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This ranual contains the information needed to program the CHIPS F82C5087
SCSI-Bus Interface Controller to implement the SCS (Small Computer System
Interface) interface on a host computer or a device controller A working
lmowledge of the SCSI interface is assumed. 7

The information in this manual is dwxded into five chapters, one appendix, and a
glogsary.

¢ Chapter 1 provides an overview of th
SCSI Controller. S

® Chapter 2 describes the F§2C5087 hardware specifications. It supplies

physical and functional pin specifications, signal descriptions, elecmcai

qnf—\mﬁmhnnq and nnn]mamc qnpmf"nﬂhrmq

®  (Chapter 3 describes the operational modes of the F82C5087.

® Chapter 4 provides a detailed description of the function and operation of '
each of the 24 internal registers of the F§2C5087. )

Lﬂdpu:r 5 pf(.)v 1(1633 & uenam:u GESCHDUOD 01 Ulﬁ operauon DI eacn DI me 40
commands of the F82C5087.

® Appendix A contains a sample flow chart that illustrates the steps involved
in completing an asynchronous data transfer to a target device.
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The glossary provides a list of abbreviations and definitions of the key
terms used throughont this mannal
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System Interface (SCSI}. (X3.131-1986.)

UPPERCASE  is used fo indicate names of commands, signals, SCSI bus

phases.
a minus sign prefix to a signal name indicates an active low

polarity.
a plus sign prefix to a signal name indicates an active high

polarity.

Chips and Technologies, Inc.




Fezcsoe7 B

Contents

Chapter 1: Overview 1-1°

Infroduction ... ... .o ivsvuseavusasonsweas 21
HardwareFeatores .. .. .. .. .cc e tvosasnaeasosas 12
FirmwareFeatures . . . . . o v v v Ve nvn e ve e 13
Typical Applications . . . ... ... ..ttt 14

Host Adapter . . . ¢ i i it i e s e it e e e e “1-4

Motherboard . . . ., .o v i e s 1-4
OperationalModes . . .. ..o vttt s et eneresanas I-6

Initiatoror Target Mode . . . ... . ... s it 1-6
Nop-Differentiat Mode ... ... ..o v v oot v 1-7
Agynchronous or SynchronousMode . . . .. .. .. e e e 17
MasterorSlave Mode . .. . ... e e e e e e e 1-7
SystemInterface ... ..o ot v et it ot oeienaeanns 1-8
FOInterface . .............. L LTSI e 1-8
Command Set . ............... P
Memory Structure. . .. ... ... e .. e e, 1-10

Performance Specifications . . . v o v o v v v s v v v e a0 1-10

Chapter 2: Hardware Specifications 2-1
Physicai Specifications . . . ... .. .0 i i 241
Pin DesCriptiong . . & c v v v i i i e h e e e e e e e 22
Package Specificafions . .. ... 4o Ve e e e 2-4

Functional Chip Specifications ...................,. 25

Functionality of the F2C5087 Host Adapter . . . .. .. ... .. 2-5
Interfacing with the SCSIControlBus . . .. . . . . e 2.7
Interfacing with the SCSIDataBus . . .. ... ... e e 2-7
Interfacing with the Host Computer’s MPU . . . . . e e L 21

CHIPS and Technalogies, Inc. i ' ’ o v



B rFa2csos7

Interfacing with the Host Computer’s DMA Controller . .. ... 2-8

SignalPescriptions .. .. v v v v v s vt ncnaeninensnsa29
HOSignals . o v v v s v st s c s eneenssnsnocssnnnsss29

Signals Specific to 8085/8051Mode .. . . .. .ol 2-16
Signals SpecifictoZ8Mode . . . v v v v i i i v e e i e . 217
Signals Specificto Wide DataBus Transfers . . .. ... . ... 2-18
PadDrive Capacity + v v v v v ot v vt o vt e et e s e 2-19
Electrical Specifications . ... ... .cc 00 oeeessa.. 2220
ClockTIMINE . & v v v v v vt et e e et s oo s o 2-20
Z8ModeTiming . . .. v v v i e e e e e 221
8085/8051 Mode Timing . . . .. e e e e e e e .. 223
Non-multiplexed Mode Timing .. . .0 . o 0 v s v o m v v n v 225
Timing for Data Transfers to System Memory . ... ... ... 2-27
Timing for YO Interface to Buffer Memory .. .. . .. ... .. 2-32
SCSIInterface Timing . . ... ... 4. .. i v e e s 2-34
Timing for the SCSI Bus ARBITRATION Phase . . . .. .... 2-34
Timing for SCS1Bug SELECT/RESELECT Phases ... .... 2-35
Timing for Asynchronous/Synchronous Transfers .. . ... .. 2-36
D.C.Specifications . .« v v v v o v v vttt e e e e .. 2-44
Absolute Maximum Ratings . . ... .. o0 v v s v v ... 244
Standard Test Conditions . ....... e e e s 2-44
D.C. Characteristics’ . ... .. e e e e e 2-44
D, C. Characteristics for Drivers/Receivers . . ... ... . ... 245
Chapter 3: Operation 3-1
Modes of Operation .. .......... et e e 3-1
Initiatorand Target Modes . . . .« o o o i i i i i s e i e e 3-1
Roleof Initiator . . . ... ... ... e e e e e e 3-1
Roleofthe Target . . .. . . ¢ vt i it i it it et e e s e 32
TransferModes . oo v oo i it i s e e e e e 32
Asynchronous Tramsfers . . . . o .o oo it i ool o 32
Synchronous Transfers . . . . . . . o v v o i e il 32
Master/Slave Mode . . . . . . .o o i i e e e e 3-5
Master/MasterMode . . .. .. i h i e e e 3-6
Slave/Master Mode . . . . .. v it ittt e e e e 3-6
Slave/Slave Mode . . . .« v v it i h e e e e e e 3-6

CHIPS and Technologies, Inc.




k
Fs2cs0s7 M
Synchronizing Memory Data Bus Transfers . . . ... ...... 3.6
Synchronizing SCSI Bus Data Transfers . . ... ... e 37
Hardware Specifications .. .................... 37
i Method 0f OPEration « « « « v v e v e s e ennnnnnnnnnns 37
i VOTIRerfACE v v v v v e oo v en . [ ¥
; Example 1. O Interface Providing a Path tothe SCSI Bus. . . . . 3-8 |
i Example 2. I/O Interface to Buffer Memory. . ... .. .. 38
Example 3. VO Interface tothe MPU., .. .. ..., ........ 3-8
r Example 4. YO Interface to the Host Computer. . . ... .. .. 38
| Command Set . . ... ittt ittt i i e 3-9.
' Memory SIUCIUTE - & v v v v v v e e v v e e e e e e e e e s 3-9
» Data FIE O . . . i e e e e e e e e e e 3-10
MCSSeript .., ....... e e . 310
MCS AddressPOINIEIS  « 2% v v v v v v e es e va e e 3-11
MCSAMOAQVANCE « « v v v o v e oo e 3-11
Pipelining Structure . . . . . ..., vttt ... RN R T
- Example 1. SCSI Transfer Command . . . ....... I 3-13
. Example 2. SCSI Select/Reselect Process. . . ... .. PP 3-14
TargetID .. ...... e e, e 315
Identify MESSAZE .+ » v v v i vt it e e e W35
TaZMESSAEE + v v v v v e e e e e e . 305
Multi-byte Commands . . o« o v v s e e e 3-15
Chapter 4: Registers I : 4-1
Funetion of RegISters . .« o v o v e i v v nt v o n v aonnsseas dal
Register Deseription .+ - . v v vt v it i e n et v i et nnensas d2
Registers0-3(0-3h) . . . . v it it v vt it et nnenvssnes 43
Register 0-3 (0-3h) - Write Operation . . . .. ...... R 43
Registers 0-3 (0-3h) - Read Operation . . ... .o v.on. ... 45
Registerd(dh) . . . 0 v i i v ittt e it e s s et e s ennes 47

. Register 5 (h) - Write Operation . .. ....... e 49

Register 5 (Sh)-Read Operation . .. .. ....... .. .. 49

CHIPS and Téchnologies, Inc. ‘ ' . ’ vii

ETAtiON v v v v i v e e .. 487 J
Register 5(5h) . .. i i it ittt tnntsnnnensenssnsed9 I




B rFsacsosT

viii

Register 6 (6h) « v o v v v v v st t v s ososasneconconns
Register 6 (6h)- Write Operation . . ... .. - o v oo v v ot
Register 6 (6 -Read Operation . . . v oo o i v n v v v v o

Register 7(7h) » « o v e o o s st v e aesnnnncvoasonsos
Register 7 (7h) -Write Operation . . . v« v v oo v i v s v oo
Register 7(7h)-Read Operation ... . ...+ oot e v

Register 8(8h) - ¢ v« v v v o v v st r e et s st e e
Register § (8h) - Write Operation (Lower 4bitsonly) . ... ..
Register 8(8h)-Read Operation . . . .. ..o v i v v .

Register 9(9h) o « v v v v ottt vsvnnnssrssnnssnnas
Register @ (9h) - WriteOperation . . .« v o v v v o v s o o -
Register 9 Ohy-Read Operation . . . v o oo v v v v a v oo

Register I0(0AR) . . v v v v i s vt e tstnatsssnosnns
Register 10 (0Ah) - Write/Read Operation . ... ..... ...

Register 11{(0BH) .. .. ..ot essasonsncasncas
Register 11 (0Bh) - WriteOperation . . . v o o v o v v e e v a s
Register 13 (0Bh) -Read Qperation . . . . .. .o oo n v o v

Register 1I2(0Ch) . ... ..ttt inesneennan
Register 12 (0Ch) - Write/Read Operation . ... ... .. .

Register 13(0Dh) . ......cvc0o v ce et
Register 13 (0Dh)- Write Operation . . .« v v v v o v v o v o = -
Register 13 (0Dh)- Read Operation . . . .« o v v v i v v s v o

Register 14(0ER) . ... .o vs v oo sanos v
Register 14 (0Eh) - Write Operation . . . . . . . v oot v v a v
Register 14 (OEh) -Read Operation . . .. .. .. ...

Register IS(0Fh) .. .....0 it tnennonesnnn
Register 15 (OFh) - Write Operation . . ..+ .o v 0o v - - ‘e
Register 15 (0Fh) - Read Operation . .. ... .. ... .. “ e

Registers 16-18(10-12h) . .. ... ... v onan
Register 16 - 18 (10 - 12h)- Write Operation . . . . . ... ...
Registers 16 - 18 (10 - 12h) - Read Operation . . . . .. .. ...

Register 19(13h) . . . e v v vt e v v at o vn e ansensos
Register 19 (13h) ~Write Operation . . . . . .« . oot o
Register 19 (13h) - Read Operation . ... .. ... .. N

Register 20(34h) . . . .« o o v i i i it it e s e

4.27
427
427
4-28
428
428
429
429
4-30
4-33




CHIPS and Technelogies, Inc.

Fazcsos7

Register 20 (14h) - Write Operation. . ... ...... e 433
Register 20 (14h) - Read Operation . .. ....... e 434
Register 2L {15h) . ... it i vt in v innnnnsonnnne. 436
Register 21 (15h)- Write Operation . . . . ....... e 436
Register 21 (I15h)-Read Operation . . . .. .. e v v v v v u .. 4-36
Register 22 (10h) . . 0 i i ittt ittt ittt e s e, 37
Register 22 (16h) - Write Operation . . ... i . .u .. ... .4-37
Register 22 (16h) - Read Operation . .. . ... .. .. V... 438

Register 23 (17h) & v v v v v v et v o n s nnennnnnnnass . 439
Register 24 (18h) . . . i v vt i vt ettt st o nsonseas . dd0
Register 25 (19h) .+ . v v et ne s neen veenunnn, Al

Ragicier 25 ¢
REZISET 20 {

Chapter 5: Commands

CommandFunctions . . . . v v vttt vttt vnoneennss
Command Description . . . v o i v v vt v i vt v v r et
CommandCode ................ e e
BusCondition . ... i st ie i e
ExecutionTime . .. .. ..., o
Operational Description . . ... ....... P
Possible BITOrS & v v v v i i i e i e e e e e .
Control Command Descriptions . . ... St e ..
CNTL NOP -NoOperation « .+ . v v oo v v vu.., S

Operational Describlion + « v v v v v v v s v e v v s o v sy
CNTL RST FIFO - Control Reset Data FIFO . . ., . ... ...
Operational DesCription & . o v v v v m v e e v e e e e ee e
CNTL RSTON - Control RESETOn . ... .... [
Operational Description . . ... ...... e e
CNTL RST OFF - Control RESET . .. .. ..o 70, 0. L.
Operational DesCription . . . v v v v v v s vt et e e e

CNTL ATN ON - Control AttentionOn . . . v v v v o n nn ...

Operational Description .. . ... .. ... e e e

CNTL ATN OFF - Control Attention Off . . . v o v v oo n ... :

Operational Description . . . ...... .. e e
CNTL ENB SEL - Control Enable Select . . . . ... .. .




M Faozcs087

Operationa} Description . . . . - e e et e 3-9
CINTL DIS SEL - Control Disable Select . . . v v v v v v e vt 5-10
Operational Description . . .« - v v v v v it v e i e a 5-10
CNTL ENB RESEL - Control Enable Reselect . . ... ... .. 5-11
Operational Description . . . . . f e et s e i 5-11
CNTL DIS RESEL - Conirol Disable Reselect . . ... .. ... 5-12
Operational Description . . . . . e e e e e e 5-12
CNTL ENR ADV - Control Enable MCS Auto Advance . . . .. 5-13
Operational Description . .. .« v v v it v it v e ol 5-13
CNTL DIS ADV - Control Disable MCS Auto Advance . . ... 5-14
Operational Description. . v v v v v o v e v v s v v e e s e v s n s 5-14
CNTL DATA PTM - Contrel Data

from MPU toMemory DataBus . ... .. ........... 515
Operational Description . . v v o v v v v v o v v e a v e 5-15
CNTL DATA MTP - Contrel Data

from Memory DataBustoMPU .. ..... ... ... ... 5-16
Operational Description . v v v v o v v o v o e v i e v e 5-16

Initiator Command Descriptions . ..o o v v e v s veso.s 217

INIT SWOA SE( - Initiator Select without Attention Sequence . 5-18
Operational Description . v« v v v v o v v v v s v e e e n e e 5-18
e =53 101 FB S5 s o v 5-18
INIT SWA SEQ - Initiator Select with Atiention Sequence ... 5-1%9
Operational Description . . . . . o v v i i v i i i v v e e a i 5-19
PossibleFrror .. .. ... e e e e e e ... 5919

INIT SWOA CMD - Initiator Select without Attention Command 5-21

Operational Description . .« v v o v e v v et it s e v e e 5-21
Possible Errors . . . . .. .. e e i e e e Te e e, 5-21

INIT SWA CMD - Initiator Select with Attention Command . . 5-22

Operational Description . . v . v v v v v v v o i i a s et 5-22
PosSiblE BIZOIS -« v v o v v v v e et e b v st e e 5-22
INIT REC INFO - Initiator Receive Information”™ . . . . . .
Operational Description . .+ v v v v v v v v o v v v e n e 5-23
Possible BXfOrS « v s v v e v s s o vt s e nm e ... 523
INIT DATA MTS - Initiator Recelve Data

from Memory DataBustoSCSI . . . .. ..o oLt e e .. 524
Operaticnal Description . . .. . .. 0 o v it ih e e e 5-24

CHIPS and Technologies, Inc.




GHIPS and Technologies, Inc.

Possible Brrors . .. . . . . e

.................. 5-24
INIT DATA PTS - Initiator Receive Data )
from MPU to SCSI Bus e e e Te e 5-25
Operational Desctiption « v o v v v o v v it e e e e 525
Possible Errors . . - . ... v i h oo 7 .......... 525
INIT DATA STM - Initiator Receive Data
from SCSItoMemoryDataBus .. .. ............... 5-26
Operational Description .+« v v v v v v v v v v it i i v e 526
Possible BITors « o v v v v v v v e w e vt i i RN 526
INIT DATA STP - Initiator Receive Data™ ™ ~
from SCSItoMPUBUS . . - v v i v i v i v s s v e s e 5227
Operational Description + .+ . v v v v v v v b v e vt e e e s 5-27
POSsibIe BITOIS & v v v v v v v v e v e e e 5-27
INIT SEND MSG - Initiator Serid Message . ... . . T 528
Operational Description e e e e e e 5-28
POSSIBIEEITOTS & o v v v v v v e e v e v i e vt e i s s e e 5-28
INIT SEND CMD - Initiator Send Command .. ... ... ... 5-29
Operational Description . . v v v v v 0 i i v ot s e e e 529
Possible Brrors . - . .00 e o i i e e e 5-29
INIT XFER PAD - Initiator TransferPad , . ... ... ... ... 5-31
Operational Description - « « - v v v v i v v b v v v vt m e e e 5-31
PossibleEmmor ... ... o0 i i oo e . .5-31
INIT XFER BYTE - Initiator Transfer Byte .. ... ....... 5-32
Operational Description - -« v . v v v o v v s v v b v e e 5-32
PossiBle BITOr .+ v v v v v v v v v e et e e s v e e e e 5232
INIT CMDC SEQ - Initiator COMMAND
COMPLETE/DISCONNECT Sequence . ... . ... e e 5-33
Operational Description e S T e, 5-33
PossibleErrors . . . . . o o o o o s e e e 5-33
INTT WFR CMD - Initiator Wait for Reselect . . . . . N 5-34
Operational Description . . . . . o0 v v v v i i vt v e 5-34
Possible EITOr . -« . v v v i i i i et e e e s e e e 5-34
INIT WFR SEQ - Initiator Wait for Reselect Sequence . . . . .. 5-35
Operational Description . .70 v v v v Ve v v i e e e 5-35
Possible BITOIS . .« v v v v v o b e e i e i r e i e e 5-35

rFazcsos7 I



B Fs2c5087

xit

Target Command Descriptions . . ., ... e v 5-37
TGT SEND MSG - Target Send Message .+« v v v v 0 v 2o 20 5-38
Operational Description. .+ . . v oo v v e v v v v v v v v v o0 .. 3-38
Possible Brror &« v v v v v s s e i e e e e i e e e 5-38
TGT SEND STAT - Target Send Status , . . . oo v v v v o oL 5-39
Operational Description . . .« ¢ o v o v v v v s i oo v o u 5-39
PossibleErrors . . . o v i it v v e o0 s e e e ae e 5-39
TGT DATA MTS - Target Receive Data from Memory Data Busto
SCSIBUS & .« it it it i e e et e e 5-40
Operational DescrIptOn .+ v v v o v v v o s s v v v m v m s a s 5-40
Possible BITors . . . o v i v et i e e e e e e e 5-40
TGT DATA PTS - Target Receive Data from MPU to SCSI Bus  5-41
Operational Description . . . v v v v v vt o v v e e i e e e 5-41
PossibleEITors o v v o v v v i e e e e i e e 5-41
TGT REC CMD - Target Receive Command . ... ... .... 5-42
Operational Description & . v v v e i v s v s e v a e e a s .. 542
Possble Errors . . v v v v v v v e e e e e e e e e 5-42
TGT REC MSG - Target Receive Message . . ... . ... . 5-43
Operational Description « + v v v v v v v v mm s v v s s s s nn 5-43
Posstble BITOrS . . v v v o v e s it et e e e e e 5-43
TGT DATA STM - Target Receive Data from SCSI Bus to Memory
DataBus . . ...t i ittt i it s e e 5-44
Operational Description .« v v v vt i v b e v i e e e 5-44
Possible BEFOIS + oon v v v v e e i e e e e e s .. 5-44
TGT DATA STP - Target Receive Data from SCSIto MPU Bus  5-45
Operational Deseription . . . . o o v v it v v i vt h e e . - 5-45
PossibIe BITOIS &+ v v v v v i i e i e v i e s a e e s e e e 5-45

~

TGT CMDC SEQ - Target C

Operational Descripfion . .« . vt 0 it vt vt e e e )
Possible BIrors . . - . o o v v v it i e e e e e e 5-46
TGT XFER BYTE - Target Transfer Byte . . .. ... ... .. 5-47
Operational Description . . o v v v v v v o v v v vt e e e e 5-47
Possible Error . .. ..o o i e e e 5-47
TGT DISC CMD - Target Disconnect Command . . . . . . . .. 5-48
Operational Description . . . o oo v v v s v e v v e v v ... . 5-48
TGT DISC SEQ - Target DISCONNECT Sequence . . . .. .. 5-49

CHIPS and Technologies, Ing.




Fazcsos7 M
Operational Description . . . v v v v v s R 549

. Possible Eror . ... ... v v e 5-49
TGT RCNT SEQ - Target Reconnect Sequence . . .. ...... 5-50
Operational Description . . . .. v oo ..., e e e e 5-50
Possible Brrors o v v v v v v v v n R . 1
TGT SEND BSY - Target Send BusyCommand . .. . ... ... 5-51
Operational Description . . ... v v v v v v s v, e 5-51
PossibleErmrors . .. .. ... ... e e e e e e 5-51
TGT WFS CMD - Target Wait for Select Command . .. ... .. 5-52
Operational Descriptioh ™. « . 71 v v v v v v v v v ... .352
PossibleError .. ........... e e e e, 5-52

TGT WFS SEQ - Target Wait for Select Sequence . . . .. ....5-53
Operational Description . . . v v v v v vt vt i e e D ea s 5-53
Possible Brrors . - . .o v v i v i v i e i L 553
Appendix A A-1

Glossary -

CHIPS and Technolagies, Inc. ’ S = : - xiii




M rs2cs5087

xiv CHIPS and Technologies, Inc.




CHIPS and Technolegies, Inc.

Fazcsos7

Figures

Chapter 1: Overview

Figure 1-1. -
Typical F82C5087 Application . . . . . . .. oo v vt v v h
Figure 1-2. | ,
Block Diagram of the F82CS5087 . . .. . ... ... e e e e e

Figure 1-3.

An AT Host Adapter System Configuration ... .. [

Figure 1-4,

SCSI on Motherboard System Comnfigoration . . v v v v v v v v W
Figure 1-5,

Typical Wide SCSI Bus Configpration . . .. ... ... .. ...

Chapter 2: Hardware Specifications
Figure 2-1.
Physical Pin-out of the 80-pin PFP Package . .. .........
Figure 2-2. : S
80-pin PFP Package Specification . ......... e e -
Figure 2-3.
Functional Pin out of the FE2C5087 in Host Adapter Mode . . . .
Figure 2-4.
Clock Timing Characteristics . . .. ... ..o v v i v oo ..
Figure 2-5.
Write Operation Z8 Mode Timing Characteristics . .. ......
Figure 2-6.
Read Operation Z8 Mode Timing Characteristics .
Figure 2-7.

---------

Write Operation 8085/8051 Mode Timing Characteristics

.....

12

Xv



B Fs2c5087

Figure 2-8,
Read Operation 8085/8051 Mode Timing Characteristics . . . . 2-24

Figure 2-9.

Write Operation, Non-multiplexed MPU Timing Characteristics  2-25
Figure 2-10.

Read Operation, Non-multiplexed MPU Timing Characteristics . 2-26 ~
Figure 2-11.

MPU Write IORDY Timing Characteristics . .......... 2-28
Figure 2-12.
MPU Read IORDY Timing Characteristics + « « v = « v v v 0 v 2-29
Figure 2-13,
FIFO_RDY with Address Timing Characteristics ... ..... 2-30 L
Figure 2-14,
FIFQ_RDY without Address Timing Characteristics . . ... .. 231
Figure 2-15.
DMA Interface, Write to F82C5087 Timing Characterigtics . . . 2-32
Figure 2-16.

DMA Interface, Read from F82C5087 Timing Characteristics . . 2-33
Figure 2-17.

SCSI Arbitration Timing Characteristics .« « « « v v v v v v vt . 234
Figure 2-18.
SCSI Select/Reselect Timing Characteristics . . . ... .. oL 2-35

Figure 2-19. -

SCSI Target Asynchronous Transfer
Qutput Timing Characteristics . .+ . v v v v v v v o v v o v n s 2-36

Figure 2-20, o

SCSI Target Asynchronous Transfer
Input Timing Characteristics +» « . v v v v v o v o v v o s v v o o™ 2-37

Figure 2-21.
SCSI Initiator Asynchronous Transfer S

QOutput Timing Characteristics . ... .. ... ..o oo .. 238
Figure 2-22.

SCSI Initiator Asynchronous Transfer ,

Input Timing Characteristics . . . v v v v v v v v v v v i v s v n s 2-39

Figure 2-23.

SCSI Target Synchronous Transfer } .
Qutput Timing Characteristics . .. . .. .. v oo v v it n 2-40

xvi CHIPS and Technologies, Inc.




Faocsosy M

Figure 2-24,
SCSI Target Synchronous Transfer -
Input Timing Characteristics .. ..... e e 2-41
Figure 2-25,
SCSI Initiator Synchronous Transfer 7 .
Qutput Timing Characteristics = . v v v v v v st e o e e e e s 2-42
Figure 2-26. , ' ) -
SCSI Initiator Synchronous Transfer :
Input Timing Characteristics .. ......... e 2-43
Chapter 3: Operation A 3-1
Figure 3-1.
Functional Pin out of Cascaded 5087s ... ... ......... 3-4
Figure 3-2.
Conceptual Diagram of the F82C5087’s Memory .+ v . . . . . . . 3-9
Figure 3-3,
F82C5087°s Command QUeueing + -« + v v v v v vy v nnn .. 3-12
Appendix A o S — : A-1
Figure A-1.
Asynchronons Data Transfer Flow Chart . . ... ......... A2

CHIPS anhd Technelogles, Inc. _ . =+ Xvii




M Fs2cs087

xviii

CHIPS and Technologies, Inc.

9




CHIPS and Technolegies, Inc.

Fszcsos7

N
Tables o

Chapter 1: Overview

Table 1-1.
F82C5087 Command Set . ... ...... e LT
Table 1-1.

F82C5087 Command Set (continuzed) ™ . . . v v v v v v w v oY

Chapter 2: Hardware Specifications

Table 2-1.

APinListofthe 80-pinPackage .. ................
Table 2-2.

Input/Qutput Signals .. ....... e e e e e
Table 2-3.

Signals Specific to8085/8051 Mode . . ... .. .. ...
Table 2-4. '

Signals SpecifictoZ8Mode . ... .. ... ..o, e
Table 2-5.

Signals Specific to Wide Data Bus Transfers . . . . .. e e
Table 2-6. o e ' T

Pad Drive Capacity . ... . ....... ... ... e e

Chapter 3: Operation

Table 3-1.

Mode Control Regigter Sefting . . ... .. ... ... ...
Table 3-2,

Master/Slave Mode . . .. .o i i o e

Xix



B Fszcs087

Chapter 4: Registers 4-1
Table 4-1.
Addressing the FR2CS5087 Registers .« . v v v v v v v v v v v m n s 41
Table 4-1.
Addressing the F82C5087 Registers {(continued) . ......... 4-2
Chapter 5: Commands 5-1 i
Table 5-1.
F82C5087 Control Commands . . - v v v v v v v v m v v v o s nn 5-4
Table 5-2. -
Inifiator Commands . . . - - v v v vt e e e e 5-17
Table 5-3.
Command Length Codes - . & v v v v i v s v e v e vt e e e e s 5-29
Table 5-4.
F82C5087 Target Commands . . . v v v v v v v v v o v e v v 5-37 _

xX CHIPS and Technologies, Inc.




Introduction

Fezcsosr M

Chapter 1 . | 3
Overview

The CHIPS F82C5087 SCSI controller provides all the functions needed to
implement the SCSI interface on a host computer or a device controller. The
chip provides an /O interface to the SCSI bus and to the other system
components {e.g.. buffer memory, the on-board microprocessor{ MPU ), and the
host computer).

Used as a host adapter , the F82C5087 functions as a bridge between the host
computer bus and the SCST bus. In this application, the F82C5087 connects an
8- ar 16-bit host computer data bus to an 8-bit SCSI data bus. The F82C5087
interfaces such peripheral equipment as a Winchester drive to the SCSIbus.
Refer to Figure 1-1 for an illustration of these two applications . For more details
on F82C5087 applications refer to the section "Typical Applications.”

I
Figure 1-1. Typical F82C5087 Application
HOST COMPUTER DISK CONTROLLER
8-bit Memory data bus
DMA CHIPS ﬂ CHIPS |__ HIPS Butfer
Controller 5087 —.
5086 5055 Mémow
SCESI Conttol DMA
8-bit data bus Controller
/Disk Se-
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MPU dress
Control/ -
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Host MPU's Address/16-bit data bus Poriee Encoder/
Decoder

T toome.

Chips and Technologies, Inc.
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Hardware
Features

Figtire 7-2.

The F82C5087’s hardware and firmware make it 2 flexible, as well as a
powerful chip. It is available in an 80-pin flat pack, and can be purchased with or
without firmware, standalone, or as part of a host adapter board provided as a

Turnkey Manufacturing Package (MKS087 SCSI Host Adapter for PC/AT).

The F82C5087’s memory structure consists of 64 bytes of FIFO and six
individual 32-byte Message/Command Space ( MCS ) scripts. The large FIFO
buffer is used to store all the data transferred between the MPU’s bus, the
memory data bus or the SCSI bus. This increases system thronghput by
smocthing out the system’s data transfers.

The MCS is a valuable tool for tailoring the F82C5087 to the needs of particular
applications. It ¢an be used to store blocks of frequently used commands,
messages, and status. For instance, if the F82C5087 is used as a host adapter
operating as an initiator In a system coafiguration with an 80286 host MPU, the

e f Aaridat
firmware might decide to use the MCS to store messages frequently sent by the

initiator. This improves system performance because the infarmation can be
accessed as a block, and does not have to be retrieved from system memory.
Because the F82C5087 provides two MCS address pointers the MPU can be
processing one MCS segment, while the F82C5087 state machine (SM) is
simultanecusly processing another 32-byte MCS segment. Figure 1-2 shows a
simplified block diagram of the chip’s functions .

Block Diagram of the F82C5087

MEMORY DATA
8-BIT BUS

gt_ate
Machine

Control

32

MPU
8-BIT 5

BUS

=1

o PIPELINE
SIGNALS REGISTERS

64 SCSI
M 96 8-BIT

BUS
MPU _ e je

£ 192

MCS
SCRIPTS

Contral
- Registers
20

1-2

Chips and Technologies, Inc.




Firmware
Features

Chips and Technologies, Inc.

Fsez2cses7 M

The F82C5087°s 24 registers provide a means to control the F82C5087°s
internal operation, and to gain status on the F82CS5087’s operation. The
F82C5087°s first four registers, the command pipeline registers , in ccmjuncnon
with the MCS, enable up to four F82C5087 commangds t0 be quened.

The F82C5087 hardware has an imternal state machine that manages the system
flow of SCSI information, Because the F82C5087 hardware is managing this
lower-level task, the fismware is free to manage such thher—level system
activities as task scheduling and resource allocation,

The F82C5087’s bus structure increases system performance and provides
system design flexibility. The F82C5087 supports an 8-bit MPU data bus , an
8-bit SCSI bus , and an 8-bit high-speed memory data bus . This separate
high-speed data bus increases system throughput by enabling data and control
activities to be independent. The F82C5087s bus structure also adds to the
chip’s versatility. For instance, the bandwidth of the SCSI bus and the memory
data bus can be extended from 8 to 16 or 32 bits by cascading F8§2C5087s. The
F82C5087 also supports the option of extending the MPU data bus to 16 bits by
using the memory data bus as the MPU’s upper data bus. Figure1-3 shows a
F82C5087 host adapter supparting 16-bit MPU data transfers. For more
information on cascading F82C5087s refer {o the section "Master or Slave
Mode."

The F82C5087 supports two user-controlled power managemenit features
making it ideal for notebook, palmtop and laptop applications. The sleep miode
registers allows the clock jnput 1o the chip to be tumned off. Termination power

amm oS b s 4o 41 o e ey Pa— .

resistars 1o the SCSI connecior can be switched on or off through a pin on the

F82C5087.

Other F82C5087 hardware features include a power-on flag, and input pins that
support jumper-selectable options that reduce on-board circuitry.

Because the F82C5087 is built using proven CMOS low-power technology it
requires only a single +5 Volt supply.

Such firmware features as an extensive command set provide firmware
engineers with a high degree of control over the FR2C5087’s operation. The
F82C5087s large set of 46 commands enables firmware  engineers to exercise a

great deal of control over the SCSI bus activities, and to manage the system flow

of SCSI information. These commands perform such simple tasks as transferring
abyte from the SCSI bus into the MCS, or such series of tasks as receiving a
command complete sequence from the SCSI bus, and transferring it into the
MCS. Certain control commands can be used to establish a data path between
the MPU’s data bus, the memory data bus, and the SCSI bus.

One of the F82C5087’s main firmware features is command queuing which
reduces command overhead, The F82C5087 enables up to four F82C5087
commands to be queued in the pipeline registers. These commands can enable
the F82C5087 to sequence through several SCSI bus phases without firmware
intervention, For example, the F82C5087 command can handle a complete SCSI
command sequence from disconnect, to connect, and to bus free, For more
details refer to the section “"Command Queuning",
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Typical
Applications

because registers record the status of all commands execnted, and keep records
of previous executions. This facilitates the monitoring of command flow, and {
EITar TECOVETY.

The FR2C5087s set of 24 registers provide maximum programuning flexibility . .

Ancther important feature is the F82C5087"s support of programmable

conditions for interrupt generation . This enables the firmware to dictate the ‘
conditions under which an interrupt should be generated to the on-board MPU.

This is useful because the conditions for interrupt generation will vary :
depending on the amount of firmware control desired, and whether the
F382C5087 is used as an initiator or a target. Thus, the firmware can tailor the
conditions for interrupt generation to fit their particular applications.

The F82C5087 can be designed into 2 systemn as a host adapter or can provide
the SCSI host function on a PC-AT motherboard. It provides system design
flexibility. For instance, as well as supporting the option of cascading, the
F82(5087 provides two different ways of wiring the F82C5087 to support data '
transfers to/from system memory. The F82C5087°s FIFO_RDY pin can be !
connected to a DMA. controller on the system’s memory data bus, or it can be .3
connected to the FR2CS5087’s IORDY pin to the MPU’s wait state generator to

oot hnrot tronofare fotring Araratirm) from the WTT h‘\ the FROPqORFf

DU AL L UWL0L UL Wl D A0k AL, R e CH L AL WAL R ATl ThAN A Fder ot

Host Adapter ‘

Used as a host adapter, the F82C3087 functions as a bridge between the PC-AT
host computer bus and the SCST bus. The 8-bit bidirectional MPU address/data L
bus and its associated control signals connect the F82C5087 to the host

computer’s MPU. The F82C5087 uses the SCSI control bus, comprised of nine ;
F82C5087 control signals, as a path to the SCSI bus. For 16-bit host computer
MPU’s, the 8-bit memory data bus is used to transfer the high byte. Figure 1-3 h
shows a configuration in which the F82C5087 is used as a host adapter.

