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SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 113: Parallel Interface-3 (SPI-3)

FOREWORD

1) ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in
the development of International Standards through technical committees established by the respective
organization to deal with particular fields of technical activity. ISO and IEC technical committees collaborate in
fields of mutual interest. Other international organizations, governmental and non-governmental, in liaison with
ISO and IEC, also take part in the work.

2) In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC1.
Draft International Standards adopted by the joint technical committee are circulated to national bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

CAUTION: The International Organization for Standardization (ISO) and the International Electrotechnical
Commission (IEC) draw attention to the fact that Adaptec, Inc. claims that compliance with this International Standard
may involve the use of patents concerning this part of ISO/IEC 14776.

The ISO and IEC take no position concerning the evidence, validity and scope of the patent rights. The holder of the
patent rights has assured the ISO and IEC that they are willing to negotiate licenses under reasonable and non-
discriminatory terms and conditions with applicants throughout the world. In this respect, the statement of the holder
of the patent rights is registered with the ISO and IEC. Information may be obtained from:

Adaptec, Inc.

Mark Delsman

691 South Milpitas Blvd.
Milpitas, CA 95035
Telephone: 408-957-5661

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights other than those identified above. ISO and IEC shall not be held responsible for identifying any or all
such patent rights.

International Standard ISO/IEC 14776-113 was prepared by subcommittee 25: Intercon-
nection of information technology equipment, of ISO/IEC joint technical committee 1:
Information technology.

Annexes A, B, C, D and E form an integral part of this standard.

Annexes F, G, H, I, J, K, L, M, N and O are for information only.
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Introduction

The SCSI protocol is designed to provide an efficient peer-to-peer 1/O bus with the maximum number of
hosts and peripherals determined by the bus width (8 or 16). Data may be transferred asynchronously or
synchronously at rates that depend primarily on device implementation and cable length.

SCSl is an I/O interface that may be operated over a wide range of media and transfer rates. The
objectives of the parallel interface in SCSI are:

a) To provide host computers with device independence within a class of devices. Thus, different disk
drives, tape drives, printers, optical media drives, and other SCSI devices may be added to the
host computers without requiring modifications to generic system hardware. Provision is made for
the addition of special features and functions through the use of vendor-specific options. Reserved
areas are provided for future standardization.

b) To provide compatibility such that conforming SCSI-2 and SPI-2 devices may interoperate with
SPI-3 devices given that the systems engineering is correctly done. Conforming SCSI-2 and SPI-2
devices should respond in an acceptable manner to reject SPI-3 protocol extensions. SPI-3
protocol extensions are designed to be permissive of such rejections and thus allow SCSI-2 and
SPI-2 devices to continue operation without requiring the use of the extensions.

The interface protocol includes provision for the connection of multiple initiators (SCSI devices capable of
initiating a task) and multiple targets (SCSI devices capable of responding to a request to perform a task).
Distributed arbitration (i.e., bus-contention logic) is built into the architecture of parallel SCSI. A default
priority system awards interface control to the highest priority SCSI device that is contending for use of the
bus and an optional fairness algorithm is defined.

This international standard enhances the functionality of the SPI-2 standard. This international standard is
intended to be the choice for new designs over the SPI-2 standard. Several new features have been added
into this international standard. Some of those features are; fast-80 data transfers, double transition (DT)
transfers, and CRC on parallel transfers.

The SCSI Parallel Interface-3 standard is divided into the following clauses:

- Clause 1 is the scope;

- Clause 2 enumerates the normative references that apply to this standard;

- Clause 3 describes the definitions, symbols, conventions and abbreviations used in this standard;
- Clause 4 describes the SCSI parallel interface model used in this standard;

- Clause 5 describes the connectors;

- Clause 6 describes the cable characteristics;

- Clause 7 describes the electrical characteristics;

- Clause 8 describes the SCSI bus signals;

- Clause 9 describes the SCSI parallel bus timing;

- Clause 10 describes the SCSI bus phases;

- Clause 11 describes the DATA BUS protection;

- Clause 12 describes the SCSI bus conditions;

- Clause 13 describes the SCSI bus phase sequences;

- Clause 14 describes the SPI information unit sequences;

- Clause 15 describes the SCSI pointers;

- Clause 16 describes the SCSI messages;

- Clause 17 describes the Command processing considerations and exception conditions;
- Clause 18 describes the SCSI management features for the SCSI parallel interface;

- Clause 19 describes the SCSI parallel interface services;
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Small Computer System Interface (SCSI)
Part 113: Parallel Interface-3 (SPI-3)

1 Scope

This standard defines the mechanical, electrical, timing, and protocol requirements of the SCSI parallel
interface to allow conforming SCSI devices to inter-operate. The SCSI parallel interface is a local 1/0 bus
that may be operated over a wide range of transfer rates. The objectives of the SCSI parallel interface are:

a) To provide host computers with device independence within a class of devices. Thus, different disk
drives, tape drives, printers, optical media drives and other SCSI devices may be added to the host
computers without requiring modifications to generic system hardware. Provision is made for the
addition of special features and functions through the use of vendor-specific options. Reserved areas
are provided for future standardization.

b) To provide compatibility such that conforming SCSI-2 and SPI-2 devices may interoperate with
SPI-3 devices given that the systems engineering is correctly done. Conforming SCSI-2 and SPI-2
devices should respond in an acceptable manner to reject SPI-3 protocol extensions. SPI-3 protocol
extensions are designed to be permissive of such rejections and thus allow SCSI-2 and SPI-2
devices to continue operation without requiring the use of the extensions.

The interface protocol includes provision for the connection of multiple initiators (SCSI devices capable of
initiating an 1/0 process) and multiple targets (SCSI devices capable of responding to a request to perform
an 1/0 process). Distributed arbitration (i.e., bus-contention logic) is built into the architecture of this
standard. A default priority system awards interface control to the highest priority SCSI device that is
contending for use of the bus and an optional fairness algorithm is defined.

This standard defines the physical attributes of an input/output bus for interconnecting computers and
peripheral devices.

