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ABSTRACT

This standard describes the Serial Storage Architecture Physical Layer 2 (SSA-PH2).  SSA defines a serial
interface hierarchy to be used for purposes within its distance and performance characteristics, including but
not limited to storage subsystems.

The Serial Storage Architecture fills a need in the evolution from parallel to serial interfaces for storage devices.
It meets the space constraints and cabling considerations for high-density storage arrays with a commensurate
improvement in reliability (an architected error recovery, redundant paths to devices, a wrap mode for self-test,
line fault detection and a balanced signaling scheme that achieves a low error rate) and configurability (the
ability to hot-plug devices, the self-configuration capability, the 20 meter length of cable segments).

The physical layer requires a CMOS implementation to achieve an economical and small package size, an
efficient use of bandwidth, a small frame size to reduce buffer expense and the capability for self-configuration
are also needed. The physical requirements include 20 meter distance per cable segment, a small number of
signals to limit connector and cable expense, and a low voltage implementation.

Project Leader Technical Editor
Bill Ham John P. Scheible
Digital Equipment Corporation IBM Corporation
334 South Street Bldg 902,  M/S 9263
M/S SHR3-2/W8 11400 Burnet Road
Shrewsbury, MA 01810 Austin, TX  78758
Voice (508) 841-2629 Voice (512) 823-8208
Fax (508) 841-5266 Fax (512) 838-3822
Email ham@subsys.enet.dec.com Email scheible@vnet.ibm.com

Reference number
ISO/IEC ***** : 199x

ANSI X3.*** - 199x
Printed 07/15/96



Other Points of Contact:
X3T10.1 Chair X3T10.1 Vice-Chair
Lawrence Lamers John P. Scheible
Adaptec IBM Corporation
MS 293 Bldg 902,  M/S 9263
691 South Milpitas Blvd 11400 Burnet Road
Milpitas, CA  95035 Austin, TX  78758

Voice: 408-957-7817 (512) 823-8208
Fax: 408-957-7193 (512) 838-3822
Email: ljlamers@aol.com scheible@vnet.ibm.com

X3 Secretariat
Lynn Barra
Administrator Standards Processing
X3 Secretariat Voice: 202-626-5738
1250 Eye Street, NW   Suite 200 FAX: 202-638-4922
Washington, DC   20005 Email: lbarra@itic.nw.dc.us

SSA Reflector
Internet address for subscription to the X3T10.1 reflector:
Note should contain a line stating...

majordomo@symbios.com
subscribe X3T10-SSA your email address

Internet address for distribution via X3T10.1 reflector: x3t10-ssa@symbios.com

X3T10 Bulletin Board 719-533-7950

FTP Site: ftp.symbios.com
/pubs/standards/io/x3t10.1

Web sites: http://www.x3.org/x3t10
or http://www.symbios.com/x3t10

http://www.ssaia.org

Document Distribution
Global Engineering Voice: 303-792-2181
15 Inverness Way East or: 800-854-7179
Englewood, CO   80112-5704 FAX: 303-792-2192

PATENT STATEMENT
CAUTION: The developers of this standard have requested that holder's of patents that may be required or the
implementation of the standard, disclose such patents to the publisher.  However, neither the developers nor
the publisher have undertaken a patent search in order to identify which, if any, patents may apply to this
standard.

As of the date of publication of this standard, following calls for the identification of patents that may be
required for the implementation of the standard, notice of one or more claims has been received.

By publication of this standard, no position is taken with respect to the validity of this claim or of any rights in
connection therewith.  The known patent holder has, however, filed a statement of willingness to grant a license
under these rights on reasonable and nondiscriminatory terms and conditions to applicants desiring to obtain
such a license.  Details may be obtained from the publisher.

No further patent search is conducted by the developer or the publisher in respect to any standard it
processes.  No representation is made or implied that licenses are not required to avoid infringement in the use
of this standard.



Revision History

Technical changes from rev 1 are shown with revision marks.

X3T10.1/1146D revision 02  (July 15, 1996)

During the June 26, 1996 X3T10.1 plenary, I was instructed to generate revision 2 of SSA-PH2 based off of
SSA-PH2 rev 1 with the following modifications:

1) 96a142r1 - SSA-PH2 changes proposal
2) 96a149r0 - Jitter nulling
3) Style and editorial changes to meet ANSI guidelines.

X3T10.1/1146D revision 01  (May 15, 1996)

During the May 2nd 1996 X3T10.1 plenary, I was instructed to generate revision 01 of SSA-PH2 based off of
SSA-PH2 rev 0 with the following modifications:

1) Changes as marked up by the working group.

X3T10.1/1146D revision 00  (April 11, 1996)

During the February 29th 1966 X3T10.1 plenary, I was instructed to generate revision 00 of SSA-PH2 based off
of SSA-PH1 rev 9a with the following modifications:

1) Update the boilerplate to SSA-PH2.
2) 95a178r1 - Physical Layer modifications for SSA-40 (Larry Lamers).
3) Expand Figure 19 (Internal unitized backplane connector detail) into two figures to show more detail.
4) Conformance to ANSI standards (96a114r0).





ANSI®

X3.nnn-199n

American National Standard
for Information Systems -

Serial Storage Architecture -
Physical Layer 2 (SSA-PH2)

Secretariat
Information Technology Industry Council

Approved Month dd, yy

American National Standards Institute, Inc.

Abstract

This standard describes the Serial Storage Architecture Physical Layer 2 (SSA-PH2).  SSA defines a serial
interface hierarchy to be used for purposes within its distance and performance characteristics, including but
not limited to storage subsystems.

The Serial Storage Architecture fills a need in the evolution from parallel to serial interfaces for storage devices.
It meets the space constraints and cabling considerations for high-density storage arrays with a commensurate
improvement in reliability (an architected error recovery, redundant paths to devices, a wrap mode for self-test,
line fault detection and a balanced signaling scheme that achieves a low error rate) and configurability (the
ability to hot-plug devices, the self-configuration capability, the 10 meter length of cable segments).

The physical layer requires a CMOS implementation to achieve an economical and small package size, an
efficient use of bandwidth, a small frame size to reduce buffer expense and the capability for self-configuration
are also needed. The physical requirements include 10 meter distance per cable segment, a small number of
signals to limit connector and cable expense, and a low voltage implementation.



American
National
Standard

Approval of an American National Standard requires verification by ANSI that the
requirements for due process, consensus, and other criteria for approval have been
met by the standards developer.  Consensus is established when, in the judgment of
the ANSI Board of Standards Review, substantial agreement has been reached by
directly and materially affected interests.  Substantial agreement means much more
than a simple majority, but not necessarily unanimity.  Consensus requires that all
views and objections be considered, and that a concerted effort be made towards
their resolution.

The use of American National Standards is completely voluntary; their existence does
not in any respect preclude anyone, whether he has approved the standards or not,
from manufacturing, marketing, purchasing, or using products, processes, or
procedures not conforming to the standards,

The American National Standards Institute does not develop standards and will in no
circumstances give interpretation on any American National Standard.  Moreover, no
person shall have the right or authority to issue an interpretation of an American
National Standard in the name of the American National Standards Institute.
Requests for interpretations should be addressed to the secretariat or sponsor whose
name appears on the title page of this standard.

CAUTION NOTICE:  This American National Standard may be revised or withdrawn
at any time.  The procedures of the American National Standards Institute require that
action be taken periodically to reaffirm, revise, or withdraw this standard.  Purchasers
of American National Standards may receive current information on all standards by
calling or writing the American National Standards Institute.

CAUTION: The developers of this standard have requested that holder's of patents that may be required or the
implementation of the standard, disclose such patents to the publisher.  However, neither the developers nor
the publisher have undertaken a patent search in order to identify which, if any, patents may apply to this
standard.
As of the date of publication of this standard, following calls for the identification of patents that may be
required for the implementation of the standard, notice of one or more claims has been received.  By
publication of this standard, no position is taken with respect to the validity of this claim or of any rights in
connection therewith.  The known patent holder has, however, filed a statement of willingness to grant a license
under these rights on reasonable and nondiscriminatory terms and conditions to applicants desiring to obtain
such a license.  Details may be obtained from the publisher.
No further patent search is conducted by the developer or the publisher in respect to any standard it
processes.  No representation is made or implied that licenses are not required to avoid infringement in the use
of this standard.

Published by
American National Standards Institute
11 West 42nd Street, New York, New York 10036

Copyright 199n by American National Standards Institute
All rights reserved.



i

Contents Page
1 Scope ....................................................................................................................... 1
1.1 SSA-PH2 characteristics........................................................................................... 1
1.2 SSA family of standards ........................................................................................... 2
2 Normative references................................................................................................ 3
3 Definitions, symbols and abbreviations.................................................................... 3
3.1 Definitions ................................................................................................................. 3
3.2 Symbols and abbreviations ...................................................................................... 4
4 Conventions.............................................................................................................. 5
5 Modulation ................................................................................................................ 5
6 Data Rate .................................................................................................................. 5
7 Electrical requirements ............................................................................................. 6
7.1 Line driver ................................................................................................................. 7
7.2 Line receiver ........................................................................................................... 12
7.3 Line segment termination ....................................................................................... 15
7.4 Ground shift ............................................................................................................ 15
7.5 Port connection ...................................................................................................... 16
7.6 System level noise margin...................................................................................... 20
8 Interconnections ..................................................................................................... 21
8.1 Internal connectors................................................................................................. 21
8.2 Internal port connections........................................................................................ 36
8.3 Internal options bay connections ........................................................................... 38
8.4 Internal device power connections......................................................................... 40
8.5 External connections .............................................................................................. 41

Annexes Page
Annex A  Transfer impedance testing procedure .................................................................. 46
Annex B  Internal connector testing procedure ..................................................................... 51
Annex C  External connector testing procedure .................................................................... 58
Annex D  Nulling of intersymbol jitter ..................................................................................... 68
Annex E  Line fault detection scheme examples ................................................................... 69
Annex F  Circuit for degrading signal amplitude and introducing common mode levels ..... 70
Annex G  Preferred test configurations for SSA links............................................................. 72
Annex H  Implementation guidelines...................................................................................... 73
Annex I  Reference for copper, polymer dielectric, non-equalized SSA cable assemblies.. 75



ii

Figures Page
Figure 1 Relationship of the SSA standards ........................................................................... 2
Figure 2 Electrical configuration for SSA serial links .............................................................. 6
Figure 3 Test points ................................................................................................................ 7
Figure 4 SSA Port driver implementation example................................................................. 8
Figure 5 Relationship between driver currents ....................................................................... 8
Figure 6 Test environment for drivers ..................................................................................... 9
Figure 7 Test environment for driver spectral content .......................................................... 10
Figure 8 Driver output spectral content ................................................................................ 11
Figure 9 SSA driver pulse mask ........................................................................................... 11
Figure 10 SSA receiver test environment ............................................................................... 13
Figure 11 Receiver pulse mask .............................................................................................. 14
Figure 12 Definition of ground shift......................................................................................... 16
Figure 13 Lines and line segments......................................................................................... 17
Figure 14 Port connection and port connection segments .................................................... 18
Figure 15 Complex Port Connection ...................................................................................... 19
Figure 16 Port connection coupler ......................................................................................... 19
Figure 17 Complex port connection examples using PCC's .................................................. 20
Figure 18 Internal unitized backplane connector overview .................................................... 23
Figure 19 Internal unitized backplane connector detail (side view)........................................ 24
Figure 20 Internal unitized backplane connector detail (end view) ........................................ 25
Figure 21 Internal cable and backplane port connector detail............................................... 26
Figure 22 Internal cable and backplane option connector detail ........................................... 26
Figure 23 Internal cable and backplane power connector detail ........................................... 27
Figure 24 Internal cable and backplane connector contact detail ......................................... 28
Figure 25 Internal cable and backplane connector contact wipe detail ................................. 28
Figure 26 Internal cable and backplane port connector detail (2 ports shown)..................... 29
Figure 27 Internal cable and backplane option and power connector detail ......................... 30
Figure 28 Internal unitized device connector overview........................................................... 31
Figure 29 Internal unitized device connector detail (top view) ............................................... 32
Figure 30 Internal unitized device connector detail (end view) .............................................. 33
Figure 31 Internal device port connector detail ...................................................................... 34
Figure 32 Internal device options connector detail................................................................. 34
Figure 33 Internal device power connector detail .................................................................. 35
Figure 34 Internal device connector retention detail .............................................................. 36
Figure 35 Internal device connector pin sequencing detail.................................................... 36
Figure 36 External device connector interface ....................................................................... 42
Figure 37 External cable connector interface ......................................................................... 43
Figure 38 Typical construction of external cable.................................................................... 44



iii

Tables Page
Table 1 Sustained data rate and maximum distance ............................................................ 5
Table 2 SSA physical interconnect schemes ........................................................................ 6
Table 3 Driver output spectral content ................................................................................ 11
Table 4 Driver system operating parameters ...................................................................... 12
Table 5 Driver test parameters ............................................................................................ 12
Table 6 Line driver operating requirements......................................................................... 12
Table 7 Receiver system operating parameters .................................................................. 14
Table 8 Receiver test parameters ........................................................................................ 14
Table 9 Receiver operating requirements............................................................................ 15
Table 10 Electrical requirements for line termination ............................................................ 15
Table 11 Internal connector options...................................................................................... 22
Table 12 Pinouts for internal port device connectors............................................................ 37
Table 13 Pinout for 4-line Internal Port Device Connections ................................................. 38
Table 14 Pinout for 5-line internal port device connections .................................................. 38
Table 15 Pinout for 6-line internal port device connections .................................................. 38
Table 16 TTL input pin parameters........................................................................................ 39
Table 17 TTL output pin parameters ..................................................................................... 39
Table 18 Options connector pinouts ..................................................................................... 39
Table 19 Power connector pinouts........................................................................................ 40
Table 20 Pinout for external device connectors .................................................................... 44
Table 21 External cable pinouts ............................................................................................ 45
Table 22 Transfer impedance requirements for external SSA connections .......................... 45





v

Foreword (This foreword is not part of American National Standard X3.293:1996.)

