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INFORMATION TECHNOLOGY —
SMALL COMPUTER SYSTEM INTERFACE (SCSI) -

Part 112: Parallel Interface-2 (SPI-2)

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, 1ISO and IEC have established a joint technical committee, ISO/IEC JTCL1.
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.

3) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. 1ISO and IEC shall not be held responsible for identifying any or all such patent rights.

_International Standard ISO/IEC 14776-112 was prepared by subcommittee 25: Inter-
- connection of information technology equipment, of ISO/IEC joint technical committee 1:
* Information technology.

"ISO/IEC 14776-112 is intended to be used in conjunction with ISO/IEC 14776-311". The
resulting interface facilitates the interconnection of computers and intelligent peripherals and
thus provides a common interface standard for both system integrators and suppliers of
intelligent peripherals.

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

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

! Under consideration.
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Introduction

The SCSI protocol is designed to provide an efficient peer-to-peer I/O bus with the maximum number of
hosts and peripherals determined by the bus width (typically 8 or 16 with 32 allowed). 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 devices may be added to the host
computers without requiring modifications to generic system hardware. Vendor unique indications
are accommodated. Reserved areas are provided for future standardization.

b) To provide interoperability with SCSI-2 devices. Devices meeting SCSI-2 and the SCSI Parallel
Interface-2 standards co-exist on the same bus. SCSI-3 devices should be permissive of the SCSI-2
or SCSI-3 compliant behavior of other devices including those not implementing optional extensions
of the SCSI Parallel Interface-2 Standard.

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 combines the functionality of the SCSI-3 Interlocked Protocol (SIP) standard,
the SCSI-3 Parallel Interface (SPI) standard, and the SCSI-3 Fast-20 standard. This international standard
is intended to be the choice for new designs over the above standards. In addition to combining the above
standards several new features have been added into this international standard. Some of those features
are; Low Voltage Differential (LVD), fast-40 data transfers, multimode signal-ended (MSE), and additional
connectors.

The SCSI Parallel Interface-2 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 bus timing;

- Clause 10 describes the removal and insertion of parallel SCSI devices;

- Clause 11 describes the SCSI parallel protocol characteristics;
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Small Computer System Interface -

Part 112: Parallel Interface-2 (SPI-2)
1 Scope

This international standard defines the mechanical, electrical, timing, and protocol requirements of the
SCSI parallel interface to allow conforming devices to interoperate. The SCSI parallel interface is a local
I/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 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 properly conforming SCSI-2 devices may interoperate with
SCSI-3 devices given that the systems engineering is correctly done. Properly conforming SCSI-2
devices should respond in an acceptable manner to reject SCSI-3 protocol extensions. SCSI-3
protocol extensions are designed to be permissive of such rejections and thus allow the SCSI-2
devices to continue operation without requiring the use of the extension.

The interface protocol includes provision for the connection of multiple initiators (SCSI devices capable of
initiating an I/O process) and multiple targets (SCSI devices capable of responding to a request to perform
an /O process). Distributed arbitration (i.e., bus-contention logic) is built into the architecture of 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 standard defines the physical attributes of an input/output bus for interconnecting computers and
peripheral devices.

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

This international standard is intended as an alternate to the SCSI-3 Parallel Interface Standard. This
international standard, in addition to containing all the information in the SCSI-3 Parallel Interface Standard
contains information and specifications for LVD and fast-40 along with many other improvements.

2 Normative references

2.1 Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this part of ISO/IEC 14776. For dated references, subsequent amendments to, or revisions
of, any of these publications do not apply. However, parties to agreements based on this part of ISO/IEC
14776 are encouraged to investigate the possibility of applying the most recent editions of the normative
documents indicated below. For undated references, the latest edition of the normative document referred
to applies. Members of IEC and ISO maintain registers of currently valid International Standards.

