
























































by reset (via either a Reset command being issued or 
assertion of the MR- pin). a Receive command comple­
tion or termination will occur under any of these condi­
tions: (1) The internal transfer counter is disabled 
(SBT = 1 or the Transfer COUflt register is loaded with 
zero) and a single byte has been read from the Data 
register; (2) The counter has decremented to zero (with 
SBT = 0) indicating that the specified number of bytes 
have been transferred; (3) A parity error has been 
detected on one of the received data bytes (and 
HSP = 1); (4) The ATN- pin is asserted (and HA = 1); (5) 
The Abort command is issued; or (6) A Disconnect 
command is issued. 

When the Receive command is completed as a result of 
receiving the correct number of bytes. a "successful 
completion" interrupt will be generated. If a parity error 
has caused termination. a "terminated" interrupt will 
instead be generated. In this case. the Transfer Count 
register will contain the number of bytes yet to be 
transferred. After any completion or termination of the 
Receive commands except those due to a subsequent 
Disconnect command or reset. the WD33C93A is in the 
Connected-as-a-Target state. 

As data transfer commands. the Receive commands 
are dependent on the DMA mode select bits in the 
Control register for the Data register accessing mode. 
These bits determine whether the Data register 
accesses will be handled by the processor or through a 
DMAlWD interface. When the processor is required to 
read the Data register (i.e. DMA mode select bits = 0). it 
must monitor the DBR status bit (in Auxiliary Status) to 
determine when a byte is available for reading. During 
Receive commands. this status bit will be reset when a 
byte is read from the Data register and set when a byte 
is loaded into the Data register via the SCSI interface. 
DBR is also reset when a Receive command is issued. 

All information transfers involving other than data infor­
mation are asynchronous. However. if the information 
phase involves data transfers. the Synchronous Trans­
fer register will be evaluated. In this case. any selected 
offset other than zero results in synchronous transfers. 
The minimum Transfer Period for both types of transfers 
is determined by the transfer period bits in this same 
register. 

7.5.5 SEND (14-17 HEX) 
As in the case of the RECEIVE commands. there are 
four Send commands which are distinguished only by 
the state of the 110-. C/D-. and MSG- pins and the type 
of data that is transferred. The four Send commands. 
also valid in the Connected-as-a-Target state only. are 

SEND COMMAND TYPE 

Send Status 

Send Data 

Send Message In 

Send Unspecified Info In 

WD33C93A 

the Send Status. Send Data. Send Message In. and 
Send Unspecified Info In commands. The SCSI pin 
states during the Send commands are determined by 
the particular commands as follows shown in the chart 
below (asserted = 1). 

The Send commands are also information transferring 
commands and as such are also dependent upon the 
SBT bit in the Command register for command comple­
tion. In addition to that caused by reset (via either a 
Reset command being issued or assertion of the MR­
pin). a Send command completion or termination will 
occur under any of these conditions: (1) The internal 
transfer counter is disabled (SBT = 1 or the Transfer 
Count register is loaded with zero) and a single byte has 
been read from the Data register; (2) The counter has 
decremented to zero (with SBT = 0) indicating that the 
specified number of bytes have been transferred; (3) A 
parity error has been detected on one of the data bytes 
from the host (and HHP = 1); (4) The ATN- pin is 
asserted (and HA = 1); (5) The Abort command is is­
sued; or (6) A Disconnect command is issued. The 
WD33C93A remains Connected-As-A-Target following 
the Send command completionltermination IInless the 
Disconnect command or reset was used to force a 
termination. 

During a Send command. Data register accessing is 
controlled by the DMA mode select bits in the Control 
register. When these bits are set to the appropriate 
mode. loading of the Data register is accomplished by a 
DMA controller or through the WD-Bus interface. If the 
DMA mode select bits are zero. the processor must poll 
the Auxiliary Status register and can write to the Data 
register only when the Data Buffer Ready bit is set 
(DBR = 1). Send commands cause the DBR bit to be 
reset every time the processor loads a byte into the 
Data register and set when a byte is transferred from 
the Data register onto the SCSI data bus. The DBR bit 
will also be set upon issuing a Send command. 

As in the case of Receive commands. synchronous 
transfers will occur only when data transfers are 
involved and an offset other than zero is selected. 

7.5.6 TRANSFER (20 HEX) 
Transfer Info is used to send and receive data. com­
mand. status. and message information. 

OPCODE MSG CID 1/0 

14 0 1 1 
15 0 0 1 

16 1 1 1 

17 1 0 1 1 
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The first Req- assertion following connection as an 
tnitiator results in a "service required" interrupt. The 
processor should examine the SCSI Status register to 
determine the type and direction of information transfer 

, requested by the Target. and then issue a Transfer Info 
command in response. While an Initiator. the 
WD33C93A will also generate an interrupt each time 
the Target device requests a new type of information 
transfer phase. 

As in the case of the Send and Receive commands. 
when the Transfer Info command completion is to be 
dependent upon the internal transfer counter. the pro­
cessor should load the Transfer Count register prior to 
issuing this command. The DMA mode select bits in the 
Control register. the offset and transfer period bits in the 
Synchronous Transfer register. and the SBT bit in the 
Command register are used during Transfer Info com­
mands just as they are during the Send-And-Receive 
commands. However. for processor access of the Data 
register during Transfer Info commands (when the DMA 
mope select bits are zero. or the bus phase is other than 
Data phase). behavior of the Data Buffer Ready (DBR) 
status bit is determined by the direction of information 
transfer as defined by the 110- pin. When the transfer is 
from Initiator to Target. the DBR bit is reset by writing to 
the Data register and is set when the byte is transferred 
from the Data register onto the SCSI data bus. When 
the transfer is from Target to Initiator. DBR is set when a 
byte is received over the SCSI data bus and transferred 
into the Data register and is reset by reading the Data 
register. DBR is also reset whenever a Transfer Info 
command is issued. 

There are several causes of a Transfer Info command 
completionltermination in addition to a reset. Just as for 
a Send or Receive command. the Transfer Info com­
mand can be terminated by issuing a subsequent Dis­
connect or Abort command. The Abort command will 
cause a "paused/aborted" interrupt to be generated 
after executiOn (leaving the WD33C93A in a connected 
state). while the Disconnect command causes an imme­
diate disconnect and does not generate an interrupt. 

A Transfer Info command will be either completed or 
paused when the specified number of bytes (either a 
single byte or multiple bytes as defined by the Single­
Byte Transfer bit in the Command register) have been 
sent or received. The WD33C93A generates a "suc­
cessful completion" interrupt only after receiving 
another REO- from the Target during non-Message In 
information phases. but generates a "paused/aborted" 
interrupt for Message-In phases without waiting for an 
additional REO- (Note that when the completed Trans­
fer Info command was a Message-In transfer phase. the 
ACK- pin will be left asserted by the WD33C93A in the 
last REO-ACK cycle of the command. and the pro­
cessor is required to issue a negate ACK or an Assert 
ATN followed by a Negate ACK command to accept or 
reject the message respectively). 

If a parity error is detected on a data byte received from 
the SCSI bus (and HSP = 1). or on a data byte received 
from the host (and HHP = 1). then the WD33C93A will 
terminate the command and. for SCSI parily errors. will 
leave ACK- asserted (10 also halt the Target). In this 
case a "terminated" interrupt is generated. Finally. 
negation of the BSY- signal (Le. the Target suddenly 
disconnects) or a transition in the 110-. C/D-. and/or 
MSG- pins during a Transfer command will also termi­
nate the command and generate a "terminated" 
interrupt. 

If a parity error is detected on a received byte but parity 
error command termination is disabled (HSP = 0 or 
HHP = O. as appropriate). the WD33C93A will still set 
the Parity Error status bit in the Auxiliary Status register 
but will not terminate the command as a result of this 
error. 