This Serial Storage Architecture - Physical Layer 2 standard is designed to provide a physical
layer acceptable to device vendors, looking for an evolution from parallel SCSI, and systems
designers looking for opportunities to exploit more fully the capabilities inherent to a serial bus.
This standard was developed by Task Group X3T10.1 of Accredited Standards Committee X3
during 1993-96.  The standards approval process started in 1995.  Annexes A through D are
normative, annexes E through I are informative annexes and are not part of the standard.

Requests for interpretation, suggestions for improvement and addenda, or defect reports are
welcome.  They should be sent to the X3 Secretariat, Information Technology Industry Council,
1250 Eye Street, NW, Suite 200, Washington, DC  20005-3922.

This standard was processed and approved for submittal to ANSI by Accredited Standards
Committee on Information Processing Systems, X3.  Committee approval of the standard does
not necessarily imply that all committee members voted for approval.  At the time it approved
this standard, the X3 Committee had the following members:

James D. Converse, Chair

Donald C. Loughry, Vice-Chair

Joanne M. Flanagan, Secretary

Organization Represented ......................................................................................Name of Representative
American Nuclear Society ...............................................................................................Geraldine C. Main

Sally Hartzell (Alt.)
AMP, Inc ..................................................................................................................................Edward Kelly

Charles Brill (Alt.)
Apple Computer .......................................................................................................... Karen Higginbottom
Association of the Institute for Certification of Professionals (AICCP)..........................Kenneth Zemrowski
AT&T/NCR......................................................................................................................... Thomas W. Kern

Thomas F. Frost (Alt.)
Boeing Company ............................................................................................................Catherine Howells

Andrea Vanosdoll (Alt.)
Bull HN Information Systems, Inc........................................................................................ William George
Compaq Computer Corporation ........................................................................................... James Barnes
Digital Equipment Corporation......................................................................................Delbert Shoemaker

Kevin Lewis (Alt.)
Eastman Kodak ............................................................................................................ James D. Converse

Michael Nier (Alt.)
GUIDE International...................................................................................................... Frank Kirshenbaum

Harold Kuneke (Alt.)
Hewlett-Packard ............................................................................................................ Donald C. Loughry
Hitachi America, Ltd. ........................................................................................................... John Neumann

Kei Yamashita (Alt.)
Hughes Aircraft Company ............................................................................................... Harold L. Zebrack
IBM Corporation ........................................................................................................................ Joel Urman

Mary Anne Lawler (Alt.)
National Communication Systems ...................................................................................... Dennis Bodson
National Institute of Standards and Technology .........................................................Robert E. Roundtree

Michael Hogan (Alt.)
Northern Telecom, Inc............................................................................................................. Mel Woinsky

Subhash Patel (Alt.)
Neville & Associates ..............................................................................................................Carlton Neville
Recognition Technology Users Association...................................................................Herbert P. Schantz

G. Edwin Hale (Alt.)
SHARE, Inc.......................................................................................................................... Gary Ainsworth

David Thewlis (Alt.)
Sony Corporation ................................................................................................................. Michael Deese



X3T10.1 / 1146D rev 2

vi

Storage Technology Corporation .......................................................................... Joseph S. Zajaczkowski
Samuel D. Cheatham (Alt.)

Sun Microsystems ................................................................................................................Scott Jameson
Gary Robinson (Alt.)

3M Company .................................................................................................................... Eddie T. Morioka
Paul D. Jahnke (Alt.)

Unisys Corporation.....................................................................................................................John L. Hill
Stephen P. Oksala (Alt.)

U.S. Department of Defense..........................................................................................William C. Rinehuls
C. J. Pasquariello (Alt.)

U.S. Department of Energy...........................................................................................................Alton Cox
Lawrence A. Wasson (Alt.)

U.S. General Services Administration......................................................................................Douglas Arai
Larry L. Jackson (Alt.)

Wintergreen Information Services ......................................................................................... Joun Wheeler
Xerox Corporation ............................................................................................................... Dwight McBain

Roy Peirce (Alt.)



vii

Technical Committee X3T10 on I/O Interfaces, which reviewed this standard, had the following
members:

John B. Lohmeyer, Chair

Lawrence J. Lamers, Vice-Chair

Ralph Weber, Secretary

Mr. I. Dal Allan Mr. Paul D. Aloisi Mr. David Andreatta
Mr. Tak Asami Mr. Akram Atallah Mr. Wayne Baldwin
Mr. Geoffrey Barton Mr. Robert Bellino Mr. Rick Bohn
Mr. Paul Boulay Mr. Charles Brill Mr. Michael Bryan
Mr. John Cannon Mr. Ting Li Chan Mr. Shufan Chan
Mr. Joe Chen Mr. Andy Chen Mr. Jack Chen
Ms. Nancy Cheng Mr. Mike Chennery Mr. Dan Colegrove
Mr. Roger Cummings Mr. Chris D'Iorio Mr. Zane Daggett
Mr. William Dallas Mr. Joe Dambach Mr. Brian N. Davis
Mr. Jan V. Dedek Mr. Dhiru N. Desai Mr. Mike Eneboe
Mr. Mark Evans Mr. Timothy Feldman Mr. Stephen G. Finch
Mr. Edward Fong Mr. Edward A. Gardner Mr. John Geldman
Mr. Raymond Gilson Mr. Chuck Grant Mr. Louis Grantham
Mr. Dave Guss Mr. Peter Haas Mr. Douglas Hagerman
Mr. Kenneth J. Hallam Dr. William Ham Mr. Tom Hanan
Mr. Norm Harris Mr. Edward Haske Mr. Stephen F. Heil
Mr. Mike Hetzel Mr. Stephen Holmstead Mr. Gerald Houlder
Mr. Peter Johansson Mr. Gerry Johnsen Mr. Brian Johnson
Mr. Skip Jones Mr. Richard Kalish Mr. Greg Kapraun
Mr. Thomas J. Kulesza Mr. Lawrence J. Lamers Mr. Dennis Lang
Mr. Edward Lappin Mr. Pat LaVarre Mr. Jaff Lin
Mr. Robert Liu Mr. John Lohmeyer Mr. Bill Mable
Mr. John Masiewicz Mr. David McFadden Mr. James McGrath
Mr. Pete McLean Mr. Patrick Mercer Mr. Gene Milligan
Dr. Akira James Miura Mr. E.J. Mondor Mr. Charles Monia
Mr. Ian Morrell Mr. John Moy Mr. S. Nadershahi
Mr. Jay Neer Mr. Marc A. Noblitt Mr. Tim Norman
Mr. Vit Novak Mr. Erich Oetting Mr. Dennis Pak
Mr. Duncan Penman Mr. George Penokie Mr. Doug Piper
Mr. Kevin R. Pokorney Mr. Gary Porter Mr. Robert Reisch
Mr. Ron Roberts Mr. Frank Samela Mr. John P. Scheible
Mr. Steve D. Schueler Mr. J. R. Sims Mr. Michael Smith
Mr. Robert N. Snively Mr. Jeff Stai Mr. Gary R. Stephens
Mr. Arlan P. Stone Mr. Clifford E. Strang Jr. Mr. Nicos Syrimis
Mr. Matthew Thomas Mr. Pete Tobias Mr. Tokuyuki Totani
Mr. Dennis Van Dalsen Mr. Joseph Wach Mr. Dean Wallace
Mr. Roger Wang Mr. Gary M. Watson Mr. Ralph O. Weber
Mr. Bob Whiteman Mr. Jeffrey L. Williams Mr. Michael Wingard
Mr. Devon Worrell Mr. Anthony Yang Mr. Danny Yeung
Mr. Ruben Yomtoubian



X3T10.1 / 1146D rev 2

viii

Task Group X3T10.1 on Serial Storage Architecture, which developed this standard, had the
following members:

Lawrence J. Lamers, Chair

John Scheible, Vice-Chair

Bob Atkinson James M. Avery Robert Bellino
Paul Boulay Charles Brill Phil Bryan
Ed Carmona Nancy Cheng David Deming
Dhiru N. Desai Mark DeWilde Neil Edmunds
Richard Egan Ken Erickson Greg Farrin
Chuck Gibson Chuck Grant Ken Hallam
Bill Ham Adge Hawes Greg Kapraun
Sam Karunanithi Brad Kitson Michael Knowles
Lawrence Lamers John Lohmeyer Bill Mable
Gary Manchester Charles Monia Rich Moore
Ian Morrell Karl Nakamura Jay Neer
Thai Nguyen Eric Oetting Paul Petersen
Kevin Pokorney Said Rahmani Monica Roy
Sam Sanyal John Scheible Pete Tobias
Douglas Wagner Michael Wingard Kevin Ziegler



ix

Introduction

This standard is divided into the following clauses and annexes.

Clause 1 defines the scope of the Serial Storage Architecture - PH2 (transport layer).

Clause 2 specifies the normative references.

Clause 3 defines the definitions, symbols and abbreviations.

Clause 4 describes the conventions.

Clause 5 defines the modulation scheme.

Clause 6 defines the port data rate.

Clause 7 defines the electrical requirements.

Clause 8 defines the interconnection requirements.

Annexes A, B, C and D are normative.

Annexes E, F, G, H and I are informative.
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AMERICAN NATIONAL STANDARD x3.NNN-199N

American National Standard
for Information Systems -

Information Technology -
Serial Storage Architecture
Physical Layer 2 (SSA-PH2)

1 Scope

The SSA-PH2 standard defines a physical layer that support the SSA transport layer 2 (see SSA-TL2) and any
protocols supported by SSA-TL2.

The goals of SSA-PH2 are:
a) extend the cable distance;
b) copper cable operation at 40 MB/s or greater;
c) full duplex operation to achieve an aggregate 80 MB/s between two ports;
d) consider an optical transmission option;
e) and other capabilities that fit within the scope of SSA-TL2 that may be proposed during the

development phase by the participants in the project.

This document defines the physical layer 2 (SSA-PH2) of the Serial Storage Architecture (SSA).  SSA defines a
serial interface hierarchy to be used for purposes within its distance and performance characteristics, including
but not limited to storage subsystems.  This standard is intended to be used with an upper layer protocol (e.g.,
SCSI-2 Protocol (SSA-S2P) or SCSI-3 Protocol (SSA-S3P)) and a transport layer (e.g., SSA Transport Layer 2
(SSA-TL2)).
A major goal of the SSA-PH2 standard is to define a physical layer acceptable to device vendors, looking for an
evolution from parallel SCSI, and systems designers looking for opportunities to more fully exploit the
capabilities inherent to a serial bus.

1.1 SSA-PH2 characteristics

This standard defines the physical medium, e.g.  encoding, modulation, clocking, line drivers/receivers,
connectors and cables.

The essential characteristics of SSA-PH2 include:
a) links using copper cable assemblies have been demonstrated to operate at 40 MB/s up to 20 m with

on-chip CMOS drivers;
b) support for optical transducers that allow longer distance connections;
c) the link makes optimum use of the physical medium by using full-duplex communication to avoid

arbitration overhead and turn-around delay;
d) full duplex communication achieves an aggregate 80 MB/s bandwidth (40 MB/s in each direction)

between two ports;
e) the cables and connectors are physically compatible with small form factor devices;
f) device connector capable of mating with both backplanes and cables;
g) an electrically balanced design that reduces EMI and crosstalk;
h) and a measurement scheme focusing on interoperability at separable connectors without requiring any

internal physical access.
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1.2 SSA family of standards
The relationships of the SSA family of standards is illustrated in Figure 1.

1.2.1 SSA-S2P

Serial Storage Architecture - (SSA-S2P) SCSI-2 Protocol defines the SCSI-2 Protocol used to run on top of the
SSA transport layers 1 or 2.

1.2.2 SSA-S3P

Serial Storage Architecture - (SSA-S3P) SCSI-3 Protocol defines the SCSI-3 Protocol used to run on top of the
SSA transport layer 2.

1.2.3 SSA-TL1

Serial Storage Architecture - (SSA-TL1) Transport Layer 1 defines the Transport layer that runs SSA-S2P and
runs on SSA-PH1.

1.2.4 SSA-TL2

Serial Storage Architecture - (SSA-TL2) Transport Layer 2 defines the Transport layer that runs SSA-S2P and
SSA-S3P and run on SSA-PH1 or SSA-PH2.

1.2.5 SSA-PH1

Serial Storage Architecture - (SSA-PH1) Physical Layer 1 defines the Physical layer that runs SSA-TL1 and
SSA-TL2, and consists of the electrical characteristics of the interface and the connectors.

1.2.6 SSA-PH2

Serial Storage Architecture - (SSA-PH2) Physical Layer defines the Physical layer that runs SSA-TL2, and
consists of the electrical characteristics of the interface and the connectors.

Figure 1 - Relationship of the SSA standards
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2 Normative references

The following standard contains provisions which, through reference in SSA-PH2, constitute provisions of this
standard.  At the time of publication, the edition indicated was 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 standard listed below.  Members of IEC and ISO maintain registers of currently valid
International Standards, and ANSI maintains registers for American National Standards.

