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1.0 Considerations for Interfacing to SanDisk Flash
There are a few major considerations that must be
taken into account when interfacing to SanDisk
ATA memory products.

One of the first considerations when using
SanDisk Flash is that its access model is much
like an ATA Hard Drive via a built in controller.
This is unlike most RAM, ROM or other types of
Flash memory, that are accessed in a linear
addressing scheme with each memory location
individually addressable.

The SanDisk CompactFlash card interface is
designed to be flexible. The system designer can
select from a subset of  methods. Each one of these
hardware interface methods has its own set of
performance, cost and flexibility requirements.

The SanDisk CompactFlash card is flexible and
allows the system designer to select the optimum
configuration for the system being designed.

The choices and modes for accessing and
configuring the SanDisk CompactFlash cards are
described in the following sections.

1.1 True IDE Mode

True IDE mode is achieved by physically tying
the SanDisk product’s -OE pin to ground.

Configuring the SanDisk product as True IDE
causes the card to respond as if it were an ATA
hard drive of the same storage size. This is a
fixed and well published standard and allows for
quick implementation in existing host systems
with this format.

The tradeoff with IDE mode is that the device is
intended to be used where removability is not a
concern or where the same device will be used
exclusively once the host system is powered on.

1.2 8 or 16 Bit Data Access

Eight or 16 bit mode access refers to whether the
data lines D0 through D15 are used to represent
one complete data word. 8/16 bit access is
controlled by -CE1, -CE2 and A0 pins on SanDisk’s
products. (See individual product manuals for
configuration information).

Using 16 bit access over 8 bit allows for fewer
accesses to the card and potentially faster
transfers of data since one access at 16 bits can
potentially return twice the data of an 8 bit
access. However, 8 bit access can provide a smaller
design foot print since there are less signals to
route or control. Additionally, 8 bit access may
work with a wider variety of microprocessors and
controllers.

1.3 Interrupt Driven or Polled Mode

This is completely dependent on the host (or
customer’s) design. The -IREQ or INTRQ pin has
been provided to aid in designs that require
interrupt access from the SanDisk flash product.
In the polled mode, the host device would simply
check this line (RDY/-BSY) before accessing the
SanDisk Flash.

An interrupt driven design probably allows fastest
processing of data written to and read from the
card since dedicated interrupt routines are
triggered to handle data as soon as it’s ready. A
polling mode design allows flexibility in dealing
with data at the system’s leisure if flash memory
is not the only or highest priority function in that
system.

1.4 Memory Mapped I/O Interfacing

Memory mapped mode (where access to the
SanDisk product is configured as an address range
within the Host system’s main memory) is the
SanDisk product’s default mode. This mode can be
configured or changed via the Configuration
Options Register (offset address $200).

Memory mapped mode is the default mode (mode
0) for the CompactFlash and allows the designer
to map the flash memory into direct addressing
space. This does away with some external logic in
most of the larger Motorola or non-Intel processor
design circuits that have large contiguous
addressing ability.
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1.5 I/O Mapped (Intel Based PC Type)

SanDisk Products can be configured via the
Configuration Options Register (offset address
$200) to an I/O mapped interface compatible with
PC - AT (ISA) signals. The -SPKR, -IORD,
-IOWR, -IREQ, -IOS16, -INPACK and
-STSCHNG signals have been provided for this
purpose. (See individual product guides for
description and configuration information.)

I/O mapped mode allows the designer to
incorporate the flash memory into Intel processor
like design circuits that have specific I/O support
lines. Flash memory can easily be designed to
appear as another I/O device in these systems.

1.6 PCMCIA Card via a PCMCIA 
Control Device

This is completely dependent on the host (or
customer’s) design. SanDisk product can be
accessed as a PCMCIA card by the host system
through a PC card Interface Chip (PCIC)
controller such as a Cirrus Logic PD6710 PC or Intel
(Vadem) 365 card host adapter.

PCMCIA is a well recognized industry standard
and a design adopting this standard can support
many other cards than ATA flash memory cards.