7.5.7 TRANSLATE ADDRESS (18 HEX) 
The Translate Address Command is used to perform a 
logical-to physical-address translation. Certain SCSI 
commands involve a logical address which may be up to 
32 bits in length. When a command is detected which 
requires address translation. the processor can reload 
the logical address into the WD33C93A Logical 
Address register and then issue the Translate Address 
command to have the WD33C93A do the conversion. 
Upon receiving a "successful completion" interrupt. the 
processor can read three WD33C93A registers to 
extract the Cylinder Number. Head Number. and Sector 
Number corresponding to the logical address. The disk 
parameters contained in the Total Sectors. Total Heads. 
and Total Cylinders registers must also be valid before 
issuing a Translate Address command. 

If automatic compensation for spare sectors is to be 
performed by the WD33C93A. then the number of 
spare sectors per cylinder and total number of sectors 
per cylinder must also be loaded in the Head Number 
and Cylinder Number registers respectively. A "termi­
nated" interrupt will occur if any division operation 
performed during this command results in an overflow. 

7.6 COMBINATION LEVEL 1\ COMMANDS 
7.6.1 SELECT·AND·TRANSFER 

(08 AND 09 HEX) 
The Select-And-Transfer commands are capable of 
greatly reducing the host or local processor interrupt­
handling burden by enabling the WD33C93A's internal 
microprocessor to manage the low-level SCSI protocol. 
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This results in as few as one interrupt per SCSI opera­
tion. Select· And· Transfer commands are used when in 
an Initiator role, and typically consist of at least the 
following SCSI phases: (1) Selection of a Target device; 
(2) Sending of a command; -(3) Reception of status 
information; and (4) Reception of a Command Com­
plete Message. These commands optionally consist of 
a Data Transfer phase and additional Message Transfer 
phases. During execution of a Select· And· Transfer 
command, the Command Phase register will be 
updated to indicate which bus phases of the SCSI 
operation have been completed, so that upon comple­
tion or termination of the command. the WD33C93A 
may be interrogated to find out where the SCSI opera­
tion was stopped. 

The two Select-And-Transfer commands are dis­
tinguished from each other only by whether or not the 
ATN- pin is asserted during the Selection phase. Select­
And-Transfer commands directly support Group 0 (6-
byte COB), Group 1 (lO·byte COB), and Group 5 (12-
byte) SCSI commands. In addition, the ability to have 
ATN- asserted during Selection supports the SCSI 
Message Protocol which calls for an Identify Message 
Out phase following the Selection. When the Select 
w/Atn·And- Transfer commands is issued, the 
WD33C93A expects the first information phase request 
from the Target to be a Message Out phase, whereas for 
a Select w/o Atn-and-Transfer command, the first infor­
mation phase request is expected to be a Command 
Out phase. 

When a Select-And-Transfer command is issued, the 
WD33C93A arbitrates for the bus and selects a Target 
just as during a Select command. If the Target does not 
respond before a timeout occurs, the Select-And-Trans· 
fer command is terminated and a "terminated" interrupt 
is generated. Failure to complete the Selection phase is 
also indicated by the fact that the Command Phase 
register contains all zeroes. If the Selection is success­
ful, no interrupt is generated, but the Command Phase 
register will be set to a Hex 10. 

After completing the Selection phase, the WD33C93A 
begins an information transfer phase. If ATN- has been 
asserted (i.e. a Select w/Atn-And-Transfer command 
was issued), the WD33C93A expects the Target to 
respond with a Message Out phase. If the first informa­
tion phase request is other than a Message Out 
request, the WD33C93A will terminate the command 
and generate a "terminated" interrupt. However, when 
the Target does request a Message Out phase, the 
WD33C93A will respond by automatically sending an 
Identify Message. This single byle message is of the 
binary form: 1rOOOttt, where r = 1 if the Enable Aeselect 
bit in the Source 10 register is equal to 1, and ttt is the 
encoded Target Logical Unit Number contained in the 
Target LUN register. Once the Identify Message has 
been sent, the WD33C93A will set the Command Phase 
register to Hex 20. 

Following the Message Out phase (or Selection phase 
when ATN- was not asserted during Selection), a Com­
mand phase is expected by the WD33C93A. Again, and 
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throughout the entire Select-And· Transfer command 
execution, if the Target requests an unexpected infor· 
mation phase type, the WD33C93A term in ales the 
command and generates a "terminated" interrupt. If 
the Command phase is requesled in this situation, the 
WD33C93A will extract the SCSI command from the 
internal Command Descriptor Block registers and send 
6, 10, or 12 bytes of command information as deter­
mined by its evalualion of the SCSI command code in 
the CDBl register. The Command Phase register is set 
to Hex 30 before the first Command byte is sent and 
Ulen increments with each byte transferred, so that for a 
12-byte COB command the Command Phase register 
will contain Hex 3C when all bytes of the COB have been 
transferred. 

After the Command phase, the WD33C93A expects 
either a Data In phase, Data Out phase, Status phase, 
or Message In phase. If the Target is requesting a 
Message In phase, a pending disconnection is 
assumed. The WD33C93A therefore expects to receive 
either a Save Data Pointer Message (Hex 02) or a 
Disconnect Message (Hex 04). If either message is 
incorrect, or if a different message is received, a "termi­
nated" interrupt will be generated to alert the processor 
of that fact and to allow the message to be read from the 
Data register. A "terminated" interrupt will also be gen· 
erated if the Target disconnects before sending the 
Disconnect message. When a correct Save Data 
Pointer message is received, a "paused/aborted" inter­
rupt is generated and the Select·And-Transfer com­
mand terminated to allow the processor to save the 
SCSI data pOinters. However, if a Disconnect message 
is received, the Command Phase register will be 
updated to Hex 42 and command execution continues. 

When the actual Target-disconnection does occur, the 
Command Phase register is updated to Hex 43 and if 
the 101 bit is set, the WD33C93A terminates the Select· 
And· Transfer command by generating an 85H interrupt. 
However, if the 101 bit is reset, then instead the 
WD33C93A sits in an idle state, waiting for the Target to 
reconnect. If a different Target device Reselects the 
WD33C93A, a "terminated" interrupt is generated. 
However, if the original Target Reselects the 
WD33C93A, no interrupt is generated and the Com­
mand Phase register is set to Hex 44. 

Following the original Target Reselection, the 
WD33C93A expects a Message In phase which should 
consist of the Target sending an Identify Message. This 
single-byte message should be of the binary form: 
10000tll. where lit is the Target Lun. If the data received 
by the WD33C93A is different or the Target Lun spec­
ified in this byte does not match the contents of the 
Target Lun register, a "terminated" interrupt is gener­
ated and the Message byte may be examined by 
the processor. A correct Identify Message In phase re­
sults in the Command Phase register being updated 
to Hex 45. 

After the Identify Message is received from the Target or 
immediately after the Command Out phase (when there 
is no disconnection), a Data In phase, Data Out phase. 
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or Status phase should occur. If the Transfer Count 
register contains any non-zero value, then the 
WD33C93A will expect a Data Transfer phase. If 
Advanced Features are enabled, then the DPD bit will 
'be examined to verify the correct data direction. If the 
data direction is incorrect, then a "terminated" interrupt 
is generated. In this phase, the WD33C93A will use the 
Transfer Count register to determine the number of 
bytes to be transferred, and all host-side Data register 
accesses will be accomplished via the method selected 
by the DMA mode select bits in the Control register. 
When the internal counter reaches zero, the Data 
Transfer phase is complete and the Command Phase 
register is set to Hex 46. 

Note that any number of disconnectionireconnection 
cycles may occur during the Data Transfer phase so 
long as they are accomplished according to the defined 
message protocol. The Command Phase register will 
cycle through the disconnect phases (41-45) with each 
disconnection and subsequent reconnection until all of 
the data has been transferred and the Data Transfer 
phase is complete. 

A Status phase is expected by the WD33C93A following 
the Data Transfer phase (or instead of the Data Transfer 
phase when the Transfer Count register contains a 
value of zero). At the start of the Status phase, the 
Command Phase register is loaded with Hex 47. Upon 
completion of the Status phase, the Command Phase 
register will be updated to Hex 50, and the received 

COMMAND MEANING 
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status byte is stored in the Target Lun register where it 
can be read upon completion of the command. 