2.2 Approved references

ISO/IEC 9316:1995, Small Computer System Interface - 2

ISO/IEC 8482:1993, Information technology - Telecommunications and information excmeﬁgmt“@hts
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systems - Twisted pair multipoint interconnections

ISO/IEC 14776-411,1999, SCSI-3 Architecture Model standard

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 11-7: Climatic tests - Test 11g: Flowing mixed gas corrosion test

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 0,8mm Pitch used with Very High
Density Cable Interconnect (VHDCI)

2.3 References under development

ISO/IEC 14776-412, SCSI Architecture Model-2 standard

ISO/IEC 14776-311, SCSI-3 Primary Commands Standard
3 Definitions, symbols, abbreviations, and conventions

3.1 Definitions

3.141

A cable:
A 50-conductor cable (see and 3.1.51) that provides a primary 8-bit DATA BUS and control signals.

3.1.2

ACKXx:
A bus signal that is either the ACK or ACKQ signal.

3.1.3

agent:
Carries out the actions of a requested service following the rules of the protocol.

3.1.4

application client:
An object that is the source of SCSI commands. Further definition of an application client is found in the
SCSI-3 Architecture Model standard.

3.1.5

asynchronous event notification:
A procedure used by targets to notify initiators of events that occur when a pending task does not exist for
that initiator.

3.1.6

asynchronous transfer:
An information transfer that uses the asynchronous REQ/ACK handshake.
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3.1.7

auto-contingent allegiance:
A condition of a task set following the return of a CHECK CONDITION or COMMAND TERMINATED
status. See the SCSI-3 Architecture Model standard for a detailed definition of auto-contingent allegiance.

3.1.8

bus path:
The electrical path directly between the bus terminators.

3.1.9

byte:
Indicates an 8-bit construct.

3.1.10

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

311

confirmed protocol service:
A service available at the protocol service interface, that requires confirmation of completion.

3.1.12

contact:
The electrically-conductive portion of a connector associated with a single conductor in a cable.

3.1.13

contingent allegiance:
One of the conditions of a task set following the return of a CHECK CONDITION or COMMAND
TERMINATED status. A detailed definition of contingent allegiance may be found in SCSI-2.

3.1.14

current task:
A task that is in the process of sending messages, status, transferring data, or transferring command data
to or from the initiator.

3.1.15

data bus:
An 8-bit,16-bit or 32-bit data bus (see 8.2).

3.1.16

device server:
An object within the logical unit which executes SCSI tasks according to the rules for task management as
described in the SCSI-3 Architecture Model standard. ‘

3.1.17

differential:
A signalling alternative that employs differential drivers and receivers to improve signal-to-noise ratios and
increase maximum cable lengths (also see 3.1.69 SE). Includes both LVD (see 7.3) and HVD (see 7.5)

differential drivers and receivers.
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3.1.18

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

3.1.19

driver:
The circuitry used to control the state of the bus.

3.1.20

exception condition:
Any event that causes a SCSI device to enter an auto-contingent allegiance or contingent allegiance
condition.

3.1.21

fast-5:
Negotiated to receive synchronous data at a transfer rate less than or equal to 5 megatransfers per
second. Note: Previous SCSI standards referred to this transfer range as slow.

3.1.22

fast-10:

Negotiated to receive synchronous data at a transfer rate greater than 5 megatransfers per second and
less than or equal to a transfer rate of 10 megatransfers per second. Note: Previous SCSI standards
referred to this transfer range as fast SCSI.

3.1.23

fast-20:
Negotiated to receive synchronous data at a transfer rate greater than 10 megatransfers per second and
less than or equal to a transfer rate of 20 megatransfers per second.

3.1.24

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

3.1.25

flag:
An abstraction indicating that the condition will be communicated to the recipient of the flag.

3.1.26

field:
A group of one or more contiguous bits.

3.1.27

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

3.1.28

initial connection:
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An initial connection is the result of a connect. It exists from the assertion of the BSY signal (see 11.1.4) in
a SELECTION phase until the next BUS FREE phase.