PCMCIA designs allow for hot swapping which is
the ability to remove the device while the host
system is powered on. This is a distinct advantage
when removability and insertions of differing or
multiple devices is an important design feature.

Some of these modes are mutually exclusive and
some are subsets of other modes. The designer
should consult the specific SanDisk product
manual and the SanDisk Technical Reference
Guide to ensure that the access mode fits the
specific design.
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2.0 Basic Design Example
The basic design chosen for this example uses a Motorola 68HC11 8 bit Microcontroller in the expanded
multiplexed mode1 with 32K of contiguous external ROM and 24K* of contiguous external static RAM as
shown in the diagram below.

                                                
1  Motorola MC68HC11 HCMOS Reference Manual, Rev.1,1990, section 2.6



SanDisk Design Reference Example

SanDisk Design Reference Example  © 1998 SANDISK CORPORATION 7

Figure 1  Basic Design Example

*Note: The upper 10K of a 32K x 8 bit SRAM is discarded in this simple design, but could be reclaimed through a RAM paging scheme.



SanDisk Design Reference Example

SanDisk Design Reference Example  © 1998 SANDISK CORPORATION8

3.0 Design Example CPU
The CPU used in this example is the single-chip 8
bit Motorola MC68HC711E9 Microcontroller.

The 711E9 version of the 68HC11 family contains
the following features that are of immediate
interest for this design:

• 12k of UV Erasable internal PROM

• 512 bytes of internal RAM

• 512 bytes of internal EEPROM

• A built-in Serial Communications
Interface

• 32 selectable standard Baud rates

• A built-in Serial Peripheral Interface

• A built-in 8 channel, 8 bit A to D converter

• A built-in 8 bit Pulse Accumulator/
Generator System

The 68HC11 is clocked by a 9.8304 MHz crystal
(XTAL-1) which it internally divides to provide
a 2.4576 MHz machine cycle timing reference (E)
for the CPU and external devices.

The 68HC11 can be set to either Expanded
Multiplexed or Special Boot Strap2 modes by
switch SW1- (2) controlling the processor’s MODA
& MODB lines.

The normal operating mode for the 68HC11 in the
design example is the Expanded Multiplexed
mode. In this mode, ports B and C are used as
multi-purpose ports to provide a 16 bit
multiplexed address and 8 bit data bus. Port C
becomes A/D0-A/D7 and port B becomes A8-A15.

                                                
2  Motorola MC68HC11HCMOS Reference Manual,
Rev.1,1990, section 3.5.4

Figure 3-1  68HC11E9
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3.1 Port A (CompactFlash Control
Register)

Port A (PA0 - PA7) of the 68HC11 is used as
control pin port for the SanDisk CompactFlash
signals. PA2 (-REG) is directly connected to the
CompactFlash’s -REG signal. Setting PA2 low (0)
allows access to the CompactFlash’s Attribute
Memory Functions. Setting PA2 high (1) allows
access to the CompactFlash’s Common Memory
Functions and is intended to be the system’s
default mode. PA3 is used as an output to provide
a user controlled reset line for the CompactFlash
and PA0 is configured as an input for the RDY
signal from the CompactFlash.

D7 D6 D5 D4 D3 D2 D1 D0

$ 4000
RDY
Bit
0

Bit
1

-REG
Bit
2

Bit
6

Bit
5

Bit
4

RESET
Bit
3

InputOutputOutput

-LED
Bit
7

Output

PA1 along with PA4 through 6 are unused and free
for other use. PA7 is used to control the circuit’s
LED.

3.2 Port B & C

Port B of the 68HC11 is used to provide the circuit
with the high order address lines (A08 - A15).

Port C (A/D0 - A/D7) is used as the 8 bit data
lines for the circuit. Chip select lines for RAM,
ROM and the CompactFlash connector are
controlled by the AS (address strobe) and R/W
(read/write) lines from the processor to ensure
that these lines are accessed on data cycles only.

Additionally, Port C (A/D0 - A/D7) is
demultiplexed by a 74HC373 (U3). The 74HC373
latch is controlled by the AS (address strobe) line
to provide the low order address lines (A00 - A07)
for the circuit.

