident stby tran data rcv prg dis ina
Class4 CMD16 see class 2
CMD23 see class 2
CMD24 — — — — rcv — — rcv — —
CMD25 — — — — rcv — — rcv — —
CMD26 — — — — rcv — — — — —
CMD27 — — — — rcv — — — — —
Class5 CMD32 — — — — tran — — — — _
CMD33 — — — — tran — — — — _
CMD34 — — — — tran — — — — —
CMD35 — — — — tran — — — — _
CMD36 — — — — tran — — — — _
CMD37 — — — — tran — — — — —
CMD38 — — — — prg — — _ _ _
Class6 CMD28 — —_ — — prg — — — _ _
CMD29 — — — — prg — — — _ _
CMD30 — — — — data — — — _ _
Class7 CMD42 — — — — rcv — — — — _
Notes: 1. “—" means command is ignored, no state change and no response.
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Responses
All responses are sent via command line (CMD), all data starts with the MSB.

Format R1 (response command): response length 48 bhit.

0 0 bit5...bit0 | bit31...bit0 | bit6...bit0 | 1
start bit| card | command | status CRC end bit

The contents of the status field are described in Chapter “Status”
Format R1b (response command with busy signal):

R1bis identical to R1 with an optional busy signal transmitted on the data line. The card may become b
after receiving these commands based on its state prior to the command reception.

Format R2 (CID, CSD register): response length 136 bits.

Note: Bit 127 down to bit 1 of CID and CSD are transferred, the reserved bit [0] is replaced by the end |

0 0 bit5...bit0 | bit127...bitl 1
start bit| card reserved | CID or CSD register end bit
including internal CRC

CID register is sent as a response to commands CMD2 and CMD10.
CSD register is sent as a response to the CMD9.

Format R3 (OCR): response length 48 bits.

0 0 bit5...bit0 | bit31...bit0 | bit6...bitd | 1
start bit | card reserved | OCR field reserved end bit

The OCR is sent as a response to the CMD1 to signalize the supported voltage range. chese
MultiMediaCards support the range from 2.7 V to 3.6 V. Respectively the value of all bits of the OCR fie
of these Hitachi MuliMediaCards is set to Ox80FF8000. So the R3 frame contains the v
0x3F80FF8000FF if the card is ready and Ox3FOOFF8000FF if the card is busy.
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Status

The response format R1 contains a 32-bit field with the name card status. This fiedtedstonteansmit
status information which is stored in a local status register of each card to the hostowiing tible
defines the status register structure. The Type and Clear-Condition fields in the table are coded as follo

* Type:

e E: Error bit.
e S: Status bit.
¢ R: Detected and set for the actual command response.

e X: Detected and set during command execution. The host must poll the card by sending stal
command in order to read these bits.

* Clear Condition:

e A: According to the card state.
e B: Always related to the previous command. Reception of a valid command will clear it (with :
delay of one command).

e C: Clear by read.
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Status
Bits  Identifier Type Value Description Clear condition
31 OUT_OF_ RANGE ER '0’=no error The commands argument was out C
'1'= error of allowed range for this card.
30 ADDRESS_ERROR E R X '0’=no error A misaligned address, which did C
'1'= error not match the block length was
used in the command.
29 BLOCK _LEN_ERRO ER '0’=no error The transferred block length is not C
R "1'= error allowed for this card or the number
of transferred bytes does not
match the block length
28 ERASE SEQ ERR ER ’'0'=no error An error in the sequence of erase C
OR '1'= error commands occurred.
27 ERASE_PARAM EX '0'=no error An invalid selection, sectors or C
"1'= error groups, for erase.
26 WP_VIOLATION E R X '0’'= not protected The command tried to write a write C
'1’= protected protected block.
25 CARD_IS_ LOCKED S X 'O'=card When set, signals that the card is A
unlocked locked by the host.
'1’= card locked
24 LOCK_UNLOCK_ E R X '0'=no error Set when a sequence or password C
FAILED "1'= error error has been detected in
lock/unlock card command or it
there was an attempt to access a
locked card.
23 COM_CRC_ERROR ER '0’=no error The CRC check of the previous B
"1'= error command failed.
22 ILLEGAL_COMMAN E R '0’=no error Command not legal for the current B
D '1'= error state
21 CARD_ECC_FAILE E X '0’= success Card internal ECC was applied but C
D "1’ = failure the correction of data is failed.
20 CC_ERROR E RX ’0'=no error Internal card controller error C
'1'= error
19 ERROR E R X '0'=no error A general or an unknown error C
'1'= error occurred during the operation.
18 UNDERRUN E X ’'0'=no error The card could not sustain data C
'1'= error transfer in stream read mode.
17 OVERRUN EX '0'=no error The card could not sustain data C
'1'= error programming in stream write
mode.
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Bits  Identifier Type Value Description Clear Condition
16 CID_OVERWRITE/ E R X '0’=no error can be either one of the following C
CSD_OVERWRITE "1'= error errors:

* The CID register is already
written and can not be
overwritten.

» The read only section of the
CSD does not match the card
content.

« An attempt to reverse the copy
(set as original) or permanent

WP (unprotected) bits was
done.

15 WP_ERASE_SKIP S X  '0'=not protected Only partial address space was C
'1'= protected erased due to existing WP blocks.

14 CARD_ECC_ S X '0'=enabled The command has been executed A
DISABLED '1’= disabled without using the internal ECC.
13 ERASE_RESET SR '0'=cleared An erase sequence was cleared C
'1'= set before executing because an out
of erase sequence command was
received
12:9 CURRENT_STATE S X O0-=idle Current state of the card. B
1 = ready
2 = ident
3 = sthy
4 = tran
5 = data
6 =rcv
7 = prg
8 =dis
9-15 = reserved
8 BUFFER_EMPTY S X '0’=not empty corresponds to buffer empty A
'1’'= empty signaling on the bus
7.6 reserved Permanently 0
5 APP_CMD SR ’'0'=disabled The card will expect APP_CMD or C
'1’= enabled indication that the command has

been interpreted as APP_CMD.

4 reserved Permanently 0

3:2 reserved for application specific commands

1.0 reserved for manufacturer test mode
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Command Response Timings

All timing diagrams use the following schematics and abbreviations:

S: Start bit (=0)

T: Transmitter bit (Host = 1, Card = 0)

P: One-cycle pull-up (= 1)

E: End bit (=1)

Z: high impedance state (-> =1)

D: Data bits

*. repeater

CRC: Cyclic redundancy check bits (7 bits for command or response, 16 bits for block data)

The difference between the P-bit and Z-bit is that a P-bit is actively driven to HIGH by the card respectiv
host output driver, while the Z-bit is driven to (respectively kept) HIGH by the pull-upseRigt
respectively R,;. Actively driven P-bits are less sensitive to noise superposition. Forthe timing of tf
Hitachi MultiMediaCards, the following values are defined:

Timing Values

Value [clock cycles]

Symbol Min Max Description

Ncr 2 64 Number of cycles between command and
response

Nip 5 5 Number of cycles between card identification or

card operation conditions command and the
corresponding response

Nac 2%! TAAC + NSAC** Number of cycles between a command and the
start of a related data block

Nic 8 — Number of cycles between the last response
and a new command

Nec 8 — Number of cycles between two commands, if
no response will be sent after the firstcommand
(e.g. broadcast)

Nur 2 — Number of cycles between a write command
and the start of a related data block

Nsr 2 2 Number of cycles between stop command and
valid read / write data end

Notes: 1. Referto Chapter “Electrical Characteristics” for more details about the access time.
2. Refer to Chapter “Time-out Condition”.
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The host command and the card response are clocked out with the rising edge of the host delak. The
between host command and card responsgdglNck cycles. The following timing diagram is relevant for
host command CMD3:

«—— Host command——»i¢— NcR cycles—»«——— Response ——»
cMD  [s|T] content [cRrc|E|z| *x*x¢x |Z[s]T] content [crc|E|z|z|z

<+«—— Host active ——»] l«— Card active ———»/

Command Response Timingldentification Mode)

There is just one Z bit period followed by P bits pushed up by the responding card. The fohimging t
diagram is relevant for all host commands followed by a response, except CMD1, CMD2 and CMD3:

«—— Host command——»l«— N¢R cycles—»«— Response ——»|
cMp  [s[T] content [crc|E|z|z|p P[s[T] content [crc|E|z|z|z
+«—— Host active —» 4«———— Card active ———————»]

* k *

Command Response TimingData Transfer Mode)

» Card identification and card operation conditions timing
The card identification (CMD2) and card operation condition (CMD1) timing are processed inthe open-dr
mode. The card response to the host command starts after exacllydd cycles.