X3T10.1 / 1121 - Information Technology - Serial Storage Architecture - SCSI-2 Protocol (SSA-S2P)

X3T10.1 / 1051 - Information Technology - Serial Storage Architecture - SCSI-3 Protocol (SSA-S3P)

X3T10.1 / 0989 - Information Technology - Serial Storage Architecture - Transport Layer 1 (SSA-TL1)

X3T10.1 / 1147 - Information Technology - Serial Storage Architecture - Transport Layer 2 (SSA-TL2)

X3T10.1 / 1145 - Information Technology - Serial Storage Architecture - Physical Layer 1 (SSA-PH2)

ANSI/EIA 364 - Electrical Connector/Socket Test Procedures Including Environmental Classifications.
December 1994 revision C

IEC 512: - Electromechanical components for electronic equipment; basic testing procedures and measuring
methods

IEC 512-4 (1976) Part 4 - Dynamic stress tests, 15 pp. Code H (First edition) TC 48

IEC 512-5 (1992) Part 5 - Impact tests (free components). static load tests (fixed components), endurance tests
and overload tests, 43 pp. Code S (Second edition) TC 48

IEC 512-6 (1984) Part 6 - Climatic tests and soldering tests, 53 pp- Code U (Second edition) TC 48

IEC 512-7 (1993) Part 7 - Mechanical operating tests and sealing tests, 33 pp Code O (Third edition)

IEC 512-11-7 (1996) Part 11 - Climatic tests - Test 11g: Flowing mixed gas corrosion test (First edition)

IEC 801 - Environmental testing, 1988

Editor’s note: This clause will be adjusted at time of publications to reference the appropriate standards.

3 Definitions, symbols and abbreviations

3.1 Definitions
3.1.1 application:  A process that is communicating via the link.

3.1.2 Cable:  A uniform media between connectors containing the four conductors required for two lines.

3.1.3 Cable Assembly:  A cable with connectors, backshells and retention schemes on each end.

3.1.4 character:  A sequence of 10 encoded bits that represents a data byte or a protocol function.

3.1.5 Complex port connection:  Any means of connecting ports other than a single cable assembly

3.1.6 frame:  A sequence of 4 or more data characters surrounded by FLAG characters.

3.1.7 Line:  The pair of balanced electrical conductors connecting (1) the positive side of the line driver port
connector to the positive side of the line receiver port connector and (2) the negative side of the line
driver port connector to the negative side of the line receiver port connector.

3.1.8 Line+:   The line conductor connecting the positive side of the line driver port connector to the positive
side of the line receiver port connector.

3.1.9 Line-:   The line conductor connecting the negative side of the line driver port connector to the
negative side of the line receiver port connector.

3.1.10 Line Driver:  The electrical circuitry that set the logical state of the line at the port connector.

3.1.11 LineIn+:  The line receiver connection to the Line+ conductor.
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3.1.12 LineIn-:  The line receiver connection to the Line- conductor.

3.1.13 LineOut+:  The line driver connection to the Line+ conductor.

3.1.14 LineOut-:  The line driver connection to the Line- conductor.

3.1.15 Line Receiver:  The electrical circuitry that detect the logical state of the line at the port connector
including Line Segment Termination.  The Line Receiver shall be capable of reporting bit errors.

3.1.16 Line Segment:  That portion of a Line between Line Driver and the Line Segment termination.

3.1.17 Line Segment termination:  The electrical properties of the load on the end of the line segment
opposite the end associated with the Line Driver.

3.1.18 Link:  The serial connection between ports on two devices including the Line Drivers, Line Receivers,
and the associated Cable Assembles.

3.1.19 node:  A system, controller or device with one or more ports.

3.1.20 Port:  A line driver and a line receiver operating together on a device (two lines, four conductors).

3.1.21 Port connection:  The combination of two lines that tie the line driver in a port to the line receiver in the
another port and the line driver in the other port to the line receiver in the first port

3.1.22 Port connection coupler:  A device that ties two port connection segments together.

3.1.23 Port connection segment::  A portion of a port connection that ties a line driver to a line segment
termination on one line and a line driver to a line segment termination in the other line.

3.2 Symbols and abbreviations
BER bit error rate.
CMOS complementary metal oxide semiconductor.
CRC cyclic redundancy check.
CUT connector under test
DMA direct memory access
DUT device under test
EMI electro-magnetic interference
ERP error recovery procedure
ESD electro-static discharge
FCS fiber channel standard
FDDI fiber distributed data interface
FSN frame sequence number
IDC insulation displacement connector
LED Light Emitting Diode
LFT Line Fault Threshold
LSI large scale integration
NRZ non-return-to-zero
PCC Port Connection Coupler
POR power-on reset
POST power-on self-test
RAS reliability, availability and serviceability
RFI radio-frequency interference
RLFT Receiver Line Fault Threshold
RSN receive sequence number
SCSI Small Computer Systems Interface
SSA Serial Storage Architecture
TSN transmit sequence number.
SMS SSA Message Structure
& Logical AND
= Assignment or comparison for EQUAL
≠ Comparison for NOT EQUAL
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< Comparison for LESS THAN
≤ Comparison for LESS THAN OR EQUAL TO
> Comparison for GREATER THAN
+ ADD
- SUBTRACT
* MULTIPLY
± PLUS OR MINUS
≈ APPROXIMATELY
» MUCH GREATER THAN

4 Conventions

Certain words and terms used in this standard have a specific meaning beyond the normal English meaning.
These words and terms are defined either in the glossary or in the text where they first appear.  Lower case is
used for words having the normal English meaning.

Fields containing only one bit are usually referred to as the "named" flag instead of the "named" field.  When a
bit is set its value is 1.  When a bit is cleared, its value is 0.

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.  Decimal numbers are indicated with a comma ( e.g., two and one half is represented as
"2,5”).  Decimal numbers having a value exceeding 9999 are represented with a space (e.g., 2345 and 12 345).

5 Modulation

The encoded data is transmitted as a base-band digital signal using the non-return-to-zero (NRZ) method.

6 Data Rate

SSA links operate at a data rate of either 40 MB/s (i.e., 400 Mb/s) or 20 MB/s (i.e., 200 Mb/s) on the line.

The minimum overhead imposed by the frame format is 8 characters for a FLAG plus the control, address and
CRC fields.  If the link is being operated in full-duplex mode there is an additional overhead of 4 characters for
the ACK and RR responses.  With 128-byte data fields these overheads lead to the sustained data rates
tabulated in Table 1.  The equations used are as follows.

a) half duplex = 128/(128+8) * 40 MB/s (or 20 MB/s)
b) full duplex = 128/(128+8+4) * 40 MB/s * 2 directions (or 20 MB/s)

Table 1 - Sustained data rate and maximum distance
Nominal speed Half-duplex Full-duplex Maximum distance at full speed Extended distance option

40 MB/s 37,6 MB/s 2 x 36,6 MB/s 340 M 2.5 KM
20 MB/s 18,8 MB/s 2 x 18,3 MB/s 680 M 2.5 KM

These data rates assume that there are no transmission errors and that the transmitters and receivers have
sufficient buffering to handle back-to-back frames.

The maximum distances allow the responses to be returned within the period of one frame, assuming a
propagation velocity of 2×108 meters/second.  Longer distances are possible at a reduced data rate.  However
the minimum 25µs ACK time-out imposes an upper limit of 2.5 kilometers.  At this distance the maximum
sustained data rate is approximately ¼ speed.

The transmit clock shall be accurate to ±250 PPM.

The receiver shall acquire bit synchronization from the transitions in the transmitted data.  If an asynchronous
sampling technique is used then the design shall take metastability into account.
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7 Electrical requirements

SSA may be implemented with a number of different physical schemes.  In this standard only the AC coupled
copper version is defined.  Future standards may define alternate media and electrical interfaces.  The
requirements apply to both internal and external interconnections (except that the shielding requirements do
not apply for internal).

Table 2 shows the physical schemes that are compatible with the SSA protocol.

Table 2 - SSA physical interconnect schemes
Physical Scheme Internal External

Directly coupled copper SSA-PH1 SSA-PH1
AC coupled copper This standard This standard
Optically coupled Future standard Future standard

NOTE 1 - The AC coupled scheme specified in this standard is compatible with devices implemented
using the SSA-PH1 standard directly coupled copper scheme, if the SSA-PH1 receiver input range
includes Vdd ± 500 mV.

The electrical configuration of the serial link is shown in Figure 2.

The electrical requirements are defined in a modular way so that each of the three basic components of the
serial link are individually defined.  The three basic components are the Line Driver, the Line connecting the
ports, and the Line Receiver.  The boundaries of these components are chosen so that the requirements apply
at the separable connectors on the ports.

In order to minimize transmission line reflections the characteristic impedance measured at the LineIn+ and
LineIn- pins shall meet the requirements in 7.3.  This measurement is affected by the details of the electrical
path between the device connector pins and the terminating resistor near the receiver.

The test conditions defined create an electrical environment that approximates worst case noise and loading.
In order to present a more complete noise exposure, specific activity on ports not directly under test is also
required during the test execution.  These test conditions reveal degradation caused by improper stubs,

Figure 2 - Electrical configuration for SSA serial links
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excessive cross talk, excessive series inductance, inadequate decoupling and other effects that may be caused
by inappropriate design.

The test points that apply are shown in Figure 3.  The Line Driver requirements are verified at M1.  Inputs to
verify the line requirements are measured at M2.  Outputs for the Line requirements are verified at M3.  Inputs
to verify the Line Receiver characteristics are verified at M4.

In order to assist inter-operability between ports designed or manufactured under different conditions, the Line
Driver, Line, and Line Receiver shall each satisfy their respective requirements.  See 7.5 for requirements
applying to complex lines, including Lines using repeaters, equalizers, and other non-homogeneous schemes
between M2 and M3.

The overall performance requirement on the system is a bit error rate less than 10-12 (e.g., less than one error in
1012 bits transferred).  In order to allow for system noise not present during the Line Receiver requirements test,
the Line Receiver itself shall not exceed a bit error rate of 10-13 with the defined inputs (see 7.2.4) at M4.

The pulses and waveforms are defined in terms of the differential voltage observed at specific points with
specific loads, even though SSA uses current drivers.  Measuring the required differential currents are beyond
the present state of the measurement art.  All references to timing are made with respect to the differential
voltage signals.

7.1 Line driver

7.1.1 General description

An SSA line driver is a circuit that converts logic signals from the serializer into differential currents to drive the
outbound lines.

The SSA line driver shall deliver balanced currents to the line.  Balance is achieved when the δi/δt in the Line+
conductor is identical in magnitude but opposite in sign to the δi/δt  in the Line- conductor at the same point in
time and space.  Current balance is needed to keep the signal return currents off the external shield (for EMI
reasons) and away from the other SSA signal paths in the cable (for cross talk reasons).  The amount of
imbalance that is tolerable is not defined in this standard because the cross talk effects are covered by the
requirements on the Line Drivers, Lines, and Line Receivers.  The EMI effects are dependent on the system
configuration and the interconnect shielding used.

To ensure balanced currents from the Line Driver, the line driver shall contain a single current source (sink)
whose output is directed to Line+ through the LineOut+ connection and to Line- through the LineOut-
connection in such a manner that the sum of the currents in both lines precisely equals the current source
output at all times.  The total current (current source output) is nominally 19 mA d.c. and is designated It.  The
current in Line+ is designated I+ and the current in Line- is designated I-.  Formally It = I+ + I-.  This relationship
requires a balanced condition, δ I+/δt = - δ I-/δt.

The Line Driver shall have sufficient voltage conformance to accommodate ground shift between the two ports
(see 7.4).

Figure 3 - Test points
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Figure 4 shows one possible implementation of a Line Driver.  The current source output is distributed to the
line using the N channel transistors.  Notice that even if the properties of the transistors or of the signals driving
the transistor gates are not identical that the balance condition still exists on the line.

The properties of these current steering transistors and their control signals need to be carefully controlled to
meet other driver requirements such as slew rate, spectral content and jitter.

In general, balanced transmissions are aided by ensuring that the properties of Line+ are identical to the
properties of Line-.

Figure 5 shows the relationship of the currents existing during signal transitions.  Transmission is balanced if
mirroring through the mirror plane shows no new traces.  Time skew produces significant imbalance.

7.1.2 Driver line fault detection

The line driver may indicate a line fault when certain line conditions exist.  It is left to the implementer to
determine what line conditions constitute line faults.

Figure 4 - SSA Port driver implementation example

Figure 5 - Relationship between driver currents
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Reporting of line faults is a function of the transport layer.

Line driver line fault detection shall not affect inter-operability between ports with different line fault detection
schemes.

7.1.3 Test conditions for line drivers

7.1.3.1 General requirements

Line drivers shall be tested using the test circuit shown in Figure 6.  Line Driver measurements shall be made at
the port connector.  The distance between the port connector and the load resistance LR (labeled X in Figure
6) shall not exceed 5 cm.  The distance between the measurement point and the load resistance LR (labeled Y
in Figure 6) shall not exceed 5 mm.  The difference between the X values of the LineOut+ and LineOut- lines of
the driver shall not exceed 5 mm.  The resistance of the combined load resistance LR and measurement
resistance MR shall be 75 Ω ± 2%.  The connecting media shall meet the requirements in 7.5 for this test.  The
total additional capacitive load from the scope probing scheme between Line+ and ground and between Line-
and ground at the port connector shall be 2 pF ± 20%.  This capacitance includes the sensing probes and
equipment added to enable probing.  Additional discrete capacitors between the scope probes and the port
connector ground may be needed.  The load shall conform to the characteristic impedance requirements in 7.3
at its connector.

The measurement procedure shall be performed as follows.
a) The measurement system bandwidth including preamplifier and probes shall be adequate for the 5th

harmonic of the highest frequency square wave (e.g. > 500 MHz for 20 MB/s link).
b) Trigger on the rising edge of single ended true (logical 1) output with a minimum of 5 and a maximum

of 25 data bit times delay after the trigger edge prior to the measurement.  This delay is required to
capture data dependent jitter caused by intersymbol interference.  This test returns twice the actual
jitter due to the data edge triggering.  The actual jitter value (half that measured above) shall be used
when determining conformance.

c) Driver waveform shall be measured as a differential voltage with an accuracy of ±10 mV.

The data pattern shall consist of continuous K28.5 characters with alternate running disparity.  This pattern
contains maximum and minimum run lengths (both high and low) and therefore is a worst case pattern.  All
SSA ports shall be capable of running this pattern continuously.  A mechanism shall be implemented in all SSA
ports to enable the continuous K28.5 transmissions required for these tests at both 200 MHz and 400 MHz.