3.3 Port D

Port D is the 68HC711E9’s serial port/general
purpose port. This circuit uses PD0 as RXD ( the
receive line) and PD1 as the TXD (transmit line)
for RS232 communications.

PD2 through 5 are unused and free for other use.

3.4 Port E

Port E of the 68HC11 is used as the A to D port.
Port E is unused and is free for other use.
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4.0 Memory Management
The system RAM, EEPROM and register controls
are all internal to the 68HC11 and are shown in
the Design Example’s memory map.

4.1 RAM

The programmer, through the 68HC11, has the
ability to re-map the HC11’s internal RAM,
EEPROM and register controls to any 4K boundary
in a 64K memory map.

The 512 bytes of internal RAM are mapped from
address $0000 to address $0200 hex via the
68HC11’s INIT register.

D7 D6 D5 D4 D3 D2 D1 D0

$ 403D Data = $040 0 0 0 0 1 0 0
REG0REG1REG2REG3RAM0RAM1RAM2RAM3

External RAM is provided via an MCM60L256,
32k x 8 static RAM IC (U6). The external RAM is
mapped between address $0000 and $0FFF in order
to take advantage of the BCLR, BITA, BITB,
BRSET and BSET instructions that assume 00 is
the high order address byte. These instructions
give the programmer the ability to bit
manipulate RAM data that can then be read in
from or stuffed out of any of the CPU ports.

The SanDisk Host Developer’s Tool Kit’s FAT file
structure requires a larger amount of contiguous
RAM than is provided internally by the 68HC11.
Additionally, since external RAM has a four byte
address range limit, this design sacrificed the
lower 512 bytes (overwritten by the internal
HC11’s RAM)3 as well as the upper 16K to limit
the part count and avoid developing a paging
memory scheme.

                                                
3  External address and data lines are automatically
disabled by the HC11 when accessing internal RAM.

4.2 Internal ROM & EEPROM

Internal ROM and EEPROM are disabled via the
68HC11’s CONFIG register. This was done to
provide 40K of contiguous external ROM needed
for the Host Developer’s Tool Kit.

D7 D6 D5 D4 D3 D2 D1 D0

$ 403F Data = $0C0 0 0 0 1 1 0 0
EEONROMON

4.3 External ROM

The Design Example’s external ROM is mapped
between address $6000 and $FFFF and is intended
to contain the system routines including the Host
Developer’s Tool Kit code.

4.4 Control Registers

The 68HC11 control registers are mapped at the
first 4K boundary above external RAM, between
address $4000 and $4FFF. Setting the 68HC11
INIT register to a hexadecimal value of $06
ensures that Internal RAM and registers are
mapped correctly into this design.

D7 D6 D5 D4 D3 D2 D1 D0

$ 403D Data = $040 0 0 0 0 1 0 0
REG0REG1REG2REG3RAM0RAM1RAM2RAM3

4.5 CompactFlash (CF-MEM)

The SanDisk CompactFlash (CF-MEM) is mapped
at the first 4K boundary above the 68HC11 control
registers. All access to the CompactFlash is
between addresses $5000 and $5FFF.
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5.0 Design Example HC11 Memory Map
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D000
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F000

CF-
MEM
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Ext. ROM

ROM12 K
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16 K

40 K

HC11 Reg

0200

512 Bytes

Figure 5-1  HC11 Memory Map Design Example
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6.0 Design Example Configuration & Control Logic
6.1 Address and Data Logic

The Design Example is intended to be configured to
use the address and data lines by setting the
68HC11 in the expanded multiplexed mode.4

Using the expanded multiplexed mode sacrifices
access to the general purpose I/O ports B & C and
is accomplished by setting both the external
MODA (pin 3) and MODB (pin 2) pins of the
68HC11 to a logical 1 (+5 V).

The lower byte address lines (A00 - A07) are
extracted from multiplexed address & data lines
(AD0-AD7) from the 68HC11 by a 74HC373 latch.
The 68HC11’s Address Strobe line (AS, pin 4)
provides the output enable signal for the latch to
capture and hold a valid address during the
address cycle.