3.1.29

initiator:

An SCSI device containing application clients that originate device service and task management requests
to be processed by a target SCSI device. See the SCSI-3 Architecture Model standard for a detailed
definition of an initiator.

3.1.30

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

3.1.31

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

3.1.32

I_T_L_Q nexus:
A nexus between an initiator, a target, a logical unit, and a queue tag following the successful receipt of
one of the queue tag messages. This relationship replaces the prior I_T_L nexus.

3.1.33

logical unit:
An externally addressable entity within a target that implements an SCSI device model. See the SCSI-3
Architecture Model standard for a detailed definition of a logical unit.

3.1.34

logical unit number:
An identifier for a logical unit.

3.1.35

1/0 process:

An 1/O process consists of one initial connection and zero or more reconnections, all pertaining to a single
task or group tasks. An I/O process begins with the establishment of a nexus. An I/O process normally
ends with the BUS FREE phase (see 11.1.2).

3.1.36

magnitude:
The absolute value of a number or quantity.

3.1.37

mandatory:
The referenced item is required to claim compliance with this standard.

3.1.38

megatransfers per second:
The repetitive rate at which data are transferred across the bus. This is equivalent to megabytes per
second on an 8-bit wide bus.
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3.1.39

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

3.1.40

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

' 3.1.41

nexus:
A relationship between an initiator and a target 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.

3.1.42

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

3.1.43

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
3.1.19, parity bit.

3.1.44

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

3.1.45

P cable:
A 68-conductor cable that provides the primary 16-bit DATA BUS and control signals.

3.1.46

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

3.1.47

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

3.1.48

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

3.1.49

port:
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A single attachment to an SCSI bus from an SCSI device.
3.1.50

primary bus:
The bus that contains the first 8 or 16 bits of the data and the control signals used to operate SCSI
devices.

3.1.51

Q cable:
A 68-conductor cable that provides the secondary 16-bit DATA BUS. This cable is used in conjunction with
the P cable to provide a 32-bit data path.

3.1.52

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

3.1.53

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

3.1.54

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

3.1.55

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

3.1.56

reconnection:

A reconnection is the result of a reconnect and it exists from the receipt of a selection confirmation with the
selection won flag set to one or a reselection confirmation with the reselection won flag set to one until the
next bus free indication occurs.

3.1.57

request:
A transaction invoking a service.

3.1.58

REQx:
A bus signal that is either the REQ or REQQ signal.

3.1.59

reselection ID:
The bit-significant representation of the target SCSI address in combination with the initiator SCSI address
that is the result of a successful reselection service request.
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3.1.60

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

3.1.61

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

3.1.62

SCSI bus:
Bus consisting of all the conductors and connectors required to attain signal line continuity between
every driver, receiver, and terminator for each signal.

3.1.63

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

3.1.64

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

3.1.65

secondary bus:
The bus that contains 16 bits of the data and is used in conjunction with a primary bus to create a 32-bit
data path.

3.1.66

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

3.1.67

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

3.1.68

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).

3.1.69

single-ended (SE):
A signalling alternative that employs SE (see 7.2) drivers and receivers to increase circuit density (also see
3.1.17, differential).

3.1.70

source (a signal):
The act of either signal assertion, signal negation, or signal release.
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3.1.711

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

3.1.72

stubbed path:
Path with stubs attached.

3.1.73

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

3.1.74

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 reconnections, all pertaining to the
task. A task causes the nexus to be generated.

3.1.75

task manager:
A server within the target device which executes task management functions.

3.1.76

task management function:
A task manager service which can be invoked by an application client to affect the execution of one or
more tasks.

3.1.77

task set:

A group of tasks within a target device, whose interaction is dependent on the task management,
contingent allegiance and auto-contingent allegiance rules. See the SCSI-3 Architecture Model standard
for a detailed definition of a task set.

3.1.78

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

3.1.79

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

3.1.80

unconfirmed protocol service:
A service available at the protocol service interface, that does not result in a completion confirmation.