This standard has made obsolete the following:

a) The high voltage differential (HVD) option of differential driver/receivers. Implementations that use
HVD should reference the SCSI Parallel Interface-2 standard (ISO/IEC 14776-112).

b) The 32-bit SCSI bus width option. Implementations that use 32-bit wide buses should reference
the SCSI Parallel Interface-2 standard (ISO/IEC 14776-112).

c) The SCSI configured automatically (SCAM) option. Implementations that use SCAM should
reference the SCSI Parallel Interface-2 standard (ISO/IEC 14776-112).

d) The CONTINUE TASK message and the TARGET TRANSFER DISABLE message. Implementa-
tions that use the CONTINUE TASK message or TARGET TRANSFER DISABLE message should
reference the SCSI Parallel Interface-2 standard (ISO/IEC 14776-112).

Figure 1 is intended to show the general structure of SCSI standards. The figure is not intended to imply a
relationship such as a hierarchy, protocol stack, or system architecture.
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Common Access Method

SCSI device-Type Specific Command Sets

Shared Command Set (for all SCSI device types)

Transport Protocols

Architecture Model

Physical Interconnects

Figure 1 - General Structure of SCSI
2 Normative references

2.1 Normative references

The following standards contain provisions which, through reference in the text, constitute provisions of
this standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based on this standard are encouraged to investigate the possibility of
applying the most recent editions of the standards listed below.

Members of IEC and ISO maintain registers of currently valid standards.

2.2 Approved references

EIA-700A0AE (SP-3651), Detail Specification for Trapezoidal Connectors with Non-removable Ribbon
Contacts on 1.27 mm Pitch Double Row used with Single Connector Attachments (SCA-2)

EIA-700A0AF (SP-3652), Detail Specification for Trapezoidal Connector 0.8 mm Pitch used with Very High
Density Cable Interconnect (VHDCI)
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IEC 60512-2:1985, Electromechanical components for electronic equipment; basic testing
procedures and measuring methods — Part 2: General examination, electrical continuity and
contact resistance tests, insulation tests and voltage stress tests

IEC 60512-11-7:1996, Electromechanical components for electronic equipment — Basic testing
procedures and measuring methods — Part 11: Climatic tests — Section 7: Test 11g: Flowing
mixed gas corrosion test

ISO 1660, Technical drawings — Dimensioning and tolerancing of profiles

2.3 References under development

At the time of publication, the following referenced standards were still under development.
For information on the current status of the document, or regarding availability, contact the
relevant standards body or other organization as indicated.

ISO/IEC 14776-112, — Information technology — Small computer system interface (SCSI) —
Part 112: Parallel Interface-2 (SPI-2)

ISO/IEC 14776-312, — Information technology — Small computer system interface (SCSI) —
Part 312: Primary Commands-2

ISO/IEC 14776-412, — Information technology — Small computer system interface (SCSI) —
Part 412: Architecture Model-2

2.4 Other references

For information on the current status of the listed document(s), or regarding availability,
contact the indicated organization.

IEEE 1364, Verilog® Hardware Description Language
3 Definitions, symbols, abbreviations and conventions
3.1 Definitions

3.1.1
A cable
50-conductor cable that provides an 8-bit DATA BUS and control signals

3.1.2
agent
carries out the actions of a requested service following the rules of the protocol

3.1.3

application client

an object that is the source of SCSI commands. Further definition of an application client is
found in ISO/IEC 15776-412

3.1.4

asynchronous event notification

an optional procedure used by targets to notify initiators of events that occur when a pending
task does not exist for that initiator

3.1.5
asynchronous transfer
information transfer that uses the asynchronous REQ/ACK handshake with an fos@@ments
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3.1.6

auto-contingent allegiance

an optional condition of a task set following the return of a CHECK CONDITION status, see
ISO/IEC 15776-412 for a detailed definition

3.1.7
bus path
electrical path directly between the bus terminators

3.1.8
byte
indicates an 8-bit construct

3.1.9

confirmation

last step of a confirmed service informing the upper protocol layer that the requested service
has been completed

3.1.10
confirmed service
service available at the protocol service interface, that requires confirmation of completion

The confirmed service consists of the request and confirmation steps and optionally the
indication and response steps.

3.1.11
contact
electrically-conductive portion of a connector associated with a single conductor in a cable

3.1.12
contingent allegiance
an optional condition of a task set following the return of a CHECK CONDITION status

A detailed definition of contingent allegiance may be found in ISO/IEC 15776-412.

3.1.13
cyclic redundancy check (CRC)
an error detecting code used to detect the validity of data

3.1.14

current task

a task that is in the process of sending messages, status, transferring data or transferring
command data from the initiator

3.1.15
DATA BUS
an 8-bit or 16-bit bus (see 8.2)

3.1.16
data field
portion of a data group that contains data bytes

3.1.17

data group

sequence of data bytes, any pad bytes, and the four pCRC bytes during a DT DATA IN phase
or a DT DATA OUT phase

3.1.18
data group transfer :
parallel transfers that transfer data and pCRC information using only data groups Documents
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3.1.19

device serve

an object within the logical unit that executes SCSI tasks according to the rules for task
management as described in ISO/IEC 14776-412

3.1.20

differential

a signaling alternative that uses drivers and receivers with two complementary signals to
improve signal-to-noise ratios and increase maximum cable lengths (see also 3.1.85)

3.1.21
double transition (DT)
latching of data on both the assertion edge and the negation edge of the REQ or ACK signals

3.1.22
driver
circuitry used to control the state of the bus

3.1.23

exception condition

any event that causes a SCSI device to enter an auto-contingent allegiance or contingent
allegiance condition

3.1.24
expander
device that connects SCSI buses together to form a single SCSI domain

3.1.25

fast-5

negotiated to receive synchronous data at a transfer period that transfer rate of less than or
equal to 5 megatransfers per second

3.1.26

fast-10

negotiated to receive synchronous data at a transfer period that translates into a transfer rate
greater than 5 megatransfers per second and less or equal to a transfer rate
10 megatransfers per second

3.1.27

fast-20

negotiated to receive synchronous data at a transfer period that translates into a transfer rate
greater than 10 megatransfers per second and less or equal to a transfer rate of
20 megatransfers per second
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3.1.28

fast-40:
Negotiated to receive synchronous data at a transfer period that translates into a transfer rate greater than
20 megatransfers per second and less than or equal to a transfer rate of 40 megatransfers per second.

3.1.29

fast-80:
Negotiated to receive synchronous data at a transfer period that translates into a transfer rate greater than
40 megatransfers per second and less than or equal to a transfer rate of 80 megatransfers per second.