«—— Host command——»{« N|p cycles —p| «— CID or OCR —»|
cMp  [s]t] content [crcle[z| *x+ [z[s[t]  content z|z|z
<«—— Host active ——», «—— Card active —»,

Identification Timing (Card Identification Mode)

» Last card response - next host command timing
After receiving the last card response, the host can start the next command transmission afteyatltezkst N
cycles. This timing is relevant for any host command.

+«——— Response ——»l¢— NRc cycles—»e——Host command —»
cMD [s|[T] content [cRC[E[z| *****+ [Z|s[T] content [crc|E

«—— Card active —» «—— Host active ——»

Timing Response End to Next CMD Star{Data Transfer Mode)
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e Last host command - next host command timing diagram
After the last command, which does not force a response, has been sent, the host can damgitbe sen
next command after at leastN\clock periods.

«——Host command ——»«— N¢¢ cycles—»i«—— Host command ——»|
cMD  [s|[T] content [cRC[E[z| *****+ [Z|s[T] content [crc|E
«—— Host active ——»| «—— Host active ——»

Timing CMD ,, End to CMD,,,; Start (All Modes)

In the case the CM[command was a lastidentification command (no more response sent by a card), then
next CMDQ,,; command is allowed to follow after at leagt NL36 (the length of the R2 response) clock
periods.

» Data access timing

Data transmission starts with the access time ge(ayich corresponds tgN, beginning from the end
bit of the data address command. The data transfer stops automatically in case of a data block transfer

a transfer stop command.

«—— Host command ——»«— N¢cRr cycles—»«——— Response ———»
cMD [s[T| content |cRc|E|z|z|P P[s[T| content [cRc|E

* k k

4«— Host active ——» «— Card active d

<«—— Nac cycles ———»l«—— Read data
z|z|z|z|z|z]P p[s|p|p|p| **+

«— Card active

* k% % *kkkkkkkkkx

DAT Z|z|z

Data Read Timing(Data Transfer Mode)

» Data transfer stop command timing
The card data transmission can be stopped using the stop command. The data trangpsissiol
immediately with the end bit of the stop command.

«—— Host command——»«— N¢cR cycles—»«——— Response ——»
cMD [s|T| content |cRC|E|z|z|P P[s|T| content [CRC|E
+—— Hostactive — e b¢— Card active ————¥|
paT  |D|D|D p|p|ple|z|z
Card active ————»|

* % %

*kkkkkk*k R R I R Rk I I

Timing of Stop Command(CMD12, Data Transfer Mode)
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e Stream read

The data transfer startg-Mlock cycles after the end bit of the host command. The bus transactior
identical to that of a read block command (refer to Figure “Data Read Timing”). As the slatagraot
block-oriented, the data stream does not include the CRC checksum. Consequently the host cannot che
data validity. The data stream is terminated by a stop command. The correspondingchios imnsa
identical to the stop command for the multiple read block (refer to Figure “Timing of Stop Command”).

» Single or multiple block write

The host selects one card for data write operation by CMD7. The host sets the validtil fmk -
oriented data transfer by CMD16 (The write-block-length of the Hitachi MultMediaCard isep&iyma
assigned to the value 512 bytes). The host transfers the data with CMD24. The address ldbtikeislat
determined by the argument of this command. This command is responded by the card on thaMD
usual. The data transfer from the host stagisdbck cycles after the card response was received. The write
data have CRC check bits to allow the card to check the transferred data for transmissi®hesicard
sends the CRC check information as a CRC status to the host (on the dataline). The CRC status contai
information if the write data transfer was non-erroneous (the CRC check did not fail)rothmetade of
transmission error the card sends a negative CRC status (“101” bin) which forces theraastdt the
data. In the case of non-erroneous transmission the card sends a positive CRC status (“010” bin) and sta
data programming procedure.

l«—— Host command —LNCRA— Card response ——»|
cMD [s|T| content [CRC|E S|T| content |[CRC|E

Nwr
+«— Host active —» «— Card active P—Ppj¢ Write data

DAT  z[z|Z z|z|z|z|z|z|z|z]|z] **+* |z|z]z]z|z]|P|s content

* k% % %

«——— Host active —»|

CMD
L Writedata —— | <« CRC status»«— Card busy —»|
DAT content |CRC |E Z|Z S| status |E S| busy ='L' |E z |
Host active ——»] «— Card active ———»—

L ... pull down to LOW bit

Timing of The Block Write Command

If the card does not have any more free data receive buffer, the card indicates it by pulling down the date
to LOW. The card stops pulling down the data line as soon as at least one receive buffer for the defined
transfer block length becomes free. This signaling does not give any information about the data write st:
This information has to be polled by the status polling command.
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e Stream write

The data transfer startg,d\clock cycles after the card response to the sequential write command \
received. The bus transaction is identical to that of a write block command (see Figure “Timing of The Bl
Write Command”). As the data transfer is not block-oriented, the data stream does eohénClREC
checksum. Consequently the host can not receive any CRC status information from the catd. Th
stream is terminated by a stop command. The bus transaction is identical to the woptdsiatken a
data block is interrupted by the stop command (see Figure “Stop Transmission During Dart& roransfe
The Host").

«+—— Host command——»«— N¢R cycles—»l«—— Card response ——»| «— Host command
cMD [s|T| content |cRc|E[z|z|P P[s|T| content [cRrc|E s[T| content |
<NST l«—— Card is programming ——»
pAT [D|D|D|D|D|D|D|D|D|D| [E[Z|Z|S|L]*** * 2% xxx wxewun wus [E|Z[z]Z|Z]2]|2]2]Z]
< Valid write data

* k *

A4

Stop Transmission During Data Transfer From The Host

e Erase block timing

The host must first tag the sectorto erase. The tagged sector(s) are erased inyzang o MD32-
CMD38. The card busy signaling is also used for the indication of the card erase procedure duration. Ir
case the end of the card busy signaling also does mean that the erase of all tagge d seatdirs $lasdb
The host can (also) request the card to send the actual card state using the CMD13.

Ncg [«—— Card response —»
CMD 7| content [CRC[E[" "[s[T| content [cRrclE

) card is erasing
«— Host active —»| < card busy ———»|

DAT  |Z]z zlz]z]s|L]L L|E

kkkkkkkkk Kk R I I A A I

«—————— Card active ————»/
«—— Host command —»
CMD S|T| content |CRC|E
«—— Host active —»

DAT L * ok ok ok Kk |L|EZ * ok ok ok ok ok ok ok

l«— Card active —»|

L ... pull down to LOW bit

Timing of Erase Operation

HITACHI

53



HB28E016/D032/D064/B128MM?2

Reset

GO_IDLE_STATE (CMDQO) is the software reset command, which sets the MultiMediaCard into the
State independently of the current state. In the Inactive State the MuliMediaCardeictemtiaffthis
command. After power-on the MuliMediaCard is always in the Idle State. After power-on anccomir
GO_IDLE_STATE (CMDQO) all output bus drivers of the MultiMediaCard is in a high-impedancedstate
the card will be initialized with a default relative card address (0x0001). The host rurssathehéu
identification clock rates, generated by a push-pull driver stage (refer to also Chapter “Power on” for mo
details).