3.1.81
vendor-specific:

Something (i.g., a bit, field, code value) that is not defined by this standard and may be used differently in
various implementations.
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3.1.82

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

3.2 Symbols and abbreviations

#zor NE not equal

<orlLE less than or equal to

* plus or minus

= approximately

X multiply

+ add

- subtract

<orlT less than

=or EQ equal

>or GT greater than

>or GE greater than or equal to

ACA auto-contingent allegiance (see 3.1.7)
CA Contingent allegiance (see 3.1.13)
CMOS Complementary metal oxide semiconductor
EMI Electro-magnetic interference

EMC Electro-magnetic compatibility

ESD Electro-static discharge

HVD High voltage differential

IDC Insulation displacement contact

LSB Least significant bit

LUN Logical unit number

LvD Low voltage differential

MLVD Multimode low voltage differential
MSB Most significant bit

MSE Multimode single ended

RFI Radio frequency interface

RIRC Request indication response confirmation
SCSI Either SCSI-2 or SCSI-3.

SCSI-2 Small Computer System Interface - 2
SCSI-3 Small Computer System Interface - 3
SDTR Synchronous data transfer request
SE Single-ended

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 error.
3.3.3

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

3.34

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

3.3.5

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.

3.3.6

reserved:

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

3.3.7

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.

3.3.8

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 normal
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).

In the event of conflicting information the precedence for requirements defined in this standard is:

1) text,
2) tables, and
3) figures.
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3.5 Notation for Procedures and Functions

Procedure Name ([input-1a]input-1bjinout-1c][,input-2a+input2b]...[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-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.

"I 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.

"L Brackets enclosing optional or conditional parameters and argu-
ments.

"I 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 Overview

The SCSI Parallel Interface-2 Standard defines the cables, connectors, signals, transceivers, and protocol
used to interconnect SCSI devices and the services provided to the application client.

4.1.1 Data transfer modes

SCSiI parallel interface devices default to 8-bit asynchronous transfer. The 8-bit asynchronous information
transfer mode is always used for all information transfers except DATA IN phases and DATA OUT phases.
DATA IN phases and DATA OUT phases may use asynchronous or synchronous transfers that may be
8-bits, 16-bits or 32-bits wide, if a synchronous transfer agreement or a wide transfer agreement is in
effect.

4.1.2 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

Maximum transfer rate
Transceiver |Asynchronous Fast-5 Fast-10 Fast-20 Fast-40
SE yes yes yes yes no
MSE (Note) yes yes yes yes no
LVD yes yes yes yes yes
HVD yes 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 and table 22.

SCSI devices may connect to the bus via 8-bit, 16-bit, or 32-bit ports. The 8-bit and 16-bit ports shall
connect to a primary bus that consists of an A cable or P cable via a single connector. The 32-bit port shall
connect to a primary bus that consists of a P cable and a secondary bus that consists of a Q cable via two
connectors; one to a P cable and the other to a Q cable. (see 5)

4.1.3 Physical architecture of bus

The position of the drivers, receivers, and terminators for a SE bus are shown in figure 3 and for a
differential bus are shown in figure 2. The electrical properties of the drivers and receivers are all
measured at the stub connections. Unless otherwise noted, all voltages are with respect to the signal
ground of the SCSI device.
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Figure 2 - Differential SCSI bus
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Figure 3 - SE SCSI bus
4.1.4 Physical topology details and definitions

The SCSI bus is a multidrop architecture described in 4.1.3. 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-palbis a stub. The t
ocuments
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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 shall be defined by their function and by their physical placement.

The functional definitions are:

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

Common physical placements are:

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

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

¢) connectors physically part of terminators are terminator connectors,

d) connectors physically part of enclosures are 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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Figure 4 - SCSI bus topology details

If an intermediate interconnection is added to connect the device to the bus path this additional
interconnect (including its connectors) and the device all contribute to the stub and bus loading. In system
implementations that use an intermediate interconnect the parameters specified in this standard at the
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 device connectors on the 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 device enclosure is included when calculating the total cable length of the SCSI bus. (see
figure 4)

4.1.5 Bus loading

Bus loading is the electrical current flowing through the stub connection for lines that are not being driven
by the attached 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 + and
- signals and by components attached to the paths within the stub. The capacitive current loading is
specified by the value of the capacitances at the + and - signals rather than by the value oﬁB&U{i?ﬁ.ents
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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, 7.4 1,
and 7.5.1 and does not constitute bus loading.

