
















































































































































9.2.11 SEND SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET) 

SYMBOL CHARACTERISTIC MIN MAX 

�~�V�r�l� DATA VALID OUT TO REO OUT LOW 55 

trldi REO OUT LOW TO DATA INVALID OUT 100 

trlrh REO OUT LOW TO REO OUT HIGH Tcyc-10 

trhrl REO OUT HIGH TO REO OUT LOW Tcyc-25 

talah 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 a 

PARAMETERS tshpc, tildt, and tpcrl ARE ALSO APPLICABLE AND ARE IDENTICAL TO THOSE IN 
SUBSECTION 9.2.7. 

-... tOVAl ... tRlDI �~�I� 

Phas e 
tRlRH --.. tRHRl .... 

\ \ 

• 
/ 

tAlAH --.. �~�t�A�H�A�l�-�.�1� 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

/XX)( 

I 

tAHPC .-.-

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

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

SYMBOL CHARACTERISTIC .MIN MAX UNITS 

~val DATA VALID OUT TO ACK OUT LOW 55 ns 

taldi ACK OUT LOW TO DATA INVALID OUT 100 ns 

trlrh REO IN LOW TO REO IN HIGH 50 ns 

trhrl REO IN HIGH TO REO IN LOW 50 ns 

talah ACK OUT LOW TO ACK OUT HIGH Tcyc-10 ns 

tahal ACK OUT HIGH TO ACK OUT LOW Tcyc-25 ns 

tahpc ACK OUT HIGH TO PHASE CHANGE 0 ns 

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

DBx _ r-------------~ ,.------------.,. r-------

lro----------------------+----------r---

Phase .. tRLRH 
~I 

I tRHRL ... 
\ \ ----. t AHPC ---

~ 
J 

I~ tALAH ---. tAHAL 

. ACK 

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 

~val DATA VALID IN TO ACK IN LOW 0 ns 

taldi ACK IN LOW TO DATA INVALID 45 ns 

trlrh REO OUT LOW TO REO OUT HIGH Tcyc-10 ns 

tmrl REO OUT HIGH TO REO OUT LOW Tcyc-25 ns 

talah ACK IN LOW TO ACK IN HIGH 50 ns 

tahal ACK IN HIGH TO ACK IN LOW 50 ns 

tahpc ACK IN HIGH TO PHASE CHANGE OUT 0 ns 

PARAMETERS tshpc• ~ldI. and lpcrl 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 

talbh SEL IN LOW TO BSY HIGH, DATA TRI-STATE 8*Teye ns 
+75 

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

SEL------------------------------------~\ 
~tSlBH---. 

DBx--~----~(~ __________________________________ ~)~-· --------

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

SYMBOL CHARACTERISTIC MIN MAX UNITS 

~adc TIMEOUT OR ABORT TO DATA BUS CLEARED 0 ns 

lcICSh DATA BUS CLEARED TO SEL OUT HIGH 200 us 

tshdt SEL OUT HIGH TO DATA BUS TRISTATE 800 ns 

tahih SEL OUT HIGH TO entl TRISTATE 800 ns 

BSY------------~I 

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

I~ 
DBx ---- -----------

--------------------------~----_r------~ 

1--
~roupor----------------------------------------~ 
Igroup )----- -- - ------

NOTE: Tgroup = signals driven by a Target = 110. C/O. MSG, REO 
Igroup = signals driven by an Initiator = ATN, ACK 
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9.2.16 CONNECTEO-AS-AN-INITIATOR TO BUS FREE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

tbhdt BSY IN HIGH TO DATA BUS TRISTATE 8.Tcyc ns 
+ 75ns 

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

BSY------------------------~I 
tBHDT 

DBx )----------------

Igroup ) - - - - - - - - - - - - - -

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

9.2.17 CONNECTEO-AS-A-TARGET TO BUS FREE 

SYMBOL CHARACTERISTIC MIN MAX UNITS 

~hdt BSY OUT HIGH TO DATA BUS TRISTATE 8.Tcyc ns 
+ 75ns 

~hgt BSY OUT HIGH TO Tgroup TRISTATE 8. Tcyc ns 
+ 75ns 

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

teHDT 1--
---------------------~------~ 

DBx ---------------------------------------------4---------/ 
tBHGT 

Tgroup _____________________________________ ) - - - - - - - - - - - - - -

NOTE: Tgroup = signals driven by a Target = 110, C/O, MSG, REO 
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Convertinl: from the WD33C93 to the WD33C93A 