3.1.30

field:
A group of one or more contiguous bits.

3.1.31

indication:
The second step of a four step confirmed service in reply to a request.

3.1.32

information unit transfer:
Parallel transfers that transfer data, status, commands, task attributes, task management, iuCRC, and
nexus information using SPI information units.

3.1.33

initial connection:
An initial connection is the result of a physical connect. It exists from the assertion of the BSY signal (see
10.6) in a SELECTION phase until the next BUS FREE phase or the next QAS REQUEST message.

3.1.34

initiator:

A SCSI device containing application clients that originate device service and task management requests
to be processed by a target SCSI device. See the SCSI Architecture Model-2 standard for a detailed
definition of an initiator.

3.1.35

1/0 process:

An 1/O process consists of one initial connection or, if information units are enabled, the establishment of a
nexus, and zero or more physical or logical reconnections, all pertaining to a single task or a group of
tasks. An I/O process begins with the establishment of a nexus. If the SPI information unit transfers are
disabled an I/O process normally ends with a COMMAND COMPLETE message. If information unit
transfers are enabled an |/O process normally ends with a SPI L_Q information unit with the type field set
to status and the DATA LENGTH field set to zero.

3.1.36

interconnect:
The electrical media (including connectors and passive loads) used to connect the TERMPWR,
terminators, and SCSI devices in a SCSI bus

3.1.37

I_T nexus:
A nexus that exists between an initiator and a target.
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3.1.38

I_T_L nexus:
A nexus that exists between an initiator, a target, and a logical unit. This relationship replaces the prior I_T
nexus.

3.1.39

I_T_L_Q nexus:
A nexus between an initiator, a target, a logical unit, and a queue tag following the successful receipt of a
queue tag. This relationship replaces the prior I_T nexus or |_T_L nexus.

3.1.40

intersymbol interference (ISI):
The effect of other symbols on the symbol currently being received.

3.1.41

iuCRC protection:
The use of CRC to detect DT DATA phase data transmission errors during SPI information unit transfers.

3.1.42

logical connect:
. Establishes an I_T_L_Q nexus using SPI L_Q information units during an initial connection.

03143

logical disconnect:
 Reduces the current |_T_L_Q nexus to an |_T nexus.

3.1.44

logical reconnect:
Reestablishes an I_T_L_Q nexus from an I_T nexus using SPI L_Q information units.

3.1.45

logical unit:
An externally addressable entity within a target. See the SCSI Architecture Model-2 standard for a detailed
definition of a logical unit.

3.1.46

logical unit number:
An identifier for a logical unit.

3.1.47

magnitude:
The absolute value of a number or quantity.

3.1.48

maximum transfer rate:
The fastest transfer rate supported by a SCSI device.

3.1.49

megatransfers per second:
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The repetitive rate that data are transferred across the bus. This is equivalent to megabytes per second on
an 8-bit wide bus.

3.1.50

message:
One or more bytes transferred between an initiator and a target to do link control, perform task
management, and to associate task attributes with commands.

3.1.51

multidrop:
A characteristic of the SCSI bus that allows SCSI devices to be connected to the SCSI bus without
disrupting the electrical path between the terminators (see 4.3).

3.1.52

multimode single-ended (MSE):
A signalling alternative for LVD SCSI devices that employs MSE (see 7.4) drivers and receivers to allow
operation when SE SCSI devices are present on the bus.

3.1.53

nexus:
A relationship between an initiator and a target, logical unit, or queue tag that begins with an initial
connection and ends with the completion of the associated I/O process. This relationship is formed as the
result of a task.

3.1.54

object:
An architectural abstraction that encapsulates data types, services, or other objects that are related in
some way.

3.1.55

odd parity:

Odd logical parity, where the parity bit is driven and verified to be that value that makes the number of
assertions on the associated data byte plus the parity bit equal to an odd number (1, 3, 5, 7, or 9). See
3.1.60, parity bit. If an even number of asserted bits are detected at the receiver a parity error occurs.

3.1.56

one:
A true signal value or a true condition of a variable.

3.1.57

P cable:
A 68-conductor cable or an 80-conductor connector that provides the 16-bit DATA BUS and control
signals.

3.1.58

packetized:
A method of transferring information using SPI information units (see 4.9.3.3)

3.1.59

pad field:
The portion of a data group that contains pad information.
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3.1.60

parity bit:
A bit associated with a byte that is used to detect the presence of an odd number of asserted bits within the
byte. The parity bit is driven such that the number of logical ones in the byte plus the parity bit is odd.

3.1.61

parallel transfer:
The transfer of information using information transfer phases.

3.1.62

path:
The cable, printed circuit board or other means for providing the conductors and insulators that connect
two or more points.

3.1.63

pCRC field:
The portion of a data group that contains pCRC information.

3.1.64

pPCRC protection:
The use of CRC to detect DT DATA phase data transmission errors during parallel transfers.

3.1.65

pending task:
A task that is not the current task.

3.1.66

physical connect:
The act of establishing an I_T nexus during a connection.

3.1.67

physical disconnection:
The action that occurs when a SCSI device releases control of the SCSI bus, allowing it to go to the BUS
FREE phase.

3.1.68

physical reconnect:
The act of resuming a nexus to continue a task. A target initiates a physical reconnect when conditions are
appropriate for the physical bus to transfer data associated with a nexus between an initiator and a target.

3.1.69

physical reconnection:

A physical reconnection is the result of a physical reconnect that exists from the assertion of the BSY
signal in a SELECTION or RESELECTION phase. A physical reconnection ends with the BUS FREE
phase (see 10.2) or a QAS REQUEST message (see 10.5.3).

3.1.70

planar:
A cable media construction where the signal wires are substantially side by side. The cable media may
contain twisted pairs or straight wires or any combination of twisted pairs/straight wires.
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3.1.711

point-to-point:
A subset of the multidrop architecture (see 4.3) where only two SCSI devices are attached within an
allowed stub length of the terminators on a SCSI bus.

3.1.72

port:
A single attachment to a SCSI bus from a SCSI device.

3.1.73

queue:
The arrangement of tasks within a task set usually according to the temporal order that they were created.

3.1.74

queue tag:
The parameter associated with a task that uniquely identifies it from other tagged tasks for a logical unit
from the same initiator.