6.2 PAL Decode Logic

To map SanDisk’s CompactFlash, external RAM
and external ROM into the HC11’s memory map,
certain control signals must be modified or
generated. In the Design example a 22V10 PAL5

was used to provide these control signals.

6.3 RAM Equations

The RAM used in the design example is a 60L256
static RAM. This RAM requires 2 control signals.

The WE (Write Enable) signal is tied directly to
the HC11’s R/W (pin 6) and requires no other
logic.

In this design example the RAM’s OE (Output
Enable) and CE (Chip Enable) are tied together
and controlled by the PAL generated -RAMEN
signal. The logic for -RAMEN (active low) is as
follows.

-RAMEN = A15 or A14 or (NOT E)6

                                                
4  Motorola Microprocessor, Microcontroller and
Peripheral Data book, Vol. II, MC68HC24 Port
Replacement Unit (PRU) , 1988, pp.3-1719.
5  A low power PAL such as the CPAL22V10AZ-PEEL
from ITC was used.
6  E is the 68HC11’s bus frequency clock output. E low
= address portion, E high = data portion.
Motorola M68HC11 Reference Manual, 1990, pp.2-11.

6.4 ROM Equations

The ROM used in the design example is a 27C512
PROM. This PROM requires 2 control signals and 1
modified address line to map into the HC11’s
memory map.

The “/E” (chip enable) signal is tied to ground and
requires no other logic.

In this design example the ROM’s “/G” (Output
Enable) is controlled by the PAL generated
“-ROMEN” signal. The logic for “-ROMEN”
(active low) is as follows.

-ROMEN = (NOT A15) or ((NOT A14) and (NOT
A13)) or (NOT E)6

The ROM address must be modified to map into
the $6000 to $FFFF address range. This is done so
that access to ROM addresses are sequential and
contiguous within the IC.

     RA15     = (A15 and A14 and A13) or (A15 and A14
and A12)

     RA14     = ((NOT A14) and A13 and (NOT A12)) or
(A15 and (NOT A14) and A12)
or (A14 and (NOT A13) and (NOT A12))

     RA13     = (A13 and A12) or ( (NOT A13) and (NOT
A12))

     RA12     = (NOT A12)

                                                
6  E is the 68HC11’s bus frequency clock output. E low
= address portion, E high = data portion.
Motorola M68HC11 Reference Manual, 1990, pp.2-11.
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6.5 SanDisk CompactFlash Equations

The flash memory used in the design example,
SanDisk’s CompactFlash, requires four control
signals.

The -WE (Write Enable) signal is controlled by
the PAL generated signal of the same name. The
logic for -WE (active low) is as follows.

-WE = AS or R/W

The -CE1 (Chip Enable one) signal is controlled by
the PAL generated signal -CE. The logic for -CE
(active low) is as follows.

-CE = A15 or (NOT A14) or (NOT A13) or (NOT
A12) or (NOT E)

The -OE (Output Enable) signal is controlled by
the PAL generated signal of the same name. The
logic for -OE (active low) is as follows.

-OE = AS or (NOT R/W) or (NOT E)

SanDisk Flash Memory specification requires
that there be a minimum 20 nanosecond delay
between the time the -OE signal is deasserted and
the time -CE1 is deasserted (th[CE]) in order for
consecutive read and write operations to function
properly in Common Memory Mode.

This 20 nanosecond delay is accomplished in this
design using a 20pF capacitor (C3) between the
-CE1 signal and ground to hold off the rise time of
-CE1 for approximately this amount of time.

In practical design, other methods such as routing
-CE1 through unused gates to take advantage of
the propagation delay or “delay lines,” will
probably create a better and more stable design.
The delay and even the shape of the waveform of
-CE1 (using the capacitor) is very dependent on
the line length resistance of the -CE1 line trace as
well as the load resistance.

The RESET (Card Reset) signal is controlled by
the PAL generated signal of the same name. Card
Reset is accomplished 2 ways. The card is
automatically reset when the 68HC11 is reset or
when bit 7 of HC11 port A (RSET) is set high. The
logic for RESET (active high) is as follows.

