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1.2
1.2.1

1.2.2

Introduction

Description

The SN75C091A provides the capability to interface a microprocessor
subsystem to the ANSI Small Computer Systems Interface (SCSI). This
single-ended SCS! implementation acts as one of up to eight nodes
communicating over a maximum six-meter bus as detailed in the SCSI
specification (ANSI X3.131-1986). Its microprocessor and DMA interfaces allow
the SN75C091A SCSI Bus Controller (SBC) to be used in a variety of host or
peripheral applications.

This document is not intended to serve as a tutorial on the Small Computer
Systems Interface bus; users should refer to ANS| X3.131-1986 for detailed
information regarding the SCSI bus.

Features

SCSI Bus Interface
Complies with ANSI X3.131-1986 SCSI standard

Performs INITIATOR and TARGET functions
Supports arbitration, selection, and reselection
Performs asynchronous data transfers of up to 5 Megabytes/second (MBps)

Performs synchronous data transfers of up to 5 Megabytes/second (MBps) with
programmable offset up to 15

Has on-chip 48-mA transceivers
Provides optional parity generation, checking, and pass-through

Reduces overhead associated with initiator multi-threading by automatically
handling save-data-pointer messages, disconnects, and reconnects

Performs automatic message and command-length decoding

Has two 32-byte FIFOs for command and message preloading
Microprocessor Interface

Provides chip control via directly-addressable registers

Has optional address latch line for multiplexed address/data buses

Allows DMA- or programmed-1/O data transfers

Is interrupt-driven to minimize host polling

Can execute multi-phase commands to minimize interrupts

Has 24-bit transfer counter

Provides byte-stacking control to accommodate 8-, 16-, and 32-bit systems

1-1



«  Offers optional parity generation and checking
+ s equipped with separate ports for DMA and microprocessor interfacing’

1.2.3 General
+ Requires a single 5 V = 5% power supply

*  Low-power CMOS technology
*  68-pin PLCC package



Architecture

Block Diagram
The functional block architecture of the SN75C091A is as shown in Figure 2-1

below:
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Figure 2-1. SN75C091A Functional Block Architecture
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2.1.1

214

215

2.1.6

2-2

Command Sequencer

The heart of the SN75C091A is a large state machine called the command
sequencer. Microprocessor commands to the SN75C091A are interpreted by the
command sequencer, which then activates subordinate state machines (e.g. the
arbitration controller, REQ/ACK handshake controller, and DMA interface
controller) to perform the functions necessary to carry out each command. The
command sequencer enables the SN75C091A to execute powerful multiphase
SCSI sequences with very few interrupts.

SCSI REQ/ACK Handshake Controller

The REQ/ACK handshake controller handles requests from the command
sequencer to perform single SCSI phase transfers such as Message, Command,
Status, and Data. REQ, ACK, ATN, MSG, C/D and /O are controlled and/or
monitored (depending on the mode, target or initiator) to transfer information
between the transmit and receive FIFOs and the SCSI bus. The REQ/ACK
handshake controller supports both synchronous and asynchronous data
transfers.

Arbitration and Selection Controller

The arbitration and selection controller handles requests from the command
sequencer to establish a connection with another device on the SCSI bus. SCSI
bus signals BSY, SEL, I/O and ATN are controlled and/or monitored to effect
automatic completion of SCSl arbitration, selection, and reselection phases. This
state machine also concurrently monitors the SCSI bus and alerts the command
sequencer and interrupt logic if the SN75C091A has been selected or reselected
by another device on the SCSI bus.

Register File

The register file consists of 32 registers which allow the local microprocessor to
initiate, control, and monitor SCSI transfer operations performed by the
SN75C091A. The 32-byte transfer and receive FIFOs can also be accessed
through the register file.

Microprocessor Interface

The microprocessor interface provides the logic necessary for a microprocessor
or other host computer system to access and store information in the register file.
Both multiplexed and nonmultiplexed address/data buses are supported through
this interface.

Receive and Transmit FIFOs

These 32-byte by 9-bit FIFOs provide a buffer between the SCSI bus and memory
to improve transfer efficiency and minimize microprocessor overhead. These
FIFOs are accessed in the same manner as a register in the register file: through
the microprocessor interface for programmed 1/O or through the DMA interface
for SCSI data transfers performed via an intermediate DMA controller. The
32-byte FIFOs allow SCSI commands and messages to be preloaded or fully
received, thus minimizing microprocessor intervention. The ninth bit allows parity
pass-through mode for high-reliability systems.
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2.1.8

2.1.10

Interrupt Control

Interrupt control logic monitors the various state machines to determine when
microprocessor intervention is required. Interrupt status information is
maintained in the register file and the interrupt is reported either by
microprocessor polling or via the INTRQ signal (if external interrupts are
enabled).

DMA Interface

The DMA interface provides the control logic necessary to interface the
SN75C091A with an external DMA controller. DMA handshake signals DREQ
and DACK and a separate 9-bit data port form the data path used to transfer SCSI
data between external memory and the SN75C091A transmit and receive FIFOs
without microprocessor intervention.

Byte Stack Control

The byte stack control is used in conjunction with the DMA interface to allow easy
interfacing of the 8-bit SCSI bus to 16-, 24-, and 32-bit systems. This control logic
facilitates loading and unloading of external bidirectional registers (byte stack
registers) so that 16-, 24-, and 32-bit words can be broken down into their
constituent bytes. No external logic is required to interface the SN75C091Ato a
16-bit bytestack register; a decoder is necessary for interfacing to 24- and 32-bit
systems.

Parity Generators/Checkers

Parity generation and checking is provided for ali three SN75C091A ports (SCSI,
DMA, and microprocessor). Versatile parity control via the register file allows the
SN75C091A to adapt easily to any system. Parity generation control allows
memory and SCSI parity information to be passed through the FIFOs.
User-selectable parity sense (odd or even) provides error generation capabilities
to assist in system checkout.
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2.2 Data Path Examples

The SN75C091A provides a microprocessor port for information transfer and
chip control. A separate DMA port is also provided for SCSI data transfers
between memory and the SCSI bus. The DMA port may be connected directly
to an 8-bit system or through byte stack registers to 16-, 24-, and 32-bit systems.

CS_DMA MEM_RD,WR
> Memory
DMA 0_RD,WR
T1TT
Addr .
Decode M(©:7)
F N A 4 ~L -
\4
A
Addr MRD/MWR
DREQ,DACK
75C091A | scsSi Bus )
/ D(0:7) \
)
Mi \ — 7
icroprocesson R A(0:4), T5_SCS!
R RD,WR
Figure 2-2. Data Paths (No Byte Stacking)



CS, DMA

MEM_RD,WR
DMA IT)_RD,WR Memory
Addr
Decode ]
Y J
o Byte Stack
4 Registers
BSWRn, S— —
y BSRDn
] A
Addr A\
Decode
Logic M(0:7)
BSEN1,BSENO, . -
BSWR,BSRD
DREQ,DACK,WAIT
/N
. 75C091A | SCSIBus
Microprocessor
/ D(0:7) \

v

A(0:4), CS_SCSI

. RD.WA

NOTE: For 16-bit byte stack operation, no decode logic is required to produce BSWRn and BSRDn.
These signals are decoded internally to minimize the external logic required for this application.

Figure 2-3. Data Paths (With Byte Stacking)



23 Pin Assignments and Functions
2.3.1 Pin Assignments

-~ g -~ [e0)
[ N Qo Qo<
— Z B o z
833858523 20585352/3/3
P g "SSSS | IS [ N UNND NN (NN NN N SO DD SOOI N U NN R -
9 87 6 5 43 2 1 6867666564 636261
D6 ] 10 60[] GND7
D7 {] 11 59[] SD5
DP[] 12 58] SD6
o] IRE 57[] SD7
WR[] 14 56[] GND6
RD[] 15 55[] SDP
Veea [11s 54[] Vcoa
ALE[] 17 53[] ATN
DACK [] 18 52[] BSY
DREQ[] 19 51[] ACK
GND2[] 20 so[] RST
A0 [] 21 49[] GND5
Al []22 48[ MSG
A2]] 23 47[] SEL
A3[] 24 46[] C/D
A4l] 25 45[] REQ
NU/BSWRO/BSENOT |] 26 44[] 170
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
| W e o o s e Y o v oo R |
"‘:_""'D"'Ec m |: OMrrAaMmMOTWLWONDLE
5¢§51§§8§E§§§E§25§
9] 9]
& %8 @ > 1G] 5]
3|xTiAa
'g 2\c
1) nwm
m,2a
=i Qg:
pd = =

NU — make no external connection

T Use of these pins varies depending on whether non-byte-stack, 16-bit byte stack, or
24-/32-bit byte stack mode is being used. See Section 2.4.2, DMA Interface Signals, for
details.

Figure 2-4. SN75C091A Pin Assignments
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2.3.2 Pin Functions

[- WAIT

BSSTB

BSRD1/BSWRT
or

MWRT

Stack
Control BSWRUBSRD','
or

MRDT

NU/BSRDO/BSEN1t
\—NU/BSWRO/BSENOT

DMA Port { M(0:7), P

DMA DREQ
Control DACK

Microprocessor_{:D(o,.,) p

Port

cs
)

Register WR

Addressing

ALE

A(0:4)

Master MR
Signals INTRQ
CLK

Vce

Iy

THT TIYYY ¥ Yt ¥ 41 1 rRYS

SN75C091A — scsi
D(0:7), P Data

REQ scsl
> Control
e Lines

PEY OEYY PYY

NU — Make no external connection
t Use of these pins varies depending on whether non-byte-stack, 16-bit byte stack, or
24-/32-bit byte stack mode is being used. See Section 2.4.2, DMA Interface Signals, for

details.

18

GND

Figure 2-5. SN75C091A Pin Functions
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24 Pin Functional Descriptions
The following tables describe the function of the SN75C091A signals. Local
processor and DMA signals are presented first, followed by SCSI bus control and
miscellaneous signals.
2.4.1 Microprocessor Interface Signals
SN75C091A SIGNALS
MICROPROCESSOR INTERFACE
PIN NO. | MNEMONIC | SIGNAL NAME | 1/O FUNCTION
Clock used for timing and internal control.
This clock must meet chip specifications in
1 CLK Clock || order to produce proper timing to meet the
SCSI specification. Nominal frequency is
20 MHz.
_ ) MR places the SN75C091A into an idle
68 MR Mister Reset I | state with all signals in the passive mode.
Indicates to the host or local processor that
2 INTRQ Interrupt Request | O | 40 interrupt registers should be read.
4,5,6,7,
8,9,10, |D(0:7) Data 0 through 1/0 | Local processor data bus bits 0 through 7.
1 Data 7
12 DP Parity I/O | Parity bit for the local processor data bus.
_ ) Asserted by the processor to enable
13 CS Chip Select ' | access to the register file or FIFOs.
When asserted in conjunction with CS,
14 WR Write Enable | | latches data into the register file on the
rising edge.
— Used in conjunction with CS to read from
15 RD Read Enable I 1ihe register file.
On the falling edge of ALE, address on
A(0:4) is latched into address register for
17 ALE éddrbelss Latch I | multiplexed address/data buses. For
nable non-multiplexed address/data buses, ALE
should be tied high.
21,22, Register Address Address bit 0 (least significant bit) of the
23, 24, A(0:4) 0 through Register I | register file through address bit 4 (most
25 Address 4 significant bit) of the register file.
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2.4.2 DMA Interface Signals

SN75C091A SIGNALS
DMA INTERFACE

PIN NO. | MNEMONIC | SIGNAL NAME | 1/0 FUNCTION
DREQ interfaces with an external DMA
19 DREQ DMA Request O | controllerand forms the handshake for data
transfers.
DACK interfaces with an external DMA
DMA controller and is the response to DREQ.
18 DACK Acknowledge | Data is read or written from/to the FIFOs
while DACK is asserted.
32, 34, 35, DMA Port DMA port data bits 0 through 7. This bus is
36, 38, 39, | M(0:7) Data Bus 1/0 | an alternate path into the transmit and
40, 41 receive FIFOs.
42 MP DMA Port Parity | /O | Parity for DMA port.
Signals the DMA to wait when the FIFO
L Praocessor Wait status is inappropriate for loading or
31 WAIT Enable O |[unloading in DMA demand mode. Also
used to suspend DMA activity while the
byte stack is loaded or unloaded.
Informs the byte stack control logic that a
— Byte Stack read or write from/to the byte stack register
30 BSSTB Strobe : has been completed. For 8-bit mode,

BSSTB should be tied high.
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The following DMA interface pins have different functions depending on whether
the chip is in byte stack or non-byte-stack mode. Also, their byte stack mode
functions vary with byte stack width (16, 24, or 32 bits).

SN75C091A SIGNALS
DMA INTERFACE (8-BIT NON-BYTE-STACK MODE)
"PIN NO. | MNEMONIC | SIGNAL NAME | I/O FUNCTION
MWR is used with DACK to write to the
29 MWR DMA Port Write I | transmit FIFO through the DMA port. Data
Enable is latched on rising edge of MWR.
o8 VRS DMA Port Read | MHQ is used with DACK to read from the
Enable receive FIFO through the DMA port.
27,26 n/a n/a O | Not used in 8-bit mode.
SN75C091A SIGNALS
DMA INTERFACE (16-BIT MODE)
PIN NO. | MNEMONIC | SIGNAL NAME 1/0 FUNCTION
o Byte Stack Enables byte stack register byte 1 onto
29 BSRD1 Read-Byte 1 O | M(0:7), MP for loading into the transmit
FIFO.
_— Byte Stack Loads receive FIFO byte into byte stack
28 BSWR1 WyrtitevByte 1 © register byte 1 on rising!;[t edge. 4
Enables byte stack register byte 0 onto
27 BSRDO Byte Stack O | M(0:7), MP for loading into the transmit
Read-Byte 0 EIFO.
=, Byte Stack Loads receive FIFO byte into byte stack
26 BSWRO Wyrtite-Byte 0 0 register byte 0 on risingt edge. 4
SN75C091A SIGNALS
DMA INTERFACE (24- OR 32-BIT MODE)
PIN NO. | MNEMONIC | SIGNAL NAME 110 FUNCTION
’ I Loads receive FIFO byte into selected byte
29 BSWR Byte Stack Write | O | stack register byte on rising edge.
o Enables selected byte stack register byte
28 BSRD Byte Stack Read O |onto M(0:7), MP for loading into the
transmit FIFO.
27 26 BSENT1- Byte Stack Byte o Enc?oded value of selected byte sta}ck
! BSENO Enable register byte to be enabled for read or write.
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2.4.3 SCSI Bus Interface Signals

SN75C091A SIGNALS
SCSI BUS INTERFACE
PIN NO. | MNEMONIC | SIGNAL NAME 1/0 FUNCTION
48 MSG Message 1/0 | MSG, C/D, and /O are the SCSI bus phase
46 o) Command/Data 170 signals used to determine the type and
—— direction of a transfer. They are driven by a
44 I/0 Input/Output 1/0 | target and received by an initiator.
s Drives and monitors the BSY line of the
52 BSY Busy 110 SCS! bus.
—— Drives and monitors the SEL line of the
47 SEL Select 1/10 SCSI bus.
=== Drives and monitors the RST line of the
50 RST SCS! Reset 1/0 SCSI bus.
REQ starts the REQ/ACK handshake. It is
45 REQ Request I/O | driven by the target and received by the
initiator.
ACK answers the REQ/ACK information
51 ACK Acknowledge 1/0 | handshake. It is driven by the initiator and
received by the target.
ATN indicates to the target that the initiator
53 ATN Attention I/0O | has a message to send. ATN is driven by
the initiator and received by the target.
55 DP SCSI Data Parity | 1/O | SCSI bus data parity line.
66, 65,
63,62, |=mn. SCSI Data 0 SCSI bus data bit 0 through SCSI bus data
» SD(0:7) through 1/0 bit 7
61,59, SCSI Data 7 it7.
58,57
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2.4.4 Miscellaneous Signals

SN75C091A SIGNALS
MISCELLANEOUS
PIN # MNEMONIC | SIGNAL NAME | /O FUNCTION
3, 20, 37,
43, 49,56, | GND Ground Ground reference
60, 64
1
6574’ 6,33, vVee Voo 5V £5% power supply
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Internal Registers

General

The local microprocessor directs the operation of the SCSI bus controller (SBC)
through a set of registers internal to the SBC. For nonmultiplexed address/data
bus systems, these registers are read or written by asserting CS with the proper
address on A(0:4) and then asserting RD or WR. For multiplexed systems, the
address and chip select are latched internally using ALE; the read or write strobes
canthen be applied. The following table lists the register addresses; subsequent
paragraphs describe the functions of the various registers. (Note: many of the
register function descriptions state that the register is set to all zeros by a master
reset. “Master reset” in this context means either that the microprocessor has
sent a Chip Reset command to the SBC or that the MR (master reset) line has
been asserted.)

REGISTER ADDRESSES

A4 | A3 | A2 | A1 | A0 | READ/WRITE REGISTER

0 0 0 0 0 R Receive FIFO

0 0 0 0 0 W Transmit FIFO

0 0 0 0 1 RW Command

0 0|0 1 0 R Transfer status

0 0 0 1 1 R Bus phase status

0 0 1 0 0 R Function interrupt status

0 0 1 0 1 R Error interrupt status

0 0 1 1 0 R/W Interrupt enable

0 0 1 1 1 (Reserved)

0 1 0 01} O R/W Control

0 1 0 0 1 RW Byte stack control

0 1 0 1 0 RW Parity control

0 1 0 1 1 RW Synchronous transfer

0 1 1 0 0 R/W Selection or Reselection timeout
0 1 1 0 1 R/W Self-ID

0 1 1 1 0] RW Destination 1D

0 1 1 1 1 R Source ID

1 0|0 0|0 R/W Target LUN

1 0|0 0 | 1 R/W Command state

1 0 0 1 0 RW Transfer counter (least significant byte)
1 0 0 1 1 R/W Transfer counter (middle byte)
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3.3

REGISTER ADDRESSES
A4 | A3 | A2 | A1 | A0 | READ/WRITE REGISTER
1 0 1 0O R/W Transfer counter (most significant byte)
1 0 1 0 1 R Backup counter (least significant byte)
1 0 1 1 0 R Backup counter (middle byte)
1 0 1 1 1 R Backup counter (most significant byte)
1 1 o(0|oO R/W Offset counter
1 1 0 0 1 (Reserved)
1 1 0 1 0 R/W Test control
1 1 0 1 1 R Test points register 0
1 1 1 0|0 (Reserved)
1 1 1 0 1 (Reserved)
1 1 1 1 0 (Reserved)
1 1 1 1 1 (Reserved)

Transmit and Receive FIFOs

The SN75C091A uses two 32-byte by 9-bit FIFOs to buffer SCSI bus information
transfers. The Receive and Transmit FIFOs are accessed through the
microprocessor port at register file hexadecimal address 00000. Writing loads a
byte into the transmit FIFO through the microprocessor port; reading enables the
information onto the microprocessor port and unloads the byte from the receive
FIFO. By polling the transfer status register FIFO status bits, the microprocessor
can determine availability of space in the transmit FIFO or data in the receive
FIFO. The microprocessor should never read the receive FIFO when it is empty
or write the transmit FIFO when it is full, as loss of information integrity will result.
Also, the FIFOs should not be acessed during execution of a command which
uses the DMA interface. Note that 32-byte FIFOs are large enough to
accommodate most SCSI messages or commands, so no polling is required for
these types of transfers. Transmit and Receive FIFO pointers are reset by a
master reset or by the appropriate FIFO clear command.

Parity 7 6 5 4 3 2 1 0

[ | l ] | | | | I ]

Command Register

The command register is an eight-bit read/write register that stores chip
commands written by the microprocessor. Each command is executed
immediately upon being sent to the chip. Generally, the microprocessor should
not issue a new command to the SN75C091A while the previously issued
command is still active (for exceptions, see Section 4, Commands). The
command register is set to all zeros by a master reset.

7 6 5 4 3 2 1 0
[ pMA [ MA [ ppDR | cca | cca | cc2 | cct | cco |
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DMA: Direct Memory Access. This bit controls the mode of data transfer from the
SCSI bus to the microprocessor or DMA bus. When set low, the interface uses
programmed [/O. When set high, DMA transfers are enabled. The
microprocessor should not access the FIFOs until the command is complete if
DMA transfers are enabled.

M/A: Manual/Automatic. This bit allows the microprocessor to manually control
the number of bytes transferred during acommand or message phase. When this
bit is set to one, the count written to the offset counter by the microprocessor is
used to determine the transfer length of the command or message phase. When
this bit is set to zero, the group code of a command or the second byte of an
extended message is decoded to determine a count value to be automatically
loaded into the offset counter. Automatic mode eliminates the need for software
to decode the command or message prior to completing the transfer. Manual
mode may be used to complete a phase which was terminated prematurely.

DDIR: Data DIRection. This bit establishes the direction of data transfer during
Select with- or Select without- ATN and Transfer commands. When DDIR is set
low, a data-out phase is expected; when set high, a data-in phase is expected.
Ifthe data phase setup by the target does not match that expected by the initiator,
a bus service interrupt is generated and the command stops.

CC4-CCO0: Command codes (see Section 4, Commands).

Transfer Status Register

The transfer status register is an eight-bit read-only register that stores bits which
reflect the operational state of the chip.

7 6 5 4 3 2 1 0
| INT | RFE | RFHF | TFF | TFHF [ TCo | oco [CDACT |

INT: INTerrupt pending. When set to 1, this bitindicates that an interrupt condition
is pending (i.e., one or more bits in either the functional interrupt status register
or error interrupt status register are set to 1). This bit is provided for systems
which detect pending interrupt conditions through the use of a polling scheme
rather than by monitoring the external INTRQ line (see description of MIE bit in
the Interrupt Enable Register description). If INT is set to 1, the microprocessor
must read the functional interrupt status register before issuing a command (the
error interrupt status register may also need to be read). This bitis set to 0 when
all interrupts in both interrupt registers have been cleared .

RFE: Receive Fifo Empty. This bit indicates the state of the receive FIFO during
incoming information transfers. When this bit is set to 1, either no bytes have
beenreceived fromthe bus or all bytes that had been received have already been
read. RFE is also setto 1 by a master reset. When RFE is setto 0, some bytes
remain to be read from the FIFO.