Following completion of the status-byte transfer, aMes· 
sage In phase is expected. The WD33C93A expects the 
Target to send a Command Complete Message (Hex 
00) to indicate that the SCSI command operation has 
been completed. After the WD33C93A receives this 
Command Complete Message, the Command Phase 
register advances to Hex 60, and if the EDI bit is reset, a 
"successful completion" interrupt is generated. The 
processor should then read the Target Lun register to 
examine the Target status. An additional interrupt will 
then occur when the SCSI bus goes to the Bus Free 
state, or when another REO· is asserted to begin an 
information transfer phase (as in SCSI linked com· 
mands). If the EDI bit is set, the "successful completion; 
interrupt will be suppressed until the Target disconnects 
from the SCSI bus. 

At any time during execution of the Select· And· Transfer 
commands, an abnormal or unexpected condition will 
cause the WD33C93A to terminate the command, set 
the appropriate status qualifiers, and generate a "termi· 
nated" interrupt. If the termination occurred during an 
information transfer phase, the WD33C93A will be left 
in a Connected-as-an-Initiator state (unless termination 
was due to a sudden Target disconnection). Command 
termination during any other phase will result in the 
WD33C93A being in a Disconnected state. Transfer 

00 No SCSI bus device has been selected. The WD33C93A is in the disconnected state. 

10 
The Target has been selected. The WD33C93A is now in the connected as an Initiator 
state. 

20 An Identify message has been sent to the Target. 

30 Command phase has started, no bytes transferred. 

3x Command phase, x bytes have been transferred. 

41 Save Data Pointer message received. 

42 Disconnect message received, bus not free. 

43 
Target has disconnected (SCSI bus free) following a successful transfer of a 
Disconnect message. The WD33C93A is now in the disconnected state. 

The WD33C93A has been reselected by the Target whose SCSI bus ID matches the 
44 value in the DESTINATION ID register. The WD33C93A is now in the connected as an 

Initiator state. 

45 
The WD33C93A has received an Identify message from the Target whose Logical Unit 
Number matches the value in the TARGET LUN register. 

46 
The number of bytes specified in the TRANSFER COUNT register have been 
transferred tolfrom the Target during a Data Oullin phase. 

47 The Target has begun a Receive Status phase. 

50 
The WD33C93A has successfully received a Status byte from the Target and stored it 
in the TARGET LUN register. 

60 
The WD33C93A has successfully received a Command Complete message from the 
Target. 
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10 Resume after Target selection is complete. 

20 
Resume after Identify message out. Command phase is expected; an implied Negate 
ACK occurs. 

30 Resume when Command phase has begun (REO- asserted). 

41 
Resume after Command phase or after Save Data Pointer message. Data, Status, or 
Message In phases are expected. An implied Negate ACK occurs. 

42 Resume to complete Disconnect Message In; an implied Negate ACK occurs. 

44 Resume after reselection by a Target. 

45 
Resume to transfer more data in a data transfer phase. May expect Status or 
Message In as well. An implied Negate ACK occurs. 

46 
Resume after the data phase has been completed, expecting Status phase or a Save 
Data Pointer/Disconnect Message In phase. An implied Negate ACK does not occur. 

50 Resume to complete a Status phase; an implied Negate ACK occurs. 

60 
Resume to complete a Command Complete message from the Target; an implied 
Negate ACK occurs. 

commands may be used to handle the exception by 
transferring messages with the Target. 

The following table summarizes the possible values 
that the Command Phase register can take during the 
Select-And-Transfer commands, and their meanings 
relative to command termination: 
A "Resume Select-And-Transfer" command is 
assumed whenever a normal "Select-And-Transfer" 
command is issued while the WD33C93A is in the 
Connected-Initiator state. When the "Resume" is iss­
ued, the WD33C93A examines the Command Phase 
Register to determine where to restart the Select-And­
Transfer command execution. This feature, in conjunc­
tion with the Intermediate Disconnect Interrupt 
enabled, allows support of multi-threaded or over­
lapped 110 on the SCSI bus. 

(1) Reselect-and-Receive command, EDI = 0, 
and SCC = don't care: 

, Reselection phase; 
• Send Identify Message In; 
• Receive Data Out phase; 
• Completion interrupt. 

(2) Reselect-and-Send command, EDI = 0, 
and SCC = don't care: 

• Reselection phase; 
• Send Identify Message In; 
• Receive Data In phase; 
• Completion interrupt. 

(3) Reselect-and-Receive command, EDI = 1, 
and SCC=O: 

• Reselection phase; 
• Send Identify Message In; 
• Receive Data Out phase; 

The table above briefly describes the valid settings of 
the Command Phase register when resuming a Select­
And-Transfer command: • Chain to Se.nd-Status-and-Command Complete. 

7,6,2 RESELECT·AND· TRANSFER 
(OA AND 08 HEX) 

The Reselect-And- Transfer commands include the 
Reselect-and-Receive Data and the Reselect-and­
Send Data commands. These commands cause the 
WD33C93A to execute certain common SCSI bus 
phase sequences as a Target following a Reselection 
phase. These phases are determined by which com­
mand is sent, and the setting of two bits: the EDI bit in 
the Control Register; and the SCC bit in the Destination 
10 register. The SCSI bus phase sequences are sum­
marized below. Refer to the command descriptions of 
the Send-Status-And-Command-Complete and Send­
Disconnect-Message commands for details on those 
sequences. 

(4) Reselect-and-Send command, EDI = 1, 
and SCC=O: 

• Reselection phase; 
• Send Identify Message In; 
• Receive Data In phase; 
• Chain to Send-Status-And-Command Complete. 

(5) Reselect-and-RCV command, EDI = 1, 
and SCC=1: 

• Reselection phase; 
• Send Identify Message In; 
• RCV Data Out phase; 
• Chain to Send-Disconnect-Message. 
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(6) Reselect·and·Send command, EDI = 1, 
and SCC=1: 

• Reselection phase; 
• Send Identify Message In; 
• Send Data In phase; 
• Chain to Send· Disconnect· Message. 

If the res election attempt times out during a Reselect· 
And· Transfer command, ATN· is asserted and HA = 1, 

COMMAND MEANING 
PHASE 

or if a parity error is detected on an incoming data byte 
(and HSP = 1 or HHP = 1, depending on data direction), 
the command will be terminated and the appropriate 
status will be set. In this case, the Command Phase 
register should be evaluated to determine the last suc· 
cessfully completed phase. If none of these conditions 
occurs, all phases complete normally, and if EDI = 0, 
then a "successful completion" interrupt would be gen· 
erated at this point. However, if EDI = 1, no interrupt is 

No SCSI bus device has been reselected. The WD33C93A is in the disconnected 
00 state. 

10 
The WD33C93A has successfully reselected the Initiator. The WD33C93A is now in 
the connected as a Target state. 

20 The Identify message has been successfully sent to the Initiator. 

46 The requested data transfer has been completed. 

generated and command chain occurs (as described 
above). 

The following table summarizes the possible values 
that the Command Phase register can take during the 
Reselect·And· Transfer commands, and their meanings 
relative to command termination. See other command 
descriptions for additional values that can occur when 
command chaining is used. 

A "Resume Reselect·And· Transfer" command is 
assumed whenever a normal "Reselect·And·Transfer" 
command is issued while the WD33C93A is in the 

COMMAND MEANING 
PHASE 

Connected as a Target state. When the "Resume" is 
issued, the WD33C93A examines the Command Phase 
Register to determine where to restart the Reselect· 
And·Transfer command execution. This feature, in con· 
junction with the capability to chain to other combina· 
tion commands, allows longer SCSI bus sequences to 
be executed by a single command. 