The test environment shall include electrical activity on the device typical of the intended applications
environment.  All ports on the node shall be active during the driver test.  Continuous K28.5 characters shall be

Figure 6 - Test environment for drivers
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presented to the receive side of the port used for the driver test.  All inputs shall originate from drivers that
conform to this standard.

7.1.3.2 Driver jitter

The maximum allowed Line driver jitter is defined in 7.1.5.  The line driver jitter shall be measured under the test
conditions defined in 7.1.3.  The jitter shall be measured at the zero differential voltage level as a peak to peak
value for the population sampled.  The maximum value for this measured jitter (due to the triggering method) is
twice the actual jitter defined in Table 6.

7.1.3.3 Driver slew rate

The maximum allowed driver slew rate is defined in 7.1.5.

The line driver slew rate shall be measured under the conditions defined in 7.1.3.1 and as follows:
a) measurement system bandwidth sufficient to measure the slew rate defined in 7.1.5 (e.g. > 6 GHz for 4

V/ns);
b) slew rate extrapolated between ±200 mV differential voltage levels.

7.1.3.4 Line driver output spectral content

The line driver output spectral content shall be measured under the test conditions defined in  7.1.3.1 with the
following changes;

a) the load shall consist of the circuit shown in Figure 7 and shall conform to 7.3;
b) the capacitive load to logic ground on each side of the driver port shall be minimized and shall be less

than 2 pF;
c) the ground shift shall consist of -0,5 V d.c. to +0,5 V d.c. only;
d) both the LineOut+ and LineOut- shall be independently measured (Figure 7 shows only one side).

The maximum allowed line driver output spectral content is defined in 7.1.5.

The line driver output spectrum shall be recorded as the power delivered to the 50 Ω input of the spectrum
analyzer using a detection bandwidth of 10 kHz over the frequency range d.c. to 1,5 GHz. The envelope of the
measured spectrum shall be used to determine the intensity of the spectral content as shown in Figure 8.

Figure 7 - Test environment for driver spectral content
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Table 3 - Driver output spectral content
Speed F1 F2 A

400 Mb/s 160 MHz 636 MHz -11 dBm
200 Mb/s 80 MHz 318 MHz -11 dBm

7.1.4 Pulse mask for SSA drivers

The differential voltage measured using the test circuit, measurement equipment, data patterns, and test
environment defined in 7.1.3 shall fall within the limits defined by the pulse mask in Figure 9.

Figure 8 - Driver output spectral content

Figure 9 - SSA driver pulse mask
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Table 4 contains the requirements when triggering from the source clock.

Table 4 - Driver system operating parameters
Speed V1 V2 V3 T1 T3 T5 T8 T10 T11 T12

400 Mb/s 300 mV 600 mV 1000 mV 0,07 ns 0,30 ns 1,82 ns 1,96 ns 2,43 ns 2,50 ns 2,57 ns
200 Mb/s 300 mV 600 mV 1000mV 0,14 ns 0,61 ns 2,86 ns 3,92 ns 4,86 ns 5,00 ns 5,14 ns

Table 5 contains the requirements when triggering as specified in 7.1.3.1.

Table 5 - Driver test parameters
Speed V1 V2 V3 T2 T4 T6 T7 T9 T11 T13

400 Mb/s 300 mV 600 mV 1000 mV 0,14 ns 0,37 ns 1,89 ns 1,89 ns 2,36 ns 2.50 ns 2.64 ns
200 Mb/s 300 mV 600 mV 1000mV 0,28 ns 0,75 ns 3,00 ns 3,78 ns 4,72 ns 5,00 ns 5,28 ns

7.1.5 Line driver operating requirements

The operating requirements for the line driver are summarized in Table 6.

Table 6 - Line driver operating requirements
Line driver requirements: minimum nominal maximum
Output current peak to peak (s) 8,1 mA 9,5 mA 10,9 mA
Output current imbalance (LineOut+ - LineOut-) (s) -0,5 mA +0,5 mA
Off state output d.c. current (s) -25 µA +25 µA
Output voltage range (s) 1,64 V 4,13 V
Output voltage slew rate (d) 4,0 V/ns
Output jitter (peak-peak) 1 (d) 0,14 ns
Output voltage spectral content (s) Shall be within the envelope (see Figure 8) under the test

conditions defined in 7.1.3.4
Output voltage waveform (d) Shall be within pulse mask (see Figure 9) under test

conditions defined in 7.1.3
Ground shift Shall comply with 7.4
NOTE 1 - This is an operating requirement. It is the actual jitter allowed under system operating conditions. It is not the
result of the tests defined in 7.1.3 because of the triggering scheme used for these tests. The test conditions in 7.1.3 result
in the observed jitter being twice the value defined in this table.
(s) = single ended, (d) = differential

Line Drivers shall not sink more than 55 mA in a power off state when connected to a port receiver. Drivers
shall tolerate single ended voltage inputs from -0,5 to +4,13 V applied through 75Ω ±1% without damage in a
power off state. The 4,13 V level is derived from the 3,63 V level (Table 9) plus 0,5 V ground shift.

7.1.6 Line driver termination

The LineOut+ and LineOut- lines of the Line Driver shall be terminated between the driver and the series
capacitor with terminating resistors of 75 Ω ± 1% connected to the terminating voltage (see Figure 6).  The
series capacitor between the terminating resister and the connector shall have a value of TBD when measured
with the measurement scheme specified in TBD.

7.2 Line receiver

7.2.1 General description

The line receiver is a circuit that converts the differential voltage on the inbound line into a logic signal.  When
the line is terminated per 7.3 the input signal levels are as shown in 7.2.7.
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7.2.2 Receiver line fault detection

The line receiver may indicate a line fault when certain line conditions exist.  These conditions are left to the
implementer to determine.

Reporting of link faults is a function of the transport layer.

Line fault detection shall not affect inter-operability between chips with different line fault detection schemes.

7.2.3 Test conditions for receivers

Line receivers shall be tested using the test circuit shown in Figure 10.  Line Receiver input measurements shall
be made at the port connector associated with the Line receiver.  The distance between the line receiver port
connector and the line driver is not defined.  The capacitive load of the sensing probes and related equipment
shall not exceed 2 pF.

These tests measure the line receiver's maximum error rates with the input signals shown in Figure 11.

The test environment shall include electrical activity on the node typical of the intended application
environment.  All ports on the node shall be active during the receiver test.  Valid SSA traffic shall be present in
the driver side of the port used for the receiver test.  All line receiver inputs shall originate from line drivers that
conform to 7.1.  Electrical activity on the node shall be maximized during this test.

The measurement requirements are:
a) The measurement system bandwidth including preamplifier and probes shall be adequate for the 5th

harmonic of the highest frequency square wave (e.g. > 500 MHz for 20 MB/s link).
b) Trigger on rising edge of single ended true (logical 1) output with a minimum of 5 and a maximum of

25 data bit times delay after trigger edge prior to measurement.  This delay is required to capture data
dependent jitter caused by intersymbol interference.  Note that this test returns twice the actual jitter
due to the data edge triggering.  The actual jitter (half that measured above) shall be used when
determining conformance with the receiver requirement.

c) Input waveform shall be differential voltage.
d) Voltage measurement accuracy ±10 mV.

The data pattern shall allow for synchronization and the detection and reporting of errors.

Figure 10 - SSA receiver test environment



X3T10.1 / 1146D rev 2

14

The amplitude and jitter appearing at the line receiver port connector (using the above measurement
requirements) shall be adjusted with a signal degrader or common-mode injector circuit or other appropriate
means to match the boundaries of the pulse mask defined in 7.2.4 as closely as possible at all required
common mode input levels.  The required common mode levels are defined in Table 9.  The adjustment
procedure is left to the implementer.  Annex F describes a method for degrading the amplitude and injecting
controlled common mode levels.  The scope probes (or equivalent electrical loads) shall be left in place during
the recording of the receiver error detections to ensure that the input conditions are met during the error
recording.  When using the signal degrader, operation shall be maintained  such that the error detection and
reporting mechanisms function correctly.  The validity of the degradation applied shall be checked by
temporarily substituting continuous K28.5 characters with alternate running disparity for the data pattern that
will be used for the test and applying the method detailed in Annex D.

The receiver pulse mask shall be recorded during error free operation.  The node shall be capable of detecting
and reporting errors.

The test duration shall be sufficient to verify the maximum bit error rates defined in 7.2.7.

7.2.4 Pulse mask for SSA receiver input signals

Table 7 contains the requirements when triggering from a source clock.

Table 7 - Receiver system operating parameters
Speed V1 V2 T1 T3 T7 T8 T9 T10

400 Mb/s 100 mV 1000 mV 0,413 ns 0,913 ms 1,838 ms 2,090 ns 2,500 ns 2,913 ns
200 Mb/s 200 mV 1000 mV 0,825 ns 1,825 ms 3,675 ms 4,175 ns 5,000 ns 5,825 ns

Table 8 contains the requirements when triggering as specified in 7.2.37.1.3.1.

Table 8 - Receiver test parameters
Speed V1 V2 T2 T4 T5 T6 T9 T11

400 Mb/s 100 mV 1000 mV 0,825 ns 1,325 ns 1,425 ns 1,675 ns 2,500 ns 3,325 ns
200 Mb/s 200 mV 1000 mV 1,650 ns 2,650 ns 2,850 ns 3,350 ns 5,000 ns 6,650 ns

7.2.5 Line receiver ground shift requirements

 The receiver does not need to accommodate ground shift because the line is terminated by a resistor to the
local +3,3 V supply.

Figure 11 - Receiver pulse mask
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7.2.6 Line receiver common mode input requirements

Due to common node noise coupled into the SSA environment from external sources it is necessary for the line
receiver to accommodate common mode input voltages.  These levels are defined in Table 9.

7.2.7 Line receiver operating requirements

The operating requirements for the line receiver are summarized in Table 9.

Table 9 - Receiver operating requirements
Line receiver requirement: Minimum Maximum Notes:
Differential Input Voltage at 400 Mb/s ±100 mV ±1000 mV Peak Differential. See pulse

mask 7.2.4
Differential Input Voltage at 200 Mb/s ±200 mV ±1000 mV Peak Differential. See pulse

mask 7.2.4
Input Termination Voltage (Vdd) 2,97 V d.c. 3,63 V d.c.
Single ended Input level (LineIn+ and LineIn-) Vdd - 0,5 V Vdd + 0,5 V
Bit error rate at minimum input pulse mask over
required common mode input levels

0 10-13 Test performed according to
7.2.3 and 7.2.4

NOTE 2 - The line receiver input voltage sensitivity (the minimum differential input voltage that causes
the line receiver to detect a logic transition) shown in Table 9 may be reduced below the 100 mV or 200
mV maximum.  The lower this sensitivity voltage the greater the receiver noise margin.  Receiver
hysteresis is not required nor recommended.

7.3 Line segment termination

Line Segment termination is the electrical properties of the load on the end of the line segment opposite the
end associated with the Line Driver.

Ideally a lossless, stubless transmission line that matches the media in the line exists between the port
connector and a purely resistive matching terminating element.  The receiver chip connects with no
capacitance and no stub to this transmission line.  It is necessary to approximate this ideal condition to avoid
reflections on the line.  Therefore a performance requirement requiring characteristic impedance levels at the
line receiver port connector is used.

In order to accommodate the current levels and conformance voltage levels from the driver, the d.c. input
characteristics for LineIn+ and LineIn- shall appear as a 75Ω ±1% resistor connected to +3,3 V ±10% (see
Figure 6).  The line segment termination shall tolerate a direct short to -0,5 V for indefinite periods.

The characteristic impedance (Zo) measured into the LineIn+ and LineIn- pins of the connector with a Time
Domain Reflectometer (TDR) shall meet the requirements in Table 10 including all time points affected by the
connector and all associated electrical paths.  The test environment shall reflect the conditions existing during
operation.

Table 10 - Electrical requirements for line termination
Receiver port test configuration TDR rise time max (ps) Zo max (Ωs) Zo min (Ωs)
LineIn+ to logic ground 375 90 60 1

LineIn- to logic ground 375 90 60 1

LineIn+ to LineIn- 375 180 120 1
1 A single excursion below this limit shall be allowed for a maximum of 0,75 ns

7.4 Ground shift

The system environment shall guarantee that the maximum ground shift between a line driver and the
associated line segment termination is 0,5 V peak to peak d.c. to 30 MHz when the link is operating.  To avoid
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circuit damage ground shift shall never exceed ±2,0V when any line segment is connected.  The above voltage
levels apply as instantaneous values.

Conditions may exist where there are no line receivers (with ability to report error rate) but line segment
termination is present (for example with repeaters).  In this case, the ground shift is measured between the
logic ground of the driver and the ground connection of the 3,3 V source used to supply the line segment
termination.  Multiple line segments may exist within the line.  Each line segment shall be treated independently
with respect to ground shift.

Figure 12 specifies the measurement position for ground shift.  The conditions for this measurement are those
existing in the end user’s environment.

7.5 Port connection

A port connection provides the means for connecting two ports together.  Port connections are formed from
two lines.  Each line shall consist of the means for connecting line drivers to line receivers as shown in Figure
13.  Each line shall consist of one or more line segments as shown in Figure 13.  If only cable assemblies are
used to implement the lines there is only one line segment between the line driver and the line receiver.  This
applies even if there is passive equalization built into one or more of the cable assemblies.

Figure 12 - Definition of ground shift
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A line segment is the part of a line between a driver and its directly connected line termination.

Line segments shall conform to the ground shift requirements in 7.4 and shall connect to valid line segment
termination (see 7.3).

The Lines shall have a differential characteristic impedance of 150 ± 10% Ωs when measured with a TDR with
375 ps rise time.  This includes the media, connectors, and the backshell areas of the cable assemblies.

