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WD33C92 And WD33C93 SCSI-Bus Interface Cdntroiler

DOCUMENT SCOPE

This document describes both the WD33092 SBIC and
WD33C93-SBIC. The Register File and Commands are
identical for both devices. For those areas in which the
devices differ, the WD33C92 is referred to first followed

by the WD33C93.

FEATURES

= IMPLEMENTS FULL SCSI FEATURES:
ARBITRATION, DISCONNECT,
RECONNECT, . PARITY,

SYNCHRONOUS DATA TRANSFERS UP
TO 4 MBYTES/SEC. WITH AN OFFSET
PROGRAMMABLE FROM ONE TO FIVE

=+ CAN BE USED AS HOST ADAPTER OR
PERIPHERAL ADAPTER

* SELECTABLE FOR PROGRAMMED-I/O, DMA
TRANSFERS, OR DIRECT BUFFER ACCESS
(DBA)

* “COMBINATION" COMMANDS GREATLY REDUCE
INTERRUPT-HANDLING RESPONSIBILITIES

* THE WD33C92 IS AVAILABLE IN 48-PIN DIP OR
44-PIN QSM PACKAGE

* THE WD33C93 IS AVAILABLE IN 40-PIN DIP OR
44-PIN QSM PACKAGE

* FULL COMPLIANCE WITH ANSI SCSI X3T9.2
SPECIFICATIONS

¢ COMPATIBLE WITH MOST MICROPROCESSORS
THROUGH AN 8-BIT DATA BUS, SUPPORTS
BOTH MULTIPLEXED AND NON-MULTIPLEXED
ADDRESS/DATA BUS SYSTEMS

¢ THE WD33C93 INCLUDES 48-MA DRIVERS FOR
DIRECT CONNECTION TO THE SCSI BUS

* PROGRAMMABLE TIMEOUTS FOR SELECTION
AND RESELECTION

* SPECIAL “TRANSLATE ADDRESS” COMMAND
PERFORMS THE LOGICAL-TO-PHYSICAL
ADDRESS TRANSLATION

* INTERNAL 24-BIT TRANSFER COUNTER
* SINGLE +5V SUPPLY
¢ LOW POWER CMOS DESIGN
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DESCRIPTION

The WD33C92/3 SCSI Bus interface Controllers are
designed to adapt either a Host (Initiator) system or a
peripheral controller (Target) system to the SCSI bus. In
either environment, the WD33C92/3 operates in any one
of three possible states: Disconnected, connected as a
Target or connected as an Initiator,

The WD33C92 iis used in conjunction with external drivers
for the differential driver option. The WD33C93-SBIC
Includes 48 MA drivers, allowing direct connection to the
SCSI bus for the single-ended interfacing option.

Following is a brief summary of the SCSI protocol between
a Host/Initiator and a Target/Controlier.

* The Host selects a SCSI controller.

¢ The controller requests a command from the Host
specifying the task to be performed, eg. disk read.

* The controller interprets the command and executes
it by reading data from the disk and then requesting
that the Host accept the. data.

* When all data has been transferred, the controller
requests that the Host accept the Status Byte.

* After the Host accepts the status from the controller,
the controller disconnects from the bus, leaving it free
for the next operation.

When used in an initiator system, the WD33C92/3-SBIC
connegts to both the Host (8086/8088 type) bus and the
SCSI bus, waits for a command from the Host to select
a specific Target, arbitrates for the SCSI bus if necessary,
and selects the designated Target. When the bus is busy
serving a higher priority Initiator, the WD33C92/3-SBIC
waits for the bus to become available, then attempts to
select the Target. When successful, the WD33C92/3-
SBIC generates an interrupt to the Host to indicate that

the selection process has been completed. After the
Target device requests a command byte, the
WD33C92/3-SBIC interrupts the Host and passes on the
request. The Host responds by giving a “Transfer Info”
command to the WD33C92/3-SBIC, along with the com-
mand byte requested by the Target, and then the com-
mand byte is passed on to the Target. This process con-
tinues until all command, data, and status bytes have
been transferred. During a data transfer phase, the data
can be transferred between the WD33C92/3-SBIC and
Host memory via DMA. To relieve the Host of some of
the interrupt-handling responsibilities, the Select and
Transfer Information commands may be chained together
by using the special SELECT-AND-TRANSFER
commands. :

When the WD33C92/3-SBIC is used in a peripheral con-
troller system, it communicates with the local processor
and SCSI bus in the same way as when used in an
initiator system. It is also capable of operating as a
busmaster on the controller’s local data bus. Therefore,
during a data transfer phase, the WD33C92/3-SBIC can
issue read and write enables to access an external buf-
fer without requiring DMA or programmed /O transfers.

The WD33C92/3 implements arbitration, parity, and syn-
chronous transfers as well as the full standard SCS!
physical path definition for use with either the differen-
tial or single-ended interfacing option.

The WD33C92/3-SBICs are MOS/VLS! devices imple-
mented in 3 micron high-speed CMOS, operating from
a single +5 volt supply. The WD33C92/3-SBIC is
available in a 48-pin DIP, while the WD33C93-SBIC is
available in a 40-pin DIP. Both devices are available in
44-pin QSM packages. All input and output pins are TTL
compatible.

T SRR I T e s e Y
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WD33C92-S8IC SIGNAL DESCRIPTION
; The following table describes the function of the signals
’ serviced by the WD33C92/3-SBIC. The signals that deal
with the SCSI bus are presented first, followed by the
i signals that communicate with the Host/DMA interface.
PIN )
: NUMBER | MNEMONIC | SIGNAL NAME 110 FUNCTION
DIP/QSM SCSI INTERFACE
1 TGS TARGET GROUP 0 The WD33C92 asserts TGS when operating as a
SELECT Target. This enables the SCSI drivers for REQ, MSG
i C/D, and l/O as output signals.
: When in the Idle or Initiator state, TGS is de-asserted
and REQ, MSG, C/D, and I/O are enabled for input.
2/2 IGS INITIATOR GROUP (0] The WD33C92 asserts IGS when operating as an
SELECT Initiator. This enables SCSI drivers for ATN and ACK
as output signals.
When in the Idle or Target state, IGS is de-asserted
and ATN and ACK are enabled for input.
313 SDIE SCSI DATA IN (0] Enables SCSI data bus receivers.
ENABLE
4/4 SDOE SCSI DATA OUT (o] Enables SCSI data bus drivers.
) ENABLE
5/5 ARBLD ARBITRATION o] Latches the decoded port number into an external
LOAD register just prior to the SCSI bus arbitration process.
8/7 BSYO BUSY OUT (0] The WD33C92 asserts BSYO to drive the SCSI BSY
signal.
10/9 BSYI BUSY IN | BSYI signals the WD33C92 that the SCSI BSY signal
: is asserted.
; 9/8 SELO SELECT OUT O | The WD33C92 asserts SELO to drive the SCSI SEL
i ) signal.
11/10 SELI SELECT IN 1 When asserted, SELI signals the WD33C92 that the
SCSI SEL signal is asserted.
30/28 SDP SCS! DATA /0 | SCSti bus data parity
PARITY
31/29 8DO SCSI DATA 0 1/0 | SCSi bus data bit 0
thru thru thru thru
38/36 sD7 SCSI DATA 7 SCSI bus data bit 7
42/38 cib CONTROL/DATA | /O | C/D is asserted when there is Control information
on the SCSI data bus and de-asserted for data. C/D
is an input when the WD33C92 is operating as an
Initiator (TGS de-asserted) and an output when
operating as a Target (TGS asserted).
43/39 MSG MESSAGE O | MSG is asserted during a message phase. MSG is
an input when the WD33C92 is operating as an
I Initiator (TGS de-asserted) and an output when
operating as a Target (TGS asserted).
44/40 17e) INPUT/OUTPUT /O | 1/O controls the direction of data movement on the
. SCSI bus with respect to the Initiator. When asserted,
data is input to the Initiator. When de-asserted, data
is output from the Initiator. I/O is an input signal
when the WD33C92 is operating as an Initiator (TGS
de-asserted) and an output signal when operating as
a Target (TGS asserted). .
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PIN
NUMBER

MNEMONIC

SIGNAL NAME

110 FUNCTION

DIP/QSM

'SCSI INTERFACE (cont.)

45/41
46/42

47/34

REQ

ACK

ATN

REQUEST

ACKNOWLEDGE

ATTENTION

110 | REQ requests an REQ/ACK data transfer. REQ is an
input signal when the WD33C92 is operating as an
Initiator (TGS de-asserted), and an output signal when

operating as a Target (TGS asserted).

ACK acknowledges a REQ/ACK data transfer hand-
shake. ACK is an output signal when the WD33C92
is operating as an Initiator (IGS asserted), and an input
when operating as a Target (IGS de-asserted).

ATN signals that the Initiator has a message fo
transfer. ATN is an output signal when the WD33C92
is operating as an Initiator (IGS asserted) and an input
signal when connected as a Target (IGS de-asserted).

/0

o

PROCESSOR/DMA INTERFACE

716
1212

1313

1514

16/15
thru
23/22

25/24

26125

CLK
DRQ/DRQ

DACK/RCS

INTRQ

Do
thru
b7

A0

CLOCK
DATA REQUEST

DATA REQUEST

DMA

ACKNOWLEDGE

RAM CHIP
SELECT

INTERRUPT
REQUEST

DATA O
thru
DATA 7

ADDRESS 0

| 10 MHz square wave clock

(0] DRQ interfaces with an external DMA controller
(eg. 8237) and forms the DRQ/DACK handshake for
data byte transfers.

I DRQ interfaces with an external buffer. When
asserted, data burst transfers are enabled using Direct
Buffer Access (DBA).

This signal is open drain.

| DACK interfaces with an external DMA controller
(eg. 8237). When asserted, all bus transfers are to or
from the Data Register regardless of the contents of
the Address Register.

RCS interfaces with an external buffer. When
asserted, WE and RE are enabled as output signals
making it possible for the WD33C92 to access the buf-
fer directly.

This signal is open drain.

(0] INTRQ signals a local microprocessor or Host that a
WD33C92 command has terminated or the SCSI in-
terface needs service.

Local data bus bit 0
thru
Locai Data bus bit 7

| AD is used to access an internai register during the
indirect addressing mode of operation. During direct
addressing AO is ignored.

A0 = 0. The address of the desired register is loaded
into the Address Register during a write cycle (WE
asserted).

AO = 1. The register selected by the Address Register
is accessed.

| When TS is asserted, WE and RE are enabled as

input signals for accessing registers within the
wD33C92. -

110
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PIN
NUMBER | MNEMONIC | SIGNAL NAME 1/0 FUNCTION
DIP/QSM PROCESSOR/DMA INTERFACE (cont.)
27/26 WE WRITE ENABLE | /0 | WEisan input signal and enables writing to an inter-
nal register when used with CS,
WEisaan output signal and enabies writing to the
external buffer when used with RCS.
WE is a tri-state signal.
28/27 RE READ ENABLE 110 | RE is an input signal and enables reading an inter-
nal register when used with CS.
RE is an output signal and enables reading the ex-
ternal buffer when used with RCS.
RE is a tri-state signal.
39/37 MR MASTER RESET ] When asserted, MR places the WD33C92 into an idle
state. All SCSI signals are placed in a passive state.
4111 ALE ADDRESS | With the trailing edge of ALE, the address on the local
LATCH Data Bus is laiched into the Address Register. When
ENABLE indirect addressing is used, as in non-multiplexed
busses, the ALE pin must be grounded.
MISCELLANEOUS
6/ TEST FACTORY TEST TEST pins are for factory use only and ‘should not
14/ TEST FACTORY TEST. be connected.
24/23 Vss GROUND
29/ TEST FACTORY TEST
40/ TEST FACTORY TEST
48/44 Vee +5 VOLTS
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WD33C93-SBIC SIGNAL DESCRIPTION
The following table describes the function of the signals serviced by the WD33C93-SBIC. The signals that deal with
the SCSI bus are presented first, followed by the signals that communicate with the Host/DMA interface.

i PIN DESCRIPTION

PIN .

: NUMBER | MNEMONIC | SIGNAL NAME 1O FUNCTION

DIP/QSM SCSI INTERFACE — All SCSI pins have open-drain output drivers

12 1o INPUT/OUTPUT /O | /O controls the direction of data movement on the
SCS8I bus with respect to the Initiator. When asserted,
data is input to the Initiator, When de-asserted, data
is output from the Initiator. 10 is an input signal when
the WD33C93 is operating as an Initiator and an out-
put signal when operating as a Target.

2/3 MSG MESSAGE 110 MSG is asserted during a message phase, MSG is an
input when the WD33C93 is operating as an Initiator
and an output when operating as a Target.

415 C/ID CONTROL/DATA | /O | T/D is asserted when there is Control information
on the SCSI data bus and de-asserted for data. C/D
is an input when the WD33C93 is operating as an In-
itiator and an output when operating as a Target.

5/6 BSY BUSY 110 | BSY is asserted by the WD33C93 as an output when
attempting to arbitrate for the SCS! bus or when con-
nected as a target. When the WD33C93 is connected
as an Initiator, BSY operates as an input.

i 6/7 SEL SELECT /O | The WD33C93 asserts SEL as an output when try-
ing to select or reselect another SCSI device. The
WD33C383 receives SEL as an input when it is being
selected.

25/28 DBP SCSI DATA 110 SCSI bus data parity

PARITY

26/29 DBO SCSIDATA 0 110 | SCSI bus data bit 0

27/30 DB1 SCSI DATA 1 1/10 | SCS! bus data bit 1

29/32 DB2 SCSI DATA 2 O | SCSI bus data bit 2

thru thru thru thru

32/35 DB5 SCSIi DATA 5 1/0 | SCSI bus data 5

33/37 DB6 SCSI DATA 6 /O | SCSI bus data bit 6

34/38 DB7 SCSI DATA 7 /O | SCSI bus data bit 7

37/41 ATN ATTENTION /0 | ATN signals that the Initiator has a message to trans-

' fer. ATN is an output signal when the WD33C93-SBIC
is operating as an Initiator and an input signal when
connected as a Target.

38/42 ACK ACKNOWLEDGE | /0 | ACK acknowledges a REQ/ACK data transfer hand-
shake. ACK is an output sighal when the WD33C93
is operating as an Initiator and an input when
operating as a Target.

39/43 REQ REQUEST /O | REQ requests an REQ/ACK data transfer. REQ is an
input signal when the WD33C93 is operating as an
Initiator and an output signal when operating as a
Target.

6
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PIN
NUMBER | MNEMONIC | SIGNAL NAME /0 FUNCTION
DIP/QSM PROCESSOR/DMA INTERFACE
718 CLK CLOCK , i 10 MHz square wave clock _
8/9 DRQ/DRQ DATA REQUEST o DRQ interfaces with an external DMA controller (eq.

- 8237) and forms the DRQ/DACK handshake for data

byte transfers.
DATA REQUEST | DRQ interfaces with an external buffer. When
asserted, data burst transfers are enabled using Direct
Buffer Access (DBA).
This signal is open drain,
9/10 DACK/RCS DMA | DACK interfaces with an external DMA controller (eg.
ACKNOWLEDGE .8237). When asserted, all bus transfers are to or from -
the Data Register regardless of the contents of the
Address Register.
RAM CHIP o RCS interfaces with an external buffer. When RCS
SELECT is asserted, WE and RE are enabled as output sig-
nals, making it possible for the WD33C93 to access
the buffer directly.
This signal is open drain.
1012 INTRQ INTERRUPT o] INTRQ signals a local microprocessor or Host that a
REQUEST WD33C93 command has terminated or the SCS! in-
terface needs service.
1113 DO DATA 0 IfO | Local data bus bit 0
thru thru thru thru

18/20 D7 DATA 7 Local data bus bit 7

19/21 A0 ADDRESS 0 I AQ is used to access an internal register during the
indirect addressing mode of operation. During direct
addressing, A0 is ignored.