RFHF: Receive Fifo Half Full. This bit is set to 1 if the receive FIFO contains
sixteen or more bytes, andis setto 0 otherwise. Itis also setto 0 by amaster reset.
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TFF: Transmit Fifo Full. This bit indicates the state of the transmit FIFO during
outgoing information transfers. When this bit is set to 1, the FIFO is full and no
more bytes may be written to it; when set to 0, the FIFO has room to accept more
bytes.TFF is also set to 0 by a master reset.

TFHF: Transmit Fifo Half Full. This bit is set to 1 if the transmit FIFO contains
sixteen or more bytes, and is set to 0 otherwise. It is also set to 0 by a master
reset.

TCO: Transfer Counter Zero. This bit is set to1 whenever the transfer counter is
zero.

0OCO: Offset Counter Zero. This bitis set to 1 whenever the offset counter is zero.

CDACT: CommanD ACTive. This bit, when setto 1, indicates that an interrupting
command is being executed. Only the command, transfer status, or bus phase
status registers or the transmit/receive FIFOs should be accessed while this bit
is setto 1.

Bus Phase Status Register

The bus phase status register is an eight-bit read-only register that stores bits
which reflect the operational state of the chip and the present SCSI bus phase.

7 6 5 4 3 2 1 0
| INT |[TARG | 0 | ATN | MSG | ¢D | 1O | SRST |

INIT: INITiator. This bit is set to 1 whenever the chip is logically connected as an
initiator. It is set to 0 upon target disconnection, by a master reset, or by a SCSI
reset.

TARG: TARGet. This bit is set to 1 whenever the chip is logically connected as
a target. It is set to 0 at disconnection (disconnect command or multiphase
command internal disconnect), by a master reset, or by a SCSI reset.

ATN: If the ATNDS (attention disable) bit in the control register is set to 0, this
active-high bit represents the state of the SCSI bus line ATN.

MSG, C/D, I/0: These three active-high bits represent the state of the SCSI bus
phase lines MSG, C/D, and 1/O, respectively. They are used by a device
connected in the initiator mode to determine which bus phase the target is
requesting when a bus service interrupt is generated.

SRST: Scsi RST. This active-high bit represents the state of the SCSI bus line
RST.

Functional Interrupt Status Register

The functional interrupt status register is an eight-bit read-only register that
reflects SN75C091A functional interrupts. If no interrupting commands are
active, this register reports an interrupt condition immediately; otherwise, the bits
in this register are updated as the SN75C091A completes or aborts command



execution. When this register is read, its bits are latched in order to provide stable
data to the microprocessor. With the exception of the ABEND bit, any
read-latched interrupt bitis cleared (setto 0) after the read is complete. A cleared
interrupt bit is not be set to 1 again until the corresponding interrupt condition
recurs. A persistent condition such as SCSI bus ATN only causes the ATN
interrupt once. If new interrupts occur during a read of the functional interrupt
status register, they are queued; when the register read is complete, these
queued interrupts then cause the appropriate functional interrupt status register
bits to be set to 1.

The functional interrupt status register is set to ail zeros by a master reset. All bits
except FC are also set to 0 by a SCSI reset.

7 6 5 4 3 2 1 0
[ seL [ Bus | AN | Fc | pDiIs | o | RSL | ABEND |

SEL: SELected. When set to 1, this bit indicates that the chip has been selected
as a target by another device on the bus. The chip is selected only if it detects
its own ID with good parity on the data bus during the selection phase and if there
is only one other ID on the bus. After setting this interrupt, the chip is connected
as a target and waits for a command to be loaded.

BUS: BUs Service. When set to 1, this bit indicates to an initiator-connected
device that an unanswered SCSI bus request is pending and that the
microprocessor needs to issue an appropriate command based on the SCSI
phase observed in the bus phase register. There are three occasions when this
situation may occur:

When a REQ follows a reselection.

When a pending REQ follows an aborted command (for example, a
command may be aborted due to a parity error halt condition or an
unexpected phase change).

When a REQ follows a completed command.

ATN: ATtentioN. This interrupt indicates to a device connected as a target that
the ATN bus line has been asserted by the initiator. This interrupt occurs only
if the control register ATNDS (attention disable) bit is set to 0 (ATNDS inactive).

FC: Function Complete. When set to 1, this bit indicates that the previous
interrupting command has fully completed (i.e., has not been halted).

DIS: DISconnected. This bit is set to 1 when a device connected in the initiator
role detects that the target has legally released the BSY line (i.e., has
disconnected).

RSL: ReSelected. This bit is set to 1 when the SBC has been reselected by
another device on the bus. The SBC is reselected only if it detects its own ID
on the data bus with good parity and if there is only one other ID asserted on the
data bus. After the interrupt, the SBC is logically connected as an initiator and
waits for a REQ from the target.
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ABEND: ABnormal ENDing. This bit, when setto 1, indicates that further interrupt
information is available in the error interrupt status register (EISR). Ifsetto 0, then
all interrupt information can be obtained from the functional interrupt status
register. This bit is the logical OR of all the bits in the EISR. It is set to 0 when
the EISR is read.

Error Interrupt Status Register

The error interrupt status register is an eight-bit read-only register that reflects
SN75C091A error condition interrupts. If any bit in this register is set to 1, the
ABEND bit in the functional interrupt status register is also set to 1. All bits in this
register are setto 0 by a master reset. This register operates in the same manner
as the functional interrupt status register.

7 6 5 4 3 2 1 0
| PE [ umMs [ SRST | T-0 | NVC | CNTL | NEWLN [ HALT |

PE: Parity Error. This bit is set to 1 when a parity error is detected on a byte
received from any port on the chip. Note that this assumes that parity checking
is enabled.

UMS: Unexpected Message Sequence. This bit is set to 1 when a target
executing a Wait for Select with ATN Command receives a message other than
an ID message following the selection phase.

SRST: ScsiReSeT. Thisbitis setto 1 when the chip detects assertion of the SCSI
RST line. Release of the SCSI reset line may be detected by polling the SRST
bit in the bus phase status register. SCSI reset has the same effect as a Chip
Reset command except that only selected bits in the register file are reset and
the FIFO pointers are not reset.

T-0: Time-Out. This bit is setto 1 when a selection or reselection timeout occurs.
Following the timeout interrupt, the SCSI select line is held active until the
microprocessor issues either a SCSI reset or disconnect command.

NVC: iNValid Command. This bitis set to 1 when an invalid command is written
to the command register. An invalid command is a reserved command code or
a command issued at an inappropriate time (e.g., a Send command issued by
a device in initiator mode). See Appendix C for a listing of invalid command
conditions.

CNTL: CoNTroL error. When setto 1, this bit indicates to an initiator that the target
has unexpectedly and illegally disconnected while a chip command is active.

NEWLN: NEW LuN. Whensetto 1, this bitindicates that anew LUN (Logical Unit
Number) reselected the chip during a Select and Transfer command. The new
LUN is available in the LUN register. The microprocessor should also check the
SDP bitin the command phase register to see if the data pointer for the previous
LUN should be updated.

HALT: HALTed. This bit is setto 1 whenever a chip operation is halted by a Pause
command or an error condition such as a parity error. See the individual
command descriptions for further detail.
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Interrupt Enable Register

Interrupt conditions are reported to the SBC through bits in the functional interrupt
status register (FISR) and error interrupt status register (EISR). However,
corresponding interrupts are not issued from the SBC to the microprocessor
unless certain bits in the SBC interrupt enable register are setto 1. The interrupt
enable register FCIE and AIE bits enable interrupt reporting to the
microprocessor viathe INT bitin the transfer status register. If the interrupt enable
register MIE bit is set to 1, then interrupts can also be reported to the
microprocessor via the SBC INTRQ line.

7 6 5 4 3 2 1 0
[ o | o | o | o [ o | FCEE| AE [ ME |

FCIE: Function Complete Interrupt Enable. When set to 1, this bit enables the
chip to report a function-complete interrupt to the microprocessor via the transfer
status register INT bit upon command completion. When FCIE is set to 0, no
interrupt is reported. For initiator mode transfers, this allows the interrupt to be
held off until a subsequent bus service request is generated; for target
commands, the interrupt is held off until a subsequent selection occurs.

AIE: ATN Interrupt Enable. This bit, when set to 1, enables an ATN interrupt to
be generated for a target device when the SCSIATN line is detected active. If AIE
is setto 0, no interrupt is generated. In either case, the ATN bits in both the bus
phase status register and the functional interrupt status register are set to 1.

MIE: Master Interrupt Enable. When set to 1, this bit enables the INTRQ line to
reflect a pending interrupt. If MIE is set to 0, the INT bit in the transfer status
register must be polled to determine when an interrupt is active.

Control Register

The control register is an eight-bit read/write register used to store bits which
control various functions and operating modes within the SCSI interface of the
SBC chip. This register is set to all zeros by a master reset.

7 6 5 4 3 2 1 0
| sSE | RE | HA | HPE | AAPE | HD | HAAM | ATNDS |

SE: Selection Enable. This bit, when set to 1, allows the SBC device to be
selected as a target. If this bit is set to 0, then the SBC ignores any selection
attempt.

RE: Reselection Enable. This bit, when set to 1, allows the SBC to be reselected
as an initiator. If this bit is set to 0, then the chip ignores all reselection attempts.
Also, during a Select with ATN and Transfer command, RE is copied into bit 6 of
the automatically assembled 1D message sent during the message-out phase.

HA: Halt on ATN. Setting this bit to 1 causes a device in target mode to halt a
chip command during a data phase (whether invoked by low-level or multiphase
command) when the ATN line is asserted. The HALT bit in the error interrupt
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status register and the ATN bit in the functional interrupt status register are both
setto 1, and no further REQs are generated. For asynchronous data, interrupts
are updated after ACK. For synchronous data, interrupts are updated when the
REQ-ACK offset reaches zero. If HA is set to 0, the attention interrupt is
generated when the chip command completes or is aborted for some other
reason (i.e., halt on parity error).

HPE: Halt on Parity Error. If this bit is set to 1, detection of a parity error on an
incoming data byte by any of the SCSI, microprocessor, or DMA interfaces during
a data phase results in a halt of the current chip command and the setting to 1
of error interrupt status register bits HALT and PE. If HPE is set to 0, the parity
error is reported when the chip command completes or is aborted for some other
reason (i.e., a pause command is issued).

AAPE: Assert ATN on Parity Error. Setting this bit to 1 causes a chip in initiator
mode to assert the ATN bus line when a parity error is detected on an incoming
byte by any of the SCSI, microprocessor, or DMA interfaces. Note that preloading
the FIFO viathe microprocessor interface (prior to issuing a chip command) does
not affect the ATN line if a parity error occurs because a chip command is not
active. In this case, the parity error is reported to the microprocessor through an
interrupt, allowing the microprocessor to clear the FIFO and start over. A parity
error has no effect on the ATN line if the AAPE bit is set to 0.

HD: Halt on Disconnect. Setting this bit to 1 causes the chip to halt the Select with
ATN and Transfer command and generate a disconnect interrupt if the target
legally disconnects prior to a command-complete message. If HD is set to 0, the
SBC waits indefinitely to be reselected.

HAAM: Hold ATN After Message. Setting this bit to 1 provides the special control
needed for sending multiple messages during a message-out phase when the
chipis acting as an initiator. When HAAM is setto 1, the ATN line is held low when
the command terminates. In contrast, when HAAM is set to 0, the ATN line is
released before ACK is asserted for the last byte of the message.

ATNDS: ATN DiSable. Setting this bit to 1 masks the SCSI ATN input so that ATN
does not cause an interrupt, is not available in the bus phase or functional
interrupt status registers, and is not recognized by any command. This feature
is provided for target applications which do not support messages. For example,
ATNDS canbe used in conjunction with the Wait for Select without ATN command
so that the command continues to execute even if the initiator asserts ATN.

Byte Stack Control Register

The byte stack control register is an eight-bit read/write register used to store bits
which control byte stack features of the chip. This register is set to all zeros by
a master reset.

7 6 5 4 3 2 1 0
[pMp | o | o | o | wLt | wLo | BOF1 | BOFo |
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DMD: DeManD transfer DMA. This bit controls the DMA interface demand
transfer mode. If set to 1, demand mode is enabled and DREQ (once asserted)
is held asserted as long as there are enough bytes in the receive FIFO to read
from or space in the transmit FIFO to write. In byte stack mode, the WAIT line
is used to give the chip enough time to load or unload the required number of
bytes from the byte stack register. The chip automatically switches in and out of
demand mode as dictated by the FIFO status. If DMD is set to 0, then single
transfer mode, in which a DREQ/DACK handshake is required for each transfer,
is used. This feature is provided for systems in which the microprocessor needs
to access memory for instructions on an interleaved basis.

WLO,1: Word Length 0,1. These bits determine the length of multi-byte words
used in the byte stack interface to the DMA controller, as follows:

wL1 WLO WORD LENGTH (BYTES)
0 0 1 (default — no byte stacking)
0 1 2
1 0 3
1 1 4

BOFO,1: Byte Offset 0,1. These bits determine the length of the byte offset used
for the first word transferred to or from the DMA controller when using the byte
stack control logic, as follows:

BOF1 BOFO0 BYTE OFFSET (BYTES)
0 0 0 (default)
0 1 1
1 0 2
1 1 3

Further examples of byte offsets are shown in Section 6.3.3.

Parity Control Register
The parity control register is an eight-bit read/write register used to select the
desired parity check/generate options for the SCSI, DMA, and microprocessor
interfaces. This register is set to all zeros by a master reset.
7 6 5 4 3 2 1 0
| PMPE | MPCE | MPGE | PPCE | PPGE | SPE | SPCE | SPGE |

PMPE: Processor/Memory Parity Even. Setting this bit to 1 causes the
microprocessor- and DMA-port parity check/generation to be even parity. If
PMPE is set to 0, then parity is odd for both ports.

MPCE: Memory Parity Check Enable. Setting this bit to 1 forces the chip to check
incoming bytes from the DMA memory port for correct parity as defined by the
PMPE bit. If a parity error is detected, the proper error bit is set to 1 in the error
interrupt status register. If MPCE is set to 0, no parity checking is done and no
parity error flagged.
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MPGE: Memory Parity Generation Enable. This bit, when setto 1, forces the chip
to generate parity (type determined by the PMPE bit) on outgoing bytes to the
DMA memory port. f MPGE is set to 0, then the parity sense for the DMA memory
port is determined by the receive FIFO parity bit.

PPCE: Processor Parity Check Enable. When PPCE is setto 1, the chip checks
incoming bytes from the local processor for correct parity as determined by
PMPE bit. If a parity error is detected, the proper error bit is set to 1 in the error
interrupt status register. If PPCE is set to 0, no parity checking is performed and
no parity error flagged.

PPGE: Processor Parity Generation Enable. This bit, when set to 1, causes the
chip to generate parity (type determined by the PMPE bit) for FIFO data
accessed through the processor interface. If PPGE is set to 0, then FIFO data
parity is obtained from the FIFO. (Note: parity is always generated for other
registers in the register file.)

SPE: SCSI Parity Even. When set to 1, this bit causes the SCSI interface parity
check/generation to be even parity. Odd parity is used if SPE is set to 0..

SPCE: SCSI Parity Check Enable. Setting this bit to 1 forces the chip to check
incoming bytes from the SCSI bus for correct parity as determined by the SPE
parity bit. If a parity error is detected, the proper error bit is set to 1 in the error
interrupt status register. If SPCE is set to 0, then no parity checking is performed
and no parity error flagged.

SPGE: SCSI Bus Parity Generation Enable. When SPGE is set to 1, the chip
generates parity (type determined by the SPE bit) for data output to the SCSI bus
from the FIFO. If SPGE is setto 0, parity information in the FIFO is used. Note
that for automatically generated SCSI information such as the
command-complete message or the selection ID, parity is always generated
according to the SPE bit.

Synchronous Transfer Register

The synchronous transfer register is an eight-bit read/write register used to define
the offsetlength and transfer period for synchronous data transfers over the SCSI
bus. This register is set to all zeros by a master reset. The Offset Length bits
(OL3-0L0) define the REQ-ACK offset; the maximum allowed offset is 15. This
offset corresponds to the number of REQ pulses allowed to be outstanding before
a corresponding ACK pulse is received by the target during synchronous data
transfers. An offset length of zero implies that asynchronous mode transfers are
to be used.

The Transfer Period bits (TP3—TPO0) define the transfer period length in terms of
internal clock cycles of the chip. The transfer period is the minimumtime between
leading edges of successive REQ pulses (target) or of successive ACK pulses
(initiator). REQ is always active for two clock cycles, and bits TP3-TPO contain
the number of internal clock cycles for which the REQ line is held inactive prior
to the next REQ pulse. Thus, the transfer period corresponds to the value in
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3.15

(TP3-TPO) + 2. For example, a value of 3 in bits TP3-TPO indicates a transfer
period of 5 clock cycles. The minimum allowed transfer period is four clock
cycles, so TP3-TPO values of 0, 1, and 2 all correspond to a four-clock-cycle
transfer period (REQ is always released for at least two clock cycles).

In multiple-thread Initiator SCSI applications, following reselection by a different
target, the synchronous transfer register must be updated prior to negation of
ACK for the ID message. This action guarantees that the correct mode is set up
before data phase requests begin.

7 6 5 4 3 2 1 0
[ T3 | P2 | TP1 [ TPO [ O3 | oL2 [ oLt | oo |

Selection/Reselection Time-Out Register

The selection/reselection time-out register programs the selection/reselection
time-out period for a command that is selecting/reselecting another device. This
time-out period begins when the chip releases BSY during the
selection/reselection phase and ends when the target (initiator) responds by
asserting BSY. If atime-out occurs, the chip waits for a length of time known as
the selection aborttime (after removingthe selection/reselection ID from the bus)
prior to halting the command and generating a time-out interrupt. The time-out
values are multiples of 3.27 ms and the maximum programmable time-out period
is 0.83 seconds. Avalue of zerointhis register disables the time-out mechanism,
allowing indefinite time-outs. The microprocessor must issue a pause command
in order for a time-out to occur. Once the pause command is issued, the chip
continues as if the time-out has expired. Note that this sequence assumes that
the selection phase isin progress. If arbitration has notbeen won, a pause simply
halts the command and generates a halted interrupt. This register is set to all
zeros by a master reset.

7 6 5 4 3 2 1 0
[ To7 | 706 | TOSs | TO4 | TO3 | TO2 | TO1 | TOO |

Self ID Register

The self ID register is a read/write register that contains the encoded SCSI
address of the device which is using the chip. This address is decoded and the
corresponding data bus line is asserted during an arbitration phase and again
during the selection or reselection phase after arbitration is won. The Self ID
register is set to all zeros by a master reset.

7 6 5 4 3 2 1 0
[ o [ o [ o [ o | o | 2 | b1 | D0 |

Destination ID Register

The destination ID register contains the encoded address of the SCSI device
which is to be selected or reselected. It must be loaded prior to any command
which attempts a selection or reselection phase, such as the Select with ATN,
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Select without ATN, Reselect, Select and Transfer, or Reselect and
Send/Receive Data. This address is decoded and then loaded onto the data bus
during a selection or reselection phase. This read/write register is set to all zeros
by a master reset.

7 6 5 4 3 2 1 0
[ o [ o J o | o J o | 2 | i1 | Do |

Source ID Register

Bits 2-0 of the source ID register contain the encoded address of the
initiator/target which last selected/reselected the SBC chip. The Source ID valid
(SIV) bitis setto 1 if the selecting/reselecting device asserted its own ID on the
bus during the selection/reselection phase. If SIV is set to 0, then the source ID
is not valid. This distinction is necessary since an all-zero ID is valid and cannot
otherwise be distinguished from a cleared register. 1f SIV is setto 0 in the source
ID register after a selection, then the initiator is operating in the single-initiator
mode and does not support reselection. A target has no option and must place
both its own ID and the ID of the initiator it wants to reselect on the bus when
attempting a reselection phase. Thus, SIVis always setto 1 in the initiator source
ID register after a successful reselection. This register is set to all zeros following
a master reset.

7 6 5 4 3 2 1 0
[ o ] o [ o [ o [ sv [ b2 | b1 [ b0 |

Target Logical Unit Number (LUN) Register

The target LUN register is used to store received ID messages or ID messages
to be sent during Select with ATN and Transfer, Reselect and Send or Reselect
and Receive, or Wait for Select with ATN multiphase commands. This register
must be loaded prior to commands which send an ID message. Although it is a
full 8-bit register, bits 6 and 7 are not used to formulate outgoing ID messages
(see bit descriptions below). Received ID messages stored in the target LUN
register contain the entire 8-bit message from the SCSI bus. This register is set
to all zeros by a master reset.

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

Bit 7: This bit is tied high internally for initiator or target multiphase commands
sending an ID message (by definition of ID message, this bit value must be “1”).

DSCPRV: DiSConnect PRiVilege. This bit is used by the initiator to grant the
target the privilege of disconnecting. It is internally connected to the RE
(Reselection Enable) bit in the control register for initiator ID message out. This
creates an interlock to prevent reselection from being granted to the target when
itis disabled inthe initiator’s control register. For atarget sending the ID message,
this bit is internally set to 0.
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LUNTAR: For SCSI 1, this bit is reserved and should be setto 0. SCSI 2 protocols
use this bit to associate the identify message with a target routine (bit value 1) or
a logical unit (bit value 0).

Bits 4-3: These bits are reserved by the SCSI specification and should be set to
0.

TL2-TLO: Target Lun 2-0. For SCSI 1, these bits represent the logical unit number
ofthe thread being established by the initiator or reestablished by the target. SCSI
2usesthemtoidentify atargetroutine or alogical unit, depending onthe LUNTAR
bit.

During an initiator Select with ATN and Transfer command, the TL2-TLO bits of
an incoming ID message are compared with the current TL2-TLO bits in the LUN
register before they are loaded. If the compare is unsuccessful, the “new LUN”
interruptis generated to indicate that a target is trying to reestablish a connection
to a different logical unit. The incoming ID message is then loaded into the LUN
register.

Command State Register

The command state register incrementally stores a code representing each
successfully completed phase of a multiphase command. Each command has
code definitions which are shown in the command description. The intent of this
register is twofold:

1. To inform the microprocessor how far a multiphase command executed
before some type of abnormal termination (something other than a
function-complete interrupt) occurred so that the microprocessor can
complete the transaction in low-level mode.

2. To begin execution of a Select with ATN and Transfer command at one
of three possible entry points.

This register should only be accessed after a command has terminated due to
completion, after an abnormal sequence, or after a pause command. The
microprocessor can read the register after determining the type of interrupt that
halted activity.