RESET = RSET or (NOT /RESET)

All PAL equations are listed below in ABEL
format.

Equations

RAMEN_  = A15 # A14 # !E;

ROMEN_  = (!A15 & (!A14 # !A13)) # !E #
!R_W;

WE_  = AS # R_W;

CE_  = A15 # !A14 # A13 # !A12 # !E;

OE_  = AS # (!R_W) # !E;

RESET = (!RESET_) # RSET;

RA15 = (A15 & A14 & A13) # (A15 & A14 & A12);

RA14 = ((!A14) & A13 & (!A12)) # (A15 & (!A14)
& A12)

# (A14 & (!A13) & (!A12));

RA13 = (A13 & A12) # ((!A13) & (!A12));

RA12 = (!A12);
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7.0 Serial Communications
Port D of the 68HC11 functions as the serial communications port for the processor. PD0 (pin 20) acts as
the single Receive Data (RXD) line and PD1 (pin 21) acts as the single Transmit Data (TXD) line for
NRZ format serial communications port on the 68HC11.7

The TXD and RXD signals are ported through the Maxim, MAX232, RS232 driver/receiver chip. These
signals are then connected to a mini DIN 8 connector.

Some useful addresses for serial communications are provided below:

Address 68HC11 Serial
Comm. Register

$402B BAUD

$402C SCCR1

$402D SCCR2

$402E SCSR

$402F SCDR

                                                

7  Complete descriptions of the serial interface and controls are provided in the Motorola MC68HC11A8 HCMOS
Single-Chip Microcontroller Technical Data book, 1988, pp.5-1 to 5-11.
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8.0 Power Supply & Special Modes
8.1 Power Supply

The heart of the 5 volt supply for the Design
Example is a simple 7805, linear DC to DC
converter. The output of the 7805A provides a
fixed 5 volt supply at approximately 200mA.

The Design Example Power Supply requires a +9
volt (DC) source to be connected to the input of the
7805 (V_in).

8.2 Low Battery Detection

Low battery detection is accomplished using a
Seiko, S-8054HNM low voltage detector (Q3).

R4 and R5 provide the voltage reference division
for the low battery detection circuit. Q3 triggers
(logic 0) if the voltage across R5 drops below 4.5 to
4.7 volts, providing ground (thus completing the
circuit) for the low battery LED (LED1). R4 (10KΩ
± 1%) & R5 (26.1KΩ  ±1%) divide the 9Vin
battery input to provide the voltage across R5 for
input to Q3 (V5 Ref = [9Vin x R5] / [R4+R5] ≈ 9Vin x
0.723).

LED D1 will be lit when the low battery condition
is met (when Q3 triggers) and will remain dark
while the battery (V5 Ref ) is above 6.22 to 6.50
volts.

8.3 Low Voltage Reset

The 68HC11’s EEPROM is susceptible to corruption
if VDD (supply voltage) falls to less than +5V.
Q1, the Seiko S-8054HN low voltage detector, is
used to pull the Design Example system reset
(/RESET) line low, in accordance with the
68HC11 specification to protect the EEPROM
data. Q1 triggers (logic 0) if the +5V line drops
below 4.2 to 3.8 volts.

8.4 Design Example Programming 
Mode

Motorola provides no operating code in the
internal EEPROM or RAM of the 68HC11 (U2).

Motorola provides a Special Bootstrap mode that
allows the programmer/developer to load and
then execute a program in the 68HC11 RAM via
the serial communications port (PD0 & PD1) at
9600 baud.8

Closing both switch, SW1- 1 and 2 (setting them to
the on position) sets the 68HC11 in the Design
Example to the Special Boot Strap mode by
pulling the 68HC11 MODA & MODB lines to a
logic 0.

TXD and RXD are ported through the MAX232,
RS232 driver/receiver chip. These signals are
then connected to the mini DIN 8 connector and
become the port for the 9600 baud Special Boot
Strap mode when SW1- switches 1 and 2 are
closed. A short program that will initialize the
EEPROM and allow the developer to then
download a second program directly into the
68HC11 EEPROM is intended to be loaded into the
256 bytes of 68HC11 internal RAM using this
method.