The following table briefly describes the meaning of the 
Command Phase register when resuming a Reselect· 
And·Transfer command: 

10 Resume after Initiator reselection is complete; start with Identify Message Out. 

Resume after Identify Message Out; start with data transfer phase. If Transfer Count 
20 is zero, no data transfer phase occurs. In either case, a chain to another combination 

command can occur if enabled. 

7.6,3 WAIT-FOR-SELECT-AND- RECEIVE 
(OC HEX) 

The Wait·For·Select·And·Receive causes the 
WD33C93A to idle until it is selected by an Initiator, at 
which time the WD33C93A will enter the Target mode 
and message and command information will automat· 
ically be requested. As an option, the WD33C93A may 
be programmed to disconnect when a SCSI read com· 
mand is received while executing a Wait·For·Select· 
And·Receive command. Use of this command therefore 
eliminates the interrupts which normally occur after 
selection and after each subsequent SCSI bus phase, 
and results in very short bus·connect time during SCSI 
read commands. 

Ii ATN· was asserted by the Initiator during the selection 
phase, the WD33C93A will first execute an implied 
"Receive Message Out" command to get the Identify 

message from the Initiator, before continuing on with 
the implied "Receive Command" to receive the SCSI 
command information. The SCSI command information 

(COB) will be stored in the COB registers (Hex 
addresses 03 to OE), and if a valid Identify message is 
received, it will be saved in the Target Lun register (Hex 
address OF). The number of command bytes requested 
by the WD33C93A is determined by the SCSI group 
code in the first byte of the COB. 

After the WD33C93A is selected and receives all valid 
command and message information, a "successful 
completion" interrupt will normally be generated to 
allow the local processor to read out and interpret the 
SCSI COB. However, by setting the EDI bit prior to 
issuing a Wait·For·Select·And·Receive command, the 
WD3?C93A is enabled to perform an automatic discon· 
nect when a SCSI read command is received. There· 
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fore, when EOI = 1 and the 1st CDB byte received 
contains a 6, 10 or 12 byte read command code, then 
the WD33C93A will temporarily suppress the interrupt 
and chain to begin execution of a Send-Disconnect­
Message command. An interrupt will then be generated 
after completion of this command, which normally 
would indicate a transition to the bus free condition. 
Refer to the Send-Disconnect-Message command 
description for more details. 

If during execution the message or command informa­
tion received from the Initiator is invalid, the implied 
receive command will be terminated and the appropri­
ate status reported. In this case, the Command Phase 
register should be read to determine which phase of the 
Wait-For-Select-And-Receive command was last com-

COMMAND MEANING 
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pleted before the error condition occurred. A Command 
Phase Hex value of Hex 10 indicates that the 
WD33C93A was successfully selected. A Hex value of 
20 indicates that a message was received from the 
Initiator, and when the W033C93A begins receiving 
command bytes, the Command Phase is set to Hex 30 
and increments with each byte received (to a maximum 
of 3C for a 12-byte COB command). 

The following table summarizes the possible values 
that the Command Phase register can take during the 
Wait-For-Select-And-Receive command, and their 
meanings relative to command termination. See other 
command descriptions for additonal values that can 
occur when command chaining is used. 

00 The WD33C93A has not been selected. The W033C93A is in the disconnected state. 

10 
The WD33C93A has been succossfully selected by the Initiator. The WD33C93A is 
now in the connected as a Target state. 

20 The Identify message has been successfully received from the Initiator. 

30 
The W033C93A has begun command phase by setting the SCSI bus phase signals 
and asserting REO-. 

31 
The WD33C93A has transferred 1 command byte from the Initiator. The SCSI Status 
may indicate the need for the host to load the command size into the OWN 10 register. 

3x The WD33C93A has transferred x command bytes from the Initiator. 

A "Resume Wait-For-Select-And-Receive" command is 
assumed whenever a normal "Wait-For-Select-And­
Receive" command is issued while the WD33C93A is in 
the Connected as a Target state. When the "Resume" is 
issued, the WD33C93A examines the Command Phase 
Register to determine where to restart the Wait-For­
Select-And-Receive command execution. This feature, 

in conjunction with the capability to chain to other 
combination commands. allows longer SCSI bus 
sequences to be executed by a single command. 

The following table briefly describes the meaning of the 
Command Phase register when resuming a Wait-For­
Select-And-Receive command: 

COMMAND MEANING 
PHASE 

10 
Resume after selection by the Initiator is complete; start with Identify Message Out if 
ATN is asserted. otherwise, start with command phase. 

20 
Resume after a message out; ct'ieck the received message in the Target Lun register 
for a valid Identify message. 

30 Resume after Identify message out. Start with command phase. 

Resume after the WD33C93A has transferred 1 command byte from the Initiator. This 
31 resume point is used only when an unknown group code has been detected in 

Advanced Mode, and the command size has been loaded into the Own 10 register. 
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7.6.4 SEND-STATUS-AND-COMMAND-
COMPLETE (00 HEX) 

The Send-Status-And-Command-Complete command 
, is valid in the Target role, and is used to complete a 

SCSI operation by transferring the appropriate status 
information to the Initiator prior to disconnection from 
the SCSI bus. This command also supports linked SCSI 
operations by optionally allowing a linked command­
complete message to be sent after the status is trans­
ferred. Linked command complete messages are 
controlled by the CDB12 register with bits that corre­
spond to the standard linked command control bits in 
the CDB. 

Before a Send-Status-And-Command-Complete com­
mand is issued, the CDB11 register must be loaded with 
a status byte which will then be transferred across the 
SCSI bus. Also, the link control bits from the current 
CDB must be loaded into the CDB12 register to ensure 
that the correct sequence occurs. Note that the bits 
used by the WD33C93A are identical in meaning to the 
SCSI standard link control bits. The host processor may 
simply load the control byte from the current SCSI 
command into CDB12 to get the correct function. As the 
command execution progresses, the Command Phase 
register will be updated to indicate the last phase 
completed. 

The possible sequences caused by this command are 
as follows: 

(1) CDB12 bitO = 0, bit1 = don't care: The status byte in 

COMMAND MEANING 
PHASE 

CDB11 is sent, followed by a Command Complete 
message (00 Hex). A "successful completion" inter­
rup now occurs. 

(2) CDB12 bitO= 1, bit1 = 0: The status byte in CDB11 is 
sent. followed by a Linked Command Complete 
message (OA Hex). A chain to the command fetch 
portion of Wait-for-Select-and-Receive then occurs 
to fetch the next COB from the Initiator. WD33C93A 
command execution proceeds as described for that 
command. 

(3) CDB12 bitO = 1, bit1 = 1: The status byte in CDB11 is 
sent. followed by a Linked Command Complete with 
Flag message (OB Hex). A chain to the command 
fetch portion of Wait-for-Select-and-Receive then 
occurs to fetch the next CDB from the Initiator. 
WD33C93A command execution proceeds as 
described for that command. 

A Send-Status-And-Command-Complete command 
may be terminated by ATN- asserted when HA = 1, or 
when a Disconnect or Reset command is issued. In 
addition. it may be aborted on a SCSI bus-phase 
boundary by issuing an Abort command. 

The following table summarizes the possible values 
that the Command Phase register can take during the 
Send-Status-and-Command-Complete command. and 
their meanings relative to command termination. See 
other command descriptions for additional values that 
can occur when command chaining is used. 

00 No operation occurred; typically. ATN- was found to be asserted. 

50 Status phase transfer completed. 

60 Command Complete message transfer completed. 

61 Linked Command Complete message transfer completed. 

A "Resume Send-Status-And-Command-Complete" 
command is assumed wheneve a normal "Send-Sta­
tus-And-Command-Complete" command is issued 
while the WD33C93A is in the Connected as a Target 
state. When the "Resume" is issued, the WD33C93A 
examines the Command Phase Register to determine 
where to restart the Send-Status-And-Command-Com-

COMMAND MEANING 
PHASE 

plete command execution. This feature. in 
conjunction with the capability to chain to other com­
bination commands. allows longer SCSI bus 
sequences to be executed by a single command. 

