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Preamble
The goal of this project is a PCMCIA drive with SCSI3 interface for hobby usage. It
presents a PCMCIA memory card as "removable direct access" device to the SCSI host.
The mechnical size is 3.5" (full hight) and fit in standard external SCSI cases.

Description
I have developed this SCSI PCMCIA drive to access the pictures on the SD (Secure
Digital) memory cards of my digital camera with my computers without USB. By using
PCMCIA it is possible to use any type of memory card with appropriate adapters.

SCSI controller board
This board contains the second generation SCSI target controller that I have developed
for hobby usage last year. It is SCSI3 compliant and is equipped with an 8Bit (narrow)
LVD/SE multimode transceiver (PHY). Nevertheless an 68Pin connector is used to allow
the connection of the drive to common 16Bit LVD busses without using an adapter.

PCMCIA socket board
This board contains a 5V PCMCIA socket for Type III cards. It is designed to be PCMCIA
V2.1 compliant. Jumper JP1 is provided to select 16Bit or 8Bit data bus width. The board
provides address latches for PCMCIA address lines A8:A25 and power switches for Vcc
and Vpp voltages. Vpp can be selected to be 5V or 12V.
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0. Abstract
The SCSI controller and the PCMCIA socket board are connected via a standard 40Pin
ribbon cable with IDC connectors (2.54mm pitch). CON31 of the SCSI controller board
must be connected to CON1 of the PCMCIA socket board.
All active low signals have a leading "/" in the name (except on the PHY bus).
The pinout of the ISP connectors IC20 and IC30 is Atmel STK200/300 compatible.
Technical terms (in alphabetical order):
HVD
High Voltage Differential
Physical signalling uses the voltage difference between two lines. HVD
−>SCSI uses RS−422 voltage levels and is not compatible to SE −>SCSI.
LUN
Logical UNit
Every −>SCSI device can contain multiple logical units. Commands are
always addressed to logical units, not to the device itself.
LVD
Low Voltage Differential
Physical signalling uses the voltage difference between two lines. LVD
−>SCSI uses lower voltage levels than −>HVD and have a −>SE
compatibility mode.
PCMCIA
Personal Computer Memory Card International Association
International standard for memory cards, the corresponding japanese
standard is called JEIDA. The cards have a 68Pin connector.
PHY
PHYsical interface
This is the Layer1 (Physical layer) of the interface. For the −>SPI there are
three PHYs defined: −>SE, −>HVD and −>LVD
PIA
Parallel Interface Agent
Uses the −>SPI protocol to communicate via the −>SCSI bus.
SCSI
Small Computer System Interface
Based on SASI, Industry standard since 1982, American national standard
since 1986 (ANSI X3.131:1986, ANSI X3.131:1994, ANSI X3.301:1997).
SE
Single Ended
Physical signalling uses the voltage on a single line against a common
ground. This is the oldest −>SCSI PHY.
SPI
SCSI Parallel Interface
This is the Layer2 (Link layer) protocol of the parallel −>SCSI interface. This
name was introduced for SCSI3 because there are other physical interfaces
defined since SCSI3 (Fiber Channel, IEEE1394, SAS and others).
Serial Peripheral Interface
This is 4−wire synchronous serial interface standard.
Wide
This term indicate a parallel −>SCSI interface with more than 8 data lines.
Page 2 / 13

1. SCSI controller board

SCSI controller board V2.0 (Red: Component side, Blue: Solder side)
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The SCSI controller consists of four modules:
Power supply (Fuses, Indicator LEDs, buffering capacitors)
PHY (Physical layer, LVD/SE multimode SCSI tranceivers)
PIA (SPI protocol handler)
Target (Removable SCSI Type 0 device, PCMCIA controller as LUN 0)