Bus termination loading is separate from bus loading. 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 4.1.6 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.

4.1.6 Termination requirements

The SCSI bus termination defines the ends of the SCSI bus. Bus termination is required to set the negation
state when no 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 devices in terms of bus loading if they are individually attached to the bus. If
they are contained within a device the disabled terminators become part of the device load budget for that
device.

4.1.7 Device Addressing

The number of devices that may be addressed depends on the width of the data path on the bus; an 8-bit
data path allows up to 8 devices to be addressed, a 16-bit data path allows up to 16 devices to be
addressed, and a 32-bit data path allows up to 32 devices to be addressed. However, the number of
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.

4.1.8 Protocol
This standard describes a 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 5 shows the model as it appears from the point of view of this

standard.
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Services Services Standard

SCSI Parallel Interface Interconnect

Figure 5 - 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 6 shows the service and protocol interactions for a four step confirmed service.
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Application U Lovel Device Server or
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Client Protocol Transactions 9
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g S SCSI Parallel Interface A 5
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: Parallel Interface <SCSI Parallel Intert Parallel Interface :
1 initi arallel Interface !
‘o Agent (initiator) Interconnect Transactions Agent (target) R

Figure 6 - Model for a four step confirmed service
The SCSI parallel interface service interface 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 device server or task manager of
an event;

¢) A response from the 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 7 shows the service and protocol interactions for a two step confirmed service.
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Figure 7 - Model for a two step confirmed service

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

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 2).

The alternative 1 nonshielded, alternative 3 nonshielded, alternative 1 shielded, and alternative 2 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) Contact resistance is measured in accordance with item a) above (this is an optional step);

d) Expose mated connectors to mixed flowing gas consisting of 10 parts per billion (ppb) of chlorine,
10 ppb of hydrogen sulfide, 200 ppb of sulfur dioxide, and 200 ppb 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 milliohms 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 8. 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 9. 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
10. 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 11. It is recommended that keyed connectors be used.

5.2.3 Nonshielded connector alternative 3 - P cable and Q cable

The alternative 3 nonshielded SCSI device connector for the P cable and Q cable shall be a 68-conductor
connector consisting of two rows of 34 female contacts with adjacent contacts 1,27 mm (0,05 in) apart, as
shown in figure 8. The nonmating portion of the connector is shown for reference only.
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The alternative 3 nonshielded mating connector for the P cable and Q 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 9. 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 shall be a 80-conductor connector consisting of two
rows of ribbon contacts spaced 1,27 mm (0,05 in) apart, as shown in figure 12 and figure 13. For the
detailed dimensional drawings of this connector see the SCA-2 EIA specification EIA-700A0AE.

The alternative 4 nonshielded mating connector shall be a 80-conductor connector consisting of two rows
of ribbon contacts spaced 1,27 mm (0,05 in) apart, as shown in figure 12 and figure 13. For the detailed
dimensional drawings of this connector see the SCA-2 EIA specification EIA-700A0OAE and annex L.
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B1 34,70 1,566 46,13 1,816
B2 0,218 0,218
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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
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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 8 - 50/68-contact alternative 1/alternative 3 nonshielded SCSI device connector
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i
A?S Af‘* A?
| |

PIN X
— A3

i
.