A0 = 0. The address of the desired register is loaded
into the Address Register during a write cycle (WE
asserted).

A0 = 1. The register selected by the Address Regis-
ter is accessed.

21/24 CS CHIP SELECT l When CS is asserted, WE and RE are enabled as
input signals for accessing registers within the
WD33C93.

22/25 WE WRITE ENABLE | /O | WE is an input signal and enables writing to an
internal register when used with CS.

WE is an output signal and enables writing to the ex-
ternal buffer when used with RCS.
WE is a tri-state signal.

23/26 RE READ ENABLE 11O | REis an input signal and enables reading an internal
register when used with CS.

RE is an output signal and enables reading the ex-
ternal buffer when used with RCS.
RE is a tri-state signal.

24127 ALE ADDRESS | With the trailing edge of ALE, the address on the local
data bus is latched into the Address Register. When
indirect addressing is used, as in non-multiplexed
busses the ALE pin must be grounded.

36/40 MR MASTER RESET | When asserted, MR places the WD33C93 into a
disconnected state. All SCS| signals are placed in a
passive state. : :

IS PORDS e
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PIN
NUMBER | MNEMONIC | SIGNAL NAME 1/0 FUNCTION
DIP/QSM MISCELLANEOQUS
" TEST FACTORY TEST TEST pins are for factory use only and should not be
A TEST FACTORY TEST connected.
-3/4 Vgg GROUND
20/23 Vgs GROUND
28/31 Vgs GROUND
35/39 Vgg GROUND
129 TEST FACTORY TEST
/136 TEST FACTORY TEST
40/44 Voo + 5 VOLTS
Scsi INTERNAL
BUS I scsl DATA BUS REGISTER
ARBITRATION FILE
PLA
A0
scsl PROCESSOR ALE
PARITY INTERFACE AND |=— CS
GEN/CHECKER DATA BUFFERS —RE
_ WE
D7
| scsi REQ/ACK , :
<~— HANDSHAKE ALU Do
| Loaic
DATA BUFFER DRQ
5 BYTE BYTE COUNTER
FIFO DACK
MICRO
CONTROLLER

FIGURE 1. WD33C92/3-SBIC BLOCK DIAGRAM

ARCHITECTURE

As illustrated in Figure 1, the WD33C92/3-SBIC consists
of nine major building blocks.

SCSI ARBITRATION PLA

The Programmable Logic Array (PLA) performs the SCSI
arbitration process. When a Select or Reselect Command
is issued, the PLA waits for the bus free condition (BSY
and SEL both false), then outputs the chips’s bus ID on
the Bus and asserts BSY.

PARITY GENERATOR AND CHECKER

This selection generates the parity for the data placed
on the SCSI bus by the WD33C92/3-SBIC and checks
the parity received from the SCSI bus. Even parity on a
byte received from the SCSI bus indicates an error.

SCSI1 REQ AND ACK HANDSHAKE LOGIC

This logic performs the high-speed handshaking on the
SCSI bus. This state machine operates from the 10 MHz
input clock and performs either asynchronous or syn-
chronous handshaking as described in the ANS| SCSI
specifications.

DATA BUFFER

The Data Buffer is a five-byte FIFO which temporarily
holds information until the SCSI bus is ready to accept
a transmitted data byte, or the Host is ready to accept
a received data byte.

REGISTER FILE

This file consists of 28 registers which hold various
parameters and information needed by the
WD33C92/3-SBIC to execute commands.
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PROCESSOR INTERFACE

Multiplexed or non-multiplexed bus processors are sup-
ported by this interface. For non-multiplexed processors,
the address of the register to-be accessed is first written
into the internal Address Register, For multiplexed pro-
cessors, ALE is used to load the address from the local
data bus.

ARITHMETIC LOGIC UNIT (ALU)

The ALU performs the division necessary for the logical-
to-physical address translation. It is also used by the
WD33C92/3-SBIC internal microcontroller to provide
several logical and arithmetic functions.

BYTE COUNTER

This is a 24-bit counter used by the WD33C92/3-SBIC
to keep track of how many data bytes are to be sent or
received during a data transfer command.

MICROCONTROLLER

The internal microcontroller performs command inter-
pretation and controls the PLA and handshaking logic.

REGISTER FILE

The Register File consists of 28 registers. They function
as the logical and physical sector address registers, three
ID registers (source device, destination device, and its
own), and miscellaneous status and control registers.

For indirect addressing, when A0 = 0 and WE is as-
serted, the Address Register is loaded with the address
of the desired register. When A0 = 0, and RE is as-
serted, the Auxiliary Status Register is read. See the Ad-
dress Register and Auxiliary Register description for
details. When A0 = 1, all other registers can be written

to or read from, depending on the state of WE, RE and
and the contents of the Address Register. Table 1 is a map
listing all the registers, their addresses, the state of AQ,
RE or WE. In every instance CS is asserted, therefore
it is not listed.

For direct addressing, the state of AO is ignored and ALE
is used to load the Address Register during each cycle
prior to the assertion of RE or WE. Therefore, this ad-
dressing mode requires only one /O cycle to randomly
access any register in the Register File.

All unused bits of a defined register are reserved and must

. be set to zero. Reading an undefined or unavailable

register resuits in an output of all ones to the data bus.

ADDRESS REGISTER

The Address Register is a write-only register and counter,
used to address a specific register in the Register File.

7 |6 [543 ]2T]1To
0...0....0..AR4................ ARO

The address of the first register to be accessed, is writ-
ten to this register by the local processor/Host data bus
(D7 through DO). To write to this register during indirect
addressing, A0 must be de-asserted and CS and WE
asserted. During direct addressing, A0, WE and RE are
ignored and the Address Register is written to by the trail-
ing edge of ALE, prior to asserting WE or RE.

The content of the Address Register is incremented by
one each time a register in the Register File is accessed.
Exceptions to this are the Address, Auxiliary Status, Data,
and Command registers.

The Address Register is reset to zero by MR but is not
affected by the Reset Command.

D752 .3363




UESTERN DIGITAL CoRP 77 DE Jjd718228 noowies 1 |-

;9718228 WESTERN DIGITAL CORP

T77C 04123

TABLE 1. REGISTER MAP

D 7782.33-03

R/W CONTROL

R/IW TIMEOUT PERIOD

R/W TOTAL SECTORS

R/W TOTAL HEADS

R/W TOTAL CYLINDERS (MSB)
R/W TOTAL CYLINDERS (LSB)

R/W LOGICAL ADDRESS (MSB)
R/W LOGICAL ADDRESS

R/W LOGICAL ADDRESS

R/W LOGICAL ADDRESS (LSB)
RW SECTOR NUMBER

RW HEAD NUMBER

R/W CYLINDER NUMBER (MSB)
R/W CYLINDER NUMBER (LSB)
R/W TARGET LUN

R/W COMMAND PHASE

R/W SYNCHRONOUS TRANSFER

RW TRANSFER COUNT (MSB)
R/W TRANSFER COUNT
R/W TRANSFER COUNT (LSB)

G G G G G G G L G A (A G G G G G P Y R O o 3 o

RW DESTINATION iD
R/W SOURCE ID

R SCSI STATUS
R/W COMMAND

R/W DATA

A0 R/W REGISTER ACCESSED Al-?E[;(R.
W ADDRESS
R AUXILIARY STATUS
R/W OWN ID

/CDB
/CDB
/ICDB
/CDB
/CDB
/CDB
ICDB
/CDB
/CDB
/cDB 10
/CDB 11
/CDB 12

OCONDO DN
4 dAdAd A adaa 0000000000000 *

CONOUDRN~OTNMOUOTI>OCONOOT DLW =O * *

Registers in locations 03 Hex through 10 Hex are used
exclusively by the Translate Address and/or Combination
Commands, ie: Command Codes 08 - OC (refer to Table
8.). The function of each register is determined by the
type of command.

When using direct addressing (Multiplexed Bus with ALE),
the Auxiliary Status Register is mapped at 1F Hex.

AUXILIARY STATUS REGISTER

The Auxiliary Status Register is a read-only register con-
taining general information not directly related to the in-
terrupt condition.

When using a multiplexed address/data bus with ALE
(direct addressing), this register is mapped at 1F Hex.

This register is reset to zero by the Reset Command.

7 6 5 4 3 2 1 0

INT [ LCI |BSY | CIP | © 0 PE | DBR

Bit 7 - INT - Interrupt Pending

INT indicates that the INTRQ signa! is asserted.
The Host must read the SCSI Status Register
before issuing any command.

Bit 6 - LCI - Last Command Ignored

LCl indicates that a command was issued by the
Host, just prior to or concurrent with a pending
interrupt, causing the command to be ignored.

Bit 56 - BSY - BUSY

BSY indicates a level Il command is being per-
formed. At this time, only the Command Register
(when CIP = 0), Data Register, and Auxiliary
Status Register are accessible by the Host.

Bit 4 - CIP - Command in Progress

CIP indicates that the WD33C92/3-SBIC is inter-
preting the command just entered into the Com-
mand Register. The Command Register is not ac-
cessible to the Host at this time.

Bit 3, 2 Not Used, will be zero

Bit 1 - PE - Parity Error

PE indicates that even parity was detected on the
data byte received during a Receive or Transfer
Info command. Detection of a parity error sets the
PE Status regardless of the state of the Halt On
Parity Error (HPE) in the Control Register. PE is
reset to zero when a new command is issued.

o et e
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Bit 0 - DBR - Data Buffer Ready

During Programmed /O, DBR indicates to the
Host that the Data Register is available for reading
or writing.

During Send or Transfer Commands, data is
transmitted over the SCSI bus from the Data
Reglster DBR = 1 indicates the Data Register
is in need of a data byte from the local pro-
cessor/Host. DBR = 0 indicates there is a data
byte in the Data Register ready for the SCSI bus.

During Receive or Transfer Commands, data is
received over the SCSI bus into the Data Register.
DBR =.1 indicates the Data Register has a Data
Byte ready for the local processor/Host to read.
DBR = 0 indicates the Data Register is empty
and needs to be written to by the SCSI bus.

OWN ID REGISTER - Address 00 Hex - RE/WE

The encoded SCSI bus address of the WD 33C92/3-SBIC
is writtten to the Own ID Register. This register is sampl-
ed and becomes effective only after a Reset Command
is issued to the WD33C92/3—SBIC. It is set to zero by
the power-up reset (MR) and if any bus ID other than
zero is desired it must be loaded with the proper value
and sampled with a Reset Command.

7 6 5 4 3 2 1 0
0 0 0 0 0 ID2 | ID1 [ IDO

CONTROL REGISTER - Address 01 Hex - RE/WE

The Control Register is used to enable or disable cer-
tain halt and select functions. This register is reset to zero

upon power-up or by a Reset Command.

7 6 5 4 3 2 1 0
DMA|WDB| 0 0 0 0 HA | HPE

Bit 7 - DMA - DMA Select

DMA must be set when the WD33C92/3-SBIC is
interfaced with a DMA controller. The DMA con-
troller transfers data to or from the
WD33C92/3-SBIC by asserting DACK and WE
or RE in response to DRQ being asserted by the
wD33C92/3-SBIC.

DMA is valid only during SCS! data transfer. ie:
Message, Status, and Command Information re-
quire Programmed I/O.

Bit 6 - WDB - WD-Bus Select

WDB must be set when the WD33C92/3-SBIC is
operating in the Direct Buffer Access (DBA) mode.
This causes the RCS to function as an output
signal for selecting an external buffer, enables WE
and RE as output signals for the transfer of

data, and causes DRQ to function as an input for
temporarily halting data transfers.

WDB is valid only during SCS! data transfer. ie:
Message, Status, and Command Information re-
quire Programmed 1/0.

Bit 5 through 2 are not used and should be set to zero.

Bit 1 - HA - Halt On Attention

The HA bit causes the WD33C92/3-SBIC to ter-
minate a Send or Receive Command when the
ATN input is asserted. ATN indicates that the In-
itiator has a message for the WD33C92/3-SBIC.
During synchronous data transfers the HA bit is
ignored, therefore Send or Receive Commands
are not terminated by the Attention condition.

The HA bit is valid only when the WD33C92/3-SBIC
is connected as a Target.

Bit 0 - HPE - Halt On Parity Error

The HPE bit causes the WD33C92/3-SBIC to ter-
minate a Recejve or Transfer Command when a
Parity Error is detected on an incoming data byte.
As the initiator, termination due to a Parity Error
causes the ACK signal to remain in the active
state, inhibiting any additional data transfers
(REQ) by the Target.

During synchronous data transfers the HPE bit
is ignored, therefore Receive and Transfer Com-
mands are not terminated by Parity Errors.

TIMEOUT PERIOD REGISTER -
Address 02 Hex - RE/WE

The contents of this 1-Byte register controls the timeout
period required by the Select and Reselect Commands.
The timeout values are in increments of 8 msec (with a
10MHz clock), therefore, a value of FF Hex provides a
timeout period of 2.04 seconds. A value of 00 Hex writ-
ten to this register disables the timeout period.

The timeout period specifies the Iength of time the
WD33C92/3-SBIC waits for BSYI/BSY in, following its
de-assertion of BSYO/BSY out, before terminating the
command presently in progress.

This register is reset to zero by the Reset Command

TOTAL SECTORS REGISTER or CDB BYTE 1 -
Address 03 Hex - RE/WE

Prior to issuing a Translate Address Command, this
register is to be loaded with the total number of sectors
per track.

Prior to issuing a Select-And-Transfer Command, this
register is to be loaded with the first byte of the Command
Descriptor Block.

For the Wait-For-Select-And-Receive Command, the
WD33C92/3-SBIC loads the first byte of the Command
Descriptor Block in this register.

This register is set to zero by the Reset Command.

D 7-€2.33-03
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TOTAL HEADS REGISTER or CDB BYTE 2 -
Address 04 Hex - RE/WE

Prior to issuing a Translate Address Command, this
register is to be loaded with the total number of heads.

Prior to issuing a Select-And-Transfer Command, this
register is to be loaded with the second byte of the Com-
mand Descriptor Block.

For the Wait-For-Select-And-Receive Command, the
WD33C92/3-SBIC loads the second byte of the Command
Descriptor Block in this register.

This register is set to zero by the Reset Command.

TOTAL CYLINDERS REGISTER or CDB BYTES 3, 4 -
Addresses 05, 06 Hex - RE/WE

Prior to issuing a Translate Address Command, this
register is to be loaded with the total number of cylinders.
The MS Byte should be loaded in address 05 and the
LS byte in address 06 Hex.

Prior to issuing a Select-And-Transfer Command, this
register is to be loaded with the third byte of the Com-
mand Descriptor Block in address 05 and the fourth in
address 06 Hex.

For the Wait-For-Select-And-Receive Command, the
WD33C92/3-SBIC loads the third byte of the Command
Descriptor Block into address 05 and the fourth byte in-
to address 06 Hex.

This register is set to zero by the Reset Command.

LOGICAL ADDRESS REGISTER or CDB 5 thru 8 -
Address 07 thru 0A Hex - RE/WE

Prior to issuing a Translate Address Command, this
register is to be loaded with the 4-Byte logical sector ad-
dress. The MS Byte should be loaded in address 07 and
the LS byte in address OA Hex.