This register is set to all zeros by a master reset.

7 6 5 4 3 2 1 0
[ sbp | o | o | o [ cs3 | cs2 | cs1t | cso |

SDP: Save Data Pointer. This bit is set to 1 when the chip receives a
save-data-pointer message while connected as an initiator and executing a
Select with ATN and Transfer command. This bitis setto 0 by a master reset,
by a function-complete interrupt, or by reading the command phase register.
When the microprocessor detects that SDP is set to 1, the backup transfer
counter should be read to determine the value of the data transfer counter at the
time of the save-data-pointer message.
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CS3-CS0: Command State 3-0. These bits represent an encoded phase of a
multiphase command. See Section 4, Commands, for a description of the codes.

Transfer Counter Register

The transfer counter register is a 24-bit down-counter used to keep track of the
data bytes traversing the chip-SCSI bus interface. It is composed of three 8-bit
bytes, each of which may be addressed and read or written individually. The
microprocessor loads the number of SCSI data bytes to be transferred into the
transfer counter register prior to issuing a chip command to transfer data. When
the counter decrements to zero, the data transfer is complete. If a data transfer
is aborted, the transfer counter indicates how many bytes are left to transfer (see
also the description of the backup transfer counter register).

The transfer counter register is loaded by writing to each of the three bytes. A
write to the least-significant byte sets both of the higher-order bytes to all zeros.
This allows the microprocessor to perform only one write to define the length for
relatively short transfers (< 256 bytes). For longer transfers, the low-order byte
should be written first, followed by writes to one or both of the higher-order
registers. This register is set to all zeros by a master reset.

7 6 5 4 3 2 1 0

Backup Counter Register

The backup counter register is used to save a copy of the contents of the transfer
counter register whenever a save-data-pointer message is received by a chip in
initiator mode during a Select with ATN and Transfer command. It may be read
by the microprocessor to determine the amount of data successfully transferred
overthe SCSIbusin case an error occurs or adifferent target or LUN reconnects.
The SDP (save data pointer) bitin the command phase register indicates whether
a save-data-pointer message has beenreceived and, thus, if the backup counter
register has been updated. This register is set to all zeros by a master reset.

7 6 5 4 3 2 1 0

Offset Count Register

The offset count register is used internally by the SBC to control the number of
bytes transferred across the SCSI bus for synchronous data, extended
messages, or command transfers. The SBC decodes the number of bytes to be
transferred from the second byte of an extended message or the group code of
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a command. The offset counter can also be loaded by the microprocessor and
used with manual transfer mode (selected by the control bit M/Ain the command
register) to override the automatic handling of these flows. The offset count
register is an eight-bit register which allows a count of up to 255 to be stored. This
register is set to all zeros by a master reset.

7 6 5 4 3 2 1 0
[ ocm | oce [ ocs [ oca | ocs [ oc2 | oct | oco | -

Supplemental Register Features

Registers 25 through 31 were used for SBC chip development and debug and are
not intended for system use. However, the following specific features may be
helpful to designers:

Register 26 (Test control register):

Bit 0 (FIFO): When set to 1, this bit enables an internal loop-back path from the
Transmit FIFO to the Receive FIFO. Operation is as follows and can be monitored
via the FIFO status bits in the Transfer status register. This bit is set to 0 by a
master reset.

MICROPROCESSOR
WRITE TRANSMIT

FIFO

IF TEST CONTROL
REGISTER BIT 0 IS
SET TO 1, THEN

THIS PATH IS
B
MICROPROCESSOR ENABLED
RE"f RECEIVE
FIFO ¢

Figure 3-1. Internal Loop-Back Path for FIFO Test

Transmit FIFO Writes: A microprocessor-FIFO write causes a write to the
transmit FIFO. If, prior to the microprocessor-FIFO write, the receive FIFO is not
full and the transmit FIFO is not empty, then a write to the receive FIFO from the
transmit FIFO and aread out from the transmit FIFO also occur. Thus, successive
microprocessor-FIFO writes fill the receive FIFO first and then the transmit FIFO.

Receive FIFO Reads: A microprocessor-FIFO read causes a read from the
receive FIFO. If, prior to the microprocessor-FIFO read, the receive FIFO is not
full and the transmit FIFO is not empty, then a write to the receive FIFO from the
transmit FIFO and a read out from the transmit FIFO also occur. Thus, successive
microprocessor-FIFO reads empty the transmit FIFO first and then the receive
FIFO.
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If SCSI parity checking is enabled, data coming out of the transmit FIFO is
checked for correct parity and an interrupt is generated if a parity error is
detected.

Register 27 (Test points register 0):

Bit 0 (TFMTY): When set to 1, this bit indicates that the transfer FIFO is empty.
This bit supplements the information provided by the TFF (transfer FIFO full) and
TFHF (transfer FIFO half full) bits in the transfer status register. This bit is set to
0 by a master reset.
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Commands

General

The SBC is driven by chip commands written by the local microprocessor to the
SBC command register. The format and bit definitions of the command register
are repeated below. The first three bits set modes for information transfer and
are only valid for those types of commands (i.e., send, receive, and transfer).

7 6 5 4 3 2 1 0
| bMA | MA [ DDIR | cca [ cca | cc2 [ cc1 [ cco |

DMA: Direct Memory Access. This bit controls the mode of data transfer from the
SCSI bus to the microprocessor or DMA bus. When set to 0, the interface uses
programmed I/O; when setto 1, DMA transfers are enabled. If DMAtransfers are
enabled, the microprocessor should not access the FIFOs until the command is
complete.

M/A: Manual/Automatic. This bit allows the microprocessor to manually control
the number of bytes transferred during a command or message phase. When
this bit is set to 1, the count written to the offset counter by the microprocessor
is used to determine the transfer length of the command or message phase.
When this bit is set to 0, the group code of a command or the second byte of an
extended message is decoded to determine a count value to be automatically
loaded into the offset counter. Automatic mode eliminates the need for software
to decode the command or message prior to completing the transfer. Manual
mode may be used to complete a phase which was terminated prematurely.

DDIR: Data DIRection. This bit establishes the direction of data transfer during
initiator-mode Select with- or Select without ATN and Transfer commands. When
set to 0, the SBC expects a data-out phase; when set to 1, a data-in phase is
expected. If the data phase set up by the target does not match that expected
by the initiator, a bus service interrupt is generated and the command stops.

CC4-CC0: Command codes

Command Types

The chip commands are divided into two subsets: interrupting and
noninterrupting. Both types of commands are executed immediately after they
are written to the command register. As their names imply, they differ in whether
or not an interrupt is generated to indicate command completion. The
noninterrupting commands generally complete within a few clock cycles, while
the interrupting commands can take from ten to several thousand clock cycles
to complete.

The interrupting commands are subdivided into single-phase and multiphase
commands. “Phase” refers to the SCSI bus phase encountered during command
execution. The single-phase commands (also called “low-level” commands)
execute bus management phases (e.g., arbitration, selection/reselection) or a
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single information transfer phase. The multiphase commands (also called
“high-level” commands) combine information-transfer phases and bus
management phases.

The SBC examines each command received from the microprocessor to
determine if the command is valid (i.e., if it has been issued while the SBC is in
an appropriate state to receive that command). A command issued at an
inappropriate time causes the generation of an invalid command interrupt. The
following table summarizes the chip commands, the valid states in which they can
beissued, the resultant state if the command is successful, and whether they are
noninterrupting (NI) or interrupting () commands. A description of each
command follows the table.

Command Summary
Noninterrupting Commands

COMMAND ISSUED RESULT
CODE COMMAND NAME STATE | STATE
00000 Chip Reset ANY D
00001 Disconnect T, TO D
00010 Pause I, T I, T
00011 Assert ATN | |
00100 Negate ACK | |
00101 Clear Receive FIFO D, T D,I,T
00110 Clear Transmit FIFO DI, T DI T

STATE

D = Disconnected
| = Initiator

T = Target

TO = Time-Out



4.3.2 Single-Phase Interrupting Commands

COMMAND ISSUED RESULT
CODE COMMAND NAME STATE STATE
00111 SCSI Bus Reset ANY D
01000 Select with ATN D I
01001 Select without ATN D ]
01010 Reselect D T
01011 (reserved) - -
01100 Receive Command T T
01101 Receive Data T T
01110 Receive Message Out T T
01111 Receive Unspecified Information Out T T
10000 Send Status T T
10001 Send Data T T
10010 Send Message In T T
10011 Send Unspecified Information In T T
10100 Transfer Information | |
10101 Transfer Pad | [
10110 (reserved) - -
10111 (reserved) - -
TAT

D = Disconnected

| = Initiator

T = Target

TO = Time-Out
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Multiphase Interrupting Commands

COMMAND COMMAND NAME ISSUED RESULT
CODE STATE STATE
11000 Select with ATN and Transfer D, ! D
11001 Select without ATN and Transfer D D
11010 Reselect and Receive Data D T
11011 Reselect and Send Data D T
11100 Wait for Select with ATN and Receive DT T
11101 Wait for Select without ATN and Receive D, T T
11110 Conclude T D
11111 Link to Next Command T T

STATE '
D = Disconnected

I = Initiator

T = Target

TO = Time-Out

Noninterrupting Commands
Chip Reset

Chip Reset halts all operations and returns the chip to a master reset state. The
SBC releases all SCSI bus lines and the receive and transmit FIFO pointers are
reset.

Disconnect

In response to a disconnect command, the SBC releases the SCSI BSY signal
and exits target mode. The disconnect command is also used following a
selection/reselection time-out interrupt to cause the SCSI SEL signal to be
released, indicating the end of the selection/reselection attempt by freeing the
SCSI bus.

Pause

The pause command is used to halt execution of certain chip commands. Pause
capability gives the microprocessor additional control over commands with long
execution times. In cases such as arbitration, the pause command may not
immediately be recognized. Thus, once a pause command is issued, the
command register should not be written again until an interrupt indicating
command completion or termination is received. Case-by-case use of the pause
command is as follows:

Arbitration Phase Pause: Issuing a pause command during any chip command
performing arbitration and selection halts that command and generates a halted
interrupt if arbitration is lost or if the SCSI bus is being used by another device.
For example, if a bus-free phase has been detected and the chip is actively
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involved in the arbitration process, a pause does not occur unless and until
arbitration is lost. If arbitration is won, the pause command has no effect on the
arbitration process.

Selection/Reselection Time-Out: Issuing a pause command during any chip
command performing selection/reselection with a selection/reselection time-out
value of zero (see Section 3.13, Selection/Reselection time-out register) causes
a time-out to occur when the selection/reselection time-out begins. The pause
command causes the selection/reselection ID to be released on the SCSI bus
and a selection/reselection abort time to be started. If no BSY response is
detected within the abort time, the time-out interrupt is generated. This capability
allows indefinite arbitration/selection time-outs to be used by the microprocessor
for cases in which the time-out register does not provide a long enough delay.

Data Phase Pause: A pause command can be used to halt any data phase. Data
phase pause capability allows the microprocessor to halt a long data transfer
phase in case of unexpected error situations.

1. Initiator Asynchronous: Following receipt of the pause command, the
SBC performs one REQ/ACK handshake, then generates a halted
interrupt. The transfer counter contains the number of bytes left to transfer.
A transfer pad command can be used to finish the data phase.

2. Target Asynchronous: Following receipt of the pause command, the
SBC performs one REQ/ACK handshake, then generates a halted
interrupt. The target may reissue a data transfer command to continue the
transfer or may issue a command to change phases. If the data phase is
not completed, a FIFO clear command may be needed prior to performing
another type of transfer.

3. Initiator Synchronous: Pauses by holding off ACK (even if the REQ/ACK
offset is nonzero) and then generates a halted interrupt. The transfer
counter contains the number of bytes left to transfer. A transfer pad
command can be used to finish the data phase.

4. Target Synchronous: Pauses when the REQ/ACK offset decrements to
zero and generates a halted interrupt. The target may reissue a data
transfer command to continue the transfer or may issue a command to
change phases. If the data phase is not completed, a FIFO clear command
may be needed prior to performing another type of transfer.

Assert ATN

The Assert ATN command is used in the initiator state to inform the target that
the initiator has a message pending. The ATN line is asserted immediately upon
issuance of the command. If ATN is already asserted when the command is
issued, no action results. This command is used when the initiator wishes to
reject amessage from the target. ACK is held active during the last message byte
until a Negate ACK command is issued. The Assert ATN command may be
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issued prior to Negate ACK if the initiator wishes to reject the message. This
allows the target to determine which message in a long string of messages is
being refused.

ATN is released automatically before asserting ACK for the last byte of any
outbound message (or messages) ifthe HAAM bit in the transfer command is set
to 0. Ifthe HAAM bitis set to 1, the ATN line is held active to request that the target
perform another message-out phase.

Negate ACK

The Negate ACK command is used in the initiator state to complete amessage-in
transfer. ACKis held asserted following the last byte of a successfully completed
transfer command during message-in phase. This allows the microprocessor to
evaluate the message prior to releasing ACK. The Assert ATN command may be
issued before the Negate ACK command in order to reject the message. The
Negate ACK command must be issued to complete the REQ/ACK handshake.

Clear Receive FIFO
The Clear Receive FIFO command is used to reset the receive FIFO pointer.

Clear Transmit FIFO

The Clear Transmit FIFO command is used to reset the transmit FIFO pointer.
For example, in multithread initiator applications, this command is used to clear
unsent SCSI data or commands from the transmit FIFO when a connection to a
different logical thread is established.

Single-Phase Interrupting Commands
SCSI Bus Reset

The SCSI Bus Reset command causes assertion of the SCSI bus RST signal for
a period of 200 us; a function-complete interrupt is then generated. The SCSI Bus
Reset command has the same effect as a Chip Reset command except that the
FIFO pointers are not reset and only selected bits in the register file are reset (see
Section 3, Registers, for details).

Select with ATN

The Select With ATN command enables the SBC to start the arbitration and
selection phases in order to establish a connection with a target and become an
initiator. AtargetID mustbe loaded intothe destination ID register and the initiator
ID loaded into the self ID register prior to command issuance by the
microprocessor. The chip then begins arbitration during the next bus-free phase.
If arbitration is lost, the chip tries again to arbitrate when the next bus-free phase
is detected. If arbitration is won, the selection phase proceeds with the chip
asserting both SEL and ATN, placing both self (initiator) and destination (target)
IDs onto the SCSI data bus, and releasing BSY. If the target responds within the
selection time-out, the chip assumes the initiator role. The command terminates
with a function-complete interrupt when the first REQ is received from the target.
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Ifthe bus phase of the incoming REQ is not message-out, then ATN is released.
Ifthe target does not respond within a selection time-out, the self and destination
IDs (known together as the “selection [D”) are released and a selection abort
time-out is started. If the target does not respond within the selection abort time,
a time-out interrupt is generated (see disconnect command). The pause
command can be issued to terminate this command prematurely (see pause
command). Also, if the SBC is selected/reselected by another SCSI device, this
command is terminated with a selected/reselected interrupt.

Select without ATN

Select without ATN is identical to Select with ATN except that ATN is not asserted
during the selection phase, indicating that the initiator does not support the
optional SCSI messages during the connection.

Reselect

The Reselect command is issued to place a disconnected device into the target
mode by reselecting an initiator. The initiator ID must be loaded into the
destination ID register and the target ID loaded into the self ID register prior to
issuing the command. The chip begins arbitration at the next bus-free phase. If
arbitration is lost, the chip tries again to arbitrate at the next bus-free phase. If
arbitration is won, the chip begins the reselection phase by asserting SEL and I/O,
placing both self (target) and destination (initiator) IDs on the bus, and then
releasing BSY. If the initiator tor responds by asserting BSY within the selection
time-out, the chip releases SEL and assumes the target role by asserting BSY.
The command finishes with a function-complete interrupt. If the initiator does not
respond within the selection time-out), the self and destination IDs (known
together as the “selection ID”) are released and a selection abort time-out is
started. If the initiator does not respond within the selection abort time, a time-out
interrupt is generated (see disconnect command). The pause command can be
issued to terminate this command prematurely (see pause command). Also,
selection/reselection of the SBC by another SCSI device terminates this
command with a selected/reselected interrupt.

Receive

The Receive Data, Receive Command, Receive Unspecified Information, and
Receive Message commands are used by devices in the target mode to set the
bus phase lines for a transfer from the initiator to the target and then to carry out
the REQ half of each transfer handshake. SCSI bus phase lines are held stable
throughout the transfer and until a subsequent command modifies them as
shown in the following table:
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SCSI BUS PHASE DEFINITION
COMMAND MSG C/D /0
Receive data
Receive command
Receive unspecified information
Receive message

alalolo

—=lo|l—=|oO
ojlojolo

The following events result in completion or termination of the Receive
commands (note: a Chip Reset command or assertion of the SBC MR line causes
termination of any command):

INTERRUPT BITS

TYPE OF RECEIVE SETTO 1 REGISTER EVENT
FC FISR The transfer counter
decrements to zero.
A parity error is detected with
the Halt On Parity bit set to
Receive data/ HALT, PE EISR, EISR 1 and the transfer counter is

unspecified info not zero.

ATN condition occurs with the
HALT, ATN | EISR, FISR | 1o on ATN Bit set.

HALT EISR A Pause command is issued.
The offset counter decrements
FC FISR to zero.

Receive command - -
€ com A parity error is detected on the

HALT, PE EISR, EISR first command byte.

The offset counter decrements
to zero.

Receive message A parity error is detected on the
HALT, PE EISR, EISR first or second message byte.

FC FISR

A SCSI bus reset condition

All transfers SRST EISR was detected.

Receive Data transfers can be asynchronous or synchronous and can be
received through either the DMA or microprocessor interface. Synchronous
mode is selected by storing a nonzero offset in the synchronous control register;
a zero offset selects asynchronous mode. DMA mode is selected by setting the
DMA bit in the command register to 1 when the command is issued; a DMA bit
setto 0 selects programmed I/O mode. The transfer counter controls the amount
of data received, and it must be loaded before the receive command is issued.
Received data is stored in the receive FIFO. FIFO flags in the transfer status
register can be monitored by the microprocessor to determine when data is
available during programmed I/O mode.The DMA interface transfers the data



from the receive FIFO to memory if DMA mode is requested. A pause command
can be used to halt a Receive Data command. Alternately, the following control
register bits are used to halt a Receive Data command conditionalily:

HPE: When this bit is active, the Receive Data command is halted when
a parity error is detected on a data byte received through the SCSI
interface. The halt is implemented in the same manner as by a Pause
command.

HA: When this bit is active, the Receive Data command is halted when an
ATN condition is detected. The halt is implemented in the same manner as
by a Pause command.

Receive Unspecified Information transfers are identical to data transfers
except that synchronous transfer mode is not allowed.

Receive Command transfers always use programmed I/O. The source of the
command length information depends on the value of the M/A
(manual/automatic) bit in the command register. If M/A is set to 1, the
microprocessor must manually load a command length value into the offset
counter. If M/A is set to 0, a command length value based on the group code
embedded in the first byte of the command (see table below) is automatically
loaded into the offset counter. The offset counter is used as a transfer counter
for nondata transfers and is decremented once for each byte received over the
SCSI bus. In automatic mode, if a parity error is detected on the first byte of the
SCSI command, the chip command is halted because the group code cannot
reliably be determined. Parity errors detected on later automatic-mode bytes or
in manual mode do not halt the chip command but are reported by a parity error
interrupt when the command completes. Received bytes are stored inthe receive
FIFO.

AUTOMATIC COMMAND-TRANSFER-LENGTH DECODING
NO. OF BYTES AUTOMATICALLY
GROUP CODE TRANSFERRED
0 6 bytes
1 10 bytes
5 12 bytes
2,3,4,6,7 2 bytes

Receive Message transfers always use programmed 1/O. The source of the
message length information depends on the value of the M/A (manual/automatic)
bit in the command register. If M/A is set to 1, the microprocessor must load a
message length value into the offset counter prior to issuing the receive
command. If M/A is set to 0, the SBC determines message length automatically
from the message: either one for single-byte messages or as specified in the
second byte for extended messages. For extended messages, the second
message byte is loaded into the offset counter. The offset counter is used as a
transfer counter for nondata transfers and is decremented once for each byte
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received overthe SCSI bus. In automatic mode, if a parity error is detected during
the first or second byte of the message, the message length cannot reliably be
determined. In this case, the SBC performs dummy transfers (without regard for
FIFO status) until ATN is released by the initiator. Clear Receive FIFO should be
issued following this case to clear any dummy transfers out of the receive FIFO.
Parity errors detected on later bytes or in manual mode do not affect the transfer
but are reported by a parity error interrupt when the command completes the
message transfer. All bytes received are stored in the receive FIFO.

Send

The Send Data, Send Status, Send Unspecified Information, and Send Message
commands are used by devices in the target mode to set the bus phase lines for
a transfer from the target to the initiator and then to carry out the REQ half of the
transfer handshake. SCSI bus phase lines are held stable throughout the
transfer and until a subsequent chip command modifies them as shown in the
following table:

SCSI PHASE DEFINITION
COMMAND MSG C/D /0
Send data 0 0 1
Send status 0 1 1
Send unspecified information out 1 0 1
Send message in 1 1 1

Any of the following events result in completion or termination of the Send
commands (note: a Chip Reset command or assertion of the SBC MR line
terminates any command):

TYPE OF SEND INTERRUPT BITS EVENT
SETTO 1 REGISTER
EC FISR The transfer counter
decrements to zero.
Send data/ HALT, PE EISR Aparity erroris detected with the
unspecified info Halt On Parity
HALT, ATN | EISR, FISR | An ATN condition occurs with
the Halt On ATN Bit set to 1.
HALT EISR A Pause command is issued.
Send status FC FISR The status byte is sent.
Send message FC FISR The offset counter decrements
to zero.
All transfers SRST EISR A SCSI bus reset condition is
detected.




Send Data transfers can be asynchronous or synchronous and can be sent
through either the DMA or microprocessor interface. Synchronous mode is
selected by storing a nonzero offset in the synchronous control register; a zero
offset selects asynchronous mode. DMA mode is selected by setting the DMA
bit in the command register to 1 when the command is issued; a DMA bit set to
0 selects programmed |/O mode. The transfer counter controls the amount of
data sent, and it must be loaded before the send command is issued. Data to be
sent is stored in the transmit FIFO. FIFO flags in the transfer status register can
be monitored by the microprocessor to determine when there is room in the
transmit FIFO for more data during programmed I|/O mode. The DMA interface
transfers the data from memory to the transmit FIFO if DMA mode is requested.
The following control register bits may be used to halt a Send Data command
conditionally:

HPE: When this bit is active, the Receive Data command is halted when
a parity error is detected on a data byte received through either the
microprocessor or DMA interface. The halt is implemented in the same
manner as by a Pause command.