Anything in the line segment between drivers and its associated line segment termination (such as equalizer
circuits, changes in media construction, and series connectors) shall appear as balanced 150 Ω transmission
lines to the driver side and shall not increase the d.c. conformance voltage requirements for the drivers.  The
tolerance on the characteristic impedance and the measurement technique shall be the same as for the
uniform media used in the line segment.  These non-media entities are expected to reduce the signal amplitude
but may be useful in reducing jitter or for using multiple cable assemblies in the same segment.

Figure 14 shows the structure of port connections and port connection segments.   A port connection shall
have two lines that provide the means for transmitting electrical signals between line drivers and line receivers.

A port connection segment consists of two line segments.  A port connection contains one port connection
segment if only cable assemblies, including those with passive equalization, are used to implement the port
connection.  A port connection segment may contain multiple cable assemblies with or without passive
equalization.

LINE DRIVER
LINE RECEIVER
(INCLUDING
LINE SEGMENT
TERMINATION)

LINE 

= CONNECTOR

LINE DRIVER
LINE SEGMENT
TERMINATION
(DOES NOT RE-
QUIRE VALID
SSA RECEIVER)

LINE SEGMENT 

Figure 13 - Lines and line segments
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7.5.1 Test environment for port connection segments

Referring to Figure 3, Figure 6 and Figure 10 the port connection segment test uses point (M2) for the input
signal and point (M3) for the output.  The input signal at M2 is adjusted while K28.5 characters are being
received (see SSA-TL) using a signal degrader to match the minimum pulse mask for the driver (see 7.1) while
the output signal at M3 is measured and compared with the receiver pulse mask in 7.2 using the method
defined in Annex D.  Port connection segments whose output signal does not intrude within the receiver pulse
mask in Figure 11 under these test conditions are acceptable.

The receiver test environment shown in 7.2.3 and the associated measurement procedure shall be used to
create the input signals at point M2.  The port connection segment is connected where the receiver connector
is shown in Figure 10.

It is not required to vary the common mode or ground shift levels for the port connection segment tests.

The driver test load shown in Figure 6 and the associated measurement procedure shall be used at point M3
with the oscilloscope attached to the load connector rather than the driver port connector.  In order to test for
the effects of reflections this test shall be done at both extremes of the tolerance for the characteristic
impedance of the load.

Port connection segments shall be independently tested for each length differing by more than 2 cm.

7.5.2 Cable assembly

A Cable Assembly provides the simplest form of a port connection.

The term Cable Assembly refers to a cable with connectors, backshells and retention schemes on each end.
The cable may consist of media other than extruded insulated wire (e.g., backplanes).  The maximum length of
a Cable Assembly is not defined as long as its performance requirements are met.

See 8.5.5.3  for external and 8.2.2 for internal cable assembly wiring requirements.

The shield of the bulkhead mounted connector shall be directly connected to the exterior conducting wall that
provides the shield function for the enclosure.  The effectiveness of this shield connection shall be verified
using the test procedures defined in 8.5.6.  360 degree shielding contacts are recommended.

NOTE 3 - An example of a set of electrical parameters that have been found to work for long copper
cables with polypropylene dielectrics is provided for reference in Annex I.
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+
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= CONNECTOR
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1 SEGMENT
TERMINATION)
 +
 LINE 2 DRIVER

LINE 1 DRIVER +
LINE 2  RECEIVER
(INCLUDING LINE
2 SEGMENT
TERMINATION)

PORT CONNECTION

Figure 14 - Port connection and port connection segments



X3T10.1 / 1146D rev 2

19

Equalization circuits may be used on the signal lines within the cable assemblies.  These circuits may increase
the length of cable that meets the requirements.  All requirements apply for both equalized and non-equalized
cable assemblies.  If equalization circuits are used they shall be placed external to the port.

7.5.3 Complex port connection

A Complex port connection is any means of connecting ports other than with a single Cable Assembly.

One form of complex port connection is a series combination of cable assemblies as shown in Figure 15.  For
example, this may be used when penetrating a shielded enclosure to form a connection between an external
and internal Cable Assembly.  In this case it is necessary that each individual Cable Assembly be better than
the minimum requirements so the series combination meets the requirements.

NOTE 4 - It is the responsibility of the system integrator to work with their suppliers to ensure the
Complex Port Connection meets the requirements of this standard.

Port connections implemented with single cable assemblies using passive equalizers are not considered to be
complex port connections.

7.5.4 Port connection couplers

It is also possible to construct a complex port connection that consists of active elements such as resiliency
circuits and repeaters.  The general form of such an element is shown in Figure 16 and entities satisfying the
requirements defined in this clause are termed port connection couplers (PCC).  Within the PCC boundaries
optical or other means of transmitting the signals between the line segment termination side and the line driver
side may be used.

PCCs shall have line drivers that meet all the requirements for SSA port line drivers when worst case compliant
SSA receiver signals are presented to the line segment termination side.  PCCs are not required to support any
character recognition or transport layer functions.  They may retime the signals to recover jitter by using local
clock references and may amplify signals.

ONE FORM OF COMPLEX
PORT CONNECTION 

LINE 1 RECEIVER
(INCLUDING LINE
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 +
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Figure 15 - Complex Port Connection
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Figure 16 - Port connection coupler
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Only receivers capable of reporting bit error rates shall be used as valid M4 points.  On the other hand, any
connector may be used as a valid M1 driver point.

Elements having the general architecture of PCCs but not meeting the specified driver requirements may have
interchangeability problems and port connection segment lengths may need to be reduced.  Only the
requirements at the port connectors apply if interchangeability at the PCC level is not required.

The maximum round trip delay of a signal through a port connection shall not exceed the 25 µs ACK time-out.
This time includes the propagation time for the media, connectors, PCCs and remote port processing time.
Clause 6 specifies a recommended round trip delay for the entire port connection of 6,8 µs.

One may use multiple PCCs in the same port connection.  Figure 17 shows examples using two and three
PCCs.

7.5.5 Pulse mask at M2

The input signals for the line test shall be adjusted for amplitude and jitter to match the weakest allowable line
driver signal defined in 7.1.

7.5.6 Pulse mask at M3

The output signal for the line test shall not intrude within the line receiver input pulse mask defined in 7.2.4.

7.6 System level noise margin

The requirements in clause 7 leave a full order of magnitude in the link bit error rate for purposes of
accommodating noise that may be present during real system operation but not present during the execution
of the tests defined in clause 7 (termed system noise).  The receiver shall not exceed 10-13 bit error rate under
the receiver tests but the individual links in the overall SSA system shall not exceed 10-12 bit error rate in
operation.

Additional margin may be available for systems noise because each of the three major link components
(drivers, lines and receivers) have to be independently and simultaneously operating at the extreme limits of
their respective requirements to produce the 10-13 bit error rate (without system noise).
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Figure 17 - Complex port connection examples using PCCs
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The requirements for drivers and receivers require that the expected noise from system operation be present
during their tests.  This includes common mode noise and ground shift noise.  The system noise is therefore
only noise that exceeds these levels and noise from undefined sources.

8 Interconnections

The electrical connection between two  ports consists of the entire electrical path involved.  7.5 addresses the
electrical performance requirements for the line segments between the port connectors.  7.1 and 7.2 govern
the electrical performance of the electrical path contained within the ports.  The electrical media used to create
this path is not defined in this standard.  The connectors and their securing schemes are defined to the extent
necessary to achieve interoperability between connectors designed and manufactured by different sources.

Some common line media are insulated wires (coaxial, twisted pair, flat), printed circuit board traces and
connector pins.

For lines external to node physical frame boundaries (termed external lines) it is generally necessary to provide
an electrical shield for the media.  This is required to prevent EMI from the electrical activity on the lines and to
protect the lines from external interference.

For lines internal to node frame boundaries (termed internal lines) a shield may be needed.  The need for a
shield for an internal lines depends on the noise present within the node frame and the sensitivity of other
elements (including other SSA lines) to radiation and coupling from the electrical activity on the line itself.

The determination of whether a shield is needed for an internal line may be made by applying the tests defined
in clause 7.

The physical and electrical requirements of an internal device differs from those of an enclosure resulting in
different connectors.

There are two kinds of connector system defined:
a) external shielded with positive retention
b) internal unshielded with passive retention that mates with either cables or backplanes

Each of these connector systems contain pins and other features that serve power distribution, grounding and
ancillary functions for storage devices as well as providing part of the line.  For this reason a complete
description of the function of all the pins is provided for the connector systems.

8.1 Internal connectors

The internal device interface allows options to accommodate a wide range of applications in a cost effective
manner.  These options include a second port that may be configured as either a repeater or a second port
(i.e., dual path).

The internal connector is partitioned into three functional parts:
a) port connectors;
b) power connectors;
c) options connectors.

There are three types of connectors defined:
a) a device connector for an SSA node;
b) cable connectors for cable assemblies;
c) a unitized connectors for blind mating backplane printed wiring boards.

The unitized device connectors are designed to mate with cable backplane connectors.  This allows a single
device physical interface to serve both applications.
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Table 11 - Internal connector options
Physical implementation Port Power Options
Device Device port (6 pin) Device power (16 pin) Device options (10 pin)
Cable Cable port (6 pin) Cable power (16 pin) Cable options (10 pin)
Unitized Device All three functions with two port connections - 38 pins in four bays  (accepts all three cable

function options and mates with unitized backplane connector).
Unitized Backplane All three functions with two port connections - 38 pins in four bays (mates with unitized device

connector only).

The pin assignments for internal connectors are shown in 8.2, 8.3 and 8.4.  Note that devices with different
port, option and power requirements only need to implement a subset of these pins.

All connector contacts shall be rated to carry 1.5 A with a maximum temperature rise of 20 degrees C.

Figure 18 through Figure 27 describe the unitized backplane and cable connectors.  The unitized backplane
connector is segmented to form four separate bays and is intended for blind mate applications when used with
the unitized device connector.  Each bay has flexing contacts recessed within the housing for protection
against damage.  The cable connectors are intended to mate with the individual bays on the unitized device
connector

Figure 28 and Figure 29 describe the unitized device connector that is segmented to form four separate bays.

Figure 31 through Figure 35 define the device connector details.  Each has solid, non-flexing contacts
recessed within the housing for protection against damage.  Defined contacts in each connector are extended
toward the mating face to provide first-make, last-break capability.  Each connector also contains a number of
recessed detents to provide detent retention.

Figure 18 and Figure 28 describe the outer plastic profile for the unitized versions, that prevents mechanical
damage to the flexing contact members.  This assures adequate lead-in for the device connectors, and
provides proper contact registration with the contact blades in the unitized connector.  Figure 24 and Figure 35
illustrate the contact used in the connectors.  Each bay in the plastic shell also provides detents that mate with
the recesses on each housing as defined in Figure 34.

Figure 25 shows the necessary contact information to assure an adequate contact wipe distance.  It also
describes the force to be exerted by the plug contact at the point Fn as the Hertz normal force and the plug
contact as the Hertz mating surface.  Interface performance criteria are found in Annex B.

The mating interface is a leaf style design.  The cable and backplane connector contacts are compliant, with a
coined contact area.  The device connector contact is fixed.

8.1.1 Cable connectors

The mating features and the face view dimensions of  the cable and backplane connectors are shown in Figure
26 and Figure 27.  These assure the side-to-side stacking and intermateability of the cable and backplane
connectors with the corresponding device connectors.

8.1.2 Cable connector termination

The termination of discrete stranded wire or ribbon cable to the cable connectors may be varied to suit the
manufacturing process needs of the cable assembler.  Since the backside termination does not affect the
intermateability of the connector/Cable Assembly, any termination technique may be used, provided it meets
the performance requirements in 7.5 and the overall dimensions given in 8.1.

For reference, the following acceptable methods are listed:
a) Crimp;
b) Insulation Displacement (IDT);
c) Insulation Piercing;
d) Welding;
e) Soldering.
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8.1.3 Cable media

The cable media may be of any form that allows the performance requirements in 7.5 for the overall Cable
Assembly.  In general it is advisable to used balanced media where the Line+ and the Line- have the same
surroundings and follow the same physical path.  Flat ribbon cable is notable for its unbalanced features in this
application but may nevertheless be used if the performance criteria are met.

8.1.4 Contact finish on mating surfaces of connector contacts

The electroplated finish on the mating surfaces shall assure the compatibility of connectors from different
sources.  The following examples are compatible electroplatings and may be used on mating surfaces of
contacts:

a) 0,76 µm (30 µin.), minimum, Gold, over 1,27 µm (50 µin.), minimum, Nickel;
b) 0,05 µm (2 µin.), minimum, 0,127µm (5 µin), maximum, Gold, over 0,76 µm (30 µin.) minimum,

Palladium, over 1,27 µm (50 µin.), minimum, Nickel;
c) 0,05 µm (2 µin.), minimum, 0,127 µm (5µin.), maximum, Gold, over 0,76 µm (30µin.) minimum,

Palladium-Nickel Alloy (80% Pd-20% Ni), over 1,27 µm (50µin.), minimum Nickel.

Selective plating on contacts is acceptable.  In that case, one of the above electroplatings shall completely
cover the area of contact, including the entire contact wipe area.  A copper strike is acceptable, under the
nickel electroplate.  A palladium strike is acceptable, over the nickel electroplate.

8.1.4.1 Internal unitized backplane connector

Figure 18 - Internal unitized backplane connector overview
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Figure 19 - Internal unitized backplane connector detail (side view)
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Figure 20 - Internal unitized backplane connector detail (end view)
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Figure 21 - Internal cable and backplane port connector detail

Figure 22 - Internal cable and backplane option connector detail



X3T10.1 / 1146D rev 2

27

Figure 23 - Internal cable and backplane power connector detail
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Figure 24 - Internal cable and backplane connector contact detail

Figure 25 - Internal cable and backplane connector contact wipe detail
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Figure 26 - Internal cable and backplane port connector detail (2 ports shown)
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Figure 27 - Internal cable and backplane option and power connector detail
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8.1.4.2 Internal unitized device connector

Figure 28 - Internal unitized device connector overview
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Figure 29 - Internal unitized device connector detail (top view)
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Figure 30 - Internal unitized device connector detail (end view)
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Figure 31 - Internal device port connector detail

Figure 32 - Internal device options connector detail
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Figure 33 - Internal device power connector detail
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8.2 Internal port connections

An internal port cable contains 4, 5 or 6 conductors.  The required conductors are the LineOut and LineIn
signals.  The construction is implementation-dependent, e.g. twisted-pairs, twinax, flexible flat cable.