SCSI commands requiring a 6-Byte Command Descrip-
tor Block need only have the fifth byte written to address
07 and the sixth to address 08 Hex prior to issuing a
Select-AndTransfer Command. It is not necessary to write
to addresses 09 or 0A. However, SCSI commands requir-
ing a 10 or 12 byte CDB must have the fifth through eighth
bytes written to addresses 07 through OA Hex.

For the Wait-For-Select-And-Receive Command, the
WD33C92/3-SBIC loads the appropriate CDB bytes into
addresses 07 through OA Hex.

This register is set to zero by the Reset Command.

SECTOR NUMBER REGISTER or CDB 9 -
Address 0B Hex - RE/WE

The Sector Number resulting from a Translate Address
Command is written in this register.

SCSI commands requiring a 10 or 12 byte Command
Descriptor Block must have CDM 9 written to address
0B Hex prior to issuing a Select-And-Transfer Command.
For the Wait-For-Seléct-And-Receive Command, the
WD33C92/3-SBIC loads the ninth CDB byte into this
register. .

This register is set to zero by the Reset Command.

HEAD NUMBER REGISTER or CDB 10 -
Address 0C Hex - RE/WE

When the WD33C92/3-SBIC is to perform automatic com-
pensation for spare sectors, the number of spare sectors
per cylinder must be written into this register before is-
suing a Translate Address Command. In this case, the
maximum number of cylinders allowed is 4096 and the
maximum number of heads is 15. These spare sectors
may be reserved for use with Bad-Block-Mapping. Writing
00 Hex to this register indicates that automatic compen-
sation for spare sectors is not to be performed.

The Translate Address Command writes the resulting
Head Number to this register.

SCSI commands requiring a 10 or 12 byte Command
Descriptor Block must have CDB 10 written to address
0C Hex prior to issuing a Select-And-Transfer Command.

For the Wait-For-Select-And-Receive Command, the
WD33C92/3-SBIC loads the tenth CDB byte into this
register.

This register is set to zero by the Reset Command.

CYLINDER NUMBER REGISTER or CDB 11, 12 -
Address 0D, OE Hex - RE/WE

A non-zero value in the Head Number Register indicates
that automatic compensation is to be performed. The total
number of available sectors per cylinder must then be
written to this register prior to issuing a Translate Address
Command. The total number of available sectors =
{number of sectors per track) x (number of cylinders) -
(number of spare sectors per cylinder).

The Translate Address Command writes the resulting
Cylinder Number to this register.

SCSI commands requiring a 12 byte Command Descrip-
tor Block must have CDB 11 and CDB 12 written to ad-
dress 0D and OE Hex prior to issuing a Select-AndTransfer
Command.

For the Wait-For-Select-And-Receive Command, the
WD33C92/3-SBIC loads the eleventh and twelfth CDB
byte into address 0D and OE Hex.

This register is set to zero by the Reset Command.

TARGET LUN REGISTER -
Address OF Hex - RE/WE

7 6 5 4 3 2 1 0
0 0 0 0 0 |TL2 | TL1 | TLO

The Target’s Logica! Unit Number must be written to this
register before issuing a Select-And-Transfer or Reselect-
And-ransfer command. These commands use this reg-
ister during the Identify Message Phase. When the Select-
And-Transfer Command completes the Receive Status
Phase, the WD33C92/3-SBIC stores the Target Status
byte in this register. The Host can read the Status upon
completion of the command.

12
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This register is set to zero when a Wait-For-Select-And-
Receive Command is issued and is updated with the
received message byte during a Message Phase.

This register is set to zero by the Reset Command.

COMMAND PHASE REGISTER - Address 10 Hex -
RE/WE

7 6 5 4 3 2 1 0
0 |CP6|CP5|CP4|CP3|CP2|CPlI|CPO

Bit 7 - Not used, will be zero.

Bit 6 thru 0 - Command Phase 6 thru
Command Phase 0

In this register the Select-And-Transfer, Reselect-And-
Transfer, and Wait-For-Select-And-Receive commands in-
dicate which phase has been completed. If one of these
multi-phase commands terminates abnormally, the Host
can read this register and determine the cause of the ter-
mination and how to respond to it. Refer to the descrip-
tion of the specific commands for details regarding the
command phases.

This register is set to zero by the Reset Command.

SYNCHRONOUS TRANSFER REGISTER -
Address 11 Hex RE/WE

The Synchronous Transfer Register serves two functions.
First, bits 6 thru 4 establish the minimum transfer cycle
time (transfer period) for synchronous SCSI transfers and
the pulse width of RE/WE strobes during DBA transfers.
Although the selected transfer period determines the
maximum rate at which the WD33C92/3 generates
REQ/ACK pulses in synchronous mode, REQ/ACK can
be input to the WD33C92/3 at any rate providing the
specification in Tables 43-50 are satistied. Second, bits
2 thru 0 (offset) establish the size of the “REQ Burst”,
te: the maximum number of REQ’s allowed out standing
without an ACK in response.

Asynchronous transfers occur for information phases
other than a data transfer phase, or when the offset is
2ero.

7 6 5 4 3 2 1 0

O |TP2 | TP1 |TPO| 0 |OF2| OFt | OFD

Bit 7 Not used, must be 0

Bit6 -4 TP2, TP1, TPO - Transfer Period 2, 1, 0

TP2, 1, and 0 select the transfer period as
shown in Table 2.

Note: The minimum SCSI bus cycle times apply to DBA
mode only. if DMA or Programmed I/O is being us-
ed, the resulting minimum cycle time is 1 CLK cy-
cle less than shown in Table 2.

TABLE 2. TRANSFER PERIODS

SCSI Bus | DBA Mode
TP2| TP1| TPO| Cycle Time | RE/WE width

8 CLK Cycles| 4 CLK Cycles

"

*

"

- awO00O
—_ A OO .-
-0 4O =0
~N o U s W

2
BB W = o

*This setting is only allowed when DBA is selected.

Bit 2 - 0 OF2, OF1, OF0 - Offset 2, 1, 0

OF2, 1, and 0 select the desired Offset as
follows:

TABLE 3. OFFSET

OF2|OF1 OF0 OFFSET

0 | 0| O |0 Selects Asynchronous transfers
ojo! 11

0| 1] 0{2

0111 1|3

110|014

110 1156

11 1| X{not valid

This register is set to zero by the Reset Command.

TRANSFER COUNT REGISTER -
Address 12 thru 14 Hex - RE WE

The Transfer Count Register is a 24-bit down counter, The number
of data bytes to be transferred by a Send, Receive, or Transfer
Command must be written into this register prior to issuing the
command. As each data byte is transferred the counter is
decremented by one. When the counter reaches zero, a “Suc-
cessful Completion” interrupt is asserted.

The function of this counter can be inhibited by presetting it to
zero or by setting the Single-Byte transfer bit in the Command
Register, prior o or concurrent with issuing the command. When
the Transfer Counter is disabled, the Send, Receive, or Transfer
Command terminates when a single byte has been transferred.

This register is set to zero by the Reset Command.

DESTINATION ID REGISTER - Address 15 Hex - RE/WE

The encoded SCSI ID of the device to be selected or reselected
by a Select or Reselect command is written into this register.

7 6 5 4 3 2 1 0

0 0 0 0 0 DI2 | b | Dio

Bits 7 thru 3 - Not used, must be zero.

Bits 2 thru 0 - The encoded SCSI ID, 0 thru 7.
This register is set to zero by the Reset Command.

13
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SOURCE ID REGISTER - Address 16 Hex - RE/WE

The Source ID Register contains the encoded SCSI bus
ID of the device that last selected the WD33C92/3-SBIC,
providing the Source ID Valid (SIV) bit is set, indicating
that it also asserted its ID during the Selection or Reselec-
tion Phase. If the StV bit is not set following a Selected
or Reselected interrupt, the Source ID is not valid.

This register also provides an enable/disable bit for selec-
ting or reselecting the WD33C92/3-SBIC.

7 6 5 4 3 2 1 0
ER | ES 0 0 SIvV | 8l12 | SI1 | Si0

Bit 7 - ER - Enable Reselection
Bit 6 - ES - Enable Selection.
Bit 5, 4 - Not used, must be zero.

Bit 4 - SIV - Source 1D Valid

The source device asserted its ID during selec-
tion or reselection.

Bits 2 thru 0 - S12 thru SI0

The encoded SCSI ID of the last device to
select or reselect the WD33C92/3-SBIC.

This register is set to zero by the Reset Command.

SCSI STATUS REGISTER - Address 17 Hex - RE

The SCSI Status Register is a read-only register represen-
ting the condition at the time of the last Inter-

rupt (INTRQ). Bits 7 thru 4 each represent one of four
major reasons for the INTRQ, bits 3 thru 0 further define
the condition within the major group. When a INTRQ has
occurred and the status has been placed in this register,
the register is not reset until another command is issued.

7 6 5 4 3 2 1 0
$§87 | SS6 | SS5 | SS4.| 8S3 | 882 | 881 | 850

Bit 7 - SS7 - SCSI Status Group Four
Another bus device needs service.

Bit 6 - 8S6 - SCSI Status Group Three

A WD33C92/3-SBIC command terminated pre-
maturely due to an error or unexpected condition.

Bit 5 - SS5 - SCSI Status Group Two

A WD33C92/3-SBIC command paused or was
aborted.

Bit 4 - SS4 - SCSI Status Group One

A WD33C92/3-SBIC command completed
successfully.

Bits 3 thru 0 - SS3 thru SS0

883 thru SSO further qualify the status within a
particular group. ’

This register is set to zero by the Reset Command.

TABLE 4. SCSI STATUS CODES, SUCCESSFUL COMPLETION INTERRUPT

§88 S §8 S S

§8§8 S 8§88 8§88 DEFINITION

765 4 3210

000 O 00 0O Reset by command or power-up (MR-)

000 1 0000 A Reselect Command completed successfully.

000 1 00 01 A Select Command completed successfully.

000 1t 00 11 A Receive, Send, Reselect-And-Transfer, or Wait-For Select-And-Receive
Command completed successfully (ATN is not asserted).

000 1 01 00 A Receive, Send, Reselect-And-Transfer, or Wait-For-Select-And-Receive
Command completed successfully (ATN is asserted).

000 1 01 01 A Translate Address Command completed successfully.

000 1 0110 A Select-And-Transfer Command completed successfully.

000 1MCI A Transfer Command (not a Message-in phase) completed successfully.
M C1 = Message, C/D, /O and defines the type of information being
requested. See Table 12-13.
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TABLE 5. SCSI STATUS CODES, PAUSE OR ABORTED INTERRUPT

DEFINITION
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A Transfer Command (Message-in phase) has paused with ACK asserted.
A Save Data Pointers message was received during a Select-And-Transfer
Command.

A Select or Reselect Command was aborted.

A Receive or Send Command has halted or was aborted (ATN is not
asserted).

A Receive or Send Command has halted or was aborted (ATN is
asserted).

A Transfer Command was aborted.

M C1 = Message, C/D, I/O and defines the type of information being
requested. See Table 12-13.

TABLE 6. SCSI STATUS CODES, TERMINATED INTERRUPT

DEFINITION
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An invalid command was issued.

An unexpected disconnect caused a command to terminate.

A time-out occurred during a Select or Reselect Command.

A Parity Error caused a command to terminate (ATN is not asserted).
A Parity Error caused a command to terminate (ATN is asserted).
The Logical Address exceeded the disk boundaries.

The wrong Target device reselected the WD33C92/3-SBIC.

An incorrect message, status, or command byte was received.

An unexpected information phase was requested.

M C1 = Message, C/D, /O and defines the type of information being
requested. See Table 12-13.

TABLE 7. SCSI STATUS CODES, SERVICE REQUIRED INTERRUPT

DEFINITION
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The WD33C92/3-SBIC has been reselected.

The WD33C92/3-SBIC has been selected (ATN is not asserted).

The WD33C92/3-SBIC has been selected (ATN is asserted).

The ATN signal has been asserted.

A Disconnect has occurred.

The REQ signal has been asserted following connection and the
information phase type should be examined.

M C 1l = Message, C/D, I/O and defines the type of information being
requested. See Table 12-13.
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COMMAND REGISTER - Address 18 Hex - RE/WE

7 6 5 4 3 2 1 0

SBT | CC6 | CC5 | CC4 | CC3 [ CC2 | CC1 | CCOo

Bit 7 - SBT - Single-Byte Transfer
The SBT is only used during information transfer
type commands. This bit, being set in conjunc-
tion with an information transfer command,
disables the transfer counter and only one byte
is transferred regardless of the value in the
Transfer Count Register.

Bits 6 thru 0 - CC6 thru CCO -
Command Code 6 thru 0

Commands to be performed by the
WD33C92/3-SBIC are written into bits 6 thru 0 of
the Command Register. The WD33C92/3-SBIC
expects the SCSI Status to have been read before
the Host issues another command. Therefore, to
avoid setting the LCI Status in the Auxiliary Status
Register, there must be at least a seven usec.
delay between the time the SCSI Status Register
is read and the time the next command is loaded
into the Command Register.

This register is set to zero by the Reset Command.

DATA REGISTER - Address 19 Hex - RE/WE

7 6 5 4 3 2 1 0

DR7 | DR6 |-DR5 | DR4 | DR3 | DR2 | DR1 | DRO

The Data Register transfers data between the local pro-
cessor/Host and SCSI bus during SCSI information
transfer phases (command, data, status, or message
phase). It may be accessed by the local processor/Host
during any type of information phase, or via the
DMA/WDB interface during a data phase.

The local processor/Host accesses the Data Register
when the DMA and WDB bits in the Control Register are

both zero, or when the information phase involves other
than data transfers.

The DMA Controller accesses the Data Register when
the DMA bit in the Control Register is one. The Data

Register is then written to or read from when DACK and

WE or RE are asserted in response to WD33C92/3-SBIC
asserting DRQ.

The WD33C92/3-SBIC accesses the Data Register in the
DBA mode when the WDB bit in the Control Register is
one. In this mode of operation RCS accesses the exter-
nal buffer and WE and RE become output signals, allow-
ing automatic data transfers between the Data Register
and the external buffer. In this mode, bus control is re-
turned to the local processor/Host or any other device
by de-asserting DRQ. The transfer is then terminated by
issuing an Abort Command or can be resumed by assert-
ing DRQ.

The DBR Status within the Auxiliary Status Register is
used by the local processor/Host during programmed I/O
to determine when the Data Register is ready for reading
or writing.

The Data Register is not affected by a Reset Command
or by MR

COMMAND DESCRIPTION

The WD33C92/3-SBIC commands are divided into two
basic categories, Level | and Level Ii. Level | commands
may be issued while a Leve! Il command Is being ex-
ecuted, as indicated by BSY = 1 and CIP = 0in the Aux-
iliary Status Register. If a second Level It command is
issued before the completion of the first, the second Level
Il command is ignored. Except for the abort and Reset
Commands, Level | commands do not produce an Inter-
rupt signal upon their completion while Level Il com-
mands always produce an Interrupt signal.

The WD33C92/3-SBIC operates in one of three modes:
Disconnected, Target mode, or Initiator mode. Some com-
mands are valid only when the WD33C92/3-SBIC is in
a particular mode, as indicated in Table 8. Issuing a Level
Il command that is not valid for the mode in which the
WD33C92/3-SBIC is operating at the time, results in an
Invalid Command Interrupt (Status 40 Hex in the Status
Register). Level | commands issued while the
WD33C92/3-SBIC is in an invalid state are ignored.