1
d@@mmxm @@@M

I
&IXIIZIIZIZIIZI @@@m&y/ ¢

LS
PIN Y Y
PIN Z
A7 .
o —_—
[o[A12]
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 9 - 50/68-contact alternative 1/alternative 3 nonshielded mating connector
(A cable/P cable/Q cable)
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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
RN = / D1 -
%‘ZZZ:ZZZZZZZZZZZZZZZZZZZZZ =
J /UUUUUUUUUUUU ;
D4 ﬂhDS Note:
Pin 50~ HSee Note Shrouded Header
Pm 7.\ (Recommended)
o Section X—X
T O N T Y Y T T Y |
H}zzzzzzzzzzzzzzzzzzzz;zzzzﬂ}‘
- 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 10 - 50-contact alternative 2 nonshielded SCSI device connector (A cable)
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Contact 507 C1

+++++++++++++++++++++++++ .
+++++++++++++++++++++++++ BQCR view

Contact

Contacts for even
~— Sece Note 1 H>//W\'res are not shown.
O 00 V0 0 0 0 i D0 i DA - D

Side view
- (6
Socket
' f Socket 49| y cr
| BEE3EEEasaEa5a5000aa00000 Front view
CSJ lSocket 2 / %
Socket 50
Dimensions mm in Comments
C'1 2,54 0,100
C2 60,96 2,400
C3 2,54 0,100
C4 5,350 0,130
o) 52,38 1,275
C6 68,07/ 2,680
C7 6,10 0,240
C8 /.67 0,300 Maximum
NOTES
1 Fifty contacts on 1,270 mm (0,050 in) staggered
spacing = 62,230 mm (2,450 in) [reference only].
2 Tolerances £0,127 mm (0,005) non—cumulative,
unless specified otherwise.
5 Connector cover and strain relief are optional.

Figure 11 - 50-contact alternative 2 nonshielded mating connector (A cable)
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DEVICE SIDE

ADVANCED
GROUNDING
CONTACTS

ADVANCED
GROUNDING
CONTACTS

Figure 12 - 80-contact alternative 4 nonshielded SCSI device connector (P cable)

POSITION 40 POSITION 1
DEVICE SIDE 4
POSITION 80 POSITION 41
POSITION 1 POSITION 40
CABLE/ ;
BACKPLANE ‘
SIDE
POSITION 41 POSITION 80

Figure 13 - 80-contact alternative 4 nonshielded contact positions

5.3 Shielded connector

Two shielded connector alternatives are specified for the A cable, the P cable, and the Q cable.

The D.C. resistance from the cable shield where it attaches to the connector to the enclosure should be
less than 10 milliohms.
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5.3.1 Shielded connector alternative 1 - A cable

The alternative 1 shielded 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 14. The nonmating portion of the connector is shown for reference only.

The alternative 1 shielded 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 15. The
nonmating portion of the connector is shown for reference only.

5.3.2 Shielded connector alternative 2 - A cable

The alternative 2 shielded SCSI device connector for the A cable shall be a 50-conductor connector
consisting of two rows of ribbon contacts spaced 2,16 mm (0,085 in) apart, as shown in figure 16. The
non-mating portion of the connector is shown for reference only.

The alternative 2 shielded mating connector for the A cable shall be a 50-conductor connector consisting of
two rows of ribbon contacts spaced 2,16 mm (0,085 in) apart, as shown in figure 17. The non-mating
portion of the connector is shown for reference only.

5.3.3 Shielded connector alternative 3 - P cable and Q cable

The alternative 3 shielded SCSI device connector for the P cable and Q cable shall be a 68-conductor
connector consisting of two rows of 34 female contacts with adjacent contacts 1,27 mm (0,05 in) apart, as
shown in figure 18. The nonmating portion of the connector is shown for reference only.

The alternative 3 shielded mating connector for the P cable and Q 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 19. The nonmating portion of the connector is shown for reference only.

Cable retention shall consist of #2-56 thread jack screws capable of withstanding a minimum torque of 1.2
Nm (11 inch-pounds).

5.3.4 Shielded connector alternative 4 - P cable and Q cable

The alternative 4 shielded SCSI device connector for the P cable and Q cable shall be a 68-conductor
connector consisting of two rows of ribbon contacts spaced 0,8 mm (0,0315 in) apart, as shown in figure
20 and figure 21. For the detailed dimensional drawings of this connector see the VHDCI EIA specification
EIA-700AQAF.