3.1.75

receiver:
The circuitry used to detect the state of the bus.

3.1.76

request:
The first step of a transaction invoking a confirmed service.

3.1.77

response:
The third step of a four step confirmed service in reply to an indication.

3.1.78

SCSI address:
The decimal representation of the unique address assigned to a SCSI device.

3.1.79

SCSil bus:
All the conductors and connectors required to attain signal line continuity between every driver, receiver,
and terminator for each signal.

3.1.80

SCSI device:
A device containing at least one SCSI port and the means to connect its drivers and receivers to the bus.

3.1.81

SCSI ID:
The bit-significant representation of the SCSI address.

3.1.82

signal assertion:
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The act of driving a signal to the true state.
3.1.83

signal negation:
The act of performing a signal release or of driving a signal to the false state.

3.1.84

signal release:
The act of allowing the cable terminators to bias the signal to the false state (by placing the driver in the
high impedance condition).

3.1.85

single-ended (SE):
A signalling alternative that uses SE (see 7.2) drivers and receivers (see also 3.1.20, differential).

3.1.86

single transition (ST):
The latching of data only on the assertion edge of the REQ or ACK signals.

3.1.87

source (a signal):
The act of either signal assertion, signal negation, or signal release.

3.1.88

SPI information unit:
Data structures that encapsulate data, status, command, task attributes, iuCRC, and nexus information
into various formats.

3.1.89

stub:
Any electrical path connected to the bus that is not part of the bus path.

3.1.90

stubbed path:
Path with stubs attached.

3.1.91

target:
A SCSI device that receives SCSI commands and directs such commands to one or more logical units.

3.1.92

task:

An object within the logical unit representing the work associated with a command or group of linked
commands. A task consists of one initial connection and zero or more physical or logical reconnections, all
pertaining to the task.

3.1.93

task manager:
An agent within the device server that executes task management functions.
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3.1.94

task management function:
A task manager service that may be invoked by a task management message or by setting one of the task
management flags in a SPI L_Q information unit to affect the execution of one or more tasks.

3.1.95

task set:

A group of tasks within a device server, whose interaction is dependent on the task management,
contingent allegiance and auto-contingent allegiance rules. See the SCSI Architecture Model-2 standard
for a detailed definition of a task set.

3.1.96

transceiver:
A device that implements both the SCSI bus receiver and driver functions.

3.1.97

transfer period:

The negotiated time between edges of REQ or ACK that latch data. For ST the transfer period is measured
from assertion edge of the REQ or ACK signal to the next assertion edge of the signal. For DT the transfer
period is measured from a transition edge of the REQ or ACK signal to the next transition edge of the
signal.

3.1.98

transfer rate:
The negotiated megatransfers per second.

3.1.99

upper level protocol:
Any protocol executed through services provided by a lower level protocol.

3.1.100

vendor-specific:

Something (e.g., a bit, field, code value) that is not defined by this standard and may be used differently in
various implementations.

3.1.101

zero:
A false signal value or a false condition of a variable.

3.2 Symbols and abbreviations

#or NE not equal

<orLE less than or equal to

* plus or minus

=~ approximately

X multiply

+ add

- subtract

<orlLT less than

=or EQ equal

>orGT greater than

>or GE greater than or equal to

ACA auto-contingent allegiance (see 3.1.6) DOCU ments
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CA Contingent allegiance (see 3.1.12)
CMOS Complementary metal oxide semiconductor
CRC Cyclic Redundancy Check (see 3.1.13)
DT Double transition (see 3.1.21)

DUT Device under test

EMI Electromagnetic interference

EMC Electromagnetic compatibility

ESD Electrostatic discharge

HVD High voltage differential

IDC Insulation displacement contact

ISI Intersymbol interference

iuCRC Information unit CRC

LSB Least significant bit

LUN Logical unit number

LvD Low voltage differential

MSB Most significant bit

MSE Multimode single-ended (see 3.1.52)
pCRC Parallel CRC

PPR Parallel protocol request

NEXT Near end crosstalk

SCSI Small Computer System Interface
QAS Quick Arbitration and Selection
SCSI-2 Small Computer System Interface - 2
SCSI-3 Small Computer System Interface - 3
SDTR Synchronous data transfer request
SE Single-ended (see 3.1.85)

ST Single transition (see 3.1.86)

WDTR Wide data transfer request

3.3 Keywords

3.31

expected
A keyword used to describe the behavior of the hardware or software in the design models assumed by
this standard. Other hardware and software design models may also be implemented.

3.3.2

invalid
A keyword used to describe an illegal or unsupported bit, byte, word, field or code value. Receipt of an
invalid bit, byte, word, field or code value shall be reported as an error.

3.33

~mandatory
- A keyword indicating an item that is required to be implemented as defined in this standard to claim
- compliance with this standard.

1334

: may
A keyword that indicates flexibility of choice with no implied preference.

3.3.5

may not
Keywords that indicate flexibility of choice with no implied preference.
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3.3.6

obsolete
A keyword indicating that an item was defined in prior SCSI standards but has been removed from this
standard.

3.3.7

optional
A keyword that describes features that are not required to be implemented by this standard. However, if
any optional feature defined by this standard is implemented, it shall be implemented as defined in this
standard.

3.3.8

reserved

A keyword referring to bits, bytes, words, fields and code values that are set aside for future
standardization. Their use and interpretation may be specified by future extensions to this or other
standards. A reserved bit, byte, word or field shall be set to zero, or in accordance with a future extension
to this standard. Recipients are not required to check reserved bits, bytes, words or fields for zero values.
Receipt of reserved code values in defined fields shall be reported as an error.

3.3.9

shall
A keyword indicating a mandatory requirement. Designers are required to implement all such requirements
to ensure interoperability with other products that conform to this standard.

3.3.10
should

A keyword indicating flexibility of choice with a preferred alternative; equivalent to the phrase "it is
recommended".

3.4 Conventions

Certain words and terms used in this International Standard have a specific meaning beyond the nor-
mal English meaning. These words and terms are defined either in clause 3 or in the text where they
first appear. Names of signals, phases, messages, commands, statuses, sense keys, additional sense
codes, and additional sense code qualifiers are in all uppercase (e.g., REQUEST SENSE), names of fields
are in small uppercase (e.g., STATE OF SPARE), lower case is used for words having the normal English
meaning.