16
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TABLE 8. COMMAND LIST

COMM

CODE COMMAND VALID LEVEL

(HEX) STATES
00 Reset DTI |
0t Abort DTI |
02 Assert ATN | |
03 Negate ACK 1 I
04 Disconnect TI |
05 Reselect D i
06 Select-With-ATN D ]
07 Select-Without-ATN D 1]
08 Select-With-ATN-And-Transfer D ]
09 Select-Without-ATN-And Transfer D il
0A Reselect-And-Receive Data D il
0B Reselect-And-Send Data D Il
ocC Wait-For-Select-And-Receive D ]
10 Receive Command T 1l
11 Receive Data T 1l
12 Receive Message Out T It
13 Receive Unspecified Info Out T ]
14 Send Status T ]
15 Send Data T 1l
16 Send Message In T ]
17 Send Unspecified Info In T ]
18 Translate Address DT ]
20 Transfer Info I 1l
21 Transfer Pad I il

WD33C92/3-SBIC States:

D = Disconnected
T = Selected as a Target
| = Selected as an Initiator

RESET - Com. Code 00 - Valid Mode D, T, | - Leve! 1

The Reset Command and MR asserted at power-up per-
form the same functions, with the following exceptions.
The Own ID Register is sampled but not changed by the
Reset Command while the Address and Data Registers
are not initialized by the Reset Command. All other
registers are Initialized as described in the Register
Description Section.

The Reset Command is valid in any mode of operation.
When issued while another command is being executed,
that command is aborted and the WD33C92/3-SBIC is
placed in the Disconnected State. Upon completion of
the Reset Command an interrupt is generated with a SCSI
Status of 00 Hex.

ABORT - Com. Code 01 - Valid Mode D, T, | - Leve! |

When issued during the disconnected state, Abort halts
an active selection or reselection attempt by the
WD33C92/3-SBIC.

When the WD33C92/3-SBIC has not yet won arbitration,
the Select and Reselect Commands are aborted im-
mediately. Otherwise, the Abort Command releases the
SCSI bus by removing the Bus ID bits and while stilt

asserting SELO/SEL, checks the BSYI/BSY signal. When
BSYI/BSY is asserted before a 200 usec. period has
elapsed, the selection or reselection has completed
successfully and a Successful Completion Status (10, 11
Hex} is placed in the SCSI Status Register. When the 200
usec. period expires before BSYVBSY is asserted, a
Pause/Abort Status (22 Hex) is placed in the SCSI Status
Register.

When the WD33C92/3-SBIC is connected as an Initiator
or Target, it is possible to abort the Receive, Send, and
Transfer Commands. The WD33C92/3-SBIC remains in
its selected mode of operation and the Transfer Counter
retains the number of bytes not yet transferred at the time
of the abort. Therefore, the aborted command can be
restarted simply by reissuing the command.

ASSERT ATN - Com. Code 02 - Valid Mode | - Level |

The Assert ATN Command is used to inform the Target
that a message is pending. The Target should respond
by performing a Message Out Command which causes
the WD33C92/3-SBIC to automatically de-assert ATN
upon completion of the message transfer.

The SelectWith-ATN command causes the WD33C92/3-SBIC

17
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to automatically assert ATN during selection, providing
the bus arbitration is won.

NEGATE ACK - Com. Code 03 - Valid Mode I - Level |

The Negate ACK command is used following a Message-
In transfer or when a Parity Error is detected on any
received information, with the HPE bit in the Control
Register set. For all other Initiator transfers, ACK is de-
asserted automatically.

During Message-In transfers, the incoming message can
be rejected and the Initiator indicate its intent to send
either a Message-Reject or Message-Parity-Error by is-
suing the Assert-ATN command prior to issuing the
Negate-ACK command. If the incoming message is to be
accepted, only the Negate-ACK command is issued.

During other than Message-In transfers, if the Transfer
Command is terminated due to a Parity Error, the Assert-
ATN is generally issued prior to the Negate-ACK Com-
mand, indicating the Initiator's intent to send an Initiator
Detected Error Message.

DISCONNECT - Com. Code 04 - Valid Mode T, I -
Level |

In the Target Mode, the Disconnect Command is the nor-
mal method used'to disconnect from the SCSI bus follow-
ing an Information Transfer Phase.

In the Initiator Mode, the Disconnect command is general-
ly used to release WD33C92/3-SBIC from the SCSI bus
following a Timout condition. The Disconnect Command
immediately releases all SCSI bus signals driven by the
WD33C92/3-SBIC.

When the Disconnect Command is issued during the ex-
ecution of a Level l command, the Leve! Il command ter-
minates immediately and the WD33C92/3-SBIC switches
to the Disconnected Mode.

RESELECT - Com. Code 05 - Vatid Mode D - Level {i

The Reselect Command causes the WD33C92/3-SBIC
to switch to the Target Mode of operation. Therefore, the
SCSI bus ID of the Initiator device must be written into
the Destination ID Register before issuing this command.
When the Reselect Command is issued, the WD33C92/
3-SBIC begins bus arbitration.

When the WD33C92/3-SBIC completes the arbitration
successfully, SELO/SEL and /O are asserted, the Tar-
get and Initiator IDs are placed on the SCSI Data Bus,
and BSYO/BSYis de-asserted. The Timeout sequence
now starts. The length of the timeout period is determined
by the value placed in the Timeout Period Register prior
to issuing the Reselect Command.

When the Initiator responds before the timeout period has
elapsed or before the abort sequence is complete, the
WD33C92/3-SBIC asserts BSYO/BSY and then negates
SELO/SEL, putting the WD33C92/3-SBIC in a Target
Mode of operation. A Successful Completion Status (11
Hex) is placed in the SCS! Status Register, indicating that
the command has completed successfully.

When the WD33C92/3-SBIC is selected or reselected by
another device, the Reselect command is aborted and
a Service Required Interrupt Status (80, 82, or 83 Hex)
is placed in the SCSI Status Register.

When BSYI/BSY is not asserted by the Initiator before
the end of the timeout period, the WD33C92/3-SBIC starts
aborting the selection as described in the Abort Com-
mand. When there is still no response by the Initiator, the
Reselect is terminated with a Terminated Interrupt Status
(42 Hex) placed in the SCSI Status Register.

When the WD33C92/3-SBIC does not complete the ar-
bitration successfully or there is no response from the
Initiator and the timeout feature is disabled, the Reselect
Command must be aborted with an Abort Command.
Upon successful completion of the Abort Command, the
WD33C92/3-SBIC disconnects from the bus and a

"Paused/Abort Status (22 Hex) is placed in the SCSI Status

Register.

SELECT-WITH-ATN - Com. Code 06 - Valid Mode D -
Level ll

The Select-With-ATN causes the WD33C92/3-SBIC to
switch to the Initiator Mode of operation. Therefore, the
SCSl bus ID of the Target device must be written into the
Destination ID Register before issuing this command,
When the Select-With-ATN Command is Issued, the
WD33C92/3-SBIC begins bus arbitration.

~ When the WD33C92/3-SBIC completes the arbitration

successfully, SELO/SEL and ATN/ATN are asserted, the
Target and Initiator IDs are placed on the SCS} Data Bus,
and the BSYO/BSY is de-asserted. The Timeout se.
quence now starts. The length of the timeout period is
determined by the value placed in the Timeout Period
Register prior to issuing the Select-With-ATN Command,

When the Target responds before the timeout period has
elapsed or before the abort sequence is complete, the
WD33C92/3-SBIC negates SELO/SEL, putting the
WD33C92/3-SBIC in an Initiator Mode of operation. A
Successful Completion Status (11 Hex) is placed in the
SCSI Status Register, indicating that the command has
completed successfully.

When the WD33C92/3-SBIC is selected or reselected by
another device during arbitration, the Select-With-ATN
command is aborted and an Service Required Interrupt
Status (80, B2, or 83 Hex) is placed in the SCS! Status
Register.

When BSYI/BSY is not asserted by the Target before the
end of the timeout period, the WD33C92/3-SBIC staris
aborting the selection as described in the Abort Com-
mand. When there is still no response by the Target, the
Select-With-ATN is terminated with a Terminated Interrupt
Status (42 Hex) placed in the SCS! Status Register.

When the WD33C92/3-SBIC does not complete the ar-
bitration successfully or there is no response from the
Target and the timeout feature is disabled, the Select-
With-ATN must be aborted with an Abort Command.
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Upon successful completion of the Abort Command, the
WD33C92/3-SBIC disconnects from the SCSI bus and
a Paused/Abort Status (22 Hex) is placed in the SCSI
Status Register.

SELECT-WITHOUT-ATN - Comm. Code 07 -
Valid Mode D- Level Il

Select-Without-ATN is identical to the Select-With-ATN
Command, except that ATN is not asserted during the
Selection Phase.

SELECT-AND-TRANSFER - Comm. Codes 08, 09 -
Valid Mode D - Level Il ’

The Select-And-Trasnfer Commands greatly reduce the
processor interrupt-handling burden by chaining at least
four commands together and creating an interrupt only
after the final phase is completed or upon an abnormal
condition.

Select-And-Transfer Commands cause the transition of
a disconnected WD33C92/3-SBIC into the Initiator state.
These commands consist of the following phases, Selec-
tion of a Target Device, Send a Command, Receive Status
information, and Receive a Command Complete
Message, and may optionally include a Data Transfer
Phase and several additional Message Transfer Phases.

When a Target disconnects during a Select-And-Transfer
Command after sending a Disconnect Message, but
without sending a Save Data Pointer message, execu-
tion is not terminated unless a different device attempts
to Select or Reselect the WD33C92/3-SBIC. If the original
Target is the first device to Reselect the WD33C92/3-SBIC,
the Select-And-Transfer Command continues with the ap-
propriate information transfer phase. Upon the comple-
tion or termination of a command, the Command Phase
Register can be examined to determine which phase was
the last to be completed by the Select-And-Transfer Com-
mand. Refer to Table 9 for the possible Command Phase
Codes.

The Select-AndTransfer Commands differ only by whether
or not they assert the ATN signal during the Selection
phase. Select-And-Transfer Commands support group 0,
1, and 5§ SCSI commands (6, 10, and 12 byte CDBs
respectively). The ability to assert the ATN signal during
the Selection phase supports the SCSI message protocol
requiring an [dentify Message Out phase following the
selection.

During a Select-With-ATN-AndTransfer Command the
WD33C92/3-SBIC expects the first Information Request
Phase from the Target to be a Message Out Phase. The
first Information Request Phase of a Select-Without-ATN-
And-Transfer Command is expected to be a Send Com-
mand Phase. )

Selection Phase

Just as in a Select Command, when either Select-And-
Transfer Command is issued, the WD33C92/3-SBIC ar-
bitrates for the bus and selects a Target. When the selec-
tion is successful, no interrupt is generated and the Com-
mand Phase Register Contains 10 Hex. If the Target does

not respond, the Select-And-Transfer Command ter-
minates, a Terminated Interrupt Status (42 Hex) is plac-
ed in the SCSI Status Register, and the Command Phase
Register contains 00 Hex,

Information Transfer Phase - Identify Meésage Out

Following the Selection Phase, the WD33C92/3-SBIC
starts an Information Transfer Phase. If the ATN has been
included in the command, the Target requests a Message
Out Phase and the WD33C92/3-SBIC responds by send-
ing an Identify Message. This message consists of 1r00
Ottt. r equals the state of the Enable Reselect bit in the
Source ID Register, tit equals Logical Unit Number from
the Target LUN Register. Upon completion of the Iden-
tify Message the WD33C92/3-SBIC places 20 Hex in the
Command Phase Register.

When the first Information Phase Request is anything
other than a Message Out request, the WD33C92/3-SBIC
terminates the command and places a Terminated Inter-
rupt Status (48 - 4F Hex) in the SCSI Status Register.

Information Transfer Phase - Send Command

The Send Command Phase follows the Selection Phase
when ATN has not been included in the command, and
follows the Message Out Phase when ATN has been in-
cluded. The WD33C92/3-SBIC examines the SCSI com-
mand located in the internal Command Descriptor Block
(CDB 1). Depending on the Group Code of the SCSI com-
mand, the WD33C92/3-SBIC sends the 6, 10, or 12 com-
mand descriptor bytes required by the SCSI command
from the CDB 1 through CDB 12 Registers. The Com-
mand Phase Register is set to 30 Hex before the first CDB
byte is sent and increments by one each time a byte is
transferred. Therefore, the content of the Command
Phase Register at the end of this phase wiil be either 36,
3A, or 3C Hex.

As before, and throughout the entire Select-And-Transfer
command, if the Target requests an unexpected phase
type, the WD33C92/3-SBIC terminates the command and
places a Terminated Interrupt Status (48 - 4F Hex) in the
SCSI Status Register.

Information Transfer Phase - Disconnect Message In

Following a Send Command Phase the WD33C92/3-SBIC
expects either a Receive Data, Send Data, Receive
Status, or Message In Phase. When the Target requests
a Message In Phase, a pending disconnection is
assumed. -

The WD33C92/3-SBIC, therefore, expects to receive either
a Save Data Pointer Message (02 Hex) or a Disconnect
Message (04 Hex). When a correct Save Data Pointer
Message is received, a Paused/Abort Status (21 Hex) is
placed in the SCSI Status Register and the Select-And-
Transfer Command terminates, allowing the Host to save
the SCSI pointers. However, when a Disconnect Message
is received, the Command Phase Register is updated to
42 Hex and the command continues. When Target-dis-
connection does occur, the Command Phase Register
is updated to 43 Hex and the WD33C92/3-SBIC switches
to the disconnected state until the Target reconnects.

e rgrrren
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The Save Data Pointer and Disconnect Messages are not
normally passed on to the Host, but if either is incorrect,
a different message Is received, or the Target disconnects
before sending the Disconnect Message, a Terminated
Interrupt Status (48 - 4F Hex) is placed in the SCSI Status
Register to alert the Host and allow the message to be
read.

Information Transfer Phase - Identify Message In

When the original Target Reselects the WD33C92/3-SBIC,
no interrupt is generated and the Command Phase
Register is updated to.44 Hex. The Target then sends the
WD33C92/3-SBIC an Identify Message, and the Com-
mand Phase Register is updated to 45 Hex. If the LUN
contained in the identify Message is not equal to that in
the Target LUN Register, indicating that a different Target
has reselected the WD33C92/3-SBIC (1000 Otit, tit = the
Target LUN), an interrupt is generated, and a Terminated
Interrupt Status (48 - 4F Hex) is placed in the SCS! Status
Register.

from the Command Phase or the Identify Message Phase
if the Transfer Count Register had not been preset to a
quantity greater than zero, or from the Data Transfer
Phase when it reaches zero if it had been preset.

The received status is placed in the Target LUN Register
where it can be read by the Host upon completion of the
command. When the Receive Status Phase is completed
a 50 Hex is placed in the Command Phase Register.

Information Transfer Phase -
Command Complete Message In

The Target signals the end of the SCSI command by sen-
ding a Command Completed Message (00 Hex). Upon
receipt of this message the WD33C92/3-SBIC updates
the Command Phase Register to 60 Hex, places a Suc-
cessful Completion Status (16 Hex) in the SCSI Status

Register and creates an interrupt. The Host should then
examine the Target Status in the Target LUN Register.
Under normal circumstances, once the Select-And-
Transfer Command has been issued, the only Host in-
tervention required by the WD33C92/3-SBIC is to read
the Target Status after the SCSI Command, Message,
Data and Status information has been transferred.

When the WD33C92/3-SBIC experiences an abnormal
or unexpected condition during the execution of the
Select-And-Transfer Command, the command terminates,
generates an interrupt, and places the appropriate Ter-

.minated Interrupt Status in the SCSI Status Register.

Unless_the termination is caused by a sudden Target
disconnect, the WD33C92/3-SBIC is left in the Initiator
mode of operation when the termination occurs during
an Information Transfer Phase. Termination during any
other phase leaves the WD33C92/3-SBIC in the discon-
nected state.