Power supply
The power supply for 5V and 12V must be connected to CON1:
CON1 = AMP 827−001−2
There are fuses for both supply voltages:
F1 = Schurter OMT125 0.5A (500mA for 12V)
F2 = Schurter OMT125 3A (3A for 5V)
The following capacitors are for supply voltage buffering:
C2 = 47µF, 10V
C3 = 10nF, 16V
C4 = 10nF, 10V
There are 3 LEDs with corresponding current limiting resistors for visual indication of
power supply:
D1 = LED 3mm, green
D2 = LED 3mm, green
D3 = LED 3mm, green
R4 = 220Ω
R5 = 820Ω
R12 = 220Ω
With the resistor values above the current for the LEDs is:
ID1 = (5V − UF, D1) / R4 = (5V − 2.5V) / 220Ω = 11.4mA
ID2 = (12V − UF, D2) / R5 = (12V − 2.5V) / 820Ω = 11.6mA
ID3 = ID1 (Signal TERMPWR is 5V if active)

PHY module
This module mainly consist of two Texas Instruments SCSI tranceivers:
IC10 = Texas Instruments SN75LVDM977DGG
IC11 = Texas Instruments SN75LVDM977DGG
IC10 and IC11 transmit and receive the signals on the SCSI bus. Normally SE or LVD
mode is selected automatically, a Jumper on JP1 Pin 1−2 forces the whole SCSI bus to
SE mode − even if the PHY module have no power supply!
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Some additional components are required (Values from datasheet are used):
C10 = 22nF
C11 = 100nF / 10V
C12 = 100nF / 10V
R10 = 8.2kΩ
Attention:
The signal EN_PHY was intended to force the PHY in the high−impedance state. The
connection in hardware V2.0 is a bug and does not work! PIA firmware must always drive
EN_PHY inactive or let it floating (R11 will do the job in this case) and enable/disable the
SCSI bus drivers with the /RE_xxx signals.
Because the /RE_xxx inputs of IC10/IC11 have internal pull−down resistors, it is ensured
that the SCSI bus drivers stay in receive mode after power−up as long as the /RE_xxx
signals are not driven inactive by IC20 and the PHY is configured for inverting mode (via
JP10, see below).
With the Jumper JP10 the PHY can be switched to noninverting mode. This is not
supported by Hardware V2.0:
JP10 = Must always have jumper on Pins 1−2 (Inverting mode)
The SCSI bus must be connected to this connector:
CON10 = Harting 60050685143 (or something that is pin−compatible)

PIA module
The PIA is controlled by an AVR microcontroller:
IC20 = Atmel ATmega165−16AC
Fuse bits (Extended / High / Low): 0xFF / 0xD9 / 0xFF
C20 = 100nF / 10V
C21 = 100nF / 10V
IC20 is used as protocol chip replacement for the SCSI Layer2 (SPI) protocol and runs at
maximum allowed clock speed with 16MHz:
X20 = 16MHz fundamental mode frequency (AT cut),
HC49/4H SMD case
C22 = 22pF / 10V
C23 = 22pF / 10V
This module provides a power supply supervisor that is shared with the target module:
IC21 = Dallas DS1811−5
IC21 generates a hard reset of at least 150ms for the PIA and Target modules if the 5V
supply voltage drops below 4.5V (The internal brown out detectors of IC20 and IC30 can
be disabled).
Note: A SCSI bus reset does not create a PIA hard reset!
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IC20 can be programmed "in−system" via the ISP connector:
CON20 = 2x5Pin IDC, 2.54mm pitch
CON20 can also used as an SPI (Serial Peripheral Interface, not SCSI SPI) interface by
IC20. The pinout of CON20 is shown in the follwing table:
Pin

Function

1

MOSI

2

5V power supply output (for ISP programmer or debug adapter)