The following table briefly describes the meaning of the 
Command Phase register when resuming a Send-Sta­
tus-And-Command-Complete command: 

50 Resume after status phase. Start with command complete message. May chain to 
command fetch if commanded to do so. 
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7.6.5 SEND-DISCONNECT-MESSAGE 
(OE HEX) 

The Send-Disconnect-Message command is a Target­
role command which may be used to disconnect from 
the SCSI bus at any time during a SCSI command 
sequence. This command consists of sending a Discon­
nect message byte, followed by physical disconnection 
from the bus (SCSI bus free). An interrupt is generated 
only after transition to bus free occurs. As an option, a 
Save Data Pointers message will automatically be sent 
before the Disconnect message whenever the 101 bit is 
set prior to issuing this command. 

The Command Phase register is updated during execu­
tion of the Send-Disconnect-Message command to 
indicate bus phase status. After a Save Data Pointers 

COMMAND MEANING 
PHASE 

WD33C93A 

message is sent, the Command Phase will be set to 
41H. After the Disconnect message transfer. this regis­
ter will be updated to 42H. and after disconnection the 
Command Phase register will contain a 43H. 

A Send-Disconnect-Message command may be termi­
nated by ATN- asserted when HA = 1. or when a Discon­
nect or Reset command is issued. In addition, it may be 
aborted on a SCSI bus-phase boundary by issuing an 
Abort command. 

The following table summarizes the possible values 
that the Comn.and Phase Register can take during the 
Send-Disconnect-Message, and their meanings rela­
tive to command termination. See olher command 
descriptions for additional values that can occur when 
command chaining is used. 

00 No operation occurred; typically, ATN- was found to be asserted. 

41 The Save Data Pointer message was transferred. 

42 The Disconnect message was transferred. 

43 The bus free state occurred after the Disconnect message was transferred. The 
WD33C93A is now in the disconnected state. 

8. ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin with respect to GND 
Operating temperature 
Storage temperature 
Power dissipation 
Input Static Discharge Protection 

DC OPERATING CHARACTERISTICS 
Ta = 0 to 70 deg. C 
VCC = +5V +/- .25V, GND = OV 

SYMBOL CHARACTERISTICS 

ilL INPUT LEAKAGE 

10L1 SCSI OUTPUT LEAKAGE 
(INACTIVE) 

tOL2 OUTPUT LEAKAGE 
(TAl-STATE) 

VIH INPUT HIGH VOLTAGE 

VIL INPUT LOW VOLTAGE 

VIHYS SCHMITT TRIGGER INPUT 
HYSTERISIS (ALL SCSI PINS) 

VOH OUTPUT HIGH VOLTAGE 

VOLl SCSI OUTPUT LOW VOLTAGE 

VOL2 OUTPUT LOW VOLTAGE 
(ALL OTHERS) 

ICC SUPPLY CURRENT 

- 0.5V to + 7.0V 
o to 70 degrees C 
- 55 to + 125 degrees C 
500 mW 
1200 V pin to pin 

MIN MAX UNITS 

10 uA 

50 uA 

10 uA 

2.0 V 

0.8 V 

0.2 V 

2.4 V 

0.5 V 

0.4 V 

20 mA 
c-. 

12-12-90 

CONDITIONS 

VIN = .4 TO VCC 

VOUT = .5 TO 
VCC 

VOUT = .4 TO 
VCC 

10 = -400 uA 

10 = 48.0 mA 

10 = 4.0 mA 

Ta = + 25 deg. C 
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9. TIMING CHARACTERISTICS 
Timing characteristics are valid over the entire operat­
ing temperature (0 to 70 deg. C) and voltage (4.75 to 
5.25 Volts) ranges. and are referenced to and from a low 
voltage of 0.8 volts and a high voltage of 2.0 volts. All 
outputs are assumed to have a load capacitance of 50 
picofarads. 

Manyof the SCSI bus timing parameters that follow are 
defined in terms of an internal clock cycle time that is 
determined by the input clock and the clock divisor 
selected in the OWN ID register. This cycle time is 
calculated as follows: 

Tcyc 
Ticlk * DIVISOR 

2 

9.1 PROCESSOR/DMA INTERFACE 
9.1.1 ClK 

SYMBOL CHARACTERISTIC 

lep CLOCK PERIOD 
leh CLOCK HIGH 
le, CLOCK LOW 

Where: 

Tcyc is the internal clock cycle time; 

Ticlk is the period of the clock at the MCK input; 

DIVISOR is the clock divisor selected in the OWN ID 
register. 

For example, with a 16MHz clock input to the 
WD33C93A, the clock divisor selected would be 4. 
Therefore. the value of Tcyc would be: 

Tcyc = -'-__ 6_2._5_n..:.s..:..ec;.......*4 ___ = 125 nsec 
2 

MIN MAX UNITS 

62.5 125 ns 
28 ns 
28 ns 

J 4 
l"p--~I 

~~ ~ -- ~ ---..~ II----------,~ MCK-----/1_ 

9.1.2 "M"R 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tmr MR PULSE WIDTH 1 us 

MR--------\ 

1"--4 tmr -~( 
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9.1.3 PROCESSOR WRITE - INDIRECT ADDRESSING MODE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

I.vwl ADDR VALID TO WE LOW 0 ns 
IcIWI CS LOW TO WE LOW 0 ns 
!w. WE PULSE WIDTH 120 ns 
~VWh DATA VALID TO WE HIGH 70 ns 
twh81 WE HIGH TO ADDR. INVALID 0 ns 

!whCh WEHIGH TO CS HIGH 0 lis 
!whd. WE HIGH TO DATA INVALID 0 ns 
Iwhwi WE HIGH TO WE OR RE LOW 100 ns 

AO 

1'- IAVWL~ .IWHAI '" 

~tCLWL .... f.- IWHCH 

\ 

• IWE ~ .. tWHwL ~ 

\ / \-

,~ tOVWH ---. ..... tWHOI1 

00-07 
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9.1.4 PROCESSOR READ - INDIRECT ADDRESSING MODE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
, 

I."" ADDR VALID TO RE LOW 0 ns 

lei" CS LOW TO RE LOW 0 ns 
I,e RE LOW TO DATA VALID 180 10000 ns 

l"dY RE PULSE WIDTH LOW TO DATA VALID 180 180 ns 

I'heh RE HIGH TO CS HIGH 0 ns 
I,hd; RE HIGH TO DATA INVALID 10 40 ns 

l'h'l RE HIGH TO RE OR WE LOW 100 ns 
trh8i RE HIGH TO AO INVALID 0 ns 

I ~ IAVRL ---. 
~ IRHAI I~ 

AO 

~IcLRL'" ~IRHCH--'I 

\ 

4 IRE ~ .. ,IRHRL .. 
\ J \-

~ IRLDV--"I ----- IRHDI I· 
00·07 
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9.1.5 PROCESSOR WRITE - DIRECT ADDRESSING MODE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tavsl ADDR VALID TO ALE LOW 40 ns 
tal81 ALE LOW TO ADDR INVALID 0 ns 
taJW1 ALE LOW TO WE LOW 90 ns 

"',w, CSLOW TO WE LOW 0 ns 
twe WE PULSE TO WE HIGH 120 ns 
Ic,vwh DATA VALID TO WE HIGH 70 ns 
!wheh WE HIGH TO CS HIGH 0 ns 
tWhdi WE HIGH TO DATA INVALID 0 ns 
tWhWI WE HIGH TO WE OR RE LOW 100 ns 

ALE 

----- IcLWL - --- tWHCH 1--
\ 

~tALWL-" ... tWE • ~ tWHWL --.. 