; TABLE 9.
: {nformation Transfer Phase - Receive/Send Data SELECT-AND-TRANFER COMMAND PHASE CODES

A Receive Data, Send Data or Receive Status Phase

follows an identify Message Phase if there had been a CODE - DESCRIPTION

disconnect, or a Send Command Phase if no disconnect 00 Selection not successful

occurred. - 10 Selection successful

When the Transfer Count Register contains a quantity gg lSdtzr:ttlfo); g\gsés?genssft:?;

other than zero, the WD33C92/3-SBIC enters a Data 36 6 CDB transfers made

Transfer Phase and uses this count to control the number 3A 10 CDB transfers made

of bytes transferred. The Data Register is accessed via 3C 12 CDB transfers made

the DMAC or WD local data bus depending on whether 42 Disconnect message received

the DMA or WDB bit is set in the Control Register. When 43 Tarost dcomm e

the Transfer Count Register reaches zero the Data 44 Original Target reselected

Transfer Phase terminates and the Command Phase 45 Cogect Ider?tif (right LUN) message

Register is updated to 46 Hex. received y g 9

The WD33C92/3-SBIC may disconnect and reconnect 46 Data transfer completed

any number of times during a Data Transfer Phase, pro- " 50 Status byte received

viding the defined message protocol is foliowed. The 60 Command Complete message received

Command Phase Register cycles through the disconnect -

and reconnect phases (41 - 45 Hex) until all data has been RESELECT-AND-TRANSFER - Comm. Codes 0A, 0B -

transferred and the Data Transfer Phase is completed (46 Valid Mode D - Level li

Hex). The Reselect-And-Receive-Data and Reselect-And-Send-

Information Transfer Phase - Receive Status Data Commands eliminate the interrupt following the

The WD33C92/3-SBIC enters the Receive Status Phase Reselection Phase, and cause the WD33C92/3-SBIC to
send an ldentify Message to the Initiator, followed by the

execution of an implied Receive Data or Send Data Com-
mand. Upon successful completion of the command, a
Successful Completion Status (13 or 14 Hex) is placed
in the SCSI Status Register and an interrupt is generated.

A reselection timeout (Status 42 Hex), ATN asserted
before data transfers start (Status 84 Hex), or a Parity Error
on a received data byte with HPE bit set in the Control
Register (Status 43, 44 Hex), causes the command to ter-
minate and place the appropriate status in the SCSI
Status Register. The local processor/Host should examine
the Command Phase Register to determine the last phase
successfully completed. Refer to Table 10 for the possi-
ble Command Phase Codes. 10 Hex indicates a success-
ful reselection, 20 Hex indicates the Identify Message was
successful and the data transfer started.

20
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TABLE 10,
‘RESELECT-ANDTRANSFER COMMAND PHASE CODES
CODE DESCRIPTION
00 Reselection not successful
10 Reselection successful
20 Identify message sent (data transfer
started)

WAIT-FOR-SELECT-AND-RECEIVE - Com. Code 0C -
Valid Mode D - Levetl

The Wait-For-Select-And-Receive command eliminates
the interrupt that normally occurs following a selection.
“The WD33C92/3-SBIC is idle until selected by an Initiator,
at which time one or two implied Receive Commands are
-executed to fetch the SCS! command.

When the Initiator asserts ATN during the Selection
"Phase, the WD33C92/3-SBIC must first get the Initiator
Identify Message and store it in the Target LUN Register
located at address OF Hex. To do this an implied Receive
‘Message Out Command is executed, prior to the implied
Receive Command.

The Implied Receive Command fetches the SCSI Com-
mand Descriptor Block and writes it into the CDB
Registers in location 03 through OE Hex. The number of
bytes transferred by the Receive Command is determin-
ed by the Group Code in the first byte of the CDB. Group
0, 1, or 5 will transfer 6, 10, or 12 bytes respectively. The
Command Phase Register is preset to 30 Hex at the start
of the Message Phase and is incremented by one as each
CDB byte is written to the CDB Register. Upon successful
completion of the command, the Command Phase
-Register contains 36, 3A, or 3C depending on the SCS!
command, and a Successful Completion Status (13, 14
Hex) is placed in the SCSI Status Register. Refer to Table
11 for the possible Command Phase Codes.

When the message or command information is invalid,
the implied receive command is terminated and the ap-
propriate status stored in the SCS| Status Register. The
local processor/Host should then read the Command
‘Phase Register to determine the last successful phase
prior to the error. 10 Hex indicates the WD33C92/3-SBIC
was selected successfully. 20 Hex indicates that the
message was received from the Initiator and any count
from 30 to the valid number of CDB bytes, indicates the
number of CDB bytes received before the error.

TABLE 11.
WAIT-FOR-SELECT-AND-RECEIVE PHASE CODES
CODE DESCRIPTION

00 WD33C92/3-SBIC is not yet selected

10 WD33C92/3-SBIC is selected successfully
20 ldentify message received

30 Start of CDB transfers made

36 6 CDB transfers made

3A 10 CDB transfers made

3C 12 CDB transfers made

RECEIVE - Com. Code 10, 11, 12, 13 -
Valid Mode T - Level ii

The Receive-Command, Receive-Data, Receive-
Message-Out, and Receive-Unspecified-info-Out Com-
mands differ only in the type of information transferred
and how they control the SCSI interface signals /0, C/D
and MSG. Table 12 shows the state of each signal as con-
trolled by the respective command.

TABLE 12. 1/Q, C/D, MSG DURING RECEIVE

WD33C92 WD33C93
COMMAND I/O| C/ID| MSG | /0| T/D [MSG

Receive Command | 0] 1 0 110 1
Receive Data 0| 0 0 1 1 1
Receive Message
Out 0 1 1 110 0
Receive Unspecified
Info Out 0| 0 1 111 0

As with all commands involving data transfer, the Receive
Data Command uses the DMA and WDB bits in the Con-
trol Register to determine which device has access to the
Data Register. WDB = 1 for DBA mode, DMA = 1 for
a DMA Controller, WDB = 0 and DMA = 0 for the local
processor/Host.

When the local processor/Host has access to the Data
Register, it must monitor the Data Buffer Ready (DBR)
in the Auxiliary Status Register to determine when to read
the Data Register. DBR is reset when the Receive Com-
mand is issued. When the Data Register is written to by
the SCSI bus, the DBR bit is set (DBR = 1), indicating
to the local processor/Host that a data byte is available,
When the local processor/Host reads this data byte from
the Data Register, DBR is reset (DBR = 0), indicating
that the SCSI bus is required to write another data byte
to the Data Register.

Data Information Phases may involve synchronous
transfers as determined by the contents of the Syn-
chronous Transfer Register. An offset (OF2 - OF0)} of 1
through 5 results in that number of “REQ Burst” transfers,
and an Offset of 0 specifies asynchronous data transfers,
The Transfer Period is determined by the TP bits in the
Synchronous Transfer Register. All Information Phases
other than Data Transfers are Asynchronous.

The completion or termination of a Receive Command
may be caused by any of the following events:

¢ MR has been asserted.

¢ A Reset Command has been issued by the local
processor/Host.

¢ The Single Byte Transfer (SBT) bit in the Command
Register equals one, or the Transfer Count Register has
been set to zero, and a byte has been read from the
Data Register.

* SBT = 0, and the Transfer Counter has decremented
to zero, indicating that the desired number of bytes have
been transferred.

» During an Asynchronous transfer with the Halt on Parity
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Error bit (HPE) set in the Contro! Register, a Parity Er-
ror has occurred on the received data byte.

 During -an Asynchronous transfer with the Halt on At-
tention bit (HA) set in the Control Register, the ATN/ATN
signal has been asserted.

¢ An Abort Command has been issued.

« A Disconnect Command has been issued.

When the command terminates as a result of transfer-
ring the correct number of bytes, a Successful Comple-
tion Status (13, 14 Hex) is placed in the SCSI Status
Register. When a Parity Error occurs, a Terminated In-
tefrupt Status is placed in the SCSI Status Register (43,
44 Hex). The last byte read from the Data Register is the
one with the Parity Error, and the Transfer Count Register
represents the number of remaining bytes to be
transferred.

Except when terminated by a Disconnect or Reset Com-
mand, the WD33C92/3-SBIC remains in the Target Mode
of operation upon completion of the Receive Commands.

SEND - Com. Code 14, 15, 16, 17 - Valid Mode T -
Level 1l

The Send-Status, Send-Data, Send-Message-In, and
Send-Unspecified-Info-in Commands differ only in the
type of information transferred and how they control the
SCSt interface signals I/O, C/D, and MSG. Table 13 shows
the state of each signal as controlled by the respective
command.

TABLE 13. /O, C/D, MSG DURING SEND

WD33C92 wD33C93
COMMAND 10| C/D| MSG | 1/0{C/D |MSG
Send Status 11 1 0 o0 1
Send Data 1] 0 0 01l 1 1
Send Message In 1] 1 1 0| 0 0
Send Unspecified
Info In 11 0 1 011 0

As with all commands involving data transfer, the Send
Data Command makes use of the DMA and WDB bits
in the Contro! Register to determine which device has
access to the Data Register. WDB = 1 for DBA mode,
DMA = 1 for a DMA Controller, WDB = 0 and DMA =
0 for the local processor/Host.

When the local processor/Host has access to the Data
Register, it must monitor the Data Buffer Ready status
(DBR) in the Auxiliary Status Register to determine when
1o write to the Data Register. DBR is set (DBR = 1) when
the Send Command is issued and each time the con-
tent of the Data Register is transferred across the SCSI
bus, indicating to the local processor/Host that the Data
Register is in need of a Data Byte. When the local pro-
cessor/Host writes a data byte to the Data Register DBR
is reset (DBR = 0), indicating that the Data Register has
another data byte available for the SCSI bus.

Data Information Phases may be synchronous transfers
as determined by the content of the Synchronous Transfer

Register. An offset (OF2 - OF0) of 1 through 5 results in
that number of “REQ Burst” transfers, an Offset of 0
specifies asychronous data transfers. The Transfer Period
is determined by the TP bits in the Synchronous Transfer
Register. All Information Phases other than Data Transfers
are Asynchronous.

The completion or termination of a Send Command may
be caused by any of the following events:

¢ MR has been asserted.

* A Reset Command has been issued by the local
processor/Host.

* The Single Byte Transfer (SBT) bit in the Command
Register equals one, or the Transfer Count Register has
been set to zero, and a byte has been sent over the
SCS! Bus.

¢ SBT = 0, and the Transfer Counter has decremented
to zero, indicating that the desired number of bytes have
been transferred.

¢ During an Asynchronous transfer with the Halt on At-
tention bit (HA) set in the Control Register, the ATN/ATN
signal has been asserted.

¢ An Abort Command has been issued.

¢ A Disconnect Command has been issued.

When the command terminates as a result of transferr-
ing the correct number of bytes, a Successful Comple-
tion Status (13, 14 Hex) is placed in the SCSI Status
Register.

Except when terminated by a Disconnect or Reset Com-
mand, the WD33C92/3-SBIC remains in the Target Mode
of operation upon completion of the Send Commands.

TRANSLATE ADDRESS - Comm. Code 18 -
Valid Mode D, T - Level Il

The Translate Address Command converts a logical ad-
dress to the physical sector address.

Prior to issuing a Translate Address Command, the disk
parameters must be written to the Total Sectors, Total
Heads, and Total Cylinder Registers (address 03 - 06 Hex).
Also, when the WD33C92/3-SBIC is to perform Bad-
Block-Mapping compensation, the number of spare sec-
tors per cylinder must be written in the Head Number
Register (address 0C Hex) and the total number of sec-
tors per cylinder in the Cylinder Number Register (ad-
dress 0D, OE Hex). When the local processor/Host detects
a SCSI command that requires translation, it writes the
logical address to the Logical Address Register (address
07 - 0A Hex) and issues a Translate Address Command.
Upon detecting a successful completion status, the local
processor/Host can read the correct physical address
from the Sector Number, Head Number, and Cylinder
Number registers (address 0B - OE Hex).

Should an overflow occur as a result of any division dur-
ing this command, a Terminated [nterrupt is generated
and a 45 Hex status is placed in the SCS! Status Register.
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TRANSFER - Comm. Codes 20, 21 - Valid -Mode | -
Level il

The Transfer Info Command is used to send and receive
command, data, status, and message information. The
Transfer Pad Command forces the WD33C92/3-SBIC to
maintain 8CSI bus handshaking without requiring access
of the Data Register.

The local processor/Host issues a Transfer Command
after first examining the SCSI Status Register to deter-
mine the type and direction of transfer requested by the
Target. With the first REQ after connection as an Initiator,
the WD33C92/3-SBIC generates an Interrupt and places
a Service Required Status (1000 1MCI) in the SCSI Status
Register. The WD33C92/3-SBIC also generates an inter-
rupt each time the Target device requests a new type of
Information Transfer.

When the completion of the Transfer Command is depen-
dent upon the Transfer Count Register, this register must
be loaded with the number of bytes to be transferred
before the Transfer Command is issued.

As with all commands involving data transfers, the
Transfer Command makes use of the DMA and WDB bits
in the Control Register to determine which device has
access to the Data Register. WDB = 1 for DBA mode,
DMA = 1 for a DMA Controller, WDB = 0 and DMA =
0 for the Host. -

When the local processor/Host has access to the Data
Register, it must monitor the Data Buffer Ready status
(DBR) in the Auxiliary Status Register to determine when
to write to or read from the Data Register. Whether the
local processor/Host writes to or reads from the Data
Register is dependent upon the state of the I/O signal.

When the transfer is to the Target, I/O is asserted as an
output, DBR is set (DBR = 1) when the Transfer Com-
mand is issued and each time the content of the Data
Register is transferred across the SCSI bus. In this case
DBR equal to one indicates to the local processor/Host
that the Data Register is in need of a data byte. When
the local processor/Host writes a data byte to the Data
Register, DBR is reset (DBR = 0), indicating that the Data
Register has another data byte available for the SCSI bus,

When the transfer is from the Target, i/O is asserted as

an input. DBR is reset (DBR = 0) at the time the Transfer

Command is issued and each time the content of the Data

Register is read by the local processor/Host. When the

Target transfers a data byte across the SCSI Bus into the

Data Register, DBR is set (DBR = 1), indicating that the

Data Register has another data byte dvailable for the Host

to read.

In summary:

Initiator to Target - 10 = 0, /0 = 1 for the WD33C92/3,

DBR-1 = Data Register is empty and needs to be writ-
ten to by the Host.

DBR-0 = Data Register is full and needs to be transferred
to the Target over the SCS! Bus.

Target to Initiator - 1/O = 1,1/0 = 0 for the WD33C92/3.

DBR-1 = Data Register is full and needs to be read by
the Host.

DBR-0 = Data Register is empty and needs to be writ-
' ten to by the Target over the SCSI Bus.

Data Information Phases may be synchronous transfers
as determined by the contents of the Synchronous
Transfer Register. An offset (OF2 - OFO0) of 1 through 5
results in that number of “REQ Burst” transfers, and an
Offset of 0 specifies asynchronous data transfers. The
Transfer Period is determined by the TP bits in the Syn-
chronous Transfer Register. All Information Phases, other
than Data Transfers, are Asynchronous.

The completion or termination of a Transfer Info Com-
mand may be caused by any of the following events:

+ MR has been asserted.

* A Reset Command issued by the Host.

¢ The Single Byte Transfer (SBT) bit in the Command
Register equals one, or the Transfer Count Register has
been set to zero, and a byte has been read from the
Data Register.

* SBT = 0, and the Transfer Counter has decremented
to zero, indicating that the desired number of bytes have
been transferred.