The WD33C93 SCSI Bus Interlace Controller (SBIC) chip has been superseded by the 
WD33C93A. In general there should be no problems in converting from the non-A to the A part. 
The areas of differences between the two chips are listed in the following pages under 3 sections: 

I Changes in the WD33C93A that could cause conversion issues.................. pg 2 
These are design changes in the WD33C93A that are not compatible 
with normal hardware/fmnware design practices for the WD33C93. 

IT Changes in the WD33C93A that should not cause problems....................... pg 3 
These are design changes in the WD33C93A that will not cause problems 
with normal hardware/fmnware design practices in the WD33C93 but 
should be checked. 

m Changes in the WD33C93A that will not cause problems ............................. pg 5 
These are changes in the WD33C93A which will cause no conversion issues. 

WD33C93A Number Reference: 
~odel# ~anf# 

WD33C93A PL 00 08 5393KF09PL 
WD33C93A 1M 00 08 5393KF091M 

WD33C93 Number Reference: 
~odel# ~anf# 

WD33C93 PL 00 bb 
WD33C93 1M 00 bb 

International Offices: 

3393AB09PL 
3393AB09IM 

Description 

40 pin Plastic DIP 
44 pin PLCC 

Description 

40 pin Plastic DIP 
44pinPLCC 

Hong Kong 852-736-5123; Korea 822-554-0508; Munich 498-9922-0060; Ontario 416-566-4702; Paris 331-6985-5757; 
Quebec 514-697-1532; Singapore 65-448-4700; Taiwan 886-2717-4n5; Tokyo 813-791-2001; U.K. 443-7274-2955. 
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Changes that could cause conversion issues; 
These are design changes in the WD33C93A that are not compatible with normal 
hardware/fumware design practices for the WD33C93. 

1. Cmd Deletion: Transfer Pad Command: The Transfer Pad command is no longer support­
ed in the WD33C93A. 

2. Cmd Deletion: Abort Command: The Abort command is no longer supported in the Initia­
tor mode. 

3. Function Change- Single byte Transfers: The WD33C93 did not corrupt the Transfer 
Count register during a Single-Byte-Transfer. This allowed a previous multi-byte operation to 
be resumed without reloading the Transfer Count register after a Single-Byte-Transfer com­
mand. This was an "undocumented feature" that no longer exists in the WD33C93A. The 
Transfer Register is corrupted during a Single-Byte-Transfer and must be reloaded after exe­
cution of that command. 

4. Function Change- Phase Interrupts: The WD33C93 generates a Phase Change interrupt 
following an Invalid Command interrupt. This is an unnecessary interrupt and basically an 
unplanned "feature" of the WD33C93. The WD33C93A does not provide a Phase Change in­
terrupt following a Invalid Command interrupt. 

copyright Western Digital 1990 
Number E025-A 

page2of7 



Storage LSI Applications Note # E025-A 

Chan&es that shouldn't make a difference under normal use 
These are design changes in the WD33C93A that will not cause problems with nonna! hard­

ware/fIrmware design practices in the WD33C93 but should be checked. 

Register Difference Summary: 

Under normal design practices, these bits should not be written to nor should their state upon 
being read make any difference. It is sometimes found that previously non-functional bits are 
written to or decoded upon read as a matter of programming efficiency and therefore cause 
problems when a new version of a part is substituted for the original. Below is a list of all 
register changes (bits not previously active) that should be checked i fIrmware for proper 
handling. For more information on the function of these bits, please refer to WD Storage LSI 
Application Note #E062 on Version Differences in the WD33C93 chip family. 