CMDOis valid in all states with the exception of the Inactive State. While in Inatitteestard will not
accept CMDO unless it is used to switch the card into SPI mode.
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SPI Communication

The SPImode consists of a secondary communication protocol. This mode is a subset of the MultiMedia
protocol, designed to communicate with a SPI channel, commonly found in Motorola’'s (anddately a
other vendors’) microcontrollers. The interfaceis selected during the first reset corempadeaf up
(CMDO0) and cannot be changed once the part is powered on. The SPI standard definesthe physical link
and not the complete data transfer protocol. The MultiMediaCard SPI imple mentatiorbsstoftbea
MultiMediaCard protocol and command set. It is intended to be used by systems which regllire a
number of card (typically one) and have lower data transfer rates (compared to MultiMe diédCanld pr
based systems). From the application point of view, the advantage of the SPI mode is the capability of u
an off-the-shelf host, hence reducing the design-in effort to mininum. The disadvantagesssathe |
performance of the SPI system versus MultiMediaCard (lower data transfer rate, fewer devats,CS

per card etc.). While the MultiMediaCard channel is based on command and data bitstreams whi
initiated by a start bit and terminated by a stop bit, the SPI channel is byte oriented. Every command or
block is built of 8-bit bytes and is byte aligned to the CS signal (i.e. the lengthis a multiple of 8 clock cycle
Similar to the MultiMediaCard protocol, the SPI messages consist of command, resporesblack dat
tokens (refer to Chapter “Commands” and Chapter “Responses” for a detailed description).
communication between host and cards is controlled by the host (master). The host sthds eve
transaction by asserting the CS signal low. The response behavior in the SPI mode diffees frol
MultiMediaCard mode in the following three aspects:

» The selected card always responds to the command.
* An additional (8 bit) response structure is used

* When the card encounters a data retrieval problem, it will respond with an error response (which repl:
the expected data block) rather than by a time-out as in the MultiMediaCard mode.

Single block and multiple read and write operations are supported in SPI mode. In addition tothe comn
response, every data block sent to the card during write operations will be responded walhdatapeci
responsetoken. A data block may be as big as one card sectorand as small as a singlalbyteck Part
read/write operations are enabled by card options specified in the CSD register.

Mode Selection

The MultiMediaCard wakes up inthe MultiMediaCard mode. It will enter SPI mode if tbenmasabd
(CMDQO) is received during the CS signal is asserted (negative). Selecting SPI modé#ictedttcelslie
state (the state the card enters after power up) only. Every time the card receives CMDPwinidkiin
Inactive state, CS signal is sampled.

If the card recognizes that the MultiMediaCard mode is required it will not respond tanthadcaimd
remain in the MultiMediaCard mode. If SPI mode is required the card will switch to SPI and respond with
SPI mode R1 response.

The only way to return to the MultiMediaCard mode is by entering the power cycle. In SPlemode
MultiMediaCard protocol state machine is not observed. All the MultiMediaCard commaodsdsiupp
SPI mode are always available.
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Bus Transfer Protection

Every MultiMediaCard token transferred on the bus is protected by CRC bits. In SPI mode,
MultiMediaCard offers a non-protected mode which enables systems built with reliable data links to exclt
the hardware or firmware required for implementing the CRC generation and verification fulmctiigns.
non-protected mode the CRC bits of the command, response and data tokens are still regjtbieshin th
However, they are defined as “don’t care” for the transmitter and ignored by the receiver. The SPIinterf
is initialized in the non protected mode. However, the RESET command (CMDO), which iswitdd to s
the card to SPI mode, is received by the card while in MultiMediaCard mode and, therefore, must have a\
CRC field.

The host can turn this option on and off using the CRC_ON_OFF command (CMD59).

Data Read Overview

The SPI mode supports single and multiple block read operations (CMD17 and CMDI18 in
MultiMediaCard protocol). The main difference between SPI and MultiMediaCard modes is that the data
the response are both transmitted to the host on the DataOut signal (refer to Figure 43aff). Figul
Therefore the card response to the STOP_COMMAND may cut-short and replace the lastdata block (ref
Figure “Read Operation”).

from from data from card Next
host card to host command
to card to host
Datain ------ command |-----F---------m-memmq-em oo oo oo - - cOMMand |-
Data out-------------------- { response |-- - | data block |CRC |-- Rttt

Single Block Read Operation

from from data from card Stop

host card to host — command
to card to host
Datain --{command [-------=-F==-=== === -pmmmsmm oo oo oo - cOMMand |-

Data out| response|---|data block |CRC|-{data block |CRCH data B.|-| response|

Multiple Block Read Operation

The basic unit of data transfer is a block whose maximum size is defined in the CSD (REAN). BIf

READ_BL _PARTIAL is set, smaller blocks whose starting and ending addresses are entiredy cont:
within one physical block (as defined by READ_BL_LEN) may also be transmitted. A 16-bit CRC
appended to the end of each block ensuring data transfer integrity (also refer to chapter “Cyclic Redund
Check (CRC)"). CMD17 (READ_SINGLE_BLOCK) initates a single block read. @ CMDL1

HITACHI

56



HB28E016/D032/D064/B128MM?2

(READ_MULTIPLE_BLOCK) starts a transfer of several consecutive blocks. Two types of maoliple bl
read transactions are defined (the host can use either one at any time):

¢ Open-ended Multiple block read

The number of blocks for the read multiple block operationis notdefined. The card will continuous
transfer data blocks until a stop transmission command is received.

¢ Multiple block read with pre-defined block count

The card will transfer the requested number of data blocks, terminate the transaction and return t
transfer state. Stop command is not required at the end of this type of multiple block read, unles:
terminated with an error. In order to start a multiple block read with pre-defined block count, the h
must use the SET_BLOCK_COUNT command (CMD23) immediately preceding the
READ_MULTIPLE_BLOCK (CMD18) command. Otherwise the card will start an open-ended
multiple block read which can be stopped using the STOP_TRANSMISSION command.

The host can abort reading at any time, within a multiple block operation, regardlesssdiyplee it
Transaction abort is done by sending the stop transmission command.

In case of a data retrieval error, the card will not transmit any data. Instead, a special data error token w
sent to the host. Figure “Read Operation-Data Error” shows a data read operation which terminated wit
error token rather than a data block.

from from data error token Next

host card from card to host  command
to card to host
Datain ------ command |----- -----------------------{ command |-

Dataout---------------------{ response |{ data error }

Read Operation-Data Error

Data Write Overview

As for the read operation, while in SPI mode the MultiMediaCard supports single and noaki pieitiel
commands. Upon reception of a valid write command (CMD24 and CMD25 in the MuliMediaC
protocol), the card will respond with a response token and will wait for a data block to be sent fromthe h
CRC suffix, block length and start address restrictions are (with the exception of the C8t@rparal
WRITE_BL_PARTIAL controlling the partial block write option) identical to the read operatégontdre
Figure “Single Block Write Operation”). If a CRC error is detected it will be reportediatatiiesponse
token and the data block will not be programmed.
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Data in

from

host
to card

B

data

new command
response and
busy from

from host T
card

data from
host
to card

from
card
to host

r

------ command |[-----F

eemmmemeeeeeeeeo—--f command |-

Data out { data_response|busy l

Single Block Write Operation

After a data block has been received, the card will respond with a data-response token. If the data bloc
been received without errors, it will be programmed. As long as the card is busy programming, a contint

stream of busy tokens will be sent to the host (effectively holding the DataOut line low).

In Multiple Block write operation the stop transmission will be done by sending ‘Stop Tran’ token instead

‘Start Block’ token at the beginning of the next block.

data
from from Start data from response and data from Stop
host card Block host busy from host Tran
to card to host fToken to card card to card Token

Multiple Block Write Operation

Two types of multiple block write transactions, identical to the multiple block read, are defined (the host «

use either one at any time):

¢ Open-ended Multiple block write

The number of blocks for the write multiple block operation is not defined. The card will
continuously accept and program data blocks until a ‘Stop Tran’ token is received.

e Multiple block write with pre-defined block count

The card will accept the requested number of data blocks and terminate the transaction. ‘Stop T
token is not required at the end of this type of multiple block write, unless terminated with an error.

order to start a multiple block write with pre-defined block count, the host must use the
SET_BLOCK_COUNT command (CMD23) immediately preceding the

WRITE_MULTIPLE_BLOCK (CMD25) command. Otherwise the card will start an open-ended

multiple block write which can be stopped using the ‘Stop Tran’ token.
The host can abort writing at any time, within a multiple block operation, regardless of the its type.

Transaction abort is done by sending the ‘Stop Tran’ token. If a multiple block write withquiddietk
count is aborted, the data in the remaining blocks is not defined.
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If the card detects a CRC error or a programming error (e.g. write protect violation, out afldiege
misalignment, internal error, etc.) during a multiple block write operation (both typds)eipavt the
failure in the data-response token and ignore any further incoming data blocks. The host mustthan abo
operation by sending the ‘Stop Tran’ token.

If the host uses partial blocks whose accumulated length is not block aligned and blgieknerisadi not
allowed (CSD parameter WRITE_BLK_MISALIGN is not set), the card shall detect the block misalignme
error before the beginning of the first misaligned block and respond with an error indication in
dataresponse token and ignore any further incoming data blocks. The host must than abdibthieyopere
sending the ‘Stop Tran’ token.