* During an Asynchronous transfer with the Halt on Parity
Error bit (HPE) set in the Control Register, a Parity Er-
ror accurred on the received data byte.

* An Abort Command has been issued.

* A Disconnect Command has been issued.

* BSYI/BSY has been released by the Target, causing
transition to the disconnected state.

¢ A change has occured in the /0, C/D, or MSG signals
during a Transfer Command.

During Non-Message-In Information Phases, when the
number of bytes specified in the Transfer Count Register

" have been satisfied according to the SBT bit in the Con-

trol Register, the WD33C92/3-SBIC generates a Suc-
cessfuf Completion Interrupt only after receiving another
REQ from the Target. During Message-In Phases, the
WD33C92/3-SBIC generates a Pause/Aborted interrupt
upon the trailing edge of the last message-byte REQ. This
results in the ACK signal remaining asserted and requires
the Host to issue a Negate ACK or an Assert ATN followed
by a Negate ACK command to accept or reject the mes-
sage respectively.

When a Parity Error is detected on a received byte dur-
ing asynchronous transfers and HPE = 1, the
WD33C92/3-SBIC terminates the command, leaves ACK
asserted to halt the Target, generates a Terminated In-
terrupt, and places a 43 or 44 Hex in the SCSI Status
Register.

When a Parity Error is detected on a received byte dur-
ing synchronous transfers or HPE 0, the
WD33C92/3-SBIC sets the Parity Error Status (PE)inthe
Auxiliary Status Register, but does not terminate the
command.

_ Negation of the BSYI/BSY (Target suddenly disconnects)

or a transition of /0, G/D, and/or MSG during a Transfer
Command terminates the command and places Termi-
nated Interrupt (41 or 48 - 4F Hex) in the SCSI Status
Register.
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The Transfer Pad Command operates and terminates the
same as the Transfer Info Command with the following
exceptions: : ’

* The first byte written to the Data Register is repeatedly
transmitted acrosg the SCSI Bus during an Informa-
tion Out Phase.

* There are no parity checks.

. * There are no Data Buffer Ready (DBR) indications
when receiving data.

Therefore, Host intervention is not required to maintain

the handshake sequence.

WD33C92/3-SBIC ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS
Voltage on any pin with respect to Vgg (Ground)

Operating Temperature . . .0°C (32°F) to 70°C (158°F)
Storage Temperature. . -55°C (-67°C) to 125°C (257°F)
Power Dissipation................... .. .. 100mW

NOTE

Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits is
not intended and should be limited to those conditions
specified in the DC Operating Characteristics.

DC OPERATING CHARACTERISTICS

TA = 0°C(32°F) to 70°C(158°F)
Vce = +5V 1 .25V
Vgs = OV

................................ 0.2V to +7.0v
TABLE 14. DC OPERATING CHARACTERISTICS

SYMBOL CHARACTERISTIC MIN | MAX | UNIT CONDITION
hiL Input Leakage 10 UA | VIN = 41to Voe
loLz SCSI Output Leakage * 50 uA VOUT = 5to Vg

(inactive)
oLt Output Leakage (tri-state) 10 uA VOUT = 4 to Voo
VIH Input High Voltage 20 \
VIL Input Low Voltage 08 A
VOH Output High Voltage 24 \ 10 = -400 uA
VoLr1 SCS! Output Low Voltage * 05 V | 10 = 480 mA
VoL2 Output Low Voltage * 04 \' I0 = 40 mA

(all others)
VoL1 Output Low Voltage ** 04 v 10 = 70 mA

(TGS and IGS)
VoLz2 Output Low Voltage ** 04 v I0 = 20 mA

(all others)
lcc Supply Current 20 MA | Tp = +25°C 77°F

* Represents WD33C93 only

TIMING CHARACTERISTICS

. Timing characteristics are valid over the entire operating
temperature, 0°C(32°F) to 70°C(158°F), and voltage range

** Represents WD33C92 only

{4.75 0 5.25 volts), and are referenced to and from alow
voltage of 0.8 volts and a high voltage of 2.0 volts. All out-
puts are assumed to have a load capacitance of 50 pf.

"EZ;T T
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CLK \4 N ﬁm N
i tCH ! tcL
MR ﬁ,L —
| -— tMR —
o FIGURE 2, PROCESSOR/DMA INTERFACE
TABLE 15. PROCESSOR/DMA INTERFACE
SYMBOL CHARACTERISTIC MIN MAX UNIT
tcp Clock Period 100 1256 nsec
tcH Clock High 45 nsec
toL Clock Low 45 nsec
MR MR Pulse Width 1 usec
24
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ALE ]
] —————
~—1CLWL~ | tWHCH
Cs N N
tALWL WE tWHWL —1
WE
| L ——
tavAL [ fALAY — 'bvwH—— ‘WHDI!
DO0-D7X____addresss XXXXXXXXXXXXXXXX data
FIGURE 3. PROCESSOR WRITE - DIRECT ADDRESSING MODE
TABLE 16. PROCESSOR WRITE - DIRECT ADDRESSING MODE
SYMBOL CHARACTERISTIC MIN MAX UNIT
tAVAL ADDR Valid To ALE Low 80 nsec
tALAI ALE Low To ADDR Invalid 50 nsec
tALWL ALE Low To WE Low 120 nsec
toLwL CS Low To WE Low 0 nsec
twE WE Pulse Width_ 200 nsec
tOVWH Data Valid To WE High 100 nsec
tWHCH WE High To CS High 0 nsec
tWHDI WE High To Data Invalid 0 nsec
twHWL WE High To WE Or RE Low 250 nsec
ALE. ]
L+ | |
CLRL— tRHCH
o8 N N 2 N
tALRL tRE tRHRL |
RE ' i
tavaL | tALal| —tRLOV=] tRHDI |
DO0-D7 X ___ address XXXXXXXXXXKXKXKXX data
FIGURE 4. PROCESSOR READ - DIRECT ADDRESSING MODE
TABLE 17. PROCESSOR READ — DIRECT ADDRESSING MODE
SYMBOL CHARACTERISTIC MIN MAX UNIT
tAVAL ADDR Valid To ALE Low 80 nsec
tALAI - ALE Low To ADDR Invalid 50 nsec
tALAR ALE Low To RE Low 120 nsec
tCLRL CS Low To RE Low 0 nsec
tRE RE Puise Width 200 10000 nsec
tRLDV RE Low To Data Valid 175 nsec
tRHCH RE High To CS High 0 nsec
tRHDI RE High To Data Invalid 10 150 nsec
tRHRL RE High To RE Or WE Low 250 nsec
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e tAVWL | tWHAl
I —
AO X X
i _toLwL WHCH |
]
csS. /TN
: twg WHWL
, __ i |
v WE _ /i N
T IDVWH— tWHDI |
DO-D7 X X
FIGURE 5. PROCESSOR WRITE - INDIRECT ADDRESSING
!
' TABLE 18. PROCESSOR WRITE - INDIRECT ADDRESSING
SYMBOL CHARACTERISTIC MIN MAX UNIT
* tAVWL ADDR Valid To WE Low 50 nsec
toLwL CS Low To WE Low o nsec
tWE WE Pulse Width 200 nsec
: tDVWH Data Valid to WE High 100 nsec
i tWHAI WE High to ADDR invalid 0 nsec
tWHCH WE High To CS High 0 nsec
tWHDI WE High To Data Invalid 0 nsec
tWHWL. WE High To WE Or RE Low 250 nsec
_'[ tAVRL tRHAL
{
A0 X X ,
tCLAL ~— tRHCH
ﬁ N -
RE IRHRL ——
RE
tRLDV IRHDI |
n—
Do-D7 X X
FIGURE 6. PROCESSOR READ - INDIRECT ADDRESSING
TABLE 19. PROCESSOR READ - INDIRECT ADDRESSING
SYMBOL CHARACTERISTIC MIN MAX UNIT
tAVRL ADDR Valid To RE Low 50 nsec
tCLRL CS Low To RE Low 0 nsec
tRE RE Pulse Width "200 10000 nsec
tRLDV RE Low To Data Valid 175 nsec
tRHAI RE High To ADDR invalid 0 nsec
tRHCH RE High To CS High 0 nsec
tRHDI RE High To Data Invalid 10 150 nsec
tRHRL RE High To RE Or WE Low 250 nsec
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i
P p——

: toLQH
l BRQ (0UT) \ /
| 3
~twrH——tWR — ‘—tWHDH’i
DACK (IN) \J
i
IDVWH i~ twWHDI
| —
D0-D7 X XXXXX i
FIGURE 7. DMA WRITE i
TABLE 20. DMA WRITE
SYMBOL CHARACTERISTIC MIN MAX UNIT ‘
tpLoH | DACK, WE Low To DRQ High : 100 nsec '
tDLWL DACK Low To WE Low 50 nsec
twR WE Pulse Width 150 nsec
tpvwH | Data Valid To WE High 75 nsec
twHDH | WE High To DACK High 0 nsec
tWHDI WE High To Data Invalid 0 nsec
tDLQH
DRQ (OUT) \ /
I
IDLRL~> ~— tRHDH*
DACK (IN) \ ) )
' tRD -
RE
tRLDV <~ 1RHDI
D0-D7 XXXXXX XXXXX
FIGURE 8. DMA READ
TABLE 21. DMA READ
SYMBOL . CHARACTERISTIC MIN MAX UNIT
iDLQH DACK, RE Low To DRQ High 100 nsec
tDLRL DACK Low to RE Low 50 nsec
tRD RE Pulse Width 150 10000 nsec
tRLDV RE Low To Data Valid 100 nsec
tRHDH RE High To DACK High 0 nsec
tRHDI RE High To Data Invalid 10 150 nsec
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—-i "—‘QHSL jI“QLSH—-
DRQ (IN) /
—‘ ~——tsLwv ISHWI —
RCS (OUT) \
X two tWHWL
WE (ouT) ‘N /
twLbv IWHDI |
—
DO-D7 X X
FIGURE 9. WD-BUS BUFFER WRITE
) TABLE 22. WD-BUS BUFFER WRITE
SYMBOL CHARACTERISTIC MIN MAX UNIT
tQHSL DRQ High To RCS Low 0 nsec
tsLwv RCS Low To WE Valid 100 nsec
two WE Pulse Width 9 tcp
twLDV WE Low To Data Valid 50 nsec
tWHDI WE High To Data Invalid 10 nsec
tWHWL WE High To WE Low 9 tcp
tQLsH DRQ Low to RCS High 8 10 tcp
tSHWI RCS High to WE Invalid 0 100 nsec
tSLVW k—tQLsH—
DRQ (IN) / \'
—ISLRV tSHRI B
CS (0uUT) ‘
tRO tRHRL
RE (OUT) / / N
'DVRH {RHDI
" DO-D7 X X
FIGURE 10. WD-BUS BUFFER READ
TABLE 23. WD-BUS BUFFER READ
SYMBOL CHARACTERISTIC MIN MAX UNIT
tsLwy DRQ High To RCS Low - 0 nsec
tSLRV RCS Low To RE Valid 0 100 nsec
tRo RE Pulse Width 9 tcp
DVRH Data Valid to RE High 50 nsec
tRHDI RE High To Data Invalid 0- nsec
{RHRL RE High To RE Low 9 tcp
tQLsSH DRQ Low to RCS High 8 10 tcp
tSHRI RCS High to RE Invalid 0 100 nsec
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l"tIHRL — tRLIL E__
INTRQ — ] N
~——tRI —]
ﬁf
FIGURE 11. INTRQ N

TABLE 24. INTRQ

SYMBOL CHARACTERISTIC MIN MAX UNIT

tIHRL INTRQ High To RE Low 0 nsec
(=1} RE Pulse Width 200 nsec
tRLIL RE Low To INTRQ Low 0 200 nsec
tiLiH INTRO Low To INTRQ High 100 . nsec

tBLBH tBHSH —

BSYI _/
IBLEL

BSYO

| SELI e

SELO /
{BHEH

SDx X

tDFEH

SDOE

SDIE

~—teLi0— 110AH | tAHDF
ARBLD S

IGS

ATN*

TGS

o*

NOTE: VO* = /O, C/D, MSG, REQ: ATN* = ATN, ACK

FIGURE 12. ARBITRATION - WD33C92
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TABLE 25. ARBITRATION - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
{BLEL BSYI, SELI Low To SDIE Low 4 tcp
| teLio SDIE Low To Bus ID Out 1 tcp
! tHoAH Bus ID Out To ARBLD High 1 tcp
tAHDF ARBLD High To Data Float 1 tcp
tDFEH Data Float To SDIE, SDOE High 1 tcp
tBLBH BSYI, SELI Low To BSYO High 12 15 tcp
! tBHEH BSYO High To SDIE High 0 200 nsec
tBHSH BSYO High To SELO High 2.2 usec
} tBHBL
BSY _/
1BLSL
SEL N
tBLIO ‘Il
DBx X
ATN*
o*
NOTE: I/O0* = 1/0, C/D, MSG, REQ: ATN* = ATN, ACK
FIGURE 13. ARBITRATION - WD33C93
TABLE 26. ARBITRATION - WD33C93
SYMBOL CHARACTERISTIC MIN MAX UNIT
tBHBL BSY, SEL In High to BSY Out Low 12 15 tcp
tBLIO BSY Out Low To Bus ID Out 0 200 nsec
tBLSL BSY Out Low To SEL Out Low 2.2 usec
30
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BSYI /]
BSYO AN
~—tAvBL—~ tBLBV—
SELl _____/
ItBHSL

SELO N
SDx )TX

SDOE , _.l

tSHEL | IELOO
SDIE* N
I tov
IGS %
1GHAO ]
ATN |XXX
ACK XX
. TGS
11o*
NOTE: I/O* = /O, C/D, MSG, REQ; SDIE* = SDIE, ARBLD;
FIGURE 14. SELECTION - INITIATOR - WD33C92
TABLE 27. SELECTION - INITIATOR - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
tSHEL SELO High To SDIE Low 1.2 usec
tELOO SDIE Low To “ORed” ID Out 100 nsec
tOVGH “ORed” ID Out Valid To IGS High 100 nsec
tGHAO IGS High To ATN, ACK Out 100 nsec
tavBL ATN, ACK Valid Out To BSYO Low 100 nsec
tBLBY BSYO Low To BSYI High Valid 400 ’ nsec
{BHSL BSY! High To SELO Low 100 nsec
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I -

BSY /| \

~—tBHBY - tBLSH
SEL \ /
i tsLOO *i
DBx X ,
"—tOVAoTtAOBH"