The alternative 4 shielded mating connector for the P cable and Q cable shall be a 68-conductor connector
consisting of two rows of ribbon contacts spaced 0,8 mm (0,0315 in) apart, as shown in figure 20 and
figure 21. For the detailed dimensional drawings of this connector see the VHDCI EIA specification
EIA-700A0AF and annex M.
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NOTE — Dimensions B8 and
B10 are the opening in
the dielectric. The socket
contacts (not shown) are
to be centered within the

opening.
— ~— 310
EEEIONNT
P
—+ B8
i W
[ B9 @IT[V]w

o

(TO CONTACT

POINT)

e B/ ————————————

56 SOCKET 1

SOCKET 2&\

—B3

. Loy
SOCKET 59/ S SOCKET 26
B7
- B4
B15 - 35—y

/N SEATING PLANE

Dimensions

B1
B2
B3
B4
BS5
B6
B7
B8
B9
B10
B11
B12

B13
B14
B15
B16
B17/

Millimeters Inches
34,70 1,366
5,54 0,218
0,100
0,050
30,48 1,200

[1,00 R] (0,039 R]|

0,61£0,05 |0,02440,002

0,15 0,006

0,86+0,10 |0,034+ 0,004
0,15 0,006
0,05 0,002

5,10£0,05 | 0,201+£0,002

5,00+£0,13 | 0,197+0,005

1,85 max 0,073 max.

1,5040,03 | 0,059+ 0,001

42,29+ 0,10 |1,665+0,004

Figure 14 - 50-contact alternative 1 shielded SCSI device connector (A cable)
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T Wm |
g punms; ]

A14 — —A15

A16 R—l A8

t .

A6

@ PIN 1 ﬁPN 5
—A3

A10

GO TE e e o
s ey i .
HE N
¥
PIN 26 PIN 50
A7 Adm - [a[a12]
- A5 ]

/N SEATING PLANE

Dimensions Millimeters Inches
Al [34,85] [1,372]
AD 0,224]
A3 0,100
A 0,050]
A5 1,200]
A6
A7 [0,041 R|
A8 0,0156+0,0004
A9 0,009
A10 0,024+ 0,001
INK 0,009
A2 0,002
A3 0,193+ 0,004
Al4 0,168 max.
INE) 0,104 min.
A6 0,010+ 0,005

Figure 15 - 50-contact alternative 1 shielded mating connector (A cable)

Documents

Document Sharing Hub
SCSI Parallel Interface-2

AN
Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: ISO IEC 14776-112-2002


http://avadocuments2026.com/doc/iso-iec-14776-112-2002
http://avadocuments2026.com/doc/iso-iec-14776-112-2002

Copyright International Organization for Slandardizat‘i&\
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS

Full document details: ISO IEC 14776-112-2002

14776-112 © ISO/IEC:2002(E)

P

e

— —

7

i e

AN

Contact 25

%

E7

- 6 ———————— =

/s

R

/ -~ [} ———=
Contact 50
- 5 ———————————————
Dimensions mm in
E7 56,39 min. 2,220 min.
g2 1) 2,62 min. | 0,103 min.
ES 3,99 min. 0,157 min.
E4 5,84 min. 0,230 min.
E5 74,85 2,947
EE 64,29 max 2,531 max.
E7 2) 83,06 3,270
E8 2) 15,24 0,600
E9 12,04 max. 0,474 max.
E10 9,78 max. 0,385 max.
E717 2,16 0,085
E12 15°4 2° 15°+2°
NOTE — Tolerances £ 0,127 mm
(0,005 in) non—cumulative, unless
specified otherwise.
1) This dimension is selected to
agccomodate 4—40 or 6—32 threaded
Screws.
2) These dimensions are shown for
reference only.