Typically, the host computer requires such information as status or data from the
devices connected to the SCSI bus. The host adapter gueues up these requests,
and sends them to the appropriate device(s) via the SCSI bus. The host adapter
enables SCSI peripheral devices to communicate with such host systems as an
IBM PC AT that do not directly support the SCSI interface. In host adapter
mode, the MPU data bus can be extended up to 16 bits; the memory data buas
functions as the MPU’s upper data bus. In this mode, the F82C5087 performs
byte to word packing and unpacking. It provides 24 mA drive capability for
direct mterface to a PC-AT bus.

Motherboard

The FR2C5087 can be used to implement a SCSI port on a PC-AT mctherboard.

Tt requires only the termination resistors and connector, besides the chip, to

provide an opiimized STSI host soiution. The F82C5087 has two useful power
management, sleep mode and termination power disable, that make it ideal for .

laptop and notebook environments. Figure 1-4 shows such a configuration.

Chips and Technologies, Inc. -
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Figure 1-3. An AT Host Adapter System Configuration
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Figure 1-4. SCST on Motherboard System Configuration .
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Modes
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The F82C5087 offers application flexibility because of the wide range of
operational modes it supports. The F82C5087 supports the SCSI bus initiator or
target mode, asynchronous or synchronous transfer mode, and master or slave

5 T Y T T e 1 P T |

mode (wide SCSI. _ __._; .

Initiator or Target Mode

Systerns can be configured with single or multiple initiators and targets.

Typically, the initiator is the host adapter responsible for originating the .
operation. The F82C5087 initiator arbitrates for the SCSI bus, selects the target
device, and sends it 2 stored multi-byte SCSI command from the MCS.

Chips and Technologies, Inc.
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A F82C5087 operating in target mode saves the initiator’s device ID, receives
the muiti-byte command, sends 2 DISCONNECT message or temunates the
sequence, then switches tothe BUS FREE phase.

Non-Differential Mode

SCSI bus signals transmitted between initiators and targets can be single-ended
or differential, The SCSI interface controller must operate in non-differential
mode if single-ended drivers/receivers are nsed. The F82C5087 suppotts
on-board 48 mA drivers for the single-ended SCSI bus. A six meter cable is the

maximum supportted in non-differential mode. T.he F82C5087 does not supporta

differential SCSI bus.

Asynchronous or Synchronous Mode

The F82C5087 supports bath asynchronous and synchronous data transfers over

the SCSI bus. For high-performance systems, the F82C5087 device can Operate
in synchronous mode to support higher transfer rates. L

In asynchronous and synchronous transfer mode, one byte of information is
transferred over the SCSI bus with each REQ/ACK handshake. The F82C5087°s
large, internal FIFO acts as a buffer that evens out data transfers between the
SCSI bus and buffer memory to support transfers at 4 and 5.3 megabytes/second.
For systems with sustained transfers this buffering can increase system
performance. Three of the F82C5087’s internal registers, Registers 16-18,
provide two 24-bit transfer counters that track data transferred to/from the FIFO.
When the F82C5087 is operating in synchronous mode, a transfer rate and an
offset must be specified. The F82C5087s clock rate of 33 MHz, results in the
F82C5087’s unbeatable synchronous transfer rate of 5.3 megabytes/second. The
maximum offset is 63 bytes.

Master or Slave Mode

To extend the bandwidth of the SCSI bus and the memory data b?us, the
F82C5087 can be cascaded. Refer fo Figure 1-5. Cascading is supported by the
F82C5087’s ability to operate in master or slave mede. Through the Mode

Control Register, the F82C5087 can be confi igured as a master or slave cl:up for i
its main operational mode (e.g., performing such basic 0perat10ns as transferring

data to/from buffer memory), and for its SCSI bus operational mode. In slave
mode, the F82C5087 is under the control of the F82C5087 mastér chip. For
instance, the master F82C5087 is respon31b1e for synchronizing the slaves
transfer of data.

1-7
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I
Figure 1-5. Typical Wide SCSI Bus Configuration .
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System The F82C5087 contains functional blocks that support these operational modes ]
Intarfara (e.g., master/slave, synchronousfasynchronous) These blocks provide the logic -
R necessary for the F82C5087 to interface with the cther systern components, and }
to manage the flow of SCSI information through the system. They can be |
grouped into three categories: the IO interface, the set of F82C5087 commands, ;

and the memeory structure.

O Interface
It is through its /O interface that the F82C5087 is able to send/receive signals, B

AR
addresses, and data to/ffom the systern’s other components. This interface ;

1-8 Chips and Technalogles, Inc. _1
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enables the F82C5087 to interface to the buffer memory, the on-board MPU, and

the SCSI bus,

Command Set

Through its set of commands, the F82C5087 provides the SCSI protecol for the

system flow of command, data, message and status, and allows the firmware to
transfer data between the MPU and memory data bus. These commands are
arranged in control, initiator, and target groups. Refer to Table 1-1.

F82C5087 Command Set

K

Command Funcﬂon o hQ?ﬁ;n-ggnd ~ Function B
CONTROL COMMANDS 7 ]
CNTL NOP No Operation 'CNTLRSTFIFO  Reset 5087 data
FIF.O",, . o L e - 3
CNTLRST ON Assert reset signal  CNTL RST OFF Deassert reset
1o SCSTbus. . . - signaltoSCSTbus,
CNTL ATN ON Assert ATN signal CNTLATNOFF  Deassert ATN
_ ~ toSCSIbus, _ L sigga] to 8CS8I bus
CNTL ENB SEL Enable selection. CNTI__, DIS SEL Di;:eti;le selection. )
CNTL ENB RESEL  Enable reselection. ~CNTL DIS RESEL  Disable reselection.
CNTL ENB ADV Enable MCSanto  CNTL DIS ADV Bisable MCS auto
: ) advance. ~ advance. L
CNTL DATA PTM Receive MPU data JCNTL DA’I‘A MTP Receive data from
aud send it to the the memory data
memory data bus. - - bus and send it to
. . _ MFD. .
INITIATOR COMMANDS o o
INIT SWOA SEQ Select target without INIT SWA SEQ . Select target with
attention sequence. __....attention sequence.
INITSWOA CMD  Select target without INlT SWA CMD Select target with
attent 101 attemmn _ "
INIT REC INFO Receive mformauon. IN'.[T DATA M’I‘S Receive data from the
memory data bus and
" send it to the SCSI
- — o —— . —_ , data bus 4
INITDATA PIS Receive data from  INIT DATA STM Receive data from
MPU and send itto SC31bus and send
the SCSI data bus. it to the memory
o o i data bus.
INIT DATA STP Receive data from  INIT SENDMSG  Send message
SCSI bus and send it
. toMPUsdatabus.
INIT SEND CMD  Send multi-byte =~ INIT XFER PAD  Transfer filler data.
command. o p .
INIT XFER BYTE  Transferbyte, INIT CMDC SEQ ~ Perform COMMAND
COMPLETE/DIS-
7 . . CONNECT sequence. .
INIT WFR CMD Wait for reselect ~ INIT WFR SEQ  Wait to be o
vhase. - - reselected, then
— [ L recf)_gmect.
- 1-9
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Table 1-1.

F82C5087 Command Set {continued)

TARGET COMMANDS
TGTSENDMSG  Send message. TGT SEND STAT  Send status to the
initiator.
TGTDATA MTS  Receive data from TGTDATAPTS ~ Receive data from T
memory data bus and MPU bus and send it
send it to SCST bus. to the SCSI bus. B
TGT REC CMD Receive 2 multi-byte TGTRECMSG Receive a single- -
command. byte or multi-byte
message.
TGTDATA STM  Receivedatafrom TOTDATASTP  Receive data from T
SCSI bus and send it SCSI bus and send
to memory data bus. it to MPU’s data bus.
TGTCMDCSEQ  Perform TGTXFER BYTE Transferbyte.
COMMAND
COMPLETE
sequence.
TGTDISCCMD  Disconnect fromthe TGTDISCSEQ =~ Perform "
SCSI bus. DISCONNECT
scquence.
TGT RCNT SEQ Perform TGTSEND BSY  Wait for select, then
RECONNECT send busy response
sequence. and disconnect.
TGT WFS CMD Wait for select. TGT WFS SEQ Pexform Wait for N
Select sequence.
Memory Structure

The first segment of F82C5087 memory, the 64-byte FIFO, is used in SCSI bus
data transfers, and in data transfers between the MPU’s data bus and the memory
data bus. The second segment, the MCS, stores SCSI sequences and supports the
F82C5087°s command queuing capability.

When the F82C5087 is operating in synchronous mode, a transfer rate of 5.3
megabytes/second at a clock rate of 33 MHz is supported. The transfer rate in
asynchronous mode is 4 megabytes/second (over a 20 foot cable length).
Command gverhead is 25 microseconds.

Chips and Technclogies, Inc.
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Chapter 2
Hardware
Specifications

This chapter is directed at hardware engineers intending to deSJgn the F82CSOS7
SCSI-bus interface controller into their sysiems. Physical and funcumal pin
specifications, signal descriptions, timing specifications, and electrical
specifications are provided. )

The F82C5087 device is available in a 80-pin PFP package, It suppons the

following functions:
®  Asynchronous SCSI data transfers -
[ ]

Synchronous, as well as faster asynchronous data transfers, are supported.
The asynchronous transfer rate with the F82C5087 is 4 megabytes per
second. Synchronous data transfer rates at 5.3 megabytes per second are
supported by the F82C5087. :

The FB2CS5087 has on-chip memory that enables up to four F82CS087
commands to be quened.

The F82C5087 provides 64 bytes of data FIFC to even out data transfers
and to increase system performarice.

The F82C5087 command set, which is comprised of 46 commands,
performs the SCSI protocol for command, data, message and status flow,
This enables the firmware to manage system level activities.

Supports non-differential, SCSI interface with 48 mA drive capability.
Connection to MPUs that have non-multiplexed address/data buses, as well
as contection to muitiplexed MPUs

Support of wide SCSI and wide memory data bus transfers of 16 or 32 bits,
as well as 8-bit data transfers.

AT host SCSI support through the following signals: -16BHAM,
-MPU_ACK, and -MPU_AEN,

- 2-1
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Pin Descriptions .

Refer to Figure 2-1 for a physical pin out of the 80-pin package. Table 2-1
srovides a pin list for the 80-pin package. Note an active low polarity is

LAY Al i Slirgte LY,
I 14

indicated by a minus sign (-) prefix; a plus sign (+) prefix indicates high
polarity. For information on this package’s pin functions refer to the "Functional
Chip Specifications" section later in this chapter.

I
Figure 2-1. Physical Pin-out of the 80-pin PFP Package
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Table 2-1.

A Pin List of the 80-pi‘n Package
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Pin ' Vo

Pin Pin ¥o Pin

Number Name Number 'Name .

1 +INTERRUPT 0 a1 -16BHAM 0

2 MPU_AEN 1 rY) +INPI[3VTERMPWR __ T/0
3 -MPU_ACK I 43 +INP1[4] 1O
Z -XOR{7I(A2) I 4 +BUF_IN_ - 1.
5 -XOR[BIAL T 45 sIORDY 0
6 -XOR[51(A0) 1 46 JTFORDY O
7 +CONFIGI 1 47 A3 T
8 +JO-MEM_-DM _ 1 48 DMA_ gcxcﬂ I
5 IORD_-DS T H  DMAREQ O
10 TOWR R-W I. 50  GND2 1

11 +ALE_-AS I 51 +MEMLDIO] 10
12 GND_0 T 52 +MEM_D[1] 7o)
13 . +A_DIO] 77} 53 +MEM_D[2] 7O
14 +A_D(1] T U0 54 +MEM_D[3] 10
15 +ADR] . 7O 55 vbb2z . I

16 +A_D[3] V0 36 +MBMDAE 70
17 VDD_0 1 37 +MEM_D[5] e’
I8 +A D4 1o 58 +MEN_DI6] e}
19 +A_D[5] VO % +MEMD] WO
20 +A_DI[6] TO &0 GND3 . T
21 +ADI] 7O 8l +CONHIGZ I
22 GND_1 I & “WPAR . VO
3 -HOST_D_P o 6. DSING BEC
24 HOST_D[7] 10 64 -AIN 7O
73 DRV.GNDG L 6  -BSY .. 70
26 -HOST_D[6] W0 6 DRV.GND3 i
27 -HOST_D[5] 1o, &7 ACE 70
pE3 HOST_DI4] D RESETIN 7O
2 -HOST_D[3] FO & = Vbb3 1
30 DRV_GND_1 . I 70 wMsG . 1o
3 -HOST D[z1 10 71 -SEL G
7 SSYNC 10 72 _DRV.GND4 _ . 1.
33. _ -HOST D[] 7o 73 +A4 T
34 VDD_1 1 74 Db VO
35 -HOSTD[]  ©Oo 75 . REO 10
36 +BUF_OUT o0 1% 10 U0
37  DRV_GND 2 I 7 “RESET_CAP T
38 +INP1[0] T 8 DRV_GND_5 I
39 +INPIOT X 7 “RESET_OUT ~ O
40 +INP1{Z] T 80 +CLOCK _ I

Note: +INP1[3] could be also conﬁgured as the terminator power control

through Register 25, bit 1.
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Package Specifications . *
Figure 2-2 provides a diagram of the package specifications for the 80-pin PFP p

nackase,
4 o7

.
Figure 2-2. 80-pin PFP Package Specification

- 239204 - EJECTOR MARK

_ 20.0 +0.1 . TOPr2-@2x 0.2D MAX

ETM/2-@3 x 0.2D MAX

«——27540.1
y 1.3£0.05 —»
&
ORERAAER P

4 13 r LA
=] = ;
= 12.510.1 / % ;
% - » - - 3]
% l%\' _ [’ . \l __"_'::I:I: Z o 0
= I % PE Y 2
[ n g

0.65 =o 1_ 22 2 'E B
== = | (=
r T NN
¥ L 4
o | —+ije- 03540.1 0.1520.1
05— pt— .
ol 081015 [RoO3

/

0.15 £0.15

{ Sy

R 0{5 ROA1&

YA Ui i|:'
L@zj ) L—g-bl: LTJ—I—&.SSMAX

B‘ - . . e ——
-0.05<B,B'$0.18 o e
@

—1
d

0°=z2 210

2-4 Ghips and Technologies, Inc.




Functional
Chip
Snemflcatlons

Chips and Technologies, Inc.

Fs2cs0s7 M

The F82CS087 can be used as a host adapter or a device controller. When used
as a host adapter, the F82C5087 connects an 8- or 16-bit, host computer data bus
to an 8-bit SCSI data bus. As a device controller the F82C5087 interfaces such

pﬁl.l.}_)llc.l.d-l CK:[LHPLIJ.CLIL asa YVJ-U.DHUDI.CJ. U-I.IVC LU I..U.O D\»).l Ul.lb, d.uu 1)].UVJ.UC§ a U.d.l.d.

path between the MPU and memory data buses.

It is through its I/O interface, that the F82C5087 controller can receive/send
signals, addresses, and data from/to the system’s other components (e.g., DMA

romtrallor AADTTY Dafar t~ tha fAall~arine fura oantisma fae annatatad laotents
WAL URSLL y AVLD W J IR LU UG AU LS, LW O Slluiialy 101 alliijidiedl LaESradiis

of the F82C5087 host adapter.

Functionality of the F82C5087 Host Adapter

As a host adapter, the F82C5087 functions as a bridge between the host
computer bus and the 8CST bus. Typically, the host computer requires
information (e.g., status) and/or data from the devices connected to the SCSI
bus. The F82C5087 host adapter can queue up these requests and send them to
the appropriate device(s) via the SCSI bus, Consequently, a host adapter enables
SCSI peripheral devices to communicate with host systems that do not directly
support the SCSI interface (e.g., IBMPC AT).

For specifically the AT bus, and to use the DMA. on board the AT system, the
Fg82C5087 offers a more optimized host adapter solution. However, the
F82C5087 can be used in a host adapter application with a bus master chip
and/cr bus interface chip for VME, MULTIBUS, MICROCHANNEL, NUBUS,
etc. : -

Refer to Figure 2-3 for a functional pin out of a F82C5087 in an AT host
adapter. The F82C5087 host adapter is configured for the following system: (1)
the system is operating with 16 bits of MPU data and has an Intel 80286 with 2
non-multiplexed address/data bus; the bus has been de-multiplexed, and (2} the
system has an 8-bit wide SCSI data bus,

As illustrated, the F82C35087 host adapter provides an interface with the
following systern components:

SCSI control bus
SCSI data bus

Host computer’s MPU address/control/data bus
Host computer’s DMA controller.



M Fs2cs087

[ |
Figure 2-3. Functional Pin out of the F82C5087 in Host Adapter Mode
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Interfacing with the SCSI Control Bus

The SCSI contro! bus consists of nine bidirectional lines. Firmware can control
these SCSI bus control signals (e.g., -BSY and -ATN) by means of the
F82C5087 command set. For example, by issuing the CNTL ATN ON (Control
Attention On) pipeline command, firmware can assert the -ATN signal on the
SCSI bus. By reading the contents of certain F82C5087 internal registers,
firmware can monitor the activities and contents of the SCSI bus.

Interfacing with the SCSI Data Bus

SCSI data bus signals enable the F82C5087 host adapter to handle the device
controller’s requests for information transfers t¢/from the host computer’s
MEmOry.

lntprfamnn with the Host Com nuter’s MPLI

IORDY, MPU_AEN, -MPU_ACK, and -16BHAM are the four pins that enable
the F82C5087 to interface with the PC-AT host MPU, Whenever the MPU
accesses the MPU FIFO Buffer Register and data is not available to be _
read/written, the JORDY signal is deasserted. Using the TORDY nin is only one
of several ways the MPU can check if data is available or if the FIFO is ready
for another byte. (The description of MPU FIFO Buffeér Reglster in Chapter 4
describes the other options,)

1mTT A'F."I\I apﬂ .A}JTDT T AFT( aran oan dto Auarrida tha TUTDTT qr‘r‘r-oop 1'\!“(1 und

force access to the MPU FIFO Buffer register. These signals enable the _
F82C5087 to send data to the host (AT) MPU without the host MPU generating
a valid address to the MPU FIFO Buffer Register.

Tha _1TARHTANM AT hacot adanfar cional anahlac 15 _hif Aata fr--)nnrnra het“rnnﬂ tha

The -16BHAM AT host adapter signal enables 16-bif data transfe ween the
host computer’s MPU and the SCS1 data bus. This signal is asserted when the
MPU read/writes 16 bits of data to/from the F82C5087 host adapter. Bits 0-7 are
sent/received viapins A_D[0-7] that comprise the lower MPU data bus. Bits
8-15 are transferred simultaneously via pins MEM_D[0-7], the memory data bus.

CONFIG1 is the line that is pulled up internally, and used to select the MPU's
strobe input. This signal is grounded when the system MPU is an Intel 80286
since it uses separate read/write signals.

CONFIG2 is also pulled up internally, and held low because the F82C5087 host
adapter is configured to operate with the non-multiplexed MPU address/data bus.
INTERRUPT is a programmable pin that enables the firmware engineer to
decide under what conditions (e.g., a parity error) the F82C5087 host adapter
should generate an interrupt io the sysiem MFPU.

-RESET_CAP is tied to an external capacitor for a reset pulse greater than

5 microseconds at power up. -RESET_OUT is asserted any time the F§2C5087
is reset. The FB2CS5087 can be reset by asserting the -RESET _CAP or
-RESET_IN signals, or by a programmed reset.
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Interfacing with the Host Computer’s DMA Controlier .

Typically, the FIFO_RDY pin is connected to the host computer’s DMA, y
controller. When this pin is asserted, it indicates the F82C5087 is ready to

process more data. When FIFO_RDY is asserted, the host DMA countroller will

send a new byte to a F82C5087 intemal register, the MPU FIFO Buffer Register

12. Thus this register ¢can be used to pass data to/from the MPU and the

F82C5087’s internal FIFO. —

Refer to Tables 2-2 through 2-5 later in this chapter for a complete list of the
82C5087’s IfO signals and their functions.

2-8 Chips and Technologies, Inc.
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Tables 2-1 lists the signals in sequential order. Tables 2-2 through 2-5 list
signals in alphabetical order. Note that in all the tables an active low state is
indicated by a negative sign (-) prefix. When the pin(s) can be configured for
more than one fanction, such as A_D[0]-A_DI[7], the other functions are listed
as a subset. An N/A under a pin number indicates that the pin is not available on
that particular version of the F82C5087.

Note that in all the signal descriptions, references to direction (e.g., MESSAGE
OUT phase) is in reference to the initiator. For example, a MESSAGE OUT
phase indicates the initiator wants to send a message to the target, Refer to Table
2-6 for pad drive capacity of the F82C5087’s pins.

Table 2-2 lists the F82C5087 input/output signals and their functions. |

InputiOwtpur Signals e e

Signal Signal 1o Pin # Functlon

Symbol Name

A_DJO-7] Address/Data /O  13-16 These are active high, tri-state

Bus 18-21  signals. When the active high
CONFIG2 pin is high, these
address/data lines interface with
the MPU’s lower 8-bit
address/data bus. The addresses
are latched into the intermal,
addrass rpmehsr hu the falline

adAliiiipy

edge of the. A.DDRESS LATCH
ENABLE signat (ALE).

If the address is within the range
of the internal chip select, the
§-bit data is writien/read toffrom
a register, depending on the I/O
write or O read input control
lines.

DO-DT Data Bus Yo
these lines carry only data.

When the active high CONFIG2
signal is Jow, this active high line
provides address bit 3 for internal
register selection. Refer to Table
4-1 for 5087 register addresses.

A3 T AddressBit3 1 47

‘When the active high CONFIG2
signal is low, this active high line
provides address bit 4 for intemal
register selection. Refer to Table
4-] for the addresses of the 5087
internal registers '

a4 Address Bit4 1 7.

. When CONFIG2 is pulled Jow,
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Table 2-2.

Input/Output Signals (continued)

Signal Signal Vo
Symbwol Name

Pin #

Function

-ACK - 8CST - YO
Acknowledge

The initiator drives this active
low signal to indicate
acknowledgment of a REQ/ACK
handshake for a SCSI data bus
transfer. In target mode, the 5087
receives this bidirectional O
line. In initiator mode, this line is
driven by the 5087 in response to
the target’s request for data to be
transferred over the SCSI data
bus.

-ATN SCSI Attention VO

Initiator asserfs this active low,
SCSI bus control signal to
indicate the ATTENTION
condition and to request a
MESSAGE OUT phase.

-BSY SCSIBusy VO

65

This active low, SCSIbus control
signal indicates the bus is
currently in use.

+BUF_IN  Bufferln I

' This input signal provides direct

control of the BUF_OUT signal
if SCSI differential mode is
disabled. Its value can be read by
the MPU.

+BUF_OUT Buffer Out O

This open drain 48 mA output
line can be driven from the
BUF_IN signal in
non-differential (single-ended
drivers/receivers) SCSI mode.
This signal provides the reset out
signal to the SCSI bus when
differential drivers
{multiple-ended drivers) are
connected.

-C D SCSI YO
Control/Data

74

‘In target mode, the 5087 drives

this bidirectional IfQ line for all
SCSI command and data
transfers.

In initiator mode, the 5087
receives this active low signal
that indicates the target bas SCSI
command/data to transfer.

CLOCK Clock 1

“This active high, input signal is
for a fres running clock used for

all internal timing.
Recommended clock frequency
is 2410 32 MHz.

Chips and Technolegies, inc.
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Table 2-2.  Input/Output Signals {continued) -
Signal Signal ro Pin# Function
Symbol MName
CONFIG1 Configuration] 1 7 This live is pulled up intemnally

and used to_select the MPU's
strobe inputs. When this active
high, input Sigoal is grounded,
the S0B7 chip is configured foran
ROBS/RO51.4vne NP that nses

welroLaanlypee WA ol L

individual read and write strobes.
When this signal is left open, the
5087 chip is configured for a
Z8-type MPU that uses separate
strobe and read/write signals.

CONFIG2 Configuration2 I = 61 When this active high signal is
high, the 5087 chip is configured
to operate with a multiplexed
address and data MPU bus. When

- this line iz low, ping AQ-A4
(-XOR[5-7), A3, and A4) are
used to select the internal
registers. Referto Table 4-1 fora
list of the addresses of the 5087
internal registers. This signal is
pulled up internally, Typically it
will be pulled up by a resistance
of 25 Kohms.

-DMA_ACK DMA I 48 This active low, input signal
Acknowledge provides the 5087 with the

acknowledge handshake signal

from the memory data bus DMA

controller. When this active low

signal is asserted, the 5087 gates

data onto the memory data bus

Foxretta  mwalnal-o Antn Trmts feandYy
ARG ), UL Vi nD Gdtd U (fealh)

the 5087 on the trailing edge of
-DMA_ACK.

-DMA_REQ - DMA Request. O .49 This active low, output signal
provides the memeory data bus
DMA controller with a request
handshake signal from the 5087.

DPRV_GND[0-5] Drive ground I 2530,37 Drive ground. Required around
66,72,78 48 mA drivers.

GND{0-3] Ground I 12,22, Ground
50,60
-HOST_D[0-7]  SCSI Host UO 24,  These eight active low signals

Data 0-7 26-29, comprise the SCST data bus. This
31,33,35 B-bit bidirectional data bus is
used to transfer parallel data

to/from the host system.

Chips and Technelogies, Inc. : 211
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Tablo 2-2. Input{Quiput Signals (continued)
Signatk Signal Vo Pin#  Function
Symbol Name
-HOST_D_P SCSIHostData YO 23 When the 5087 is driving the
Parity SCSI bus with data, this active

low signal indicates odd parnty
(flow through).When the 5087
receives data from the SCSThost
data bus, this odd parity bit ig

used to check for valid parity.

INP1[0-2] Input Port 1 I 38-40  These active high signals can be
used for setup information and
are pulled high intemally. For |
example, the SCSI controller ID B
can be set with this port’s bits. .
‘These bits are accessible to the
MPU by reading register 8.

INPL{3] o 4z If bit 1 of Auxiliary Conirol 3
Register 25 is set, INP1[3] may
be used to control power to SCSI
bus terminators. The output is
low when the 5087 is active, and
high when it is in the slecp mode.
If this featuore is not being used, it
forms bit 3 of the input port.

INP1[4] , o 43 The INP1[4] pin can be used for
a parity bit on the memory data
bus by setting bit 5 of the Mode

Control Register 7. Otherwise, it
is bit 4 of the input port.

INTERRUFT Internzpt O 1 This signal can be programmed
to control when the 5087 should
generate an interrupt to the MPUL -
This signal is aclive low on reset.
If it is enabled, output is active
when any enabled interrupting
sequence is detected. For latched

hits, it is cleared when the MP1I

reads Interrupt Status Register 5.
For unlatched bits, it is cleared
when the pass-through interrupt

condition disappears.
10 SCSI YO 76 Intargetmode, this bidirectional,
Input/Qutput active low VO line is driven by

the 5087 to indicate the target has
datafcommand/status to transfer
to the initiating controller.

In initiator mode, the 5087
receives this line o indicate the
direction of the data transfer.

2-12 Chips and Technologies, Inc.
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Table 2-2. Input/Qutput Signals (continued)
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Signal Signal o
Symbol Name

" Ping

Fﬁncﬂon

JO_MEM_-DM__ VO Data 1
Memory

This chip enable pin controls
access to the 5087. Its asserted
polarity is discussed in Tables

2-3 and 2-4, and is shown as

follows:

CONFIG1|CONFIG]
Low High

CONFIG?

e A et

Low Low

High

CONFIG2

High | High | Low

MEM_DI[0-7]
Bus

Memory Datﬁ I/O‘ ‘

5154,
56-59

These eight active high signals

comprise the 8-bit bidirectional
data bus to/from the buffer

. .memory. This high-speed data

bus is called the memory data
bus.

In 16-bit host adapter mode these
lines are used as the MPU’s upper:
data bus to transfer bits 8-15
to/from buffer memory. This
enables two bytes per cycle to be
transferred.

-MSG

SCSI Message _ 70 -

This active low signal is dnven
by the target during a MESSAGE
phase.

In target mode, the 5087 drives
this /O signal to indicate a
MESSAGE phase . (e.g.,
MESSAGE IN} is in progress. Tn
initiator mode, the 5087 receives
this signal.

‘STSIRequest hrle] -

75

this active low I/O signal to
request data transfer to/from the
initiator. =~

In initiator mode, the 5087
receives this sigmal that indicates
the target has command/data to
transfer,

2-13

In taget mode, the 5087 drives
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Table 2-2. Input/ Output Signals (contfinued)

Signal Signal
Symbol Name

o

Pin #

Function

RESET_CAP Reset Capacitor

[

77

The 5087 contains an internal
POR reset ¢circuit that generates a
reset pulse for approximately Sus
at power up. If a longer pulse is
required, the hardware design
engineer should connect this
signal to an external capacitor 1o
provide a power-on reset signal
of externally controllable pulse
width. An internal pull-up
resistor of 100 Kohms and a
voltage threshold of 3.2 Voiis
shonld be used for reset pulse
width calculations.

-RESET_IN SCSI Reset

0

68

When this active low SCSI bus
control signal iz asserted, the
5087 assumes a known reset
condition. This sigpal’s
unlatched status can be obtained
by reading bit 7 (RESET Pin) of
Input Port 1 Register 8. The
laiched staius can be read from bit
6 (SCSILRESET) of the Intequpt
Status Register 5.

-RESET_OUT Reset Out

79

This active low output signal is
always tmue during powerup. It
can #lso be asserted during 2
SCSI bus reset if the firmware
engineer has deasserted bit 4
{Disable SCSI RESET_OUT
Pin) of Aunxiliary Control

Trario
:\osn’te'f 19.

-SEL SCSI Select

o

71

Initiator uses this active low
signal to select the target, or the
target uses it to reselect the
initiator.

VDDI0-3] VDD

17,34,
55,69

+5 VDC

Chips and Technologies, Inc.
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Table 2-2, Input/Qutput Signals (continued)
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el

Signal
Symbol

Signal
Name

o

Pin #

Funcﬁoﬁ

-XOR[5-7]

AD-A2

Exclusive-OR
Address 5-7

Address Bits 0-2

64

When the active high CONFIG2
pin is high (multiplexed MPU
bus addressing), these active low
nput signals are used for intemnal
chip select. They are pulled up
internally. They control the
polarity of the corresponding
address line. For example, if
these pins equal 1 1 1, then the
5087 will respond only to
addresses below 32.

When the CONFIG2 signal is
low, these active high lines
connect to address bits 0-2
(A0-A2). Address bits 0-2 are
used for internal register
selection.

g -

FIFQ_RDY

O Requésf -

"This tri-state active high signal is

asserted when the FIFQ is
waiting for 2 new byte from the
MPU, or it has a byte ready to
send 1o the MPU. When the MPU
FIFO Buffer Register 12 is
accessed, this signal is cleared.

This pin is enabled by bit 2 (FIFO
RDY Pin)of the Mode Control
Register 7.

sl -

IORDY

I/d Ready

This open_ é;mn pf.n sinks 24mA

It is enabled by bit 0 (Host
Adapter Pins) of the Mode
Contro] Register 7. Whenever the
MPU accesses the MPU FIFO
Buffer Register [2 and data is not
available to be read/written, this
signal is deasserted.

Hardware engineers should tie
this output signal to the MPU
Wait State Generator.

-16BHAM

16-bit Host
adapter mode

41

This open drain pin is active low,
sinks 24mA. Jts output is asserted
when the MPU reads/writes
16-bit data from/to the host
adapter {(MPU FIFO Data
Register 12). .

+MPU_AEN

MPU Address
Enable

This active high siéﬁal is useci as
a qualifier to override the MPU
address bits. It is internally pulled

up.

2-15
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Table 2.2,

Table 2-3.

2-16

Input/Output Signals {continued)

Signal Slgnal 10 Pin# Function

Symbol Name

-MPU_ACK MPU I 3 Thisactive low sigoal isused as
Acknowledge a qualifier to ovemide the MPU

address bits apd also forces an
internal chip select. It is
internally pulled up.

Signals Specific 1o 8085/8051 Mode

I . TMONASYV M e o ama ko

Table 2-3 describes the signals used only when the F82C5087 is operating in
8085/8051 mode ( multiplexed mode). Ncte the 8085/8051 uses multiplexed
address/data buses,

Note: In this mode the CONFIG1 signal is low.

Sienals Specific to 8085/8051 Mode

Signal Signal ¥O  Pin Function

Symbol Name

ALE_-AS AddressLatch 1 11 This input strobe is for latching
Enable the address from the MPU into

the internal address register on
the falling edge of ALE. The
address bits are used for internal
chip and register selection.

I0_-MEM_-DM YO Data I 8 If true Chigh), this input signal
Memory enables IO Read and O Write
signalsIf this ¥O Data Memory
signal is false (low), /O Read and
YO Write signals are disabled.

-IORD_-DS8 /O Read I 9 MPU uses this active low input
signal to read 5087 registers.

-IOWR_R-W YO Write 1 10 MPU uses this active Jow input
signal to write 3087 registers.

Chips and Technologies, Inc.
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Table 2-4.

Signals Specific to Z8 Mode
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Table 2-4 provides signal descriptions for signals used only when the F82C5087

Note; In this mode the CONFIG1 signal is high.

Signals Specific ro Z8 Mode

Signal Signal o Pm;ﬁ

Symbol Name

Function

ALE -AS " Address Strobe 1 11

"This active low input strobe s for

latching the address from the
MPU into the internal address
register. Address bits are used for
internal chip and register
selection.

IO_-MEM_DM DaaMemory I 8 _

" If true (low), this input signal

enables data strobe (DS). If this
active low signal is false (high),
data strobe is disabled.

-IORD_-DS

DataStobe 1 9

If R/W is true (high), the MPU
uses this active, low input to read
information from ihe 5087. If

_.R/W is false (low), the MPU uses
it to load information into the
5087, '

JOWR_R-W _ Read/Write T 10

This active high input signal
determines whether the MPU
wants to perform a read operation
(R/-W is true), or write operation
(R/-W is falge).

217
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Table 2-5.

Signals Specific to Wide Data Bus Transfers . |

Table 2-5 describes signals used only when two or more 50875 are cascaded to
sapport wide SCSI bus data transfers. Refer to Fignre 1-3 for a diagram of a *

system configuration with two 5087s cascaded to support 16-bit data transfers -
over the SCSI bus. Figure 3-2 provides a funcfional pin ont of 5087s cascaded. i

Signals Specific to Wide Data Bus Transfers

Signal Signal o Pin# Function
Symbol Name ]
.DSYNC DMA Sync VO & The master 5087 does not

generate 2 DMA request (assert
-DMA_REQ) signal until this

active low 3 1t cromal
active low inputl signal is

deasserted.