Once the programming operation is completed, the host must check the results of the programming usin
SEND_STATUS command (CMD13). Some errors (e.g. address out of range, write protect wigjation
are detected during programming only. The only validation check performed on the data block
communicated to the host via the data-response token is the CRC.

If the host sends a ‘Stop Tran’ token after the card received the last block of a multiple block operationv
pre-defined number of blocks, it will be responded to as the beginning of an illegal command and respor
accordingly.

While the card is busy, resetting the CS signal will not terminate the programming pioe essd Wil
release the DataOut line (tri-state) and continue with programming. If the card isdrdmélmetehe
programming is finished, the DataOut line will be forced back to low and all commands will be rejected.

Resetting a card (using CMDO) will terminate any pending or active programming operatiomay This
destroy the data formats on the card. It is in the responsibility of the host to prevent it.
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Erase and Write Protect Management

The erase and write protect management procedures in the SPI mode are identical to those
MuliMediaCard mode. While the card is erasing or changing the write protection bits afeffireedre
sector list, it will be in a busy state and hold the DataOut line low. Figure “No Data Operations” illustrate
‘no data’ bus transaction with and without busy signaling.

from from from from
host card host card
to card to host to card to host
Datain ------ command |-----f---------------------—--{ command f-----------

Data out{ response |busy|--

‘No Data’ Operations

Reading CID/CSD Registers

Unlike the MultiMediaCard protocol (where the register contents are sent as a command re agomise)
the contents of the CSD and CID registers in SPI mode is a simple read-block transactiad. withe ca
respond with a standard response token (refer to Figure “Read Operation”) followed by a ddtaelock
bytes suffixed with a 16-bit CRC. The data timeout for the CSD command cannot be sedtdAldeCcar
since this value is stored inthe CSD. Therefore the standard response timeowyaueséd for read
latency of the CSD register.

Reset Sequence

The MultiMediaCard requires a defined reset sequence. After poweron reset or CMDO seétywtre r
card enters an idle state. At this state the only legal host command is CMD1 (SEND_OP_@€OND
CMD58 (READ_OCR). In SPI mode, as opposed to MultiMediaCard mode, CMD1 has no operands
does not return the contents of the OCR register. Instead, the host may use CMD58 (aS &l abtelan
only) toread the OCR register. Furthermore, itis inthe responsibility of the hosintfy wefraccessing
cards that do not support its voltage range. The usage of CMD58 is not restricted tdzing iphizse
only, but can be issued at any time. The host must poll the card (by repeatedly sending Qti2l) un
‘in-idle-state’ bit in the card responseindicates (by being set to 0) that the card ctis pigiald ation
processes and is ready for the next command. The host must poll the card (by re peatedW&eding
until the ‘in-idle-state’ bit in the card response indicates (by being set to 0) that tlenpheted its
initialization processes and is ready for the next command.
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Error Conditions

Unlike the MultiMediaCard protocol, inthe SPI mode the card will always respond to a corfiheand.
response indicates acceptance or rejection of the command. A command may be rejected if it is not supp
(illegal opcode), if the CRC check failed, if it contained an illegal operand, or if it was out of sequence dur
an erase sequence.

Memory Array Partitioning

Same as for MultiMediaCard mode.

Card Lock/Unlock

Usage of card lock and unlock commands in SPI mode is identical to MultiMediaCard mode. In both case:
command response is of type R1b. After the busy signal clears, the host should obtaindhéhee sult
operation by issuing a GET_STATUS command. Please referto Chapter “Card lock/unlock operatior
details.

Commands

All the MultiMediaCard commands are 6 bytes long. The command transmission alwaythstaet fefti
bit of the bitstring corresponding to the command codeword. All commands are protected byTheCRC?7
commands and arguments are listed in Table

Bit position [47] [46] [45:40] [39:8] [7:1] [0]
Width (bits) 1 1 6 32 7 1
Value ‘0 ‘1 X X x ‘1
Description start bit transmission bit command index argument CRC7 end bit

The following table provides a detailed description of the SPI bus commands. The respefisesiane d
Chapter “Responses”. The Table “Commands and Arguments’ lists all MuliMediaCard conAmands
“yes” in the SPI mode colon indicates that the command is supported in SPI mode. Witkrittésesyes
the command class description in the CSD is still valid. Ifacommand does notrequire an argument, the v
of this field should be set to zero. The reserved commands are reserved in MultiMe dia Casrdveibde
The binary code of a command is defined by the mnemonic symbol. As an example, the content
command index field is (binary) ‘000000’ for CMDO and ‘100111’ for CMD39.
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Commands and Arguments

CMD index SPI mode Argument

Resp Abbreviation

Command description

CMDO Yes None R1 GO_IDLE_STATE resets the MultiMediaCard
CMD1 Yes None R1 SEND_OP_COND Activates the card’s initialization
process.
CMD2 No
CMD3 No
CMD4 No
CMD5 reversed
CMD6 reversed
CMD7 No
CMDS8 reversed
CMD9 Yes None R1 SEND_CSD asks the selected card to send its
card-specific data (CSD)
CMD10 Yes None R1 SEND_CID asks the selected card to send its
card identification (CID)
CMD11 No
CMD12 Yes None R1 STOP_TRANSMIS stop transmission on multiple read
SION
CMD13 Yes None R2 SEND_STATUS  asks the selected card to send its
status register.
CMD14 reversed
CMD15 No
CMD16 Yes [31:0] block length R1 SET_BLOCKLEN selects a block length (in bytes) for all
following block-oriented read
commands and lock card comand.**
CMD17 Yes [31:0] data R1 READ_SINGLE_ reads a block of the size selected by
address BLOCK the SET_BLOCKLEN command.**
CMD18 Yes [31:0] data R1 READ_MULTIPLE continuously transfers data block
address _BLOCK from card to host until interrupted by
a stop command or the requested
number of data blocks transmitted.
CMD19 reversed
CMD20 No
CMD21... reversed
CMD22
CMD23 Yes [31:16] setto O R1 SET_BLOCK_CO defines the number of blocks which
[15:0] number of UNT are going to be transferred in the
blocks immediately succeeding multiple
block read or write command.
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CMD index SPI mode Argument

Resp Abbreviation

Command description

CMD24 Yes [31:0]data R1b*®* WRITE_BLOCK  Writes a block. The write-block-length of
address the Hitachi MultiMediaCard is permanently

assigned to the value 512 bytes.**

CMD25 Yes [31:0]data R1b* WRITE_MULTIPL continuously writes blocks of data until a
address E_BLOCK “Stop Tran” token or the requested

number of block received.

CMD26 No

CMD27 Yes None R1b PROGRAM_CSD programming of the programmable bits of

the CSD.

CMD28 Yes [31:0]data R1b SET_WRITE_ if the card has write protection features,
address PROT this command sets the write protection bit

of the addressed group. The properties of
write protection are coded in the card
specific data (WP_GRP_SIZE).

CMD29 Yes [31:0]data R1b CLR_WRITE_ if the card has write protection features,
address PROT this command clears the write protection

bit of the addressed group.