- Contact 26

* o

E12

E17 —m=—

Figure 16 - 50-contact alternative 2 shielded SCSI device connector (A cable)
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|

i

F12 ———————————m

. 2 ————————— =

- '] ——————p=—

Contact 1
Contact 25 ‘
+ / | | | | \

s —I
F9 F8 o j F3 L L
< 1T 1T I ‘ = 77
* = Contact 50 J % Fe —
Contact 26
-
- 1) ———————————-—  }5 i
Dimensions mm n
F1 56,26 max. 2,215 max.
e 64,29 min. 2,531 min.
F3 1) 15,24 0,600 /
4 7,29 min. 0,287 min.
F5 1) 1,02 0,040
e 4,09 max. 0,161 max.
F7 1) 5,08 0,200
F8 1) 6,10 0,240 |
F9 12,04 min. 0,474 min.
Fro 1) 68,45 2,695
i 15°4 2° 1594+ 2°
12 ) 76,71 3,020
F13 2,16 0,085
NOTE — T F137H
olerances = 0,127 mm
(0,005 in) non—cumulative, unless
specified otherwise.
1) These dimensions are shown for
reference only.

Figure 17 - 50-contact alternative 2 shielded mating connector (A cable)
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Bl——

NOTE — Dimensions B8 and B6
B10 are the opening in
the dielectric. The socket SOCKET 1
contacts (not shown) are SOCKET 34
to be centered within the B3
opening.
- ~ B10 i
EENCu e — S 1
£ ) 3’!\ \A/ I
1 / \ \
+ B8 ‘
SOCKET 68 (~[B12] SOCKET 35
- = B4 B7 FEMALE SCREWLOCK
W BS #2-56 THD 2 PLC
B18 |
FULL THREAD ‘
B14 DEPTH ‘
(TO CONTACT POINT) J—t‘i
F =a
[ B16
B13 ‘ ¥
! L B17
PANEL THICKNESS
PANEL AND/OR
WASHERS
Dimensions Millimeters Inches
B1 46,13 1,816
B2 0,218
B3 0,100
B4 0,050
B5 41,97 1,650
B6
B7 1,00 R 0,039 R
B8 0,61+ 0,05 0,024+£0,002
B9 0,15 0,006
B10 0,86+ 0,10 0,0344 0,004
B11 0,15 0,006
B12 0,05 0,002
B13 5,00+ 0,13 0,197£0,005
B14 3,350 min 0,130 min.
B15 57,91£0,13 2,280+ 0,005
B16 5,71£0,05 0,146+ 0,002
B17 1,52+£0.13 0,060+ 0,005
B18 3,58 min. 0,741 min.

Figure 18 - 68-contact alternative 3 shielded SCSI device connector (P cable/Q cable)
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SN IS N - I
A13 A L U U h I ATT
i i | |
A14 - LA18
AT9R A8 4256 THREADED
~ ATS - MALE JACKSCREW
(DA @[ T]v]W]
Al —————— a6
\ PIN T D PIN 34
A10
— — A3
(DA @[ TV W] == i
m i mj mE iEEE /]L m "
w = e 3 = e = w
e\ i
A _J
PIN 35 PIN 68
o e Sz
- A5
Dimensions Millimeters Inches
Al 46,28 1,822
A2 0,224
A3 0,100
A4 0,050
A5 41,97 1,650
AG
A7 1,04 R 0,041 R
A8 0,396+ 0,010 0,0156+0,0004
A9 0,23 0,009
A10 0,60+ 0,03 0,024+ 0,001
Al 0,23 0,009
Al12 0,05 0,002
A13 4,90+ 0,10 0,193+ 0,004
AT4 4,27 max. 0,168 max.
A15 57,910,113 2,280+ 0,005
A6 0,25+0,13 0,010+ 0,005
A7 3,43+0,15 0,135+ 0,006
A18 2,64 min. 0,104 min.
A19 1,02+ 0,25 0,040+ 0,010
Figure 19 - 68-contact alternative 3 shielded mating connector (P cable/Q cable)
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