ATN X
ACR

110*

NOTE: I0* = /0, TID, MSG, REQ

FIGURE 15. SELECTION - INITIATOR - WD33C93
TABLE 28. SELECTION - INITIATOR - WD33C93

. SYMBOL CHARACTERISTIC MIN MAX UNIT
% tsLOO SEL Out Low To “ORed" ID Out 1.2 usec
i tovoa “ORed" ID Out Valid To ACK, ATN Out 100 nsec

tAOBH ACK, ATN Out Valid To BSY Out High 100 nsec
| tBHBV BSY Out High To BSY In Low Valid 400 nsec
! tBLSH BSY In Low To SEL Out High 100 nsec
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9718228 WESTERN DIGITAL CORP 77C 04146 D 775,2-33-03
BSYI /
BSYO /)
l‘—tSHBL tBLBH —**——1BHSL
! SELI —/
i
SELO
t‘“lVBL" —tBHOI—]
SDX oo X X
SDOE*
SDIE
IGS
""tAVSL i
ATN X
ACK
TGS J_.
~tsLo— i UvGH .
vo* xx_\L___ |
"NOTE: HO* = I/0, C/D, MSG, REQ; SDOE* = SDOE, ARBLD i
FIGURE 16, SELECTION - TARGET - WD33C92 l
TABLE 29. SELECTION - TARGET - WD33C92 .
SYMBOL CHARACTERISTIC MIN MAX UNIT
tSHBL SELI High To BSYI Low 0 nsec
tivBL ORed ID Valid in To BSYI Low 0 nsec
t8LBH SELI High, ID Valid, BSYI Low To BSYO High 04 200 usec
tBHOI BSYO High To ORed ID Invalid In 0 nsec
tBHSL BSYO High To SELI Low 0 nsec
tAVSL ATN Valid in To SELI Low 0 nsec
tsLio SELI Low TO I/O Out 100 nsec
tivGH /0 Out Valid To TGS High 100 _nsec
i
33

e e e 1




WESTERN DIGITAL CORP 77 DE l

9718228 WESTERN DIGITAL CORP . 1

9718224 0004L47? 1 r

7C 04147 D/Fs2.33-a2

BSY /]
“— ISLBH—tBHBL — 7~ 1BLSH —
EL
i-—tNBH-— ~— tBLOI—'I
BX  meeeemeenee X X
[ tAvsH —
ATN X
ACK
~— 1SHIO ]
1/o* XX/
NOTE: 1/0* = 110, T/D, MSG, REQ
FIGURE 17. SELECTION - TARGET - WD33C93
TABLE 30. SELECTION - TARGET - WD33C93
SYMBOL CHARACTERISTIC MIN MAX UNIT
tSLHB SEL In Low To BSY In High 0 nsec
tivBH ORed ID Valid In To BSY In High 0 nsec
tBHBL SEL Low, ID Valid, BSY High To BSY Low 04 200 usec
tBLOI BSY Out Low To ORed ID invalid In 0 nsec
tBLSH BSY Out Low To SEL In High 0 nsec
tAVSH ATN Valid In To SEL In High 0 .| nsec
tsHiO SEL In High To /O Out 100 nsec
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9718228 WESTERN DIGITAL CORP T77C 04148 D 716‘,‘2.33@3
BSYl - ' e
! BSYO Ne———
: “—‘SHBL—""—_ {BLBH tBHSL tsLBL=
SEl /" N
SELO
| VBL [ tavBH ‘—tBHoj
SDX  eeeeemeeenenes X X
SDOE*
SDIE
«tBLGH—‘
IGS. jl
taHAO!
ATN™ XX
TGS H i
UHBL :
TG JR——— -
1
c/D*
NOTE: C/D* = C/D, MSG, REQ; ATN* = ATN, ACK; SDOE* = SDOE, ARBLD
. FIGURE 18. RESELECTION - INITIATOR - WD33C92
TABLE 31. RESELECTION - INITIATOR - WD33C92
SYMBOL CHARACTERISTIC MIN MAX UNIT _
tSHBL SEL! High To BSY! Low 0 nsec ,
tivBL ORed ID Valid In To BSYI Low 0 nsec i
tiHBL I/Q In High To BSYI Low 0 nsec i
tBLGH SELI High, ID Valid, BSY! Low To IGS High 0 nsec !
tGHAO IGS High To ATN Out 100 nsec i
tAvBH ATN Valid Out TO BSYO High 100 i nsec i
tBLBH BSYI Low To BSYO High 04 200 usec j
tBHOI BSYO High To ORed lnvalid In 0 nsec
tsiBL SELI Low To BSYO Low 0 nsec
tBHSL BSYO High To SELI Low 0 nsec
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cem—
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BSY . ' il
~—tSLBH tBHBL tBLSH——T—tSHBH™
SEL /
+|,_tveH taveL [—tBLOI—|
DBX  -remremennenas X_ X
ATN* XX
ULBH tBHAO

1o JR————

c/D*

NOTE; C/D* C/b, MSG, REQ; ATN* = ATN, ACK

*** .. BSY will still be driven low by the reselecting target.

FIGURE 19. RESELECTION - INITIATOR - WD33C93
TABLE 32. RESELECTION - INTIATOR - WD33C93
SYMBOL CHARACTERISTIC MIN MAX UNIT
tSLBH SEL In Low To BSY In High 0 nsec
tivBH ORed D Valid In To BSY In High 0 nsec
tILBH /O In Low To BSY In High 0 nsec
{BHAO SEL Low, ID Valid, BSY High To ATN Out 0 nsec
tavB! ATN Valid Out To BSY Out Low 100 nsec
tBHBL BSY in High To BSY Out Low 04 200 usec
tBLOI BSY Out Low To ORed Invalid In 0 nsec
tBLSH BSY Out Low To SEL In High 0 nsec
{SHBH SEL In High To BSY Out High 0 nsec
36
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BSYI

BSYO \ j —
VBL ~— 'BLBYV —+—BHBH=~—tBHSL~

sey _— /

SELO N

SDx XX

SDOE

tSHEL— tELOO

SDIE*

IGS

ATN*

tovGH| {GHIH

TGS

; lie] )T(

c/o* XX

NOTE: C/D* = C/D, MSG, REQ; ATN* = ATN, ACK; SDIE* = SDIE, ARBLD;

FIGURE 20. RESELECTION - TARGET - WD33C92
TABLE 33. RESELECTION - TARGET - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
tSHEL SELI High To SDIE Low 1.2 usec
teLOO SDIE Low To ORed ID Out — 100 . nsec
tovGH ORed ID Out Valid To TGS High 0 nsec
tGHIH TGS High /O Out, C/D Out 100 nsec
tivBL /O, C/D Out Valid To BSYO Low 100 nsec
tBLBY BSYO Low To BSY| High Valid 400 _nsec
tBHBH BSYI High To BSYO High 0 usec
tBHSL BSYO High To SELO Low 100 nsec
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. 9718228 WESTERN DIGITAL CORP T77C 04151 D 775‘2,33.03
BSY AN
~—tBHBY—~ tBLSH
! 'SE—L ‘jl : ) /
r tsLoO "
DBx X
!-—tov10——| tiOBH !
o l
c/D* s
ATN®
NOTE: C/D* = C/D, MSG, REQ; ATN* = ATN, ACK
" FIGURE 21. RESELECTION - TARGET - WD33C93

TABLE 34. RESELECTION - TARGET - WD33C93

SYMBOL | CHARACTERISTIC MIN MAX UNIT
tsLoo | SEL Out Low To ORed ID Out 1.2 usec
tovio ORed ID Out Valid To I/O Qut Valid 100 nsec
HoBH 110 Out Valid To BSY Out High 100 nsec

. tBHBV BSY Out To BSY In Low Valid 400 nsec
i tBLSH BSY In Low To SEL Out High 100 nsec
38
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SELI

SDx XesnwamemorrermaeeeX. X

SDOE A al

SDIE _/ .
tsLpc | tiHoL | toTiH |

110 X

C/D*

X
- R———tpcRH — "

REQ \.
- tRHAH| tAHRL tRLAL | tALPC

ACK _A

ATN

NOTE: C/D* = C/D, MSG

FIGURE 22. ASYNCHRONOUS INFORMATION TRANSFER IN - INITIATOR - WD3392
TABLE 35. ASYNCHRONOUS INFORMATION TRANSFER IN - INITIATOR - WD3392 .

; SYMBOL CHARACTERISTIC MIN MAX UNIT
: tsLPC SELI Low To Phase Change In 0 nsec
tiHOL I/0 In High To SDOE Low, Data Bus Tri-State 0 100 nsec
tDTIH Data Bus Tri-State To SDIE High 30 nsec
tPCRH Phase Change In To REQ In High 400 nsec
{DVRH Data Valid In To REQ In High 0 nsec
tRHAH REQ In High To ACK Out High 0 nsec
tAHRL ACK Out High To REQ In Low 0 nsec
tAHDI ACK Out High To Data Invalid In 0 nsec
tALPC ACK Out Low To Phase Change in 0 nsec
tRLAL REQ In Low To ACK Out Low 0 nsec
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SEL
DBx Koo X
ktsHpcl-tLDT! ~DVRL tALD
0
ciD* X (
b tPCRL
REQ / ,
"tRLAL |TALRH 'RHAH '[‘-tAHPC"
ACK N/
ATN
NOTE: C/D* = C/D, MSG

FIGURE 23. ASYNCHRONOUS INFORMATION TRANSFER IN - INITIATOR - WD3393
TABLE 36. ASYNCHRONOUS INFORMATION TRANSFER IN - INITIATOR - WD3393

SYMBOL CHARACTERISTIC MIN MAX UNIT
tSHPC SEL In High To Phase Change In 0 nsec
tiLTD 1/0 In Low To Data Bus Tri-State 0 - 100 nsec
tPCRL Phase Change In To REQ In Low 400 nsec
tDVRL Data Valid In To REQ In Low 0 nsec
tRLAL REQ In Low To ACK Out Low 0 nsec
tALDI ACK Out Low To Data Invalid In 0 nsec
tALRH ACK Out Low To REQ In High 0 nsec
tRHAH REQ In High To ACK Out High 0 nsec
tAHPC ACK Out High To Phase Change In 0 nsec
40
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9718228 WESTERN DIGITAL CORP 77C 04154 D TS'A-?,S-O& [

SELI

SDx XXX X l
tstee | tiHIL t|L0H| rtDVRH RLDI |

SDOE _/ X_

SDIE X_

1o X

tPCRH

REQ __/

c/D* X

tRHAH | tAHRL |tRLAL | tALPC

ACK

ATN

NOTE: C/D* = C/D, MSG

FIGURE 24. ASYNCHRONOUS INFORMATION TRANSFER IN - TARGET - WD33C92
TABLE 37. ASYNCHRONOUS INFORMATION TRANSFER IN - TARGET - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
tsLpPC SELI Low To Phase Change Out 100 nsec
tHIL 1/0 Out High To SDIE Low 0 nsec
HLOH SDIE Low To SDOE High, Data Out 30 nsec
tPCRH Phase Change Out To REQ Out High 500 nsec
tDVRH Data Qut Vaiid To REQ Out High 100 nsec
tRHAH REQ Out High To ACK In High 0 nsec
tAHRL ACK In High To REQ Out Low 0 nsec
tRLDI REQ Out Low To Data Out Invalid 0 nsec
tALPC ACK In Low To Phase Change Out 100 nsec
tRLAL REQ Out Low To ACK In Low 0 nsec
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SEL
DBx XXX X
tSHPC tiLpo ~ {DVRL “— tRHDI—
10 ' ' X
_ tPCRL
cio* X X
REQ N
tRLAL [tALRH ! tRHAH | taHPC
ACK N/
ATN

NOTE: C/D* = C/D, MSG

‘FIGURE 25. ASYNCHRONOUS INFORMATION TRANSFER IN - TARGET - WD33C93
TABLE 38. ASYNCHRONOUS INFORMATION TRANSFER IN - TARGET - WD33C93

SYMBOL CHARACTERISTIC MIN MAX UNIT
tsHPC SEL In High To Phase Change Out 100 nsec
tiLpo /O Out Low To Data Out - 0 nsec
tPCRL Phase Change Out To REQ Out Low 500 nsec
tDVRL Data Out Valid To REQ Out Low 100 nsec
- tRLAL REQ Out Low To ACK In Low 0 nsec
tALRH ACK In Low To REQ Out High 0 nsec
tRHDI REQ Out High To Data Out Invalid 0 nsec
tAHPC ACK In High To Phase Change Out 100 nsec
tRHAH REQ Out High To ACK In High 0 _nsec
42
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9718228 WESTERN DIGITAL CORP 77C 04156 D 755.2.35.03
SEUl
SDx XXX X
'-‘ILOH'[ L-tDVAH—- tALDI
SDOE / X_
SDIE X~
- tSLPCHe— LI
10 X
ciD* X X
L———tPCRH“—+‘tHHAH*
REQ / T\
tAHRL " tRLAL| tALPC
ACK
ATN
NOTE: C/D* = C/D, MSG

FIGURE 26. ASYNCHRONOUS INFORMATION TRANSFER OUT - INITIATOR - WD33C92
TABLE 39. ASYNCHRONOUS INFORMATION TRANSFER OUT - INITIATOR - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
tsLpC SELI Low To Phase Change In 0 nsec
tiLiL /O In Low To SDIE Low 0 nsec
tiLoH SDIE Low To SDOE High, Data Out 30 nsec
tPCRH Phase Change In To REQ In High 400 nsec
tDVAH Data Out Valid To ACK Out High 100 nsec
tRHAH REQ In High To ACK Out High 0 nsec
tAHRL ACK Out High To REQ In Low 0 nsec
tALD! ACK Out Low To Data Out Invalid 0 nsec
tALPC ACK In Low To Phase In Change 0 nsec
tRLAL REQ In Low To ACK Out Low 0 nsec
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SEL
DBx X X

tSHPC | IHDO ~ tDVAL tAHDI-!
o X
ciD* X >

e tPCRL
REQ /
tRLAL [tALRHI tRHAH | tAHPC

ACK N
ATN

NOTE: C/D* = C/D, MSG

FIGURE 27. ASYNCHRONOUS INFORMATION TRANSFER QUT - INITIATOR - WD33C93
TABLE 40. ASYNCHRONOUS INFORMATION TRANSFER OUT - INITIATOR - WD33C93

SYMBOL CHARACTERISTIC MIN MAX UNIT
tSHPC SEL In High To Phase Change In 0 nsec
; Y{iHDO I/0 In High To Data Out _ 0 nsec
[ tPCRL Phase Change In To REQ In Low 400 nsec
: tDVAL Data Out Valid To ACK Out Low 100 nsec
tRLAL REQ In Low To ACK Out Low 0 nsec
tALRH ACK Out Low To REQ In High 0 nsec
tAHDI ACK Out High To Data Out Invalid 0 nsec
tAHPC ACK Out High To Phase In Change 0 nsec
tRHAH REQ In High To ACK Out High 0 nsec
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SELL
BDx X-= X X
——'RLDI—]
SDOE X_
‘SDIE /, X_
- tSLPCl-tILOL—~LDTIH-!
1o . X
C/D* X X
— tPCRH — tDVAH
REQ N
. = IRHAH ~tAHRL=—tRLAL+ tALPC’
ACK / N\
ATN
NOTE: C/D* = C/D, MSG
FIGURE 28. ASYNCHRONOUS INFORMATION TRANSFER OUT - TARGET - WD33C92
TABLE 41. ASYNCHRONOUS INFORMATION TRANSFER OUT - TARGET - WD33C92
SYMBOL CHARACTERISTIC MIN MAX UNIT
tsLpPC SELI Low To Phase Change Out . 100 nsec
HLOL 1/0 Out To SDOE Low, Data Bus Tri-State . 0 100 nsec
ADTIH Data Bus Tri-State To SDIE High 30 nsec
tPCRH Phase Change To REQ Out High 500 nsec
tDVAH Data In Valid To ACK In High 0 nsec
TRHAH REQ Out High To ACK In High 0 nsec
TAHRL ACK In High To REQ Out Low 0 nsec
{RLDI REQ Out Low To Data In Invalid 0 nsec
TALPC ACK In Low To Phase Change Out 0" nsec
1RLAL REQ Out Low To ACK In Low 0 nsec
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SEL
DBx X X X
I'tsHpc | tHDT | +—tDVAL— ~—tRHDI~

o |
§ tPCRL |

c/D* X
REQ

tRLAL [tALRH! tRHAH | tAHPC
ACK
ATN
NOTE: C/D* = CD, MSG

FIGURE 29. ASYNCHRONOUS INFORMATION TRANSFER OUT - TARGET - WD33C93
TABLE 42. ASYNCHRONOUS INFORMATION TRANSFER OUT - TARGET - WD33C93