3

NC

4

GND

5

/RESET

6

GND

7

SCK

8

GND

9

MISO

10
GND
The PIA provides a "Busy" LED:
D20 = LED 3mm, blue
R20 = 100Ω
With the resistor R20 the current for the LEDs is:
ID20 = (5V − UF, D20) / R20 = (5V − 3.5V) / 100Ω = 15.0mA
To generate and check SCSI parity, the following logic chips with corresponding buffer
capacitors are used:
IC22 = Fairchild 74F280SC
C24 = 100nF / 10V
IC23 = Texas Instruments SN74F126D
C25 = 100nF / 10V
IC23A will drive the PHY bus line /P if the signal /RE_P is inactive. Parity checking is
done via Pin PB2. Because this pin is already used by the ISP/SPI interface, the parity
signal is routed through IC23B. IC23B disables the parity signal if /RESET is active (this is
the case while "in−system" programming is in progress). If CON20 is used as an SPI
interface the master must be able to overdrive the parity signals current limiting resistor:
R21 = 10kΩ
IC20 has no problem with this as an SPI master.
The PHY interface is provided as PHY bus, the Target interface as PIA bus in the
schematic.
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Target module
The Target module is controlled by an AVR microcontroller:
IC30 = Atmel ATmega64−16AC
Fuse bits (Extended / High / Low): 0xFF / 0xC9 / 0xFF
C30 = 100nF / 10V
C31 = 100nF / 10V
C30 implements the SCSI target function (removable Type 0 "direct access" device in this
case) and the PCMCIA controller. It runs at maximum allowed clock speed with 16MHz:
X30 = 16MHz fundamental mode frequency (AT cut),
HC49/4H SMD case
C32 = 22pF / 10V
C33 = 22pF / 10V
To force a manual hard reset, the jumper JP30 is provided:
JP30 = Force hard reset if closed (must be normally open)
Note: Closing JP30 will also create a hard reset for the PIA module!
The Target firmware must know its own SCSI ID, therefore we have 3 pin−pairs on JP1
for this purpose:
JP1 SCSI ID Jumpers
A2: Pin 5−6
A1: Pin 7−8
A0: Pin 9−10
IC30 can be programmed "in−system" via the ISP connector:
CON30 = 2x5Pin IDC, 2.54mm pitch
CON30 can also used as an asynchronous serial interface by IC30.
The pinout of CON30 is shown in the follwing table:
Pin

Function

1

MOSI or UART input

2

5V power supply output (for ISP programmer or debug adapter)

3

NC

4

GND

5

/RESET

6

GND

7

SCK

8

GND

9

MISO or UART output

10

GND
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The PIA interface is provided as PIA bus on the schematic.
The PCMCIA controller that is used as LUN 0 is completely implemented in the Target
firmware. No hardware support for anything is provided. The PCMCIA socket board must
be connected to:
CON31 = 2x20Pin IDC, 2.54mm pitch, 90°
The PCMCIA socket board interface is provided as CABLE bus on the schematic.
Because the signal /LED_ERR is shared with the SCK line of the ISP interface, a current
limiting resistor is used:
R30 = 1kΩ
Note:
Do not drive a LED directly with the signal /LED_ERR! Because of R30 the ISP
programmer will not be able to overdrive the LED current in this case.
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2. PCMCIA socket board

PCMCIA socket board V1.1 (Red: Component side, Blue: Solder side)
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The PCMCIA socket board is connected to the Target module via CON1:
CON1 = 2x20Pin IDC, 2.54mm pitch
On the schematic this is the CABLE bus.
There are 3 transparent latches for the PCMCIA address:
IC1 = Harris 74HC573N
C1 = 100nF / 10V
IC2 = Harris 74HC573N
C2 = 100nF / 10V
IC3 = Harris 74HC573N
C3 = 100nF / 10V
The resistor R14 keeps the outputs of IC1, IC2 and IC3 in high impedance state if the /OE
signal of the CABLE bus is floating:
R14 = 22kΩ
IC3 provides the control signals for the PCMCIA power supply. The following table lists all
possible combinations:
/EN_VCC, EN_VPP, SEL_VPP

Meaning

0, 0, 0

Vcc enabled, Vpp disabled

0, 0, 1

Vcc enabled, Vpp disabled

0, 1, 0

Vcc enabled, Vpp = 5V

0, 1, 1

Vcc enabled, Vpp = 12V

1, 0, 0

Power disabled

1, 0, 1

Power disabled

1, 1, 0

Vcc disabled, Vpp = 5V (do not use)

1, 1, 1

Vcc disabled, Vpp = 12V (do not use)