Fields containing only one bit are usually referred to as the name bit instead of the name field.

Numbers that are not immediately followed by lower-case b or h are decimal values.

Numbers immediately followed by lower-case b (xxb) are binary values.

Numbers immediately followed by lower-case h (xxh) are hexadecimal values.

Decimals are indicated with a comma (e.g., two and one half is represented as 2,5).

Decimal numbers having a value exceeding 999 are represented with a space (e.g., 24 255).
;: An alphanumeric list (e.g., a,b,c or A,B,C) of items indicate the items in the list are unordered.

A numeric list (e.g., 1,2,3) of items indicate the items in the list are ordered (i.e., item 1 must occur or
- complete before item 2).

| In the event of conflicting information the precedence for requirements defined in this stanB@ézuments
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1) text,
2) tables, then
3) figures.

3.5 Notation for Procedures and Functions

Procedure Name ([input:1a]input:1b|input:1c][,input:2a+input:2b]...[input:n]||
[output:1][,output:2]...[output:n])

Where:
Procedure Name: A descriptive name for the function to be performed.
") Parentheses enclosing the lists of input and output arguments.
input:1alinput:1b]... A number of arguments of which only one shall be used in any single
procedure
input:1, input:2, ...: A comma-separated list of names identifying caller-supplied input
data objects.
output:1, output:2, ...: A comma-separated list of names identifying output data objects to

be returned by the procedure.

|| A separator providing the demarcation between inputs and outputs.
Inputs are listed to the left of the separator; outputs, if any, are listed
to the right.

B Brackets enclosing optional or conditional parameters and argu-
ments.

"|“: A separator providing the demarcation between a number of argu-
ments of which only one shall be used in any single procedure.

"+ A collection of objects presented to a single object. No ordering is im-
plied.
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4 General

4.1 General overview

This standard defines the cables, connectors, signals, transceivers, and protocol used to interconnect
parallel SCSI devices and the services provided to the application client.

4.2 Cables, Connectors, Signals, Transceivers

SCSI parallel interface devices may be implemented with either 50, 68, or 80 pin connectors.

Table 1 defines the bus modes and transfer rates supported with the various transceivers defined within
this standard.

Table 1 - Transceiver/speed support map

Transceiver |DataLatching Maximum transfer rate
T ST/DT
ype (ST/DT) Async. | Fast-5 | Fast-10 | Fast-20 | Fast-40 | Fast-80
SE ST yes yes yes yes no no
MSE (Note) ST yes yes yes yes no no
ST yes yes yes yes yes no
LVD
DT no no yes yes yes yes

Key: yes = Transceiver/speed combination supported by this standard.
No =Transceiver/speed combination not supported by this standard.

Note-MSE is identical to SE except for the requirements in 7.4, table 15, and table 16.

SCSI devices may connect to the bus via 8-bit or 16-bit ports. The 8-bit ports shall connect to a bus with an
A cable or equivalent (see 5). The 16-bit ports shall connect to a bus with a P cable or equivalent (see 5).

4.3 Physical architecture of bus

The position of the drivers, receivers, and terminators for a SE bus are shown in figure 2 and for a
differential bus are shown in figure 3. The electrical properties of the drivers and receivers are all
measured at the stub connections (see figure 4). Unless otherwise noted, all voltages are with respect to
the signal ground of the SCSI device.

Documents

Document Sharing Hub

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS

Full document details: ISO IEC 14776-113-2002

Not for Resale


http://www.avadocuments.com/doc/iso-iec-14776-113-2002
http://www.avadocuments.com/doc/iso-iec-14776-113-2002

14776-113 © ISO/IEC:2002(E) -35-

1) A - SIGNAL
T T
[ C, T SIGNAL | C,
= RETURN —

=

SHIELD (IF ANY)

gﬁ - TRANSCEIVER (DRIVER + RECEIVER)

T - BUS TERMINATION CIRCUITRY
- LOGIC GROUNDS

(g
s

Figure 2 - SE SCSI bus
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Figure 3 - Differential SCSI bus

4.4 Physical topology details and definitions

The SCSI bus is a multidrop architecture described in 4.3. Other details important to ensure the proper
operation of this topology are described in this subclause.

The SCSI bus consists of all the conductors and connectors required to attain signal line continuity
between every driver, receiver, and terminator for each signal. The electrical connection directly between

the two terminators forms the bus path. Any electrical path that is not part of the bus—pawbwm'@ﬂts
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point where a stub meets the bus path is termed the stub connection.
Figure 4 shows examples of connectors, bus paths, stubs, and stub connections.

SCSI bus connectors are any connector, defined within this standard, used to create the SCSI bus. SCSI
bus connectors are defined by their function and by their physical placement.

The functional definitions are:

a) connectors used to provide part of the bus-path are labeled bus-path connectors, and
b) connectors used to provide part of a stub are labeled stub connectors.

Common physical placement definitions are:

a) connectors physically part of SCSI devices are labeled device connectors,

b) connectors physically part of cables, backplanes, or other non-device conductors are labeled
cable connectors,

¢) connectors physically part of terminators are labeled terminator connectors,

d) connectors that provide entry and exit points to and from enclosures are labeled enclosure
connectors, and

e) other physical placements may be used.

SCSI bus connectors (e.g., device stub connector, terminator bus path connector) referred to in this
standard use both the functional definition and a physical placement.

The portion of the stub contained within the stub connector that has the stub connection may be ignored.
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STUB: ANY NON-PATH

Figure 4 - SCSI bus topology details

If an intermediate interconnection is added to connect the SCSI device to the bus path this additional
interconnect (including its connectors) and the SCSI device contribute to the stub and bus loading. In
system implementations that use an intermediate interconnect the parameters specified in this standard at
the SCSI device connector shall apply at the stub connection.

NOTE 1 - Any extensions of the connection beyond the terminator as shown in the right side of figure 4
should be minimized or avoided as that extension produces stubs and bus loading.

NOTE 2 - In order to support daisy-chain connections, SCSI devices that use shielded connectors should
provide two shielded SCSI device connectors on the SCSI device enclosure. Inside the enclosure the
cable should be looped from one shielded connector to the other. The loop should pass the connecting
point to the transceivers within the enclosure in such a manner that stub lengths are minimized. The
length of the cable within the SCSI device enclosure is included when calculating the total cable length of
the SCSI bus. (See figure 4.)