HA: When this bit is active, the Receive Data command is halted when an
ATN condition is detected. The halt is implemented in the same manner as
by a Pause command.

Send Unspecified Information transfers are identical to data transfers except
that synchronous transfer mode is not allowed.

Send Status transfers always use programmed I/O. The status length is always
one byte, and this byte must be stored in the transmit FIFO prior to issuing the
command.

Send Message transfers always use programmed 1/O. The source of the
message length information depends on the value of the M/A (manual/automatic)
bit in the command register. If M/A is set to 1, the microprocessor must load a
message length value into the offset counter prior to issuing the send command.
If M/A is set to 0, the SBC determines message length automatically from the
message: either one for single-byte messages or as specified in the second byte
for extended messages. For extended messages, the second message byte is
loaded into the offset counter. The offset counter is used as a transfer counter for
nondatatransfers and is decremented once for each byte sent over the SCSl bus.
Inautomatic mode, the first byte of a single-byte message and the first three bytes
of an extended message mustbe loaded priortoissuing the Send command. This
assures that the bytes used to determine message length are valid. If a parity
error is detected while preloading any message bytes, an interrupt is generated
and the microprocessor must clear the transmit FIFO and reload the message
bytes. Since parity errors do not halt a message transfer, preloading the transmit
FIFO with the entire message prior to issuing the send command is
recommended in order to insure message integrity.



4.5.7
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Transfer Info

The Transfer Info command is used by a device in the initiator mode to send or
receive data, commands, status, messages, and unspecified information. This
command is issued in response to a SCSI bus phase change. The bus phase
change is reported to the microprocessor as a bus service interrupt after the
leading edge of REQ. SCSI bus phase information is then available to the
microprocessor through the bus phase register. The Transfer command causes
the initiator to complete the ACK half of each REQ-ACK handshake. A
function-complete interrupt is generated when the transfer is complete. A halted
interrupt is generated if the chip command is terminated prior to its completing
the transfer (e.g., due to a parity error or a bus service interrupt). If the AAPE bit
in the control register is set to 1, ATN is automatically asserted if a parity error
is detected on data coming into the part through any of the SCSI, DMA, or
microprocessor interfaces while a transfer command is active (this is true for
transfers during any SCSI bus phase).

Any of the following events result in completion or termination of the Transfer
Command and generation of the corresponding interrupt (note: a Chip Reset
command or assertion of the SBC MR line terminates any command):



TYPE OF INTERRUPT BITS
TRANSFER SETTO 1 REGISTER

EVENT

The transfer counter
decrements to zero.

Aparity error is detected with the
Data/unspecified info HALT, PE EISR Halt On Parity bit setto 1 and the
transfer transfer counter is nonzero.

FC FISR

APausecommandisissued and
HALT EISR the transfer halts with a nonzero
transfer counter.

Command out FC FISR The offset counter decrements
transfer to zero.

The offset counter decrements
to zero.

Aparity error was detected inthe
Message-in transfer PE, HATL, | EISR, EISR, |first or second byte of the
BS FISR message and the target has
changed bus phase.

The offset counter decrements

FC FISR

Message-out transfer FC FISR

to zero.
Status transfer FC FISR One byte is received.
The SCSI bus phase changes
BUS FISR and a REQ is issued in the new
bus phase.
All transfers BSY is released by the target,
DIS FISR resulting in a disconnect.
SRST FISR A SCSI bus reset condition is

detected.

Data Transfers may be asynchronous or synchronous and can use either the
DMA or microprocessor interface. Synchronous mode is selected by storing a
nonzero offset in the synchronous control register; a zero offset selects
asynchronous mode. DMA mode is selected by setting the DMA bit in the
command register to 1 when the command is issued. A DMA bit setto 0 selects
programmed I/O mode.

The transfer counter controls the amount of data sent or received; it must be
loaded with the number of data bytes to be transferred before the transfer
command is issued. During programmed /O mode, FIFO flags in the transfer
status register can be monitored by the microprocessor to determine when the
transmit FIFO can be loaded with more data for data-out transfers or when more
data is available in the receive FIFO for data-in transfers. The DMA interface
transfers the data between memory and the FIFOs if DMA mode is requested.
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The HPE bitin the control register can be used to halt a data transfer conditionally
if a parity error is detected on a data byte received through either the DMA or
microprocessor interface during a data-out transfer or through the SCSl interface
during a data-in transfer. Transfers are halted in the same manner as by a pause
command. The transfer pad command can be issued to complete a halted
transfer.

Unspecified Information transfers are identical to data transfers except that
synchronous transfer mode is not allowed.

Command Out transfers always use programmed /0. The source of the
command length information depends on the value of the M/A bit in the command
register. If M/A is set to 1, the microprocessor must manually load a command
length value into the offset counter. If M/A is set to 0, a command length value
based on the group code embedded in the first byte of the command (see table
below) is automatically loaded into the offset counter. The offset counter is used
as a transfer counter for nondata transfers and is decremented once for each
command byte sent over the SCSI bus. In automatic mode, the first two bytes
of the SCSI command must be loaded into the transmit FIFO prior to issuing the
transfer command. If a parity error is detected while preloading any command
bytes, a parity error interrupt is generated and the microprocessor must clear the
transmit FIFO and reload the bytes. This action assures that the SBC has a valid
first byte from which to determine the command length. Since parity errors do
not halt a command-out transfer, preloading the transmit FIFO with the entire
command prior to issuing the Transfer command is recommended in order to
insure command integrity. A bus-service interrupt is the only condition that halts
a command-out transfer prematurely.

AUTOMATIC COMMAND-TRANSFER-LENGTH DECODING
NO. OF BYTES AUTOMATICALLY
GROUP CODE TRANSFERRED
0 6 bytes
1 10 bytes
5 12 bytes
2,3,4,6,7 2 bytes

Status-Intransfers always use programmed I/O. The status length is always one
byte and this byte is stored in the receive FIFO after being received from the
target.

Message-in transfers always use programmed I/O. The source of the message
length information depends on the value of the M/A (manual/automatic) bit in the
control register. If M/Ais setto 1, the microprocessor mustload a message length
value into the offset counter prior to issuing the transfer command. If M/A is set
to 0, the SBC determines message length automatically from the message: either
one for single-byte messages or as specified in the second byte for extended
messages. For extended messages, the second message byte is automatically



loaded into the offset counter. The offset counter is used as a transfer counter for
nondata transfers and is decremented once for each byte received over the SCSI
bus. All received bytes are stored in the receive FIFO. Following a
function-complete interrupt, the chip holds ACK asserted to allow the received
message to be evaluated. The Negate ACK command must be issued to
complete the message transfer. The Assert ATN command can be issued prior
to the Negate ACK command if the message is to be rejected.

If a parity error is detected during the first or second byte of a message, the
message length cannot reliably be determined. The opportunity to issue the
Negate ACK command is not provided for this case. The SBC performs dummy
transfers (without regard for receive FIFO status) until the target changes
phases. The Clear Receive FIFO command should then be issued to clear any
dummy transfers out of the receive FIFO. It is recommended that the AAPE bit
in the control register be set to 1 to notify the target of an error before a phase
change occurs. Parity errors detected on later bytes or in manual mode do not
affect message length determination, so the transfer completes with ACK
asserted. However, both the parity error and function-complete interrupts are
generated.

Message-out transfers always use programmed I/O. The source of the message
length information depends on the value of the M/A (manual/automatic) bit in the
control register. If M/A is setto 1, the microprocessor must load a message length
value into the offset counter prior to issuing the transfer command. If M/A is set
to 0, the SBC determines message length automatically from the message: either
one for single-byte messages or as specified in the second byte for extended
messages. For extended messages, the second message byte is automatically
loaded into the offset counter. The offset counter is used as a transfer counter for
nondata transfers and is decremented once for each byte received over the SCSI
bus. In automatic mode, the first byte of a single-byte message or the first three
bytes of an extended message must be loaded prior to issuing the transfer
command. This assures that the bytes used to determine message length are
valid. Ifa parity error is detected while preloading any message bytes, aninterrupt
is generated and the microprocessor must clear the transmit FIFO and reload the
message bytes. Parity errors do not halt a message transfer, so preloading the
FIFO with the entire message prior to issuing the transfer command is
recommended to insure message integrity. If ATN is asserted and the HAAM
(hold ATN after message out) bitis setto 0in the control register, ATN is released
prior to assertion of SCSI ACK for the last message byte; otherwise, ATN remains
asserted.



4.5.8 Transfer Pad

4.6

4.6.1

The Transfer Pad command works in the same manner as the Transfer Info
command for data-in and data-out phases, with the following exceptions:

For data-out phase, the contents of the top of the transmit FIFO at the time
the command is issued are transferred repeatedly. If a specific byte is to
be transferred repeatedly, it must be written to the transmit FIFO (when the
FIFO is empty) using programmed I/O before the command is issued. The
DMA bit in the command register should be set to 0 for this command.

For data-in phase, the incoming bytes are not checked for parity, nor are
they written to the receive FIFO.

Multiphase Interrupting Commands

These commands execute a prescribed sequence of SCSI bus activities. The
SBC chipis said to be operating in high-level mode when executing a multiphase
command. In this mode, low-level chip commands are chained together and
interrupts are handled internally until the command completes or until a deviation
from the expected flow occurs. Interrupts are generated to indicate command
termination or completion, and the command state code (a code representing the
last successfully executed command phase) is then available in bits 3:0 of the
command state register. Low-level SBC commands can be used to complete a
SCSI connection if a multiphase command is terminated prematurely.
Multiphase commands greatly reduce the number of interrupts generated during
a SCSI bus transaction. Flowcharts for each of these commands are included
after the text description along with a command state code/interrupt table
describing interrupts and their relation to the command state register codes.

Select with ATN and Transfer

This command automatically handles the common SCSl initiator sequence used
to arbitrate for the bus, select a target, send an ID message, send a SCSI
command, send or receive data, receive status, and receive a
command-complete message. Multiple Save-Data-Pointer messages,
disconnects, and reconnects are also handled automatically throughout the data
transfer. Figure 4-1 is a flowchart of the Select with ATN and Transfer command.
Successful command completion, a deviation from the expected flow, or error
conditions result in an interrupt. The interrupt registers and the command state
register can be used to determine the cause of the interrupt as shown in the
command state/interrupt table at the end of this section. When the command
is issued, the control register M/A bit must be set to 0 (automatic mode) and the
data direction and DMA bits in the command register should be set appropriately.



4.6.1.1 Command Setup

Prior to issuing this command, the host must load the following registers:

REGISTER NAME

COMMAND PHASE AFFECTED

Command state

Command entry point

Control Reselection (RE), Data (HPE, AAPE), Disconnect (HD)
Self ID Arbitration/selection and reselection

Destination ID Selection and reselection

Time-Out Selection

Target LUN ID message transfer, send and receive

Transfer counter Data

Synchronous control Data (only if synchronous transfers are used)

Byte stack control

Data (only if byte stack mode or demand mode is used)

Transmit FIFO

Command - the Command Description Block (CDB)
must be written into the transmit FIFO prior to issuing the
command.

Parity control

All

4.6.1.2 Command Entry Points

The command state register value determines the entry point into the Select with
ATN command as shown in the following table. Upon command termination, the
command state register value identifies the last successfully completed phase.
It may be desirable to restart the Select with ATN and Transfer command after
the termination condition has been handled in low-level mode.
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COMMAND
ENTRY
POINT

COMMAND
STATE
CODE

COMMAND ENTRY DESCRIPTION

1

0-1,3-7,A,
D,F

Arbitration/selection (beginning of flow).

This entry point is used when the target requests a resend of the ID
message instead of going to command phase. The processor
handlesthe resendin low-level mode and then continues the Select
with ATN command by reissuing the command after a bus service
interrupt for command phase is received.

This entry point also eases the use of linked commands. The
command phase code is set to hexadecimal E at the completion of
a linked command. The Select with ATN and Transfer command
can be reissued to send the linked command when a bus service
interrupt for the command phase is received.

This entry point can be used following command termination due to
a disconnect with the halt-on-disconnect bit set to 1 in the control
register or after the SBC is reselected by a different target. The
command can be reissued in response to a bus-service interrupt
following reselection, low-level mode ID message receipt, and
update of the register file.

This entry point can also be used following command termination
due to a “new LUN” interrupt. The command can be reissued in
response to a bus service interrupt after the register file has been
updated to handle the transfer for the new LUN.

4.6.1.3 Arbitration/Selection

As in the Select with ATN command, the SBC arbitrates for the bus and attempts
to selectthe targetinthe destination ID register. If successful, the command state
code is set to 1 and the SBC continues command execution.

4.6.1.4

ID Message Transfer

Since ATN is asserted during the selection process, the first phase expected is
a message-out phase, during which an identify message is sent. This message
consists of the pattern “1rLUNREG”, where “r” is the value of the RE bit in the
control register and LUNREG is the value of target LUN register bits 5-0. Parity
is generated for the SCSI bus according to the SPE bit in the parity control
register. Upon transfer of this message, the ATN line is released and the
command state code is set to 2.
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Arbitration / Selection

4—( Entry Point 1 )

l ' 01,37,AD,F
I Message Out (ID Message) | 2
< < Entry Point 2 )
A4 3
Command Out (CDB Transfer) 2,E
4
< ntry Point3
i - ( Entry Poi
5
< { Data In/Out (Decrement Transfer Counter) 8,9
# Bf| Command state
code is updated to
< > Message In (Save Data Pointer) | B when transfer
| 6 counter decre-
l ments to zero.
> Message In (Disconnect)
°© 7
n l
2 .
g Bus Free (Target Disconnect) A
[<] l 8
o
3
% Reselected (Same Target)
c 9
: I
=
= Message In (ID Message, Same LUN)
i " A
I Message In (Restore Pointers) I"——-< Entry Point 3 )
A
l 8,9
— Status In Entry Point3 )
v c 8,9
If transfer counter = 0
\d
l Message In (Command Complete)
D Message In (Linked Command
l Complete) £
, Bus Free (Target Disconnect)
D
I

Function Complete
Interrupt

NOTE: Letter and number
tags represent SN75C091A
command state codes.

Figure 4-1. Select with ATN and Transfer Command



4.6.1.5

4.6.1.6

4.6.1.7

4-20

Command Data Block Transfer

The command state code is updated to 3 when the target asserts REQ for the
SCSI command phase. The CDB that was preloaded into the transmit FIFO is
transferred in the same manner as in low-level mode. The command state code
is updated to 4 after the successful transfer of all the CDB bytes and the SBC
continues command execution.

Data Transfer

The command state code is updated to 5 when the target asserts REQ to begin
the data phase. Data transfers proceed as in the Transfer Info command;
however, they may be interlaced with certain message-in phases used to save
data pointers and to perform disconnect/reconnect cycles. If the proper flow is
followed, any number of save-data-pointer messages or disconnect/reconnect
cycles may occur without processor intervention. When the transfer counter
decrements to zero, the data transfer is complete and the command state code
is set to hexadecimal B.

HPE and AAPE control register bits affect data transfer as follows:

HPE (halton parity error): This bit causes the data transfer to halt on a parity
error as defined for the transfer command. The command is terminated
with halted- and parity-error interrupts. A transfer pad command can be
used to complete the data phase. Note that if a parity error occurs with the
HPE bit set to 0, the Select with ATN and Transfer command is terminated
when the data transfer is complete or when the target changes phase. A
parity error and a halted interrupt are generated. This prevents the data
pointer from being saved after a parity error has occurred.

AAPE (assert ATN on parity error): ATN is asserted if a parity error is
detected as defined for the transfer command. For the Select with ATN and
Transfer command, AAPE only affects data transfers because the
command is terminated prior to acknowledging a message-in or status
byte if a parity error condition is observed.

Disconnect/Reselection

A target disconnect causes the command state code to be set to 8. If the HD bit
in the control register is set to 1, the command terminates with a disconnected
interrupt and the command state code is set to 8. If the HD bitis setto 0, the SBC
waits indefinitely for a reconnect by the same target. If a different target
reconnects, a reselected interrupt is generated. If the SBC is selected, a selected
interrupt is generated. In either case, the command state code retains the value
8. Note that occurrence of a disconnect at any time other than following a
disconnect message or command-complete message is a SCSI catastrophic
error condition. In this case, the control error interrupt is generated; a master
reset and/or SCSI reset is required for recovery.



4.6.1.8 Message-In Transfers

Only the single-byte messages shown below are handled by the Select with ATN
and Transfer command. Each message is decoded and evaluated prior to
acknowledgement. This allows the SBC to acknowledge only error-free
messages appropriate for the command flow. An acceptable message is
acknowledged and the appropriate action is taken. If the message is not
acceptable, a bus service interrupt is generated and the processor must receive
the message using the Transfer Info command. For example, a message with
a parity error is not received via the Select with ATN and Transfer command and
no parity error interrupt is generated until the message is received using the
Transfer Info command.

Save Data Pointer Message (hexadecimal 02): A Save Data Pointer
message is acknowledged but not stored into the receive FIFO. Its receipt
causes loading of the current transfer counter value into the backup
counter register. The command state code is updated to 6 and the SDP bit
is set to 1. If a data error occurs, the processor uses the SDP bit to
determine if the backup counter needs to be read in order to redo a data
transfer using the most recently saved data pointer.

Disconnect Message (hexadecimal 04): Receipt of a Disconnect message
precedes a legal disconnect. The Disconnect message is acknowledged
but not stored in the receive FIFO, and the command state code is updated
to 7. The command accepts the disconnect message only if it occurs
immediately after the SCSI CDB transfer or after a save-data-pointer
message. Reconnection implies restoration of pointer values; however,
since receipt of the save-data-pointer message automatically saves the
transfer counter, no microprocessor intervention is required.

ID Message (hexadecimal 80-FF): An ID message is received following
reselection. Ifthe ID message LUN matches the LUN register, the message
is acknowledged but not loaded into the FIFO. The command state code
is updated to hexadecimal A. If the LUNs do not match, the ID message
is loaded into the LUN register and acknowledged, the command state
code is left at 9, and the command is terminated with a new LUN interrupt.

Restore Pointers Message (hexadecimal 03): A Restore Pointers
message can be received following receipt of an ID Message. The Restore
Pointers message is not stored in the receive FIFO. Since SCSI pointer
restoration is implied by the reselection, this message is not required,;
however, support is provided for those targets that do send the Restore
Pointers message.

Command Complete Message: The Command Complete message is
received and stored in the receive FIFO following a status transfer. If the
command complete message is hexadecimal 00 (i.e., command
completed normally), the command state code is updated to hexadecimal
D and the SBC waits for the target to disconnect before generating a
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function-complete interrupt. If a Linked Command Complete message is
received, the command state code is updated to hexadecimal E and a
function-complete interrupt is generated.

4.6.1.9 Status Transfer

SCSil status is stored in the receive FIFO and the command state code is updated
to hexadecimal C. As with the message-in transfers, if a parity error is observed
on the status byte, a bus service interrupt is generated and the status must be
received using the Transfer Info command (no parity interrupt is generated until
the status is received). The Select with ATN and Transfer command allows a
status transfer for the four cases detailed below:

1) After the command phase, the target can send status if the transfer
counter is zero. This allows handling of commands which do not require a
data transfer.

2) After the ID message of a reconnect, the target can send status if the
transfer counter is zero. This allows a target to disconnect while it stores
a buffer to tape, e.g., before it has determined the transaction status.

3) A status phase can be entered after a data phase when the transfer
counter reaches zero.

4) A status phase can be entered after a save data pointer message if the
transfer counter is zero.

Any of the following events result in completion or termination of the Select with
ATN and Transfer command and generation of the corresponding interrupt.
SCSI bus reset and/or control error interrupts can occur during any command
phase. (Note: a Chip Reset command or assertion of the SBC MR line terminates
any command.)

SELECT-WITH-ATN-AND-TRANSFER COMMAND STATE CODES AND INTERRUPTS

COMMAND LAST BIT(S)
STATE CODE SUCCESSFUL SET TO | REGISTER CAUSE
(HEX) PHASE 1
T-0 EISR Target did not respond.T
Chip selected t tb
SEL FISR init;ztze: ?c edasatargetbyan
Arbitration/selection o - — —
unSuccesst” Ip rese ected as an initiator
RSL FISR by a target.t
HALT EISR Pagse f:ommand halted
arbitration.T
Selection successful BUS FISR No message-out phase.
Identify message sent BUS FISR No command-out phase.
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SELECT-WITH-ATN-AND-TRANSFER COMMAND STATE CODES AND INTERRUPTS

(CONTINUED)
COMMAND LAST BIT(S)
STATE CODE SUCCESSFUL SET TO | REGISTER CAUSE
(HEX) PHASE 1
BUS, Command phase wrong
tart of

3 Start of CDB transfer HALT FISR, EISR length.

No status, data, or message-

in phases. If status, TC > 0. If

data, I/O did not match DDIR or

CDB transfer BUS FISR TC = 0. If message in,

4 complete message was not SDP or
disconnect.

HALT EISR Pause command halted chip
command.

No status, data, or message-

in phases. If status, TC > 0. If

BUS FISR data, I/O did not match DDIR or

TC = 0. If message in,

5 Data transfer started message was not SDP.

or continued P Pari G
E, EISR, EISR arity error during data
HALT transfer.
HALT EISR Pause command halted data
transfer.
s dat int No data or message-in
ave data pointer ;

5 message received BUS FISR pha:sssb[ljflsatle:, Vo d'de nﬁt
(SDP bitis setto 1 in matc - It message in,
bus phase register) message was not disconnect.