The slave(s) 5087 asserts this

signal to indicate a not ready
condition. Hardware engineers

should tie this pin on all master y
and slave 5087s together.

In master mode, this pin is an
input and is pulled high. In slave
mode, this pin is an open drain
output. For more details refer to

Chapter 3’s section _
*Master/Slave Mode."

“SSYNC SCSI Syne YO . 32 The master 5087 does ot . |
generate a SCSI

request/acknowledge
(REQ/ACK) signal until this
active low input signal is
deasserted.

To indicate a not ready condition
the slave(s) 5087 asserts this
signal. Hardware enginecrs
should tie this pin on all master
and slave 5087s together.

In master mode, this pin is an
fnput and is pulled high. In slave
mode, this pin is an open drain
output. For more details refer to
Chapter 3’s section

IV ¢ Fr L]

"Master/Slave Mode."

-WPAR “Wide Data Bus VO 62 To asynchronous or synchronous
Parity mode, this active low input signal
indicates the external 5087 slave
chip(s) has a data parity emor or
overfunder run error.

In master mode, this signal is an
input and is puiled high. In slave
mode, this signal is an open drzin
output. Hardware engineers

should tie this pin on all masters '
and slave 5087s together.

Chips and Technologies, Inc.
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Table 2-6.

Pad Drive Capacity
Refer to Table 2-6 for a list of the pad drive capacity of the F82C5087 pins.

Pad Drive Capacity

rFsecsosr M

Pin Name Drive Pad PinName  Drive Pad
Capacity (mA) Capacity (mA)

-ACK 48 +INR ENB 4

-ATN 48  +INTERRUPT 16

-BSY 48 ~ +DIF_DIR 4
+BUF_OUT 48 +DMA_REQ 4

-CD 48 +AD[0-7] 8
-HOST.DIC-7] 48 -HOST.D_P 48

10 48 ~ +ARB 4

-MSG 48 RESET OUT 4

-REQ 48 ~ +TAR_ENB 4

-RESET_IN 43 +INP1[4] 8

-SEL 48 - -DSYNC 4

IORDY 24 ~ -WPAR 4
+FIFO_RDY 16 -SSYNC. 4 o
-16BHAM 24 - INP1[3] 16
+A_DI[0-7] 24 ~ +MEM_D[0-7] 24

2-19
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Electrical The relevant timing diagrams and A.C. characteristics for interfacing the
if : F82C5087 are provided in the following timing specification sections. For more
Specmcatlons information on the microprocessor timing refer to the documentation for the

martinnlar misrrrmracaconse
el bdbridd il AU A ACIO AL -

Clock Timing

The FR2CF087 chin hag a CTOCK cional for 2 free rommine clock that is nged for

AL DULAA WU Wl LIS S Srden e, Ol iy, B L = i

all internal timing. The recommended clock frequency for the FB2C5087 chip is
24 to 33 MHz. Figure 2-4 presents the waveform and AC characteristics of the
CLOCK signal timing.

I

Figure 2-4. Ciock Timing Characreristics

SIGNAL I \

Symbol  Parameter ' Min. Typ. Max Unit
T Clock Period (CP) 30 ' ns
T2 Clock pulse width high. 40% of GP ns

T3 Clock pulse width low 40% of CP ns

2-20 Chips and Technologies, Inc.
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Z8 Mode Timing

‘When the F82C5087 is interfacing with the Z8 that has a multiplexed

address/data bus, the F82C5087 operates in multiplexed mode. Figures 2-5 and
2-6 regpectively present signal timings and their AC characteristics for Z8 mode
write and read operations. For more details on these signals, refer to in the

section "Signals Specific to Z8 Mode" earlier in this chapter.

Write Operation Z8 Mode Timing Characteristics

SIGNAL
() +IO_MEM_-DM N\, /
T4
) -ORD_-DS N, yd
(1) +CONFIG1
) +CONFIG2
mnre o vas \ ) o
(i) -IOWR_R-W N V4
TS
(h) +ALE_-AS _ d '
T6 |’ “_l i
J -T8
+A_DIo-7] A N
N TN -  d
Symbol Parameter T Min o Typ. B iﬂax. Unlt ) .
T4 IOWR_-DS low puise width & . . s
5 +ALE_-AS low pulse width 30 ) ns
To  AdirosssetplowALE AShigh 25 ns
1/ ACAress noia aner +ALtE_-As nign  £5 . i ns
T8 Data setup to -IORD_-DS low 25 o R ns
T9 Data hold __after —!OB_L')_—DS high 25 ' ns

Chips and Technologies, Inc.
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[ ] :
Flgure 2-6. Read Operation Z8 Mode Timing Characteristics . p
|
|
i
SIGNAL ;
N +IC_MEM_-DM ~ / 1
T10 ,
()  -ORD_-DS ] N\ y d !
]
1
()  +CONFIG1 |
C
E
)  +CONFIG2 ;
“
[
M -OWR_RW . X
e J
T4 1
s
()] +ALE_-AS _LlT 3 |
— = T15 |
114 _ l
l
+A_DI[0-7] Y

T ee—
i
i
I
h
Symbol  Parameter ' © Min. Typ. Max Unit i
Ti0 -IORD_DS low pulse width &0 B ns o
T11 +ALE_-AS low pulse width 30 ns -
T12 Address setup to +ALE_-AS high 25 nhs ’
T18 Address hold after +ALE_-AS high 25 ns =
T4 Data valid from HORD_-DS low 50 ns =
Ti5 Data float after -IORD_-DS high as ) ns 4
j
. l
i
2-22 Chips and Technologies, Inc. )
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. 8085/8051 Mode Timing

The F82C5087 can operate in 8085/8051 mode ( multiplexed mode). Figures 2-7
and 2-8 respectively present the signal timings and their AC characteristics for
8085/8051 mode write and read operations.

I
Figure 2-7. Write Operation 8085/8051 Mode Timing Characteristics

SIGNAL

H +I0_MEM_-DM

n +CONFIG1
() +CONFIG2 _ o
. () -IORD_-DS
Ti6
) JOWR_R-W™ L S
b T17
{)) +ALE_-AS
T21

)  +A_D[07] _< A D >__

Symbol Parameter o O Min. "fyp.: Max.  Unit
T16 -IOWR_R-W low pulse width 60’ o ns
T17 +ALE_-AS high pulse width 30 B . . ns
T18 Address setup to +ALE_-ASlow 25 . : ] ng .
T19 Address hold after +ALE_-ASlow 25 ~° - ) _ns _
T20 Data setup to -IOWR_R-Wlow 0 o i ) ns

dih T2t Data hold after JOWR_R-W high~ 25 ns

Ghips and Technologies, inc. 2-23
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I
Figure 2-8. Read Operation 8085/8051 Mode Timing Characteristics

1) +10_MEM DM mmmmees” ,, i I -

(1) +CONFIG1
0 +CONFIG2 =
T2z
(1) -IORD_-DS , N\ )4
(1 -IOWR_R-W
T23

& +ALE_-AS TN\

l To4—|T29— | T26 T27

- 7 N\ =

..I.
>
o
)
4
é
\
C

Symboi Parameter Ain. Typ. MMax Unit

T22 -IOWR_R-W low pulse width 60 ns

T23 -~ +ALE_-AS high pulse width a0 ns

T24 Address seiup o +ALE_-AS low 25 ns }
T25. Address hold after +ALE_-ASlow 25 ns

T26 Data valid from -IODS_-DS low 50 ns .
T27 Data float after -IORD_-DS high 35 ns w

2-24 Chips and Technologies, Inc.
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Figure 2-9.

Non-multiplexed Mode Timing

Fe2cs087 M

The F82C5087 chip can operate in non-multiplexed mode in order to interface

with microprocessors that have non-multiplexed address/data buses. Figures 2-9
and 2-10 respectively present signal timings and their AC characteristics of write
and read operations for non-multiplexed mode. -

Write Operation, Non-mulfiplexed MPU Timing Characteristics

SIGNAL

() +IO_MEM_-DM \

(1) +CONFIG1

{1} +CONFIG2

|
|

T29

T33 l

T28 T34
\ |I b Y I F
(i +A4-A0 x
0 -IORD_-DS
T30
y
O  -JOWR_RW N\ /|
T31 T32. ’
e P
Symbol Parameter M:n o Typ. '-Max.
T28 Address setup 30 _ ns
T29 +lO_MEM_-DM setup 20 ns
T30 -IOWR_R-W width 2CP ns
T3 Data bus setup 380 - ns
T3z Data bus held 20 . ns
T33 +IO_MEM_-DM hold 10 ns
T34 Address hold 10 ns
Chips and Technologies, Inc. 2-25
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Flgure 2-10. Read Operation, Non-multiplexed MPU Timing Characteristics
' _—r T 1
SIGNAL le Lo
()  +O_MEM_-DM \ /
()] +CONFIG1
(1) +CONFIG2
:i: = =
()] +A4-AD ><
L
()] -IOWR_R-W
T3
Y 7
) -IORD_-DS N /)
T4 l T5 ‘
\
Symbol  Parameter “Min. Typ. Max.  Unit
T Address sefup 0 o ns -
T2 © +1O_MEM_-DM setup 20 ns
T3 -JORD_-DS width 2CP ns
T4 Data valid from strobe 10 50 ns P
T5 Data fioat after strobe 35 ns .
T6 +O_MEM_-DM hold 10 ns
T7 Address hold 10 ns
2.26 Chips and Technologies, Inc.
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Timing for Data Transfers to System Memory

System design engineers have two alternative ways of wiring the F82C5087 to
support data transfers to/from system memory. First, the F82C5087’s IORDY

pin can be connected to the MPU’s wait state generator to support burst transfers

(string operation) from the MPU to the F82C5087 chip, Figures 2-11 and 2-12
respectively present the signal timings and their AC characteristics of the
IORDY sigpal and its associated signals for a MPU write and read operation.

The second method of supporting data transfers to/from systemn memory is'to
connect the F82C5087’s FIFO_RDY pin to a DMA controller on the system’s
memory data bus. Figures 2-13 and 2-14 respectively present the signal timings
and AC characteristics for the FIFQO_RDY signal and its associated signals.

2 2-27
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Flgure 2-11. MPU Write IORDY Timing Characterisfics

SIGNAL

{0 ,
+lO_MEM_-DM \\ <s /_"'

{ +CONFIG1

M +CONFIG2 S $S

(1 ALE_-
+ALE_-AS /7 SC

[P

() IOWR_R-W U $s __/___
M +IORDY Ne—$S /

(1) -16BHAM N $S /

Symbol  Parameter " Min.  Typ. Max Unit

T1 +O_MEM_-DM and +ALE_-AS o ' 50 " ns
deasserted to IORDY low

Note:

1. +IORDY is driven low only if the pin is enabled and the 5087 is not ready to accept more data,
2. +IORDY will remain Iow until the 5087 accepts data.

3. +IORDY will only be low for Register 11 or 12 access.

4, +IORDY is not a function of TOWR_R-W _

5. -16BHAM pin must be enabled and a 16-bit transfer requested.

2-28 Chips and Technologies, inc.
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I
. Figure 2-12. MPU Read IORDY Timing Characterisiics : -

SIGNAL

() +O_MEM_DS T N\ $S /

)] +CONFIG1

(1) +ALE_-AS

o~

.,(
;H

3 o +D(15:0) -

T2 "

0 IORDY
(9 + ss

(0) -16BHAM \ $S /

Symbol  Parameter Min. Typ. Max. Unit

T1 +1G_MEM_-DS and +ALE_-AS L * B0 ns
deasserted to +IORDY low .

T2 Data valld to +ICRDY high 10

Note:

1. +IORDY is driven low onty if the pin is enabled and the 5087 does not have data to send to the
2. +JORIY will remain low until data is available.

- 3. +ICRDY will only be Jow for Register 11 or 12 access. . - .
. 4. +IORDY is not a function of -IOWR_-DS. . ~
5. -16BHAM pin must be enabled and a 16-bit transfer requested. R -

Chips and Technologies, Inc. . - 2.29
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_______
Figure 2-13.  FIFO_RDY with Address Timing Characteristics

 — SS—\ N —
O +10_MEM_-DS .

(1 +CONFIGHT <<
() +CONFIG2
T1 |

0 CIORD_-DS et

s ——$3 Y
) -IOWR_R_W T2 l
(©)  +FFO_RDY 29

_ N

——

>
X

0] +MPU_AEN

(@) -MPU_ACK

Symboel Parameter Min. Typ. Max Unit
T1 +FIFO_RDY high to access strobe 0 ) ns
T2 Access strobe low to +FIFO_RDY CP+80  ns

- @

2-30 Chips and Technologies, Inc.
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] ,
. Figure 2-14.  FIFO_RDY without Address Timing Characteristics )
SIGNAL
Sc
()  +IO_MEM_-DS i
{)) +CONFIG1
<<
ow -
) +CONFIG2 ,
sc
w
) +IORD_-DS SS \§
+
() JOWR_R-W l T T2 l T4
€€
©) +FIFO_RDY e
T3
g (h +A4-AD INVALID ADDRESS
/
) +MPU_AEN 55__/ N,
— ,m
(0) “MPU_ACK SS L -/
() 16BHAM N\, /
Symbol  Parameter N Min. Typ. Max. Unit
T +FIFO_RDY high to access strobe 0 ' ns
T2 Access strobe low to +FIFC_RDY © CP+80 ns
[
T3 fr\‘XPU__AEN high and -MPU_ACK
T4 +MPU_AEN and -MPU_ACK hold 30 . ns
fime :
Note:

Chips and Technolegies, Inc.

1. +MPU._AEN high and -MPU_ACK low and +FIFO_RDY high and access strobe forces Register

12 acecess.

2. -16BHAM pm must be enabled in order to bc asserted and a 16 bit transfer is requested.
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Timing for /O Interface to Buffer Memory .

The F82C5087 communicates with the DMA. controller over a bidirectional
memory data bus via DMA request/acknowledge handshake contro] signals.
Figures 2-15 and 2-16 respectively present the signal timings and their AC
characteristics for a write and a read operation to/from buffer memory.

Figure 2-15, DMA Interface, Write to F82C35087 Timing Characteristics

SIGNAL
) +MEM_D(7:0) — 5% \)/ VALID \/
< AN

T1 T2
L}
) -DMA_ACK $S \L }

| T3 | T4

[ I
Symbol Parameter Min. Typ. Max Unit
T Datavalid to -DMA_ACK high 10 - s
T2 Data held time 10 ns
T3 -DMA_ACK low 2CP ns
T4 -DMA_ACK high ' 2CP ns

Note:

1. Under normal operatien -DMA_REQ will not be asserted for a second transfer until -DMA_ACK
has been deasserted from the first transfer. -DMA_REQ can be asserted earlier if the fast DMA
transfer bit (Register 7, bit 3) is asserted.

2-32 _ Chips and Technokgies, lnc.
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I
. Figure 2-16.  DMA Interface, Read from F82C5087 Timing Characteristics
SIGNAL
% £ | b
(I +MEM_D(7:0) S Py * DATA *
£L< l T T3 12 |
- - B ; = / -
0  -DMA_ACK W\ T4
Symbol  Parameter Min. Typ "~ Max. " Unit
Tt Data vaiid to -DMA_ACK low to Q 25 .._ns.
cala vanu
T2 Data hold from-DMA_ACK h|gh 10 ns
T3 -DMA_ACK low 2CP ns
T4 -DMA ACK high 2CP _ ns
Note:
. 1. Under normal operation -DMA__REQ will not be asserted for a second transfer until -DMA_ACK

has been deasserted from the first transfer. -DMA_REQ can be asserted earlier if the fast DMA
transfer bit (Register7, bit 3) is asserted,

Chips and Technologies, Inc.
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SCSI Interface Timing

Figures 2-17 through 2-26 present signal timings and their AC characteristics for
the F82C5087 signals that support such SCSI interface functions as arbitration
of the SCS81 bus, selection/reselection of a SCSI device, and asynchronous and
synchronous data transfers. Note that signals -HOST_D(0-7) are depicted in all
of these figures. These eight lines comprise the 8-bit SCSI data bus. This bus is
used to transfer data toffrom the host computer. The -HOST_D_P signal is the

N alns]

SCS1 data bus parity bit.

Timing for the SCSI Bus ARBITRATION Phase
Figure 2-17 presenis ihe signal timings and their AT characieristics for the
signals involved in 2 SCSI device’s arbitration of the SCSI bus.

I
Figure 2-17.  SCSI Arbitration Timing Characteristics
SIGNAL
T2 ' _
(0)-HOST_D(0-7,P) 7T\ — 7N\
T1
(10} -BSY N
T3 1
TN
{1/0) -SEL
T4
N\ 4
A
N r 3
Symbol Parameter Min. Typ. Max Unit
T Bus free to -BEY low 3 _Sé_ T 4SG+50_ - 1'18—
T2 Valid bus 1D to -BSY low 0 ns
T3 -BSY asserted to -SEL low 68C ns
T4 -Valid 1D hold after -SEL low 38C . - ns

Nota:

1. SC stands for SCSI Clock which is set by the valee loaded into Register 8.
2. In this diagram SCSI arbitration is won, if arbitration is Jost -BSY and -HOST_D(0-7, P) ace
deasserted within 2 SC max. : .

2-34 Chips and Technologies, Inc.
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Timing for SCSI Bus SELECT/RESELECT Phases
Figure 2-18 presents the signal timings and their AC characteristics for the

Figure 2-18.  SCSI Select/Reselect Timing Characteristics

SIGNAL

(0)-HOST_D{0-7, P) * DEVICE ID ><
[ I T2
T v 7 F \

. (0) -1_O ) N ’ ’

"
N
(O) -ATN \
Symbeol Parameter Min. - Typ. Nlax. T Unit
™ - Valid device ID and 4_O 1o -BSY . . .
high or -SEL low 4GP i ns ’
T2 - -BSY low by device to 5087 -SEL,

device ID, and -1_O hold . 18C L ns

Note: s = _

1. 8C stands for SCSI Clock which Is set by the valee loaded into Register 8.
2. Dashed lines for -BSY and -SEL indicate non-arbitrating systems.
3. Dashed line for -I_O indicates reselection.

Chips and Technolegies, Inc. 2-35
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Timing for Asynchronous/Synchronous Transfers

SCSI bus data transfers can be asynchronous or synchronous. Figures 2-19
through 2-22 present signal timings and their AC characteristics for N
asynchronous data transfers. Figures 2-23 through 2-26 present signal timings )
and their AC characteristics for synchronous data transfers.

Figure 2-19. SCSI Target Asynchronous Transfer Output Timing Characteristics

SIGNAL
T2 T4

(©) -HOST_D(0-7, P)

©) -MSG X X

(0) D X X
®
(0) 1.0 \ /| 4

T1 T3

©) REQ \ -
—_

(0) -ACK N\ /

Symbol  Parameter Min. Typ. Max  Unit

T Phase change to -REQ low 18C o ns

T2 " Data valid to -REQ low 2 CP-5 T ns

T3 " -ACK low to -REQ high 10 2CP+10 ns

(DATA FPhase)

T4 Data hold after -ACK high CP ns

T5 ~-ACK high to phase change 18C ns N

Note:

1. SC stands for SCSI Clock which is set by the value loaded into Register 8. .
2-36 Chips and Technelogies, Inc. E




Figure 2-20.

SCSI Target Asynchronous Transfer Input Timing Characteristics

Fezcses7

SIGNAL

T4

Chips and Technologies, Inc.

1. 8C stands for SCSI Clock which is set by the value Joaded into Register 8.

@ -HOST_D(0-7,P) X
(O) -MSG x x
— = y - — -
(©) 10 N
—/ T1 ‘ T3
\ /
(©) -REQ
0 ACK N\ /
Symbol  Parameter " Min. Typ. Max.  Unit
T1 Phase change o -REQlow  1SC = . ns
T2 - Data valid to -ACK low 0 . ns
T3 -ACK low to -REQ: high 10 2CP+10 ns
(DATA Fhase)
T4 Data hold after -REQ high o ns
TS -ACK high to phase change 15C . - ns
Note:

2-37
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I
Figure 2-.21.  SCSI Initiator Asynchronous Trangfer Output Timing Characteristics
SIGNAL
T6
0y -HOST_D(0-7, P) /"N
A - AN PN /\
()] -MSG >< ><
U] -C_D x ><
T
—< -
(1) 1o A N
- T3 T7 N
(O) -ACK o 4 \\
g ™ |
(1) ~-REQ /
Symbol Parameter Min. Typ. Ma_x. Unit
T1 -1/Q high 1o bus enable 15 ns
T2 Phase change to -REQ low 4GP ns
T3 Data valld to ~ACK low 2CP-5 ns
T4 -REQ low fo ~ACK high 10 ns
T5 -REQ high to -ACK high 10 2CP+10 ns
(DATA Phase)}
T8 -REQ high to data Invalid 1CP ns
17 -ACK high to phase change 2CP ns
2-38
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SCSI hitiator Asynchronous Transfer Input Timing Characteristics

SIGNAL
T1 T3 16

1)) -HOST_D(0-7, P)

0 -MSG >< x

n G D X ><

w — Ve
() 10 N /i _
T2 T4
(I -REQ \
T5 17
. y

(®)) -ACK \ __/
Symbol Parameter © Min, Typ: "Max " Unit
T J_O low to data bus disable 60 T s
T2 Phase change to -REQ low 4GP : ns
T3 - Data valid to -REQ low .10 ng
T4 -REQ low to -ACK low 10 ns
T5 -REQ high to -ACK high 10 ns
T6 -ACK low to data bus hold S0 ns

. 17 -ACK high to phase change 2CP

Chips and Technologies, Inc.
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Figure 2-23. SCSI Target Synchronous Transfer Output Timing Characteristics
. — T5
(O) -HOST_D(0-7, P) * X
T4
(©) -REQ \~ )
T2 T3 TS
()] -ACK /
T6 T7 8
©) -MSG _/
o ~ o S
(V) - L V4
T
1 T10 —— —_—
O) -1_O
Symkbol .Parameter ] h}m - 'l:yp Max. ~ i . ﬁnit A
T1 -_O low 1o data hus enable 18C ns
T2 Data bus valid to -REQ: low 2CP-5 ns
T3 -REQ assertion petiod 3CP ns
T4 -REQ: deassertation period 3CP ns
T5 -REQ high fo data hold 0 ns
T6 -REQ low to -ACK low 10 ns
17 -ACK assertion perod 2CP ns
T8 -ACK deassertion period 2CP ns
T9 -ACK period 5GP ns
Ti0 Last -ACK pulse high fo phase
change 4CP o ns
Note:
1. 8C stands for SCSI clock which is set by the value loaded into Register 8.
2-40 Chips and Technologies, Inc.




Figure 2-24.

SCSI Target Synchronous Transfer Input Timing Characteristics _
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SIGNAL

) -HOST_D(0-7, P)

T3

Chips and Technologies, Inc.

4CP

(O) -REQ A\ /
T2
(1) -ACK
T9
©) wmsa /"
(0) C_D _/
_ g Ml T
(O) -_O
Symbol  Parameter  Min. " Typ. Max.  Unit
T 4_O high to databus disable 50 . ns
T2 -REQ assertion period 3CP ns
T3 -REQ deassertion period 3CP ns
T4 Data valid to -ACK low 0 ng
T5 -ACK assertion period 2CP ns
16 -ACK deassertion period 2CP ns
T7 -ACK low 10 data hold 45 ns
T8 -ACK peried 6 CP ns
TS -REQ low to -ACK low i0 ns
Ti0 Last-ACK pulse high to phase N
change ns

2.4
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Figure 2-25. SCSI Initiator Synchronous Transfer Output Timing Characteristics

SIGNAL
T9

(0) -HOST_D(0-7, P)

0 -REQ N

e

(O) -ACK /
— | T— T7 TS5 T6
0) wvsa S T4
(1) -C_D //
T10

H -_O //
Symbol Parameter B ~ Min, Typ. Max Unit
T1 -I_O high to data bus enable 10 ns
T2 -REQ pulse assertion petiod 2CP ns
T3 -REQ pulse deassertion period 2CcpP ns
T4 Data bus valid to -ACK low 2CP-5 ns
T5 -ACK assertion period 3CP ns
T6 -AGK deassertion period 3CP ns
T7 -REQ low to -ACK low 4CP ’ ns
T8 -REQ period 6 CP ns
T9 -ACK high to data hold 0 ns
T10 Last ~ACK pulse high to phase

change 2CP ns
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. Figure 2-26. SCSI Initiator Synchronous Transfer Input Timing Characteristics
T9 i
(0 -HOST_D(0-7,) x
T8 T7
1) -REQ N\ /
T2 T3
(O) -ACK /
T4 T5 6
() msc_/
0 €D _/
— | T T T T10——— _—
{0 4.0
Symbol  Parameter  Min. Typ. Max. Unit
T -_O low to data bus disable B0 .. _ns
T2 -REQ pulse assertion perlod " 2CP ns
13 -REQ pulse deasseriion period 2CP : ns
T4 -REQ low to -ACK low 4 CP o ns
T5 -ACK assertion period 3CP ns
T -ACK deassertion period 3CP . . ons
T7 -REQ period &6CP ' ns
T8 - Data bus valid to -ACK low 10 ns
To Data hold after -REQ high 0 ] ns
T10 Last -ACK pulse high to phase .

change 4CP ns
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D.C. Specifications The F2C5087 is built using CMOS low-power technology. It operates from a .
single +5 Volt supply. Refer to the following sections for information on
absolute maximum ratings and D.C. Characteristics.

Absolute Maximum Ratings

Rating Minimum Maximum Unit
Power supply voltage 03 70 . VDC B
Ambient operating temperature 0.0 +70.0 Cdegrees
Storage temperature 650 +150.0 Cdegrees

Caution: Stresses greater than those indicated may cause permanent damage to
the chip. Operation of the chip at conditions above those shown is not implied.
Exposure to absolute maximum rating conditions for extended pericds may
affect the chip’s reliability.

Standard Test Conditions

The following characteristics apply to standard test conditions unless noted
otherwise in test specifications. Voltages are referenced to GND. Positive
current flow is into the reference pin. Standard conditions are as follows:

® Vee=5.0VDC+/-025VDC

& GND=0VDC

® (degreesC<TA <70degrees C

D.C. Characteristics

Parameter ‘Min Max Unit

Input High Voltage 2 ' Vee V

Input Low Voltage - -03 0.8 v 7
Outpit High Voltage 24 Vee v

Cutput Low Voltage 0.4 v

High-level Output Current S 4 mA

Low-level Output Current - 4 mA -
Input Leakage -30 10 uwA

Output Leakage 10 uA

Vee Supply Current 50 mA

2.44 Chips and Technologies, Inc.
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. D. C. Characteristics for Drivers/Receivers - .
Drivers (SCSIbus)  Sink 48 mA @ 0.5 VDC asserted o
Drivers (AT bus) ~ Sink 24 mA @ 0.5 VDC asserted
Receivers Asserted at input = 010 0.8 VDC )
Non-asserted at input = 2.0t0 5.25 VDC
Minimum hysteresis = 0.2 VDC ' CoT

Chips and Technologies, Inc. ) - R 2-45
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Chapter 3
Operation

This chapter provides a description of the modes the F82C5087 can operate in
when used as a host adapter or device controller. It also explains how the
structure of the F82C5087 architecture supports these various modes.

Modes of Operation As mentioned previously, the F82C5087 provides the functions necessary to
implement the SCSI interface on a host computer or a device controller. Used in
either of these applications, the F82C5087 can support the following modes of
operation: T

® Initiator or target mode

® Differential or non-differential mode

® Asynchronous or synchronous transfer mode
® Master or slave mode.

-

Initiator and Target Modes

Systems can be configured with single or multiple initiators, and with single or
multiple targets. Some SCSI devices can act as an iifitiator in one SCSI interface
transaction, and function as a target in another, The F82C5087 supports both the

PRy, (I pe—= |

initigtor and target maode.

Role of Initiator

Typically, the initiator is the host adapter. The initiator is responsibie for
criginating the operation that the target will perform. In order to initiate a SCSI
bus operation, the initiator mast complete the following steps:

Wait for the SCSI bus to go to the BUS FREE phase.

Arbitrate for control of the SCSI bus.

Select the device (target) using the target ID placed in the MCS,
Optionally send an identify message from the MCS to the target,
Optionally send a two-byte tag message from the MCS to the target.

Send the target a multi-byte command from the MCS, defining the activity
which is to occur, Refer to the section "Pipelining Structure" later in this
chapter for more details on this topic. ’

¢ & & & 0
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3-2

The initiator controls the SCSI bus during the ARBITRATION and
SELECTION phases. However, once the target is selected, control transfers to .
the target.

Role of the Target

If the F82C5087 is selected as a target it will perform the following sequence
under the control of the firmware:

Save the ID of the initiator in the MCS,

Opticnally receive the identify message and save it in the MCS.
Ontionally receive the two-byte tag message, and save it in the MCS.
Receive a multi-byte command, and save it in the MCS.

If the identify message allows the target to disconnect, then send the
DISCONNECT message to the initiator. I the identify message disallows
disconnect, the sequence is temninated at this point.

®*  Gotothe SCSI bus BUS FREE phase.
Once the target is selected by the initiator, the target controls the SCSI bus,

Targets can also arbitrate for the SCSI bus and reselect an initiator. Referto the
target commands in Chapter 5 for more details.

Transfer Modes

The F82C5087 supports onty the single-ended SCSI mode with built-in 48 mA .
drivers, When the F82C5087 is transferring data over the SCSI bus, the mode of

transfer can be asynchronous or synchronous. An asynchronous transfer rate of _
up to 4 megabytes/second, and synchronous transfers of up to 5.3
megabytes/second are supported (33 MHz clock).

Asynchronous Transfers

Asgynchronous transfers use the protocol of the REQ/ACK handshake. With each
handshake, one byte of information can be transferred over the SCSI bus.
Targets drive the -REQ signal while initiators drive the -ACK signal. In this
mode, targets control the directional flow by driving the -1_O signal. When this
signal is asserted, the information is transferred from the target to the initiator
over the SCSI bus. When the -I_O signal is deasseried, the information is
transferred from the initiator to the target.

In this mode, the F82C5087°s 64-byte FIFQ is used as a buffer between the
SCSI bus, and the high-speed memory data bus or MPU bus. Also 50875 can be
cascaded to increase the width of SCSI bus and the memory data bus from 8 bits
toup to 32 bits. Refer to the section "Master/Slave Mode" later in this chapter
for more information on cascading 5087s. '

Synchronous Transfers .

Like asynchronous transfers, synchronous transfers use a REQ/ACK handshake,
Unlike asynchronous transfers, a transfer rate can be specified with synchronous

Chips and Technologies, Inc.
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transfers. This rate can be specified by performing a write operation to Transfer
Period Register 15. For targets responsible for driving the -REQ signal, the
transfer rate specifies the minimum number of clock cycles between the leading
edges of the -REQ signal to the next -REQ pulse. For mitiators responsible for
driving the -A.CK signal, the transfer rate specifies the minimum number of
clock cycles between the leading edges of -ACK pulses,

With synchronous transfers, the -REQ and -ACK signals can be offset by a
count of up to 63 bytes; a count up to the size of the FR2C5087"s internal FIFO.
This offset can be specified through a write operation to Maximum Sync Offset
Register 14. For more information on these registers refer to Chapter 4.
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Figure 3-1.  Functional Pin out of Cascaded 5087 s
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Master/Slave Mode

As Figure 3-1 indicates, 5087s can be cascaded to support wide data transfers
over the SCSI and the memory data buses. By cascading four F82C5087 chips
these buses can be extended to 32 bifs.

The following may be specified for cach F82C5087 in the system:

® Master or slave mode for the F82C5087(s) basic mode of operation (e.g.,
transferring data to/from the DMA controller’s buffer memory), and

® Master or slave mode for the FR2C5087(s) SCSI interface furictions.

The mode the chip is operating in to perform SCSI bus activities can be viewed
as a subordinate mode of the chip’s main mode of operation. For instance, as
Figure 3-1 indicates the chip labelled Slave/Master B is cperating in slave mode;
it is a slave to the F82C5087 labelled Master/Master A. However, when
Slave/Master B is performing SCSI interface activities, it is operating in master
mode. Therefore for such operations, it will operate as the master chip for its two
slave chips, Slave/Slave A and B.

The F82C5087’s basic mode of operation as master or slave can be specified
with bit 7 (Slave Mode Bit) of Mode Control Register 7. The F82C5087's
subordinate mode, the SCSI bus interface mode, can be specified as master or
slave with bit 6 (SCSI Bus Slave Mode) of this register.

When bit 7 is asserted, the F82C5087 is operating in slave mede as its basic
mode of operation; when this bit is deasserted the F82C5087 is operating in
master mode. When bit 6 is asserted, it forces the chip to operate in slave mode
when performing SCSI bus interface functions; when this bit is deasserted, the
chip will operate in master mode. Bit 6 should be asserted ondy if bit 7 is also
asserted. Consequently, bits 7 and 6 must be set as shown in Table 3-1 for the
system configuration that is shown in Figure 3-1: o B

Mode Control Register Setting oo e i

82C5087 Chip Mode Control Register 7

Bit7 ~ Bit&

Slave Mode . SCSl Bus Slave
Master/Master A o .0
Slave/Master B T 0
Slave/Slave A 1 T
Slave/Slave B 1 21

If bits 7 and 6 are set as indicated in Table 3-1, the F82C5087 chips are
configured as shown in Table 3-2, T .

Master/Slave Mode

Basic Mode SCSI| Bus Mode
Master/Master A Master Mode ... Master Made
Slave/Master B Slave Mode Master Mode
Slave/Slave A Slave Mode " Slave Mode
Slave/Slave B SlaveMode . _ SlaveMode
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Master/Master Mode .

When bits 7 and 6 of Register 7 are deassested, the F82C5087 chip is In master
mode when performing its basic operations (e.g., transferring data to buffer
memory), as well as in master mode when performing SCSI bus functions. Refer
to the chip labelled Master/Master A in Figure 3-1. The master chip is
responsible for controlling the SCSI bus phase control signals and for
transferring bits 0-7 during SCSI bus transfers. It is connected to the host system
via a cable referred to as Cable A. For more information on this cable refer tothe
American National Standard for Information Systems-Smatl Computer System
Interface. ) ; o

Slave/Masier Mode

When bit 7 is asserted and bit 6 is deasserted, the chip is forced to operate in

slave mode for its basic operaticn, yet operate in master mode for SCSI1 bus

interface functions. Refer to the chip labelled Slave/Master B in Figure 3-1. This

chip is functioning as a slave to Master/Master A. It does not control such SCSI

bus phase signals as -ATN, -BSY, -C_D; Master/Master A. is responsible for

this. It functions as a slave in such activities as transferring data to the system’s , _i
buffer memory.