4.5 Bus loading

Bus loading is the electrical current flowing through the stub connection for lines that are not being driven
by the attached SCSI device. The bus termination circuitry also provides bus loading. Bus loading shall
appear capacitive to A.C. signals and may also have a D.C. leakage component. The stub capacitance is
caused by electrical paths and components within the stub. The leakage is caused by imperfect insulation
of plus and minus signals and by components attached to the paths within the stub. The capacitive current
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loading is specified by the value of the capacitances at the plus and minus signals rather than by the value
of the current.

Bus termination circuitry bus loading is the capacitance measured at the terminator bus-path connector.
Any D.C. leakage within enabled terminators is part of the performance requirements in 7.2.1, 7.3.1, and
7.4.1 and does not constitute bus loading.

Bus termination loading is separate from bus loading. SCSI devices containing enabled bus termination
shall present maximum loading at the stub connection that is the sum of the maximum allowed termination
loading and the maximum allowed bus loading. See 4.6 for requirements of disabled termination circuitry.

For stub connections within an allowed stub length from enabled bus termination circuitry, the maximum
bus loading allowed is the sum of the maximum bus termination loading and the maximum bus loading. If
the enabled terminators are within a SCSI device and if either the bus termination loading or the bus
loading is less than the maximum allowed, the other entity may increase its loading as long as the total for
both entities does not exceed the maximum allowed.

4.6 Termination requirements

The SCSI bus termination defines the ends of the SCSI bus. Bus termination is required to set the negated
state when no SCSI device is driving (also called biasing) and to match the impedance to that of the
interconnect media. A termination circuit is providing bus termination only when it is delivering the
performance requirements for biasing and impedance matching. Such a termination circuit is said to be
enabled when it is providing the bus termination.

Terminator circuits may also be in a disabled state, when they are not providing any of the termination
functions of bias and impedance matching. One way of disabling a terminator is to disconnect all the signal
lines (optionally including DIFFSENS) by an electronic switch. Such a terminator circuit is called a
switchable terminator.

Disabled terminators count as SCSI devices in terms of bus loading if they are individually attached to the
bus. If they are contained within a SCSI device the disabled terminators become part of the SCSI device
load budget for that SCSI device.

4.7 SCSI device Addressing

The number of SCSI devices that may be addressed depends on the width of the data path of the bus; an
8-bit data path allows up to 8 SCSI devices to be addressed, and a 16-bit data path allows up to 16 SCSI
devices to be addressed. However, the number of SCSI devices that may be connected to the bus is
dependent on several factors (e.g., bus length, data transfer rates, capacitance loading of the SCSI
device) that are described throughout this standard.

| 4.8 Data transfers

" This standard defines optional methods of latching data from the REQ and ACK signals depending on

- whether ST DATA phases or DT DATA phases are being used for information transfers as shown in figure

- 5. Data shall only be latched on the asserting edge of the REQ or ACK signal except in DT DATA phases.

»When DT DATA phases are used, data shall be latched on both the asserting edge and the negating edge
of the REQ or ACK signal.

Regardless of whether ST or DT transfers are enabled the negotiated transfer period sets the maximum
rate that data is clocked at in megatransfers per second. As a result, the time from rising edge to rising
edge for REQ and ACK signals for the same transfer rate is twice as long for a DT transfer as itis for an ST
transfer. An example of a negotiated transfer period of 25 ns with ST transfers is shown in figure 6. While
the same 25 ns negotiated transfer period with DT transfers is shown in figure 7. The only timing difference
between ST and DT is that the rising edge to rising edge time for DT is 50 ns while ST is 25 ns. In both
cases data is transferred at 25 ns intervals.
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REQ/ACK

ST Data ' '
DT Dat{>< : >< : >< : X X
DT & ST DT DT & ST DT
Clock Clock Clock Clock
Figure 5 - ST latching data vs. DT latching data
transfer period = 25 ns
~ .
REQ/ACK
ST Data

ST ST
Clock Clock

Example: A negotiated transfer period of 25 ns equates to a transfer rate of 40
megatransfers per second.

Figure 6 - ST data transfer example
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( transfer period = 25 ns
~q . < + .

REQ/ACK

DT Dataj>< : >( : >< : X - X
DT DT DT DT
Clock Clock Clock Clock

Example: A negotiated transfer period of 25 ns equates to a transfer rate of 40
megatransfers per second.

Figure 7 - DT data transfer example
4.9 Data transfer modes

4.9.1 Data transfer modes overview
SCSI parallel interface devices default to 8-bit asynchronous transfers.

The 8-bit information transfer mode is used for all information transfers except DATA phases. ST DATA
phases may use 8-bit or 16-bit transfers when a wide transfer agreement (see 10.8.3.4) is in effect. DT
DATA phases shall only use 16-bit transfers.

The asynchronous information transfer mode is used for all information transfers except data phases. ST
DATA phases may transfer data using either asynchronous transfers, or synchronous transfers when a
synchronous transfer agreement is in effect. DT DATA phases, when enabled, shall only transfer data
using synchronous transfers.

Information unit transfers, when enabled, use DT DATA phases to transfer nexus, command, data, and
status information.

Data group transfers, when enabled, use DT DATA phases to transfer data.
4.9.2 ST DATA phase parallel transfers

The format of data transmitted during ST DATA phases consists of data and protection. Parity is used to
protect the data (see 11.2).

4.9.3 DT DATA phase parallel transfers
4.9.3.1 DT DATA phase parallel transfers format

The format of the data transmitted during DT DATA phases is dependent on the negotiated protocol option.
If data group transfers are enabled then all data and protection are transmitted in data groups. If
information unit transfers are enabled then all nexus, task management, task attribute, command, data,
and protection are transmitted in SPI information units.
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4.9.3.2 Data group transfers

When using data group transfers each DT DATA IN phase and DT DATA OUT phase contains one or more
data groups. A data group consists of a non-zero length data field containing an even number of bytes (see
16.3.4), followed by a pad field when pad bytes are needed, and then followed by a pCRC field. The
number of bytes transferred within a data group shall always be a multiple of four.

If the number of bytes in the data field is not a multiple of four the transmitting SCSI device shall place two
pad bytes into the pad field. If the number of bytes in the data field is a multiple of four the transmitting
SCSI device shall omit the pad field. Regardless of the number of bytes in the data field the pCRC field
shall be the last four bytes of the data group.