CMD30 Yes [31:0] write R1 SEND_WRITE_ if the card has write protection features,
protect data PROT this command asks the card to send the
address status of the write protection bits.**

CMD31 reserved

CMD32 Yes [31:0]data R1 TAG_SECTOR_  sets the address of the first sector of the
address START erase group.*®

CMD33 Yes [31:0]data R1 TAG_SECTOR_  sets the address of the last sector in a
address END continuous range within the selected erase

group, or the address of a single sector to
be selected for erase.*®

CMD34 Yes [31:0]data R1 UNTAG_SECTOR removes one previously selected sector
address from the erase selection.**

CMD35 Yes [31:0]data R1 TAG_ERASE_ sets the address of the first erase group
address GROUP_START  within a range to be selected for erase

CMD36 Yes [31:0]data R1 TAG_ERASE_ sets the address of the last erase group
address GROUP_END within a continuous range to be selected

for erase

CMD37 Yes [31:0]data R1 UNTAG_ERASE_ removes one previously selected erase
address GROUP group from the erase selection*®

CMD38 Yes [31:0] stuff R1b ERASE erases all previously selected sectors
bits

CMD39 No

CMD40 No
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CMD index SPI mode Argument

Resp Abbreviation

Command description

CMD41 reserved
CMD42 Yes [31:0] stuff bits R1b LOCK/UNLOCK  Used to set/reset the password or
lock/unlock the card. The structure
of the data block is described in
chapter “Card lock/unlock
operation”. The size of the Data
Block is defined by the
SET_BLOCK_LEN command.
CMD43... reserved
CMD54
CMD55 (Yes) [31:16] RCA R1 APP_CMD Indicates to the card that the next
[15:0] stuff bits command is an application specific
command rather than a standard
command.
These Hitachi MultiMediaCards do
not support this command.
CMD56 (Yes) [31:1] stuff bits R1 GEN_CND Used either to transfer a data block
[0:0] RD/WR* to the card or to get a data block
from the card for general purpose /
application specific commands. The
size of the data block shall be set by
the SET_GLOCK_LEN command.
These Hitachi MultiMediaCards do
not support this command.
CMD57 reserved
CMD58 Yes None R3 READ_OCR Reads the OCR register of a card.
CMD59 Yes [31:1] stuff bits R1 CRC_ON_OFF Turns the CRC option on or off. A‘1’
[0:0] CRC option in the CRC option bit will turn the
option on, a ‘0" will turn it off
CMD60 No
Notes: 1. The default block length is as specified in the CSD. These Hitachi MultiMediaCards do not support
partial block write, so the write block size defined by WRITE_BLK_LEN is permanentry assigned
to the value 512 bytes.

2. The data transferred must not cross a physical block boundary unless READ_BLK_MISALIGN is
set in the CSD. These Hitachi MultiMediaCards do not support read block operations withbondary
crossing (READ_BLK_MISALIGN = ‘0’), so the data transferred must not cross a physical block
boundary.

3. R1b: R1 response with an optional trailing busy signal.

4. The data transferred must not cross a physical block boundary unless WRITE_BLK_MISALIGN is
set in the CSD. These Hitachi MultiMediaCards do not support write block operations with
boundary crossing (WRITE_BLK_MISALIGN = ‘0"), so the data transferred must not cross a
physical block boundary.

5. 32 write protection bits (representing 32 write protect groups starting at the specified address)

64

followed by 16 CRC bits are transferred in a payload format via the data line. The last (least
significant) bit of the protection bits corresponds to the first addressed group. If the addresses of
the last groups are outside the valid range, then the corresponding write protection bits shall be

set to zero.
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. “MultiMediaCard system specification Version 3.1” does not support these commands, but these
Hitachi MultiMediaCards support them to keep backward compatibility with former MultiMediaCard
series.

. ‘1’ the host gets a block of data from the card.
‘0’ the host sends block of data to the card.
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Responses
There are several types of response tokens. As in the MultiMediaCard mode, all are transmitted MSB f

 Format R1

This response token is sent by the card after every command with the exception of SEND_STA
commands. It is one byte long, and the MSB is always set to zero. The other bits ar eatimrsinal
error being signaled by a ‘1’. The structure of the R1 format is given in Figure “R1 Response Format”. T
meaning of the flags is defined as following:

¢ Inidle state: The card is in idle state and running the initializing process.

« Erase reset: An erase sequence was cleared before executing because an out of erase seque
command was received.

¢ lllegal command: An illegal command code was detected.

e Communication CRC error: The CRC check of the last command failed.

« Erase sequence error: An error in the sequence of erase commands occurred.

e Address error: A misaligned address, which did not match the block length, was used in the
command.

e Parameter error: The command’s argument (e.g. address, block length) was out of the allowe
range for this card.

7 0

ol [T ]]
L inidle state
erase reset
illegal command

com crc error
erase seguence error
address error
parameter error

R1 Response Format

 Format R1b

This response token is identical to the R1 format with the optional addition of the busyrbiythaisy
signal token can be any number of bytes. A zero value indicates card isbusy. A non-zero value indicate
card is ready for the next command.
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e Format R2

This responsetoken is two bytes long and sent as a responseto the SEND_STATUS commandt The
is given in Figure “R2 Response Format”.

1. Byte 2. Byte
7 0 7 0
ol L ITTITPTT TP
u card is locked

wp erase skip | lock/unlock command failed
error
CC error
card ecc failed
wp violation

erase param
out of range | csd_overwrite
in idle state

erase reset

illegal command

com crc error

erase sequence error
address error

parameter error

R2 Response Format

The first byte is identical to the response R1. The content of the second byte is described in the followi

Out of range [ csd_overwrite: This status bit has two functions. It is set if the command
argument was out of its valid range or if the host is trying to change the ROM section or reverse
copy bit (set as original) or permanent WP bit (un-protect) of the CSD register.

Erase param: An invalid selection, sectors or groups, for erase.

Write protect violation: The command tried to write a write protected block.
Card ECC failed: Card internal ECC was applied but failed to correct the data.
CC error: Internal card controller error

Error: A general or an unknown error occurred during the operation.

Write protect erase skip| lock/unlock command failed: This status bit has two functions
overloaded. It is set when the host attempts to erase a write protected sector or if a sequence
password error occurred during card lock/unlock operation.

Card is locked: Set when the card is locked by the user. Reset when it is unlocked.
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* Format R3

This response token is sent by the card when a READ_OCR command is received. The response leng
bytes (refer to Figure “R3 Response Format”). The structure of the first (MSB) bytecéd tdeetsponse
type R1. The other four bytes contain the OCR register.

39 3231

0
ol [T o]
\ \
R1 OCR

R3 Response Format

» Data Response

Every data block written to the card will be acknowledged by a data responsetoken. It idangedoyte
has the following format:

7 0
|><|><|><|O| status |1|

Data Response
The meaning of the status bits is defined as follows:

“010” - Data accepted.
“101” - Data rejected due to a CRC error.
“110” - Data rejected due to a Write error.

Data Tokens

Read and write commands have data transfers associated with them. Datais being transmitted or receiv
data tokens. All data bytes are transmitted MSB first. Data tokens are 4 to 2051 kandshbwegthe
following format:

» First byte: Start Byte

Token Type Transaction Type 7 Bit Position 0
Start Block Single Block Read 1 1 1 1 1 1 1 0
Start Block Multiple Block Read 1 1 1 1 1 1 1 0
Start Block Single Block Write 1 1 1 1 1 1 1 0
Start Block Multiple Block Write 1 1 1 1 1 1 0 0
Stop Tran Multiple Block Write 1 1 1 1 1 1 0 1

Format of the Start Data Block Tokens

» Bytes 2-2049 (depends on the data block length): User data
» Last two bytes: 16-bit CRC.
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Data Error Token

If a read operation fails and the card cannot provide the required data, it will send a data error token ins
This token is one byte long and has the following format:

7 0
lofofo] | [ | |]

L Error
CC Error
Card ECC failed

out of range
Card is locked

Data Error Token

The 4 least significant bits (LSB) are the same error bits as in the response format R2.
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Clearing Status Bits

As described inthe previous paragraphs, in SPI mode, status bits are reported to the batiffemeht
formats: response R1, response R2 and data error token (the same bits may existin multiple responsety
e.g Card ECC failed).

As in the MuliMediaCard mode, error bits are cleared when read by the host, regardlesspdrnse r
format. Stateindicators are either cleared by reading or in accordance with the cardl Etiadg StAtus
bits defined in MultiMediaCard mode, with the exception of underrun and overrun, have the s@mge me
and usage in SPI mode. The following table summarizes the set and clear conditions fouds¢atasi
bits:

* Type:

Error bit.
Status bit.
Detected and set for the actual command response.

. Detected and set during command execution. The host must poll the card by sending stat
command in order to read these bits.

L]

X -0 m

L]

* Clear Condition:

¢ A: According to the card state.
e C: Clear by read.

SPI mode Status bits

Included Clear
Identifier inresp Type Value Description condition
Out of range R2 ERX ’'0'=no error The command argument was out of C
DataErr '1’= error allowed range for these Hitachi
MultiMediaCards.
Address error R1 R2 E R X '0'=no error An address which did not matchthe C
'1'= error block length was used in the
command.
Erase sequence R1 R2 ER '0’= no error An error in the sequence of erase C
error '1'= error command sequence.
Error param R2 E X '0’= no error An error in the parameters of the C
'1'= error erase command sequence.
Parameter error R1 R2 E R X '0'=no error An error in the parameters of the C
'1'= error command.
WP violation R2 E R X '0’'=not protected Attempt to program a write protected C
'1’'= protected block.
ComCRC error R1R2 ER '0’= no error The CRC check of the previous C
'1'= error command failed.
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Included Clear
Identifier in resp Type Value Description condition
lllegal command R1 R2 ER '0’= no error Command not legal for the card state C
'1’= error
Card ECC failed R2 E X '0’= success Card internal ECC was applied but C
DataErr '1’'= failure failed to correct the data.