Yet Slave/Master B acts in master mode when performing SCSI bus data

transfers. Therefore, this chip must synchronize the transfer of bits 16-32 by

Slave/Slave A and Slave/Slave B as well as transfer bits 8-15, Slave/Master B,
Slave/Slave A, and Slave/Slave B are connected to the host system via a cable .
referred to as Cable B. Whereas, the master chip’s Cable A carries SCSI bus

phase control signals as well as SCSI data (bits 0-7), Cable B carries only the

-REQ and -ACK signals and SCSI data (bits 8-32). Cable A and B are

independent cables. For more information on these cables refer to the

above-mentioned ANSI document.

Slave/Slave Mode

When bits 7 and 6 are assérted, the chip is forced to operate in slave mode for its
basic operation as well as in stave mode for its SCSI bus interface operations.
Refer to the chips labelled Slave/Slave A and B in Figure 3-1.

In slave mode, the F82CS5087 is under the control of the master 82C5087 chip.
Only the FIFQ is active in slave mode; SCSI bus phases or MCS access is not
used. Asynchronous and synchronous data transfers preceed as in master mode.

Synchronizing Memory Data Bus Transfers

Only the master (Master/Master A) can send request signals -DMA_REQ) to the

DMA controller, When the slave chips have data ready to transfer over the

memory data bus, they all release -DSYNC (DMA Sync); forcing this signal to

go high., When the slave(s) -DSYNC signal is high, the master asserts its )
-DMA_REQ signal to indicate it has data ready to transfer to the system’s buffer .
memory. When the DMA controller is ready to receive that data, it sends an
-ACK signal back. The slaves’ -DMA_ACK pins should be tied to the master’s

Chips and Technologies, Inc.
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-DMA_ACK pin; thercby enabling the slaves to detect the DMA’s -ACK signal.
In slave mode, the slave F82(C5087(s) drives the -WPAR as well @s the -DSYNC
signals.

Synchronizing SCS! Bus Data Transfers

A chip operating as a SCSI bus master (Master/Master A or Slave/Master B)
conducts a request/acknowledge handshake with the SCSIbus for transferring
data. A SCSI bus master chip will niot handshake a byte on the SCSI bus until
the wire-or’ed -SSYNC signal is deasserted ¢high). SCSI bus slave chips will
assert this signal when they are not ready to process more data.

oy Wy A Ny

In slave SCSI mode, the F82C5087 chip is under the control of the master .:»CSE
chip. Only the FIFQ is active in slave mode; SCSI bus phases or MCS access is
nct used. SCSI bus data transfers can be asynchronous or synchronous. In
asynchronous or synchronous mode, the -WPAR pin indicates the F82C5087
slave chip(s) has a data parity error or an overrun/underrun error condition.

To ensure correct synchronization, the firmware must send pipeline command(s)
to the slave F82C5087(s) before sending the identical command(s) to the master
F82C5087.

Hardware Specifications

The F82C5087 pins that support the buffer menicry interface should be wired as
follows: The master chip’s -DMA_REQ and -DMA_ACK pins néed to be tied to
the DMA controller’s REQ/ACK pins. The -DMA_ACK pin on the slave(s)
should be tied to the master’s -DMA_ACK pin. The -DSYNC pin on the

slave(s) should be tied to the master’s -DSYNC pin.

ToOAMENAOTT PRV, Sy ol ~a 1.7 Lo

11'16 PoAoUs 7 pll'lS T.I.'la[ ST.IPPOIT. LS D\.—Dl Dllb m[ﬁrldbt: sSn0uld o WJIE‘»U. as
follows: The SCSI master chip’s -ATN, -BSY, -MSG -C_D, and -1_O, -REQ,
and -ACK pins should be tied to the SCSI bus. On the master, the -SSYNC and
-WPAR should be externally pulled high, or tied to the respective pins on the
slave FR2C5087(s). The SCSI bus master chip’s -REQ and -ACK pins should be
tied to their respective pin on the SCSI bus slave(s). Refer to Figure 3-1.

Operational modes (e.g., master/slave, synchronous/asynchronous data transfer
mode) are supported by functional blocks within the FE2CS5087. These blocks
provide the logic the F82C5087 needs to interface with other system
components {¢.g,, MPU), and to manage the flow of SCSI data, commands,
messages, and status through the gystem. These functicnal blocks can be
grouped into the following categories:

¢ The /O interface ' o

® The set of 46 commands, and

& The memory structure that supports the quening of commands.

1t is through its VO interface that the F82CS5087 is able to send/receive signals,

addresses, and data to/from the system’s other components, Through its
command set, the F82C5087 is able to provide the SCSI protocol for command,

data, message and status flow through the gystem. The F82C5087°s memory
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structure consists of a §4-byte FIFO and six, 32-byte Message/Command Space
(MSC) scripts. The FIFQO enables data transfers to be streamlined, and system .
performance to be increased. The MCS, in conjunction with the F82C5087"s

four pipeline registers, enables up to four pipeline commands to be queued.

In the following sections, the first two comaponents, the IYO interface and
command set, are briefly discussed. Both of these topics are described in detail
in Chapters 2 and 4, respectively. The third component, the F82C5087’s
memory structure, is described in detail in this section.

YO Interface

This section provides four examples of how this IO interface enables the
F82C5087 to communicate with other system components.

Example 1. O Interface Providing a Path to the SCSI Bus.

There are nine F82C5087 signals (e.g., ~ATN) that comprise the SCSI control
bus. These bidirectional signals are controlled through the F82C5087’s
command set. For example, by issuing the CNTL ATN ON pipeline command,
the firmware can assert the -ATN signal on the SCSI bus.

Example 2. I/O Interface to Buffer Memory.
The system’s buffer memory (memory data bus) is accessible via a DMA .

controiier. Such DMA controllers as the CHIPS 5055 DMA Ceniroller provide
the addresses in the buffer memory to which data is to be transferred. The
F82C5087 communicates with the DMA controller over a bidirectional memory

data bus via DMA. request/acknowledge handshake control signals.

Example 3. l/O Interface to the MPU.

The A_D bus and its agsociated control signals connect the F82C5087 to the
MPU. Each of the 24, internal FR2CS087 registers has its own address. Through
address bits A4-AO (non-multiplexed addressing) the MPU can specify an
address and select any of the FB2C50877s internal registers for a read/write
operation. For example, by performing a write operation to MPU FIFQ Data
Register 12, the MPU can deposit data into the F82C5087°s FIFC. From the

FIFQ, the data can be transferred to the buffer memory via the memory data bus

or to the SCSI bus.
Evamnla A 10 Intarfara ¥n tha Hact amnaiiny
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Communication with the host computer is via an 8- or 16-bit bidirectional port.
The host computer interface consists of the A_D Bus (bits 0-7), the memory data
bus (bits 8-15), and the MPU control signals. Data is transferred to/from the host
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Certain signals are used only when the F82C5087 is operating in & specific
mode. For instance, the MPU_AEN signal is used only when the F82C5087 is
operating in the host adapter mode. Refer t6 Chapter 2 for signal descriptions.

Command Set

The commands can control the F82C5087"s YO signals, and thus control the
F82C5087"s communication with the other system components. These
commands provide the functions needed to implement the SCSI interface on a
host computer or a device controller. Through this set of 46 commands data can
be transferred between the MPU and memory data bus, SCSI data, command,

message, and status flow can aleo be managed throngh the svstem, Refer 10

ELIMATS Sy Tidil SLEee e ma i T Vo ALllonN S DL A oy el LAt

Chapter 5 for command descriptions.

Memory Structure

The F82C5087 provides 256 bytes x 9 of memoxy. This on-cth memory can be
categorized as:

® DataFIFQor, o - T o
& Message/Command Space (MCS) script. ' '
The FIFQ can be used to smooth out data transfers and increase system

throughput. As Figure 3-2 indicates, all data transfers in the system must go
through the F82C5087’s internal FIFO.

|
Figure 3-2. Conceptual Diagram of the F82C5087's Memory
| "MCS gcrﬁto_ - 1— _____ _ o
| ese , | MCS Registers :
' | MCS 1 S | | SMMCS Address Register 9 |
| &4 !
| MoS 2 o8 : —'I_I MPU MCS Address Register 10 E
| 128 | l
, Mes4 R ] MPU MCS Buffer Register 11 1 _ 1
| 160 L -
l MCs S 192 === = = = = = ::‘] To Device _
A = t FIFO Register i g‘fsu Data
To I S;Eéte L1 I MPUFIFO Data Register 12
Host | ] | |
System | 265 L o
SCS1 Bus [ | To Buffer
L em — — — — 1 Memory Data Bus Memory
. 82C5087 HOST SCS!I CONTROLLER
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The second componernt of on-chip memory is the MICS . This portion of memory
is nsed by the firmware to store SCSI sequences comprised of SCSI commands,
messages, and/or status. These SCSI sequences are used by the pipeline
commands that are placed in the F82C5087’s pipeline registers. Together, the
MCS and the pipeline registers enable the firmware engineer to queue up to four
commangds, and 10 use the MCS as an extension of the MPU’s memeory. Plus, the
MCS can be customized for a particular application. Refer to the section
"Pipelining Structure" later in this chapter for more details.

Requests to access F82C5087 memory are prioritized in the following
descending order: FIFO IN, FIFO QUT, F82C5087 state machine (SM) requests,
and MPU requests.

Data FIFO

All data transfers in the system must use the F82C5087°s internal FIFQ. This
64-byte section of memory is used as a depository for FIFO data and parity. The
pipeline comrnands are used 1o manage the flow of this SCSI data. This includes
asynchronous, as well as synchronous, SCSI bus data transfers.

In addition to SCSI bus data transfers, the FIFO is also used as a depository for
data being transferred between the MPU’s data bus and the memory data bus.
The high-speed memory data bus provides increased system performance
because control and data activities are independent. Joining these two buses
provides the firmware with a means of accessing the data stored in the buffer
memory. For example, if the bad track information from a disk drive is read, that
information may have to be transferred from the buffer memory to the MPU
memory. Note that for the MPU to transfer data to/from the F82CS087°s FIFQ,
the MPU must perform a writefread to MPU FIFO Data Register 12. Just as
MPU MCS Buffer Register 11 is a holding register for MPU transfers to/from

tha MY tha MDPTT RTEN Pata Racictar ia o haldine racictar far MPIT trancfars
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of data to/from the FIFO.

Bytes are transferred into and out of the FIFO only when the transfer counter is
non-zero. The transfer counter can be 1oaded through Registers 16-18. For
diagnostic purposes, Register 13 may be used to preset the FIFO count to a value
between 0-63, During normal operation, Register 13 can be read to determine
the number of bytes in the FIFO. Write to Register 14 to set an offset of up to 63
bytes for synchronous data transfers. Register 14 can also be used to preset the
current offset count. Normally, before the FE2C5087 executes any data transfer
commands it resets the FIFO. For more details on any of these registers refer to
Chapter 4.

MCS Script

Just as the F82C5087’s internal FIFO is used as a depository for data that will be
routed through the system, the six, 32-byte MCS scripts can be used to store
SCSIcommands, messages, and status. The flow of the SCSI sequence(s) stored
in the MCS is managed by issuiig pipeline commands to the F82C5087°s
pipeline registers. For more information on this topic refer to the section
"Pipelining Structure® later in this chapter.

Chips and Technologies, Inc.

L oA

. A




Fezcses7 B

applications, For instance, if the F82CS5087 is configured as a host adapter
operating in initiator mode, certain messages fréquently sent by the initiator can
be stored in the MCS.

. The MCS can be used as a tool to customize the F82C5087 for their particular

MCS Address Pointers

The F82C5087 has two registers that serve as pointers to the MCS. One register, =~

MPU MCS Address Register 10, acts as the MPIJ’s pointer to the MCS, The
MPU uses this pointer as the starting address for sending/receiving SCSI
commands, status and/or messages to/from the MCS. Every time the MPU
processes (reads or writes) a byte from the MCS scnpt the M.PU MCS address
pointer (Register 10) is incremented. ’

The second MCS pointer register, SM MCS Address Register 9, containg a
pointer to the MCS for the F82C5087 state machine’s use. Because there are two
F82C5087 registers that can access the MCS, it is possible for the F82C5087
state machine to be accessing one 32-byte MCS scnpt while the MPU is
processing another area in the MCS. . -

MGCS Auto Advance

The MCS has an auto advance feature. Before starting to execute d pipeline
cornmand that accesses the MCS, the F82C5087 SM will automatically advance

. the SM MCS address pointer (Register 9) to the beginning of the next MCS.
This feature enables the FB2C5087 to execnte d vanable length SCSI read
sequence followed by a SCSI write sequence,

This auto advance will not occur if the SM MCS address pointer is already
pointing to the beginning of an MCS, or if this feature has been disabled. This
can be disabled by issuing the CNTL DIS ADV command to one of the pipeline
registers. If this feature is disabled, all F82C5087 state machine accesses to the
MCS will be to contiguous memory locations,

Pipelining Structure

As mentioned previously, the F82C5087 state machine nses the MCS i
conjunction with the four pipeline registers to enable the firmware to quene up to
four commands. The pipeline registers are used as a circular quene. When 2
command is igsued to the pipeline register, it establishes an implied relationship
between the position in the MCS to which the SM MCS Address Reg1ster is
pointing, and the pipeline commands.

Chips and Technologies, Inc. Co T 3-11
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Figure 3-3.

F82C5087° s Command Queueing

STEP 1. Firmware engineer initizlizes MPU MCS
pointer.

sl © MCS Script
Address 32 MCS 0
Register 10 MCS 1
64 MCS 2
°6 MCS 3
128 MCS 4
160 MCS 5

STEP 2. Firmware engineer builds SGSI

scquence. 0 _MCS Script
30 Elscoﬁtﬁ%’é%eéssaga MCS 0
MCS 1
64 MCS 2
% MCS 3
128 MCS 4
160 MCS 5

STEP 3. Firmware engineer injtializes SM MCS

STEP 4. Firmware engineer issues pipeline

i commands. SMCS 2
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STEP 5. 5088 SM executes pipeline command O.
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MCS 1 —
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MCS 2
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STEP 6. 5086 SM executes pipeline command 1

SMCS Pipeline
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STEP 7. 5086 executes pipeline command 2.

SMCS Pipeline
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STEP 8. 5086 SM scans for next command,

stops at location 0. SMCS
. Register 9 Pipeline
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Before issuing a pipeline command, that will require access to the MCS, ensure
that the SCSI sequence (e.g., SCSI commands, message, status) has already been

stored in the MCS, The firmware is responsible for building this information in
tha M he narfarming com epnnf"'rﬁ umhne ey MPTT MC'S Ruffer Reoicter 1 1
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After the firmware has built the SCSI sequerice in the MCS, it mnust point the
SM MCS address pointer (Register 9) to the first byte of this sequence.

Once the MCS has been initialized, pipeline commands to cne of the pipeline

U PO U TU-JOUNY | ~ TEQIENTT T anane +h
lcg,lbf.mb can then be issued. The F82C5087 SM scans these four p;.p€1uu.’

registers searching for commands to execute. When the F82C5087 SM locates
the pipeline command, it executes the command and processes the sequence
stored in the MCS. If the FR2C5087 detects that all the pipeline registers are
empty, it will stop scanning for commands at Register 0. Therefore, it is
recommended that the firmware place the first pipeline command in Register 0.

After the data transfer is completed, the target needs to set up the MCS to send a
status byte to the initiator and then a DISCONNECT message. Refer to the
following two examples of how the pipeline registers and the MCS can be used
to queue commands. Figure 3-3 illustrates the steps involved in the first example.

Example 1. SCS! Transfer Command

Before the MPU can send the SCSI transfer command, it must perform the
following three steps as illustrated in Figure 3-3: -

Step 1. Initialize the MPU MCS pointer.

Set up MPU MCS Address Register 10 to point to the beginning of an MCS
script. In this example, assume it nses MCS 0, .. L

Step 2. Build SCSX sequence,

Tha firmwrara mnot marfrem conoon
The firmware must perforth consecutive write operations to MPU MCS Buffer

Register 11 to build the SCSI sequence, in this case a status byte folLowed bya
DISCONNECT message. It starts at locatlon 0 of MCS 0,

Step 3. Initialize SM MCS pointer.

Load SM MCS Address Register ¢ with the address in the MCS that contains the
first byte of the stored SCSI sequence. In this case, that is location 0.

Once the MCS has been initialized as described above, issue the pipeline
command and the F82CS087 SM will attempt to execute the queuned
command(s). Refer to Steps 4-7 of Figure 3-3.

Step 4. Issue pipeline commands.

Queue a command for execution by performing a write operation to one of the

i k. Trm 4hr th Te 2a]
four pipeline registers. In this example, three commands are queted: TGT DISC

SEQ (Target Disconnect Sequence) to Register 0, CNTL ENB SEL (Contral
Enable Select) to Register 1, and TGT WES SEQ (Target Wait for Select

Sequence) to Register 2, As mentioned, it is recommended that the first queuéd o

command be placed in Register 0. The firgt cormmand in the queue will be
executed immediately.
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Step 5. F82C5087 SM executes pipeline command 0. .

Once the TGT DISC SEQ command is placed in Register 0, the F82C5087 SM
begins to process the SCSI sequence stored in MCSO0. This implied association
between the pipeline command and the SCSI sequence is made because the SM
MCS address pointer is pointing to location 0 of MCS 0 when the TGT DISC
SEQ command is issued.

The F82C5087 SM executes the TGT DISC SEQ command, and clears the
command from Register 0. Afier this command is successfully executed, the SM
MCS address pointer is pointing to the next byte beyond the DISCONNECT
message.

Step 6. F82C5087 SM executes pipeline command 1.

The F82C5087 SM proceeds to the next pipeline register, Register 1, for ancther
conunand. Because this register contains a control command, CNTL ENB SEL,
the F82C5087 SM executes the command without advancing the SM MCS
address pointer to the beginning of the next MCS script (location 32). This is
because the control commands do not require MCS access; therefore, their
execution does not affect the positioning of the SM MCS address pointer.

Step 7. F82C5087 SM executes pipeline command 2.

Thae FRAUENRT Q0N avarntoc tha TOIT WEQ QRO In (MAarmmand Pinalina Raaictar
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2. This command requires that the F82C5087 sequences through several SCSI

bus phases, and optionally disconnects from the SCSI bus when the command is
completed. Because this command requires MCS access the SM MCS address .
pointer is incremented to Iocation 32 before command execution begins. As

command execution progresses the target ID, identify message, etc. are

transferred from the SCSI bus into MCS 1. When the command is successfully
completed, the SM MCS address pointer is pointing to the last byte, plus one,

that was received from the initiator.

Step 8. F82C5087 SM scans for next command, and stops at location 0.

After executing the TGT WFS SEQ command, the F82C5087 SM proceeds to
scan Register 3 which is empty. After scanning this empty register, it circles
around and scans Regi'ster 0. At this point Register O is empty; the FE2C5087
SM realizes that the pipeline registers are all empty and stops scanning at
Register 0.

For operations that require the F82C5087 to select/reselect a SCSI device, the
first byte the MCS Address Register points to mitst be a byte containing the
initiator/target SCSI bus ID, For example, if the FE2C5087 command to be
issued is the Select With ATN Sequence then the firmware must have performed
consecutive write opetations to MPU MCS Buffer Register 11 to set up the MCS
as follows:

Chips and Technologies, Inc.
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MCS Seript
SMMCS Address 0 (Register 9) ——-—> Target |D byle

ldentify message

Optional tag message
Multi-byte command

Target ID

The initiator can address up to eight peripheral devices that are connectedtoa
device controller. Each SCSI peripheral device attached to the device controller
is assigned a SCSI ID at system installation, The eight lines on the SCSI data

LY. P Aaviaalat ia canding a raanact 20 tha

bus are used to identif’ ¥ which SCSI QEVICE(3) I8 5enGing 4 ICqucsi 10 uc
initiator. During the SCSI bus ARBITRATION phase, these device IDs are
compared to determine bus usage pricrity. The device which is ’ued to the line
-HOST_D[7] has an ID of 7 and the highest priority when arbitrating for the
SCSI bus.

Identify Message

The identify message is a single-byte message that specifies if a target is allowed

to disconnect. It also specifies the initiator’s LUN (logical unit number), This
optional message is sent by the initiator and stored in the MCS.

Tag Message

This two-byte, optional message enables multlple commands to be senttoa
target from a single initiator. 77 s :

Multi-byte Commands

In this example, this portion of the queued SCSI sequence is a SCSI multi-byte
command.

Once the MCS has been set up as shown, an INIT SWA SEQ command can be |
issued to one of the pipeline registers. Again, it is recommeénded that Register 0
be used. Because the SM MCS address pointer is at the beginning of an MCS
script (location 0 of MCS 0), the F82C5087 will not advance this pointer to the
beginning of the next MCS (location 32 of MCS 1) before starting to execute the
INIT SWA SEQ command. The INIT SWA SEQ will perform the following
steps:

Arbitrate for the SCS$1 bus.
Select the target whose ID has been stored at location 0 of the MCS,

® Send a one-byte identify message fothe target to indicate if a disconnect
will be allowed. This identify message will also indicate the initiator’s
Tnaical nnit nomhber

ILSAVEE WAL LIUL UL

& TIf the modifier bit of the INIT SWQ SEQ command code equals 1, send the
target a two-byie tag message.

e  Send the target the multi-byte command stored in the MCS.
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3-16

® Terminate executicn at this point if the identify message disallowed a
disconnect, or if the Override Disconnect Enable Bit (Register 207s bit 2) is
asserted.

1]
3
y
3
}
b
]

® one status byte and one message,
®  orone or two messages.

®  Wait for the SCSI bus to goto the BUS FREE phase.

The status byte and/cr message received from the target will be placed in MCS 0
after the multi-byte command, The SM MCS address pointer will point to the
last byte processed, plus one.

To sort out contignous status and message bytes, the F§2C5087 tags all message
bytes received over the SCSI bus. Before reading the MCS Data Register bit 5 of
the SCSI Status Register 19 can be checked. If the next read of the MCS Data
Register will produce a message byte, this bit will be asserted. Note that Register
197s bit 5 is valid only if Register 19°s bit 7 is asserted.

The pipeline status registers contain the counts and the status of the SCSI bus
phases that transpired during a command’s execution. Refer to Chapter 4’s
description of the pipeline cormmand regisiers for mere details on the pipeline
registers. Chapter 5 provides details on the pipeline commands.

Chips and Technologies, Inc.
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Table 4-1.

Chapter 4

Registers

Fszcs0s7 M

This chapter provides a description of the fanction and operatlon of each of the
F82C5087’s internal registers.

The FR2C5087 has 26 internal registers that are accessible from an external
circuit. They can be categorized as control (write) regmters, or status (read)
registers. Their function is two-fold; they can be used to control the F82C5087’s
internal operation, and also to gain processing status and status results of the

F82(C5087’s operation.

Each register has a unique address. The particular register’s address is identified
by the F82C5087’s address bits A0 through A4, as illustrated in Table 4-1.

Addressing the FE2C5087 Registers

Address Register OF  Register

Ad A3 A2 A1 A0 Number Name

o 0 0 O O RO "W Command Pipeline 0
R Pipeline 0 Status

) o o 0o 1 R w Command Fipellne 1

: R Pipeline 1 Status

0 o 0 1 O Rz W Command Pipeline2
R Pipeline 2 Status

0 o ¢ .1 1 R3_ W Command Pipeline 3
R Pipeline 3 Status

) 0 1t 0 © R4 "W SGCSIConfiguration
R SCs| Status

0 o 1 0 1 Rs W Interupt Mask
R Interrupt Status

3 0 1 1 o RE = W * Select Timeout
R Extended Status

0 0o 1 1 1 R ~ W Mode Control
R Buffer Status

0 i 0 O .0 RS "W SCSIClock .
R Input Port 1

0 i o o0 1 Be W SM MCS Address T
R

SM MCS Address
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Table 4-1. Addressing the F82C5087 Registers (continued)
Address Register oP Register
Ad A3 A2 A1 A0 HNumber iName
0 1 o 1 0] R10 w MPU MCS Address
R MPU MCS Address
0 1 0 1 1 R11 w MPU MCS Buffer
R MPU MCS Buffer
0 1 1 0 0 R12 W MPU FIFO Data
R MPU FIFO Data
0 1 1 0 1 Ri3 w FIFO Gount B
R FIFQO Count
o 1 1 1 0 R4 w Maximum S;ncroﬁset )
R Current Synciqfrfset
0 1 1 1 1 R15 W Transfer Period
R Revision Number
1 0 0 0 4] Ri6 W Transfer Counterf
R Low Byte
1 o 0 0 1 R17 W Transfer Counter/
R Middle Byte
1 0 0 1 o R18 W Transfer Counter/
R High Byte
1 0 g 1 1 Rig W Auxiliary Control 1
R Auxiliary Status 1
1 0 1 o 0 R20 w Auxiliary Cantrol 2
R Auxiliary Status 2 .
1 o] 1 o 1 R21 W Sync/Asyne ID
R Current Target ID
1 0 1 1 0 R22 W CMD Group 6 & 7 Length
R SCS8I Data -
1 0 1 1 1 R23 w Sync ACK Out Counter
R Sync ACK Out Counter
1 1 o] ¢] 0 R24 w Sync REQ Counter
R Sync REQ Counter
1 1 o0 0 1 R25 w Auxiliary Control 3 ]
R Not Defined
Reg ister This section provides an operational description of a write or read operation in
Description each of the F82C5087 internal registers. The registers are organized sequentially
(0-25).

Note: Unless otherwise noted in the register’s operational description, a hard
reset condition clears all registers.

4-2 Chips and Technologies, Inc.
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Register Operation Register

Number Name

0 Write Command Pipeline 0
Read Pipeline (0 Status

1 Write Command Pipeline 1
Read Pipelinel Status

2 Write Command Pipeline 2
Read Pipeline 2 Status

3 Write Command Pipeline 3
Read Fipeline 3 Status )

Register 0-3 (0-3h) - Write Operation

These four pipeline registers are a circular queue to send commands to the
F82C5087. A command placed in one of these registers could execute a simple
task (e.g., send a message to the SCSI bus), or execute a sequence of tasks. For
example, the following series of tasks are executed when the firmware engineer
issues the TGT WFS SEQ (Target Wait for Select Sequence):

Wait for select from initiator

Receive ID message into MCS script
Optionally receive tag message into MCS script
Receive multi-byte command into MCS

Optionally send disconnect message, and proceed tothe SCSI bus phase of
BUS FREE

The F82CS087 execitfes pipeling commands in a circular fashion starting with
Register 0, For example if the firmware engineer places two commands in
Registers 0 and 2, the F82C5087 starts comumand scanning at Register 0. Once
locating the first command, the F82C5087 starts executing it. If this command
completes without an error condition, the F82C5087 scans the next register,
Register 1, which is empty, The F82C5087 proceeds to Register 2, locates the
second command and starts executing it. If this command completes without an
error, the FR2C5087 scans Register 3 which is empty. Next the F82C5087 scans
Register O which is empty. At this point the F82C5087 detects all four pipeline

registers are empty, and stops scanning,

In this example, note that the F82C5087 is now positioned to start command
execution at Register 0. Consequently, pipeline command sequences should
begin at this location. Refer to Chapter 3’s section “P;pelmmg Stracture" for

mose detajls, For details on pipeline commands refer to Chapter 5.
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4-4

opP

!

7 1 6 | 5 | 4 | 8 | 2z [ 1 1 o

w

Pipeline Gommand Code [ INT [ TAR | MOD | INT
| Mode [ Mode | Bit |

Bits 7-4

Bit 3,

Bit 2

Bit1

Bit 0

Pipeline Command Code

These bits contain the command code for the specific pipeline
command. For instance, 0000 specifies the NO OPERATION
comrand. Refer to Chapter 5 for details on each pipeline command.

Initiator Mode

If this bit is asserted, the F82C5087 assumes the initiator role on the
SCSI bus. This bit and bit 2 should never be enabled within the same
pipeline command.

Target Mode

The F82C5087 assumes operation in target mode on the SCSI bus
when this bit is asserted. This bit and bit 3 control internal logic; they
enable differential SCSI driversreceivers when the DIF_ENB pin is
high. This bit and bit 3 should never be enabled within the same
pipeline command.

Modifier Bit

Several pipeline commands use this bit as a command modifier bit.
For example, commands that transfer data between the SCSI bus and
the MPU use this bit t0 enable 16-bit host adapier mode. The Initiator
Select with ATN Sequence (INT SWA. SEQ) uses this bit to allow a
second message tobe sent after the ID Message. The Target Send Busy
Sequence (TGT SEND BSY) uses this bit to prevent the command
from being cleared upon completion, Consequently, the command can
be repeatedly executed until the seguence is aborted.

Interrupt when Command Compiete

When this bit is asserted and this interropt is enabled by the Interrupt
Mask Register 3, the F82C5087 interrupts the MPU upon command
cotapletion,

Notes:

®  ‘When the F82C5087 is executing a SCSI command or command
sequence and an unexpected condition occurs, the F82CS5087
clears the current command and any other commands in Registers
0-3. Bit | (Extended Status) of the Interrupt Status Register 5 is
set, and the Auxiliary Status Register 19 indicates the command
number that caused the error. Extended Status Register 6 has the
bit(s) set indicating which error occurred (e.g., bus phase error),

® The SM MCS Address Register and the MCS’s contents are not
affected by any error condition. Therefore, these registers and the
pipeline registers can be examined to determine the number and

type of SCSI bus phases that occurred prior to the error. .

Chips and Technologies, inc.
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*® A pipeline command can be aborted by writing a one to bit 5 (Soft
Abort) of the SCSI Configuration Register 4. This soft abort
terminates the currently executing command, sets bit 7 (BUSY)
of the pipeline status registers to zero, and resets bit 6 of Register
4. The firmware needs to examine the status of the SCSI bus, the
F82C5087s internal FIFO, and/or SM MCS Address Register,

and deal with any conditions created by the command being
aborted prematurely,

® Bits6 - 0 are not cleared by a hard reset.

Registers 0-3 {0-3h) - Read Operation

The firmware can use these registers to obtain status information and to aid in
e1ror recovery.

op 17 I & ] 5 1 4 | a | 2 171 | o

R | BUSY | CMND |STATUS| DATA | MSG_OUT |  MSGIN
| PHASE | PHASE | PHASE | PHASE] COUNT |  COUNT

=7 o L —

This bit is set when the MPU sends a new command to the pipeline
register, and is cleared upon command completion. The firmware can
poll this bit to monitor command progress. When a pipeline command
terminates with an error, this bit is cleared in all the pipeline stafus

raniotare
J.UEJ-Q'.\.!LI)I

Eité6 COMMAND Phase

‘The SCSI bus COMMAND phase permits targets to request command

information from initiators. When the F82C5087 detects a SCSI
COMMAND phase during the execution of a pipeline command, this
bit is asserted.

Bit5 STATUS Phase

The SCSI bus STATUS phase permits tarpets to request status
information be sent from targets to initiators. When the F82C5087
detects a SCSI STATUS phase during the executipn of a pipeline

commarnd, this bit is asserted.
Bit4 Data Phase

Data phase is 2 term used to encompass the SCSI bus DATA IN phase
and DATA OUT phase. DATA IN phases permit targets to request
data be sent from targets to ipitiatars. DATA OUT phases permit
targets to request data be sent from initiators to targets.When this bit
is asserted, the F82C5087 detects 2 SCSI bus DATA IN or DATA
QUT phase during pipeline command executicn.

Bits3-2  MESSAGE OUT Count

These bits contain an encoded count of the number of SCSI bus
MESSAGE OUT phases that transpired during pipeline command
execution.
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Bits 1-0

MESSAGE IN Count

These bits contain an encoded count of the number of SCSI bus
MESSAGE IN phases that occurred during pipeline command
execution. For example, if these bits contain a decimal 2 and the
F82C5087 is configured as a target, the F82CS5087 sent two separafe
messages to the initiator during command execution. The messages
could have been single or multi-byte.

Note:

& The F82C5087 contains no provision for overflow detection from
bits 2 and 3, or bits 0 and 1.

Chips and Technologies, Inc.
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. Register 4 (4h) ﬁegiiter Operation Eegister o T
umber ame
4 Write "SCSI Configuration
Raad QORT Ctabnis =

faieritty AT WA LUS .

Register 4 (4h) - Write Operation

This register aids in control of activity on the SCSI bus.

oP

7 | 6 5 Tz 1 1] o

W

| I
| Foree | Hard | Soft |
| Connect] Abort | |
| | | I

i
| SCSiBus D
l
I

Bit7

Bit 6

Bit 5

Bit4

Chips and Technologies, Inc.

Force Connect

This bit should only be used far diagnostic purposes. ¥t forces the
F82C5087 to connect tothe SCSI bus as either injtiator or target based
on the last executed command mode.

Hard Abort

When this bit is asserted, all pipeline command registers are cleared
immediately, and all SM activity is halted. This bit is also cleared.

This bit should be used only after the Soft Abort Bit has failed, and a
"hung" command needs to be terminated. When the Hard Abort Bit is
asserted, the SM Error Bit (bit 7) of the Extended Status Register
(Register 6) is asserted, and a pipeline COMMAND COMPLETE
condition is generated. ’

Soft Abort

When asserted, this bit causes a soft abort. This bit, uniike a hard abort,
attempts to terminate the command execution in an“orderly way, as
soon as possible, rather than aborting the command immediately. For
example, asserting this bit might halt command execution after the

selection timeont has expired and the target has not responded rather
than immediately aborting.

Bit 5 clears itself and all command pipeline registers, and generates a
pipeline COMMAND COMPLETE condition. When this bit is

) =t Bt (hit 7Y Af tha Bxtandad Qtafua R + P
asseﬁed, the SM 2o it (o1t /) OF e eXiended status L\eg,LSLEf S is

set.

Because of the abnormal command abort the MPU might have to
perform a clean up. Therefore, the MPU should check the status of the
SCSI bus, and contents of the F82C5087s internal FIFO and/or the
SM MCS Address Register, and status registers after a soft abort.

Disable Arbitration

When this bit is asserted, the FR2CS087 omits the ARBITRATION
phase and proceeds directly to the SELECTION phase. Because bus
arbitration is unnecessary in systems with only one initiator, this bit
should be asserted for systems using the single initiator option,

4.7
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Bit3 Exira Data Setup

When asserted, this bit instructs the F82C5087 to add two clocks of
setup time to the data during asynchronous writes to the SCSI bus.
Asserting this bit has no effect on synchronous data transfers because
such transfers are locked into the system clocking.