HALT EISR Pause command halt.
7 Dlscpnnect message | g ;o FISR Any new bus information
received phase.
SEL FISR Chip selected as target.¥
If DIS, then any target
RSL FISR reselected. Otherwise, a new
8 Target disconnected target reselected. ¥
DIS FISR Target djsconnected ‘with HD
setto 1 in control register.¥
HALT EISR Pause command halt.
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SELECT-WITH-ATN-AND-TRANSFER COMMAND STATE CODES AND INTERRUPTS
(CONTINUED)
COMMAND LAST BIT(S)
STATE CODE SUCCESSFUL SET TO | REGISTER CAUSE
(HEX) PHASE 1
No message-in phase, or if
9 Original target BUS FISR message in, message was not
reselected ID.
NEWLN EISR New LUN reconnected.}
No status, data, or
message-in phase. If status,
Correct ID message TC > 0. If data, I/O did not
FISR ’
A received BUS S match DDIR or TC = 0. If
message in, message was not
RP.
Data transfer No status or message-in
B completed (TC = 0) | BUS FISR phase. If message in,
(subset of Code 5) message was not SDP.
No message-in phase, or if
C Status byte received BUS FISR message in, message was not
CC, LCC, or LCCwF.
Any new bus information
Command-complete | BUS FISR y
D . phase.
message received -
FC FISR Target disconnected.
Linked-command- BUS FISR Any new bus information
E complete message phase.
received FC FISR Immediate.
Llnked-command- BUS FISR Any new bus information
E complete-with-flag phase.
message received FC FISR Immediate.

T Following these events, a Clear Transmit FIFO command should be issued to clear the unsent SCSI

command bytes from the transmit FIFO.

t Following these events, a Clear Transmit FIFO command should be issued to clear the unsent data
bytes from the transmit FIFO to prepare the SBC for a transaction with a different logical thread. The
transfer counter and/or backup counter register values can be used to update SCSI data pointers
so that bytes that were left in the FIFO can be resent later.

4.6.2

Select without ATN and Transfer

This command is similar to Select with ATN and Transfer, with the following
exceptions: 1) ATN is not asserted during selection, which implies that the initiator
does not support any messages other than the command-complete message; 2)
the command-complete message is not stored in the receive FIFO since no
linked-command-complete message can be received; 3) there are not multiple
entry points into the command. After successful selection, the chip is connected
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as an initiator and expects a flow of bus phases from the target as defined in
Figure 4-2. Deviation from the illustrated flow results in command termination
with an interrupt. The command state code indicates the last successful phase
of the operation as shown in the command state code/interrupt table.

Arbitration / Selection
1
o A
: Command Out (CDB Transfer) 4
Q
€
3 5
S Data In/Out (Decrement Transfer Counter)
% B
c
El» Status In
\._— C
y
Message In (Command Complete)
D
Bus Free (Target Disconnects)

Function Complete
Interrupt

NOTE: Letter and number tags represent SN75C091A command state codes.

Figure 4-2. Select without ATN and Transfer Command

Any of the following events result in completion or termination of the Select
without ATN and Transfer command and generation of the corresponding
interrupt. SCSI bus reset and/or control error interrupts can occur during any
command phase. (Note: a Chip Reset command or assertion of the SBC MRline

terminates any command.)
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SELECT-WITHOUT-ATN-AND-TRANSFER COMMAND STATE CODES AND INTERRUPTS
COMMAND LAST BIT(S)
STATE CODE SUCCESSFUL SET TO | REGISTER CAUSE
(HEX) PHASE 1
T-0 EISR Target did not respond.
SEL FISR Ch|p selected as atargetbyan
Selection initiator.
0 unsuccessful ASL FISR Chip reselected as an initiator
by a target.
HALT EISR Pagse f:ommand halted
arbitration.
1 Selection successful BUS FISR No command-out phase.
BUS, Command phase wrong
3 Start of CDB transfer HALT FISR, EISR length.
No status or data phases. If
4 SODH? ‘I'e"’t‘ZSfe' BUS FISR  |status, TC > 0. If data, 1/O did
P not match DDIR or TC = 0.
No status or data phases. If
BUS FISR status, TC > 0. If data, 1/O
did not match DDIRor TC =0
5 Data transfer started -
PE EISR Parity error on data byte.
HALT EISR Pause command halted data
transfer.
Data transfer
B completed (TC = 0) BUS FISR No status phase.
No message-in phase, or if
C Status byte received BUS FISR message in, message was not
command-complete.
5 Command-complete BUS FISR Arr:y new bus information
message received phase.
FC FISR Target disconnected.
4.6.3 Reselect and Receive Data

This command automatically handles the SCSI phase sequence required for a
target device that wishes to reconnect and continue a SCSI data-out phase
(receive data for the target). The low-level commands Reselect, Send Message,
and Receive Data are chained together as shown in Figure 4-3. Intermediate
interrupts are handled internally provided that an unexpected event does not
occur. SCSI bus phase lines are driven by the target, so the only unexpected
events which can occur after successful reselection are an attention condition
from the initiator or a parity error. If a premature command termination and
interrupt do occur, the command state code corresponds to the last successfully
completed phase. A function-complete interrupt is generated when the command
successfully completes.
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4.6.3.1 Reselect

As in the reselect command, the SBC arbitrates for the bus and attempts to
reselect the initiator identified in the destination ID register. If successful, the
command state code is set to 1 and the SBC continues without interrupting the
processor (unless the ATN bit in the functional interrupt status register is set to
1). Assertion of ATN following reselect terminates the command with an attention
interrupt.

4.6.3.2 Send ID Message

The SBC drives the SCSI bus to a message-in phase and proceeds to send the
ID message by placing the message on the SCSI bus and asserting REQ. This
message consists of the pattern “10LUNREG”, where LUNREG is the value of
bits 5-0 of the target LUN register. No FIFO load of the ID message is required.
Parity is generated for the SCSI bus according tothe SPGE bit in the parity control
register. Transfer of the Send ID message causes the command state code to be
set to 2 and the command continues without processor interrupt unless an
attention condition is observed. Assertion of ATN following the ID message
transfer terminates the command with an attention interrupt.

4.6.3.3 Receive Data

The data phase proceeds just as if the receive data command were issued. The
command state code is updated to 5 when the data transfer is started. The
command state code is updated to hexadecimal B and a function-complete
interruptis generated upon a successful completion (TC = 0 and no parity errors).

0
Arbitration / Reselection
A
Message In (Send ID Message) 2
5
Data Out (Receive Data)
B

Function Complete
Interrupt

NOTE: Letter and number tags represent SN75C091A command state codes.

Figure 4-3. Reselect and Receive Data Command
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Any of the following events result in completion or termination of the Reselectand
Receive Datacommand and generation of the correspondinginterrupt. SCSI bus
reset interrupt can occur during any phase. (Note: a Chip Reset command or
assertion of the SBC MR line terminates any command.)

RESELECT-AND-RECEIVE-DATA COMMAND STATE CODES AND INTERRUPTS

| COMMAND LAST BIT(S)
STATE CODE SUCCESSFUL SETTO 1 | REGISTER CAUSE
(HEX) PHASE
T-0 EISR Initiator did not respond.
Chip selected as a target by
Reselecti SEL FISR an initiator.
eselection -
0 unsuccessful RSL FISR Chlp reselected as an
initiator by a target.
HALT EISR Pause command halted
' reselect.
1 Reselection ATN FISR Initiator asserted ATN.
successful
2 ID message sent ATN FISR Initiator asserted ATN.

Initiator asserted ATN, HA bit
ATN, HALT | FISR, EISR | setto 1, and transfer counter
>0.

Parity error on received data

5 Datatransfer started | pe a7 | EiSR, EISR |byte, HPE set to 1, and
transfer counter > 0.
Parity error on received data
PE EISR byte, transfer counter = 0.
Data transfer
B successfully FC FISR Transfer counter = 0.
completed

4.6.4 Reselect and Send Data

The Reselect and Send Data command (See Figure 4-4) is identical to the
Reselect and Receive Data command except that the data is being sent to the
initiator rather than received.
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Arbitration / Reselection
# 1

I Message In (Send ID Message) I
2
y ;

| Data In (Send Data) ]

Function Complete
Interrupt

NOTE: Letter and number tags represent SN75C091A command state codes.

Figure 4-4. Reselect and Send Data (Target)

Any of the following events result in completion or termination of the Reselect and
Send Data command and generation of the corresponding interrupt. SCSI bus
reset interrupt can occur during any phase. (Note: a Chip Reset command or
assertion of the SBC MR line terminates any command.)

RESELECT-AND-SEND-DATA COMMAND STATE CODES AND INTERRUPTS

COMMAND LAST
STATE CODE | SUCCESSFUL BIT§SO) 1SET REGISTER CAUSE
(HEX) PHASE
T-O EISR Initiator did not respond.
i | t
SEL FISR Chlp selected as a target by an
Reselection initiator
1 unsuccessful Chip reselected as an initiator
RSL FISR by a target.
Pause command halted
HALT EISR reselect.
0 Reselection ATN FISR | Initiat rter ATN
successful nitiataor asserter
2 ISZ::essage ATN FISR | Initiator asserted ATN.

4-29



RESELECT-AND-SEND-DATA COMMAND STATE CODES AND INTERRUPTS
(CONTINUED)
COMMAND LAST BIT(S) SET
STATE CODE | SUCCESSFUL TO1 REGISTER CAUSE
(HEX) PHASE
Initiator asserted ATN, HA bit set
ATN, HALT | FISR, EISR to 1, and transfer counter > 0.
D ¢ Parity error on received data
5 ta‘r't"‘ tcrjans ® | PE,HALT |EISR,EISR |byte, HPE bit set to 1, and
stane transfer counter > 0.
Parity error on received data
PE EISR byte, transfer counter = 0.
Data transfer
B completed FC FISR Transfer counter = 0.
4.6.5 Wait for Select with ATN and Receive CDB

4.6.5.1

4.6.5.2

4-30

The Wait for Select with ATN and Receive CDB command can be issued if the
SBC is in a disconnected state or in target mode. If the SBC is disconnected, the
command causes the SBC to wait for an initiator to select it; the ID message and
SCSI command phase are then automatically received. This command may also
be issued if the SBC is already in the target mode, allowing the processor to take
advantage of the message- and command-transfer features. As with the other
multiphase commands, any deviation from the flow results in termination and an
interrupt. The command state code indicates the last successfully completed
phase. The flow for the Wait for Select with ATN and Receive command is as
shown in Figure 4-5.

Selection Phase

The SBC waits to be selected if currently disconnected or immediately continues
if it is already in the target mode. Following selection, if the ATN line is not
asserted, the command terminates with a halted interrupt and the command
state code is updated to 6 to inform the microprocessor that the initiator does not
support any messages other than the command-complete message. If ATN is
asserted, the command phase is updated to 1 and the command continues on
to the message-out phase without interrupting the processor.

Message-Out Phase (Receive ID Message)

If the initiator sends an ID message, it is loaded into the LUN register (not the
FIFO) and the command state code is updated to 2. If ATN is held asserted
following 1D message receipt, the command is terminated with an attention
interrupt; otherwise, the SBC continues on to the command phase.



If the initiator sends a message other than an ID message, it is loaded into the
FIFO and an unexpected message interrupt is generated. Erroneous messages
are handled in the same way as in the receive message command (no
unexpected message interrupt is generated).

4.6.5.3 Command-Out Phase (Receive Command)

The CDB is received in the same way as is described for the Receive Command
command. Only automatic mode should be used. The command state code is
set to 3 at the start of the command-out phase and is updated to 4 when all bytes
have been successfully received.

I Wait to Be Selected |

| Message Out (Receive ID Message)1 ”

3

Command Out (CDB Transfer) |
! 4

Function Complete
Interrupt

NOTE: Letter and number tags represent SN75C091A command state codes.

Figure 4-5. Wait for Select with ATN and Receive CDB

Any of the following events result in completion or termination of the Wait for
Select with ATN and Receive CDB command and generation of the
corresponding interrupt. SCSI bus reset interrupt can occur during any phase.
(Note: a Chip Reset command or assertion of the SBC MR line terminates any

command.)
WAIT-FOR-SELECT-WITH-ATN-AND-RECEIVE-CDB COMMAND STATE CODES AND
INTERRUPTS
COMMAND LAST BIT(S)
STATE CODE SUCCESSFUL SET TO | REGISTER CAUSE
(HEX) PHASE 1
. RSL FISR Chlp reselected as an
0 Selection initiator by a target.
unsuccessful HALT EISR Pagse commgnd halted
wait-for-selection.
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WAIT-FOR-SELECT-WITH-ATN-AND-RECEIVE-CDB COMMAND STATE CODES AND
INTERRUPTS (CONTINUED)
COMMAND LAST BIT(S)
STATE CODE SUCCESSFUL SETTO | REGISTER CAUSE
(HEX) PHASE 1
PE, Parity error on message-out
HALT EISR, EISR byte (first two bytes).
. Parity error on message-out
1 Selection successful PE EISR byte (not first 2 bytes).
UMS EISR Message other than ID
message received.
6 Selection successful HALT EISR ATN is not asserted.
) ATN line asserted after
2 ID mesage received ATN EISR message-out phase.
PE, Parity error on command-out
EISR, EISR )
HALT ’ byte (first byte).
3 CDB transfer started yt. (@ vte)
PE EISR Parity error on command-out
byte (not first byte).
Correct number of bytes as
4 CDB transfer complete FC FISR decoded in CDB
successfully transferred.

4.6.6 Wait for Select without ATN and Receive CDB

The Wait for Select without ATN and Receive CDB command can be issued if the
SBC isin adisconnected state or in target mode. If the SBC is disconnected, the
command causes the SBC to wait for an initiator to select it; the SCSI command
phase is then automatically received. If ATN is asserted following selection, the
command is terminated with an ATN interrupt. The ATNDS bit in the control
register can be used to prevent command termination on ATN if the processor
does not care that the initiator supports messages. As with the other multiphase
commands, any deviation from the flow results in command termination and an
interrupt. The command state code indicates the last successfully completed
phase. The flow for the Wait for Select without ATN and Receive CDB command
is as shown in Figure 4-6.
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Wait To Be Selected

v

I Command Out (CDB Transfer)

H

Interrupt

(Function Complete)

NOTE: Letter and number tags represent SN75C091A command state codes.

Figure 4-6. Wait for Select without ATN and Receive CDB

Any of the following events result in completion or termination of the Wait for
Select without ATN and Receive CDB command and generation of the
corresponding interrupt. SCSI bus reset interrupt can occur during any phase.
(Note: a Chip Reset command or assertion of the SBC MR line terminates any

command.)
WAIT-FOR-SELECT-WITHOUT-ATN-AND-RECEIVE-CDB COMMAND STATE CODES AND
INTERRUPTS
COMMAND LAST BIT(S)
STATE CODE SUCCESSFUL SETTO | REGISTER CAUSE
(HEX) PHASE 1
Chip reselected as an
RSL FISR initiator by a target.
Selection without Pause command halted
0 ATN unsuccessful HALT EISR wait-for-selection.
ATN line was asserted during
ATN FISR selection.
PE, Parity error on command-out
; Selection successful/ HALT EISR, EISR byte (first byte).
CDB transter started Parity error on command-out
PE EISR byte (not first byte).
Correct number of bytes as
4 CDBtransfercomplete FC FISR decoded in CDB
successfully transferred.
4.6.7 Conclude

This command is used by the target to complete a SCSI transaction with a
minimum number of interrupts. The SCSI status must first be loaded into the
transmit FIFO. After performing a status-in phase, the chip performs a
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message-in phase, during which an automatically generated command-
complete message is sent. The SBC then releases BSY to disconnect. A
function-complete interrupt is generated after disconnection if the FCIE bitin the
interrupt enable register is set to 1; otherwise, the target is not notified that the
disconnection has occurred. Thisis useful if the target has no other outstanding
threads to reestablish and simply needs to wait until the next selection. If the
target has other threads to service, the interrupt enable bit should be set to 1.
Figure 4-7 is a flowchart of the Conclude command.

Status In (Send Status)

v

Message In (Send Command-
Complete Message)

‘ D

Bus Free (Release BSY)

Function Complete
Interrupt

NOTE: Letterand numbertagsrepresent SN75C091A command state codes.

Figure 4-7. Conclude Command (Target)

Any of the following events result in completion or termination of the Conclude
command and generation of the corresponding interrupt. A SCSI bus reset
interrupt can occur during any phase. (Note: a Chip Reset command or assertion
of the SBC MR line terminates any command.)

CONCLUDE COMMAND STATE CODES AND INTERRUPTS

COMMAND LAST BIT(S)
STATE CODE SUCCESSFUL SET TO | REGISTER CAUSE
(HEX) PHASE 1
C Status sent ATN FISR Initiator asserted ATN.
Command-complete ATN FISR | Initiator asserted ATN.
D message sent
Disconnect completed FC FISR Command complete.

4.6.8

4-34

Link to Next Command

This command is used by the target to support linked SCS| commands from the
initiator. The SCSI intermediate status should be loaded into the transmit FIFO
and followed by the appropriate linked-command-complete message before the
command is issued. The chip then drives the bus through a series of phases,




starting with a status-in phase, followed by a message-in phase, and concluded
with a command-out phase. The status and message bytes are pulled from the
transmit FIFO and the CDB bytes received during the last phase are stored in
the receive FIFO. See Figure 4-8 for a flowchart of the Link to Next command.

Status In

# (o]

Message In (Send Linked-
Command-Complete Message) D

v

3
I Command Out (Receive CDB Transfer)l
4

Function Complete
Interrupt

NOTE: Letter and number tags represent SN75C091A command state codes.

Figure 4-8. Link to Next Command (Target)

Any of the following events result in completion or termination of the Link to Next
command and generation of the corresponding interrupt. SCSI bus resetinterrupt
can occur during any phase. (Note: a Chip Reset command or assertion of the
SBC MR line terminates any command.)

LINK-TO-NEXT-COMMAND COMMAND STATE CODES AND INTERRUPTS

COMMAND LAST BIT(S)
STATE CODE SUCCESSFUL SETTO | REGISTER CAUSE
(HEX) PHASE 1

C Status sent ATN FISR Initiator asserted ATN.
Linked-command-

D complete message ATN FISR Initiator asserted ATN.
sent

PE, Parity error on command-out

EISR
HALT byte (first byte).

3 CDB transfer started -
PE EISR Parity error on command-out
byte (not first byte).
Correct number of bytes as
4 CDB transfer complete FC FISR decoded in CDB

successfully transferred.
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Interrupt Handler

SBC interrupts alert the microprocessor to events that require microprocessor
intervention. The microprocessor can detect interrupts by pollingthe INT bitin the
SBC transfer status register or by monitoring the SBC INTRQ line. Interrupts are
enabled onto the INTRQ line by setting the SBC interrupt enable register MIE
(Master Interrupt Enable) bit to 1.

The functional interrupt and error interrupt status registers provide the
microprocessor with information about the cause of an interrupt. The error
interrupt status register bits indicate error conditions; all the functional interrupt
status register bits except the ABEND bit indicate conditions that occur as part
of a normal SCSI transaction. The ABEND bit is set to 1 whenever any bit in the
error interrupt status register is set to 1; therefore, the error interrupt status
register need only be read when the ABEND bit is setto 1.

Any bit set to 1 in either interrupt status register can cause the transfer status
register INT bitto be setto 1 orthe INTRQ line to be asserted. The FCIE (Function
Complete Interrupt Enable), AIE (ATN Interrupt Enable), and MIE bits in the
interrupt enable register are used to control interrupt generation as shown in
Figure 5-1.
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AIET

FCIEt

ATN -_j——\

l—— FUNCTIONAL INTERRUPT STATUS REGISTER BITS

SEL
BUS — L

FC —1 miet
DIS INTRQ

RSL

INT

PE
UMS
SRST
T-0
NVC
CNTL

ABEND

NEWLN

HALT

I— ERROR INTERRUPT STATUS REGISTER BITS

T These inputs are from the Interrupt Enable register.

5-2

Figure 5-1. Interrupt Control

Both interrupt status registers are latched at the beginning of a read operation to
insure thatthe data is stable. With the exception ofthe ABEND bit in the functional
interrupt status register, the read operation clears all interrupts that were active
when the read commenced. The ABEND bit is cleared by reading the error
interrupt status register.

Any interrupt that occurs during a read from the interrupt register is loaded into
the interrupt register immediately following completion of the read operation. In
this case, INTRQ remains active upon read completion, signifying that there is
another interrupt pending. This eliminates the possibility of missing an interrupt
that occurred during a read operation. Devices that interface with INTRQ must
be level sensitive.



6.2

6.2.1

6.2.2

DMA Interface Operation

General

The DMA interface provides the control necessary to transfer data between
memory and the SBC using a DMA controller. DREQ is an output that requests
that the DMA controller read data from, or write data to, the SBC or external byte
stack register(s). The DMA controller responds to DREQ by asserting DACK and
performing a read or write. Non-byte-stack mode is provided for 8-bit memory
bus interfacing and byte stack mode is provided to accommodate 16-, 24-, or
32-bit memory buses.

Non-Byte-Stack Mode

In non-byte-stack mode, a word is defined as one byte (8 bits data plus one parity
bit). Setting the word length bits in the byte stack control register to O selects
non-byte-stack mode. The DMA controller responds to DREQ by asserting
DACK and reading or writing directly to the SBC using the MRD or MWR inputs,
respectively.

Nondemand Transfers (Non-Byte-Stack Mode)

If the DMD bit in the byte stack control register is set to 0, then transfers require
afull DREQ — DACK handshake for each byte transferred. Figure 6-1 illustrates
the handshake protocol; timing diagrams in Section 7 detail the timing
requirements. Nondemand transfers return control of the memory bus to the
processor after each word is transferred.

Demand Transfers (Non-Byte-Stack Mode)

If the DMD bit in the byte stack control register is set to 1, then multiple bytes can
be transferred with one DREQ — DACK handshake. This is the fastest transfer
mode because many DMA memory bus request cycles are eliminated. Reads
or writes can be performed continuously until there is not enough data (read) or
enough room in the FIFO (write) to continue. At this point, the WAIT line is
asserted to hold off the rising edge of MRD or MWR. DREQis released to indicate
transition to nondemand mode and then WAIT is released to allow the current
read or write to complete. DACK can then be released. Transfers resume (DREQ
is asserted) when there is enough data (read) or room (write) in the FIFO to
continue indemand mode. The final bytes of the command are always transferred
using the nondemand flow. WAIT is used to perform nondemand transfers while
the chip is in demand mode in order to prevent the demand device from writing
or reading unneeded data. By automatically switching to nondemand transfers
when the available data or FIFO space becomes limited, the processor can use
the memory bus while the DMA is waiting for the SCSI bus to catch up.
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6.2.3
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Command Completion (Non-Byte-Stack Mode)

A command using the DMA interface completes when all of the data for the
current command has been transferred through the SBC. However, there are
several situations in which a transfer is halted prematurely, e.g., Halt on ATN or
Halt on Parity Error, an unexpected SCSI bus phase change, or a halt command.
In these instances, the command using the DMA interface completes differently
depending on whether reads or writes are being performed:

DMA Read: The DMA interface always empties the FIFO priorto command
completion.