CC error R2 E R X ’'0'=no error Internal card controller error C
DataErr "1’= error

Error R2 ERX ’'0'=no error A general or an unknown error Cc
DataErr '1’= error occurred during the operation.

WP erase skip R2 S X '0’= not protected Only partial address space waserased C
"1’ = protected due to existing write protect blocks.

Lock/Unlock R2 E X '0’= no error Sequence or password error during C

command failed '1'= error card lock/unlock operation

Card is locked R2 S X '0’= card is not Card is locked by password. A

DataErr locked
'1'= card is locked

Erase reset R1 R2 SR '0’= cleared An erase sequence was cleared C

'1'= set before executing because an output of
erase sequence command was
received.

In Idle state R1 R2 SR '0’= Card is ready The card enters the Idle state after A
'1’= Card is in Idle power up or reset command. It will exit
state this state and become ready upon

completion of this initialization
procedures.

CSD overwrite  R2 E X '0’=no error The host is trying to change the ROM C
'1'= error section, or is trying to reverse the copy

bit (set as original) or permanent WP
bit (unprotected) or he CSD register.
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SPI Bus Timing

All timing diagrams use the following schematics and abbreviations:
H: Signal is high (logical ‘1)

L: Signal is low (logical ‘0

X: Don't care

Z: High impedance state (-> =1)
*. Repeater

Busy: Busy Token

Command: Command token
Response: Response token
Data block: Data token

All timing values are defined in Table “Timing Values”. The host must keep the clock runatrigdst
Ncr clock cycles after receiving the card response. This restriction applies to both commatad and
response tokens.

Command/Response

Host Command to Card Response - Card is ready

cs [A[n]L|L]L] CC[C o R]A]H]
e Ncs «— Nec —p|
Datain |X|X H|H|H|H 6 bytes command H|H|H|H H| R |H|H|H|H|X|X|X|
l¢«— Ncr —>|
Dataout |Z|Z|Z|H|H|H|H| KoK KKKk |H H|H|H|H 1 or 2 bytes response |H|H|H|H|H|Z|Z|

Host Command to Card Response - Card is busy

CS|H L|L|L| ****************** L|L|L|L H|H|H L|L|L L|L|L H|H|

«— Ncs —»| «— Nec —ple Nbs »| « Nec —»
Datain|x H|H|H|H 6 bytes command H|H|H|H H|H|H|H|H H|H|H|H X|X|X H|H|H H|H|H X|X|

Dataout|Z|Z|H|H|H|H| ******* H|H|H|H cardresponse| busy |L|Z|Z|Z|busy|H|H|H|H|Z|
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e Card Response to Host Command

os [LILLIL]] | e LT[R n]n]

Datain |H|H|H|H|H|H ********* H|H|H|H 6 Bytes command |H|H|H|H|X|X|X|

Dataout|H|H|H|H|H| 1 or 2 bytes response H|H|H|H ************* |H|H|H|H|H|Z|Z|

* Single Block Read

cs [M[L[LIL] | crrerresreeneesies (L[] [n]A]w]

«— Ncs —») »—te—Nec

Datain |X H|H|H|H Read command H|H|H|H H| ********** |H|H H X|X|X|
4— Ncr —»f «— Nac —¥

Dataout |Z|Z|H|H|H|H| ******* H|H|H|H Card response H|H|H|H Data block |H|H|Z|Z|

e Multiple Block Read — Stop Transmission is sent between blocks

cs |H |_||_| ****************** ||_||_||_||_||_|
+«—Ncs™
Datain |x|H ** H[Read cmd|[H|H| H|[H] srrrrriins |H|H[stop cmd| [ | n|H]H]H]H]
—Ncr> «Nac—> «—Nac | «—Ncg>,
Dataout |Z|Z|H|H|H|**** H+*xH |Card Respg H ** H|Data block|H ** HDatabIocle H*x H CardRespl

e Multiple Block Read — Stop Transmission is sent within a block

cs [A[L[L] | creeereesreesieens [lcc]]c]
+«—Ncs™
Datain |x H ** H[Read Cmd H|H|H H| ********** |H|H H| Stop cmd H|H|H|H|H|H H|H|H|H|
«—NcRr «Npc—» «Nac— “— Negr — >
Dataout |Z|Z|H|H|H|**** H+**H |Card Resg H ** H|Data block| H* * H |Datal X|X|H| ** |H CardRespI

e Reading The CSD Register

cs[H[LILIL] | wrreerressrersesns L[ [n]A[A]H]
«— Ncs —p| « NEC -»
Datain|X H|H|H|H read command H|H|H|H H| ******* H|H|H X|X|X|X|
— Ncr —»| «— Nex —f
Dataout|Z|Z|H|H|H|H| ******* H|H|H|H card response H|H|H|H datablock|H|H|H|H|Z|Z|Z|
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» Single Block Write

CS |H

L]

Khkkhkkkhkhkhkkhkhhkkh*

[ufulefe] o

L|L|L H|H

[fe]e]ufe]

+ Nes ¥ [+ Nwr > «Ngc 4+ Nps »
Datain |XH ** H| Write command H|H|H H|H|H|H H ** H| Data block |H|H| |H H ** HIX ** X H|H|H|H|
«—NcR >
Dataout | o1 2 (k| 1| *xxxxxx [ = H card O Y T Busy |L|z|z|z|Busy[H
response resp
* Multiple Block Write
cs | . I ool fefefefe e
Nyr> «Nyr>
Datain | H| Data Block |H|H |H|H|H |H|H H * * 4 | Data Block |H |H|H|H|H|H|H H**H [Stop Tra H|H|H H|H|
«NpgR >
Dataout H[H|H|H | H|Data Resp| Busy H|H|H|H |H |H [Data Resp| Busy |H|H|H|H|H |[H| X**X]|Busy
Timing Values
Symbol Min Max Unit
Nes 0 — 8 clock cycles
Ncr 1 8 8 clock cycles
Nex 0 8 8 clock cycles
Nic 1 — 8 clock cycles
Nac 1 spec. in the CSD* 8 clock cycles
Nur 1 — 8 clock cycles
Nec 0 — 8 clock cycles
Nobs 0 — 8 clock cycles
Nar 1 1 8 clock cycles
Note: 1. Referto Chapter “Time-out Condition”.
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Error Handling

MultiMediaCards are defined as error free devices or as devices with a defined maximum bit error rate (\
external error correction circuitry). To correct defects in the memory field of the cards the system mayincl
error correction codes in the payload data (ECC). This correction is intended to cocrectossat
Additionally two methods of detecting errors generated during the data transfer (dynamic errors) via acy
redundancy check (CRC) are implemented.

On Card Error Correction Code (ECC)

These Hitachi MultiMediaCards is free of static errors. All errors are covered irtside, #heen errors
occurring during the lifetime of these Hitachi MultiMediaCards are covered for the userly @&feain
which may be notified by the end user is, that the overall memory capacity may be reduced by small nun
of blocks. All flash handling is done on card, so that no external error correction is needed.
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Cyclic Redundancy CheckCRC)

The CRC is intended for protecting MultiMediaCard commands, responses and data trarsffer &
transmission errors on the MultiMediaCard bus. One CRC is generated for every command and checke
every response on the CMD line. Fordata blocks one CRC per transferred block is genera@.isThe (
generated and checked as described in the following.

« CRC7

The CRC7 check is used for all commands, for all responses except type R3, and for the @BD an
registers. The CRC?7 is a 7-bit value and is computed as follows:

generator polynomial: G(x) =x" +x* + 1
M(x) = (first bit) * x" + (second bit) * x"* +...+ (last bit) * x°
CRC[6...0] = Remainder [(M(x) * x")/G(x)]

All CRC registers are initialized to zero. The first bit is the most left bit of the corresponding bitstring (oft
command, response, CID or CSD). The degree n of the polynomial is the number of CRC pretecte
decreased by one. The number of bits to be protected is 40 for commands and responses (n =39), and ]
the CSD and CID (n = 119).

