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UniDirectional to BiDirectional Serial Data
Conversion for the MultiMediaCard

Considerations for Interfacing to SanDisk Flash

Introduction

Althought SanDisk’s MultiMediaCard already has a Serial Peripheral Interface (SPI), data
throughput and faster transfers can be achieved when the card is in the MultiMediaCard mode. The
design described in this application note provides a simple means to translate an existing SPI or serial
port to a MultiMediaCard interface.

This design uses a Program Array Logic (PAL) device in the form of an ICT Inc., PEEL 221V10AZ-25
CMOS Programmable Electrically Erasable Logic Device to convert an existing unidirectional SPI port
to a bidirectional MultiMediaCard port.
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UniDirectional to BiDirectional Serial Data
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SPI2MMC PAL

The SPI2MMC PAL is intended to convert a host’s two line, unidirectional (transmit and receive) port to
a two line, directionally controlled, bidirectional port. The initial design was used to convert a host’s
SPI port to a MultiMediaCard port, but it could be used to convert any port with single unidirectional
input and output ports to a MultiMediaCard single bidirectional DAT[0] / CMD port.

The SPI2MMC PAL is based on an ICT Inc.,, PEEL 22IV10AZ-25 CMOS Programmable Electrically
Erasable Logic Device. The 22LV10AZ has a voltage operation range between +2.7V and +3.6V that
exactly matches the effective operating range of the SanDisk MultiMediaCard. This device can be
reviewed at ICT Inc.’s web site http:/ /www.ictpld.com/products/22lv10az.htm.

The SPI2MMC PAL requires three outputs and one input from the host. There are two outputs to the
MultiMediaCard. These signals are described in Table 1.

Table 1 PAL Signal Definitions

Signal Name PAL Function Corresponding | PAL Pin
Direction Host SPI Line Number
Tx Input Transmit line from the Host MOSI 1
Td/Tc Input Transmit line Directional Control -- 2
from the Host
Rx Output Receive line to the Host MISO 21
Rd/Rc Input Receive line Directional Control -- 3
from the Host
CMD Input / Corresponds to MultiMediaCard'’s -- 23
Output CMD line
DAT Input / Corresponds to MultiMediaCard'’s -- 22
Output DAT[(O] line
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UniDirectional to BiDirectional Serial Data
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Signals

Tx
The Tx (or transmit) signal is the serial data output from the host. The PAL’s Tx pin is a high
impedance input.

Td/Tc

The Td/Tc signal is the directional control signal for the Tx line. Td/Tc is a digital output signal from
the host. A “1” on the Td/Tc pin 2 applies the Tx pin 1’s data to the DAT output pin 22. A “0” on the
Td/Tc pin 2 applies the Tx pin 1’s data to the CMD output pin 23. The PAL’s Td/Tc pin is a high
impedance input.

Rx

The Rx (or receive) signal is the serial data input to the host. The PAL’s Rx pin is a digital output that
“rests” at a logic “1” value when no data is being received. The Rx will always equal “1” when Tx is “0”
and Td/Tc = Rd/Rc. This prevents “feedback” of the host’s transmitted data to the receive line, so the
user does not receive what he sends.

Rd/Rc

The Rd/Rc signal is the directional control signal for the Rx line. Rd/Rc is a digital output signal from
the host. A “1” on the Rd/Rc pin 3 applies the DAT line’s data input pin 22 to the Rx pin 21. A “0” on
the Rd/Rc pin 3 applies the CMD line’s data input pin 23 to the Rx pin 21. The PAL’s Rd/Rc pin is a
high impedance input.

CMD

The CMD (or command) signal is one of two bi-directional serial data ports connected directly to the
MultiMediaCard. The PAL’s CMD pin acts as both a digital input from the MultiMediaCard’s CMD
pin2 and as an output from the host’s Tx line. The PAL’s CMD line always “rests” at a logical “1” so
that either the Tx line or the MultiMediaCard’s CMD line can drive pin 23.

DAT

The DAT (or data) signal is one of two bi-directional serial data ports connected directly to the
MultiMediaCard. The PAL’s DAT pin acts as both a digital input from the MultiMediaCard’s DATI[0]
pin 7 and as an output from the host’s Tx line. The PAL’s DAT line always “rests” at a logical “1” so
that either the Tx line or the MultiMediaCard’s DAT line can drive pin 22.

Limitations

The current implementation of the SPI2MMC PAL provides no MultiMediaCard clock signal. It assumes
that a valid and “data aligned” clock is provided by the host.

Note that the PEEL 221V10AZ-25 has a propagation delay of 25n seconds. Host system’s using
MultiMediaCard clock speeds approaching 20MHz may need to check for data misalignment due to this
delay.

A limited number of PAL programmers can correctly program the PEEL 221V10AZ-25 low voltage PAL.
One such Programmer is System General’s AllWriter Universal Programmer. System General
Corporation’s web site is http:/ /www.sg.com.tw /HomePage htm.
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UniDirectional to BiDirectional Serial Data
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Figure 1 Schematic
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Figure 2 PAL Circuit Equivalent Schematic
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PAL ABEL File

nmodul e _SPI 2MMC
title "2 wire Uni-direction to 2 wire Bi-directional serial interface
Stephen R Martin Appl i cations Engi neering, SanDi sk Corp.

Sunnyvale CA 1 Decenber 1998

SPI 2MVC devi ce ' P22V10' ;
" I nputs
X pin 1;
TD TC pin 2;
RD RC pin 3;
" Qutputs
C\VD pin 23;
DAT pin 22;
RX pin 21;
RXD pin 20; “ InterimRx signal (un-filtered)
X, CL,H =.X, .C, 0 1,
equati ons
CcVD = TX # TD_TC,
DAT = TX # ! TD_TC,

RXD = (CMD & ! (RD_RC)) # (DAT & (RD_RQO));

RX =RXD# (!(TD.TC) & !TX & ! (RDRC) & !RXD) # ((TD.TC) & ! TX
& (RD_RO) & !RXD);

"test_vectors

" ([TX TD_TC, RD_RC] -> [CVD, DAT, RX])

" [ O, 0, 0] -> [ O 1, 11];
" [ O, 0, 1] -> [ O 1, 11];
" [ O, 1, 0] -> [ 1, 0, 11];
" [ O, 1, 1] -> [ 1, 0, 11];
" [ 1, 0, 0] -> [ 1, 1, 11];
" [ 1, 0, 1] -> [ 1, 1, 11];
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UniDirectional to BiDirectional Serial Data
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" [ 1, 1, 0] -> [ 1, 1, 11];

" [ 1, 1, 1] -> [ 1, 1, 11];
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Figure 3 PAL Programmer
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