\ / \c-

~ tAVAL -" 
...... t

ALA
' .. ' 

,~tDVWH ..... 1 ~ twHD,"1 

DO·D7 ==x'--________ XXiXXI<XXXXXY\;'-_____ ~X'_ _____ _ 
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9.1.6 PROCESSOR READ - DIRECT ADDRESSING MODE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 
, 

taval ADDR VALID TO ALE LOW· 40 ns 
lalai ALE LOW TO ADDR INVALID 0 ns 

lal'l ALE LOW TO RE LOW 30 ns 

lei" CS LOW TO RE LOW 0 ns 

I.e RE PULSE WIDTH 180 10000 ns 
tr1dv RE LOW TO DATA VALID 180 ns 

l'heIl RE HIGH TO CS HIGH 0 ns 
Irhdi RE HIGH TO DATA INVALID 10 40 ns 
t,M RE HIGH TO RE OR WE LOW 100 ns 

ALE 

~ IcLRL .. ----.. IRHCH I" 
\ \ 

-4- IALRL -+- ... IRE .. .. IRHRL --.. 

-1'~'1 
\ / \L-

~IAVAL-' -.--
IRLOV -'1 ~ IRHOI I~ 

DO-D7 X ______ .::.:ad=.:;d:;.:re:..::s=..s __ ...JXXXXXXXXXXXXX x'-____ _ 
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9.1.7 DMA WRITE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

Ic!twI DACK LOW TO WE LOW 0 ns 

Ic!lqh DACK, WR LOW TO DRO HIGH 40 90 ns 

Iwr WE PULSE WIDTH 50 ns 

Iwhwf WE HIGH TO WE LOW 100 ns 

Ic!VWh DATA VALID TO WE HIGH 25 ns 

Iwhdh WE HIGH TO DACK HIGH 0 ns 

Iwhdi WE HIGH TO DATA INVALID 0 ns 

Ic!hql DACK HIGH TO DRO LOW 30 ns 

tOLOH .... -Cl----

DRO (OUT) 

t OLWL -- tWA --.. tWHDH - tOHOL 

DACK (IN) ------. 

.. IWHWL 

DO-D7 

NOTE: External load on DRO & DACK is assumed 10 be lKO. 
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9.1.8 .DMA READ 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

1eI1" DACK LOW TO RE LOW 0 ns 

IeIlQh DACK. RE LOW TO DRO HIGH 40 90 ns 

t,.d RE PULSE WIDTH 80 ns 

I"," RE HIGH TO RE LOW 100 ns 

Irldv RE LOW TO DATA VALID 70 ns 

t,.hdh RE HIGH TO DACK HIGH 0 ns 

trhdi RE HIGH TO DATA INVALID 5 40 ns 

I"'dl DRO HIGH TO DRO LOW 100 ns 

IeIhql DACK HIGH TO DRO LOW 30 ns 

I 
~ 

ORO (OUT) 

IOHQL 

OACK (IN) 

---. IRLDV 1 ..... ---tI~ tRHOI 1"---
00-07 ----------~xxxxXXX~------~xxxxxxxxxxxxxxXXXXXXXXX 

NOTE: External load on ORO & DACK is assumed to be 1KO. 

29-42 12-12-90 



WUJJG93A 

9.1.9 WO-BUS BUFFER WRITE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

Iqhsl ORO HIGH TO Res LOW 0 ns 
t.1wv Res LOW TO WE VALID 0 20 ns 
two WE PULSE WIDTH Tcyc-20 ns 
!w,dv WE LOW TO DATA VALID 50 ns 
!whd, WE HIGH TO WE LOW 30 ns 
!whwl WE HIGH TO WE LOW Tcyc-20 ns 
!q,.h ORO LOW TO Res HIGH 8*Tcyc 1 0* Tcyc ns 
tShWi Res HIGH TO WE INVALID 0 100 ns 

~ IaHSL ..- IoLsH --.. 
r-~------------------------~------___ 

ORO (IN) 

Res (OUT) 

WE (OUT) 

..- tWLDv -1 tWHDI1 

--------------------~X~ ______ ~X~---------------------00-07 
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9.1.10 WD-BUS BUFFER READ 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

~hof ORO HIGH TO RCS LOW 0 ns 
Iotrv RCS LOW TO RE VALID 0 20 ns 
t,., RE PULSE WIDTH Tcyc-20 ns 
Ictvrh DATA VALID TO RE HIGH 10 ns 
t,.hdi RE HIGH TO DATA INVALID 10 ns 
~rl RE HIGH TO RE LOW TCYC-20 ns 
~I.h ORO LOW TO Res HIGH 8*Tcyc 10* Tcyc ns 
Ishri RCS HIGH TO RE INVALID 0 100 ns 

....- IoHsL 

DRW(IN) 

--.. TSLRV ....-

RCS (OUT) 

RE (OUT) 

00-07 

I~ tovRH --.. t RHOI r-
--------------~X~ ______________ ~Xr----------------------
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9.1.11 BURST DMA WRITE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

IoIw1 DACK LOW TO WE LOW 0 ns 
Iwlqh WE LOW TO DRO HIGH 75 ns 
Iw, WE PULSE WIDTH 50 ns 
Iwhwl WE HIGH TO WE LOW 80 ns 
Iovwh DATA VALID TO WE HIGH 25 ns 
Iwhdh WE HIGH TO DACK HIGH 0 I ns 
lwMi WE HIGH TO DATA INVALID 0 ns 

DRO(OUT) 

tWHDH ~ 

DACK (IN) 

DO-D7 
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9.1.12 BURST DMA READ 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

I.:!lrI DACK LOW TO RE LOW 0 ns 
I"qh RE LOW TO ORO HIGH 75 ns 
Ird RE PULSE WIDTH 80 ns 
Imrl RE HIGH TO RE LOW 80 ns 

I 

trn., RE LOW TO DATA VALID 50 ns 
Imdh RE HIGH TO DACK HIGH 0 ns 
!,hdi RE HIGH TO DATA INVALID 5 40 ns 

ORO (OUT) 

~ tALOH ~I 

1 10LAL 

~ IAO ----" ~ tAHOH l-4--
/ \ DACK (IN) 

~ tAHRL -... 

\ / \ 

~ tALOV r- IRH01 I~ 
00-07 ________________ ~x~ ______ ~x~ ________ ~x~ ______ ~x~ ____ _ 
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9.1.13 INTRa 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

';M INTRa HIGH'TO RE LOW 0 ns 

'" 
RE PULSE WIDTH 180 ns 

tthil RE HIGH TO INTRa LOW 0 100 ns 

tllih INTRa LOW TO INTRa HIGH 100 ns 

.- 'IHAL" ~ 'AHIL ---.. ~ 'ILlH-" 

INTRa / \ 
.....- 'AI ~ 

\ V 
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9.2 SCSI INTERFACE 
9.2.1 ARBITRATION 

SYMBOL CHARACTERISTIC 

4.hb' BSY. SEL IN HIGH TO BSY OUT LOW 

4.'00 BSY OUT LOW TO BUS 10 OUT 

4.'s' BSY OUT LOW TO SEL OUT LOW 

'4 
I 

tSHSL ~ 

\ 

~ 

~ tSLIO 

MIN MAX UNITS 

12* Tcyc 16* Tcyc ns 

-50 50 ns 

2.2 us 

tSLSL 

--.1 '\ 

OBx . - - - - - - - - - - - - - - - - - - - - - - - - - - - -('-_________ _ 

Igroup 

Tgroup 

NOTE: Tgroup = signals driven by a Target = 110, C/O, MSG. REQ 
Igroup = signals driven by an Initiator = ATN, ACK 
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9.2.2 SELECTING A TARGET (AS AN INITIATOR) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

t5100 SEL OUT LOW TO "OR-ED" 10 OUT 1.2 us 

!"vao "OR-ED" 10 OUT VALID TO ACK. ATN OUT 100 ns 

taobh ACK, ATN OUT VALID TO BSY OUT HIGH 100 ns 

tbhbv BSY OUT HIGH TO BSY IN LOW VALID 400 ns 

tblsh BSY IN LOW TO SEL OUT HIGH 100 ns 

tsLOO 

-+tOVAO 

Tgroup 

NOTE: Tgroup = signals driven by a Target = 1/0, C/O, MSG, REQ 
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9.2.3 RESPONSE TO SELECTION (AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tSlbh SEL IN LOW TO BSY IN HIGH 0 ns 

t1vbh "OR-ED" 10 VALID IN TO BSY IN HIGH 0 ns 

tbhbl SEL LOW, 10 VALID, BSY HIGH TO BSY LOW 0.4 200 US 

4,'0' BSY OUT LOW TO "OR· ED" 10 INVALID IN 0 ns 

tblsh BSY OUT LOW TO SEL IN HIGH 0 ns 

tavsh ATN VALID IN TO SEL IN HIGH 0 ns 

tShlO SEL IN HIGH TO Tgroup OUT 100 ns 

tBHBL 

--- - --- --- -----~ ____________________________ __J 

Tgroup 

• tSHIO 1 .... -

---------------------------------------~ 

NOTE: Tgroup = signals driven by a Target = 1/0, CID, MSG, REQ 
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9.2.4 RESELECTING AN INITIATOR (AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