Register Bit WD33C93 WD33C93A 

a) Own 10 register: 3 EAF- Enable Advanced Features 
4 HHP- Halt on Host Parity error 
5 EIH- Enable Immediate Halt 
6,7 Xfr rate control 

b) Control register: 5 DBA- DMA Burst Enable 

c) Destination 10 register: 5 .DF- Data Phase Dir Chk Enable 
6 DPD- Data Phase Dir check 
7 SCC- Select Command Chain 

d) CDB Byte 12 register: 1 LCC- Linked Command Control 

e) Synch Xfr register 3 extra bit for 12 byte FIFO 

2. HIW Change: Faster Execution Times- The command decode and algorithms of many 
commands have been modifie4 to greatly reduce controller overhead in both Target and Ini­
tiator modes. -

Increases in host response timing in general should not cause a problem under normal de­
sign practices, but under some circumstances should be checked. 

3. Feature Addition: New Status Codes- The following status codes have been added: 

a) WD33C93A Advanced Features Enabled- code 0000 0001: This code is returned after a 
"Soft Reset" if the Enable Advanced Features (EAp) bit is set (bit 4, Own 10). The code 
provides a means of verifying the presence of the A part. 

b) Unexpected Reselection- code 0010 0111: This code is returned when an unexpected 
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reselection occurs during a Select-and-Transfer command, and indicates that the Target 
LUN register contains a valid identify message. 

c) Reselection- code 1000 000 1: This code is returned when a reselection occurs when the 
device is idling with Advanced features Mode enabled. The code indicates that the Data 
register contains a valid identify message. 

d) Device Pause- code 1000 0111: This code is returned when the device has paused to get 
the command length in the Own ID register. 

New Status Codes may cause erroneous errors in the Status Code decode section of some 
types of fmnware algorithms and should be checked. 
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Changes in the WD33C93A that win cause no conversion issues; 

1. HIW Addition: Faster Transfer Rate-
a) The WD33C93A can now transfer data at up to 5MB/s. 

b) A burst DMA mode on the J.1p side has been added to help accommodate higher data 
bandwidths. Bit 5 of the Control register has been added to enable the DMA burst mode. 

c) The maximum clock frequency has been increased to 20Mhz 

d) Selectable dividers controlled by bits 7,6 in the Own ID register have been added to 
manage transfer rate and arbitration timing. 

2. HIW Addition: Extended FIFO- The WD33C93A internal data FIFO has been expanded 
to 12 bytes from 5 bytes for the WD33C93. Bit 3 has been added to the offset counter in 
the Synchronous Transfer register to accommodate the increased FIFO size. 

3. Cmd Addition: Send-Status-and-Command-Complete (ODh) - This target mode com­
mand has been added to the WD33C93A. This command first sends the status byte, as 
specified in the CDB byte 11. This command will send a linked command complete 
message. Linked command complete with flag is sent when bit 1 of COB 12 is set. The 
command will also chain to the command fetch portion of WAIT -for-Select-and-receive. 

4. Cmd Addition: Send-Disconnect-Message (OE) - This target mode command is used to 
disconnect from the SCSI bus when the target expects to seek, fmd the first block, deal with 
long tape operations, fill a buffer, etc .. The command sends the disconnect message, fol­
lowed by a disconnect from the bus. If the IDI bit is set to one, a Save-Data-Pointer mes­
sage is sent prior to the disconnect message. 

S. Cmd Addition: Set IDI bit (OF) - This command is used to set the IDI bit when a level IT 
command is in progress. This is needed since the register file is not accessible to the J.1p at 
that time. 

6. Feature Addition: Reselect-and-Transfer Cmd Enhancement: These commands may 
now be resumed in the same manner as the initiator Select-and-Transfer commands. Also, 
these commands may be chained to the new Send-Status-and Command-Complete and 
Send-Disconnect-Message commands using the EDI bit in the control register, and the 
command link select bit in the destination ID register. 

7. Feature Addition: Wait-for-Select-and-Receive Cmd Enhancement: This command 
may now be resumed in the same manner as the initiator Select-and-Transfer commands. 
Also, this command may be chained to from the new Send-Status-and-Command-Complete 
command. When EDI is set, this command will chain to the Send-Disconnect-Message 
command if CDB byte 1 indicates a read command has been received. 
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8. Feature Addition: 20MHz clock rate: The input clock timings for the WD33C93A have 
been changed from those listed in the WD33C93A data sheet, which specified a maximum 
frequency of 16Mhz. The WD33C93A is now guaranteed to operate with a maximum· 
input clock frequency of 20MHz, and the revised timings are listed below: 

9. 