Figure 34 - Internal device connector retention detail

Figure 35 - Internal device connector pin sequencing detail
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The internal port cable may require shielding in some implementations to meet the requirements for an SSA
node the use of shielding on internal cables is optional.

If shielding is used, the shield shall be connected to pin 3 in the internal device port bay receptacle, this in turn
shall be connected to chassis/power ground in the device.  Pin 4 in the internal device port bay receptacle shall
be logic ground and shall not be connected to the shield in the internal Cable Assembly.  If there is no
chassis/power ground available in the device, the shield pin (pin 3) shall be connected to the logic ground on
the device side of the connector.

In order to allow for the possibility that a 6-line unshielded connection (see 8.2.2.3) may be used in the cable
wiring, special care is required in placing the logic ground connection to pin 4 in the device.  The 6-line
connection used with flat, mass terminated cable forces the chassis/power ground on one end of the Cable
Assembly to be connected to the logic ground on the other end and vice versa.  The device shall place the pin
4 logic ground connection as close as possible to the nearest chassis/power ground point.  This establishes a
single ground point within the device as much as possible while minimizing the noise in the logic ground in the
device.  Since the 6-line connection does not allow a shield connection to any internal port device connector
pin, shield noise is not directly coupled to logic ground.

The preferred implementation is the 5-line connection (see 8.2.2.2) using a balanced shielded cable media.
Since balanced media require special attention for Cable Assembly termination the logic ground connection
remaining on the same pin number on both ends is a very minor inconvenience.

If multiple termination to the same connector pin is possible then additional logic ground lines may be used for
purposes of achieving balance in the cable media.

8.2.1 Internal device port connector pinouts

The pinout for the signals on the device side of the connector is listed in Table 12.  Device refers to disks,
controllers or other entities acting as an SSA node.

Table 12 - Pinouts for internal port device connectors
Pin Port device plug & cable receptacle
1 LineOut+
2 LineOut-
3 Chassis/power ground
4 Logic ground
5 LineIn-
6 LineIn+

8.2.2 Internal cable and backplane port pinouts

The internal cable port connections differ depending on the construction of the cable media.  When backplanes
are used there is no need to consider a shield so the any of the cable pinout options may be used.  Backplanes
also offer the advantage that not maintaining physical pin order does not imply a cost premium.  Cables offer
the advantage of easy system level routabilty and easy user flexibility for reconfigurations.

8.2.2.1 Internal cable and backplane port 4-line connections

When using cable media with four lines plus an optional shield the pinouts in Table 13 shall be used.  The
shield is connected to the same pin number on both sides in contrast to the lines that are connected to
different pin numbers on both sides.  This requires careful attention in the Cable Assembly.
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Table 13 - Pinout for 4-line Internal Port Device Connections
Receptacle 1 Receptacle 1

Conductor Pin Signal name Pin Signal name
1 1 LineOut+ 6 LineIn+
2 2 LineOut- 5 LineIn-

Shield1 (optional) 3 Chassis/power ground 3 Chassis/power ground
No connection 4 Logic ground 4 Logic Ground

3 5 LineIn- 2 LineOut-
4 6 LineIn+ 1 LineOut+

NOTE 1 - Both ends of the shield shall be connected in the Cable Assembly

8.2.2.2 Internal port 5-line connections

When using cable media with 5-lines plus an optional shield the pinouts in Table 14 shall be used.  Note that
the shield and the logic ground are connected to the same pin number on both sides in contrast to the lines
that are connected to different pin numbers on both sides.  This requires careful attention in the Cable
Assembly.

Table 14 - Pinout for 5-line internal port device connections
Receptacle 1 Receptacle 1

Conductor Pin Signal name Pin Signal name
1 1 LineOut+ 6 LineIn+
2 2 LineOut- 5 LineIn-

Shield1 (optional) 3 Chassis/power ground 3 Chassis/power ground
3 4 Logic ground 4 Logic Ground
4 5 LineIn- 2 LineOut-
5 6 LineIn+ 1 LineOut+

NOTE 1 - Both ends of the shield shall be connected in the Cable Assembly

8.2.2.3 Internal port 6-line connections

When using cable media with 6-lines the pinouts in Table 15 shall be used.  If a shield is used it shall not be
connected to any pins defined 8.2.  This construction connects the logic ground to the power ground through
the Cable Assembly or backplane and is not desirable.

Table 15 - Pinout for 6-line internal port device connections
Receptacle 1 Receptacle 1

Conductor Pin Signal name Pin Signal name
1 1 LineOut+ 6 LineIn+
2 2 LineOut- 5 LineIn-
3 3 Chassis/power ground 3 Logic ground
4 4 Logic ground 4 Chassis/power ground
5 5 LineIn- 2 LineOut-
6 6 LineIn+ 1 LineOut+

NOTE 5 - A 6-line internal port cable may be built with mass terminated ribbon cable without cuts.

8.3 Internal options bay connections

8.3.1 Electrical characteristics

All option bay signals are TTL level compatible.  In addition, four signals are capable of sinking sufficient
current to drive LEDs.  All signals are negative active.
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Table 16 - TTL input pin parameters
Characteristic Minimum Maximum
Input Leakage -10 uA  +10 uA

Input High +2,0 V  +5,5 V
Input Low -0,5 V  +0,8 V

Table 17 - TTL output pin parameters
Characteristic Minimum Maximum Conditions

Tri-state Leakage -10 uA +10 uA -0,5 V to 5,5 V
Output High  2,4 V  5,5 V  Output current = 800 uA
Output Low 0,0 V  0,4 V Output current = 4 mA

The LED capable outputs are current limited open collector outputs that have an LED anode connected directly
to 5 V with the LED cathode connected directly to the LED capable output pin.  The LED capable output shall
be capable of indefinitely sinking the current produced when the pin is shorted directly to 5,5 V and limiting
current to no more than 40 mA when on.

NOTE 6 - The requirements may be met with an open collector that is capable of indefinitely sinking 37
mA with a 150 Ω current limiting resistor.  However, the normal current draw with a 150 Ω resistor is 28
mA (5,0 V-0,7 V LED drop divided by 150 Ωs).

8.3.2 Options connector pinouts

Table 18 - Options connector pinouts
Pin # Name Function

1 Manufacturing Test Mode Input
2 Auto Start Input
3 Sync Input / output
4 Write inhibit Input
5 Ground(long)
6 Device Activity LED capable output
7 +5 V
8 Device Fault LED capable output
9 Programmable 1 Input /LED capable output

10 Programmable 2 Input /LED capable output

Manufacturing Test Mode is a low active input pin, that when active (pulled below 0,8 V) makes pins 2, 3, 4, 6,
8, 9 and 10 available to be redefined.  Pins 5 and 7 shall remain Ground and +5 V respectively. This pin allows
a manufacturing tester to redefine the option pins to whatever functions it desires, while allowing the function of
the pins in the shipped product to return to the standard definitions.

Auto Start is a low active input pin, that when active (pulled below 0,8 V) causes the device to become ready
for media access after power is applied.  When inactive (pulled above 2,0 V) the signal is to be sampled by the
drive at power on or reset conditions.  Media access is controlled by vendor specific means.

Sync is a pin is used to transmit / receive a sync signal.  The width, period, and tolerance of the negative active
Sync pulse is vendor specific, and thus synchronization across different manufacturers or even different
product lines of the same manufacturer is not guaranteed.

Write inhibit is a low active input pin, that when active (pulled below 0,8 V) inhibits writing to user data area.
Write inhibit is sampled at power on and reset.

Ground shall be capable of handling 1,0 A of current through this ground pin.  This pin is longer than any
others in the option block to allow for the ground to mate first.

Device Activity is a low active LED output that activates when the device is active.
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+5 V shall source 1,0 A of current at +5 V (+/- 10%).  The maximum source current is 1,0 A at V= 0.

Device Fault is an active low LED output that activates when the device is in an fault condition.

Programmable 1 shall be capable of either being an input or an LED capable output.  The function of this pin is
controlled by the implementer.

Programmable 2 shall be capable of either being an input or an LED capable output.  The function of this pin is
controlled by the implementer.

8.4 Internal device power connections

8.4.1 Electrical characteristics

No pin shall exceed 2,25 A peak, 1,5 A continuous.

When a discharged device is hot plugged into a power distribution system, the capacitance in the decoupling
capacitors on the printed circuit board causes significant current surges while the capacitance is charging.
This current spike may cause arcing and damage the connector pads, as well as cause a voltage drop in the
power distribution system that may affect other devices using the system for power.  To help this problem, pins
1, 2 and 16 have a resistor or other circuitry in series between the power source and the device connector (not
on the device).  Additional current limiting circuitry may also be on the device.  This allows for a more
controlled current draw as the device is being hot plugged.  These pins are longer to allow them to mate prior
to the other voltage pins.  It is up to the subsystem implementer to determine the proper circuitry to add to
these lines to meet the current draw limitations of the connector.

8.4.2 Power connector pinouts

The following shall apply to the internal device power connector:

Table 19 - Power connector pinouts
Pin # Name FUNCTION

1 +12 V charge (long) Pre charge for the +12 V system input
2 +5 V charge (long) Pre charge for the +5 V system input
3 Ground (long)
4 +12 V Input
5 +12 V Input
6 +12 V Input
7 Ground (long)
8 Ground (long)
9 +5 V Input

10 +5 V Input
11 Power Fail TTL input
12 Ground (long)
13 +3,3 V Input
14 +3,3 V Input
15 Ground (long)
16 +3,3 V charge (long) Pre charge for the +3,3 V system

NOTE 7 - The +3,3 V charge function has been added using a pin that was formerly used for ground.
This change allows the same connector to be used but requires this pin to be disconnected in products
using earlier requirements to prevent 3,3 V shorts in systems that use a 3,3 V supply.

Power Fail shall become negative active at least 10 ms prior to power dropping below the 10% tolerance to
allow the device a reasonable chance of completing a write operation.  Power fail shall stay active low after
power has failed to keep the devices in a standby mode as long as the logic is capable of driving the power fail
pin.  When in this standby mode, devices shall reject new SMS commands (see SSA-TL2).  Should Power Fail
be deasserted after assertion, devices shall perform an internal reset (see SSA-TL2).
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8.5 External connections

8.5.1 External connectors and retention schemes

The external connectors are fully shielded for protection against RFI/EMI.  They are 9-way micro-miniature D
connectors equipped with positive retention schemes:

a) External node connections shall provide a separate shielded device connector for each.  The
connector shield shall be grounded to the node enclosure in a manner that allows the connector
system to satisfy the requirements in 8.5.6.  The external shielded device connector has pin contacts.

b) The external Cable Assembly shall be terminated with a shielded cable connector having a metallic
shield and a backshell that connects the connector shield to the cable shield in a manner that allows
the mated connector system to satisfy the requirements in 8.5.6.  The shielded cable connector has
socket contacts.

c) The complete shielding system shall provide a d.c. resistance of less than 5 mΩ from the cable shield
to the node enclosure.

d) A shielded device connector shall be capable of mating with either a jack screw, push/pull detent, or a
slide latch jack post.  The selection of the scheme actually used is made in the Cable Assembly
backshell design

Shield contact between the device and cable connectors is accomplished by three raised lines on the device
connector (two top, one bottom).

The external connectors allow any of  three different retentions schemes to be used detent, jack screws, and
slide latch jackpost.  The device connector supports all three.  The cable connector implements only one
retention scheme and determines what is actually used.  If jack screws are used they shall be capable of
withstanding 5 inch-pounds of torque and a M1,6 thread shall be used.

The details of the shielded device connector mating interface are shown in Figure 36, the shielded cable Figure
37.

Retention forces shall be defined as forces on the cable media in a direction perpendicular to the plane of the
enclosure wall that is securing the shielded device connector. Jackscrew or slide latch retention shall result in
mechanical failure of the Cable Assembly before a failure of the retention itself.  For jackscrew or slide latch
retention schemes the Cable Assembly shall withstand at least 100 N axial force without mechanical or
functional damage.  For push-pull retention schemes the maximum and minimum axial forces are 80 N and 45
N respectively.  If no positive retention is used the connector shall demate upon applying an axial force of 25 N
or more.

8.5.2 Cable connector termination

Any termination technique may be used that allows the final product to meet the performance and dimensional
requirements.

8.5.3 Contact finish on mating surfaces of connector contacts

The electroplated finish on the mating surfaces shall ensure the compatibility of connectors from different
sources. The following examples are compatible electroplatings and may be used on mating surfaces of
contacts:

a) 76 micrometers (30 microinches) minimum gold over 1,27 micrometer (50 microinches minimum
nickel;

b) 0,05-0,127 micrometer (2-5 microinches) gold over 0,76 micrometer (30 microinches) minimum
palladium over 1,27 micrometer ( 50 microinches) minimum nickel;

c) 0,05-0,127 micrometer (2-5 microinches) gold over 0,76 micrometer (30 microinches) minimum
palladium nickel alloy (80%Pd-20%Ni), over 1,27 micrometer minimum nickel;

d) or 0,1 micrometer (2 microinches) minimum gold over 1,2 micrometer (30 microinches) minimum
palladium nickel alloy(80%Pd/20%Ni) over 0,5 micrometer (120 microinches) minimum nickel.
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8.5.4 Dimensional requirements

The external connectors shall be designed to meet the dimensional requirements defined in Figure 36.  These
requirements are defined in order to ensure intermateability among different manufacturers.

Figure 36 - External device connector interface
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Figure 37 - External cable connector interface
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8.5.5 External connection electrical requirements

8.5.5.1 External device connector pinout

The pinout for external device connectors is shown in Table 20.