The value of the pad bytes within the pad field is vendor specific.

During DT DATA IN phase if the number of bytes in a data field is not a multiple of two bytes, then after
sending the pad and pCRC fields the target shall change to MESSAGE IN phase and send an IGNORE
WIDE RESIDUE message (16.3.4) with the NUMBER OF BYTES TO IGNORE field set to 01h.

During DT DATA OUT phase if a target requests a pCRC field prior to the last data field of a task, the initiator
shall transmit an even number of bytes in that data field.

The pCRC shall be used to protect all data group transfers. The SCSI device transmitting data sends the
necessary pad field(s) and a pCRC field at a point determined by the target.

4.9.3.3 Information unit transfers

During information unit transfers each DT DATA IN phase and DT DATA OUT phase contains one or more
SPI information units. The number of bytes transferred within a SPI information unit shall always be a
multiple of four.

If the number of bytes in the SPI information unit is not a multiple of four the transmitting SCSI device shall
transmit one, two, or three pad bytes before transmitting an iuCRC. If the number of bytes in the SPI
information unit is a multiple of four the transmitting SCSI device shall not transmit any pad bytes.
Regardless of the number of bytes in the SPI information unit the last four bytes of the SPI information unit
shall be an iuCRC.

The value of the pad bytes is vendor specific.

The iuCRC shall be used to protect all SPI information units. The SCSI device that originates the SPI
information unit sends the necessary pad byte(s) and iuCRC field(s).

An iuCRC interval may also be specified. The iuCRC interval specifies the number of bytes transferred
before pad bytes (if any) and the iuCRC is transferred within SPI data information units and SPI data
stream information units. A SPI data information unit or a SPI data stream information unit may contain
zero or more iUCRC intervals depending on the values specified in the SPI L_Q information unit. At a
minimum there shall be at least one iuCRC at the end of each SPI data information unit and SPI data
stream information unit regardless of the size of the iuCRC interval.

The iuCRC interval is required to be a multiple of two, however, if it is not a multiple of four then two pad
bytes shall be transmitted before each iuCRC interval, iuCRC is transmitted.

4.10 Protocol

This standard describes a SCSI device’s behavior in terms of functional levels, service interfaces between
levels and peer-to-peer protocols. For a full description of the model used in this standard see the SCSI
Architecture Model-2 standard. Figure 8 shows the model as it appears from the point of view of this
standard.
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Figure 8 - SCSI Parallel Interface service reference mode

Services between service levels are either four step confirmed services or two step confirmed services. A
four step confirmed service consists of a service request, indication, response, and confirmation. A two
step confirmed service consists of a service request and confirmation.

Figure 9 shows the service and protocol interactions for a four step confirmed service.
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Interconnect Transactions

=~ Parallel Interface 1
Agent (target) "

Figure 9 - Model for a four step confirmed service

The SCSI parallel interface four step confirmed service protocol consists of the following interactions:

a) A request to the initiator parallel interface agent to invoke a service;
b) An indication from the target parallel interface agent notifying the SCSI device server or task

manager of an event;

c) A response from the SCSI device server or task manager in reply to an indication;
d) A confirmation from the initiator parallel agent upon service completion.

Only application clients shall request a four step confirmed service be invoked.
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Figure 10 shows the service and protocol interactions for a two step confirmed service.

Application SCSI device
Client Server

-

Confirmation

D
()
>S5
SCSI Parallel Interface g

Service Interface o

Parallel Interface

- SCSI Parallel Interface
Agent (initiator) Interconnect Transactions

" = Parallel Interface 1
Agent (target) !

L4
-

-m-m e mmm-=

Figure 10 - Model for a two step confirmed service
The SCSI parallel interface two step confirmed service interface consists of the following interactions:

a) a request to the target parallel interface agent to invoke a service;
b) a confirmation from the target parallel interface agent upon service completion.

Only SCSI device servers shall request a two step confirmed service be invoked.
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5 SCSI parallel interface connectors

5.1 SCSI parallel interface connectors overview

Two types of connectors are defined: nonshielded and shielded. The nonshielded connectors are typically
used within an enclosure. The shielded connectors are typically used for external applications where
electromagnetic compatibility (EMC) and electrostatic discharge (ESD) protection may be required. Either
type of connector may be used with the single-ended or differential transceivers.

The connector mechanical drawings conform to the ISO 1660 (technical drawings - dimensioning and
tolerancing) standard.

This standard defines all the supported SCSI device connectors. The 80-contact alternative 4 non-shielded
SCSI device connector and the 68-contact alternative 4 shielded SCSI device connector are defined by
reference to IEC standards (see clause 2).

The alternative 1 nonshielded, alternative 3 nonshielded, alternative 1 shielded, and alternative 3 shielded
connectors shall have contact geometry and normal force sufficient to pass the following test:

a) measure contact resistances of the connectors being evaluated using a test procedure for
low-level contact resistance. Use IEC 60512-2 (low-level contact resistance test procedure for
electronic connectors) as a reference procedure. Record measurements as initial contact
resistances;

b) mate and unmate connectors 50 cycles;

c) measure contact resistance in accordance with item (a) above (this is an optional step);

d) expose mated connectors to mixed flowing gas consisting of 10 x 107 parts of chlorine, 10 x 107
patrs of hydrogen sulfide, 200 x 107° parts of sulfur dioxide, and 200 x 107° parts of nitrogen
dioxide for 20 days at 70 % relative humidity and 30 °C. Use IEC 60512-11-7 (standard practice for
conducting mixed flowing gas environmental tests) as a reference procedure;

e) remove connectors from the mixed flowing gas, remeasure contact resistance in accordance with
item a) above. Any contact with an increase of 15 mQ or greater is a failure.

The resistance shall be measured using a four-point dry-circuit method directly across the mated contact.
5.2 Nonshielded connector

5.2.1 Nonshielded connector alternative 1 - A cable

The alternative 1 nonshielded SCSI device connector for the A cable shall be a 50-conductor connector
consisting of two rows of 25 female contacts with adjacent contacts 1,27 mm (0,05 in) apart, as shown in
figure 11. The nonmating portion of the connector is shown for reference only.