* CRC16

The CRC16 is used for payload protection in block transfer mode. The CRC check sum is a 16-bitvalue
is computed as follows:

generator polynomial: G(x) = x*® + x* +x° + 1,
M(x) = (first bit) * x" + (second bit) * x™ +...+ (last bit) * x°
CRC[15...0] = Remainder [(M(x) * x*®) / G(X)]

All CRC registers are initialized to zero. The first bit is the first data bit ofrdspaoding block. The
degree n of the polynomial denotes the number of bits of the data block decreased by one (e.g. n =409¢
block length of 512 bytes). The generator polynomial G(x) is a standard CCITT polynomial. The code hi
minimal distance d=4 and is used for a payload length of up to 2048 Bytes (n <= 16383).
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Power Supply

Power Supply Decoupling

The Vg, Vss, and V¢ lines supply the card with operating voltage. For this, decoupling capacitors
buffering current peak are used. These capacitors are placed on the bus side corresponding to Figure “F
Supply Decoupling”.

E Lnax = 13 mm single card slot
- :

1
| 1
1
1 : [] Vss1 !

|
— Cc MultiMediaCard E
: 1 Vee i
| 1
| 1
: [] Vss2 E

1
__________________________ 1
X single card slot |
| I
I |

1
o |

C=0.1pF

Power Supply Decoupling

The host controller includes a central buffer capacitor fgr Ws value is G, = 1uF/slot
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Power on

Each card has its own power on detection circuitry which puts the card into a defined staeaiter-
on. No explicit reset signal is necessary. The cards can also be reset by a speciaoruftaade
GO_IDLE_STATE (CMDQO). In case of emergency the host may also resetthe cards by switching the po

supply off and on again.

Y

VCC

Power up
detection

VSS

CLK CMD DAT

‘ A

ASYNC.RESET

] ¥

L

command | ENABLE
parser

MultiMediaCard controller

core
controller

memory
core

A power on reset is generated on chip as longas Ydelow a certain limit. After this reset the command
parser of these Hitachi MultiMediaCards works properly but the access to the memory core is notguaran
So in the power up phase (or when these Hitachi MultiMediaCards are inserted during power up) the hos
to wait after sending SEND_OP_COND (CMD1) for the identification delay before the ALL_SEND _C

Power on Detection

(CMD2) can be interpreted by the card:
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3.6V
Bus master supply voltage Memory field

| Card logic working working voltage
27V | voltage range range

__________________________ I_ [ —— -

:

I
20V . !

Time

— - - — — = = — — - - — — — — — — — — — — — f
I
— ' Nec Nec Nec
Initialization sequence |- -- 1 CMD1| - - - >-| CMD1| --- ’-| CMD1| 1--*1CMD2

| |

Tt i Optional repetitions of CMD1

Initialization delay: The maximum of until no cards are responding

1 msec, 74 clock cycles and supply with busy bit set.

ramp up time

Power-up Diagram

After power up (including hot insertion, i.e. inserting a card when the bus is operating) the
MultiMediaCard enters the idle state. During this state the MultiMediaCard ignores all bus transactio
until CMDL1 is received.

CMD1 is a special synchronization command used to negotiate the operation voltage range and to po
cards until they are out of their power-up sequence. Besides the operation voltage pro-file of the card:
response to CMD1 contains a busy flag, indicating that the card is still working on its power-up proced
and is not ready for identification. This bit informs the host that at least one card is not ready. The h
has to wait (and continue to poll the cards) until this bit is cleared.

Getting individual cards, as well as the whole MultiMediaCard system, out of idle state is up to the
responsibility of the bus master. Since the power up time and the supply ramp up time depend on
application parameters such as the maximum number of MultiMediaCards, the bus length and the p«
supply unit, the host must ensure that the power is built up to the operating level (the same level whi
will be specified in CMD1) before CMD1 is transmitted.

After power up the host starts the clock and sends the initializing sequence on the CMD line. This
sequence is a contiguous stream of logical ‘1's. The sequence length is the maximum of 1 msec, 74cl
or the supply-ramp-up-time; The additional 10 clocks (over the 64 clocks after what the card should
ready for communication) are provided to eliminate power-up synchronization problems.
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Short Cut Protection

The MultiMediaCards can be insertedfremoved intoffrom the bus without damage. If the
insertion/removal is occured during card operation (readiwrite), the data in the Multild ediadth be
broken. If one of the supply pins {/or Vsg) is hot connected properly, then the current is drawnthrough &
data line to supply the card. Naturally the card can not operate properly under this conditions.

Vcc ® : :
1
! Y
1
Vee not connected; ¥ JP—
card
CMD, DAT * controller
Vss not connected: 1 5
! 1
1
VSS & : !
1

Improper Power Supply

Every MultiMediaCard output withstands shortcuts to either supply.

Vcc =
SRR
= short
% PR ! card
CMD, DAT o — controller
[] | 1
© short
@ v
[e) 1
= - ——— = !
Vss .
connector

Short Cut Protection
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Characteristics

This chapter defines following characteristics:
» Temperature characteristics
» Electrical characteristics

Temperature Characteristics

Parameter Symbol Min Max Unit
Storage temperature Tstg -40 85 °’C
Operating temperature Topr -25 85 °C
Junction temperature Tj -20 95 °’C

Electrical Characteristics
In this chapter the electrical characteristics for these Hitachi MultiMediaCards are defined in three steps

» Pad characteristics: properties of the external connectors
» Absolute maximum ratings: if exceeded the card may be damaged

 Recommended operating conditions: characterization model of the environment of these Hitachi
MultiMediaCards, requirements for the operating characteristics

e Operating characteristics: properties of these Hitachi MultiMediaGaefsurable if the
recommended operating conditions are considered

Pad Characteristics

Parameter Symbol Min Typ Max Unit

Input capacitance 7 pF
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Absolute Maximum Ratings

Absolute maximum ratings are those values beyond which damage to the device may occur.l Fun
operation under these conditions or at any other condition beyond those indicated in the operational sec
of this specification is not implied:

Parameter Symbol  Min Max Unit Remark

Supply voltage Ve -0.5 4.6 \%

Total power dissipation Py 288 mw

ESD Contact Pads -4 4 kv Human body model

protection according to ANSI/EOS

ESD-S5.1-1998

Non Contact Pads -8 8 kv Human body model
coupling plane discharge according to IEC61000-4-2
Non Contact Pads -15 15 kv
air discharge

Inputs Input voltage V max -0.5 Ve +05 V < max (Vo)

Outputs  Output voltage V omax -0.5 Ve +05 V < max (V¢e)
High-level output current | ormax -100 mA  short cut protected
Low-level output current I 150 mA  short cut protected

OLmax

Bus Signal Line Load

The total capacitance @f each line of the MultiMediaCard bus is the sum of the bus master capacita
Cuosm the bus capacitance,g itself and the capacitance fzp of each card connected to this line:

CL = CHOST + CBUS + N*CCARD

where N is the number of connected cards. Requiring the sum of the host and bus capacitance’snottoe
30 pF for up to 10 cards, and 40 pF for up to 30 cards, the following values must not be exceeded:

Parameter Symbol Min Max Unit Remark
Pull-up resistance for CMD Rewvo 4.7 100 kQ to prevent bus floating
Pull-up resistance for DAT Roar 50 100 kQ to prevent bus floating
Bus signal line capacitance C. — 250 pF fop < 5 MHz,
30 cards
Bus signal line capacitance C. — 100 pF fop < 20 MHz,
10 cards
Single card capacitance Cearo — 7 pF
Maximum signal line inductance — 16 nH fop < 20 MHz
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Recommended Operating Conditions

The recommended operating conditions define the parameter ranges for optimal performaabéignd du
of these Hitachi MultiMediaCards.