"'00 SEL OUT LOW TO "OR·EO·' 10 OUT 1.2 us 

Iovoo "OR·EO" 10 VALID TO 1/0 and Tgroup OUT 100 ns 
VALID 

~Obh 1/0 and Tgroup OUT VALID TO BSY OUT HIGH 100 us 

tbhbv BSY OUT HIGH TO BSY IN LOW VALID 400 ns 

tblsh BSY IN LOW TO SEL OUT HIGH 100 ns 

j... 'OVIO I ~ t 'OSH 

1/0 -------------------~rl-------------------------------
I 
I Igroup __________________ _ I 

Tgroup _______________________________________________ _ 

NOTE: Tgroup = signals driven by a Target = CIO, MSG, REO 
Igroup = signals driven by an Initiator = ATN, ACK 
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9.2.5 RESPONSE TO RESElECTION (AS AN INITIATOR) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

\s'bh SEL IN LOW TO BSY IN HIGH 0 ns 

~vbh "OR-ED" 10 VALID IN TO BSY IN HIGH 0 ns 

~'bh I/O IN LOW TO BSY IN HIGH 0 ns 

!t,hao SEL LOW. 10 VALID. BSY HIGH TO Igroup OUT 100 ns 

tavb, Igroup VALID OUT TO BSY OUT LOW 100 ns 

!t,hbl BSY IN HIGH TO BSY OUT LOW 0.4 200 us 

!t,'Oi BSY OUT LOW TO "OR-ED" INVALID IN 0 ns 

It,'Sh BSY OUT LOW TO SEL IN HIGH 0 ns 

\shbh SEL IN HIGH TO BSY OUT HIGH 0 ns 

BSY ____ ~~ __ -----J ,.-______ __ 

t'VBH 

DBx '- - - ---
~----_r--------------.----------------J 

Igroup - - - - - - - - - - - - - - - - - - -_-...:::,' :V'~' _________________ _ 
110 1 t,," t,"~ 

~ro~-----------------------------------------------

NOTE: Tgroup = signals driven by a Target = C/O. MSG. REO 
Igroup = signals driven by an Initiator = ATN. ACK 

BSY will still be driven low by the reselecting target. 
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9.2.6 RECEIVE ASYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS AN INITIATOR) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

t'hpc SEL IN HIGH TO PHASE CHANGE IN 0 I ns 

~'dt I/O IN LOW TO DATA BUS TRISTATE 0 125 ns 

tPCrl PHASE CHANGE IN TO REO IN LOW 400 ns 

!.,vrl DATA VALID IN TO REO IN LOW 0 ns 

trlol REO IN LOW TO ACK OUT LOW 0 175 ns 

ta1di ACK OUT LOW TO DATA INVALID IN 0 ns 

ta1rh ACK OUT LOW TO REO IN HIGH 0 ns 

t,hah REO IN HIGH TO ACK OUT HIGH 0 175 ns 

tahPC ACK OUT HIGH TO PHASE CHANGE IN 0 ns 

~ 

-------

----... t SHPC ... -4- t 'lOT tovAl ...- ... tAlOI r-
\ r--

,I 
Phas e X X 

I .. tpCAl 

\ J 

.tAlAl• • tAlAH ... tAHAH+ tAHPC • ~ 
\ 

ATN--------------------------------------------------------------------__ 

NOTE: Phase = signals that define the bus phase C/D, MSG 
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9.2.7 SEND ASYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

t,hpc SEL IN HIGH TO PHASE CHANGE OUT 100 ns 

t. ldo 1/0 OUT LOW TO DATA OUT 800 ns 

"'v,, DATA OUT VALID TO REO OUT LOW 55 ns 

tpc,' PHASE CHANGE OUT TO REO OUT LOW 500 ns 

trial REO OUT LOW TO ACK IN LOW a ns 

talrh ACK IN LOW TO REO OUT HIGH 0 175 ns 

trhdl REO OUT HIGH TO DATA OUT INVALID 0 ns 

trhah REO OUT HIGH TO ACK IN HIGH 0 ns 

t.hpc ACK IN HIGH TO PHASE CHANGE OUT 100 ns 

tahrl ACK IN HIGH TO REO OUT LOW 0 175 ns 

J ~tAHD'+-

~tSHPC. 
-+-- t'lDO 

J tovAl • I I \ 
(PCAl 

Phase X 

\ / L 
tRlAl .. .... tAlRH • ~tAHAH" ~tAHPC" 

\. / 
~ tAHAl -. 

ATN ------------------------------------------------------------------

NOTE: Phase = signals that define the bus phase C/D. MSG 
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9.2.8 SEND ASYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN INITIATOR) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

IShPC SEL IN HIGWro PHASE CHANGE IN 0 ns 

llhdO 1/0 IN HIGH TO DATA OUT 0 ns 

lpcII PHASE CHANGE IN TO REO IN LOW 400 ns 

trial REO IN LOW TO ACK OUT LOW 0 175 ns 

~val DATA OUT VALID TO ACK OUT LOW 55 ns 

talrh ACK OUT LOW TO REO IN HIGH 0 ns 

trhBh REO IN HIGH TO ACK OUT HIGH 0 175 ns 

tahd! ACK OUT HIGH TO DATA OUT INVALID 0 ns 

lahpc ACK OUT HIGH TO PHASE CHANGE IN 0 ns 

-----I 

--. t SHPC t ,HDO I" tDVAl -.. tAHDI ~ 
J I 

Phase 

I .. tpCAl 

\ ~ --.. tAlAl~ ~tALAH~tAHAH" ~tAHPC ~ 
\ 

NOTE: Phase = signals that define the bus phase C/D, MSG 
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9.2.9 RECEIVE ASYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

lshpc SEL IN HIGH TO PHASE CHANGE OUT 100 ns 

i,hd' 1/0 OUT HIGH TO DATA BUS TRISTATE 0 ns 

Ipcn PHASE CHANGE TO REO OUT LOW 500 ns 

Irla' REO OUT LOW TO ACK IN LOW 0 ns 

~va' DATA IN VALID TO ACK IN LOW 5 ns 

t.l,h ACK IN LOW TO REO OUT HIGH 0 175 ns 

I,hdi REO OUT HIGH TO DATA IN INVALID 0 ns 

t'hah REO OUT HIGH TO ACK IN HIGH 0 ns 

tahpc ACK IN HIGH TO PHASE CHANGE OUT 0 ns 

taM ACK IN HIGH TO REO OUT LOW 0 175 ns 

J 

x- -- ------ X 
-... tSHPC .... ... I'HOT tOVAl ---. t RHOI ~ 

/ I \.x ... tpCRl I 
Phase ) 

\ J '--
---.. tRlAl .... :.tAlRH • • t RHAH • ......tAHPC .......-

\. J 
--+ tAHRl ...--

ATN ----------------------------__________________________________ __ 

NOTE: Phase = signals that define the bus phase C/D. MSG 
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9.2.10 RECEIVE SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS AN INITIATOR) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

~vn DATA VALID 'IN TO REO IN LOW 0 ns 

Ind, REO IN LOW TO DATA INVALID 45 ns 

In'" REO IN LOW TO REO IN HIGH 50 ns 

I"", REO IN HIGH TO REO IN LOW 50 ns 

tarah ACK OUT LOW TO ACK OUT HIGH Teye-l0 ns 

tahaJ ACK OUT HIGH TO ACK OUT LOW Teye-25 ns 

t.hpc ACK OUT HIGH TO PHASE CHANGE 0 ns 

PARAMETERS tshpe, Iildt, and tperl ARE ALSO APPLICABLE AND ARE IDENTICAL TO THOSE IN 9.2.6. 