Table 20 - Pinout for external device connectors
Pin Signal Notes
1 reserved No connect
2 LineOut-
3 Logic ground Shall not connect directly to any cable shield or drain wire.  Connection to a separate cable

conductor is optional.
4 LineIn-
5 Ground Return for pin 8.
6 LineOut+
7 reserved No connect
8 +5 V ±5%

(optional)
If supplied shall be capable of supplying a minimum of 0,25 A and a maximum of 1,0 A.  Direct
shorts to ground shall not cause damage.

9 LineIn+
Shield Shield Shall conform to 8.5.6.  Shield connection shall make before any other pin upon insertion.

8.5.5.2 External cable media

An external cable shall contain only 5 conductors: a pair of wires for the LineOut signals, a pair for the LineIn
signals and a shield.  See 7.5 for additional requirements.

NOTE 8 - Figure 38 shows one type of construction that may be used.  In this construction, each pair of
differential signals (LineOut/LineIn) is allocated to diagonally-opposite wires. This minimizes cross-talk
without the need to shield each pair individually. The geometrical arrangement of the 4 wires is
controlled by the central filler and the overall shielding/jacket.  The 4 wires are wrapped in an overall
shield of aluminum/polyester tape.  Consecutive turns overlap by 25% and the aluminum side of the
tape faces out. This is followed by an overall braid shield with a minimum coverage of 85%. Finally, the
cable is protected by a black PVC jacket with a thickness of 0,635 mm (0,025 inches).  The braid shield
is connected to frame ground at both ends via the connector shields.

Figure 38 - Typical construction of external cable
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8.5.5.3 External cable pinouts

Table 21 - External cable pinouts
Wire Receptacle 1 Receptacle 2
Color

(optional)
Pin Signal name Pin Signal name

Green 2 LineOut- 4 LineIn-
Red 6 LineOut+ 9 LineIn+

White 4 LineIn- 2 LineOut-
Blue 9 LineIn+ 6 LineOut+

Shield Shield Shield Shield Shield
NOTE - Pins 1, 3, 5, 7 and 8 are not connected.

8.5.6 Shield effectiveness

All external SSA connections shall meet the shield effectiveness requirements.  The requirements are based on
transfer impedance testing of the mated connection system.  This system includes connectors, backshells,
bulkhead mounting means, connector securing means, cable shield connections to the connector shield and
any other parts used to accomplish the complete shield circuit connection from the cable shield to the
enclosure wall.

Annex A contains a detailed description of a test procedure that shall be used to measure the transfer
impedance of the connection system.  The test results from this procedure shall not exceed the levels defined
in Table 22.

Table 22 - Transfer impedance requirements for external SSA connections
Frequency (MHz) Value (dB-Ω)(max)

30 -25
159 -16
500 -10
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Annex A
(normative)

Transfer impedance testing procedure

A.1  Content

This requirement allows the transfer impedance (Zt) of electrical connectors to be determined from d.c. to 500
MHz.  It measures the leakage of connector assemblies located between a bulkhead and a shielded cable.

A.2  Definitions
a) Connector Transfer Impedance (Zt):  Connector transfer impedance is the ratio of the longitudinal

voltage that appears on the outside of the connector under test to a known common mode current
impressed on the inside conductors.

b) Units (dB-Ω)  Measured results shall be reported in dB from one Ω [dB=20 log(Zt(1 Ω))].  More
negative values represent better performance. Zero dB is one Ω.  Positive results represent insignificant
shielding.  Each 20 dB represents a 10 fold change in transfer impedance.

A.3  Test equipment

A vector or scalar network analyzer shall be used.  A spectrum analyzer and tracking generator may be used if
provision has been made for dividing the magnitudes of two traces (subtracting in dB).  Equipment shall be
capable of generating plots directly or from magnetic media.

A.4  Theory

A.4.1  Reference measurement

This technique relies on comparing two measurements that differ only in where the drive energy is placed.  In
the reference measurement (see Figure A.2), the radio frequency (RF) current flows through the one Ω
standard.  The resulting voltage drives the sample on the outside. and the resulting power is measured at port
2 [or, this may be measured as S21 (reference)].  This voltage is equal to the voltage that is generated if the
sample had a one Ω transfer impedance at all frequencies.

Figure A.1 - Test Equipment Block Diagram
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This simple resistance is made to mimic a transfer impedance.  Thus, the reference measurement only includes
the fixturing response when the sample is mounted in it.

A.4.2  Sample measurement

The second measurement (see Figure A.3) applies the same amount of incident RF Power to the inside of the
sample.  The fixturing has exactly the same dimensions.  The current from this incident power passes through
the connector under test transfer impedance, producing a voltage along the length of the sample.  The
resulting power is measured at port 2 of Figure A.3 (or this may be measured as S21(sample)).  This
measurement includes the fixturing response previously measured times the transfer impedance of the sample.

A.4.3  Calculations

The transfer impedance may be derived from these two measurements.  The sample measurement results are
divided by the reference results at each frequency (subtract dB), leaving just the sample transfer impedance.
The results shall be multiplied by a frequency independent correction factor (CF).  Even with identical RF drive
levels, the current through the one Ω standard of the reference measurement differs from the inside current of
the sample measurement.

Figure A.2 - Reference measurement fixturing
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A.5  Sample preparation

A.5.1  Panel mounted connector sample

The panel mounted connector sample shall be prepared in order as follows:
a) Mount connector in the center of a bulkhead mounting plate (Figure A.3).
b) Common all contacts as close to the bulkhead as possible.
c) A 1 inch wide copper strap shall be soldered to the bulkhead mounting plate close to the CUT.
d) The free end should be very close to the bussed panel mount connector conductors.
e) The shield of a short probe cable shall be soldered to the strap to form a low inductance path to the

bulkhead, not the panel mount connector shield.  This connection shall be as short as possible.
f) Solder the center conductor to the bussed panel mount connector conductors.  This connection

should be as short as possible.
g) Assemble the fixturing of Figure A.3.
h) Be sure metal surfaces joined are clean for a good connection.

A.5.2  Measure sample Zo with TDR

Measure sample Zo with a TDR in order as follows:
a) A sample connector shall be mounted on several inches of shielded cable.
b) All conductors in this connector shall terminate a conductor in the cable.
c) Mate to panel mounted connector sample (see A.5.1).
d) Use time domain reflectometry (TDR) to determine the voltage reflection coefficient of the mated pair.
e) Estimate an average value if necessary.  This is used to calculate a correction factor (CF).

A.5.3  Cable Mounted Connector Sample

The cable mounted connector sample shall be prepared as follows:
a) Cut the cable on each sample about 1 inch from the rear.

Figure A.3 - Sample measurement fixturing
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b) Remove the outer jacket without nicking the braid, leaving 0,2 inch of outer jacket.
c) Fold back braid over remaining outer jacket.
d) Remove second foil shield if present.
e) Take care to avoid stressing the connector shield braid capture region.
f) Strip all internal conductors to as close to the braid as practical.
g) Twist together all internal conductors and solder.
h) Cut soldered wires to 0,1 inch.
i) Solder a non-inductive (metal film) termination resistor to this.
j) Wrap this joint with high temperature insulating tape (Kapton).
k) The termination resistor shall be chosen to give a voltage reflection coefficient close to that measured

in A.5.2 above.
l) Wrap the joint and termination resistor with copper tape.
m) Dress the braid up over the copper tape.
n) Wrap the braid and copper tape up to the free resistor lead with small gauge solid hook-up wire.
o) Solder these together to prevent any RF leakage.

A.6  Procedure

The Transfer Impedance Testing procedure shall be done in order as follows:
a) Do a full 2 port calibration if using a vector network analyzer for improved accuracy.
b) Get a noise floor plot (see A.7).
c) Prepare panel mounted connector sample(s) (see A.5.1)
d) Measure sample Zo (see A.5.2). Note the reflection coefficient p for use in step 8.
e) Prepare cable mounted samples (see A.5.3).
f) Do a reference measurement (see A.4.1).  Solder the electrical connection at the right so that pressure

is applied at the mechanical connection at the left (the fixture connection to the mating interface).
Measure S21(reference) expressed in dB, or measure the power at the spectrum analyzer in dBm.  The
frequency range shall include 30 MHz to 500 MHz but may include more.

g) Do the sample measurements (see A.4.2).  With the same cables, substitute the sample measurement
fixturing of Figure A.3 for the reference measurement fixturing of step 6 (Figure A.3).  Mate the
connectors under test and connect to the type "N" connector at the right.  Measure S21 (sample)
expressed in dB, or measure the power at the spectrum analyzer in dBm while driving the sample with
the same forward power (into fixture port 1, Figure A.3) as used in step 6.

h) Calculate the correction factor. In dB it is: CF(dB) = 20 log(2/(1-p)), where p is the voltage reflection
coefficient of the termination resistor, determined in step 4 above (see A.5.3).

i) The vertical axis of the trace may now be labeled in units of dB-Ω: Zt(dB-Ω) = dBm(sample) -
dBm(reference) + CF(dB) = S21(sample) - S21(reference)  + CF(dB), where S21 is expressed in dB.
Note that the subtraction above may be done by many instruments in real time.  If so, the reference
graticule of the subtracted results may be assigned a value of (-1)CF(dB), that makes it equal to 0 dB-
Ω.  Or, a controller may do these calculations.

j) Plot transfer impedance in log log format, save plot file and record single frequency results.
k) Check that all points on the transfer impedance plot (trace) exceed the noise floor plot (see A.7) by at

least 10 dB.  Note invalid regions in the plot data.

A.7  Noise floor plot

If the samples have very good shielding, the fixturing shielding may be inadequate, or the receiver may be
picking up ambient signals.  Before samples are measured, some idea of this level shall be available.  This
shall be obtained with the noise floor plot fixturing of Figure A.4.
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The noise floor plot is obtained just like a transfer impedance measurement but with a solid panel and no
connector under test.  A reference measurement is first made using a wire instead of a cable mounted sample.
The sample measurement is made as in Figure A.4.  The sample measurement is then divided by the reference
measurement (subtract dB).  All transfer impedance data that does not exceed this ratio by at least 10 dB shall
be reported as inaccurate data.

A.8  Documentation

A.8.1  Plots and magnetic files

a) Company name.
b) Test Number
c) Date.
d) Sample identification and test conditions.
e) Correction factor in dB, or termination resistance used.

A.8.2  Test report

a) Plots, if requested (log log format, including 30-500 MHz data).
b) Single frequency results (30 and 159 MHz recommended).
c) Noise floor plot.  Document any data that fails the noise floor requirement.
d) Equipment used.
e) Termination resistor values used.

Figure A.4 - Noise floor check fixturing
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Annex B
(normative)

Internal connector testing procedure

To verify the performance requirements, performance testing is defined according to the recommendations,
test sequences and test procedures of ANSI/EIA 364.  ANSI/EIA 364 defines operating class definitions for
different end-use applications.

SSA internal connector test requirements follow the recommendations for environmental class 1.3,  defined as:
No air conditioning or humidity control with normal heating and ventilation.  The Equipment Operating
Environmental Conditions shown, for class 1.3 in table 2 of ANSI EIA 364 are:  Temperature; +15 degrees C to
+85 degrees C,  Humidity; 95% maximum., Class 1.3 is further described as operating in a “harsh
environmental” state, but with no marine atmosphere.

Accordingly, the performance groupings, sequences within each group, and the test procedures follow the
recommendations of ANSI/EIA 364, except where the unique requirements of the SSA internal connectors may
call for tests that are not covered in ANSI/EIA 364, or where the requirements deviate substantially from those
in that document.  In those cases, test procedures of other recognized authorities are cited.

All internal connectors described in Figure B.1 shall pass all the following tests, in the groups, and sequences
shown, and in the sample sizes shown.

B.1  Test sample preparation

The internal connectors shall be tested unassembled for those tests that require it.  They shall be tested
assembled to randomly selected production printed wiring boards or cable assemblies, typical of those used in
SSA equipment, for those tests that require assembled connectors

a) All performance testing is to be done with cable material that conforms to this requirement.  In order to
test to these performance groups, EIA tests require that the cable construction used be pacified.

b) All resistance values shown in the following performance groups are for connectors only, including
their termination to the wire and/or PC board, but excluding the resistance of the wire.  Resistance
measurements shall be performed in an environment of temperature, pressure and humidity defined by
EIA 364.

c) The numbers of units to be tested is a minimum; the actual sample size is to be determined by
requirements of users.  This is not a qualification program.

d) See Figure B.1 for contact resistance measurement points.
e) If non-unitized device connectors are used they shall be treated in the same manner as defined for the

unitized device connectors in the tests except that tests with the unitized backplane connector are not
required.  Non-unitized device connectors are not specifically called out in these tests
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B.2  Performance group A: Basic functionality - to mechanical shock and vibration

Performance group A refers to basic mechanical conformance and electrical functionality when subjected to
mechanical shock and vibration.

The number of samples used is:
a) [2] 38 contact unitized device connectors, unassembled to PCB used for Phase A1 and A2 (one each);
b) [4] 38 contact unitized device connectors, assembled to PCB;
c) [2] 38 contact unitized backplane connectors, assembled to PCB;
d) [2 each] 16, 10 and 6 contact cable connectors, assembled to a 200 mm long cable.

Table B.1 - Performance group A
Test conditions Measurements to be performed Requirements

Phase Title ID No. Severity or
conditions

Title ID No. Performance Level

A1 Visual and
dimensional

ANSI/EIA
364-18

Unmated
connectors

Dimensional
Inspection

Figure 18 through
Figure 35

No defects that impairs
normal operations.  No
deviation from dimensional
tolerances.