SYMBOL CHARACTERISTIC MIN MAX UNIT
tSHPC SEL In High To Phase Change Out 100 nsec
: tiHDT 1/0 Out High To Data Bus Tri-State 0 100 nsec
i tPCRL Phase Change To REQ Out Low 500 nsec
tDVAL Data In Valid To ACK In Low 0 nsec
tRLAL REQ Out Low to ACK in Low 0 nsec
tALRH ACK In Low To REQ Out High 0 nsec
tRHDI REQ Out High To Data In Invalid 0 nsec
tAHPC ACK In High To Phase Change Out 0 nsec
tRHAH REQ Out High To ACK In High 0 nsec
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SELI
SDx Xemseemmamemess X X X
_ tpvRH—tRHDI—
SDOE X
SDIE X
tsLpclIHOL toTiH
Tie) I T
cip* X :
. k———1PCRH tRHRL—_'RLR
REQ B ‘
tALPC|
ACK m___/]_—‘\]:
tAHAL—" ALAH
ATN
NOTE: C/D* = CiD, MSG

FIGURE 30. SYNCHRONOUS INFORMATION TRANSFER IN - INITIATOR - WD33C92

TABLE 43. SYNCHRONOUS INFORMATION TRANSFER IN - INITIATOR - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
tsLPC SELI Low To Phase Change In 0 nsec
tiHOL I/O in High To SDOE Low, Data Bus Tri-State 0 100 nsec*
tDTIH Data Bus Tri-State To SDIE High 30 nsec
tPCRH Phase Change In To REQ In High 400 nsec
tDVRH Data Valid In To REQ In High 0 nsec
tRHDI REQ In High To Data Invalid In 45 nsec
tRHAL REQ In High To REQ In Low 90 nsec
tRLRH REQ In Low To REQ In High 90 nsec
tAHAL ACK Out High To ACK Qut Low 9 tcp
tALAH ACK Out Low To ACK Out High 9 tcp
tALPC ACK Out Low To Phase Change In 0 nsec
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i 9718228 WESTERN DIGITAL CORP T77C 04161 DFS‘.Z-J&-O}
i DBx Howmemsmmemamnas X X X
ltsHpe | tiL ltpvRL*—tRLDI—
7o) X
c/iD* X X
- — PCRL 'RLRH 1 'RHRL
REQ N—/ e TN
tAHPC
ACK N\ /L A
. F—tALAH— tAHAL'
ATN
NOTE: C/D* = C/D, MSG

FIGURE 31. SYNCHRONOUS INFORMATION TRANSFER IN - INITIATOR - WD33C93
TABLE 44. SYNCHRONOUS INFORMATION TRANSFER IN - INITIATOR - WD33C93

SYMBOL CHARACTERISTIC MIN MAX UNIT
tSHPC SEL In High To Phase Change In 0 nsec
tiLoT /O In Low To Data Bus Tri-State . 0 100 . nsec.
tPCRL Phase Change In To REQ In Low 400 nsec
tDVRL Data Valid In To REQ In Low 0 nsec
tRLDI REQ In Low To Data Invalid In 45 nsec
tRLRH REQ In Low To REQ In High 90 nsec
tRHRL REQ In High To REQ in Low 90 nsec
tALAH ACK Out Low To ACK Out High 9 tcp

tAHAL ACK Out High To ACK Out Low 9 tcp

tAHPC ACK Out High To Phase Change In 0 nsec
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T77C 04162
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SELI

SDx

SDOE

XX
|

SDIE

o

XX X
1SLPC[ UHIL | WLOH| [TOVRH|—tRHDI—
/

tPCRH

C/iD*

REQ

ACK

i ATN

~—tRHRL—{!RLRH
/] \ ; \

‘NOTE: C/D* = C/D, MSG

FIGURE 32. SYNCHRONOUS INFORMATION TRANSFER IN - TARGET - WD33C92
TABLE 45. SYNCHRONOUS INFORMATION TRANSFER IN - TARGET - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
tsLPC SELI Low To Phase Change Out 100 nsec
HIL /0 Out High To SDIE Low 0 nsec
tILOH SDIE Low To SDOE High, Data Out 30 nsec
1PCRH Phase Change Out To REQ Out High 500 nsec
1DVRH Data Valid Out To REQ Out High 100 nsec
tRHDI REQ Out High To Data Invalid Out 100 nsec
tRHRL - REQ Out High To REQ Out Low 9 top
tRLRH REQ Out Low To REQ Out High 9 tcp
tAHAL ACK In High To ACK In Low 90 nsec
tALAH ACK In Low To ACK In High 90 nsec
tALPC ACK in Low To Phase Change Out 0 nsec
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SEL
DBx XXX X X
'lsHPG— tLDO —! tDVAL F—tRLDI—
o - X_
tPCRL
ciD* X X
“~ 'RLRH —{!RHRL

REQ

ACK

ATN

NOTE: C/D* = T/D, MSG

FIGURE 33. SYNCHRONOUS INFORMATION TRANSFER IN - TARGET - WD33C93
TABLE 46. SYNCHRONOUS INFORMATION TRANSFER IN - TARGET - WD33C93

SYMBOL CHARACTERISTIC ' MIN MAX UNIT
tSHPC SEL In High To Phase Change Out 100 nsec
tiLbO IO Out Low To Data Qut 0 nsec
tPCRL Phase Change Out to REQ Out Low 500 nsec
1DVRL Data Valid Out To REQ Out Low 100 nsec
tRLDI REQ Out Low To Data Invalid Out 100 nsec
tRLRH REQ Out Low To REQ Out High 9 tcp
tRHRL REQ Out High To REQ Out Low 9 tcp
tAHAL ACK In High To ACK In Low 90 nsec
TALAH ACK In Low To ACK In High 90 nsec
tAHPC ACK In High To Phase Change Out 0 nsec
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SELI

SDx X X

YLOH IpvaH] taHDI!
SDOE / X
SDIE X_
tSLPQ HLIL
e] x|
c/D* X | .
- tPCRH tRHRL™] 'RLRH|
REQ
¢ ,
ACK Y, ALPC
~— tAHAL — tALAH
—_—
ATN
NOTE: C/D* = C/D, MSG
FIGURE 34. SYNCHRONOUS INFORMATION TRANSFER OUT - INITIATOR - WD33C92
TABLE 47. SYNCHRONOUS INFORMATION TRANSFER OUT - INITIATOR - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
tsLPC SEL!I Low To Phase Change In 0 nsec
LI /O In Low To SDIE Low 0 nsec
tILOH SDIE Low To SDOE High, Data Out 30 nsec
tPCRH Phase Change In To REQ In High 400 nsec
{DVAH Data Valid Out To ACK Out High 100 nsec
tAHDI ACK Out High To Data [nvalid Out 100 nsec
{RHRL REQ In High To REQ In Low 90 nsec
tRLRH REQ In Low To REQ In High 90 nsec
tAHAL ACK Out High To ACK Out Low 9 tcp
tALAH ACK Out Low To ACK Out High 8 tcp
tALPC ACK Out Low To Phase Change in 0 nsec
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BEL

DBx X X

tSHPC! DHO —tpvaL —| taLDI !

/0 r_

C/ID* )I(_ X
: tPCRL RLRH thHnL
REQ N L/
tAHPC
ACK \
F—1tALAH — tAHAL
ATN
NOTE: C/D* = C/D, MSG
FIGURE 35. SYNCHRONOUS INFORMATION TRANSFER OUT - INITIATOR - WD33C93
TABLE 48. SYNCHRONOUS INFORMATION TRANSFER OUT - INITIATOR - WD33C93

SYMBOL CHARACTERISTIC MIN MAX UNIT
1SHPC SEL In High To Phase Change In ] nsec
iHDO /O In High To Data Qut __ 0 nsec
tPCRL Phase Change In To REQ In Low 400 nsec
1DVAL Data Valid Out To ACK Out Low 100 nsec
1TALDI ACK Out Low To Data Invalid Out 100 nsec
tRHRAL REQ In High To REQ In Low 90 nsec
tRLRH REQ In Low To REQ In High 90 nsec
TAHAL ACK Out High To ACK Out Low 9 tcp
TALAH A_K Out Low To ACK Out High 9 tcp
tAHPC ACK Out High To Phase Change In 0 nsec
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SELI \

SDx ), C— X X
ltpvaH F——taHDI—

SDOE . X

SDIE /, X
tsLPC | tiLoL | toTiH |

IGS

"o i X

ciD* X
| — tPCRH — tRHRL | 'RLRH

REQ i / \

t
ACK ) y, ALPC
r—tAHAL tALAH

ATN

NOTE: C/D* = C/D, MSG

FIGURE 36. SYNCHRONOUS INFORMATION TRANSFER OUT - TARGET - WD33C92’

TABLE 49. SYNCHRONOUS INFORMATION TRANSFER OUT - TARGET - WD33C92
SYMBOL CHARACTERISTIC MIN MAX | UNIT
tsLpc SELI Low To Phase Change Out 100 nsec i
tiLoL /0 Out Low To SDOE Low, Data Bus Tri-State 0 100 nsec- :
tDTIH Data Bus Tri-State To SDIE High 30 nsec
tPCRH Phase Change To REQ Out High 500 nsec
1DVAH Data Valid In To ACK In High 0 nsec
tAHDI ACK In High To Data Invalid In 45 nsec
tRHAL REQ Out High To REQ Out Low 9 tcp
tRLRH REQ Out Low To REQ Out High 9 tcp
tAHAL ACK In High To ACK in Low 20 nsec
tALAH ACK In Low To ACK In High 90 nsec
tALPC ACK In Low To Phase Change Out 0 nsec
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;
SEL
DBX A v X X
ltshpc| tiHDT | +—tpvaL — taLpl |
! o :
5 tPCRL —" 7_
CID. X )V

. ~— tRLRH tRHRL
REQ N L/
: ' tAHPC

tALAH —tAHAL—

‘NOTE: C/D* = C/D, MSG

FIGURE 37, SYNCHRONOUS INFORMATION TRANSFER OUT - TARGET - WD33C03
TABLE 50. SYNCHRONOUS INFORMATION TRANSFER OUT - TARGET - WD33C93

SYMBOL CHARACTERISTIC MIN MAX UNIT
tSHPC SEL In High To Phase Change Out 100 nsec
HHDT 1/0 Out High To Data Bus Tri-State 0 100 nsec
tPCRL Phase Change To REQ Out Low 500 nsec
1 1DVAL Data Valid In To ACK In Low 0 nsec
1ALDI ACK in Low To Data Invalid In 45 nsec
1RHRL REQ Out High To REQ Out Low 9 tcp
tRLRH REQ Out Low To REQ Out High 9 tcp
TAHAL ACK in High To ACK In Low 90 nsec
TALAH ACK In Low To ACK In High 90 nsec
TAHPC ACK In Low To Phase Change Out 0 nsec
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BSYO / N
\I tSHBL
SELI
SDx X X
SDOE —
SDIE . /
ARBLD / N
FIGURE 38. ARBITRATION TO BUS FREE - WD33C92 ;
TABLE 51. ARBITRATION TO BUS FREE - WD33C92 '
SYMBOL CHARACTERISTIC MIN MAX UNIT
tSHBL SELT High To BSYO, SDOE, And ARBLD Low 6 tcp
BSY N\ /]
— tSLBH -
SEL \|'_ SLBH
DBx X  C— -
FIGURE 39. ARBITRATION TO BUS FREE - WD33C93
TABLE 52. ARBITRATION TO BUS FREE - WD33C83
SYMBOL CHARACTERISTIC MIN MAX UNIT
tSLBH SEL In Low To BSY High, Data Tri-State 6 tcp
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BSYI —\
SELO
j]‘t DCSL—~+—1SLDT -I
SDx
<— tSLIH —
SDOE
SDIE
! — tSLGL —
gs
cntl X
NOTES: gs = IGS (INITIATOR) or TGS (TARGET)

cntl =

ATN, ACK (INIT) or IO, C/D, MSG, and REQ (TARGET)

FIGURE 40. SELECTION - INITIATOR OR RESELECTION - TARGET TO BUS FREE - WD33C92

TABLE 53. SELECTION - INITIATOR OR RESELECTION - TARGET TO BUS FREE - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
tpesL Data Bus Cleared To SELO Low 200 usec
tSLIH SELO To SDIE High, SDOE Low 6. tcp
tsLDT SELO Low To Data Bus Tri-State 6 tcp
tsLaL SELO Low To gs Low, cnti Tri-State 6 tcp
BSY /
SEL Y,
tDCSH ~—tSHDT—-|
Bx X
SHIH
cntl X
NOTES: entl = ATN, ACK (INIT) or 1/0, /D, MSG, and REQ (TARGET)

FIGURE 41. SELECTION - INITIATOR OR RESELECTION - TARGET TO BUS FREE - WD33C93
TABLE 54. SELECTION - INITIATOR OR RESELECTION - TARGET TO BUS FREE - WD33C93
SYMBOL CHARACTERISTIC MIN MAX UNIT
tDCSH Data Bus Cleared To SEL Out High 200 usec
tSHDT S__ Out High To Data Bus Tri-State 6 tcp
tSHIH SEL Out High To cntl Tri-State 6 tcp
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BSYI

—
|-— tBLDT —-]
X

= tBLIH —

SDx

SDOE

17 SDIE

~— tBLGL |

IGS

ATN*

NOTE: ATN* = ATN, ACK;

FIGURE 42. CONNECTED-AS-AN-INITIATOR TO BUS FREE - WD33C92
TABLE 55. CONNECTED-AS-AN-INITIATOR TO BUS FREE - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
1BLIH BSY! Low To SDIE High, SDOE Low 6 tcp
BLDT BSY! Low To Data Bus Tri-State 6 tcp
tBLGL BSYI Low To IGS Low, ATN Tri-State 6 tcp
| BSY _
[e— tBHDT —|
i ‘DBx : X
5 i tBHAT ——>
| ArNe X

NOTE: ATN = ATN, ACK

FIGURE 43. CONNECTED-AS-AN-INITIATOR TO BUS FREE - WD33C93
TABLE 56. CONNECTED-AS-AN-INITIATOR TO BUS FREE - WD33C93

SYMBOL CHARACTERISTIC MIN MAX UNIT

tBHDT BSY In High To Data Bus Tri-State 6 tcp

tBHAT BSY Low To ATN Tri-State 6 tcp
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BSYO N\
. [ tBLDT —]
_ X

— tBLIH —

SDx

SDOE

SDIE

— tBLGL —*

TGS

o*

NOTE: i/0* = I/O, C/D, MSG, REQ

FIGURE 44. CONNECTED-AS-ATARGET TO BUS FREE - WD33C92

TABLE 57. CONNECTED-AS-ATARGET TO BUS FREE - WD33C92

SYMBOL CHARACTERISTIC MIN MAX UNIT
tBLIH BSYO Low To SDIE High, SDOE Low 6 top
tBLDT BSYO Low To Data Bus Tri-State 6 tcp
tBLGL BSYO Low To TGS Low, I/O Tri-State 6 tcp

| 8
N

i tBHDT

=)
ey
x

X
he——BHIT——>
1o* X

NOTE: I/O* = [/O, C/D, MSG, REQ

FIGURE 45. CONNECTED-AS-ATARGET TO BUS FREE - WD33C93
TABLE 58. CONNECTED-AS-ATARGET TO BUS FREE - WD33C93

SYMBOL CHARACTERISTIC MIN MAX UNIT
tBHDT BSY Out High To Data Bus Tri-State 6 tcp
tBHIT BSY Qut High To /O Tri-State 6 tcp
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