Parameter Symbol Min Typ  Max Unit Remark
Supply voltage Ve 2.7 3.0 3.6 Y,
Inputs Low-level input voltage V, Vg — 0.3 0.25V ¢ \%
High-level input voltage V,, 0.625V Ve+03 V
Outputs  High-level output lon -2 mA
current
Low-level output current I, 6 mA
Clock Clock frequency data  fi, 0 20 MHz C, <100 pF
input clk** transfer mode (pp) (10 cards)
Clock frequency ident.  f,, 0 400 kHz
mode (od)
Clock cycle time data  t,, = 1/f,, 50 ns
transfer mode (pp)
Clock cycle time ident. t,, = 1/f,, 2.5 ps
mode (od)
Clock low time toe 10 ns C, <100 pF
(10 cards)
Clock high time [ 10 ns C, <100 pF
(10 cards)
Clock input rise time ty 10 ns C,_ <100 pF
(10 cards)
Clock input fall time th 10 ns C, <100 pF
(10 cards)
Clock low time toe 50 ns C, <250 pF
(30 cards)
Clock high time [ 50 ns C, < 250 pF
(30 cards)
Clock input rise time ty 50 ns C,_< 250 pF
(30 cards)
Clock input fall time th 50 ns C, < 250 pF
(30 cards)

Note: 1. Allvalues are referred to min (V,,) and max (V).
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Operating Characteristics

The operating characteristics are parameters measured in a MultiMediaCard system thssumi
recommended operating conditions (refer to Chapter “Recommended Operating Conditions”).

Parameter Symbol Min Typ Max Unit Remark
High speed supply HB28E016MM2 60 mA at 20 MHz,3.6 V
current
HB28D032MM2 60 mA
HB28D064MM2 80 mA
HB28B128MM2 80 mA
Minimal supply HB28E016MM2 100 pA atO Hz, 3.6 V sthy
current state
HB28D032MM2 100 pA
HB28D064MM2 150 pA
HB28B128MM2 150 pA
Typical supply Single Block Read 20 mA at 20 MHz,3.0V
current 25°C
Single Block Write 35 mA at20 MHz,3.0V
25°C
All digital inputs Input leakage current -10 10 HA
(Including 110
current)
All outputs High-level output Vou 0.75V ¢ \% at min I,
voltage
Low-level output Voo 0.125 V at max o,
voltage Vee
Inputs: CMD, DAT Input set-up time tisu 3 ns

(Referred to CLK),
DI (Referred to

SCLK), CS
Input hold time t 3 ns
Outputs: CMD, Output set-up time tosu 5 ns
DAT (Referred to
CLK), DO
(Referred to
SCLK)
Output hold time ton 5 ns att,=10ns
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- tep .
twH by
~ - - ViH
Clock
Vi
o 1tH T b1
‘ Viy

Input %Valid dataW %Valid dataW

\ . [ Vi

ISU
\ \ VoH
Output Valid data
VoL
 ton _ tosu |

. Invalid

Timing Diagram of Data Input and Output
The access time,g) is divided into two parts:

e Tsao: The synchronous access time. This time defines the time of the maximum number of cycles wt
are required to access a byte of the memory field.

* Tap: The asynchronous access time to read a byte out of the memory field.

The synchronous part of the access time is sum of the command frame length and someénaeiditibnal
cycles (Ny,p = 16 cycles). At 20 MHz one cycle is 50 ns{/fmultiplied with N, the resulting frame time

is Tsap = 0.8us. The asynchronous access delay of these Hitachi MultiMediaCayds #s300 us
maximum. The resulting memory access tigds the sum of both parts:

tar = Tano + Tsno with Tsap = Nsap/fep
- taT .
 Tsap_ | TaaD _
CMD command frame |------F---------- response frame | -----
DAT =~ —-mmmmmmmmmm oo data \
Access Time
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Access Time

Parameter Symbol  Typ Max Unit Remark

Synchronous access delay cycles  Ng,, — 16 cycles

Synchronous access delay Teno — 0.8 us at 20 MHz clock frequency
Asynchronous access delay Tano 300 — ps

Memory access time tar 300.8 —xt us at 20 MHz clock frequency

Note: 1. Referto Chapter “Time-out Condition”.

In the CSD are two fields to code the asynchronous and the synchronous access delay time:

* TAAC, asynchronous access delay
« NSAC, maximum number of cycles for receiving and interpreting of a command frame

The value for the CSD field NSAC is calculated fromJNmaximum: 16 cycles) by division with 100 and
rounding up to the next integer:

NSAC = [N,,,/100] = [16/100]

* NSAC =0x01

The value for the CSD field TAAC is 1 ms:
TAAC = [Tl =1 ms

+ TAAC = Ox0E

For more details on NSAC and TAAC CSD-entries refer to Chapter “Card Specific Data (CSD)".

References

[1] The MultiMediaCard, System Specification 3.1, MultiMediaCard Association

Number Representations

» decimal numbers: 1234, no special characters

* hexadecimal numbers: 0xAB, leading Ox, each digit represents 4 bits.
* binary numbers (single bit): ‘O’.

* binary number (unsigned bit vector): “100100".

* 1k is equal to 1024.

« 1Mis equal to 1k * 1k, except the card capacity. In the card capacity, 1M is equaFeaures” and
“Card Specific Data”).

« 1Gisequalto1M* 1k
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Abbreviations and Terms

Abbreviations

Terms

<n> Argument of a command or data field.

CMD<n> MultiMediaCard bus command <n>. See Command.

PP Push Pull, output driver type with low impedance driver capability for 0 and 1.

oD Open Drain, output driver type with low impedance driver capability for 0 and high
impedance driver capability for 1.

CSD Card specific data, MultiMediaCard register to store operating parameters.

CID Card identification data, MultiMediaCard register for the card initialization procedure.

RCA Relative card address, MultiMediaCard register which contains the current card
address of an initialized MultiMediaCard.

OCR Operation condition register, MultiMediaCard register that contains the voltage window
which is supported by the MultiMediaCard.

DSR Driver stage register, control register for the programmable driver stage driver (PDS).

PDS Programmable driver stage driver, is a tri-state output driver which has is programmable
to adapt the driver capabilities to the bus design.

Command A command send from the MultiMediaCard host to one or more MultiMediaCard cards

Response A response is always sent from the card to the host. It is always initiated by a command

(Remark: not all commands enforce responses).

Broadcast Com.

A command may send as broadcast or as an addressed command. A broadcast
command is sent to all cards connected to the MultiMediaCard bus simultaneous.

Addressed Com.

An addressed command is sent to exactly one selected MultiMediaCard. Normally an
addressed command forces a response of the card.

Point to point C.

Same as addressed command

DAT

The data (input)/output signal of the MultiMediaCard.

CLK The clk input signal of the MultiMediaCard.

CMD The command/response input/output of the MultiMediaCard.
Vssira Ground contacts/lines of the MultiMediaCard.

Vee Supply voltage contact/line of the MultiMediaCard.

Memory core Array of memory cells in the core of the MultiMediaCard.
MultiMediaCard MultiMediaCard command interpreter module.

interface

MID Manufacturer Identifier.
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Abbreviations Terms

CIN Card individual number.

CRC Cyclic redundancy check.

ECC Error correction code.

G(x) Generator polynomial of error correction/check code.

TAC Asynchronous access delay

NSAC Number of synchronous access cycles to be added to the access delay
foo Open drain mode operating frequency (maximum 400kHz).
fop Push pull mode operating frequency (maximum 20MHz).
MSB Most significant bit.

LSB Least significant bit.

Human Body Model Standard model to simulate electrical conditions induced by handling and touching of
electrical devices by humans.
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Physical Outline

As of January, 2002
Unit: mm
Tolerance: 0.1 mm
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Cautions

Hitachi neither warrants nor grants licenses of any rights of Hitachi's or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this docum
Hitachi bears no responsibility for problems that may arise with third party’srights, including inte
property rights, in connection with use of the information contained in this document.

Products and product specifications may be subject to change without notice. Confirm that you
received the latest product standards or specifications before final design, purchase or use.
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Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,

contact Hitachi's sales office before using the product in an application that demands especially

high

quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation, tra

safety equipment or medical equipment for life support.
Design your application so that the product is used within the ranges guaranteed by Hitachi partic

ularl

maximum rating, operating supply voltage range, heat radiation characteristics, installation condition:
and other characteristics. Hitachi bears no responsibility for failure or damage when used beyond tt

guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable failure
failure modes in semiconductor devices and employ systemic measures such as fail-safes, so't
equipment incorporating Hitachi product does not cause bodily injury, fire or other consequential
due to operation of the Hitachi product.

This product is not designed to be radiation resistant.

No one is permitted to reproduce or duplicate, in any form, the whole or part of this document w
written approval from Hitachi.
Contact Hitachi's sales office for any questions regarding this document or Hitachi semiconduct
products.
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