The decoder IC4 creates the control signals for the Vpp power switches from the input
signals EN_VPP and SEL_VPP:
IC4 = Texas Instruments SN74HC138N
The following resistors ensure that the card power supply is disabled if the outputs of IC3
are in high impedance state:
R1 = 22kΩ
R7 = 22kΩ
R8 = 22kΩ
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The Vcc power switch uses 3 P−channel MOSFETS in parallel to decrease the source
impedance of the power−supply:
T1 = Motorola MTD5P06 or similar
T3 = Motorola MTD5P06 or similar
T2 = Motorola MTD5P06 or similar
I have used some obsolete MTD4P05 which I found in my fund. Use something with
lower RDS,on if you want to use PCMCIA cards that draw a lot of power (up to 1A is
allowed).
The low−pass filter R1/C9 is used for "soft" switching:
R1 = 330Ω
C9 = 22µF / 10V
This gives a time constant of:
τ = R1 * C9 = 330Ω * 22µF = 7.26ms
After something like 5 * τ = 36.3ms the switch is really "on" and the capacitors of the card
are charged. This time should be in the range 1ms − 100ms for PCMCIA cards.
I have added a buffer capacitor after the Vcc switch:
C6 = 100nF / 10V
There is a LED in the front bezel that indicates whether Vcc is switched on:
D4 = LED 3mm, yellow
R13 = 220Ω
With the resistor R13 the current for the LED is:
ID4 = (5V − UF, D4) / R13 = (5V − 2.5V) / 100Ω = 11.4mA
This LED is named "Mounted" or "Locked" to indicate that the card should not be ejected
until the PCMCIA controller has disabled the socket.
The Vpp power switches do not have a soft switch feature. A Schottky and a Zener diode
are used to prevent the reverse diodes of the switches from conducting:
T4 = Motorola MTD5P06 or similar
R3 = 330Ω
R4 = 22kΩ
D5 = Phillips BZX84 7.5V
T5 = Motorola MTD5P06 or similar
R5 = 330Ω
R6 = 22kΩ
D6 = Fairchild SB130
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There is a logic to generate the /CD (Card Detect) signal on the CABLE bus:
D1 = Philips 1N4148
D2 = Philips 1N4148
R9 = 4.7kΩ
R10 = 4.7kΩ
R11 = 47kΩ
The signal /CD is active only if both signals /CD1 and /CD2 on the PCMCIA bus are
active (what means that the card is fully inserted).
The PCMCIA slot itself is a 5V coded model from Berg/FCI:
CON2 = FCI 92193−050CA
It is open on the top so that Type III PCMCIA cards can be inserted and has a 5mm
spacing to the PCB so that parts can be mounted between card and PCB.
The jumper JP1 is used to select 16Bit (Jumper on Pin 1−2) or 8Bit (Jumper on Pin 2−3)
mode:
JP1 = Select 8Bit or 16Bit mode (Default: 16Bit, Jumper on 1−2)
In 16Bit mode the signal /CE2 of the PCMCIA card is connected to /CE (=/CE1),
otherwise it is tied to Vcc.
The jumper JP2 is used to disable the RESET signal from the PCMCIA bus:
JP2 = Disable PCMCIA RESET (Default: Disabled, Jumper on 1−2)
A Jumper on Pin 1−2 of JP2 disables the RESET function, a jumper on Pin 2−3 connnect
the cards RESET pin to the RESET signal of the PCMCIA bus.
I have problems with some cards that do not like it if RESET is inactive at power−up.
They work fine using their internal power−on reset with a Jumper on Pin 1−2.
The low−pass filters on the strobe signals /OE and /WE are the result of multi−day
debugging session:
R17 = 120Ω
C7 = 470pF / 10V
R18 = 120Ω
C8 = 470pF / 10V
Everything seems to work without them but within several megabytes of transferred data
there are sometimes a few errors because the card have detected one strobe edge as
two edges. This comes from the fast rise/fall times of the AVR (the datasheet say 3.5ns)
together with the uncontrolled impedance and missing termination of the connection
between PCMCIA socket and controller. Each filter have a time constant of:
τ = R * C = 120Ω * 470pF = 56.4ns
Attention: The PCMCIA controller must add extra delays for this filters!
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Finally there is an "Error" LED that can be controlled by the PCMCIA controller using the
/LED_ERR signal. The additional parts are an amplifier that reduce the current drawn
from the /LED_ERR line:
D3 = LED 3mm, red
R12 = 330Ω
T6 = BC557
R15 = 100kΩ
R16 = 22kΩ
With the resistor R12 the current for the LED is:
ID3 = (5V − UCE,sat,T6 − UF, D4) / R12 = (5V − 0.25V− 2V) / 330Ω = 8.33mA

EOF
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