This method allows the design example to be used
as a primitive development system to test code.

                                                

8  Motorola MC68HC11A8 HCMOS Single-Chip
Microcontroller Technical Data book, 1988, pp.2-3 & 2-5
to 2-8.
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9.0 Diagrams

Figure 9-1  Basic Design Example
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Figure 9-2  Schematic
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Figure 9-3  Timing Diagram
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Table 9-1  Timing Diagram Definitions

Characteristic Signal # MIN MAX

EXTAL (MHz) - 9.8304 -

E (MHz) - 2.4576 -

E Cycle Time (nS) 1 406.901 -

Pulse Width, E Low (nS) 2 180.451 -

Pulse Width, E High (nS) 3 175.451 -

E & AS Rise & Fall Time (nS) 4 - 20

Address Hold Time (nS) 9 21.3626 -

Non-Muxed Address Valid Time to E Rise (nS) 12 59.0879 -

Read Data Setup Time (nS) 17 30 -

Read Data Hold Time (nS) 18 10 71.3626

Write Data Delay Time (nS) 19 - 116.363

Write Data Hold Time (nS) 21 21.3626 -

Muxed Address Valid Time to E Rise (nS) 22 49.0879 -

Muxed Address Valid Time to AS Fall (nS) 24 2.72526 -

Muxed Address Hold Time (nS) 25 21.3626 -

Delay Time, E to AS Rise (nS) 26 41.3626 -

Pulse Width, AS High (nS) 27 72.7253 -

Delay Time, AS to E Rise (nS) 28 41.3626 -

MPU Address Access Time (nS) 29 214.538 -

MPU Access Time (nS) - - 145.451

Muxed Address Delay [Previous Cycle MPU Read] (nS) 36 71.3626 -

Address de-Mux [74HC373] Enable to Data Out Time (nS) 37 - 35

PAL 22V10 Propagation Delay Time (nS) 38 - 25

RAM [60L256] Read, Address Access Time (nS) - - 120

RAM [60L256] Read, Enable Access Time (nS) - - 120

RAM [60L256] Read, Disable to Output High-Z Time (nS) - 0 60

RAM [60L256] Address Valid to End Write Time (nS) - 100 -

RAM [60L256] Data Valid to End of Write Time (nS) - 50 -

RAM [60L256] Enable to End Write Time (nS) - 80 -

RAM [60L256] Write Recovery Time (nS) - 10 -

ROM [27C512] Read, /G Enable Access Time (nS) - - 75

ROM [27C512] Read, Disable to Output High-Z Time (nS) - 0 60
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Table 9-2  Compact Flash Memory Mapped Access Addresses

_REG _OE _WE OP. Memory Map
ADDRESS

(hex)

CF Function

0 0 1 R 5200 CONFIG. REG. READ

1 0 1 R 5000 COM. MEM. READ (D7-D0)

0 1 0 W 5200 CONFIG. REG. WRITE

1 1 0 W 5000 COM. MEM. WRITE (D7-D0)

0 0 1 R 5000 CIS READ

0 1 0 W 5000 INVALID ** CIS WRITE

0 0 1 R 5001 INVALID ** ODD ATTRIBUTE READ

0 1 0 W 5001 INVALID ** ODD ATTRIBUTE WRITE

0 0 1 R 5200 CONFIG. OPTION REG. READ

0 1 0 W 5200 CONFIG. OPTION REG WRITE

0 0 1 R 5202 CARD STEREOS REG READ

0 1 0 W 5202 CARD STATUS REG WRITE

0 0 1 R 5204 PIN REPLACEMENT REG. READ

0 1 0 W 5204 PIN REPLACEMENT REG. WRITE

0 0 1 R 5206 SOCKET & REG READ

0 1 0 W 5206 SOCKET & REG WRITE

Note: _REG , _OE and _WE refer to the logical state of the corresponding CompactFlash interface pins.
OP. = Operation,  R = Read,  W = Write.