Symbol Characteristic Min Max Units 

Tcp Clock Period 50 125 ns 

Teh Clock High 20 ns 

Tel Clock Low 20 ns 

~~ 
Tcp 

· · 
Clk I "'-----....,.,/ \ \ 

· · · 
:~ .:~ .: 
· Teh · Tel · 14. 

Msc Changes! Additions: 

a) CDB byte 11 register: This register is now also used to specify the status byte for Send­
Status-and-Command-Complete commands 

b) COB Byte 12 register: When the Flag bit (Bit 1) is 0 and 101 is 1, Linked Command 
Complete (message code = OAh) is sent during a Send-Status-and-Command-Complete 

. command. When this bit is 1 and 101 is 1, Linked Command Complete with Flag (message 
code = OBh) is sent during a Send-Status-and-Command-Complete command. 

c) Target LUN register: This register can also contain the identify message received dur­
ing an unexpected reselection if advanced features are enabled. 

d) Select Command Chain Control: Bit 7 (SCC) in the Destination 10 register has been 
added to control which command is chained to when the data transfer is completed: 

o Chain to Send-Status-and-Command-Complete 
1 Chain to Send-Disconnect-Message 
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WD33C93A Incompatibilities when being used with a WD33C93 also on the SCSI bus: . 
Perfonnance optimization of both the internal microcode and the LSI design have resulted 
in the following incompatibilities between the WD33C93A and the WD33C93: 

a) WD33C93 offset values: Due to timing differences between the two parts, the 
WD33C93 offset must not be set to its maximum value of five during synchronous 
transfers from the WD33C93A to the WD33C93. Any other offset value (0 through 4) may 
be used. 

b) The WD33C93A checks for ATN\assertion before the start of a data transfer. A Re-
ceive or Send command will halt if HA is set prior to the transfer of any data. The 
WD33C93 allows a data transfer to occur before looking for A TN\ 
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WD33C93A BU2 List 

Known Problems: 

PI) Unexpected Data In Phase: pg2 
Initiator mode bug which generates a Data In phase following a Identify message 

P2) Assert-ATN bug: pg2 
Unpredictable behavior when Assert-A TN command used under some circumstances 

P3) FIFO data loss: pg2 
FIFO data lost in phase change during Data Out phase. 

P4) REQ\ assertion timing error: pg 2 
SCSI timing violation for phase line setup times prior to REQ\ assertion under some conditions 

PS) False Bus Free detection: pg 3 
BSY\and SEL\false glitches of~ 200ns may be incorrectly interpreted as a Bus Free condition 

P6) T whdi Timing Violation: pg3 

Timing violation for Twhdi (WE\ high to data invalid) in the WD bus interface mode. 

P7) T slrv' T slrv Timing Violation: pg4 

WD33C93A does not meet the timing requirements for Tslrv or Tslwv 

----------------_._._------------------------------_.---------------------------_._._---------------
Additions and Changes: 

1) lOMHz clock rate: pgS 
Maximum clock rate changed to 20MHz 

International Offices: 
Hong Kong 852-736-5123; Korea 822-554-0508; Munich 498-9922-0060; Ontario 416-566-4702; Paris 331-6985-5757; 
Quebec 514-697-1532; Singapore 65-448-4700; Taiwan 886-2717-4n5; Tokyo 813-791-2001; U.K. 443-7274-2955. 
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DETAILED PROBLEM DESCRIPTIONS and WORK-AROUNDS 

PI) . Unexpected Data In Phase: 
Affects: Initiator mode, Data In phase, Identify Message 

Instructions: Select-and-Transfer 

Description: An unexpected Data In Phase follows the Identify message out of Select-and-Trans-
fer. This may cause spurious new phase interrupts. 