DBx---~X ____ r-__________ ~.~ ____________________ -'~ __________________ __ 

tDVAL ~ tALD,----.1 

I/O /XXAX 

--------+--------------------------------~----------------------------~~ 
Phase ~ 

~ IALAH 4 tAHAL 1""-
REO------..... .1 ~~ __________ _J ~L ________ ~ 

ACK--------------------; 

1.-
ATN----------------------------------------------------------------------

NOTE: Phase = signals that define the bus phase C/O, MSG 
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9.2.11 SEND SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX 

!"vrl DATA VALID OUT TO REO OUT LOW 55 

trldl REO OUT LOW TO DATA INVALID OUT 100 

trl,h REO OUT LOW TO REO OUT HIGH Teye-10 

tmrl REO OUT HIGH TO REO OUT LOW Teye-25 

taJah ACK IN LOW TO ACK IN HIGH 50 

tahal ACK IN HIGH TO ACK IN LOW 50 

tahpc ACK IN HIGH TO PHASE CHANGE OUT 0 

PARAMETERS tshpe, tildt, and tperl ARE ALSO APPLICABLE AND ARE IDENTICAL TO THOSE IN 
SUBSECTION 9.2.7. 

DBx-
"'t-DV-A-L--'-~----tA-LD-I--.-..J1 

I 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

1/0 /'5\.'XX.. 

--~----------------~I 
Phas=e ____ ~-----_.-----_,r_---------------------------/, 

.- tALAH ----'1 tAHAL I 
:::~~~~~~_\ ____ ____,~ ~ (\ j I,"" ~ 

~r----t-A-LA-H------.-----1i.-tAHAL -..\-I-----~ 
ATN---------------------------------------------------

NOTE: Phase = signals that define the bus phase C/D, MSG 
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9.2.12 SEND SYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN INITIATOR) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

I.Jv.' DATA VALID OUT TO ACK OUT LOW 55 ns 

tald! ACK OUT LOW TO DATA INVALID OUT 100 ns 

tr1rh REO IN LOW TO REO IN HIGH 50 ns 

trhrl REO IN HIGH TO REO IN LOW 50 ns 

tarah ACK OUT LOW TO ACK OUT HIGH Teyc·10 ns 

tahar ACK OUT HIGH TO ACK OUT LOW Teyc·25 ns 

tahPC ACK OUT HIGH TO PHASE CHANGE 0 ns 

PARAMETERS tshpc, tildt, and tperl ARE ALSO APPLICABLE AND ARE IDENTICAL TO THOSE IN 9.2.8. 

DBx ___ ,-------------------------, r---------------------~r--------------

.-- ·tOVAL ~ -4-- tALOI ~ 

Im--------------------------------------------+-------------------------

Phase~ ______ ~----------_.--------r_------------~----------------_,------
_ ________ ,...---- tALAH ~I. tAHAL ,~ 

REO"\j "\j 

ACK --------.----------"""'\ 
'r-----------~ 

1.-- tALAH ~I 
ATN ----------------------------------------------------------------------

NOTE: Phase = signals that define the bus phase C/O. MSG 

9.2.13 RECEIVE SYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

I.Jval DATA VALID IN TO ACK IN LOW 0 ns 

taldl ' ACK IN LOW TO DATA INVALID 45 ns 

t"rt1 REO OUT LOW TO REO OUT HIGH Teyc-10 ns 

trhrl REO OUT HIGH TO REO OUT LOW Teye-25 ns 

ta1ah ACK IN LOW TO ACK IN HIGH 50 ns 

tahaJ ACK IN HIGH TO ACK IN LOW 50 ns 

t.hPC ACK IN HIGH TO PHASE CHANGE OUT 0 ns 

PARAMETERS tshpc • t"dl' and tpc,' ARE ALSO APPLICABLE AND ARE IDENTICAL TO THOSE IN SUBSECTION 
9.2.9. 
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9.2.14 ARBITRATION TO BUS FREE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

t.lbh SEL IN LOW TO BSY HIGH~ DATA TRI-STATE 8*Teye ns 
+75 

BSY------------------------------~ 

SEL------------------------------------~ 
ISLBH~ 

DBX--------~<~===============================>~-------

9.2.15 . SELECTION (AS AN INITIATOR) OR RESELECTION (AS A TARGET) TO BUS FREE 
(SELECTION TIMEOUT) 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

I'.de TIMEOUT OR ABORT TO DATA BUS CLEARED 0 ns 

l.icsh DATA BUS CLEARED TO SEL OUT HIGH 200 US 

!shd' SEL OUT HIGH TO DATA BUS TRISTATE 800 ns 

!shih SEL OUT HIGH TO enll TRISTATE 800 ns 

BSY------------~/ 

SEL--------------------------------~ 

ISHDT I~ 
DBx ______________ _ 

----------------------~----~------~ I· tSHIH 

T8:g~g or --------------------------------------------.> _____________ _ 

NOTE: Tgroup = signals driven by a Target = 1/0, CID, MSG, REO 
Igroup = signals driven by an Initiator = ATN, ACK 
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9.2.16 CONNECTED-AS-AN-INITIATOR TO BUS FREE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tbhdl BSY IN HIGH TO DATA BUS TRISTATE 8* Tcyc ns 
+ 75ns 

~hgt BSY IN HIGH TO Igroup TRISTATE 8 * Tcyc ns 
+ 75ns 

BSY ________________________ -JJ 
--. tBHOT I~ 

----------------------------~------~ 

tBHGT 1'--
Igroup --------------------------------------) _____________ _ 

NOTE: Igroup = signals driven by an Initiator = ATN. ACK 

9.2.17 CONNECTED-AS-A-TARGET TO BUS FREE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tbhdt BSY OUT HIGH TO DATA BUS TRISTATE 8*Tcyc ns 
+ 75n5 

~hgt BSY OUT HIGH TO Tgroup TRISTATE 8* Tcyc n5 
+ 75n5 

BSY---------------J 

DBx ----------------- _____________ ~----J 

____ I~ 
~ro~ )--------------

NOTE: Tgroup = signals driven by a Target = 110. C/O. MSG, REO 
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PACKAGE DIAGRAMS 

I 
540! 015 PIN 11 0 
----
1372! 38 

~~~~~~~~~ 
020 : ~~~ 

r;:;;;:~~~~~~~J~': ~ 
075! 025 

190.1 64 100 ~ 010 

1 

t _ 
r.:~1 -it-~ 
'I "I I 

~ ...... O~DOOO,ra'~ 
U q ::::?{. i 
? y 
[J 

-r 

I~~~~~ --" 38'! 51 

...9-'-~-'_~~~ 
46! 08 

40 LEAD PLASTIC "PL" 
WD33C93A 

,\ 

44 LEAD PLASTIC "JM" 
WD33C93A 

12-12-90 

012 , 

30' 08 

-r 
645' 030 
16 38! 76 

J 



!~-

610 ! 015 

1549 ! 38 

_L __ 

L.---~ 
200, 025 

40 LEAD CERAMIC "AL" 
WD33C93A 

12-12-90 

PIN 11 0 -

• 

( b 

WD33C93A 

095!: 010 

241 :! 25 

600, 015 

1524'38 

OtC, 003 
--~------

25, 08 
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