DMA Write: The DMA interface finishes only the current write transfer
(and/or one nondemand write when in demand mode) prior to command
completion. Data is left in the transmit FIFO if a command is aborted
prematurely. Note that, for initiators operating with multiple threads, this
case may arise when a target disconnects and the initiator is reselected by
a different target or LUN. In this case, the initiator host should read the
transfer counter and/or backup counter registers to update SCSI data
pointers so that bytes which were left in the FIFO can be resent later. A
Transmit FIFO Clear command should then be issued prior to continuing
with the new thread.



‘ Start ’

Check
Transfer
Status
?

Continue

Check

Wait Mode and

Transfer Complete
or Aborted

Demand Mode (See Note B)

Read: Receive FIFO Contains
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FIFO
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?
Nondemand Mode

Read: Receive FIFO
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Write: Transmit FIFO
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Assert DREQ

DACK No
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Yes

Write: Transmit FIFO is Less
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Assert DREQ

DACK
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Rising Edge

Continue
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(See Note A)
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?
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?

Read: Receive FIFO Contains
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Wirite: Transmit FIFO is Less
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NOTES:

A. WAITisasserted onlyifthe DMD (de-
mand mode) bit in the byte stack control
register is setto 1.

B. Fordemand mode transfers, the final
read byte and final write bytes are trans-
ferred perthe “Nondemand Mode”branch
in the diagram. WAIT is operational in
these instances.




6.3

Source

1

Figure 6-1. Flowchart for DMA Read/Write (Non-Byte-Stack Mode)
Byte Stack Mode

The byte stack logic included on the SBC device allows an efficient interface to
two-, three-, or four-byte wide memory through an external DMA controller. Since
the SCSI bus is defined as an eight-bit wide data path, any transfers between
wider buses require data compression on the source side and data expansion
on the destination side as shown in Figure 6-2. Operation 1 loads a full word into
the byte stack buffer, operations 2 through 5 send one byte each across the bus,
and operation 6 loads the full word into the destination memory. The word is
partitioned before, and rebuilt after, the transfer across the SCSI bus. The SBC
provides the control signals to partition and rebuild the bytes. Figure 6-2 shows
amaximum implementation in the sense that both sides of the bus are four bytes
wide. It is equally likely that only one side requires byte stacking and that the
other has an eight-bit bus, as shown in Figure 6-3. In this case, only compression
or expansion, but not both, are required per transfer.

l-<-:o§o§ ~ — @ Mw]

6-4

Bus Destination
6 3
|2 2 | 2
Byte 0 Byte 0
6|
Byte1 | |3 3 Byte1 t
04—)— SBC »— SBC ~——>—40 6 M
Byte2 | | < | Byte2 e
6 m
L 5 5 L— [o]
Byte 3 Byte 3 r
y

Figure 6-2. Byte Stack Mode Data Compression and Expansion
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6.3.1

6.3.1.1

6.3.1.2

Byte 3 5

Figure 6-3. Byte Stack Mode Data Compression

DMA Controller Interface

The SBC interfaces to a DMA controller through a DREQ—>DACK handshake.
DREQ is asserted to initiate a transfer. The DMA controller then responds with
DACK and reads or writes the byte stack register, causing assertion of BSSTB
to signal the SBC that the byte stack register access is complete. A byte stack
registeris atwo-portregister used to implement the partition and rebuild functions
mentioned in Section 6.3. WAIT is asserted to prevent the DMA controller from
prematurely accessing the byte stack register or to transition from demand- to
nondemand mode as described below.

Nondemand Transfers (Byte Stack Mode)

If the DMD bit in the byte stack control register is set to 0, then transfers require
afull DREQ —DACK handshake for each word transferred. Figure 6-4 illustrates
the handshake protocol; timing diagrams in Section 7 detail the timing
requirements. Nondemand transfers allow the processor to gain control of the
memory bus after each word is transferred. WAIT is asserted in nondemand
mode to delay byte stack accesses during a byte stack load or unload cycle.

Demand Transfers (Byte Stack Mode)

If the DMD bit in the byte stack control register is set to 1, then multiple words
can be transferred within one DREQ — DACK handshake. This is the fastest
transfer mode because many DMA memory bus request cycles are eliminated.
Reads or writes may be performed continuously until there is not enough data
(read) or enough roominthe FIFO (write) to accommodate another full byte stack
of data. The WAIT line is asserted to disable byte stack register accesses when
data is beingloaded or unloaded from the byte stack. WAIT is also asserted when
the SBC switches to nondemand mode (i.e., when there is not enough data left
in the FIFO (read) or enough space left in the FIFO (write) to continue in demand
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6.3.1.3

6-6

mode). DREQ is released to indicate transition to nondemand mode and then
WAIT is released to allow the current read or write to complete. DACK may then
be released. Transfers resume (DREQ is asserted) when there is enough data
(read) or room (write) in the FIFO to continue in demand mode. The final bytes
ofthe command are always transferred using the nondemand flow. Automatically
switching to nondemand transfers when the available data or FIFO space
becomes limited allows the processor to access the memory bus while the DMA
controller waits for the SCSI bus to catch up.

Command Completion (Byte Stack Mode)

A command using the DMA interface completes execution when all data for the
currentcommand has been transferred through the SBC (in contrast, a command
which uses the processor interface completes execution when all data received
fromthe SCSI busisinthe FIFO). There are several situations, however, in which
a transfer is halted prematurely, e.g., Halt on ATN or Halt on Parity Error, an
unexpected SCSI bus phase change, or ahalt command. Inthese instances, the
command using the DMA interface completes differently depending on whether
reads or writes are being performed:

DMA Read: The DMA interface always empties the FIFO to the point where
there is not enough data remaining in the FIFO to completely fill another
byte stack. Data left in the FIFO must be removed through the processor
interface or by issuing another data transfer command using the DMA
interface. Note that a successfully completed transfer always empties the
FIFO regardless of whether or not there are enough bytes to complete the
last word.The processor must keep track of transfers which use uneven
byte stack boundaries (see use of byte offset feature).

DMA Write: The DMA interface finishes only the current write transfer
(and/or one nondemand write when in demand mode) prior to command
completion. Data is left in the transmit FIFO if a command is aborted
prematurely. Data is never left in the byte stack register. Note that, for
initiators operating with multiple threads, this case may arise when a target
disconnects and the initiator is reselected by a different target or LUN. In
this case, the initiator host should read the transfer counter and/or backup
counter registers to update SCSI data pointers so that bytes which were
leftinthe FIFO can be resent later. A Transmit FIFO Clear command should
then be issued prior to continuing with the new thread.
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6.3.2

6.3.2.1

6.3.2.2

Byte Stack Register Interface

Several control lines are provided on the SBC to simplify the interface between
the SBC, the DMA controller, and external registers used as temporary storage
for stacking (unstacking) bytes. Some signals are multiply-defined depending on
whether a 16-, 24-, or 32-bit byte stack is selected by the word length bits in the
byte stack control register. For DMA reads, the byte stack registers are loaded
by the SBC using a byte stack load cycle. The DMA controller may read the data
when the load is complete. For DMA writes, the DMA controller writes a word to
the byte stack register. The SBC unloads the bytes using a byte stack unload
cycle.

BSSTB Generation

The BSSTB line is used to signal the SBC that the external byte stack registers
have beenread or written by the DMA controller and the SBC can now take further
action. For controllers which pulse the DACK line for each access (nondemand
mode), BSSTB can be tied directly to DACK. For demand-mode systems, the
DMA controller lines that read and write the byte stack register must be used to
produce an active-low BSSTB pulse when either a byte stack register read or
write occurs.

16-Bit Byte Stack Implementation

16-bit (2 byte) byte stack operation is selected by writing “01” to the word length
bits in the byte stack control register. Note that, for 16-bit operation, no additional
logic (such as a decoder) is needed for implementing a byte stack register
interface.

6.3.2.2.1BSWR1 and BSWRO (SBC Byte Stack Register Write)

BSWR1 and BSWRO are active-low signals that write data into byte stack register
bytes 1 and 0, respectively. These lines go low for one clock cycle and data is
latched on the trailing (low-to-high) edge.

6.3.2.2.2 BSRD1 and BSRDO (SBC Byte Stack Register Read)

BSRD1 and BSRDO are output signals that directly enable the byte stack register
outputs for bytes 1 and 0, respectively, onto memory bus lines M(0:7) for loading
into the SBC. Each of these signals goes low for one clock cycle, during which
the data is loaded into the SBC chip.

6-9



Byte Stack Register

Byte 0
, 16-Bit Memory Bus
SN75C091A \ BDATA
y ADATA \
7
0:7 0
OUTENB
WRCLKB |
BSRDO > OUTENA
BSWRO0 »— WRCLKA
/
M(0:7) Byte Stack Register A A
\ Byte 1
8:16
. /
0:7 BDATA
\
ADATA
- 1
OUTENB <
WRCLKB |———<—9
BSRD1 > OUTENA
BSWR1 > WRCLKA
___ e—<«—10_RD
BSSTB < AND
LI +«—[0O_WR
From DMA
Controller

Note: The SBC M(0:7) bus provides an optional parity bit. Byte stack registers
should be designed for nine-bit operation if this parity bit is used.

Figure 6-6.

6.3.2.3 24- or 32-Bit Byte Stack Implementation

24- or 32-bit byte stack operation is selected by writing “10” or “11”, respectively,
to the word length bits (bits 3-2) in the byte stack control register. A 24-bit

implementation is identical to a 32-bit implementation except that one less byte
of the byte stack register is used.

6-10
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6.3.2.3.1 BSRD (Byte Stack ReaD)
BSRD is an output control line which is used along with the BSEN1 and BSENO
lines to enable the outputs of one of the byte stack registers onto M(0:7).
6.3.2.3.2 BSWR (Byte Stack WRite)
BSWR is an output control line which is used along with the BSEN1 and BSENO
lines to clock M(0:7) data into one of the byte stack registers on its rising edge.
6.3.2.3.3 BSEN1 and BSENO (Byte Stack ENable)

BSENT1 arid BSENO are output control lines which are encoded to select one of
three or four external registers when 24- or 32-bit byte stack mode is being used.
BSEN1 and BSENO are used in conjunction with BSRD and BSWR to transfer
bytes between the byte stack register and the SBC.

BSEN1 BSENO BYTE STACK BYTE ACCESSED
0 0 byte 0
0 1 byte 1
1 0 byte 2
1 1 byte 3 (32-bit mode only)
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SN75C091A

BSSTB

/.
M(0:7)

A

From DMA Controller

AND

<
<

<4
<

Byte Stack Register

0:7

7

Byte 0

0:7

BDATA [

=

ADATA

OUTENB

A

WRCLKB
OUTENA

WRCLKA

Byte Stack Register
Byte 1

A

8:15

A A

16:23
/

A A

A 0:7
Ty BDATA
ADATA
7
BSENO BSWR OUTENB
BSEN1| BSRD WRCLKB
OUTENA
4 v v A ] WRCLKA
A
4 Byte Stack Register
BSRDO [— Byte 2
T 0:7
D BSWRO \ BDATA
E ADATA v
g BSRD! OUTENB
o BSWR1 u
WRCLKB
E BSRD2 > OUTENA
BSWR2 > WRCLKA
BSRD3
BSWR3
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Figure 6-7. 32-Bit Byte Stack Register Implementation

Byte Stack Register
Byte 3

0:7
\

’ 24:31

BDATA

=

ADATA

OUTENB

WRCLKB
OUTENA

WRCLKA

A A

I0_RD

10_WR

32-Bit
Memory
Bus



6.3.3

Byte Stack Register

SN74ALS139 Control Signals
BSWR ————»11G 1Y0 |—————— Byte 0 Write (BSWRO)
BSENO 1A 1Y1 | Byte 1 Write (BSWR1)
BSEN1 1B 1Y2 |——— Byte 2 Write (BSWR2)
Y 1Y3 [—————— Byte 3 Write (BSWR3)

A\ 4

BSRD »—12G 2Y0 | Byte 0 Read (BSRDO)
2A 2Y1 | Byte 1 Read (BSRD1)
2B 2Y2 [ Byte 2 Read (BSRD2)
2Y3 |———— Byte 3 Read (BSRD3)

Figure 6-8. Possible Decoding Scheme Using SN74ALS139

Byte offset

The byte stacking feature allows the user to program a byte offset into the first
word to be transferred by using the BOF bits (bits 1 and 0 of the byte stack control
register). These bits are setto all zeros after the first word is transferred. An offset
of one is allowed for 16-bit words, an offset of one or two for 24-bit words, and an
offset of one, two, or three for 32-bit words. This allows the transfer from memory
of data blocks which are not aligned on word boundaries. The end of the of the
block to be transferred may also lie on a nonword boundary, depending on the
number of bytes set up to transfer in the transfer counter. It is the system
designer’s responsibility to assure that no unwanted overwriting occurs when this
option is used. This may necessitate preloading of the byte stack registers with
the current memory contents by the microprocessor or DMA controller before the
first write from the SCSI bus to memory occurs. This action maintains the integrity
of the bytes which are not updated due to the offset. The following block examples
illustrate the use of byte offsets:
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HEX ADDRESS BYTE O

00FC

0100

0104

0A00

0A04

0A08

FFAC

FFBO

FFB4

BYTE 1 BYTE2 BYTE3
MSB LSB
XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
XXXX
XXXX XXXX
XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXX
XXXX XXXX XXXX XXXX
XXXX XXXX XXXX XXXX
XXXX XXXX

BYTE OFFSET =1
TRANSFER COUNTER =8

BYTE OFFSET =2
TRANSFER COUNTER = 10

BYTE OFFSET =0
TRANSFER COUNTER = 10

Figure 6-9. Examples of Byte Offset



7.2

Electrical Characteristics

Absolute Maximum Ratings Over Free-Air Temperature
Range (Unless Otherwise Noted)

Supply voltage range, Voo (see Note 1) ..ot -05Vto7V
Input voltage range, V|, atanyinput ........... ... .. .. ... —-0.5Vto7V
Output voltagerange, Vo .. .vvvvi i -05Vto7V
Storage temperaturerange  ........ o i —65°C to 150°C
Case temperature for f0seconds  ..........ccivviiinnnn... 260°C

NOTE 1: All voltage values are with respect to GND.

Recommended Operating Conditions

MIN NOM MAX | UNIT
Supply voltage, VoG 4.75 5 525 \Y
High-level input voltage, ViH 2 Vece \
Low-level input voltage, V)T ) -05 08| V
Clock frequency, fglock 20 MHz
Operating free-air temperature, T 0 70| °C

1 The algebraic convention, in which the least positive (most negative) value is designated
minimum, is used in this data manual for logic voltage levels only.
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7.3 Electrical Caracteristics Over Recommended Ranges of
Supply Voltage and Operating Free-Air Temperature (Unless
Otherwise Noted)

PARAMETER - TEST CONDITIONS MIN TYPt MAX | UNIT

: IoH =~ 4mA(seeNote2)

VOH High-level output voltage Ior=— 2mA (see Note3) 37 \
loL =48 mA (see Note 4)
» VoL Low-level output voltage loL = 4 mA (see Note 2) 0.5 \%
loL = 2 mA (see Note 3)
Ve =5.25VY,
| +10
I nput current V| =01t05.25V uA
High-impedance output Vcc =525V,
I0Z  current V|=0t05.25V =10) pA
No load on outputs,
lcc  Supply current f= 20 MHz 30| mMA
Input pins 5 pF
c; 'nput Bidirectional | Vae =5V, TA = 25°C
' capacitance | _. ’ 13 pF
pins
Output °
Co capacitance | Output pins Ve =5V, Ta=25°C 8 pF

T All typical vaules are at Vo = 5V and Tp = 25°C.

NOTES: 2. Applies to MP, M(0:7) and DP, D(0:7) only.

3. Applies to all other outputs or bidirectional signals.
4. Applies to SCSI interface signals only.

7.4

7-2

Timing Characteristics

In the following timing diagrams, all measurements are made at 1.5 V. A 50-pF
load applies for SCSI interface signals; a 15-pF load applies for all other signals.



timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN MAX | UNIT
tsy1  Setup time, A(0:4) valid before RD low 0 ns
th1 Hold time, A(0:4) valid after RD high 0 ns
tsy2  Setup tlmeﬁs low befo—riRD low See Figure 7-1 0 ns
tho Hold time, CS low after RD high 0 ns
tw(L) Pulse duration, RD low 110 ns
tw(H) Pulse duration, RD high 110 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN MAX | UNIT
ten  Enable time, RD low to D(0:7) active 5 ns
ta  Access time, RD low to D(0:7) valid CL = 15pF, 95| ns
tdis plsable time, RD high to D(0:7) in high- See Figure 7-1 5 55| ns
impedance state

=X /

wo 770X X077

_ \! T\
RD
I | |
e tw(L) —»: {
ety [ W
a |
| |

ten —¥ H_ I tdis |

| l 1
D(0:7) VALID N
(OUTPUT) @( /

Figure 7-1. Processor Read Cycle (Nonmultiplexed Address/Data Buses)




timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN MAX| UNIT
tsud Setup time, A(0:4) valid before WR low 0 ns
thi Hold time, A(0:4) valid after WR high 0 ns
tsu2 Setup time, CS low before WR low 0 ns
tho Hold time, CS low after WR hlgL See Figure 7-2 0 ns
tsus Setup time, D(0:7) valid before WR high 50 ns
tha Hold time, D(0:7) valid after WR high 0 ns
tw(l) Pulse duration, YV_E low 70 ns
tw(H) Pulse duration, WR high 110 ns
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| [

| t |

- s

tsu2 —*H————ﬂl |

_ l |
WR m\_
— tw(L) —»

|
— tw(H) —»
— tsuz —»

} —> —tn
D(0:7)

Figure 7-2. Processor Write Cycle (Nonmultiplexed Address/Data Buses)

7-5



timing requirements over recommended operating free-air
temperature and supply voltage ranges
TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
twi(H) Pulse duration, ALE high 20 ns
tsu1 Setup time, A(0:4) valid before ALE low 20 ns
th1 Hold time, A(0:4) valid after ALE low 0 ns
tsu2 Setup time, CS low before ALE low 20 ns
tho Hold time, CS low after ALE low See Figure 7-3 0 ns
tsu3 Setup time, CS low before RD low 0 ns
tsu4 Setup time, A(0:4) valid before RD low 0 ns
two()  Pulse duration, RD low 110 ns
two(H)  Pulse duration, RD high 110 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
ten Enable time, RD low to D(0:7) active 5 ns
ta Access time, RD low to D(0:7) valid CL=15pF, 95 ns
Disable time, RD high to D(0:7) in high- See Figure 7-3
- _ 5 25| ns
dis impedance state
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— two(H) —>

| | |
ﬁ m
ten —¢—>» |
(OUTPUT) | //

Figure 7-3. Processor Read Cycle (Multiplexed Address/Data Buses)

7-7



timing requirements over recommended operating free-air
temperature and supply voltage ranges

PARAMETER TEST MIN  MAX | UNIT
CONDITIONS
twi(H) Pulse duration, ALE high ‘ 20 ns
tsut Setup time, A(0:4) valid before ALE low 20 ns
thi Hold time, A(0:4) valid after ALE low 0 ns
tou2 Setup time, CS low before ALE low 20 ns
tho Hold time, CS low after ALE low 0 ns
tsu3 Setup time, data valid before WR high See Figure 7-4 50 ns
ths Hold time, data valid after WR high 0 ns
tsud Setup time, CS low before WR low 0 ns
tsus Setup time, A(0:4) valid before WR low 0 ns
tw2(L) Pulse duration, WR low 70 ns
tw2(H)  Pulse duration, WR high 110 ns
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IK— tw1(H) —>1

I( \l
ALE
|
tsu1 —’Iﬁ—ﬂ-— t
2
H———bl— tsu2 :
tht —» |

f‘

f

|
|
I
l ﬂ—-— tsug ——»
———— tgy5 ———»!
h——— twa(L) —¥ ﬁ—_ tw2(H) ___’1
|
W m’
|
][‘— tsuz —M

| H——N{—— th3
D(0:7)

Figure 7-4. Processor Write Cycle (Multiplexed Address/Data Buses)
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timing requirements over

temperature and supply voltage ranges

recommended operating free-air

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
tw(l) Pulse duration, MRD low 60 ns
t Setup time, DACK | fore MRD | 0
sul Se up‘ ime ow before : ow See Figure 7-5 ns
thy  Hold time, DACK low after MRD high 0 ns
tgy  Delay time, WAIT high to MRD high 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

WAIT low

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
ten  Enable time, MRD low to M(0:7) active 5 ns
ta  Access time, MRD low to M(0:7) valid 35| ns
e Disable time, MRD high to M(0:7) in high- 5 25 ns
dis  jmpedance state
tod1 Propagation delay, MRD low to DREQ low SeCeLF:ig;L?reps’-s 175 | ns
g2 Propagation delay, DACK high to DREQ high 275 | ns
tg2  Delay time, DREQ low to WAIT high 55| ns
tPHL Propagation delay, high to low, DACK low to o5 ns
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DREQ

/

—\ |
WAIT LX %l

|

|

—> ety
I“————tw(l_)———bl
MRD *I }*/
lh—ta——ﬂ I
|
| e

M(0:7) %{ VALID N—
(OUTPUT) /
NOTE: WAIT timing is shown only for demand-mode transfers that have automatically entered the

nondemand mode due to inadequate FIFO status or approaching end of transfer. The WAIT
signal is inactive for nondemand transfers.