Bits 02  SCSI Bus Identifier

A SCST bus can support up to eight physical SCSI devices. Each
physical device must be assigned a unique identifier. Bits 0-2 specify
an encoded SCSI bus device identifier. During the SCSI bus
ARBITRATION phase, the F82C5087 puts this decoded ID on the
SCSI bus.

Devices can be assigned identifiers UDs) from 0 through 7. These IDs
have priorities for bus arbitration purposes. During arbitration, device
IDs on the SCSI bus are compared to determine bus usage pricrity. A
SCSI device with an ID of 7 has the highest priority.

Register 4 - Read Operation
This register aids in the moritoring of activity on the SCSI bus.

op | 7 | 6 | 5 | 4 | 8 2 | 1 ] 0

|
R | GON- | SCSI | SCSI | SCSt | Scsl | SCSI BUS PHASE
INEGTED| SEL | BSY | ACK | REQ | MSG  CP fie}

Bit 7 Connected to the SCSI Bus

‘When this bit is asserted, the F82C5087 is connected to the SCSI bus.
Note that references in this manual tothe SCSI bus condition as being
connected/disconnected are referring to this bit.

Bit 6 SCSI Select
Bit 6 indicates the unlatched status of the SCSI bus -SEL signal.
Bit 5 SCSI Busy

This bit indicates the unlaiched status of the SCSI bug -BSY signal,

Bit 4 SCSI Acknowledge

Bit 4 indicates the unlatched status of the SCSI bus -ACK signal.
Bit3 SCSIREQ

Bit 3 indicates the unlatched status of the SCSI bus -REQ signal.
Bits 0-2  SCSI Bus Phase

These bits indicate the unl

bus control signals: -

mlatnthad sl H
LaICea CONAIon O followir
,

-C_D,and-I_O

Nofe:

e TUnlatched signals can be changing asynchronously with respect
to the MPU’s processing. Therefore, to ensure valid data two .
readings of unlatched signals should be taken and compared.

4-8 Ghips and Technologies, Inc.
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Register Operation Register

Number Name

5 Write Interropt Mask
Read Interrupt Status

Typically, when the F82C5087 encounters any of the following events while it is
processing a pipeline command, i can be programmed to generate an interrupt to
the MPU:

¢ Command execution completed

& TUnexpected condition occurred

® Detection of a parity error or overrun condition
® A phase change occurred

*

Detection of the SCSI SELECTION/RESELECTION, RESET, or
ATTENTION signal. T

Register 5 (5h) - Write Operation

This register is used to specify under what conditions the F82C5087 should
generate interrupts to the MPU, They can enable or disable the associated mask
bit by writing to this register. If the Interrupt Mask Bit is asserted and the
corresponding event occurs (e.g., the command is completed and the
COMMAND COMPLETE Mask Bit (bit 0) is asserted), the F82C5087 will
generate an interrupt to the MPTIL

oP | 7 | 6 | & | 4 ] 8 | 2 | 1 { o
| SCSi | SCSI | SEL |GChange| FIFQ | Parity/ | Exinded| CMD
w | ATN | RST | Mask | Phase { Half~ |Overrun| Status [CMPLTE
| Mask | Mask | | Mask | Empty | Mask | Mask | Mask
| 1 | | | Mask | | |

Register 5 {5h) - Read Operation

A read to this register provides the current status of the interrupt events.
Interrupting events for bits 0,1, 2, 3, 4, and 6 are latched; bits 5 and 7 are passed
unlatched through to the mask bit gate. The trailing edge of the MPU read cycle
clears any latched bits.

2 | 1 ] ©

oP | 7 | & 1 8 | 4 { 38 |
| 8CSl | SCSI | SEL |Change| FIFO | anty | Extnded | ©MD
R | ATN | R8T } | Phase | Half- | Eror | Status |[CMPLTE
| ! J ! | Emply | ! |
Bit7 SCSIATTENTION

This unlatched bit is asserted when the SCSI bus -ATN signal is
asserted. The F82C5087 miust be connected to the SCSI bus for this
bit {0 be asserted, It is valid in target and initiator mode.

Bit 6 SCSIRESET

This latched bit is assérted when the SCSI bus reset signal has been
asserted.

4-9
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Bit5

Bit4

Bit3

Bit2

Bit1

Bit0

SELECT

When the F82C5087 is currently being selected or reselected on the
SCSI bus, this unlatched bit is asserted. Selection and/or reselection
must be enabled for this bit to be asserted. If both selection and
reselection are enabled, the firmware must read bit O of SCSI Status
Register 4 to determine if a selection or reselection qccurred. If bit 0
is equal to zero, selection occurred. If bit 0 is equal to 1, reselection
occurred.

Change Phase

This latched bit indicates a phase change has occurmred when the
FB2C5087 is operating in initiator mode.

FIFO Half-empty

This latched bit indicates that the 32nd byte in the FIFQ has been
accessed. This bit provides a means for the host adapter driver code to
gain control of the host processor when the F82C5087 needs more data
(non-DMA mode).

Parity Error/Overrun

When a parity error is detected or an overflow condition has
developed, this latched bit is asserted. Refer to the description of
Auxiliary Status Register 20 later in thig chapter, for further details on
the type of parity error and/or overflow conditiomn.

Extended Status

This Jatched bit is set when a pipeline command is terminated
abnormally. This asserted bit indicatesthat extended status isavailable
in Extended Status Register 6. When this bit is set, all pipeline
commands are aborted. The number of the pipeline register last
executed is obtained by reading Auxiliary Status Register 19.

Command Complete

This latched bit is asserted when the execution of a pipeline commtand,
that had bit O (nterrupt When Command Complete Bit) assetted, is
completed. A COMMAND COMPLETE event is also generated when
an error condition has developed and the pipeline command was
terminated abnormally.

Note:

& Ag mentioned previously, all latched bits are cleared by the
trailing edge of the Interrupt Status Register read strobe. The
F82C5087 contains extra logic {o ensure that only bits that are
active at the beginning of the read strobe are cleared by the
strobe’s trailing edge. This implies that the firnware does not
have to take any precantions to avoid loss of data when reading
this register. '

® In host adapter mode, the F82CS5087 driver code could issue the
F82C5087 a command (e.g., INIT DATA PTS) to transfer data
from the host MPU bus to the SCSI bus. The driver code counld

Chips and Technologies, Inc.
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then burst transfer JORDY is connected to the MPU Wait State
Generator) 64 bytes into the F82C5087’s FIFO, enable an
Interrupt on bit 3, then transfer conirol back to the operating
systern. When the target begins to accept data or an error occurs,
and the FIFQ is half-empty, bit 3 will generate an interrupt. This
interrupt causes the host processor to return control to the
F82C5087 driver code. At this point, the F82C5087 driver code
would burst transfer 32 bytes to the F82C5087, and wait forbit 5
of FIFO Count Register 13 to be deasserted. It would then repeat
the process until all the bytes had been transferred into the FIFO,

4-11"
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Register 6 (6h)

4-12

Register Operaton @ Register

Number Name

6 Write Select/Reselect Timeout
Read Extended Status

Register 6 (6h)- Write Operation

This register specifies the selection/reselection timeout . Selecticn timeout is the
maximurm time the FR2CS5087 will wait for a target’s response to a SELECT
command before terminating the command presently in progress. Reselection
timeout is the maximum time an initiator is allowed to respond to & tacget’s

RESELECT command.

op [ 7 t 6 | 5 | 4 | 3 | 2 | 1 1 o
w T Select/Reselect timeout -
Bits0-7  Select/Reselect Timeout -

If the value in Register 8 produces a 400 ns pericd, this register will
produce 1.6 ms resolution for the timecut pericd (400 ns * 4096). To
produce atimeout period of 250 ms this register should be loaded with
250 ms divided by 1.6 ms which equals 156.

Register 6 {6h) - Read Operation

Tf an nnavyne
il anl Unexpe

cted condition is detected (Extended Status bit 1 of Register 5 is

asserted), this register contains valid data. It indicates why the command was
terminated prematurely. The firmware should realize that all pipeline commands

have been aborted.

OP | 7 | & | 5 | 4 | 38 | 2 1 1 | o
| SM | Time- ]| ARB | Soft | Bus | Con- | ATN | Tllegal

R | Emor | out | Eror | Reset | Phase | nect | Emor | CMD
i | | [ | Erfor | Emor | | Ermor

Bit 7 State Machine (SM) Error T

A state machine error has ocourred when this bit is asserted. Any of
the following five conditions cause state machine errors to occur:

® The command was aborted via a soft or hard abort.

® The F82C5087 received an illegal message. When the F82C5087
-does not receive the expected message, this bit is set and the
cormmand is aborted immediately. For instance, if the F82C5087
is executing the TGT WFS SEQ command and the first message
received is not the identify message, the command is aborted
immediately, and this bit is set.

In target mode, the illegal message is deposited in the MCS.

In mitiator miode, the F82C5087 does not handshake with the
illegal message; it leaves it on the bus with the -REQ signal

Chips and Technologies, Inc.
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Bit5

Bit4

Bit 3

Bit2
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asserted. The firmware must decide whether or not 1o receive the
message. : :

& Tllepal group code encountered. In czder for the F82C5087 to .
determine the SCSI command length, the group code must be
valid. If the F82C5087 encounters a group code of 3, or 4, the
command doas not have a valid group code.

® While executing the TGT SEND BSY sequence the F82C5087
- wasreselected. The F82CS5087 was expecting to be selected.

& The target disconnected before sending a COMMAND
COMPLETE or DISCONNECT message. '

Timeout

This bit is asserted when the F82C5087 is selecting/reselecting a SCSI
device and a timeout ocenrs; command execution is terminated. Time
period is programmable via the value written to Select Timecut
Register 6. .

Arbitration Error

If the FR2CS087 is selected while arbitrating for the SCSI bus, this bit
is asserted. Command execution is terminated.

Soft Reset

A soft reset condition occurs when the SCSI bus reset signal is
asserted, and the firmware engineer has asserted the DIS SRI Bit (bit
4 of Auxiliary Control Register 19). Under these conditions, the
F82C5087 is not hard reset. Command execution is terminated
immediately and this bit is asserted, The soft reset forces the F82C 5087
to disconnect from the SCSI bus if connected. All internal registers -
remain unaltered. Note that when a soft reset occuss, bit 6 of Interrupt
Status Register 5 is asserted. - -

Bus Phase Error

Throughout all initiator commands the correct SCSI bus phase must
be maintained. If the target switches toan unexpected phase and asserts
the -REQ signal, thisbit is asserted. Command execution is terminated
immediately.

Connect Error

Any F82C5087 command accessing the SCSI bus checks the
connected bit’s status. This status is contained in bit 7 of SCSI Status
Register 4, Certain commands, such as TGT SEND MSG, require that
the F82C5087 is connected to the SCSI bus throughout the execution
phase, - - i

Other commands, such as INIT SWA. SEQ, require that the connect
state changes with execution. For mstance, this command reguires the
F32C5087 to be disconnected from the SCSI bus when execution
begins. However, when the F82C5087 wins SCSI bus arbitration, it
requires the F82C5087 to remain connected until the DISCONNECT

- - 413
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message is sent. If the tlarget disconnects before command completion,
this bit is asserted. Command execution is terminated immediately.

Bit1 Attention Error

The currently executing target command is terminated with this bit set
when all the following conditions exist:

An asserted SCSI -ATN signal

The F82C5087 is in target mode

An enabled -ATN pin (bit 2 of Register 19 is set to zero)

In a phase other than SELECTION or MESSAGE OUT phase

Not executing TGT XFER BYTE or TGT SEND BSY command.

When these conditions exist, the command termination behavior of the
F82C5087 depends on which of the fourtypes of transfer istranspiring.

Synchronous Data Transfers. If the F82C5087 is transferring
synchronous data, the FR2C5087 terminates the command after

the -REQ pulse is deasserted. As with asynchronous transfers,
data remains in the FIFQ and the current MPU and/or memory
data bus cycle is allowed to complete. The Offset Counter
continues to count initiator -ACK pulses until the target changes
bus phase.

Asvochronous Data Transfers, If the F82C5087 is transferring
asynchronous data, the F82C5087 completes the last SCSI bus
REQ/ACK handshake. The current MPU and/or memory data bus
cycle is allowed to complete then command execution is
temminated, Data may remain in the F82C5087’s internal FIFO.

SCSI Bus to MCS Transfers, If the F82C5087 is transferring a
command from the SCSI bus into an MCS script, the F82C5087
does not assert -REQ for the next byte. Command execution is
terminated.

MCStoSCSI Bus Transfers, If the F82C5087 issending messages
or status from an MCS script to the SCSI bus, the F32C5087
terminates command execution after the imitiator deasserts the
-ACK signal.

Bit 0 Mlegal Command Exrror

When the F82C5087 is issued an undefined command, this bit is
asserted.

4-14
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Register 7 (Th) Register Operation Register —
Number Name
7 Write Mode Control
Read Buffer Status

Register 7 (7h) - Write Operation

This register specifies the F82C5087’s operational modes. The F82C5087°s
main mode of operation can be specified (e.g., mode when it is transferring data
to/from buffer memory) with this register’s bit 7. This register’s bit 6 can be
used to specify whether the F82C5087 is operating in master or slave mode
when performing SCSI interface operations (e.g., SCSI bus data transfers).

This register also enables/disables several pin functions.

oP | 7 1 & { & | 4 | & | 2 | 1 | ¢©
| Slave | SCSI {MEM_D| SCSI | DMA | FIFO_ | FIFQ | Host
W | Mode | Bus | Party | Data | Hand- | RDY | RST | Adapter
| | Slave ] Check | Parity | shake | PRin | | Pins
Bit7 Slave Mode '

‘When this bit is asserted, the F82C5087 is operating in slave mode. In
this mode, the F82C5087 is under the control of a master F82C5087
chip. Only the FIFO is active in slave mode; SCSI phases or MCS
access is not defined. Asynchronous and synchronous data transfers
. proceed as in master mode, The Transfer Counter can be loaded with
the number of bytes to transfer, or an infinite transfer count (Register
20, bit 3) can be programmed. To ensure correct synchronization, the
firmware must send pipeline command(s) to the slave FR2CS087(s)
before sending the identical command(s) to the master F82C5087.

Because the F82C5087 slave does not have a SCS1bus ID, slave mode
forces the chip to 1D 0. Hence, the firmwire specifies synchronous
data transfer by setting bit 0 (SCSY bus ID 0) ¢f Register 21, or
asynchronous data transfers by clearing bit O,

When the F82C5087 is operating in slave mode (this bit is asserted),
it drives the -WPAR and -DSYNC signals.
Bito6 SCSIBus Slave

The firmware should assert this bit only if bit 7 is also asserted. Tt forces
the SCSI bus interface to operate in slave mode. Consequently,
REQ/ACK control signals are not generated. Rather the -SSYNC pin
cutputs a ready condition when the slave F82C5087 SCSI interface is
ready for additional data.

Chips and Technologies, Inc. B : : : 4-15



M Fs2cs087

4-16

Bit5

Bit4

Bit3

Memory Data Bus Parity Check

When this bit is asserted, data received over the memory data bus is
pazity checked. Data sent to the memory data bus from the F82C5087
contains the flow-through parity bit.

When this bit is deasserted and the F82C5087 receives MPU o
memory data bus data, the F82CS5087 must calculate parity before
sending the data to the FIFQ or MCS.

SCSI Data Parity

Asserting this bit enables parity checking on SCSI bus transfers and
all FIFQ output transfers. When a parity error is detected, bit 2

(Pant/Dvermm) of Interrmint Statng Register 5 ig asserted,

(el Voldidds) WA RS BPL RNELDS T pasil O As aSons

When a parity error is detected and the Halt on Data Parity Error Bit
(bit 0 of Auxiliary Control Register 20) is asserted, the F82C5087
terminates command execution with the Interrupt Status Bits 0,1, and
2, and Extended Status Bit 7 asserted. The precise time of command
termination depends on the type of transfer as described below:

e Synchronous’Asynchronous Data Transfers in Target Mode. The
F22C5087 receives the byte with the pardity errar, waits for the
completion of the memory data bus and/or MPU cycie then
terminates the command. The firmware should read the Up
Transfer counter, FIFQ Counter, the Offset Counter, and Buffer
Status Register to determine the number of transferred bytes.

'I'he F82C508‘7 waits for the memory data bus and/or MPU cycle
to complete then terminates the command. As mentioned
previously, the firmware should check the Up Transfer Counter,
FIFO Counter, and the Offset Counter, and BufferStatus Register,
Becausa -ACK is not asserted, the F82C5087 does not receive the
byte with the parity error. This provides the firmware with the

option of asserting the -ATN signal,
& MCS Transfers in Target Mode, The byte with the parity error is

received; however, it is not transferred to the MCS. The
F32(C5087 then terminates the command.

® MCS Transfers in Initiator Mode, The bvte with the

o
The byte with the er
is not received. This allows the firmware engineer the option to
assert the -ATN signal.

DMA. Controller Handshake

Normally the F82C5087 does not assert the -DMA_REQ signal for the
next buffer RAM transfer until the DMA controller has deasserted the
-DMA_ACK signal. Asserting this bit, enables the F82C5087 to assert
the next -DMA_REQ signal while the previous -DMA_ACK signal is

bu..ll assert M’:U.

narity err
pariLy et

R
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FIFQ Ready Pin
For AT Bus compatibility, the FIFQ_RDY pin is 4 tri-state output.

Asserting this bit, enables the F82C5087 to drive this pin to indicate
the MPU FIFQ Data Register is ready for additional data. It can be
used for 8- or 16-bit MPU data transfers to/from the memory data bus,
or the SCSI bus. This pin is typically connected to a DMA. controller
on the MPU bus.

Bit1l

¥IFO RESET

Typically, the FR2C5087 resets the internal FIFQ before starting data
transfers, When this bit is asserted, the F82C5087 dees not reset the
FIFO before starting to execute commands that will transfer data. The
firmware is responsible for resetting the FIFO by issuing the CNTL
RST FIFO pipelme command.

Bit0

Host Adapter Pins

‘When this bit is asserted, the F82C5087 drives the open drain IORDY
and -16BHAM pins. When the MPU FIFQ Data Register is accessed
yet not ready to receive/send more data from/to the MPU, the IORDY
pin is deasserted. Typically this pin is connected to the MPU Wait State _
Generator, The -16BHAM is asserted when the MPU accesses the
MPU FIFQ Data Register for a 16 bit data transfer. Typically, this pin

enables the upper byte (bifs 8-15) to transfer to tlie MPU mettiory.

Chips and Technologies, inc.

Reférto Figure 2-7 for a functional pin out of these host adapter pins.
Notes:

The SCSI bus mode can be viewed as a subcrdinate mode of the
chip’s main mode of operation as a master or slave. For more
details on this topic refer to Chapter 3’s section "Master/Slave
Mode".

SCSI bus slave chip(s) must have their -SSYNC, -REQ, and
-ACK pins connected to the equivalent pins on the bus master

chip.

When parity checking is enabled on memory data bus transfers,
pin 4 of Input Port 1 contains the parity bit.

In the F82C5087, parity is passed through. For instance, parity
received from the SCSI bus is passed through to the memory data
bus.

417
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Register 7 (7h) - Read Operation

This register provides status information on the FIFO data buffers .
Dual buffers (ping pong) are nsed on the memory data bus and the
SCSI data bus to accelerate the speed of data transfers between these
buses and the FIFO.

op 7 | 6 | 5 | 4 | @ | 2 | 1 ] o
R Not Used | MPU |MEM_D|MEM_D| SCSI | SCsI
| BUF | BUF B | BUF_A | BUF B | BUF_A
Bit7-5  Not Used ' ) - '
Bit4 Microprocessor Buffer
‘When this bit is asserted, it indicates that the MPU’s FIFQ data buffer
contains data.
Bit3 Mertnory Data Buffer B
‘When this bit is asserted, it indicates that the memory data buffer B
contains data.
Bit 2 Memory Data Buffer A
When this bit is asserted, it indicates that the memory data buffer A
contains data,
Bit1 SCSI1 Buffer B
When this bit is asserted, it indicates that the SCSI buffer B contains
data.
BitD SCSI Buffer A

When this bit is asserted, it indicates that the SCSI buffer A contains
data.

Notes:

¢ The MPU’s data bus is not double buffered becanse the MPU
activities usunally do not require high speed buffering.

® For error recovery the firmware should also check the FIFO
Counter and Transfer Counter’s contents.

Chips and Technologies, Inc.
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Register Operation Register

Number Name

) Write * SCSI Clock -
Read Input Port 1

Register 8 (8h) - Write Operation (Lower 4 bits only)

This register sets the SCSI clock. SCSI bus arbitration times are relatively long
in comparison to the width of the system clock input to the F82C5087.
Consequently, this register sets a divide-by-factor to create an approximately
400 ns square wave {CP x n = 400 ns, where n=register value). For example, a
406 15 square wave would be produced if the decimal value 12 (the number of
clock periods minus one) is placed in this register and the clock input is 33 MHz.
To produce a syminetrical square wave, the firmware must load an even count
into this register. ) ) o L
op | 7 | & | 5 | 4 | 8 | 2 | 1 | o
w Not Used | SCS! Clock

Register 8 (8h) - Read Operation

The contents of this register provide the firmware engineer with status
information concerning the SCSI bus RST, the BUF_IN, and Input
Port 1 signals,

o | 7 1 6 | 5 | 4 | 3 1 2 | 1 1 o
R | RST | | BUF | INPUT PINS
| PIN | 1 IN ]
[ ! 1 PN |
Bit7 Reset Pin
This bit provides the firmware with the unlatched status of the SCSI
bus reset signal. Bit 6 (SCSI'RST) of the Interrupt Status Register 5
latches the SCSI bus reset signal. When the firmware receives an
interrupt from the reset pin, this pin can be read to determine if the
RST signal is still asserted.
Bit6 Reserved
Bit 5 Buffer In Pin

This bit provides the firmware with the status of the BUF_IN pin. In
non-differential SCS1 mode, the BUF_IN pin is infernally connected ~
to the 48 mA BUF_OUT pin. ST

Bit 4-0 Input Pins # 4-0

These bits provide the firmware with the status of Input Port 1 pins
4-0. The input port is normally used to provide the firmware with the
SCSIbusiD. . . e - —

When the memory data bus parity is enabled, ¥nput Port 1’s pin 4 must
be used for this parity bit. ’ o ’

. & [
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Register 9 (gh) Register Operation Register
Number Name
9 Write/Read ~ SMMCS Address Pointer

Register 9 (9h} - Write Operation

Register 9 specifies an address pointer in the MCS for the state machine’s use.
The F&2C5087’s state machine (SM) uses this address pointer to the MCS to
send SCSI commands, status and/cr messages.

The F82C5087 contains 192 bytes of MICS space. Therefore, the address placed
in this register should be between decimal 0 and decimal 191, Decimnal values
152 through 255 access the F82C5087 s other section of memory, the FIFO
address space. oo -

If a new pipeline command that requires MCS access begins execution and this
register is not pointing to location zero of an MCS script, this register is
incremented. It is incremented to point to location zero of the next MCS. For
example, if this register contains an MCS address pointer of 5 and the new
pipeline command requires MCS access, then this register advances to location
32, Location 32 is the starting address of MICS1. Note in this example, that MCS
auto advance is noi disabied.

op | 7 | 6 | 5 | 4 | 3 | 2 | 1T | o
w State Machine (SM) Message/Command Script '
R (MCS3} Address Pointer

Notes:

® This register is set up initially by the firmware.
#® This register should not be loaded with a value greater than 191.

® The MCS space is considered circular in nature. Consequently,
MCS5 follows MCS4 and MCSQ follows MCS5.

Register 9 (Sh} - Read Operation

The firmware can read this register to verify execufion of a pipeline command,
and to aid in error recovery.

If the SM is sending data to the MCS, this register points to the location where
the next byte is placed. If the SM is reading data from the MCS, this register
points to the location where the next data byte is read.

Note:

® The SM has third priority in accessing F82C5087 memory. FIFO IN
requests have first pricrity; FIFO QUT requests have second.

N
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Register Operation Register
Number Name
10 Write/Read MPU MCS Address

Register 10 (0Ah) - Write/Read Operation

This register specifies an address in the MCS for the MPU’s use. The MPU uses
this address pointer to the MCS to send SCSI commands, status and/or messages.

Because there are 192 bytes of F82C5087 Command/Message space the address
placed in this register should be between decimal 0 and decimal 191, Decimal
values 192 through 255 access the F82C5087’s other section of memory, the
FIFO address space.

OP | 7 ] 6 | 5 | 4 I 3 f 2 | 1 | 0
W Microprocessor Message/Command Script

R {MCS) Address Pointer

Notes:

® Thisregister is incremented every time the MPU processes a byte from the
MCS space.

® The iimmware should be careful when writing data in the FIFO address
space {addresses 192-255) because erroneous data results if the F82CS5087
is concurrently using the FIFO for data transfers.

The firmware can access the MCS at any time. Thus, the firmware could be
accessing an MCS script while the F82C5087 is sending SCSI commands,
and/or messages to the SCSI bus, or transferring data through the FIFO. For
example, the F82C5087 could be executing an INIT DATA STM pipeline
command.

® The MPTI hag the lowest priority in accegging FR2CS0R7 memory, FIFO IN

Al S LD aans SNV ALY L SRS QLo p LGN — Sy

FIFQ OUT, and SM requests have a higher pnonty

® Refertobit 7 of Auxﬂlary Status Register 19 fora dlscussmn of the MCS
Ready Bit. ’
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Register 11 (OBh) Register Operation - Rég@ta'riﬂ o N - N
Number Name
11 Write/Read MPU MCS Buffer -

If the MPU’s Wait State Generator is not connected to the F82C50877s JORDY
pin, the MPU must poll Register 19°s MCS Data Ready Bit (bit 7) before
transferring data to/from this register, This FB2C5087 internal register provides
a buffer between the MPU and the MCS,

Register 11 (0Bh) - Write Operation

Information (e.g., commands, status, messages) written to this register is stored
in the MCS at the address specified in the MPU MCS Address Register, Every
time information is written to Register 11, the MPU MCS Address Register is
incremented by one.

Register 11 (0Bh) - Read Operation

When a MPU read access occurs, the information (e.g,, commands, status,
messages) at the MCS address specified in the MPU MCS Address Register is

latehed intn Reoicter 11 'Pvpr-v time informatinn ic read from Recoijster 11 the

AGLALAS MALL AN AL & e A ¥ Rl J Al Sl AT AL 4D A Al AN D AS LA 4 by i

MPU MCS Address Register is incremented by one.

Because the F82C5087 must support MPUs that do not have the capability to

generate wait states on MPU access, the firmware engineer must perform a
dummv read of thig regigter anv time the MPU MCS address nmntpr iz chan 05-:1

MR AR N LS AN sl QAL LT LG VAT U VA AR Lol PRI B Rl

This transfers the first byte from the MCS to thlS register. For write operations,
there are no special considerations. _ . R

oP | 7 | 6 | 5 | 4 | 3 | 2 ] 1 | 0
w Micraprmeessor -
R Mssage!Command Seript Data

4-22 Chips and Technologies, Inc.
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Register Operation Register
Number Name
12 WnteJRead MPU FIFO Data

Register 12 {0Ch) - Write/Read Operation

This register ic nged when the MPT] ig trangferrine data toffrom the SCSThusor

AdS A gASRTd LD LotAS WAL AT A TR AOA AL LG MR LT AL AL M bl U hD

the memory data bus. It is used to pass the transferred data to/from the MPU and
the F82C5087’s FIFQ.

There are several ways the MPU can check if data is available or if the FIFQO is

randyr 'Ff\q- annthar Twtae
A.\'H\JJ AV ALV LR AL UJ W

®  Connect the FIFO Reguest (FIFO_REQ) pin to a DMA controller on the
MPU bus. The DMA controller shonld be programmed to send/receive data
from this register. If -MPU_ACK and MPU_AEN are asserted, MPU access
is forced to Regisier 12 and an address is noi required.

¢ Poll Auxiliary Status Register’s bit 6 before reading or writing Register 12.
An asserted bit indicates there is data ready for transfer.

*  Connect the F82C35087°s Input/Output Ready (IORDY) pm to the MPU

Tl A ammrn Tmn Tans vt Antm £ 4hhia snaiod s Tea RATTY
Wait State Generator. Then open loop burst data to this register, If the MPU

gets ahead of the F82C5087, the IORDY pin is deasserted. This forces the
MPU to [engthen its read or write strobe, When the JORDY pin is
reasserted, the aceess is completed.

¢ Because the MPU bus does not contain a parity bit, parity is generated on
MPU writes to this register. Ofi MPU reads, parity is checked as the byte is
read from the FIFO; however, the bit is discarded when it is transferted to
the MPU.

oF | 7 | & | 5 | 4 | 8 | 2 ] 1 | o

iMicroprocessor
R FIFO Data
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Register 13 (0Dh)

4-24

Register Operation - Reglster
Number Name
13 Write/Read FIFO Count

Register 13 (0Dh)- Write Operation

The F82C5087 has a 64-byte internal FIFO. For diagnostic purposes this register
can be preset to any value (0-63). For example, writing a 10 to this register

forces the F82CS5087 to assume there are 10 remaining bytes in the FIFO.

CP

7 | 6 | 5 | 4 1 3 | 2 1 1 1] o

w

~ FIFOCount

Register 13 (0Dh)- Read Operation

During normal operation, the firmware can read this register to determine the
number of bytes in the FIFQ. However, if data transfers are in progress, the
firriiware should use only bits 5, 6 and 7. Bits 0-4 should be disregarded. They
are invalid becanse the count changes asynchronously with respect to the MPU

processing activities.
oo | 7 | 6 | 5 | 4 | 8 ] 2 | 1 | o
R [ FIFO | FIFO |  Numberof bytesin FIFO
| Empty | Full |
Bit7 FIFQ Empty

Bit 6

Bit 5-0

When this bit is asserted, the FIFO is empty; there Is no data in the
FIFO,

FIFO Full

When this bit is asserted, the FIFO is full and canrot accept any more
data, When it is set, the FIFO contains 64 bytes of data.

Number of bytes in FEFO.

These bits contain a connt of the current nimber of byies in the FIFQ.
These bits should be read only when the firmware is certain data
transfer has been terminated, Bit 5 can be polled asynchronously and

tested for a FIFO half full/lempty condition.

Chips and Technologies, In¢.
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Register Operation Registéf ]

Number Name

14 Write 7T Maximum Syne Offset
Read Current Syne Offsef

Register 14 (OEh) - Write Operation

The firmware can use this register to set the maximum synchronous of.t'set orto
preset the current offset count.

op|71615|4|a|21w17|”o
w | Unlimtd | Not | Maximum Sync Offsel/
| Offset | Used | Current Sync Offset
Bit 7 Unlimited Offset
Asserting this bit forces the F82CS5087 to an unlimited offset when
perfarming synchronons data transfers. .
If the F82C5087 is sending data, it continues to send data until the
transfer count equals O and the FIFO is empty. In target mode, the
initiator’s -ACK pulses are disregarded. In initiator mode, -REQ
pulses from the target are disregarded,
This bit is disregarded if the F82C5087 is receiving SCSI bus
synchronous data.
Bit 6 Noft Used
Bits5-0  Maximum Synchronous Offset/Current Synchronous Oifset

If bit 1 of Auxiliary Control Register 2 is deasserted, a write to this
register sets the maximum synchronous offset, 63 bytes, If bit 1 of
Auxiliary Control Register 2 is asserted, a write tothis register presets

T
the current ULJ..)Cl- court. .lu.m A5 ubcj.uj. 101 (.udgllUbuLb d.nu ELLor
I'CCOVCIY. )

Register 14 {0Eh) - Read Operation

This registers specifies the current offset count. During normal operation, the
firmware can read this register to determine the current offset count. However, if
data transfers are in progress, the firmware should use only bits 6 and 7. Bits 0-5
should be disregarded because they are invalid; they are not valid because the
count changes asynchronously with respect to the MPU processing activities.

oo | 7 | 6 [ & [ 4 | 3 | 2 | 1 ] o
R | Zero | Max | Current Offset Count
| Offset | Offset |
Bit7 Oftset Equals Zero
This bit indicates that the current offset counter is zero.
Bit6 Ofiset Equals Maximum

When this bit is asserted, the current offset count :s equal to the
maximum offset count.

o . 425
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Bits 50  Current Offset Count .
The firmware can obtain the current offset count by reading these bits.

a_—
L4
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Register 15 (OFh) Register Operation Register
Number Name
15 Write Transfer Period
Read Revision Number

Register 15 {OFh) - Write Operation

The F82C5087 can handle synchronous transfers at 5.3 megabytes/second, or
188 ns/ transfer period . I the SCSI device connected to the F§2C35087 cannot
receive/send data at this rate, delay clocks must be added to decrease the transfer
rate. This register specifies the minimum number of clock cycles (minus three)
between -REQ and -ACK. signals for targets and initiators.

For targets, it specifies the minimum number of clock cycles between the
leading edges of the -REQ signal to the next -REQ pulse. For mitiators, it
specifies the minimum number of clock cycles between the leading edges of
-ACK pulses,

Use the following equation: Register Value = (Sync Transfer Period/CP) - 3, For
example, for synchronous transfers at 5.3 megabytes/second this register would
contain 4 3; [188ns/ (1 /33 MH2z)]-3=6-3=3,

o | 7 | 6 | 5 | 4 | 38 | 2 | 1 | o

w ] Not Used i ) -;fra_r;sfer Period

. Note:

® Fora write opération, only the lower 5 bits are valid,

Register 15 (OFh) - Read Operation

This register specifies the F82C5087°s current revision number and the status of
the power-on flag . The power on flag is asserted at power up, and cleared by
asserting bit 6 of Auxiliary Control Register 19.

o> | 7 | & | 5 | 4 | 3 | 2 1 1 1 o

R | Power | Not Used | Current F82C5087 —
| On Flag | i Revision Number
Bit7 Power On Flag

This flag is set when power is first supplied to the F82C5087. It is used
for such purposes as power up testing, and waiting for a disk drive to_
spin up. This flag is cleared by writing a oneé to Auxiliary Control 1°s

(Register 19) RST Power Flag Bit (bit 6). | o

Bits 6-4 Not Used
Bits 3-0 Current F82C5087 Revision Number

These bits form the encoded FR2CS087 revision number. The count
began with the prototype part at number O,

Chips and Technologies, inc.- - : . - 42T
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Registers 16 - 18 (1 0-1 2h) Register Operation " Register -
Number Name
16 Write/Read Transfer Counter/Low Byte
17 Write/Read Transfer Counter/Middle Byte
18 Wiite/Read Transfer Counter/High Byte

4-28

Register 16 - 18 {10 - 12h)- Write Operation

The F82C5087 contains two 24-bit transfer counters . These registers contain the
3-byte transfer counter. A write to these registers presets the Down Transfer
Counter . Once the Down Transfer Counter is loaded, the SM controls it. The
SM decrements it when making a request for more data INTO the FIFQ. The Up
Transfer Counter counts the number of bytes trangferred OUT of the F82C5087
FIFQ. It is reset when the F82C5087 resets the FIFO. This register is usaful for
€ITOr TECOVELY,

Nores:

®  All bytes processed by the F82C5087 are accounted for by the 24-bit Up
Transfer Count, FIFO Count, and Buffer Status Registers.