The alternative 1 nonshielded mating connector for the A cable shall be a 50-conductor connector
consisting of two rows of 25 male contacts with adjacent contacts 1,27 mm (0,05 in) apart, as shown in
figure 12. The nonmating portion of the connector is shown for reference only.

5.2.2 Nonshielded connector alternative 2 - A cable

The alternative 2 nonshielded SCSI device connector for the A cable shall be a 50-conductor connector
consisting of two rows of 25 male contacts with adjacent contacts 2,54 mm (0,1 in) apart as shown in figure
13. A shroud and header body should be used. The non-mating portion of the connector is shown for
reference only.

The alternative 2 nonshielded mating connector for the A cable shall be a 50-conductor connector
consisting of two rows of 25 female contacts with adjacent contacts 2,54 mm (0,1 in) apart as shown in
figure 14. It is recommended that keyed connectors be used.

5.2.3 Nonshielded connector alternative 3 - P cable
The alternative 3 nonshielded SCSI device connector for the P cable shall be a 68—condﬁ:‘8bc%cé%ts
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consisting of two rows of 34 female contacts with adjacent contacts 1,27 mm (0,05 in) apart, as shown in
figure 11. The nonmating portion of the connector is shown for reference only.

The alternative 3 nonshielded mating connector for the P cable shall be a 68-conductor connector
consisting of two rows of 34 male contacts with adjacent contacts 1,27 mm (0,05 in) apart, as shown in
figure 12. The nonmating portion of the connector is shown for reference only.

5.2.4 Nonshielded connector alternative 4

The alternative 4 nonshielded SCSI device connector for the P-cable shall be an 80-conductor connector
consisting of two rows of ribbon contacts spaced 1,27 mm (0,05 in) apart, as shown in figure 15 and figure
16. For the detailed dimensional drawings of this connector see the SCA-2 EIA standard EIA-700AQOAE.

The alternative 4 nonshielded mating connector for the P-cable shall be an 80-conductor connector
consisting of two rows of ribbon contacts spaced 1,27 mm (0,05 in) apart, as shown in figure 15 and figure
16. For the detailed dimensional drawings of this connector see the SCA-2 EIA standard EIA-700A0AE
and annex N.
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B6
SOCKET 1
SOCKET X
ElEEE e
EEIOEU ElFE| B Tha e
¢ A s ‘\(\W W % *
B8 || !
B7
- <310 - B4
CEHOEND VR S
(TO CONTACT POINT)
NOTE — Dimensions B8
and B10 are the opening
in the dielectric. The L I
socket contacts (not I 13
shown) are to be i
centered within the
opening. L\/vﬂ} T/—/\/J
Dimensions 50 Position 68 Position
Millimeters Inches Millimeters Inches
B1 34,70 1,566 46,13 1,816
B2 0,218 0,218
B3 0,100 0,100
B4 1,27 0,050] 1,27 0,050
B5 30,48 1,200 41,91 1,650
B6 15° 15°
B7 1,00 R 0,039 R [1,00 R] 0,039 R]
B8 0,61£0,05 |[0,024+£0,002 0,61£0,05 |0,024£0,002
B9 0,15 0,006 0,15 0,006
B10 0,86£ 0,10 |0,034+£0,004 0,86£ 0,10 |0,034+£ 0,004
B117 0,15 0,006 0,15 0,006
B12 0,05 0,002 0,05 0,002
B13 5,00£0,13| 0,197£0,005 5,00£0,13| 0,19/£0,005
B14 1,75 MAX 0,069 MAX 1,75 MAX 0,069 MAX
SOCKET X 25 34
SOCKET Y 26 35
SOCKET 7/ 50 68

Figure 11 - 50/68-contact alternative 1/alternative 3 nonshielded SCSI device connector
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Dimensions 50 Position 68 Position
Millimeters Inches Millimeters Inches
Al 34,85 1,372 46,28 1,822
A2 0,224 0,224
A3 2,54 0,100 2,54 0,100
A4 0,050 0,050
A5 30,48 1,200 41,97 1,650
AB 15° 15° 15°
A7 1,04 R 0,041 R (1,04 R] (0,041 R|
A8 0,396+ 0,010 |0,0156+0,0004| 0,396+£0,010 |0,0156+ 0,0004
A9 0,23 0,009 0,23 0,009
A10 0,61£0,03 | 0,024+0,001 0,61£0,03 | 0,024+0,001
A1 0,23 0,009 0,23 0,009
A2 0,05 0,002 0,05 0,002
A13 5,16£0,15 | 0,203£0,006 | 5,16+0,15 | 0,203+0,006
Al4 4,39 MAX 0,173 MAX 4,39 MAX 0,173 MAX
A15 3,02 MIN 0,119 MIN 3,02 MIN 0,119 MIN
A6 1,02£0,25 | 0,040£0,010| 1,02+0,25 | 0,040£0,010
PIN X 25 34
PIN Y 26 35
PIN Z 50 68

Figure 12 - 50/68-contact alternative 1/alternative 3 nonshielded mating connector
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D10 vﬁ D7
‘ O O .
. 7) Note:  Straight
° H N through header
% % F D8 % may also be
used.
D2
Pin 49 De Pin 1
IR = bt =09
G | riiiiiiiiiiiiiiiiiiiiiin | 9 %2’
J /UUUUUUUUUUUUUUU%UUUUUUUUU ; \
D4 ﬂhDS R Note:
Pin 50~ HSee Note 1 Shrouded Header
pin 72— (Recommended)
T Section X—X
O T T O B T TR TR QTP N
‘ﬂ}ZZZZZZZZZZZZZZZZZZZZZZZZZQ}‘
- D5 ——
Dimension mm n Comments
D1 2,54 0,100
D2 32,80 5,260 Reference Only
D3 2,54 0,100
D4 3,39 0,350 Reference Only
D5 /2,64 2,860 Reference Only
DE /8,74 5,100 Reference Only
D7 15,94 0,549 Reference Only
D8 4.19£0,25 10,165+0,010
D9 6,10 0,240
D10 0,60 0,260 Reference Only
NOTES
T Two rows of twenty five contacts on 2,540 mm
(0,700 in) spacing = 60,960 mm (2,400 in).
2  Tolerances +£0,127 mm (0,005 in) non—cumulative,
unless specified otherwise.

Figure 13 - 50-contact alternative 2 nonshielded SCSI device connector (A cable)
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