Figure 7-5. DMA Read - Non-Byte-Stack, Nondemand Mode



timing

requirements over

temperature and supply voltage ranges

recommended operating free-air

PARAMETER COJIEI?'-II.ONS MIN  MAX | UNIT
tw(L) Pulse duration, MWR low 60 ns
tsy1  Setup time, DACK low before MWR low 0 ns
thi Hold time, DACK low after MWR high See Figure 7-6 0 ns
tsyp  Setup time, M(0:7) valid before MWR high 40 ns
tho Hold time, M(0:7) valid after MWR high 0 ns
tdq Delay time, WAIT high to MWR high 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
tpg1 Propagation delay, MWR low to DREQ low 175 | ns
thge Propagation delay, DACKE}_h_to DREQ high GL = 15 pF, 275| ns
tgo  Delay time, DREQ low to WAIT high See Figure 7-6 55 ns
PHL \Ij\;z:??oewon delay, high to low, DACK low to 25| ns
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:4— tpd1 — {4—— tpd2 ———»
I
DACK SF : : /*/
R | l
tsu1 —r—b: : | n
l |
[ td2 —f¢——»
tPHL ——K——Ji———ﬂl : {
]
| I
l —» & tg4q
'H———— tw(L) »
X 7
I
}4‘_ tsu2 —»
| —>— tn2

M{(0:7) VALID
(INPUT)
NOTE: WAIT timing is shown only for demand-mode transfers that have automatically entered the

nondemand mode due to inadequate FIFO status or approaching end of transfer. The WAIT
signal is inactive for nondemand transfers.

Figure 7-6. DMA Write — Non-Byte-Stack, Nondemand Mode
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

PARAMETER c OJ[')Elf'IONS MIN  MAX | UNIT
tw(L) Pulse duration, MRD low 60 ns
tw(H) Pulse duration, MRD high 60 ns
tsy1  Setup time, DACK low before MRD low See Figure 7-7 0 ns
thy  Hold time, DACK low after MRD high 0 ns
td1 Delay time, WAIT high to MRD high 0 ns

timing characteristics over recommended operating free-air
temperature and supply voitage ranges

PARAMETER TEST MIN TYPT MAX | UNIT
CONDITIONS
ten Enable time, MRD low to M(0:7) active 5 ns
ta  Access time, MRD low to M(0:7) valid 35 ns
Disable time, MRD high to M(0:7) in
tdis  high-impedance stateg o0 g'ge=,:1i§u$§'7_7 5 25| ns
Propagation delay, MRD high to WAIT
tpd1 low (see Note 1) 225 ns
tgo Delay time, DREQ low to WAIT high 45 50 ns

T All typical values are at Vog = 5 V and Ta = 25°C.
1: A wait state (due to the approaching end of a transfer or inadequate FIFO status) may
occur as much as tpq1 ns after the rising edge of MRD as the SN75C091A automatically
enters the nondemand transfer mode. Thus, the rising edge of a successive MRD pulse
must not occur until the WAIT line has been observed inactive (high) following the tpd1
delay. The chip will return to the demand mode and continue unless the transfer is nearly
complete (in which case it will remain in the nondemand mode).

NOTE




|
|
| .
, A} 7 '
WAIT | + :
I |
[

| |
ten —p—d' | ety
M(0:7) % ZZ?K vaun )
(OUTPUT)
NOTE: “~ - ——" waveform indicates change to the nondemand mode.

Figure 7-7. DMA Read — Non-Byte-Stack, Demand Mode



timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
tw(L) Pulse duration, MWR low 60 ns
tw(H) Pulse duration, MWR high 60 ns
tsu1  Setup time, DACK low before MWR low 0 ns
the Hold time, DACK low after MWR high See Figure 7-8 0 ns
tsup  Setup time, M(0:7) valid before MWR high 40 ns
tho Hold time, M(0:7) valid after MWR high 0 ns
tdq Delay time, WAIT high to MWR high 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST +
PARAMETER CONDITIONS MIN  TYPT MAX | UNIT
Propagation delay, MWR high to
tpd1 WA low (see Note 1) CL=15pF, 225 ns
a— See Figure 7-8
tdo  Delay time, DREQ low to WAIT high 45 50 ns

T All typical values are at Vg = 5 V and Ta = 25°C.

NOTE 1: A wait state (due to the approaching end of a transfer or inadequate FIFO status) may
occur as much as tpq1 ns after the rising edge of MWR as the SN75C091A automatically
enters the nondemand transfer mode. Thus, the rising edge of a successive MWR pulse
must not occur until the WAIT line has been observed inactive (high) following the tod1
delay. The chip will return to the demand mode and continue unless the transfer is nearly
complete (in which case it will remain in the nondemand mode).
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AY
DREQ
_/ N
|
DACK SF

I
l
WAIT :

A} +/ i
N/ l
tSU1 —_H'_“ :‘— tpd1 —H } :
le— tw(L) —M l
: e tw() — "——_JI—— ot

| |
MR W
| |

| - See
ﬂ_— NOTE1 — ™

H“‘“ th2
h— tsu2 —p I
M(0:7)
NOTE: “ — — — —” waveform indicates change to the nondemand mode.

Figure 7-8. DMA Write — Non-Byte-Stack, Demand Mode
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
tw(L) Pulse duration, BSSTB low 60 ns
tsu1 Setup time, DACK low before BSSTB low . 0 ns
- - See Figure 7-9
thy  Hold time, DACK low after BSSTB high 0 ns
tyy  Delay time, WAIT high to BSSTB high 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  TYPt MAX | UNIT
Delay time, DREQ high to beginning
td2 of byte stack load cycle S0 ns
Delay time, byte stack load cycle 100
td3 complete to DREQ low (see Note 1) ns
td4  Delay time, DREQ low to WAIT high c 45 50 ns
: =15 pF,
Propagation delay, DACK low to L=_ ' 295
'pd! DREQ low (see Note 1) See Figure 7-9
Propagation delay, DACK high to
'pd2  pREQ high 275 | ns
Propagation delay, high to low,
'PHL DACK low to WAIT low 25| ns

T All typical values are at Vo = 5V and Ta = 25°C.

NOTES: 1.The time at which DREQ goes low depends on the end of the byte stack load cycle as
specified by tq3 if DACK goes low at least 3 clock cycles prior to the end of the byte stack
load cycle. If DACK goes low after the period three clock cycles prior to the end of the byte
stack load cycle, then DREQ goes low as specified by tpd1-

2.1f the final byte stack load of the transfer is not a full word, DREQ will be asserted after
the byte stack load is complete.
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Byte Stack Load Cycle

| L——td3~—~>:
taz —¢—¥| | seeNOTE1 |

o S [

| I H—tpd1—>:
SACK \\ \\Reemnﬂ:
[ | ' | l
ItPHL: td“l—«-’i :H—D}— thi
T NNy
! !tsu1}‘—ﬂl‘_ "_’:_ td1
e N\ N\

Figure 7-9. DMA Read - Byte Stack, Nondemand Mode
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
tw() Pulse duration, BSSTB low 60 ns
t Setup time, DACK low before BSSTB low 0 ns
sul p. hd =— See Figure 7-10
thi Hold time, DACK low after BSSTB high 0 ns
td1 Delay time, WAIT high to BSSTB high 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
MIN TYPt MAX | UNIT
PARAMETER CONDITIONS

Delay time, BSSTB high to beginning
t n
a2 of byte stack unload cycle 200 s

Delay time, byte stack load cycle 100 ns
'd3  complete to DREQ high (see Note 1) 1 = 15 oF
tqa Delay time, DREQ low to WAIT high L=Toph 45 50 ns

See Figure 7-10

Propagation delay, DACK low to 175

ns
tpd1 DREQ low

Propagation delay, high to low,

— ns
PHL BACK low to WAIT low %

T All typical values are at Vo = 5 V and Tp = 25°C.
NOTE 1: tyqzapplieswhen DACK s released at least 3 clock cycles before the end of the byte stack
load cycle.
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Byte Stack
Unload Cycle

I
K_
onea// X =

|
|

| |

| |

| |
w4
|

M tpg1 —>
|
|

| [ I '
l

i
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DACK * I
| [P thy |

1 |

| |

I

|

!

WAIT | * *
‘ |
|

l
tsu1 —¢—> tqy —t€¢—>

! |
tw(L)
BSSTB | |

Figure 7-10. DMA Write — Byte Stack, Nondemand Mode
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Byte Stack
Unload Cycle
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

PARAMETER Cor;rlfli-erNs MIN  MAX | UNIT
tw(L) Pulse duration, BSSTB low 60 ns
tw(H) Pulse duration, BSSTB high 60 ns
tsy1  Setup time, DACK low before BSSTB low See Figure 7-11 0 ns
thy  Hold time, DACK low after BSSTB high 0 ns
tyqy  Delay time, WAIT high to BSSTB high 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN TYPT MAX| UNIT

Delay time, DREQ high to beginning
142 of byte stack load cycle 50 ns
. Delay time, byte stack load cycle 150 ns
d3  complete to WAIT high (see Note 1)

Delay time, BSSTB high to beginnin
td4 of byile stack load cyciz ° : gé‘;;i 5u$§7-11 278 ns
tgs Delay time, DREQ low to WAIT high 9 45 50 ns
tod \lj'\lrzi){:a?oa\leon delay, BSSTB high to 225| s
¢ mgation delay, high to low,
PHL DACK low to WAIT low 25| ns

T All typical values are at Vg = 5V and Tp = 25°C.
NOTE 1: tq3 applies when DACK goes low at least 3 clock cycles before the end of the first byte
stack load cycle.
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DACK W '
|
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NOTE: “ — — ——" waveform indicates change to the nondemand mode.

Figure 7-11. DMA Read — Byte Stack, Demand Mode



timing requirements over recommended operating free-air
temperature and supply voltage ranges

PARAMETER COJ DEI?‘.ITONS MIN  MAX | UNIT
tw(L) Pulse duration, BSSTB low 60 ns
tw(H) Pulse duration, BSSTB high 60 ns
tsy1  Setup time, DACK low before BSSTB low See Figure 7-12 0 ns
thy  Hold time, DACK low after BSSTB high 0 ns
ty1  Delay time, WAIT high to BSSTB high 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS | MIN  TYPt mAX | UNIT
Delay time, BSSTB high to beginning 275 ns
142  of byte stack unload cycle
Delay time, byte stack unload cycle 150
td3 lete to WAIT high 1) | SL=15pF ns
comp e.e o WAIT high (see Note. ) See Figure 7-12
td4 Delay time, DREQ low to WAIT high 45 50 ns
Propagation delay, BSSTB high to
tpd1 WAIT low 225 | ns

T All typical values are at Vo = 5 V and Ta = 25°C.
NOTE 1: It is assumed that BSSTB goes low for at least 3 clock cycles before the change to
nondemand mode timing.
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Byte Stack
Unload Cycle

ol | e

l
H— n
DREQ / i I I Xk
o N "
BACK I | | I [ -Jﬁ/_
| '; 1 4
T
! ! ! !
| tpd1 —r———ﬂ l I |ﬂ_td4 _’: :
S { i | e
w1 N1/
tsu1 *,ﬂ—*[ : | I : :
ﬂ—tw(L) —> | I I |
[
{ E“—tw(H | I H———Jl—tcn :
BSSTB I | *__/;[
| |
NOTE: “ —— —— " waveform indicates change to the nondemand mode.

Figure 7-12. DMA Write — Byte Stack, Demand Mode
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timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN TYPt MAX | UNIT
Delay time, M(0:7) valid to BSWR1
td1 high 15 ns
Delay time, BSWRT1 high to M(0:7) CL=15pF, 40

42 jnvalid See Figure 7-13 ns

tw(L) Pulse duration, BSWRO0 or BSWR1 40 ns

te Total byte stack load cycle time 200 ns

T All typical values are at Voo = 5V and Tp = 25°C.
l :"‘— tw(L) ”—"‘l I
BSWRO | * 7}‘ |
| — tw() —» |
| |
BSWR1 | * 7“1 |
| | |
[ tg2 —»

| e |
mE:7) | BYTE 0 X BYTE 1 >K |
(OUTPUT) | | I
) . ’

Figure 7-13. Byte Stack Load Cycle (16-bit)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
I
PARAMETER CONDITIONS MIN  MAX | UNIT
i BSRDO low to M(0:7) vali
td1 Delaytfme, S ngo © )v.ald‘ See Figure 7-14 20 ns
tyg2  Delay time, BSRDO high to M(0:7) invalid 3 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER t
CONDITIONS MIN  TYPT MAX | UNIT
Pulse duration, BSRDO low or ~
tw(l) BSRDT low CL=15pF, 40 ns
- See Figure 7-14
tc Total byte stack unload cycle time 200 ns

T All typical values are at Vog = 5V and Ta = 25°C.

| |
BSADO |
| | l
—_—
| | o —> |
BSFID1| i | * * |
| |
| | | |
Jta1 e e |
wr XK e XX e
(INPUT) | | |
¢ te g

Figure 7-14. Byte Stack Unload Cycle (16-bit)
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timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST

PARAMETER CONDITIONS MIN TYPT MAX | UNIT
tw(L) Pulse duration, BSWR low 40 ns
tw(H) Pulse duration, BSWR high 40 ns
Delay tim N(0:1) vali

tq1 B;WyR IO;, BSEN(0:1) valid to 10 ns

¢ Delay time, BSWR high to 20

d2  BSEN(0:1) invalid CL = 15pF, ns
Delay time, M(0:7) valid to BSWR See Figure 7-15

td3  high 15 ns
Delay time, BSWR high to M(0:7)

td4  invalid 40 ns

tc Total byte stack load cycle time 400 ns

T All typical values are at Vo = 5 V and Ta = 25°C.

BSEN(0:1) 00 X 01 X 10 X 11 XI
|
|
| | | | | I
I

M(0:7)
(OUTPUT)

Figure 7-15. Byte Stack Load Cycle (24- or 32-Bit)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
t Delay time, BSRD low to M(0:7) vali 35| ns
di cay fme e O,w o M(O )\{a d - See Figure 7-16
tyo  Delay time, BSRD high to M(0:7) invalid 5 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST "

PARAMETER CONDITIONS MIN  TYPT MAX | UNIT
tw(L) Pulse duration, BSRD low 40 ns
tw(H) Pulse duration, BSRD high 40 ns

Delay time, BSEN(0:1) valid to _
43 BSRD high CL=15pF, 0 ns

See Figure 7-16

Delay time, BSRD high to
'd4  BSEN(0:1) invalid 30 ns
tc Total byte stack unload cycle time 400 ns
T All typical values are at Vec=5Vand Tp = 25°C.

| |
. l |
BSEN(0:1) | 00 * 01 )K 10 X n X |
|

l f—— t4q k——d_ t |
e w(L)
a3 | P tw(H) -—>

W'
BSRD !

. I td1 —ld—»' L"‘HI'_ tgo |
(N UT; |/ % G Y %BYTE1W Xevie2 X %BWES%'

. N .|

Figure 7-16. Byte Stack Unload Cycle (24- or 32-Bit)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
t time, IN i RD
d1 Delay lme,.l TER_Q_ high to RD low See Figure 7-17 0 ns
twi(l) Pulse duration, RD low 110 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN MAX | UNIT
tod1 Propagation delay, RD low to INTRQ low CL=15pF, 200 ns
two(L) _ Pulse duration, INTRQ low See Figure 7-17 of ns

T An additional interrupt queued during the read leaves INTRQ active following the interrupt register

access.
|
INTRQ
| | '

|
I td1 | twa(L) >
I‘——"’ todt —»

{‘— twi(L) —‘ﬂ

RD

NOTE: Timing for chip select and address lines is shown in earlier timing diagrams. RD is for functional
or error interrupt status registers.

Figure 7-17. Interrupt Clear

7-30



timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
tw() _ Pulse duration, MR low See Figure 7-18 | 200 ns
« tw

. X

Figure 7-18.

Master Clear

>]l

7-31



timing characteristics over recommended operating free-air
temperature and supply voltage ranges

7-32

Figure 7-19. SCSI Bus Arbitration

TEST
PARAMETER CONDITIONS MIN MAX | UNIT
tgy Delay time, BSY high to SDP, SD(0:7) valid 1200 1350| ns
tyo Delay time, BSY low to SEL low (see Note 1) | C|_ =50 pF, 2200 2300 | ns
ty3 Delay time, SEL low to start of SCSI See Figure 7-19 |
selection/reselection phase ns
NOTE 1: Assumes that arbitration is won.
| Bus Free | Arbitration | Begin
| | | Selection (Initiator)/
BSY 7( \ | I Reselection (Target)
J——— l | - !
!
l— td1 —ﬂld—— td2 —» |
| I
_ . ' |
SEL | \1\ |
| | |
| |[¢— t43 —DI
I
SDP, SD(0:7) \T\ Arbitration ID X
170, ATN \
NOTE: “ - - - - " waveform for BSY (wired-OR signal) indicates that BSY is being driven by another
SCSI device.



timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN MAX | UNIT

Delay time, SEL low to SDP, SD(0:7) valid 1300

41 and ATN low ns
Delay time, SDP, SD(0:7) valid and ATN low

'd2 10 BSY high CL =50 pF 100 160 | ns
Delay time, BSY released (high) by initiator See Figure 7-20

tg3  to SN75C091A check for BSY asserted (low) 400 ns
by target
Propagation delay, BSY asserted (low) by

'pd!  target to SEL high and SDP, SD(0:7) invalid 100 200 | ns

End of Selection
Arbitration | \| } Initiator
BSY | }( % Mode
e ———

DP, SD(0:7) X Selection ID Valid )—-

0 i
ATN See NOTE 2 \k
NOTES: 1.“- - - - " waveform for BSY (wired-OR signal) indicates that BSY is being driven by the
target.

2. Applies to Select with ATN command only.

Figure 7-20. SCSI Bus Selection (Initiator)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

PARAMETER COJI;?'-II-ONS MIN MAX | UNIT

Setup time, SDP, SD(0:7) valid before BSY

sul released (high) by initiator 0 ns
Setup time, ATN low before SEL high (see

su2_Note ) See Figure 7-21 i "
Delay time, BSY asserted (low) by target to

td1  SEL high 0 ns
Delay time, BSY asserted (low) by target to

42 SDP, 5D(0:7) invalid 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS | MIN  MAX | UNIT

t Delay time, BSY released (high) by initiator to
d3  BSY asserted (low) by target CL =50pF, 400 650| ns

tya Delay time, SEL high to start of target mode See Figure 7-21 150 | ns

NOTE 1:  This setup time ensures that ATN will be honored by Wait for Select with ATN or Wait for
Select without ATN commands at the completion of the selection phase.
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Selection | Target
S / Mode
BSY F \ |
_________ e——tg3—>
I I"— td1 —» l
} | | ',_I.—_td“
SEL \ l |
: | l I
| gy —| |
tout ————y d2 ¥ |
l I
SDP, SD(0:7) X Selection ID Valid )’/ } |
!
_ L
1/0 I T
o
[
e tguz—* l
ATN NR
NOTE: “- - - - " waveform for BSY (wired-OR signal) indicates that BSY is being driven by the initiator.

Figure 7-21.

SCSI Bus Selection (Target)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

PARAMETER COJI'EI?"ITONS MIN MAX | UNIT

Setup time, SDP, SD(0:7) valid before BSY

su1  released (high) by target 0 ns
Delay time, BSY asserted (low) by initiator to

41 SEL high 0 ns
Delay time, BSY asserted (low) by initiator to

td2 SDP, SD(0:7) invalid See Figure 7-22 0 ns
Setup time, 1/O low before BSY released

tsu2  (high) by target 0 ns
Delay time, BSY asserted (low) by initiator to

43 /0 high 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
Delay time, BSY released (high) by target
tda  to BSY asserted (low) by initiator CL =50 pF, 400 650 | ns
e — See Figure 7-22
tys Delay time, SEL high to start of initiator mode 150 | ns
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Reselection | Initiator

|
| l

| tgz —e——> I
—— tsu2 d3

LA N £

NOTE: “- - --"waveform for BSY (wired-OR signal) indicates that BSY is being driven by the target.

I/ - Mode
BSY _/'f \\ :
le——— tgg ——»!
| e— tg1 — .
I : ds
— l '/_-I_
| |
tsu1 —1‘—’: tgoy —¢— I
DP, SD(0:7) )I( | Selection ID Valid !
|
|
I

Figure 7-22. SCSI Bus Reselection (Initiator)
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timing characteristics over recommended operating free-air
temperature and supply voltage ranges

PARAMETER COJ[EI‘:IS'TONS MIN MAX { UNIT
Delay time, SEL low to SDP, SD(0:7) valid
td1  and I)/(_O low o 1300 | ns
Delay time, SDP, SD(0:7) valid to BSY
142 deasserted (high) by target 100 160 | ns
Delay time, BSY deasserted (high) by target | CL =50 pF,
tg3  to SN75C091A check for BSY asserted (low) | See Figure 7-23 | 400 ns

by initiator

Delay time, BSY asserted (low) by target to
d4  SEL high, SDP, SD(0:7) invalid and 170 high
; Propagation delay, BSY asserted (low) by
Pd1 jnitiator to BSY also asserted (low) by target

90 150 ns

50 150 ns
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End of | Reselection '
Arbitration - | Mode
BSY JV \4\ |
I l JIF\" | ;
K— ta |

—1‘— tdz < t | | |
I d3 t | |

l pd1 le— tqs

SEL :
! |
SDP, SD(0:7) X Reselection ID Valid /

|

S o

NOTE: “----"waveform for BSY (wired-OR signal) indicates that BSY is being driven by the initiator.