® The 24-bit Down Counter is not cleared by a reset condition; the 24-bit Up
Counter is cleared.

Registers 16 - 18 (10 - 12h) - Read Operation .

The contents of these registers specify the 3-byte transfer counter. When bit 4 of
the Auxiliary Control Register 2 (Register 20) is deasserted, these registers
contain the decrementing transfer count. When bit 4 is asserted, these registers
contain the incrementing transfer count. h o

Chips and Technologies, Inc.
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Register Oper-;ti-ori o Register

Number Name

19 Write Anxiliary Control 1
Read Anxiligry Statns 1

Register 19 (13h) - Write Operation

This register specifies pin functions, and controls reset condmons in the
F82C5087.

3

oo | 7 1 & | 5 | | 3 | 2 | 1 | o
| RST | RST | RST | DIS | DIS | DIS | Polarlty | Interrupt
w | 6087 | Power | OF | SRl | RO | AIN | INT |Tr-State
| | Flag | Flags | Pln | ij [ Pin | Pin | Enable
Bit 7 Reset F8§2C5087 R
Asserting this unlatched bit resets all internal F82C5087 registers
except this ome. An external reset via the -RESET_CAP or the
-RESET_IN pin provides the same function, except this registerisalso
reset.
Bit6 Reset Power-on Flag
At power up, the F82C5087 is reset by approximately a 5
microseconds pulse. This reset signal asserts the power-on flag (bit 7
of Register 15). The firmware can check this flag to determine the type
of reset that occurred. The power-on flag is cleared when thisunlatched
bit is asserted.
Bit5 Reset Overflow Flags
Assertmg this unlatched bit resets the parity and over/undermn flags
Hl ﬂ.llX.LlldI:'{ Dldlub Kﬁ“lbl@[ AU
Bit4 Disable SCSIRESET_IN Pin

When the firmware asserts this bit, it prevents the SCSI bus
-RESET_IN signal from hard resetting the F82C5087. The FR2CS5087
still disconnects from the SCSI bus and interrupts the MPU via bit 6
of the Interrupt Status Register. When this bit is asserted and a SCSI
reset occurs, the occurrence is referred to as a soft reset.

Bit3 Disable RESET_OUT Pin )

The -RESET_OUT pin is asserted when the‘FSQCSOS? is reset via an
internal power on, -RESET_IN pm program reset (Register 19°s bit
), or -RESET_CAP pin,

if the firmware asseris this bit, the -RESET_(QUT pin is disabled.
Bit 2 Disable AYTENTION Pin.

In initiator mode the F82C5087 does not drive the -A'TN pin when this
bit is asserted, Asserting thisbit when the F82CS5087 is in target mode,
causes the FR2C5087 toreceive the -ATN signal (bit 7 of Register 5).
However, the signal does not cause the F82C5087 to stop execution
of the pipeline command.
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Bitl Polarity of Interrupt Pin

When this bit is asserted, the polarity of the interrupt pin is high true.
Bit 0 Interrupt Tri-State Driver Enable

When this bit is set, the +INTERRUPT signal, pin I, becomes
tri-stateable.

Register 19 (13h) - Read Operation
This register provides information on the status of F82C5087 operation.

oP | 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
| MCS | FIFO | MSG | Target | Init |[Pipeline| CMD | CMD

R | Data | Data | Byte | Mode | Mode | Emply | MSB | LSB
| Rdy | Rdy | } ] ! I }

Bit 7 Message/Coromand Script (MICS) Data Ready

When this bit is f.\c-eprfnﬂ the MCS Data 'Ppmqfr-r i r.onﬂv for more

data. During normal operatJon, the f‘umware sets the MZPU MCS
Address Register to point to the starting location of an MCS script.
Then the firmware makes consecutive reads or writestothe MPUMCS
Buffer Register. The F82C5087 transfers data from the MPU MCS
Register to the MCS script, then increments the MCS address pointer.

When this bit is asserted, it indicates data has been sent/received
to/from the MICS. If the F82C5087 isnot transferring data concurrently
through the FIFO, the MPU MCS Buffer Register can be processed in
approximately .3 microseconds. In this case, the firmware does not
have to poll this bit before sending/receiving the next byte toffrom the
MP1J MCS Buffer Register. When data transfersare occnrring through
the FIFO in paraliel with the MPU accessing the MPU MCS Buffer
Register, this bit must be polled before a new byte is transferred
to/from the FB2C5087,

Bit6 FIFO Data Ready

This bit is asserted when the MPU is involved in data transfers (e.g..
sending MPU data to the SCSI bus) and the FIFO is ready for more
MPU data. Data transfers between the MPU and FE2C5087 FIFO can
be performed in any of the following three ways:

® The MPU polls this bit and transfers data to the MPU FIFO Data
Register only when this bit is asserted.

® Enable the FIFO_RDY pin, then connect it to a DMA controller
on the MPU bus, The DMA controller must send/receive data
to/from the MPU FIFO Data Register,

®  FEnable IORDY pin (Mode Centrol Register 7°s bit () and connect
this pin to the MPU Wait State Generator. The MPU can open
loop transfer the data to the MPU FIFO Data Register. If the
register is not ready to transfer data, the F82CS5087 deasserts the
IORDY pin. This causes the MPU to generate wait states until the
JORDY pin is asserted.

4-30 Chips and Technologies, Inc.
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. BitS Message Byte

The F82C5087 tags all message bytes received from the SCSI bus.
Before the firmware reads the MCS Data Register, this bit can be
checked to determine if the next byte is 2 message. Bit 7 must be
asserted for this bit to be valid. During SELECTION/RESELECTION,
the F82CS5087 also tags the Target ID. If the FR2C5087 is reselected
(-I_O signal is asserted), this bit is asserted. As mentioned previously,
the firmware must read this bit before reading the MPU FIFO Data
Repister. :

Note:

® When reading data from the MCS to the MPU MCS Buffer
Register, the firmware must perform 2 dummy read of the MPU
MCS Buffer Register. This transfers the first byte from the MCS
to the MPU MCS Buffer Register, and also validates this bit. A
dummy read is required because the F82C5087 must work with
MPUs that do not contain a wait state generator. i

Bit4 Target Mode
When this bit is asserted, the F82C5087 is Operatil:"lg as a target. The
target or initiator mode is normally set when a target or initiator

comrnard is issued to the F82C5087. For most commands the target

or initiator role is maintained throughout the command. However,

- several pipeline commands can change the mode, depending on
. whether the F82C5087 is selected or reselected, For example, the

following four commands change mode within the comrand itself
because they are all dependent upon the selection/reselection process:
(1) TGT WFS SEQ, (2) INIT WFR SEQ, (3) INIT WER CMD, and
{4) TGT WEFS CMD.

Bit3 Initiator Mode
‘When this bit is asserted, the F82C5087 is operating as an initiator,
Bit 2 Pipeline Register Empty '

When this bit is asserted, the four pipeline command registers are
empty. :
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Pipeline Command’s Most and Least Significant Bits

Bits 1-0
These bits contain the number of the last pipeline command executed
as shown in the following example. Assume the firmware places the
following commands in the pipeline registers. When the execution of
the first command begins, 2 zero is written tobit 1 and bit O as indicated
as follows:
Pipeline "CMD CMD Pipeline
Command MSB LSB Command
{Bit 1) {Bit0) Last Executed
CNTLENBSEL 0 ) T 0 o
CNTLENBRESEL O 1 1
TGTWFSCMD 1 0 D -
1 1 3

The control (CNTL) commands are executed successfully, but the
pipeline command in Pipeline Register 2 is aborted. At this point, bits
1 and O contain the number of the iast pipeline command executed. I
this case, that would be TGT WEFS CMD. Consequently, the fimware
engineer can locate the exact point at which normal pipeline command
execution was terminated.

I the F82C5087 is executing pipeline commands when these bits are
read, the firmware should perfoem tworeads of these bits and compare
the results to ensure they are equal. This is required because the bits
could be changing asynchronously with respect to the MPU.

Chips and Technologies, lnc.
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Register Operation Reé}éter
Number Name ‘
20 Write Auxiliary Contro} 2

Read Auxiliary Status 2

Register 20 (14h} - Write Operation

This register provides the firmware with additional control of F82C5087 _
Operation.

o | 7 1 6 [ 5 | 4 | 8 [ 2 | 1 | 0
| Toggle |10 ROY| Preset| ENB | INF | OVR | Mode | HLT
w | DMA | Qualify | UP UP | TC | DISC | Offset | ON
| } I CNT | GNT | | ENB | Lead | PE ,
Bit7 Toggle DMA Controller

“When the F82C5087 is interfaced to a DMA controller that is edge.
sensitive on the -REQ pulse (not level sensitive), a "hung" condition
can develop. The DMA controller’s transfer count can expire, yet the

F82C5087 can still require more bytes to complete the transfer. The

F82C5087 asserts the -DMA_REQ signal and the DMA controller
does not respond with the -DMA_ACK signal. The firmware should
Ioad a transfer count into the DMA controller and reenable it. Then a
write tothis unlatched bit forces the -DMA_REQ signal totoggle, This,
produces an edge and restarts the DMA transfers.

Bit6 I0 Channel Ready Qualify

When this bit is set, IO_Channel_Ready is qualified with IO_Read and
IO_Write, When not set, IO_Channel_Ready is ba§es on ﬂge address
decode of the FIFQ and MCS data registers,

Bits Preset Up Counter

For test purposes, the Up Counter can be preset to 7FFFFEH by
asserting this unlatched bit. Asserting this b1t also presets the Select
. Timeout Register to 7TFFFEH, ~

Bit4 Enable Up Counter

The F82C5087 contains two 24-bit transfer countets, an Up Counter
and a Down Counter. The firmware loadsthe Down Counter by writing
to Registers 16-18. Once a data transfer command is executing, the
Down Counter is decremented as each data request is made. The Down
Counter is under SM control.

The Up Counter counts bytes that have left the F82C5087 chip. The

value of the Up Counter, FIFO Count, and Buffer Status should

account for all transferred bytes.By asserting this bit, the firmware can
read the Up Count. By deasserting this bit the firmware can read
Registers 16-18 for the value of the Down Counter.

Bit3 Infinite Transfer Count

Asserting this bit forces the transfer counter to an infinite value. This

bit should be used carefully when the F82C5087 is operating in target =
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Bit2

Bit1

Bit 0

maode and receiving data from the SCSI bus as it does not know when
to stop sending requests for more data.

QOverride Disconnect Enable

When. this bit is asserted, the INIT SWA SEQ (Initiator Select with
Attention Sequence) will override a disconnect if the identify message
allows disconnect. The command will not disconnect from the SCSI

bus.
Mode Offset Load

When this bit is asserted, a write to Register 14 sets the current
synchronous offset count, Setting this count is useful for error
recovery. When this bit is deasserted, a write to Register 14 sets the
maximum synchronous offset allowed count.

Halt on Data Parity Error

‘When this bit is asserted and a parity error is detected while the SCSI
bus is in data phase, the pipeline comumand is terminated. Parity errors
which occur while data is being transferred to the MCS will always
terminate the pipeline command. Extended Status bit 7 is also asserted.
Formore information, refertothe SCSI Data Parity Bit (Mode Centrol
Register 7’s bit 5).

This register provides additional status when bit 2 of the Interrupt Status
Register is asserted. Tt also indicates when the Down Transfer Counter equals

ZEI0.

Before a new pipeline command is issued to the F82C5087, the firmware should
clear the parity error and overrun status bits (defined below) by writing a oue to
bit 5 of Aunxiliary Controd 1 (Register 19}, The firmware should also clear any
external errors from the -WPAR pin.

op | 7 | 6 [ 5 | 4 | 3 1 2 | 1 | o
R | DN | FIFO | SCSI | EXT | SYNC | OFF | MCS | MPU
| TC | Party | Parity | Emor |Overrun] Cverrun | Overrun | Overrun
f EQO [ Emor | Emor | | { | {
Bit7 Down Transfer Counter Equal to Zero
The 24-bit Down Transfer Counter is loaded by wrifing to Registers
16-18, This counter is equal to zero when this bit is asserted.
Bit 6 FIFQ Parity Error
When data is being read from the F82C5087 FIFQ and a parity ermor
occurs, this bit is asserted. In this case, a byte with bad parity was
transferred into the FIFO,
Bit5 SCSI Parity Error

When a parity error is detected on data received from the SCSI
interface, this bit is asserted. For more information on a halt on a parity

Chips and Technologies, nc.
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Bit4

Bit3

Bit2

Bitl

Bit 0

Fazcsosr

error, refer to this chapter’s explanation of bit 5 of the Mode Control

Register (Register 7). )
Parity Error on Slave F82C5087

When a parity error or overrun condition is detected on a slave
F82C5087 chip, the -WPAR pin is asseited which causes thig bittobe
asserted. The firmware should clear this condition before a new
pipeline command is issned tothe F82C5087,

Overrun During Synchronous Data Transfer

If synchronous SCSI bus data isbeing sent to the F82CS087 faster than
5.3 megabytes per second (33 MHz clock), an overrun occurs and this

........ g |

UlL lb ASdCLICU.

Offset Counter Overrun

This bit is asserted when the Offset Counter is requested to decrement
past zero or to increment greater than the maximum count specified in
Register 14. The counter does not perform the illegal request. The
F82C5087 latches the up/down count requests to the Offset Counter.
For example, if the Offset Counter i3 requested to increment past the
maximum offset, the up request is saved and processed after a down
request has decremented the count. This provides for cne level of
autgmatic error recovery.

Message/Command Script Overrun

Ifthe IORDY pin isnot enabled (Register 7°s bit ) and the MPIT writeg

or reads to the MCS Data Buffer Register faster than the FE2CS087
can transfer data to the MCS, this bit is asserted.

When the JORDY pin is enabled, an overron/undermun cannot oceur
herange the MPTT ig held off until the FR2CSORT ig readv to nrocess

et e i i Vo a5 ata Rl WLILL LS ol U0 2o ALy A

the transfer.
Microprocessor Overrun

If the IORDY pin is not enabled and the MPU writes or reads to the
MPU FIFO Data Register faster than the F82C5087 can transfer data
to the FIFOQ, this bit is asserted.
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Register 21 (15h)

.Ps

(=11

Register Operation Register

Number Name

21 WRITE Synchronous/Asynchronous ID
READ Current SCSI Device ID

Register 21 (15h)- Write Operation

s g .y

This register informs the F82C5087 whether or not a SCSI device is sef up for
synchronous data transfers, If the bit is deasserted, asynchronous transfer is
assumed.

When the F82C5087 selects/reselects a device or is selected/reselected itself, the
1D of the SCSI device is saved and compared against this regisier’s contenis. if
the firmware has enabled synchronous transfers for that device, the F82C5087 is

placed in synchronous data transfer mode.

Because a F82C5087 operating in Slave Mode is unaware of bus phases or bus

1D7s, SIDO 15 the default ID for placing slave F82C5087 chips into synchronous

data transfer mode. .

OP | 7 | | 5 | 4 | 8 | 2 1 1 | o

W ] SID | SID | 8D | SID | SID | SID | SID | SID
17 | 8 1 5 | 4} 3 } 2 1 1 1 ¢

Notes: )

® If the firmwareasserts the SID bit for its own SCSIbus ID , then all SCSI
devices are assumed to be in synchronous data transfer mode.

® [fthe SID bit for a SCSI device is asserted, the FE2C5087 assumes all
logical units associdted with that SID bit are in synchronous mode.

AAAAAA I h | [ g TPy B JEey

Register 21 {i5h) - Read Operation

This register contains the last SCSI bus device ID processed by the F82C5087., If
the F82C5087 is connected to the SCSI bus as an initiator, then this register
contains the ID of the target. If the F82CS5087 is counected as a target, then this
register contains the 1D of the initiator.

oP [ 7 | 6 | 5 | 4 1 3 [ 2 1 1 | o

R | Cb | CD | CID | D | €O | Cb | €D | CD
| 7 1 & | & {1 4 [ 3 | 2 {1 1 1 0O

Nofes: ' )

® ‘When the FR2CS5087 is execitting a select target or reselect initiator
sequence, the information in this register must have been previously placed
as the first byte in the MCS.

® ‘When the F82C5087 is selected/reselected and a wait for select/reselect
sequences is executed, this information is also available as the first byte in
the MICS.

Chips and Technaoiogies, inc.




: . Register 22 (16h)

Chips and Téchnologies, Inc.

Fazcsoar M

Register Operation - -Reglster

Number Name e -

22 WRITE CMD Group 6 & 7 Length )
READ SCSI Data

Register 22 (16h} - Write Operation

The SCSI specification lists commands with group codes 6 and 7 as vendor
unique. Consequently, this register is used to specify their length. By defining
the length of commands with group codes 6 and 7, the F82C5087 is able to
handle these SCSI commands without any firmware intervention, The firmware
can specify the length of these commands as 2 - 17 bytes long,

o° | 7 | 6 | 5 | 4 | 8 | 2 [ 1 1 o
W Length of CMD Group 7 ) Length of CMD Group 6

Biis7-4  Length of Command Group 7
These bits specify the length in bytes of SCSI commands with a group
code of 7,

Bits3-0  Length of Command Group 6

These bits specify the length in bytes of SCSI commands with a group
code of 6. ,

Note: The F82C35087 determines the command length from the 4-bit value
loaded into this rec,lster as follows: .

Value SCsl Gommand B
Length in Bytes N
0000 Notdefined ]
000]_ ———— - 2 —= _ =
0010 3 I . _
0011 4 T
0100 5 o
0101 s ) )
0110 7 ) - R
o111 8 ;
1600 9 -
1001 E ) —
1010 11 - ) )
1011 12 . ]
1100 13 '
1101 14 - -
1110 15 ] ] T
1111

[~
o)

- 437
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Register 22 (16h) - Read Operation

A tead of this register provides the firmware with the unlatched contents of the
SCSI data bus. These contents are useful to the firmware for the following
Teasons:

® Ifthe firmware wants to screen SCSI devices that select/reselect the

F82C5087, the firmware engineer can wait until a select/reselect interrupt
oegurs, then check the device TD by reading this register. If communications

WRED, RAINAL QAICLAS LD LUUVALL L7 Ly A p e Auaiet

. with the device is desired, the firmware can issue a pipeline command to
process the select/reselect.

® When the F82C5087 is executing an initiator pipeline command that
aborted due to an illegal message on the SCSI bus, the firmware can read
this register to determine which message is on the SCSI bus. Referto
Chapter 5’s discussion of the control commands for further information on
messages the F82C5087 chip considers illegal,

oP I 7 y 6 | 5 | 4 j 3 ] 2 1 1 1 09

= P O Py b D
WINHQICAT Dol Liala DUS

Jas)
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Reg ister 23 (17h) Register Operation Register
Number Name
23 . WRITE/READ ’ Syne ACK. Out counter

This register is used only for diagnestic and errar recovery purposes, As an
nitiator, in synchrorous mode, the F82C5087 may intefnally attempt to generate
ACK puises faster than they can actually be issued to the SCSI bus. This counter
keeps track of the number of ACK pulses which are waiting to be issued. It may
be set to any valuee for error recovery. ' -

o | 7 | & | B | 4 | 2 | 2 1 1 1 o
W | Mot used | Syne ACK QOut counter

Chips and Technologies, Inc. - : . - - 4-39
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Register 24 (18h)

4-40

Reglster Operation Register g
Number Name
24  WRITEREAD Sync REQ counter

In synchronous mode, with the F82C5087 operating as an initiator, a target may
REQ pulses for a data transfer before the F82C5087 has been programmed to

ta thao + 1 1
execute the transfer, This counter keeps track of these pulses so that no data will

be lost. This counter may be set for diagnostic or error recovery purposes;
operation is not defined if it is set to a value greater than the maximum offset -
programmed in Register 14.

op | 7 | & | 5 | 4 | 3 | 2 [ 1 | o0

w |  Notused | ~ Sync REQ counter

Chips and Technologies, Inc.
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Register Operation ' Register

Number Name

25 . WRITE Auxiliary Contro] 3
READ . ~.. NotUsed

‘The Auxiliary Contfol 3 is a write-only register that controls the power

management features and provides additional status information. Bits 7-3 are

reserved.

Register 25 (19h) - Write Function o

opP I 7 | 6 [ 5 | 4 | 8 | 2 | 1 ] 0

w | Reserved | Enable | Enable | Sleep
| | LED |} Term. | Mode
i [ ITPower |

Bit2 Enable LED

This bit enables the BUFF_QOUT pin to the value of the CONNECTED
to the SCSI BUS bit, Register 4, Tt drives BUFF OUT low when the

chip is connected to the SCSI bus.

Bit1l Enable Termination Power

When set, this bit causes the INP1[3] pin to reflect the state of the
SLEEP BIT (this register, bit 0). In the case, INP1[3] pin becomes an
output and is used to drive the termination circuitry, When INP1[3] is
high, sleep rnode is set and the termination is disabled, When INP1(3]

is low, sleep mode is not set and the termination is enabled.

Bit0 Sleep

This bit, when set turns off all internal clocks and allows minimum
power consumption. Also, if the Enable Termination Power bit (th.lS

register, bit 1) is set, it ¢ofirols the termination circuitry.

The Sleep bit is cleared by writing a zeroto it, RESET_CAP, processor
reset, or SCSI reset (dependent on the Disable SCSI Reset bit)/

T a4
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Chapter 5
Commands

This chapter explains the F§2C5087’s command functions to implement the
SCSI interface on a host computer and/or a device controller. An operational

. R o tml-at e

UCbLIlP!.lUII U.L each F82C5087 L-Uﬂlllldﬂu 1b Pl'UVlLlCU.

Command Functions needed to implement the SCSI interface are prov1ded bythe

Functions FBZC5087 plpen.nc commands, The 46 plpeune COIIIIIIBIICIS of ilie FEZC5087 carn,
be used to manage SCSI data, command, message, and status flow.

These pipeline commands can be classified into three categories:

- Cranteal nAarmmanda

‘ = N JELLL WL WALARALRCELINE O
. ® [Initiator commands
® Target commands.

Table 1-1 provides a complete list of the 46 commands and a brief description of
their function. SCSI bus conditions (e.g., enable a F82C5087 target device to
respond to a SCSI bus -SEL signal) required before specific inifiator and/or
target cornmands (e.g., wait for select) can be issued through F82C5087 control
commands.

F82C5087 control commands can also be used to establish a data path between
the memory data bus and the MPU’s data bus. For instance, the CNTL DATA -
MTP comniand (Control Data from Merttiary Data Bus to MPU) enables data to
be transferred from the memory data bus to the MPU data bus.

Certain initiator and target commands perform single tasks (e.g., setid a message
to the SCSI bus), while others execute a series of tasks. For example, the INIT
SWA SEQ (Initiator Select with Attention Sequence) performs eight tasks. Refer

to this command sequence’s description later in this chapter for a description of
the eight tasks performed. Thus, sequences of tasks can be performed s:mply by
issuing a single F82C5087 pipeline command sequence.

In this chapter’s command descriptions, directional references (e.g., DATAOUT

DATA OUT phase it indicates it is ready to receive data from the initiator.

Chips and Technologies, Inc. ' S . ; "B
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Command
Description

The commands are arranged into the control, initiator, and target groups. Within
each of these groupings, commands are ordered sequentially according to
command code. For each command the following infarmation is provided:
command code, bus condition, memory accessed, execution time, and
operational description. Following is a description of the notations and
conventions nsed within the chapter’s command descriptions.

Command Code

As mentioned previously, up to four pipeline commands or command sequences
can be queued into the F82C5087°s pipeline registers (Registers 0-3). When
performing a write operation to issue a command to 2 pipeline register, the
following conventions must be used:

op | 7 | & | 5 | 4 | 8 | 2 | t 1 0

w i Pipeline Command Code | INIT |TARGET| MOD | INT
| | Mode | Mode | Bit |

Bits 74 Pipeline Command Code ' -

These bits specify the command code for the particular pipeline
command the firmware wants to queue into the pipeline register. For

ingtance, the control NOP command has a command code of 0000. For -
the command code of any pipeline command refer to the command’s
description.

Bits3and 2 Imitiator and Target Mode .

These bits specify whether the F82C5087 is operating in initiator or

target mode, respectively. When bit 3 is asserted, the FR2C5087
assumes the initiator role on the SCSI bus. Control commands do not
have bit 3 or bit 2 asserted.

Bit1l Modifier Bit

This bit is a command modifier bit. For example, commands that
transfer data between the MPU and the F82C5087 use this bit toenable
16-bit transfers over the MPU bus. Bits 0-7 are transferred via the
MPU’s data bus. Simultaneously, bits 8-15 are transferred via the
memory data bus.

Bit ) Interrupt When COMMAND COMPLETE Bit

‘When this bit is asserted, and the firmware has enabled the intetrupting
condition (by enabling its bit in Interrupt Mask Register 5), the
F82C5087 interrupts the MPU upon command completion. Refer to
the NOP command description for an example of this bit’s use.

Y

PP
NOLES

When a bit is specified as "X" in a command code, it indicates thal the bit can be
functional in both asserted and deasserted forms.

Ghips and Technologies, [nc.
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Bus Condition

The F82C5087 can be disconnected or connected from the SCSI bus. For each of
the commands the required SCSI bus condition prior to command execntion is
noted, "D" denotes a disconnected bus; "C" denctes a conriected bus; and "C/D"
indicates the command can be issued under either bus condition. Note that the
control commands can be issued under either condition. o

Execution Time

Stated execution time for the specific command represents a typical execution_
time (33 MHz operation is assumed). The symbol "us" is used as an abbreviation __
for microseconds . )

Operational Description

A description of how the particular command operates is provided. On several of
the initiator and target commands, there are ‘notes concerning the set up of the
MCS script, Before the firtiware issues the F82C5087 a command, it must have
initialized the MCS. For example, if the firmware wants the F82C5087 to send a
message to a SCSI device that message must have been built in one of the six
MCS scripts before the Send Message Command can be execute§ - Aftert the
firmware performs consecutive write operahons to the MPU MCS Buffer
Register (Register 11) to build the message in the MCS, it must load the SM
MCS Address Register (Register 9) to point 1o the first byte of that message.
After the MPU has completed this MCS set up, the Send Message Command
could be issued to one of the four pipeline command registers. Note that if the
auto MCS advance feature is enabled, the SM MCS address pointer is checked
before command execution begins. If it points to any location within an MCS
other than zero, it is advanced astornatically to location zero of the next MCS.
Therefore, in the previous example the ﬁnnware would not have to load the SM
MCS Address Register if it were pomung to'a location within the previous MCS.

Possible Errors

When the execution of a comimand can cause any error conditions, it is noted.
The execution of the control commands cannot cause any error conditions. Error
conditions noted (e.g., parity error) can be grouped into one of the followmg
categories: . -

® Error conditions indicated by Extended Status Register 6.

®  Error conditions indicated by Auxiliary Status Register 20.

When an unexpected condition is detected, the Extended Status Mask Bit (bit 1)
of Interrupt Mask Register 5 is asserted. When thig bit is asserted, it indicates

Extended Status Register 6 contains inférmation on why the command was
terminated prematurely (e.g., SM error, timeout error).

When a parity error or overflow condition is detected, the Parity Error/Overrun
Mask Bit (Bit 1) of Interrupt Mask Register 5 is asserted. When this bit is
asserted, it indicates Auxiliary Status Register 20 contains additional
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Control

Command

Descriptions
[ ]
Table 51.

information (e.g., identifies error as 2 FIFO parity emror or a SCSI parity error)

concerning ihe detected error condition.

Table 5-1 lists the F82C5087 control commands. Following this table each

control command is described in detail.

F82C5087 Control Commands —

Command Code Command Funetion

0000 000X " CNTL NOP No operation.

0001 000X CNILRSTFIFO  Reset F82C5087 daia FIFO.

0010 000X CNTLRSTON  Assert reset signal to SCSI bus.

0011 000X CNTLRSTOFF  Deassert reset signal to SCS bus.

0100 000X CNIL ATNON  Assert -ATN signal to SCSI bus.

0101 000X CNTLATNOFF  Deassert -ATN signal to SCSI bus.

0110 000X CNTLENBSEL  Enable selection. '

0111 000X CNTLDISSEL  Disable selection.

1000 000X~ CNTL ENB RESEL FEnable reselection.

1001 000X " CNTL DIS RESEL  Disable reselection.

1010 000X CNTLENB ADV  Enable MCS auto advance.

1011 000X " CNILDIS ADV  Disable MCS auto advance.

1110 000X CNTL DATA PTM  Receive MPU data and send it to the
memory data bus.

1111 000X CNTL DATA MTP Receive data from memory data bus and

send 1t to MPUL

Chips and Technologies, Inc.
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CNTL NOP - No Operation . e
Command Bus Memory Execution Function

Code Accegs Time 7 o . -
0060 000X CD No  Sus _ Nooperation,

Operational Description

The firmware can use this command to check that the F82C5087 pipeline/status
registers 0-3 are operating correctly. For example, the firmware can send the
following four NOP commands to pipeline reglsters 0-3

i

Command Pipeline COntents of CQmmand Pipeline

| PP

nNEgIsIer Heglstel' B o e

0 0000 0000 .; o

1 oo .

2 oo T
3 00000001 T I o

The first three NOP commands have blt 0 (Interrupt when Command Complete -
bit) deasserted; however, this bit is set in the fourth NOP command,

Consequently, this sequence of pipeline commands should termmate with an
interrupt to the MPU under the following conditions:

¢ The Command Complete Interrupt Bit (bit 0) of Intcrrupt Mask Register 5 is
asserted, and

®  Ali four pipeline commands have executed.

® QOnce this command has staried executing, it cannot be soft aborted,

® The execution of this command cannot cauge any error conditions.
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CNTL RST FIFO - Control Reset Data FIFO

Command Bus Memory Execution Function
Code Access Time

0001000X CD No  Sus Reset F82C5087’s data FIFO.

Operational Description

Before executing any data transfer commands, the F82C5087 normally resets the
F32C5087 data FIFO. For error handling and diagnostic purposes, the firmware
may disable the automatic resetting of the FIFO. If it has been disabled by
asserting the FIFO Reset Bit (bit 1) of Mode Control Register 7, the firmware
must issue this command to reset the F82C5087’s internal FIFO.

Notes:

® (Once this command has started executing, it cannot be soft aborted.
® The execution of this command cannot cause any error conditions.

Chips and Techneclogies, Inc.
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CNTL RST ON - Control RESETOn . N
Command Bus Memory Execufion Function
Code Access Time ' o B
0010000X  GD No  .Sus Assert he reset signal to SCSI bus.

Operational Description

The fitmware can use this command to assert the reset signal on the SCSI
control bus, The F82C5087 pin asserted to indicate this reset is dependent on the
F82C5087’s mode of operation. In non-differential (single-ended
drivers’receivers) mode, the -RESET_IN pin is asserted.

The resét signal remains asserted until the firmware jssues the CNTL RST OFF
command.

Notes:
®  SCSI specification requires the reset signal be asserted for a minimum of 25
microseconds.

® Oncethis command has started executing, it cannct be soft aborted.
¢ The execution of this command cannot cause any error conditions.

CNTL RST OFF - Control RESET

Command Bus Memory Execution Function —
Code Access Time _ _
0011000X = C/D No Sus _Deassert the reset signal to SCSI bus.

Operational Description

Reset on the SCSI bus is asserted by executing the CNTL RST ON command.
To remiove this condition,; the firmware can issue this command to the pipeline
registers,
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CNTL ATN ON - Control Atiention On

Command Bus Memoty Execution Function
Code Access Time

Lll: Y 3 m . T e |

0100000X  COD No  Sus Asserts -ATN signal to the SCSI bus.

Operational Description

This command asserts the -ATN signal on the SCSI bus. It remains asserted until
the firmware issues a CNTL ATN OFF pipeline command, or until the last byte
of 2 MESSAGE QUT phase is transferred.

‘When the following two initiator pipeline commands select a SCSI device, the
-ATN signal is automatically asserted: (1) INIT SWA SEQ (Initiator Select with

ATN Sequence) and (2) INIT SWA CMD (Initiator Select with ATN Command}.

Notes:

e Automatic deassertion of -ATN is disabled during the transfer of the
MESSAGE QUT phase’s last byte if the INIT SEND MSG command’s
modifier bit is asserted.

Once this command has started executing, it cannot be soft aborted.
The execution of this command cannot cause any error conditions.

CNTL ATN OFF - Control Attention Off

Command Bus Memory Execution Function
Code Access Time

0101 000X CD No 5s Deassert -ATN signal to SCSI bus.

Operational Description

The firmware can use this pipeline command to deassert the SCSI bus -ATN
signal, It remains deasserted until the CNTL ATN ON pipeline command is

issued, or an INIT SWA. SEQ (Initiator Select with ATN Sequence) or INIT
SWA CMD (Initiator Select with ATN Command) is executed. '

Noftes:

® QOnce this command has started executing, it cannot be soft aborted.
e The execution of this command cannot cause any error conditions.

Chips and Technologies, Inc.

skt




Chips and Technologies, Inc.

raz2csos7 N

CNTL ENB SEL - Contirol Enable Select

Gommand Bus Memory Execulion Function
Code Access Time 7 . - ,
0110000X /D No Sus Enable selection.

Operational Description

This command enables the F82C5087 controller to respond to a SCSI bus
SELECT phase. When the F32C503_7 device is selected, Select Bit (bit 5) of
Interrupt Stamus Register 5 is asserted.

The firniware needs to execute this command in order for the TGT WES CMD
(Target Wait for Select Command) and the TGT WFS SEQ (Target Wait for
Select then Receive Sequence) 1o detect a select.

Notes:

® By executing the CNTL DIS SEL (Control Disable Select) pipeline
command, the F82C3087 is disabled from responding to selects.

®  After a reset, the F82C5087 does not respond to selects until this command
is executed.

&  Once this command has started executing, it cannct be soft aborted.
The execution of this command cannot cause ahy error conditions.
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CNTL DIS SEL - Control Disable Select

Command Bus Memory Execution Function
Code Access Time

0111 000X CD No  Sus " Disable sclection.

Operational Description

The firmware can use this pipeline command to prevent the F82C5087 from
responding to a SCSI bus SELECT phase. After this command is executed, a
TGT WES CMD (Target Wait for Select Command ) and a TGT WES SEQ
(Target Wait for Select and Receive Sequence) will not respond toa -SEL
signal. Also Interrupt Status Register 5°s Select Bit (bit 5) will no longer be
agserted when a select occurs.