Work-Around: Resume the Select-and-Transfer command with the Command phase register set to 4lh 

P2) Assert-ATN bug: 
Affects: Initiator mode, Identify Message Out, Command phase 

Instructions: Select-and-Transfer 

Description: Issuing the Assert-A1N\command during the Identify Message Out or Command 
phases of the Select-and-Transfer command will cause the WD33C93A to behave unpredictably 

Work-Around: Do not issue the Assert-A1N\command until the Command phase has completed when 
using Select-and-Transfer or us the separate Select and Transfer Info commands to implement the Select­
and-Transfer sequence up to the end of the Command phase. 

P3) FIFO data loss: 
Affects: Initiator mode, Data Out phase, Disconnect message 

Instructions: Select-and-Transfer 

Description: The WD33C93A will lose any bytes stored in the FIFO during the Data Out phase of 
the Select-and-Transfer command when the Target changes phase to send a Disconnect message. If the IDI 
bit is not set, the host will never know that the FIFO bytes were lost 

Work-Around: Set the IDI bit before issuing the Select-and-Tiansfer command when Target disconnects 
are enabled and a Data Out phase is expected. 

P4) REQ\ assertion timing error: 
Affects: Target mode, timing from phase line change to REO' assertion 

Instructions: Wait-for-Select-and-Receive 

Description: Under some circumstances, the WD33C93A will violate the minimum time required 
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by the SCSI specification between changing the phase lines and asserting REQ/ These violations occur dur­
ing the Wait-for-Select-and-Receive command when the WD33C93A sets the phase lines for a message out 
phase and asserts REQ\ to obtain the Identify message byte and the rust byte of a Tag message. 

Work-Around: Set the Enable Selection (ES) bit in the Source ID register to allow selection by another 
SCSI device. Use the Receive-Message command to request any message bytes and then resume 
the Wait-for-Select-and-Receive command starting with the command phase. 

P5) False Bus Free detection: 
Affects: Bus free detection 

Instructions: 

Description: The WD33C93A may detect a false Bus Free condition. Bus Free is dermed in the 
SCSI specification as both BSY\and SEL\ being false for ~ 400ns. The WD33C93A may signal a Bus Free 
condition for BSY \ and SEL\ being negated for ~s. 

Work-Around: No specific work-around is available. Try to ensure as clean a SCSI bus as possible to 
minimize reflections. Normal conditions should not produce glitches in the 200ns to 400ns range. 

P6) T whdi Timing Violation: 
Affects: Host bus interface. WD Bus interface mode 

Instructions: 

Description: The WD33C93A does not meet the timing requirements for Twhdi (WE\ high to 
data invalid) in the WD bus interface mode. The data hold time after WE\ goes false is specified as ~ 3Oos. 
The actual hold time will perfonn as ~ IOns 

Work-Around: The specification will be changed to Twhdi ~IOos. 

P7) T slrv' T slrv Timing Violation: 
Affects: Host bus interface, WD Bus interface mode 

Instructions: 

Description: The WD33C93A does not meet the timing requirements for Tslrv (RCS\ low to Rr.\ 
valid) or Tslwv (RCS\ low to WE\ valid) in the WD bus interface mode. The set up time for Rcs\ out 
going true until Rr.\ or WE\ goes true is specified as ~ os. The internal timing for these outputs is such that 
the actual perfonnance is~ -5ns for RCS\true to WE\orRr.\true. 

Work-Around: The specification will be changed to Tslrv, Tslwv ~ -5ns. 
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Additions and Changes 

1) 20MHz clock rate: 
Afi'eets: maximumClock input frequency 

Instructions: 

Description: The input clock timings for the WD33C93A have been tightened from those listed in 
the WD33C93A data sheet, which specified a maximum frequency of 16Mhz. The WD33C93A is now 
guaranteed to operate with a maximum input clock frequency of 20MHz, and the revised timings are listed 
below: 

Symbol Characteristic Min 

Tcp Clock Period 50 

Tch Clock High 20 

Tcl Clock Low 20 

· Tcp 
~ .. 
· : · 

Clk I \ · · 
: .. .: .. 
· Tch · Tcl : · · · · · · 
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Max 

125 

· 
.~ 

· · 
I · •• 

Units 

ns 

ns 

ns 

\ 
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