Figure 7-23. SCSI Bus Reselection (Target)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT
Setup time, MSG, C/D valid and 1/0 low
'sul  pefore REQ low 400 ns
Delay time, ACK high to MSG, C/D invalid 0
'd1 and /0 high ns
tyo  Delay time, ACK low to REQ high See Figure 7-24 0 ns
tg3  Delay time, ACK high to REQ low 0 ns
Setup time, SDP, SD(0:7) valid before
'su2  REQ low 30 ns
t4e Delay time, ACK low to SDP, SD(0:7) invalid 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN MAX | UNIT

Propagation delay, high to low, REQ low to
PHL ACK low 5 ns
N Propagation delay, low to high, REQ high to CL = 50 pF, 5 ns
PLH ACKnhigh _ See Figure 7-24
tdis Disable time, I/O low to initiator disable data 30 ns
tds Delay time, ATN low to ACK high (see 10 ns

Note 1)

NOTE 1: Applicable only when ATN is set automatically due to a parity error.
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=
o]

cb

/o

|

>
(o]
X

|
|

SDP, SD(0:7)

ATN

Valid

Wl
\§:( valid
|
{
|
|
|
I
|

|

| | [
tdis —le—»  tsuz —e——n tda —e—> —r— tgs

N2 T N

X

Figure 7-24. SCSI Bus Asynchronous Information Transfer In (Initiator)

(TARGET TO INITIATOR)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT

t Delay time, REQ low to ACK | ' 0 ns
dl cay !me ___Q O_w ° _C OYV See Figure 7-25
tgo  Delay time, REQ high to ACK high 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN MAX | UNIT
Delay time, MSG, C/D valid and 1/O low to
143 SDP, SD(0:7) active 800 ns
Delay time, ACK hi M D invali
taa aﬁda?;_o hiz,h CK high to MSG, C/D invalid 200 ns
tys  Delay time, SDP, SD(0:7) valid to REQ low CL =50 pF, 55 ns
Delay time, REQ high to SDP, SD(0:7) See Figure 7-25
196  invalid 0 ns
Propagation delay, low to high, ACK low to
tPLH ﬁE_(Shigh 5 ns
tpyL Propagation delay, ACK high to REQ low 5 ns
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|
MSG W Valid X
| l
o '@:{ Valid )I(
|
o —\ [
lt‘__t — k‘—‘td4——’]]
N a3 t | | l v
e | N— T
{ td1 —}*—H f—— 42 } .
| e———
} } tPLH—ﬁ——qI I PHL
| . | ! '
ACK | | '
Ly : fe—>— td6
| —r— td5 |

SDP, §D(0:7) K Valid )k\\

Figure 7-25. SCSI Bus Asynchronous Information Transfer In (Target)
(TARGET TO INITIATOR)

7-43



timing

requirements over

temperature and supply voltage ranges

recommended operating free-air

TEST
PARAMETER CONDITIONS MIN MAX | UNIT
Setup time, MSG, C/D valid and 1/0 high

t ullidl

Ul pefore REQ low 400 ns

¢ Delay time, ACK high to MSG, C/D invalid R

A1 and 170 low See Figure 7-26 ns
tygo  Delay time, ACK low to REQ high 0 ns
tg3  Delay time, ACK high to REQ low 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT

tpHL Propagation delay, REQ low to ACK low 5 ns
tpLH Propagation delay, REQ high to ACK high 5 ns
t4ys  Delay time, SDP, SD(0:7) valid to ACK low Gl = 50 oF 55 ns

- = = an L =92Upk

Delay time, REQ high to SDP, SD(0:7, .

tds inval?g 9 ©:7) See Figure 7-26 0 ns
tde  Delay time, REQ low to ATN high 0 ns
ty7  Delay time, ATN high to ACK low 90 ns
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Valid

Valid

o

g
gy

Y

tsu1 " j— td1 —»

|

sl
m
o

ATN

1
|
|

<+« tgq —’: |<~bl¥-— tas
|

i
: Vallid X 7,
tde —i—’i e tar

Ve

See NOTE 1

NOTE 1: Applicable only for last byte of message-out phase when HAAM bit in control register is set

to 0.

Figure 7-26. SCSI Bus Asynchronous Information Transfer Out (Initiator)

(INITIATOR TO TARGET)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

PARAMETER COJ;?TONS MIN MAX | UNIT
ty1 Delay time, REQ low to ACK low 0 ns
tqp Delay time, REQ high to ACK high 0 ns

Setup time, SDP, SD(0:7) valid before ACK | See Figure 7-27
tsul jow 30 ns
ty3 Delay time, REQ high to SDP, SD(0:7) invalid 0 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

PARAMETER COJDEI?'.II-ONS MIN  MAX | UNIT
Delay time, MSG, C/D valid and i/0 high
144 1o REQ low 400 ns
Delay time, ACK high to MSG, C/D invalid
td5  and /0 low 200 ns
Propagation delay, low to high, ACK low CL =50 pF,
PLH 1o REQ high See Figure 7-27 5 ns
. Propagation delay, high to low, ACK high 5 ns
PHL 1o REQ low
Disable time, SDP, SD(0:7) invalid to 1/O
tdis high 0 ns
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MSG w Valid W
| I

5] Q{( Valid )r&
7o ;}‘ *
le—— taa ——» — tg5 —»!

! [ }
REQ | ’k 7" | \\_

| I | f -
l ta1 —f—» l<——‘d2—*1
! tPLH—k————q k————q——— tPHL
i
|

|
tdis —14—’: | tgy1 ™ le—— td3

L

§DP, 5D(0:7) /{ @;( Valid }i@

Figure 7-27. SCSI Bus Asynchronous Information Transfer Out (Target)
(INITIATOR TO TARGET)

7-47



timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST

PARAMETER CONDITIONS MIN  MAX | UNIT

Setup time, MSG, C/D valid and 1/O low

tsu1  before REQ low 400 ns
Delay time, ACK high to MSG, C/D invalid 0 ns

td1 and 1/0 high
Setup time, SDP, SD(0:7) valid before

tsu2  REQ low See Figure 7-28 30 ns
Hold time, SDP, SD(0:7) valid after REQ

t 45 ns

h2 low

twi() Pulse duration, REQ low 90 ns

twi(H) Pulse duration, REQ high 90 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT

twp()  Pulse duration, ACK low 90 ns
tw2(H)  Pulse duration, ACK high 90 ns

Delay time, MSG, C/D valid and I/O low C_ =50 pF,
td2 to SDP, SD(0:7) in high-impedance state | See Figure 7-28 30 ns

Delay time, ATN low to ACK high (see
td3 Note 1) 50 ns

NOTE 1: tg3 applies only when ATN is asserted automatically due to a parity error.
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(]
(7]

MSG ﬁl( Valid }&
c/o %l( Valid )!&
__ l
1/0 SLl Y
[ | | |
r———— tsu1 _“_ﬂ |¢— tw1 (H) —TI :
| twi (L) *————Jl | ta1 e
|
l t
| JI r— wa(b) —’:4— tw2(H) » |
ACK | [
I su2 _L____J |
| | I e—l—1t
td2 —Id—D: | — tho S d3

| |
SD(0:7) N K Valid X Valid X7

o \

Figure 7-28. SCSI Bus Synchronous Data-In Transfer (Initiator)
(TARGET TO INITIATOR)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges
TEST
PARAMETER CONDITIONS | MIN  MAX | UNIT
tw2(L) - Pulse duration, ACK low SeeFi 7.0 90 ns
twa(H) _ Pulse duration, ACK high ee Figure 7-29 =55 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN MAX | UNIT
Delay time, MSG, C/D valid and 1/0 low
~ay JTS, ns

1 1 SO, §D(0:7) active 800

Delay time, ACK high to MSG, C/D invalid
142 and /O high 200 ns

Delay time, SDP, SD(0:7) valid to REQ CL =50 pF, 50
W3 jow See Figure 7-29 ns

Delay time, REQ low to SDP, SD(0:7)
td4  invalid 100 ns
tw1(L) Pulse duration, REQ low 90 ns
twi(H) Pulse duration, REQ high 90 ns
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Valid )K\\

MSG %
| |
to @l( Valid )&
TN\ I
1/0 /
| [
f— td1 —» je—— twi(H) |
| twi(L) e— l tgo—> le—
weo 7 |
l I f———— twa(H)
| e twzq o ! !
rox —
l | ¢
s a3
} | e tda

— |
bP, SD(0:7) Vaiia valid X/

Figure 7-29. SCSI Bus Synchronous Data-In Transfer (Target)
(TARGET TO INITIATOR)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges
TEST
PARAMETER CONDITIONS | MIN  MAX | UNIT
¢ Setup time, MSG, C/D valid and I/O high 400 ns
sut before REQ low
Delay time, ACK high to MSG, C/D ,

td1 invalid and 1/O low See Figure 7-30 0 ns

twi(L) Pulse duration, REQ low 90 ns

twi(H) Pulse duration, REQ high 90 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT

tdo Delay time, SDP, SD(0:7) valid to ACK low 55 ns
Delay time, ACK low to SDP, SD(0:7) GL = 50 pF. 100 o

t . . = )

a3 invalid See Figure 7-30

tw2(L) Pulse duration, ACK low 90 ns
two(H) Pulse duration, ACK high 90 ns
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WMsG %kl Valid )&
[} ﬁ( Valid )&
[ [
i/o
)',: tsu1 > . L
tw1(|.)—“——'| di
| f—— twiH) |
REQ l
twa(L) —f¢&—— |
w2) | — ‘w2(H):
ACK
tg2 —f¢—
| f—— tq43

SDP, SD(0:7) W Valid j& N\X Valid X/

Figure 7-30. SCSI Bus Synchronous Data-Out Transfer (Initiator)
(INITIATOR TO TARGET)
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timing requirements over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS MIN  MAX | UNIT

Setup time, SDP, SD(0:7) valid before
'sut ACKlow 30 ns

Hold time, SDP, SD(0:7) valid after ACK
th1 low (©:7) See Figure 7-31 45 ns
tw2(l) Pulse duration, ACK low 90 ns
tw2(H) Pulse duration, ACK high 90 ns

timing characteristics over recommended operating free-air
temperature and supply voltage ranges

TEST
PARAMETER CONDITIONS | MIN  MAX | UNIT

il Delay time, MSG, C/D valid and I/0 high to 400 ns

REQ low

Delay time, ACK high to MSG, C/D invalid
td2  and /0 low CL = 50 pF, 200 ns
twi(L) Pulse duration, REQ low See Figure 7-31 90 ns
tw1(H) Pulse duration, REQ high 90 ns

Disable time, SDP, SD(0:7) in high- 0 ns
tdis  impedance state to /O high
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a1 N [14——>I~ twi(H) :‘_’Hdz
REQ |
twa(L) —41*————& etz }
ACK
e H fsut HH thi

|
SDP, 5D(0:7) % AN W valid j& N Valid Y

Figure 7-31. SCSI Bus Synchronous Data-Out Transfer (Target)
(INITIATOR TO TARGET)
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A2

A3

A4

Bus Phases
SCSI Bus Phases

All access to and communication across the SCSI bus occurs in distinct bus
phases. The bus can never be in more than one phase at any given time.
Following is a list of the bus phases; subsequent paragraphs give details about
each phase.

BUS FREE phase
ARBITRATION phase
SELECTION phase
RESELECTION phase

Information Transfer Phases:
COMMAND OUT phase

STATUS IN phase

DATA OUT phase

DATA IN phase

MESSAGE OUT phase
MESSAGE IN phase
UNSPECIFIED INFO OUT phase
UNSPECIFIED INFO IN phase

Bus-Free Phase

This phase indicates that no device is actively usingthe bus. Itis indicated by BSY
and SEL both being high for a minimum period of time. This phase must be
detected before any device can arbitrate for the bus.

Arbitration Phase

This phase assures that one and only one device gains control of the bus. A
device arbitrates by placing its single-bit ID on the SCSI data bus (e.g., device
at “address 3” asserts dataline 3) and then asserting BSY. The arbitrating device
mustthen compare its ID with the IDs of any other arbitrating devices (ID/address
7 has highest priority). The device with highest priority wins the arbitration and
asserts SEL while continuing to assert BSY. Any device which has lost arbitration
must release BSY and wait for another bus-free phase.

Selection Phase

This phase allows the arbitration winner to setitself up as an initiator and to select
another bus device as a target. The arbitration winner places the logical OR of
its ID and the desired target ID on the data bus and then releases BSY with 1/O
high (optionally, it may drive only the ID of the intended target). The arbitration
winner (in this case, the initiator) continues to assert the SEL line. The intended
target device must recognize its own ID on the data bus and respond by asserting
BSY. When the initiator sees BSY asserted, it stops asserting SEL and the
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A5

A.6

initiator and target IDs, ending the selection process. The target continues to
assert BSY for the duration of the connection. Note that only one target and one
initiator can communicate at any given time.

Reselection Phase

This phase allows the arbitration winner to set itself up as a target and reconnect
to a bus device by which it had previously been selected. The arbitration winner
places thelogical OR of its ID and the desired initiator ID on the data bus and then
drives BSY high and 1/O low. The arbitration winner (in this case, the target)
continues to assert the SEL line. The intended initiator device must recognize its
own D on the data bus and respond by asserting BSY. When the targetsees BSY
low, it also asserts BSY and then stops asserting SEL and the initiator and target
IDs. When the initiator sees that SEL is no longer being asserted, it stops
asserting BSY and the reselection is complete. This process leaves the bus in
the same state as the selection phase, with the target driving the BSY signal
throughout the connection. Note that only one target and one initiator can
communicate at any given time.

Information Transfer Phases

Allinformation transfers across the SCSI bus occur during bus phases governed
by the three target-controlled bus signals 17O, C/D, and MSG. Information is
clocked across the bus by the handshake signals REQ and ACK. REQ is driven
by the target; the initiator responds with ACK. Information is valid on the rising
edge of REQ for a transfer from the target to the initiator, and on the rising edge
of ACK for a transfer from the initiator to the target. In this sense, the targetis the
bus master and the initiator is the slave device.

The bus phases are defined as follows:

MSG C/D 110 BUS PHASE DIRECTION
L L L Data out Initiator to target
L L H Data in Target to initiator
L H L Command out Initiator to target
L H H Status in Target to initiator
H L L Unspecified information out Initiator to target
H L H Unspecified information in Target to initiator
H H L Message out Initiator to target
H H H Message in Target to initiator

Note that the sense of information flow is out from the initiator to the target and
in from the target to the initiator. Since the initiator starts the transfer, it is the
reference point, even though the target ultimately controls the information flow.
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SCSI Signal Sources

Certain SCSI bus signals are driven only by the initiator or only by the target.
Others are driven by either the initiator or the target depending on the bus phase.
The following tables list all the SCSI bus signals (except RST) and their
relationship to the bus phases. RST can be driven by any device butis completely
asynchronous and is not constrained to any bus phase.

SIGNALS AND THEIR DRIVE SOURCES
SDO- c/D,
BUS PHASE BSY SEL S_—D__i’ o M__f‘E’ ATN ACK
SDP REQ
Bus free None None None None None None None
Arbitration All Winner | ID bit None None None None
Selection Initiator, Initiator | Initiator | None None | Initiator | None
Target
Reselection I?r:fgt::' Target | Target | Target None None None
Data out Target None | Initiator | Target | Target | Initiator | Initiator
Data in Target None | Target | Target | Target | Initiator | Initiator
Command out | Target None | Initiator | Target | Target | Initiator | Initiator
Status in Target None Target | Target | Target | Initiator | Initiator
Message out Target None | Initiator | Target | Target | Initiator | Initiator
Message in Target None Target | Target | Target | Initiator | Initiator
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Register File Summary

Register # Register Name Hex Address Access
Parity 7 6 5 4 3 2 1 0
0 Receive FIFO 00 R
I I I I I | I I | |
0 Transmit FIFO 00 W
I I I I I I I I [ |
1 Command 01 R/W
[ bMA [ MA [ DDIR [ cca [ ceca | cca [ coct [ cco |
2 Transfer Status 02 R
| INT | RFE [ RFHF | TFF | TFHF | TCo | OCo |CDACT |
3 Bus Phase Status 03 R
[ NiT [TARG | o | AN [ mMsG | ¢D | VO | SRST |
4 Functional Interrupt Status 04 R
SEL | BUS | ATN | FC DIS 0 RSL | Ao
5 Error Interrupt Status 05 R
NEW-
PE UMS | SRST| T-O NVC | CNTL| |N HALT
6 Interrupt Enable 06 R/W
[ o | o J o | o | o |FCE]| AE [ ME |
7 Unused 07 n/a
[ o [ o J o J o[ o[ o[ o o
8 Control 08 R/W
ATN-
SE RE HA HPE AAPE | HD HAAM | Dps
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Register # Register Name Hex Address Access
Parity 7 6 5 4 3 2 1 0
9 Byte Stack Control 09 R/W
[oMpD [ o | o | o | wti | wLo | BOFi | BOFO |
10 Parity Control 0A R/W
| PMPE | MPCE | MPGE | PPCE | PPGE | SPE [ SPCE [ SPGE |
11 Synchronous Transfer 0B R/W
[ T3 [ 7P2 [ TPt [ TPo | o3 | o2 | oLt | owo |
12 Selection/Reselection Time-Out 0C R/W
| 707 | 106 | TO5 | TO4 | TO3 | TO2 | TO1 | TOO |
13 Self ID oD R/W
[ o [ o | o [ o | o | w2 | i [ o |
14 Destination ID OE R/W
[ o [ o J o | o | o | 2 [ it [ o |
15 Source ID OF R
[ o [ o [T o [ o J sv | 2 [ b1 [ mwo |
16 Target LUN 10 RW
DSC- | LUN- Re- Re-
1 PRV | TAR | served | served | TL2 Lt TLO
17 Command State 11 RW
[sbp | o | o [ o [ csa | cs2 | cst | cso |
18 Transfer Counter 7-0 12 R/W
! I l I l | I | sb |
19 Transfer Counter 15-8 13 R/W

[ | | | | |




Register # Register Name Hex Address Access

Parity 7 6 5 4 3 2 1 0

20 Transfer Counter 23-16 14 R/W

[_msb_| I | I I I I |
21 Backup Counter 7-0 15 R

I I I I I I I I
22 Backup Counter 15-8 16 R

I | I I I I I I ]
23 Backup Counter 23-16 17 R

[ msb_ | I I I I | I |
24 Offset Counter 18 R/W

[ oc7 | oce | ocs | oca | ocsa | oc2 | oct | oco |
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C Conditions for Invalid Command interrupt

Occurrence of the invalid command interrupt is driven by different conditions
depending on which chip command is executing. The following table lists, by
command, the SBC conditions that will cause the device to generate an invalid
command interrupt. NOTE: not every incorrect use of a command will cause
generation of an invalid command interrupt. See Section 4, Commands, for
details on the proper use of each command.

CONDITIONS FOR INVALID COMMAND INTERRUPT

COMMAND EXECUTING INVALID COMMAND INTERRUPT CONDITION(S)
Chip Reset Processor interface parity error
Command active
Disconnect Interrupt pending

not TIME-OUT and not in TARGET mode

Command not active
Interrupt pending

not in INITIATOR mode
Assert ATN Multiphase command not active
Interrupt pending

not in INITIATOR mode
Processor interface parity error
Negate ACK Multiphase command active
Single-phase command not active
not in MESSAGE-IN phase

Clear Receive FIFO

Clear Transmit FIFO

SCSI Bus Reset Processor interface parity error

Select with ATN Command busy

Select without ATN Interrupt pending

Reselect in TARGET mode or in INITIATOR mode
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CONDITIONS FOR INVALID COMMAND INTERRUPT (CONTINUED)

COMMAND EXECUTING

INVALID COMMAND INTERRUPT CONDITION(S)

Receive Command

Receive Data

Receive Message Out

Receive Unspecified Information

Send Status

Send Data

Send Message In

Send Unspecified Information

Command busy
Interrupt pending
not in TARGET mode

Transfer Information

Transfer Pad

Command busy
Interrupt pending
not in INITIATOR mode

Select with ATN and Transfer

Command busy

Interrupt pending

in TARGET mode

Select without ATN and Transfer

Command Busy

Interrupt pending

in TARGET mode or in INITIATOR mode

Reselect and Receive Data

Reselect and Send Data

Command busy
Interrupt Pending
inTARGET mode or in INITIATOR mode

Link to Next Command

Wait for Select with ATN Command busy
Wait for Select without ATN Interrupt pending
Conclude Command busy

Interrupt pending
not inTARGET mode
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D Mechanical Data

FNO20, FNO28, FNO44, FNO52, FN0O68, and FNO84 plastic chip carrier packages

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with
no deformation, and circuit performance characteristics remain stable when the devices are operated in
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050)
centers. Leads require no additional cleaning or processing when used in soldered assembly.

FNO020, FNO28, FNO44, FNO52, FNO68, and FNO84
{20-terminal package used for illlustration)

D —p

le—L21 D1 (see Note B) —p|
e EEs[Ta[5E ]

(See Note D)

Aq _’/— SEATING PLANE

le—n—
0,51 (0.020) R. MAX RgE=
o 3'paces ) STow o)
1.22 (0.048) —»| (See Note C)
£ % 2 PLACES 1.42 10.056) —» 1,14 (0.045)
1,07 (0.042) 1.07 (0.042) /_ 064 0025 TP
Y B 0.81(0.032) [0 )
I . (D) | 0,66 (0.026)
® 2 (
s |9 s 2 2 " 20719 1] T 'y
© 2 SIDES (See Note E)
g ile 8 As 17{] ? T
" < [D3 E3] D2. E2
w el glez Qs 6] 1.27 (0.050)— (See Note ) (See Note F)
BEREEIN 7 SIDES !
HE S 1] - (o coe[o-c]
- |8 i @08 00150[F-c @]
sl [ 15 s 1al] (See Note C) =
| 5 1
2 9 10 11 12 13 ¢ \ —
3 s e
3 —% — 0.51{0.020) MIN
0
= L_l (See Note C)
0,36 (0.014]
035 10°005) NCLUDES LEAD FINISH)
SUM OF DAM BAR PROTRUSIONS .
TO BE 0,18 (0.007) MAXIMUM
PER LEAD —x
1,52 (0.060)
MIN
) S
0,33 (0.013) 0,64 (0.025) MIN
+Jo18 007 @[F-c®]

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. All dimensions conform to JEDEC Specification MO-047AA/AF. Dimensions and tolerancing are per ANSI Y14,5M—1982.

. Dimensions D1 and E1 do not include mold flash protrusion. Protrusion shall not exceed 0,25 (0.010) on any side.

. Datums and (F

. Datum

for center leads are determined at datum

is located at top of leads where they exit plastic body.

. Location to datums and E to be determined at datum

mm o O w

. Determined at seating plane




FNO20, FN0O28, FN044, FNO52, FNO68, and FNO84 plastic chip carrier packages (continued)

JEDEC ' A
OUTLINE

Aq

D1, Eq

D2, Ez

(See Note F) | D3, E3 BASIC

4,19
(0.165)

5,08
(0.200)

2,2
MO-047AE o

(0.090) (0.130)

(0.985) {0.995)

(0.950) (0.958)

! ' 20,32 (0.800)
(0.890) (0.930)

NOTES: A. All dimensions conform to JEDEC Specification MO-047AA AF. Dimensions and tolerancing are per ANSI Y14.5M ~ 1982,

F. Determined at seating plane
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E Selected Acronyms

CC:
CDB:
DMA:
EISR:
FISR:
LCC:
LCCwF:
LUN:
RP:
SBC:
SCSI:
SDP:
TC:

Command Complete

Command Data Block

Direct Memory Access

Error Interrupt Status Register
Functional Interrupt Status Register
Linked Command Complete

Linked Command Complete with Flag
Logical Unit Number

Restore Pointers

SCSI Bus Controller (SN75C091A)
Small Computer Systems Interface
Save Data Pointer

Transfer Counter

E-1



TI North

American Sales
ffices

Hm\uvlllo (205) 837-7530
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