Notes:

® By executing the CNTL ENB SEL command, the firmware enginecr can
enable the F82CS5087 to respond to selects.

®  After areset, the F82C5087 does not respond to selects until the CNTL
ENB SEL command is executed.

Once execution has started, this command cannot be aborted.
The execution of this command cannot cause any error conditions.
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CNTL ENB RESEL - Control Enable Reselect

Command Bus Memory Executicn Funetion
Code Access Time
1000 000X CD No - Sus ' Enable :eselectmn

Operational Description
This commarid enableg tha FR2CS5087 to resnend to a SCE

This commanid enables the F82C5087 torespond toa S b.lS _.ES TECT

SI
phase When the F82C5087 initiator device is reselected th ect Bit (bit 5) of
Interrupt Stafus Register 5 is asserted, -

The firmware needs to execute this command in order for INIT WFR CMD
(Initiator Wait for Reselect Command) and INIT WFR SEQ (Initiator Wait for
Reselect then Receive Sequence) to be able to detect a reselect.

Notes:

& By executing the CNTL DIS RESEL (Control Digable Reselect) pipeline

42 ) A s i bty QAL Mgl Ao L PRl

command, the F82C5087 is disabled from responding to the reselect phase.

® After a reset, the F82C5087 does not respond to reselects until this
© command is executed.

®  Once this command has started executing, it cannct be soft aborted.
The execution of this command cannot cause any error conditions.

R y 51
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CNTL DIS RESEL - Control Disable Reselect .
Command Bus Memory Execution  Function T

Code Access Time

1001 000X C/D Ne 5us Disable reselection. .

Operational Description

The firmware can issue this command to the pipeline registers to prevent the
F82C5087 from responding to a SCSI bus RESELECT phase. After this
command is executed, INIT WFR CMD Initiator Wait for Reselect Command) |
and INIT WFR SEQ (Initiator Wait for Reselect and Receive Sequence) will not
respond to a reselect phase. When a reselect occurs, the Select Bit (bit 5) of
Interrupt Status Register 5 will no longer be asserted.

Notes:

® By executing the CNTL ENB RESEL (Control Enable Reselect) pipeline
command, the firmware can enable the F§2C5087 to respond to reselects.

®  After a reset, the F82(C5087 does not respond to reselects until a CNTL
ENB RESEL command is executed.

®  (Once this command has started executing, it cannot be soft aborted.
The execution of this command cannot cause any error conditions.

[ ]
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CNTL ENB ADV - Control Enable MCS Auto Advance
. Command Bus Memory Execution Function
Code Access Time
1010000X  CD No  Sus Enable auto advance to next MCS
seript.

Operational Description

Normally the F82C5087 advances the SM address pointer to the beginning of
the next MCS script at the start of a new pipeline command that involves MCS
access. If this auto advance feature is disabled, all F82C5087 statémachine
{(SM) accesses to the MCS will be to contignous memory locations. The
firmware can disabie this MCS auto advance by executing a CNTL DIS ADV
(Disable MCS Auto Advance) pipeline command.

® (QOnce execution has started, this command cannot be soft aborted.
®  The execution of this command cannot cause any error conditions.

Chips and Technologies, Inc. : : = : - 513
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CNTL DIS ADVY - Control Disable MCS Auto Advance

Command Bus Memory Execution Function

Code Access Time

1011 600X /D No Sus Disable auto advance to next MCS -
script.

Operational Description

This command prevents the F§2C5087 from antomatically advancing the SM
address pointer to the beginning of the next MCS script at the start of a new
pipeline command that involves MCS access. The firmware should realize that
when a command that will require MICS access is issued and the SM address

A ine 2oy nlema Ao mmtid i b Lt i aaes ~F s AR anrind fha naintar wrll nee

pU.ll.lLUl I3 alCdly POLLIUIE LU WAGLIVIL Z0LW UL Al AVINAT Selipty kil pACILLWL ¥ RL 20k

be antomatically incremented at the start of command execution.

The firmware may decide to disable auto advance to make more efficient use of
MCS space. For instance, the firmware may decide to place all commonly used
messages contigucusly in one MCS script. After the message has been placed in
the MCS, the firmware must complete the following steps to send out that

message:

® Execute the CNTL DIS AVD command to disable the MCS auto advance

function.
® Toad SM MCS Address Register 9 to point to the first byte of the message.
® Execute an INIT SEND MSG or TGT SEND MSG command, o
Notes: .

® Once execution has started, this command cannot be aborted.
® The execution of this commangd cannot cause any error conditions.
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CNTL DATA PTM - Control Data from MPU to Memory Data

Bus : 3 P P Ty - A
Command Bus Memory Execution Function
Code Access Time ) o ) o
1110 000X C/D FIFO  lusplus Receive data from MPU bus and
-3 us/byte send it to memory data bus.

Operational Description

The firmware can us¢ this command to provide a data path between the MPU
data bus and the memory data bus. It transfers data from the MPU to the
memory data bus. When the Down Transfer Counter equals zero and the FIFQ is
empty, this transfer is completed.

Notes:

A soft abort of this command terminates command execution immediately.
The only possible ervor with this command is a parity error.
SCSI bus conditions are not pertinent to this commnd’s execution.

Refer to Figure 3-2 for an illustration of the MPU’s use of MPUFIFO
Buffer Register 12 and the F82C5087’s internal FIFO to fransfer data
between these two buses. e

- 515
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5-16

CNTL DATA MTP - Control Data from Memory Data Bus to

MPU -
Command Bus Memory Execution Function -
Code Access Time

1111 000X C/D FIFO 1 us plus .3 us/byte Receive data from memory data bus
and send it to the MPUL

This commiand provides 2 data path between the MPU data bus and the memomy
data bus. The firmware can issue this command to transfer data from the
memory data bus to the MPU bus. When the Down Transfer Counter equals zero

Operational Description ]

and the FIFO is empty, the data transfer is completed.
Noftes:
® A goft abort of this command terminates command execution immediately.

&  SCSI bus conditions are not pertinent to this command’s execution.
# The only possible error with this command is a parity error.

Chips and Technologies, inc.

i
]
|
|
|
|
|
1
|
1

_—ﬁ



Initiator
Command

DNacrrintin
Eal Yarugd Wi 1 .‘ Wl

Chips and Technologles, Inc.

IU

Table 5-2.
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Refer to Table 5-2 for a list of the F82C5087 initiator commands. Following this
table, each initiator pipeline command is described in detail.

Initiator Commends

3

Command Code command Imtiator Funcﬁon i N R .
0000 100X INITSWOA SEQ _ Seleciz target without aention seqﬁenc& -
0001 10XX INIT SWA SEQ Select target with attenhon sequence - -
0010 100X INIT SWOA CMD  Select target w1thout attenhon command. ) _ 7
0011 100X CINITSWACMD __ Select target with attentiop command. . _
0100 100% mm‘ RECINFQ  Receive information.
0101 1_00;( INIT DATA MTS Receive data from memory data bus and
B L §e1_1c_1 1§ to §(_JSI data bus,
0110 10XX TNITDATAPTS _ Receive data from MPU and sqnd ittothe
o SCSI data bus. ,
0111 100X INIT DATA STM _ Receive data from SCST bus and send itto
~ memory data bus.

1000 10XX INITDATA STP _ Receive data from SCST bus and send it 1o

L thgiMPU’s data bus. o
1001 10XX INIT SEND MSG  Send message. B -
1010 160X INIT SEND CMD  Send muIti-‘byle command.
1011 100X  INITXFERPAD  Transferfillerdata, S
1100 10XX " INITXFER BYTE Tramsferabyte. .
1101 100X . _INITCMDCSEQ  Perform COMMAND COMPLETE '

DISCONNECT sequence.

1110100X _ INITWFRCMD _ Wait for the RESELECT phase. i
1111 100X INITWFR SEQ Waat to be reselected, then reconnect

-5
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INIT SWOA SEQ - Initiator Select without Attention Sequence

Command Bus Memory Execution Function

Code Access Time

0000 100X D MCS Gus Initiator select target without
attention sequence.

Operational Description
This initiator command sequence performs the following tasks:

®  Arbitrates for the SCSI bus.

® Selects a target.

¢  Sends a multi-byte command. 7

The firmware should issue this pipeline command sequence when the initiator
does not want to send the target an identify message. The identify message
would not be sent to the target when the system is operating in single-initiator
mode.

Possible Errors

The following errors can cause this command sequence to abort prematurely:

® A SELECT/RESELECT signal is detected during the SCSI bus
ARBITRATION phase.

A SELECT/RESELECT timeout occurs.
An illegal SCSI bus phase is detected.
SM error (illegal command group code was encountered) oCcurs,

The F82C5087 is already connected to the SCSI bus when this command
sequence is issued,

® The target disconnects before this command is completed.

Nofes:
® A soft abort of this command sequence halts execution at one of the
following points:
- Before the SCSI bus ARBITRATION phase

™ ~
- Before the SCSIbus SELECTION p"‘""“

- During the SCSI bus COMMAND phase.

T, .
Before issuing this command sequence, the firmware engineer should

ensure the MCS has been set up as follows:
MCS Script
SM MCS Address {Register 9) —---—m: > Target ID byte

1
C X
|
|
"
1
X
1
y
!

Multi-byte command

Chips and Technologles, Inc.
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INIT SWA SEQ - Initiator Select with Attention Sequence

Command Bus Memory Execution Function

Code Access Time N B

0001 10XX D MCS 20us Imt:ator select target w11.h attennon
sequence.

e e wegemee—Z - PR ek -+rrerrel Y Lo

Operational Description

The firmware can use this initiator comumand sequence to perform The followmg
series of tasks:

Arbitrate for the SCSI bus.
Select a target. : )
Send a one-byte identify message to the target. | :
Optionally send the target a two-byte tag message (if modifier bit eguals 1),
Send the target a muiti-byte command. '
¢ Terminate sequence at this point if:

L ]

® the identify message disallows a disconnect, or

® the Qvemide Disconnect Enable Bit (bit 2 of Aux:hary Status
Register 20) is asserted. : e

® If a disconnect is allowed, receive one of the following from the targét:
® one status byte and one message : .
®*  one of tWO Inessages.

®  Wait for the SCSI bug RUS FREE phase.

Possible Error

® This command sequence could be terminated early for anv-of the conditions
listed under the following commands: INIT SWA CMD, INIT SEND MSG,
INIT SEND CMD, and INIT CMDC SEQ.

Notes:

¢ A soft abort of this command halts execution at one of the following points: '
-At the beginning of the ARBITRATION phase, ot o
-At the beginning of the SELECTION phase, or
-After completion of the SELECTION phase.
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® Before the firmware issues this command sequence, it should ensure the . |
MCS has been set up as follows:
MCS Script
SM MCS Address (Register 9) ~——---—-> Target ID byte
Idenfity message byle

Optional twa-byte tag
message (if modifier bit equals 1)

[ P P Iy |
WIUILFRYLE COLTI LI

Any information received from the SCSI bus (e.g., 2 DISCONNECT message)
will be placed in the MCS after the multi-byte command.
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INIT SWOA CMD - Initiator Select without Attention Command

Command Bus Memory Execution Function

Code Access Time . ) .

0010 100X D MCS 6us Initiator select target without
attention command.

Operational Description

"This initiator command arbitrates for the SCSI bus and selects a target. It is
terminated when the target responds with the -BSY signal, or an error occurs.

Possible Errors

The following errors are possible:

® A SELECT or RESELECT occurs during the ARBITRATION phase.
® A timeout occurs while the initiator is selecting the target.

Notes:

® A soft abort of this command sequence halts execution as follows: before
the SCSI bus ARBITRATION phase, or before target SELECTION phase.
®  Before issuing this initiator command, the firmware should ensure that the
MCS has been set up as follows:
MCS Script

SM MCS Address (Register 9} ~-—------> Target D byte

- 521
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INIT SWA CMD - Initiator Select with Attention Command

Command Bus Memory Execution Function
Code Access Time
0011 100X D MCS 6us Initigtor select target with attention

command.

Operational Description

This initiator command arbitrates for the SCSI bus and selects a target with the _
-ATN signal asserted. This command is terminated when the target responds i
with the -BSY signal, or an error cccurs.

Possibie Errors !

The following errors are possible:

& A connect error occurs (e.g., F82C5087 is already connected to the SCSI i
bus when this command beging execution).

A SELECT/RESELECT occurs during the ARBITRATION phase.
e A SELECT/RESELECT timeout occuss. : ‘

Notes: |

® A soft abort of this command halts execution as follows: before the - :
beginning of the SCSI bus ARBITRATION phase, or before the target
SEELECTION phase.

® Before the firmware issues this nitiator command, it should ensure the
MCS script has been set up as follows:

MCS Script
SM MCS Address {Register 9) - > Target ID byte

5-22 Chips and Technologies, Inc.
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INIT REC INFO - Initiator Receive Information

Command Bus Memory Execution Funetion
Cade Access Time _
0100100X C MCS Z2us Initiator receive information. -

Operational Description

This initiator command waits for the target to go to MESSAGE IN phase or
STATUS phase and then it receives the target’s message of status into the MCS.
At this point, the command is completed.

Possible Errors
The following errors can cause this pipeline command to abort prematurely:

-+

- QAL arrme Annirea fif'fnrn-af araa taa SORT harg m 2 thaom tha
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MESSAGE IN or STATUS phase).

®  The initiator detects a wrong phase Gf this command starts to process a
multi-byte message and target unexpectedly changes the SCSI bus phase).

Notes:

® A long message can begin in one MCS and end in ancther MCS. If a
message éxceeds 65 bytes, the F82C5087 automatically transfers the first 65
bytes. After this initial transfer, the firmware engineer must handshake each
byte by issuing the INIT XFER BYTE or TGT XFER BYTE command.
When this condition develops, an error condition is not genérated.

® A soft abort of this command terminates execution Jmmedlateiy

®  Once the command is successfully completed, the MCS seript will contain
the status byte or the message received from the target.
MCs Script

SM MCS Address (Register 9) —-v-—-—» Status byte or message

523
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INIT DATA MTS - Initiator Receive Data from Memory Data

Bus to §CSI B
Command Bus Memory Execution =~  Function
Code Accesz Time

0101 100X C FIFO lusplus.2s/byte Initiator receive data from the
memory data bus and send it to the
SCSI bus.

Operational Description

This initiator command waits for the target to go to DATA OUT phase then
trangfers data from the memory data bus to the SCSY bus. While the F82C5087
initiator is waiting for the target to change to DATA QUT phase, the F82C5087
staris to fill the internal FIFQ with the data from the memory data bus.

When the Down Transfer Counter (set with the transfer count in Registers
16-18) equals zero and the FIFQ is empty, this command is completed.

Possible Errors

The following errors can cause this command to abort prematurely:

¢  The target changes to a SCSI bus phase other than the DATA OUT phase,
and asserts the -REQ signal; this causes a wrong phase error.

e The F82C5087 is not conmected to the SCSI bus during this command’s

avarnticm
A LI R

Nofes:

® Because the F82C5087 is filling the FIFG while waiting faor the target to
switch to DATA. OUT phase, the firmware must be prepared to backup the
DMA controller pointers if the farget changes to an illegal SCSI bus phase.

® A soft abort of this command terminates execution immediately.

Chips and Technologies, Inc.




Chips and Technologies, Inc.

Fazcsesr

INIT DATA PTS - initiator Receive Data from MPU 1o SCSI Bus

Command Bus Memory Execution Function

Code Access Time _ ) 7

0110 10XX  C TFIFO  1usplus .2 us/data Initiator receive data from MPU and
byte  sendittothe SCSIbug, =~

Operational Description

This pipeline command waits for the target to go to the DATA OUT phase then
transfers data from the MPU to the SCSI bus. SCSI bus data can be
asynchronous or synchronous. Refer to Chapter 4’s description of Sync/Asyne
ID Register 21 for information on how synchronous or asynchronous transfer
mode is specified. ’ '

‘While the F82C5087 is waiting for the target to change to the DATA QUT
phase, the F82C5087 starts to {ill the FIFO with data from the MPU. MPU data
transfers can be 8 or 16 bits wide, If the modifier bit (bit 1) of this command
code is set, 16-bit transfers are enabled. With 16-bit MPU data transfers, bits 0-7
are transferred via the MPU bus; bits 8-15 are transferred simultaneously via the
memory data bus. Data transfers from the MPU to the F82C5087 must be
written to MPU FIFO Data Register 12. For more details refer to Register 12°s
description in Chapter 4. :

When the Down Transfer Counter (set with the transfer count in_‘Regis’Lers
16-18) equals zero and the FIFO is empty, this command is completed.

Possible Errors

The following errors can cause this command to abort prematurely:

® The target changes to a SCSI bus phiase other than the DATA OUT phase,
and asserts the -REQ signal; this causes a wrong phase error.

® The FR2CS087 is not connected to the SCS' I bus during this command’s
execution.

Noles: o o _

¢ Because the F82C5087 is filling the FIFO while waiting for the target to
switch to DATA OUT phase, the firmware must be prepared to backup the
DMA controller pointers if the target changes to an illegal SCSI bus phase,

® A soft abort of this command terminates execution immediately.
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INIT DATA STM - Initiator Receive Data from SCSI to Memory
Data Bus

Command Bus Memory Execution Function
Cade Access Time

0111 100X C FIFO 1 usplus.2 us/byte Initiator receive data from SCSIbus
and send it to the memory data bus.

Operational Description

This iitiator command waits for the target to switch to the DATA IN phase then
transfers data from the SCSI data bus to the memory data bus, SCSI busdata can
be asynchronous or synchronous. Refer to Chapter 4’s description of
Sync/Async ID Register 21 for information on how synchronous or
asynchronous transfer mode is specified.

When the Down Transfer Counter equals zero and the FIFO is empty, this
command is completed.

Possible Errors
The following errors can cauge this command to abort prematurely:

® The target changes to a SCSI bus phase cther than the DATA IN phase, and
asserts the -REQ signal; this causes a wrong phase error.

¢ The F82C5087 is not connected to the SCSI bus during this command’s
execution.

Note:

e If the firmware soft aborts this command, command execution is terminated
immediately.

Chips and Technologies, Inc.
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INIT DATA STP - Initiator Recelve Data from SCSI to MPU Bus

Command Bus Memory Execution Function
Code Access Time

1000 10XX C FIFO 1us pius 2 us/byte Initiator receive data from the SCSI
_ bus and send it to the MPU’s data bus.

Operational Description

This initiator command waits for the SCSI bus to change to the DATA IN phase
then transfers asyrichronous of synchronous data from the SCSI data bus to the
MPU. The MPU must receive the data by reading the MPU FIFO Buffer
Register 12. The MPII can read & or 16 bits per eycle. If the modifier bit (hit 1)

wELalL =

of this command code is asserted, 16-bit transfers are enabled. ~

‘Wher the Down Transfer Counter equals zero and the FIFO is empty, this
command is completed.

Possible Errors

The following errors can ¢ause this command to abort prematurely:

® The target changes to a SCSI bus phase other than the DATA IN phase, and
asserts the -REQ signal; this causes a wrong phase error.

® The F82C5087 is not connected to the SCSI bus during this command’s
execution. :

Nofe:

® If the firmwaré soft aborts this conumnand, execution terminates immediately.
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INIT SEND MSG - Initiator Send Message

Command Bus Memory Execution "Function
Code Access Time
1001 10XX € MCS  lusplus.5usbyie Initiator send message to target.

Operational Description
This pipeline conunand has the initiator wait for the target 1o goto the

MESSAGE OUT phase then transfers a single or multi-byte message from the

MCS to the target, If the F82C5087 does not have the ~-ATN signal asserted, this

command does the following:

®  Assertsthe -ATN signal before trangferring the first byte, and

Deasserts -ATN on the last message byte. However, if the modifier bit (bit

1) of this command code is asserted, -ATN is not deasserted on the last
message byte. This gives the firmware the opportunity to send multiple
messages 1o the target.

Possible Errors

The following etrors can cause this initiaior command o abori prematurety:

® A connect emvor occurs (if the target disconnects dering execution of this
pipeline command).

® The initiator detected a wrong SCSI bus phase {e.g., target goes to phase
cther than the MESSAGE OUT phase).

Notes:

® A long message can begin in one MCS and end in another MCS. Ifa

message exceeds 65 bytes, the F82C5087 automatically transfers the first 65
bytes. After this initial transfer, the firmware engineer must handshake each

byte by issuing the INIT XFER BYTE or TGT XFER BYTE command.
When this condition develops, an error condition is not generated.

[PRrey,

A sofi abort of this command terminates command execution imediately.

Before the firmware issue this command, it should ensure the MCS has been

set-up as follows:

MCS Script

SMMCS Address {Register 9) —-——> Single or multi-byte message

Chips and Technologies, Inc.

3

il Y ) ooy o

I v

PR, ¢ e el

)




Chips and Technologies, Inc,

Table 5-3.

Fazcsos7

INIT SEND CMD - Initiator Send Command

Commantd Bus Memory Execution Function
Code Access Time
1010 100X C MCS lus pius 3 us/byte lmuator send 'a mum-byte command

Operational Description

This jnitiator command waits for the target to go to the SCSI bus COMMAND
phase then transfers a multi-byte command from the MCS to the target. Bits 7-5
of the first pipeline command byte are decoded by the F82C5087 to determine
the command length, Referto Table 5-3 for list of command length codes.

Command Length Codes - L L .
Command Byte Command Length
Bits . P
7 6 ] -
0 0 0 " Gbytes " B
0 o ~ 1 1{Obytes
a 1 0 7 i SM (state ;néchme) error
o i — 1 o SM eror ) o
1 © 0 sMeror - 7
1 ) a - ) --1 ) "”—TZWES T
1 1- 0 T o Reglster22 S blts 0-3 )

1 1 Regster bits

-
1 I'IUH]DI.UI LC B i ‘f'l

Referto thc ope*rauonal descnptlon of the Target Recelve Multl-byte Command
(TGT REC CMD) later in this chapter for information on command lengths that
cause SM errors. For details on command length specified by Register 22°s bits

mf'nrfn 1‘1’1-::1' rprncfnr o Aacrrintinn in Chantar A
O udal ITglsitd 5 USSCIIpLICH I LAl &,

Possible Errors

Lo o RSN | IR
LIS LTOLLIOWIL

I JE— _ S

1g ErTOrs are possible with the execution of this command:

A conmect error OCCUrs. ’ h -

The initiator detects a wrong SCSI bus phase; the target changed to a phase
other than the COMMAND phase.

* SM error (illegal group code) occurs. Byte O, bits 7-5, contains a group code
of 2, 3, or 4. If the firmware wants to transfer a command with one of these
group codes to the target, it must back up the SM MCS address pointer one
location, and issue the INIT XFER BYTE command for each byte sent to
the target.

Notes:

® A soft abort of this command terminates execution immediately,
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® Before the firmware issues this command, it should ensure the MCS has
been set up as follows: !
!
MCS Script ‘
SMMCS Address (Register 8) ~—-—-> Multi-byte command )
T

®

5-30 Chips and Technologies, Inc.
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INIT XFER PAD - Initiator Transfer Pad

Command Bus Memory Execution Function
Code Access Time
1011100X °~ € No 1us plus .5u s/byte Initiator transfer filler data.

Operational Description

This transfer pad command enables the initiator either to receive or send data,
depending on the state of the SCSI bus -I_O signal. Data is transferred until the
target changes SCSI bus phase. If this command is receiving data, the data is
discarded; parity is not checked, If this command is sending data, it sends a zero
valne without a parity error, )

The Transfer Counter that is set with Registers 16-18 is not effected by this
command. This command cannot be used to pad synchronous data bytes. The
firmware must do an actual data transfer count when synchronous data padding
is required. Except for the -I_O signal, SCSI bus phase is not pertinent to this
command’s execution; only a phase change is pertinent. This command does not
set any bits in the pipeline status registers. h

Possible Error

The following error can cause this command to sbort prematurely:

& A connect error occurs. The F82C5087 is not connected to the SCSI bus
during this command’s execution. '

Nofe:

® A goft abort of this command terminates execution immediately.
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INIT XFER BYTE - Initiaior Transfer Byte

Comimand Bus Memory Execution Function
Code Access Time
1100 103X C MCs 1 us plus .5 usfbyte Indtiator transfer a biyte

Operational Description

This inifiator command transfers a byte from the SCS1bus to the MCS, or
transfers the next MCS byte to the SCSI bus. If this command’s modifier bit is
asserted, this command asserts the -ATN signal while the -REQ signal is true on
the SCSI bus. This protocol ensures that the target detects the asserted -ATN
signal.

This protocol with the modifier bit asserted is normally used to request the target
10 perform a MESSAGE OUT phase (possibly to reject a message, etc). Except
for the -I_O signal, SCSI bus phase is not pertinent to this comrmand. This
command does not set any bits in the pipeline status registers.

Possible Error

The following error is possible:

® The F82C5087 is not connected to the SCSI bus during this command’s
execution.

Notes:

® A soft abort of this command terminates execution imrmediately.

® The firmware should ensure that the SM address pointer (Register 9) points
to the location in the MCS where the bytes shonld be sent/received.
Generally, the firmware will want to disable the MCS antomatic advance
feature before executing this command. This feature can be disabled by
issuing the CNTL DIS ADYV pipeline command to one of the pipeline
registers.

Chips and Technologies, Inc.
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INIT CMDC SEQ - Initiator COMMAND
COMPLETE/DISCONNECT Sequence

Command Bus Memory Execution Function

Code Access Time .

1101 100X C MCS 4us Imt:ator COMMAND COMPI..ETE
/DISCONNECT sequence.

Operational Description

This initiator command sequence receives one status byte and one message, or
two messages; and places the information in the MCS, If one of the messages is
the DISCONNECT message or COMMAND COMPLETE message, this
commeand sequence waits for the BUS FREE phase to oceur before it is
completed.

A gtate machine (SM) error 1s generated and the sequence is terminated if the

TEQHICNRT ranaltran 4 Maacosaa AFTh A £l ne e AF fha £A1T e faae
L"0LALIVO S J-%CJVUB o LLosarni LALIGL WAL VLIG UL I.J.lU 1U11UW.UJ£ \1}

DISCONNECT message (2) COMMAND COMPLETE message (3) LINKED
COMMAND COMFPLETE (4) LINKED COMMAND COMPLETE with flags
(5) SAVE DATA POINTERS (6) RESTORE DATA POINTERS or (7) the
identify message.

Possible Errors

® A connect error occurs.
® Any of the following four SMemors occur: ™~~~ © ¢

¢ JLLEGAL PHASE. The target changes the SCSI bus phase to 2
phase other than the MESSAGE IN or STATUS phase.

® ILLEGAL MESSAGE. The message byte is not one of the seven
legal messages (e.g., DISCONNECT message) listed in this
command’s "Operational Description" section.

* JLLEGAL DISCONNECT. The tarset disconnects without first
sending a COMMAN’D COMPLETE or DISCONNECT message
to the JI]JtIatOl' T

® The target asserts the -REQ signa! when it should have
disconnected.

This initiator command sequence will not receive illegal mesr.ages, they are
left on the SCSI bus. The fixmware can examme the contents of the SCSI
bus by reading SCSY Data Register 22. ’

®  When this command is completed successfully, the MCS will contain one
status and one message byte, or two message bytes. The SM MCS address
pointer (Register 9) will be pointing to the last byte received, plus one byte.
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INIT WFR CMD - Initiator Wait for Reselect

Command Bus Memory Execution Function
Code Access Time
1110 100X D MCS LS5uspluswait Initiator wait for reselect.

time

Operational Description

The firmware needs to execute the CNTL ENB RESEL command for the INIT
WRF CMD and INIT WFR SEQ to be able to detect a reselect. The INIT WRF
CMD waits for the F82CS087 to be selected or reselected, then it saves the ID of
the device that selected or reselected the FB2CS5087 in the MCS. The command
asserts the -BSY signal and waits for the -SEL signal to be deasserted.

This command can also change the initiator or target mode of the F82C5087, If
the F82C5087 is reselected, the initiator mode is maintained; however, the
F82C5087 is switched to target mode if it is selected. If a reselection occurs, this
command deasserts the -BSY signal after the -SEL signal is deasserted.

The F82C5087 tags the TD byte to indicate whether a select or reselect occurred.
When the MPU MCS Buffer Register contains the ID byte, the firmware should
read Register 19°s bit 6 before reading the MPU MCS Buffer Register. If bit 6 of
Auxiliary Status Register 19 is asserted, a reselection occurred.

Possible Error

The following error can canse this command to abort prematurely:

® A connect error oceurs. The F82C5087 is contiected to the SCSI bus during
this command’s execution. .
Notes:

& A soft abort of this command terminates execution before a select or
reselect ocours.

R o I . B P S | L T o e ~ i,
After this command is successfully executed, the ID of the device that

selected or reselected the F82C 5087 will have been received from the SCSI
bus and placed in the MCS: ’ -

MCS Script
SM MCS Address (Register 9) --—-—-—> D byte
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INIT WFR SEQ - Initiator Wait for Reselect Sequence

Command Bus Memory Execution Function
Code Access Time
1111 100X D MCS 4us nitiator wait for RECONNECT
condition then begin RECONNECT
. sequence.

R R I el v - o= e o

Operational Description

If the F82C5087 is reselected and the firmware has specified this comimand, this
comnand sequence is executed. If the F82CS5087 is selected, it switches to target
mode and executes the Target Wait for Select Sequence (TGT WES SEQ).

When this sequence is completed, the firmware should read Auxiliary Status
Register 19 to check if the F8ZC5087 is in target or initiator mode.

If the reconnected target is set up for synchronous data transfers, this cominand
sequence is terminated after the device ID is saved in the MCS. For details on
settng up devices for synchronouns data transfers refer to Syne/Asyne ID
Register 21°s description in Chapter 4, '

If the reconnected target is set up for asynchronous data transfers, this command
sequence continues to receive status and the following legal messages: (1)
DISCONNECT message (2) COMMAND COMPLETE message (3) LINKED
COMMAND COMPLETE (4) LINKED COMMAND COMPLETE with flags
(5) SAVE DATA POINTERS (6) RESTORE DATA POINTERS, or (7) the
identify message. It continues to receive status and/or these legal messages until
the target changes to a SCSI bus phase other than the STATUS or MESSAGE
IN phase.

The F82C5087 tags the target ID in the MCS to indicate the occurrence of a
reselection. When the MPU MCS Buffer Register contains the ID byte, the
firmware should read Register 19”s bit 5 before reading the MPU MCS Buffer
Register. If bit 5 of Auxiliary Status Register 19 is asserted, a reselection
occurred.

Possible Errors
The following errors are possible:

® A connect/disconnect error occurs. The F82C5087 is connected when
sequence is started, or an unexpected disconnect occurs.

® An 3M error occurs. The target sends an illegal message. The message byte
is not one of the seven legal messages listed in this cornmand’s “Operational
Description" section. '

Noftes:

® Many times the firmware will not know if the next SCSI bus access will be
a selection or reselection. Becanse the F32C5087 will execuie the
appropriate comsmand (INIT WFR SEQ or TGT WFS SEQ) regardless of
which sequence was specified, the firmware can uss these two pipeline
commands interchangeably. However, it is recommended that
target/initiator mode be maintained whenever possible. For example, if the
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5-36

F82C5087 is operating as an initiator, the firmware should issue this
command to one of the pipeline registers.
A soft abort of this sequence terminates execution before the reselect

s il T2OAALNENDST henm ban 1 A
occurs. After the F82C5087 hias been reselected, the command will munto

completion and ignore the soft abord.

This initiafor sequence will not receive illegal messages; they are left on the
SCSI bus for the firmware to handle. The firmware may want to receive the
message by issuing an INIT REC INFO command, or may want to begin a
message reject process by asserting the -ATN signal.

Afterthis command is successfully completed, normally the MCS will
contain the target ID followed by the status and message bytes.

MGS Script

SM MCS Address (Register 9) ——-—--> TargetID

Status/message bytes

Chips and Technologies, Inc.
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Table 5-4.
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Refer to Table 5-4 for a list of the F82C5087 target commands. Following this
table each command is described in detait.

F82C5087 Target Commands L P -
Command Code Command Target Function
0000 010X TGTSENDMSG  Send message. i ] o
0001 010X TGT SEND STAT _ Send status o initiator. ; N )
0010 010X TGTDATA MTS _ Rsceive data from memory data bus and
) send i itto the SCSI jt{us . .

0011 0IXX TGTDATAPTS  Receive data from MPU bus a.nd send it to

SCST bus. -
0100 010X TGT REC CZ\/ID Recezve a multi-byte comma.nd )
0101 010X TGT REC MSG ~ Receivea snlgle-byte or mnltx—byte message.
0110010X TGT DATA STM Receive data from SCSI bus and send it to

. s Lﬂe memory uam DUS.

0111 01XX TGTDATA STP  Receive data from SCSI bus and send it to

the MPU’s data bus. .
1000 010X TGT CMDC SEQ Perform OOMMAND COMPLETE seguenoe. ]
1001 010X " TGTXFERBYTE Trausfer byte, ~
1010 010X TGTDISCCMD  Disconeot from the scsx bus. .
1011 010X TGTDISCSEQ  Perform DISCONNECT sequence
1100 01XX : TGT RCNT SEQ  Perform RECONNECT sequence.

1101 0iXX

TGT SEND BSY

Wait for select, then send busy response and
_ disconnect. .

3

1110 010X

TGT \ WFS CMD )

Wa.lt for select

1110IXX

TGT WFSSEQ _

Perform Wait for Select sequenoe

5-37



B Fs2C5087

TGT SEND MSG - Target Send Message . |
Command Bus Memory Execution  Function o
Code Access Time

0000016X C MCS  2usfirst byte plus Target send single or multi-byte
1 us/additional byte message.

Operational Description

This pipeline command switches the SCSI bus to the MESSAGE IN phase, and
sends a single or multi-byte message to the initjator.

Possible Error

The following errors are possible when this command is executing:

® The initiator asserts the -ATN signal unexpectedly.
® Not connected to SCSI when command is issued.

Nofes:

® A soft abort of this command terminates execution immediately.

A long message can begin in one MCS and end in ancther MCS. If a

message exceeds 65 bytes, the F82C5087 automatically transfers the first 65

bytes. After this initjal transfer, the firmware must handshake each byte by

issuing the TGT XFER BYTE command. When this conditicn develops, an

error condition is not generated. .

® Before the firmware issues this target command, it should ensure the MCS
script has been set up as follows:

MCS Script
SM MCS Address (Register ) =----—---> Singe or mult-byte message
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TGT SEND STAT - Target Send Status _
Command Bus Memory Execution Function

Code Access. Time

0001 010X €  MCS  2us Target send status.

Operational Description

This target command switches the SCSIbus{othe STATUS phase, and transfers
one status byte from the MCS to the initiator, '

Possible Errors
The following errors can cause this target command to abort prematurely:

® A connect error occurs. The F82C5087 is not connected to thn. SCSIbus
when this command is issued.

® The initiator asserts the -ATN signal.
Notes:

© A soft abort of this command terminates execution immediately.

® Before the firmware issues this target command it should ensure the MCS
has been set up as follows:

MCS Script
. SMMCS Address (Regisler 9) ~—-—-—--> Status byte N
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TGT DATA MTS - Target Receive Data from Memory Daia Bus .

to SCSI Bus _ 7
Command Bus Memory Execution Function
Code Access Time

0010010X =~ C FIFO lusplus.2us/byte Target receive data from memory
data bus and send it to SCSI data bus.

Operational Description

This pipeline command switches the SCSI bus to the DATA. IN phase, and
transfers data from the memory data bus to the SCSI bus. Data transfers over the
SCSI bus can be synchronous or asynchronous. Refer to the description of the
Sync/Asyuc ID Register (Register 21) in Chapter 4 for information on how
synchronous or asynchronous mode for data transfers is specified.

When the Down Transfer Connter (set with the transfer count in Registers
16-18) equals zero and the FIFO is empty, this command is completed.

Possible Errors
The following errors can cause this command to abort prematurely:

® The F82C5087 is not cormected to the SCSI bus during this command’s
execution.

® The initiator asserts the -ATN signal while this command is executing, and . .

3 ATN
the -ATN pin is not disabled. The -ATN pin i3 disabled by asserting the

Disable ATN Bit (bit 2) of Auxiliary Control Register 19.
Note:

® A soft abort of this command terminates execution immediately.
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TGT DATA PTS - Target Receive Data from MPU to SCSI Bus

Command Bus Memory Execution Function

Code Access Time

nnt 1 ﬂlvv’ el r i ‘l - ..-_..'I -~a " mflanrba M nd ...‘A‘.V.':._NJ‘..dA e % AT I‘.L_ -
UL L Vinuad L) BALW L > PALS LU uyu LALEOL ISWVALYC Walag RELULEL VLD ) ULLy

This pipeline command switches the SCSI bus to the DATA IN phase and
transfers & or 16 bits of data from the MPU bus to the SCSI bus. SCSI bus data
{rensfers can be asynchronous or synchronous Referio Chapter #’s description

AF Qrmmal Aourmes TD Danictar A1 £ram snfoma by e Alarn
UL u_y.uw no}u\a AL 1\.\,51.:!.\41 L1 BV .uu.u.l.u.zauuu. on 40w a'vu\,-xu.uuuu.a or

asynchronous data transfers are specified.

MPU data transfers can be 8 or 16 bits wide. If the modifier bit (bt 1) of this
command is asserted, 16-bit transfers are enabled. With 16-bit MPU data
transfers, bits 0-7 are transferred from the MPU bus to MPU FIFO Data Register
12. Bits 8-15 are simultaneously transferred over the memory data bus. For more
details on Register 12 refer to Chapter 4. ' '

When the Down Transfer Couniter (set with the transfer count in Registers
16-18) equals zero and the FIFQ is empty, this command is completed.

Possible Errors

The following errors can cause this command to abort prematurely:

& The FB2C5087 is not connected 1o the SCSI bus when this command is.
executing.

The initiator asserts the -ATN signal while this command is executing, and
the -ATN pin is not disabled. The -ATN pin is disabled by asserting the
Disable ATN Bit (bit 2) of Auxiliary Control Register 19.

Note:

® A soft abort of this command terminates execution immediately.
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TGT REC CMD - Target Receive Command

Command Bus Memory Execution  Function
Code Access Time

0100 010X C MCS  1usplus.5us/byte Target receive a multi-byte command.

Operational Description
This pipeline command switches the SCSI bus to the COMMAND phase and
transfers a multi-byte command from the SCSI bus to the MCS.

Possible Errors
The following errors can cause this target command to abort prematurely:

® The F22C5087 is not comected to the SCSI bus when this command is
executed.

The initiator asserts the -ATN signal.

An SM etror (illegal group code) occurs. A command with a group code of
2, 3, or 4 was received. No command bytes have been transferred into the
MCS. The firmware must issue the TGT XFER BYTE command to receive
each command byte into the MCS.

Nofte:

® A soft abort of this command terminates execution immediately.

® Afterthis command is successfully executed, the MCS will contain a
multi-byte command:

MCS Script

SM MCS Address (Register §) ————-> Multi-byte command

Chips and Technologies, Inc.
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. TGT REC MSG - Target Receive Message ) _
Command Bus Memory Execution Function
Code Access Time

0I010I0X  C  MCS

1us plius .3 us/byte Target toceive single or multibyte
message. '

Operational Description

This command switches the SCSI bus to the MESSAGE QUT phase and
receives a single or multi-byte message into the MCS.

Possible Errors

The following errors are possible:

® The F32C5087 is not connected to the SCSI bits when this commarid is
executed.

Nofes:

® A long message can begin in one MCS and end in another MCS. If a
message exceeds 65 bytes, the F82C5087 automatically transfers the first 65
bytes. After this initial transfer, the firmware must handshake each byte by
issuing the TGT XFER BYTE command, When this condition develops, an
error condition is not generated.

. ® A soft abort of this command terminates execution immediately.

After this command is successfully executed, the MCS will contain the
following: L ;. .

MCS Script

SMMCS Address (Register 8) --=-—--> Single or multt-byte mesé;ge N
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TGT DATA STM - Target Receive Data from SCSI Bus to

Memory Data Bus 7
Command Bus Memory Execution Function
Code Access Time

0110 010X C FIFO  1us plus.2 us/byte Target receive data from the SCSI
bus and send to memory data bus.

Operational Pescription

This target command switches the SCSI bus to DATA OUT phase, receives data
from the SCSI bus, and sends it to the memory data bus. Data transfers over the
SCSI bus can be synchronous or asynchronous. Refer to Chapter 4's description
of Sync/Async ID Register 21 for information on how synchronous or
asynchronous data transfer mode is specified.

When the Down Transfer Counter (set with the transfer count in Registers
16-18) equals zero and the FIFO is empty, this command is completed.

Possible Errors

The following errors can cause this command to abort prematurely:

® The F82C5087 is not connected to the SCSI bus when this command is
executing.

® The initiator asserts the -ATN signal while this command is executing, and
the -ATN pin is not disabled. The -ATN pin is disabled by asserting the
Disable ATN Bit (bit 2) of Auxiliary Control Register 19.

Nofte:

® A soft abort will terminate execution of this command immediately.,

Chips and Technologies, Inc.
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TGT DATA STP - Target Receive Data from SCSI to MPU Bus

Command Bus Memory Execution Function

Code Access Time ' _ L
0l11101XX C FIFO  lusplus .2 us/byte Target receive data from SCSI bus
and send it to memory databus,

Operational Description

‘This target command switches the SCSI bus to the DATA OUT phaseand =~
transfers data from the SCSI data bus to the MPU data bus. Data transferred can

be synchronous or asynchronous. Refer to Chapter 4’s description of
Sync/Asyne ID Register 21 for details on how synchronous or asynchronous
transfer mode can be specified.

If this command’s modifier bit (bit 1) is asserted, 16 bits of data will be
transferred to the MPU when MPU FIFO Data Register 12 is read. Bits 0-7 are

transferred over the MPU data bus while bits 8-15 are being transferred
simultaneously over the memory data bus.

Possible Errors

The following errors can canse this command 10 abort premétufély:

® The F82C5087 is not connected to the SCSI bus when this command is
executing, ’

®  The initiator asserts the -ATN signal while this command is executing, and
the -ATN pin is not disabled. The -ATN pin is disabled by asserting the
Disable ATN Bit (bit 2) of Auxiliary Control Register 19,

Note:

® A soft abort of this command terminates execution immediately,
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TGT CMDC SEQ - Target COMMAND COMPLETE Sequence .

Command Bus Memery Execution Funetion

Code Access Time

1000 010X C MCS$ 3us Target perform COMMAND
COMPLETE sequence.

Operational Description

This target command sequence switches the SCSI bus to the STATUS phase and
transfers one status byte from the MCS to the initiator, This sequence then
switches the SCSI bus to the MESSAGE IN phase and transfers a single or
multi-byte message from the MCS to the initiator.

If the transferred message was a COMMAND COMPLETE, the F&82C5087 goes
to the SCSI bus phase BUS FREE. Ctherwise, the F82C5087 remains connected
to the SCSI bus.

Possible Errors

The following errors can cavse this sequence to abort prematurely:

® The F82C5087 is nct connected to the SCSI bus when this command
sequence is executed.

® The initiator asserted an -ATN signal unexpectedly.

Notes:

®  When this sequence is soft aborted, command execution is terminated
immediately.

® Refore issuitigihis target command sequence, the firmware should ensare
that the MCS has been set up as follows:

MCS Script

SM MCS Address (Register 8) ~----——-x Status byte
Single or multi-byte message

Chips and Technologies, Inc.
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TGT XFER BYTE - Target Transfer Byte

Command Bus Memory Execution Function
Code Access Time
1001 010X C MCS 15us  Target transfer byte.

Operational Description

PRSP, IPRT 1Y PR Wy Fygr, Sty oL

ll.le LUII!Hld.[lu LdlislCls d Uy i< J.IU.{IL e J.\‘.Lbb 1o18e D\as.l pus, UI' IIOIII U.'lt: SCSI
bus to the MCS. It is normally used to perform clean-up when a command
sequence has failed. For example, if TGT REC CMD is executing and an illegal
group code caused it to abort prematurely, the finmware engineer can receive the
SCSI comrnand by executing TGT XFER BYTE., This pipeline command needs
to be executed one time for each byte received into the MCS. ~ '

Except for the -I_O signal, SCSI bus phase is not pertinent to this command. It
will not change the phase of the SCSI bus, or set any bits in the pipeline status

recisters

Po R

Possible Error

The following error can cause this command to abort prematurely:

® A connect error occurs. The F82CS5087 is not connected to the SCSI bus
when this command started to execute,

Notes:

A soft abort terminates the execution of this command immediately.
Parity checking is performed by this command,

Before igsuing this command, the firmware should ensurg that the MCS has
been set up as follows:

MCS Script

SMMGCS Address (Register 9) One byte transfer to SCS| bus or one byte
Write Operation ----—-» received from SGSI bus.

Read Operation —-~> -
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TGT DISC CMD - Target Disconnect Command

Gommand Bus Memory Execution Function
Code Access Time
1010 010X C NA. Sus ‘Targetdisconnect from SCSI bus.

Operational Description

This command disconnects the F82C5087 from the SCSI bus. The SCSI bus is
allowed to go to the BUS FREE phase.

Note:

® (Once this command has started executing, it cannot be scft aborted.

5-48 Chips and Technologies, Inc. .




Chips and Technologies, tne.

Fa2csos7

TGT DISC SEQ - Target DISCONNECT Sequence_

Command Bus Memory Execution Function
Code Access Time B
1011 010X C MCS lusplus.5 usfbyte Target perform DISCONNECT

sequence.

Operational Description

This sequence changes the SCSI bus to the MESSAGE IN phase, and transfers
message(s) to the initiator until the DISCONNECT message is feceived. Once
the DISCONNECT message is transferred to the initiator, this sequence will set
the SCSI bus to the BUS FREE phase and terminate execution. The firmware
engineer should exercise care when using this sequence because an infinite 100p
is possible if the F82C35087 does not find a DISCONNECT message. )

The following error can cause this command to abort prematurely:

¢ The F82C5087 is not connected to the SCST bus when this comumand is
executed,

Notes:

® A soft abort ferminates the execution of this command immediately.

®* Before issuing this command, the firmware should ensure that the MCS has

been set up as follows:

MCS Script

SM MCS Address {Register 9) ~---—---> Multiple, single-byte messages or
muln—byte messages

DISCONNEGT message T
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TGT RCNT SEQ - Target Reconnect Sequence

Command Bus Me;nory Execution Function
Code Access Time
1100 013X D MCS 6us Target perform RECONNECT

sequence.

Operational Description

This sequence arbitrates for the SCSI bus and reselects an initiator. If the
modifier bit (bit 1) is set, this sequence changes the SCSI bus to the MESSAGE
IN phase, and sends a single or multi-byte message to the initiator.

Possible Errors
The following errors can cause this command to abort prematurely:
® A select or reselect occurs during the ARBITRATION phase.

® A timeout occurs while reselecting the initiator.

e A connect error occurs. The F&82CS5087 is connected to the SCST bus when
this command is issued.

Noftes:

® A soft abort of this command halts execution at one of the following points:
-Before the SCSI bus ARBITRATION phase, or
-Before the initiator RESELECTION phase, or
-Any time during the MESSAGE TRANSFER phase.

® Before issuing this command, the firmware should ensure that the MCS is
set up as follows:

MCS Script
SMMCS Address {Register 9) —-——> [nifiator ID

QOptional single or mult-byte messags

5-50 Chips and Technologies, Inc.




rgz2csosy MR

TGT SEND BSY - Target Send Busy Command N

Command Bus Memory Execution Function

Code Access Time ) B

11010IXX D N/A  Susplus waittime Target wait for select then send busy
response and disconnect.

Operational Description

This sequence should be executed when the firmware wants to disregard any
further selects. The sequence will perform the following tasks:

®  Wait for a select to occur.
Agsert the -BSY signal on the SCSI bus,

® Receive one message from the initiator if the -ATN signal is asserted
however, the message is not saved.

Send BUSY status byte 1o initiator.

® Send COMMAND COMPLETE message to initiator. -
Deassert the -BSY signal and allow the SCSI bus to go to the BUS FREE
phase,

If the modifier bit is asserted, this command will not be cleared from the pipeline
register when normal execution is completed. If no other commands exist in the
other pipeline registers, then this command will be executed repeatedly until the
firmware soft aborts the command.

Possible Errors

The following etrors can cause this command to abort prematurely:

® The F82C5087 is not connected to the SCSI bus when this command is

executed.

®  An SM error occurs. A reselection occnrs when the sequerice is expecting a
selection.

Notes:

® A soft abort of this command terminates command executiofﬁ before the
F82CS087 has been selected.

®  The firmware will normally terminate this command with a soft abort when
it is ready to process selects, or ready to reconnect to an initiator.
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TGT WFS CMD - Target Wait for Select Command _ .
Command Bus Memory Execution Function '
Code Access Time
1110010X D MCS  L5uspluswait  Target wait forselect.
time

— e —_— — —= - - e - e - . . =R

Operational Description

The firmware needs to execute the CNTL ENB SEL command for TGT WES
CMD and TGT WFS SEQ to be able to detect a select. The TGT WFS CMD
waits for the F82CS087 to be selected or reselected, then it saves the ID of the
device that selected or reselected the F82C5087 in the MCS. This command
asserts the -BSY signal, and waits for the -SEL signal to be deasserted.,

This command can also change the initiator or target mode of the F82C5087. If
the F82C5087 is selected, the target mode is maintained; however, if the
F82C5087 is reselected, the F82C5087 is changed to initiator mode. If a
reselection occurs, this command deasserts the -BSY signal after the -SEL signal
is deasserted.

The F82C5087 tags the ID byte to indicate whether a select or reselect occurred.
When the MPU MCS Buffer Register contains the ID byte, the firmware should
read Register 19°s bit 5 before reading the MPU MCS Buffer Register. If bit 5 of
Aunxiliary Status Register 19 is asserted, a reselection occurred.

The following error ¢can cause this command to abort prematurely:

® A connect error occurs. The FR2C5087 is connected to the SCSI bus when
this command is executed.

Notes:

® A soft abort of this command terminates execution before a select or
reselect occurs.

® After this command is successfully execnted, the ID of the device that
selected or reselected the F82C5087 will have been received from the SCSI
bus and placed in the MCS: '

MCS Secript
SM MCS Address (Reglster 9} ——-——- > Dbyte
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TGT WFS SEQ - Target Wait for Select Sequence

Command Bus Memory Execution Function

Code Access Time

1114 n1w- " ™ ‘m\:no TNy ﬂn: T -'-r-__;_-,‘ ...:.r.._ :._'4 :;.. _-1__;-‘__-;-.:
il viaa L L7 LA ] .LU‘.CU le ldlged ).U.F. Wil 10T selecl UELICe.

Operational Description

If the firmware issues this command to one of the pipeline registers and the
F82C5087 is reselected, the mode is changed to 1mT.1ator and INIT WEFR SEQ is
executed. If the F§2C5087 is selected, the following sequence is executed:

The ID of the initiator is saved in the MCS apd the -BSY signal is assetted.

If the -ATN signal is asserted, the identify message is received and saved in
the MCS. '

® [fthe -ATN signal is still asserted and the modifier bit is as‘serted, then the
two-byte tag message is received and saved in the MCS.

A multi-byte command is received and saved in the MCS.

The first command byte is decoded.

If the identify message allows a disconnect and the Override Disconnect
Enable Bit is deasserted, the DISCONNECT message is sent to the initiator,
If the identify message disallows a disconnect, the sequence is terminated at
this point,

® The -BSY signal is deasserted and the SCSI bus is allowed to gotothe BUS
FREE phase.

Possible Errors

The following errors can cause this commiand to abort prematurely:

® The F82C5087 is connected to the SCSI bus when this comimand starts to
execute,

*  Anunexpected -ATN signal is asserted when the FR2C5087 is recewmg ‘the
SCSI command or sending the DISCONNECT message.

®  An SM error (illegal message) octurS. If the -ATN signal is asseried, the
F82C5087 must receive the ID as the first message, and the optional tag
message as the next message. If any other message is received, the sequence
is aborted with this error. The illegal message is transferred into the MCS,

Notes:

& A goft abort of this sequence terminates command execution before the
select cccurs, or after the sequence is completed.

® ‘This sequence automatically calls the following pipeline commands: TGT
WFS CMD, TGT REC MSG, TGT REC CMD, TGT SEND MSG, and
TGT DISC CMD. For more information on any of these commands refer to
their description in this chapter.

Loomn gL o P LY Tl PR | LI N

After this command is sticcessfully executed, the vii S sh uld contain tne
information received from the initiator:

]
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MCS Script

SM MCS Address (Register 9) ———---> [nitiator ID
Identify message i -ATN signal is asserted
Optional two-byte tag message -
Multi-byte command
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The following chart fllustrates the steps involved in completing an asynchronous
data transfer to a target device that allows a disconnect. The firmware must i
initialize certain F82C5087 registers, then quele the comrnands into the plpelme
registers. The F82C5087 target device controiler must receive the command
from the initiator, decode it, and send status back to the mmmar Commands
with vendor unique codes 6 and 7 are not used. For more details on command
group codes refer to the description of Register 22 in Chapte:r 4, Figure A-1
lustrates the following steps:

1. The firmware gets up the necessary F82C5087 internal register_s.

2. The firmware sets up the F2C5087 pipeline registers for command
queuing and places two pipeline commands in these registers.

3. The SCSI target device receives fhe command.

4. The data transfer is completed and the target sends the initiator
status.

5. Control 1oops back to the command queuing precess.
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Figure A-1. Asynchronous Data Transfer Flow Chart
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H
Glossary

AD
ANST

ARBITRATION phase

ATTENTION condition

BUS FREE phase

C
Cascade

CHAM
CMOS
COMMAND phase

CONNECT sequence
Cp
DATA IN phase

DATA OUT phase

' the SCSI bus phase in which the target

rezcsos7 W

address/data

American National Standard for Informatxon
Systems

the SCSI bus phase in which one SCSI
device can gain bus control in order to
assume the initiator or target role.

the SCSI bus condition in which the initiator
can signal the target to indicate it has a
message ready totransfer out. The target
prepares to receive this message by
changing the SCSI busto the MESSAGE
QUT phase. The injtiator can create the
ATTENTION condition at any point cther
than during the SCSI bus ARBITRATION
or BUS FREE phase by asserting the -ATN
signal.

the SCSI bus phase that indicates bus
availability becanse there are no SCSI
devices actively using it.

- centigrade

a method of connecting up to four 5087s
(80- or 84-pin packages) to support wide
SCSI and memory data bus transfers,

Cascading four 5087s extend these two
buses to 32 bits.

chamfer
complementary metal-oxide semiconductor

the SCSI bus phase in which the target asks
the initiator for command information.

the occurrence of an initiator selecting a

(Dot ¥y
target in order to start an operation.

clock period

" the SCSIbus phase in which the target

requests that data be transferred to the
initiator,

requests that data from the initiator be
transferred to the target.




8 rs2cs087

DC
Differential mode

DISCONNECT sequence

DMA
EEPROM

FIFO

Hard reset

Host adapter

Host MPU

170
ID
Identify message

Information transfers

Initiator

LUN

m A
Lo,

Master mode

MAX

digital circuit or computer

the mode of operation that supports a system
configured with multiple-ended

driversfrecelvers, This mode supnorts

MR YLl LA Vil e L LSS ALLSL UL VRS

operation over cables up t0 25 meters long.

the occurrence of the target giving up
control of the SCSI bus, and allowing the
SCSI bus to switch to the BUS FREE phase.

direct memory access

electrically erasable programmable
read-cnly memory

(first in, first out) the 64 byte portion of
F82C5087 memory used for data transfers
over the SCSI bus, the memory data bus,
and the MPU’s data bus.

the event that disconnects the target from the
SCSI bus, and clears the contents of the
5087’s internal registers.

the use of the F82C5087 as a bridge
between the host computer bus and the SCSI
bus.

the microprocessor that controls the host
compuoter.

inputfoutput
identifier

a single-byte message that specifies if a
target is allowed to disconnect. Tt also
specifies the initiator’s LUN (logical unit
number). This optional message is sent by

tha initiat anmAd o ofm 3
the initiator, and is stored in the MCS.

a term used to encompass transfers of
commands, data, status, and messages
through the system.

the SCSI device that initiates an operation
with ancther SCSI device (the target).
Usually, the initiator is the host adapter.

logical unit number

milliamn
Ll“llly

one of the operational modes of a cascaded
F82C5087: The F82CS5087 operating in
master mode is responsible for
synchronizing the data transfers of the slave
chip(s).

maximum

Chips and Technologies, Inc.
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MCS script

MESSAGE IN phase

MESSAGE OUT phase

MESSAGE phase

MHz

MIN

MPU

ms

Non-differential mode

NRZ
ns
Peripheral device

PIP

FLCC

RAM

RECONNECT sequence

RESELECTION phase

RESET condition

SC
SCSI
SCSI device

Fszcsosy M \

(Message/Command Space script). The
portion of F§2C5087 memory that the
F82C3087 staté machine and the MPU use
as a depository for SCSI commands, status
and/or messages that will be routed through
the system, It consists of six MCS scrlpts
each 32 bytes long,

the SCSI bus phase in which the target asks
that the message(s) be sent to the initiator,

the SCSI bus phase in which the target asks
that it receive the message(s) from the
initiator.

the term that encompasses the SCSI bus
MESSAGE IN phase or the MESSAGE
QUT phase,

megahertz

minimum

microprocéssor
millisecond

mode of operation that supports a system
configured with single-ended
drivers/receivers. This mode supports
operation over cables up to six meters long,

non-retuin to zero
nanosecond

aperipheral (e.g., printer, o;iﬁcal disk)
capable of being attached to a SCSI device.

" the 80-pin version of the F82C5087 is

available in a PFP (plastic flat package).

the 68 and 84-pin versions of the F8§2C5087
are available in PLCCs (plastic leaded chip
carrier).

random access memory

the occurrence of the target selecting an
initiator to continue an operation dfter the
target has disconnected.

the SCSI bus phase in which the target
reconnects to confinue an incomplete

cperaticn after having d.tsconnected from the
initiator.

the SCST bus condition in which all SCSE
device connections are cleared from the
SCSI bus.

SCSI clock B :
Smali Computer System Interface

the host adapter or device controller that is
capable of being attached t0 a SCSI bus.
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Signal assertion

Signat deassertion

Slave mode

SM

Soft reset

SQ
Status

STATUS phase

TA
Tag message

Target

TYP
Y
Vdd
ud

ey
uy

~ asingle bit on the SCSI data bus that

corresponds to the SCSI device’s unigue
SCSI address.

VT R, T I, MU WU U S-Sy

ihe SCS1 bus phase in which the initiator
can select a target in order to initiate an
operation.

the driving of a signal to the true state.

RN - R T i R

ihe driving a signal 1o the [alse state.

one of the operational modes of a F82CS087
cascaded to support wide data transfers over
the SCSI and memory data bus. When in
slave mode, the chip’s data transfers are
syanchronized by the F82C5087 chip
operating in master mode.

state machine. The F82CS087 controlier has
an internal state machine, This hacdware

Ay ant mmanaaan tha oo AF SOCT
MAALIAJLIGALL MGG B Wik LYY W w2 i L

information through the system.
Consequently, the firmware is free to
manage hicher-level system tasks (e.g.,
resource allocation).

the cccurrence that disconnects the target

from the SCSI bus; however, contents of the
50875 internal registers rernain intact.

square

after a command is completed-t}ie target
sends one byte of status information to the
initiatcr.

the SCSI bus phase in which the target

requ negte the initiator to transfer statusto it.

temperature ambient

a two-byte, optional message that enables
multiple commands to be queued in the
MCS from a single initiator,

the SCSI device that responds to the
initiator’s requests to perform operation(s).

typical

voltage

drain DC voltage
microamp

mirr~oanand
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CHIPS Regional Sales Offices

UNITED STATES

California, Irvine

Chips and Technologies, Inc.

(714) 8528721
California, San Jose

Chips and Technologies, Inc.

(408) 4373300
Florida, Boca Raton

Chips ard Technologies, Inc.

(407) 241-3162
Georgla, Norcross

Chips and Technologies, Inc.

(404) 662-5008
1linois, Schaumburg

Chips and Technologies, Inc.

(708) 397-4300
Massachusetts, Andover

Chips and Technologies, Ine.

(508) 688-4600
Texas, Dallas

Chips and Technologies, Inc.

A4 Ay an o naeg T
{£14) 702-9855

INTERNATIONAL

Germany

Munich

Chips and Technologies
GmbH

49-89-463-0714 __

Japan

Tokyo

Chips and Technologies
Japan, KL.K.
813-3-797-7242

T mam
fsttivt:d

Seoul

Chips and Technologies, Inc.
82-2-558-5559

Switzerland

Marin

Chips and Technologies S. AL
41-38-336379

Taiwan

Taipei

Chips and Technologies, Inc,
88-62-717-5595 ;



CHIPS Sales Representatives

UNITED STATES

Arizona, Scottsdate
AZTECH Component Sales
(602) 991-6300

California, Santa Clara
Magna Sales
(408) 727-8753

Californiz, San Diego
S. C. Cubed
(619) 458-5808

California, Thousand Oaks
8. C. Cubed
(803) 496-7307

California, Tustin
S. C. Cubed
(714) 731-9206

Colorade, Wheat Ridge
Wescom Marketing, Inc.
(303) 422-8957

Connecticut, Guilferd
DataMark, Inc.
(203} 453-0575

Florida, Casselberry
Dyne-A-Mark Corp.
(407) 831-2822

Florida, Clearwater
Dyne-A-Mark Corp.
(813) 441-4702

Florida, Ft. Landerdale
Dyneé-A-Mark Corp.
(305) 771-6501

Idaho, Boise
Wescom Marketing, Inc.
(208) 336-6654

Ilinois, Hoffman Estates
Micro-Tex, Inc.
(312) 382-3001

Indiana, Carmel
Giesting & Associates
(317) 844-5222

Kentucky, Versailles
Giesting & Associates
(606) 873-2330

Maryland, Annapolis
EES
{301) 269-4234

Massachusctts, Woburn
Mill-Bern Associates

{617) 932-3311

Michigan, Coloma
Giesting & Associates
(616} 468-3308.

Michigan, Comstock Park
Giesting & Associates
(616) 784-9437

Michigan, Livonia
Giesting & Associates
{313) 478-8106

Minnesota, Eden Prairie
High Tech Sales Associates
(612) 944-7274

Missouri, Bridgeton
CENTECH
(314) 291-4230

Missouri, Raytown
CENTECH
(816) 358-8100

CANADA

Ontario, Kanata
Electro Source, Inc.

- New Jersey, Moorestown !
TAL {613) 592-3214
(609) 778-5353 . Ontario, Rexdale

Electro Source, Inc.

New York, Commack (416) 675-4490

" ERA,Inc.
(516) 543-0510 Quebec, Pomnte Clajre
New York, Pleasant Valley gii;rgs.sof%fé nc.
Pitronics
(914) 635-3233 Briiish Columbia, Vancouver
Electro-Source
New York, Syracuse (604) 435-8066
" Pitronics
(515) 455-7346
New York, Williamsville
" Pitronics

(716) 6892378

Ohio, Cincinnati
Gigsting & Associates
(513) 385-1105

Ohio, Cleveland
Giesting & Associates
(216) 2619705

Or;:;gon, Beaverton
L-Squared Limited
(503) 629-8555

Pennsylvania, Pittsburg
Giesting & Associates
(412) 828-3553

Té:;as, Austin
OM Associates, Ine,
(512) 794-9971

Texas, Houston
OM Associates, Inc.
(713) 785-4426

Texas, Richardson
OM Asscciates, Inc.
{21 4) 690-6746

Utah, Salt Lake City
Wescom Marketing [ne.
(801) 269-0419

Washington, Kirkland
L-Squared Limited
(206) 827-8555

~Wiscensin, Waukesha
Micro-Tex, Inc.
(414) 542-5352




CHIPS Distributors

UNITED STATES

Alabama, Huntsville
Reptron Electronics, Inc.
(205) 722-9500

Arizona, Tempe
Anthem
(602) 966-6600

California, Chatsworth
Anthem
(818) 775-1333

California, Fountain Valley
Eell Microproducis

(714} 963-0667

California, rvine
Anthem
(714) 768-4444

California, Milpitas
Bell Mircoproducts
{408) 434-1150

California, Rocklin
Anthem
(916) 6249744

California, San Diego
Anthem
(619) 453-9003

Califernia, San Jose
Anthem
(408) 453-1200

Colorado, Englewood
Anthem
(303) 790-4500

Connecticut, Waterbury
Anthem
(203) 237-2282

Floridza, Ft. Lauderdale
Reptron Electronics, Inc.
(305) 735-1112

Tiorda, Taunpa
Reptron Electronics, Inc.
(813) 854-2351

Georgia, Norcross
Reptron Electronics, Inc.
(404) 446-1300

Georgia, Norcross
TACO/QC
(404) 4499508

Ilinois, Elk Grove
Anthem
(708) 884-020G0

1llinois, Schaumburg
Reptron Electronics, Ing.
(312) 882-1700

Massachusetts, Wilmington
Anthem

(508) 657-5170
Massachusetts, Wilmington

Bell Microproducts
(508) 658-0222

Marviand, Columbiz
Anthem
(301) 995-6640°

Michigan, Livonia
Reptron Electronics, Inc.
(313} 525-2700

Minnesota, Eden Prairie ~

Anthem
(612) 944-5454

Minnesota, Minnetonka
Reptron Electronics, Inc.
(612) 938-0000

New Jersey, Fairfield
Anthem
(201} 227-7960

New York, Commack
Anthem
(516) 864-6600

North Carolina, Raleigh
Reptron Electronics, Inc.
(919) 870-5189

North Carolina, Raleigh
JACC/QC
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{919} 8787757

Qhio, Solon

Reptron Electronics, Inc.
(216) 345-1415

Ohio, Worthington

T amtran Blantrnnias Tra
AUPHICH DUl ORICS, (il

(614) 436-6675
Oklahoma, Fulsa

TACORC

(918) 664-8812
Qracon. Raavartan
Orecon B rton

Anthem o
{503) 643-1114

Penmsylvania, Horsham
“Anthem )

(215) 443-5150
Texas, Addison
JACOIQC

{214) 733-4300 .

Texas, Austin
JAQQ/QC

{512} 8350220
Texas, Richardson
Anthem

(214) 238.7100

.Texas, Sugarland
TACOMOC

...... L

{713) 2402255

Utah, Salt Lake City
Anthem
{801) 973-8555

Washington, Bothell
Anthem
(206) 483-1700

CANADA

Ontario, Woodbridge
Valtrie Marcketing
(416) 798-2555



CHIPS Distributors

INTERNATIONAL
ASIA/PACIFIC

Aupstralia
Victoria, Burwood
R&D Electronics
613-808-35611

Hong Kong

Kwung Tong

Wong’s Kong King Ltd.
85-2-345-0121

India
Ve A

Silicon Electronics
(408} 938-4408

India

New Delhi
Ajay Jain
91-11-686-3044

Israel

Tel Aviv

Ccvs
97-23-544-7475

Japan

Tokyo

ASCII Corporation
81-3-486-91B%

Japan

Kawasaki

CTC Components Systems
Co. Lid.

81-44-852-1825

Korea

Seoul

Nae Wae Semiconductor
QM A TAA H1AE

DLrLm SISl LD

Malaysia
Penang
Dynamar
60-4-637-292

Singapore

Singapore

Technvlogy Diistribution
PTE, Lid.

65-368-6065

Waoarld Peace Industrial Co.,
Ltd.
88-62-786-5311

Taiwan

Taipei

ALLY, Inc.
886-2-788-6270

Thailand
Bangkok
Grawinnet -
66-2-215-8742

EUROPE

Belginm

Zaventem

ACAI Auriema Belgium
32-2-720-5983

Denmark
Herlev

.Mordisk Elektronik AJS

454-284-2000

Finland
Helsinki

QY Fintronic AB
35-806-926022

-France

Le Chesnay
A2M
33-1-395-49113

Germany

MNeteltal

Rein Elektronik GmbH
49-215-37330.

Italy

Milano

Moxel S.e.L.
39-2-612-90521

. Netherlands

Eindhoven
ACAL Auriema
Nederland B.V.
3i-40-816-565

Norway

Hvalstad

Nordisk Elektronik A/S
47-284.6210

Spain

Madrid

Comipania Electronica

de Tecnicas Aplicadas S.A.

34-1-754.3001

Spain
Barcelona
Compania Eleclronica

de Tecnicas Aplicadas 5.A.

34-3-300-7712.
Sweden

Kista

Nordisk Elektronik A.B.

46-8-703-4630

Switzerland
Dietikon
DataComp AG
41-1-740-5140

United Kingdom
Berkshire, Maidenhead
Katakana Limited
44-628.778622

United Kingdom
Berkshire

Magna Tecknology
44-734-880211

AMERICAS

Brazil

Florida

Etek Electronics Corp.
(305) 593-1188

Brazil

Sao Paulo
Brastek
55-11-531-2632

Mexico
Guadalzjara
Sonika
52-364-74250