A2 Plating
thickness
measurement

Record thickness; see
8.1.4

A3 None See Figure B.1 Low level
contact
resistance

ANSI/EIA 364-23 15 mΩ, maximum, initial
per contact pair. (each
contact)

A4 Vibration ANSI/EIA
364-28

Cond. III 1 Continuity ANSI/EIA 364-46 No discontinuity of 1
microsecond or longer
(each contact)

A5 None Same as A3 Low level
contact
resistance

ANSI/EIA 364-23 15 mΩ, maximum change
from original per contact
pair. (each contact)

A6 Mechanical
shock
(defined
pulse)

ANSI/EIA
364-27

Condition G 1 Continuity ANSI/EIA 364-23 No discontinuity at 1
microsecond or longer
(each contact)

A7 None Same as A3 Low level
contact
resistance

ANSI/EIA 364-23 15 mΩ, maximum change
from original per contact
pair. (each contact)

NOTE 1 - Connectors are to be mounted on a fixture that simulates typical usage.  The PCB shall also be permanently
affixed to the fixture.  The PCB layout used represents actual use.  The cable connector shall be mated with the plug, and
the other end of the cable shall be permanently clamped to the fixture.
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B.3  Performance group B:  Contact resistance with thermal shock and humidity stress

Performance group B refers to low level contact resistance when subjected to thermal shock and humidity
stress.
The number of samples used is:

a) [4] 38 contact unitized device connectors, assembled to PCB;
b) [2] 38 contact unitized backplane connectors, assembled to PCB;
c) [2 each] 16, 10, 6 contact cable connectors, assembled to cable, 200 mm long.

Table B.2 - Performance group B
Test conditions Measurements to be

performed
Requirements

Phase Title ID No. Severity or
conditions

Title ID No. Performance level

B1 None See Figure B.1 Low level
contact
resistance

ANSI/EIA 364-23 15 mΩ, maximum, initial, per
contact mated pair (each
contact)

B2 Thermal
Shock

ANSI/EIA
364-32

Condition 1:
10 cycles
(mated)

Low level
contact
resistance

ANSI/EIA 364-23 15 mΩ, maximum change from
original  per contact mated pair
(each contact)

B3 Humidity ANSI/EIA
364-31

Condition C:
(504 hrs.)
Method III
(cycling) non-
energized
Commit 7A &
7b (mated)

Low level
contact
resistance

ANSI/EIA 364-23 15 mΩ, maximum change from
original  per contact mated pair
(each contact)



X3T10.1 / 1146D rev 2

54

B.4  Performance group C: Insulator integrity with thermal shock and humidity stress

The number of samples used is:
a) [4] 38 contact unitized device connectors, assembled to PCB;
b) [2] 38 contact unitized backplane connectors, assembled to PCB;
c) [2 each] 16, 10 and 6 contact cable connectors, unassembled.

Table B.3 - Performance group C
Test conditions Measurements to be performed Requirements

Phase Title ID No. Severity or
conditions

Title ID No. Performance Level

C1 With-
standing
voltage

ANSI/EIA
364-20

Test voltage 500
V d.c. +50V
Method C
Unmated and
unmounted

With-standing
voltage

ANSI/EIA
364-20

No flashover
No sparkover
No excess leakage
No breakdown

C2 Thermal
Shock

ANSI/EIA
364-32

Condition 1
10 cycles
(unmated)

With-standing
voltage (same
condition as C1)

ANSI/EIA
364-20

No flashover
No sparkover
No excess leakage
No breakdown

C3 Insulation
resistance

ANSI/EIA
364-21

Test voltage 500
VDC +50V
Unmated and
unmounted

Insulation
resistance

ANSI/EIA
364-21

1 GΩ, minimum,
between adjacent
contacts

C4 Humidity
(cyclical)

ANSI/EIA
364-31

Condition A (96
hours) Method III
non-energized
Omit 7a & 7b

Insulation
resistance (same
conditions as C3)

ANSI/EIA
364-31

1 GΩ, minimum,
between adjacent
contacts
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B.5  Performance group D:  Contact life with corrosive gas exposure

Performance group D refers to contact life and durability when subjected to mechanical cycling and corrosive
gas exposure.

The number of samples used is:
a) [4] 38 contact unitized device connectors, assembled to PCB;
b) [2] 38 contact unitized backplane connectors, assembled to PCB;
c) [2 each] 16, 10 and 6 contact cable connectors, assembled to cable, 200 mm long.

Table B.4 - Performance group D
Test conditions Measurements to be

performed
Requirements

Phase Title ID No. Severity or
conditions

Title ID No. Performance Level

D1 None See Figure B.1 Low level
contact
resistance

ANSI/EIA
364-23

15 mΩ, maximum change
from original per contact
mated pair (each contact)

D2 Durability ANSI/EIA
364-09

a) 2 mated pairs, 5
cycles
b) 2 mated pairs,
automatic cycles
to 250 cycles, rate
500 cycles/hr +50
cycles

D3 None See Figure B.1 Low level
contact
resistance

ANSI/EIA
364-23

15 mΩ, maximum change
from original per contact
mated pair (each contact)

D4 Mixed
flowing
gas

ANSI/EIA
364-65
Class II

See Figure B.1
2 mated pairs-
unmated for 1 day.
2 mated pairs
mated for 10 days

Low level
contact
resistance

ANSI/EIA
364-23

15 mΩ, maximum change
from original per contact
mated pair (each contact)

Figure B.1 - Contact resistance measuring points
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B.6  Performance group E: Contact resistance with temperature life stress

Performance group E refers to contact resistance and mating and unmating force when subjected to
temperature life stress.

The number of samples used is:
a) [4] 38 contact unitized device connectors, assembled to PCB;
b) [2] 38 contact unitized backplane connectors, assembled to PCB;
c) [2 each] 16, 10 and 6 contact cable connectors, assembled to cable, 200 mm long.

Table B.5 - Performance group E
Test conditions Measurements to be

performed
Requirements

Phase Title ID No. Severity or
conditions

Title ID No. Performance level

E1 Mating and
unmating

ANSI/EIA
364-13

Mating:  Mount plug
rigidly.  Insert
receptacle by hand
Unmating:
Auto rate: 25
mm/min

Unmating only ANSI/EIA
364-13

Unmating force:
1 kgf minimum
4 kgf maximum

E2 None - See Figure B.1 Low level
contact
resistance

ANSI/EIA
364-23

15 mΩ, maximum, initial
per contact mated pair.
(each contact)

E3 Temperature
life

ANSI/EIA
364-17

Condition IV (105
degrees C) 250 hrs.
Method A (mated).
See Figure B.1

Low level
contact
resistance

ANSI/EIA
364-23

15 mΩ, maximum, change
from original per contact
mated pair. (each contact)

E4 Mating and
unmating
forces

ANSI/EIA
364-13

Same as E1 Mating and
unmating
forces

ANSI/EIA
364-13

Same as E1

B.7  Performance group F:  Mechanical retention and durability

The number of samples used is:
a) [4] 38 contact unitized device connectors, assembled to PCB;
b) [2] 38 contact unitized backplane connectors, assembled to PCB;
c) [2 of each] 16, 10 and 6 contact cable connectors, assembled to cable 254 mm long minimum.

Table B.6 - Performance group F
Test conditions Measurements to be

performed
Requirements

Phase Title ID No. Severity or
conditions

Title ID No. Performance level

F1 Mating and
unmating
forces

ANSI/EIA
364-13

Mating:  Mount
plug rigidly.  Insert
receptacle by
hand

F2 Mating and
unmating
forces

ANSI/EIA
364-13

Auto cycle:
100 cycles, 25
mm/min

Unmating forces ANSI/EIA
364-13

Unmating force:
1 kgf minimum
4 kgf maximum

F3 Durability ANSI/EIA
364-09

Auto cycling to
500 cycles

Unmating only ANSI/EIA
364-13

Unmating force at end of
durability cycling:
1 kgf minimum
4 kgf maximum
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B.8  Performance group G:  General test

Suggested  procedures to test miscellaneous, but important aspects of the connectors.

NOTE 9 - Since the test listed below may be destructive, separate samples should be used for each test.
The number of samples to be used is listed under the test title.

Table B.7 - Performance group G
Test conditions Measurements to be

performed
Requirements

Phase Title ID No. Severity or
conditions

Title ID No. Performance level

G1 Cable axial
pull test (2
device
connectors)

Fix device
connector housing
and apply a 10 kgf
load for one minute
on cable axis

Continuity
Visual

ANSI/EIA
364-46

No discontinuity greater
than 1 microsecond.  No
jacket tears or visual
exposure of shield. No
jacket movement greater
than 1,5 mm at point of
exit.

G2 Cable flexing
(2 device
connectors)

ANSI/EIA
364-41

Condition I
dimension x =3,7 x
cable diameter or
thickness; 100
cycles, in each of
two planes

a) With-
standing
voltage

Per C1 Per C1

b) Insulation
resistance

Per C3 Per C3

c) continuity of
all contacts

Per A4 Per A4
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Annex C
(normative)

External connector testing procedure

The clause defines the general test schedule.  This test schedule shows all the tests and the order they shall be
carried out as well as the requirements to be met.  Unless otherwise defined, all tests shall be carried out under
standard atmospheric conditions for testing as defined in IEC 68-1, as directed by the applicable IEC 512
documents.  Unless otherwise defined, mated sets of connector pairs shall be tested.  Care shall be taken to
keep a particular combination of connector pairs together during the complete test sequence (i.e. when
unmating is necessary for a certain test, the same connector pairs  as before shall be mated the subsequent
tests).

In the following, a mated set  of connector pairs is called a specimen.  When the initial tests have been
completed, all the specimens are divided up according to the test groups.

Before testing commences, the connector pairs shall be stored for at least 24 hours in the non-inserted state
under normal atmospheric conditions as per IEC 68-1.

The necessary specimens to perform the entire test program are stated in Table C.1.

Table C.1 - Number of test specimens
Testgroup Number of specimens

Initial tests 8.5.4.2.1. P 1 17
Testgroup  8.5.4.2.2. AP 4
Testgroup  8.5.4.2.3 BP 4
Testgroup  8.5.4.2.4 CP 4
Testgroup  8.5.4.2.5 DP 4

NOTES
1) Initial tests P contain one reference sample
2) All testgroups are at performance level 1.
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C.1  Test group P - Initial Test

Table C.2 - Initial tests
Test Test conditions Severity or Measurement to be performed Requirements

Phase Title Test IEC 512
part

condition of test Title Test IEC 512
part

P1.1 Unmated
connectors

Visual
examination

1a 2 There shall be no
defects that impairs
normal operations.

P1.2 Unmated
connectors

Examination of
dimensions

1b 2 No deviations from
dimensional tolerances

P2 Polarizing
method

13e 7 Test force = 25 N
maximum

It shall not be possible
to mate connectors in
any manner other than
the correct one

P3 6 contacts per
connector.  See
Figure C.2 for
measurement
points

Contact
resistance

2a 2 35 mΩ maximum
contact resistance for
style B.  20 mΩ
maximum for style C

P4 Test voltage
100 ± 15 V
3 contacts per
connector

Insulation
resistance

3a 2 Insulation resistance to
be > 5 x 109 Ω

P5 Apply 350 V a.c.
minimum between
adjacent contact
rows and 500 V
a.c. minimum
between contacts
and shell

Voltage proof 4a 2 There shall be no
breakdown or flashover
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C.2  Test group AP - Mechanical and thermal shock, vibration and humidity stress

Test group AP tests the contact resistance and insulator integrity using mechanical and thermal shock,
vibration and humidity stress.

Table C.3 - Contact resistance and insulator integrity
Test Test conditions Severity or Measurement to be performed Requirements

Phase Title Test IEC 512
part

condition of test Title Test IEC 512
part

AP1 6 pin contacts per
connector using
gauge per Figure
C.4

Gauge retention
force

16e 8 0,15 N minimum
withdrawal force

AP2 Insertion and
withdrawal force

Connector
mating and
unmating force

13a 7 25 N maximum
mating force.

AP3 Solderability 12a 6 Applies to solder
pin termination.
only.  Completely
dip solder tails in
solder bath

Visual
Examination

There shall be no
evidence of
dewetting. Contact
surface shall be
fully and evenly
coated with solder.

AP4 Apply 350 V a.c.
minimum between
adjacent contact
rows and 500 V a.c.
minimum between
contacts and shell

Voltage proof 4A 2 There shall be no
evidence of
breakdown or
flashover

AP5 Vibration 6d 4 Freq. = 10-32 Hz,
amplitude=,35mm
Freq=32-500 Hz,
Accel. = 5gs,
Duration = 6 hrs.
Connector
mounting per
Figure C.2.

Contact
resistance
Contact
intermittence

2a

2c

2

2

Maximum 15 mΩ
change from initial
contact resistance
measured in Table
C.2 test P3.
Contact
intermittencies to
be less than 1 µs.
Intermittency
defined to be a
contact resistance
greater than 500 Ω

AP6 Mechanical
shock

6c 4 Acceleration 50g
duration 11 ms
10 shocks, 5 in
each direction
half sine
Connector
mounting per
enclosed figure.

Contact
resistance
Contact
intermittence

2a

2c

2

2

Maximum 15 mΩ
change from initial
contact resistance
measured in Table
C.2 test P3.
Contact
intermittencies to
be < 1 µs
Intermittency
defined to be a
contact resistance
> 500 Ω.

AP7 Thermal
shock

11d 6 test Na;
duration: 30 min.
Temperature - -55
to +125 Celsius

AP8 Test voltage
100 ± 15 V
3 contacts per
connector

Insulation
resistance

3a 2 Insulation
resistance greater
than 5x10

9
Ω
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Test Test conditions Severity or Measurement to be performed Requirements
Phase Title Test IEC 512

part
condition of test Title Test IEC 512

part
AP9 Apply 350 V

minimum between
adjacent contacts
rows and 500 V
minimum between
contacts and shell.

Withstanding
voltage

4a 2 There shall be no
evidence of
breakdown or
flashover

AP10 Unmated
connectors

Visual
examination

1a 2 There shall be no
damage that
impairs normal
operation.

AP 11 Climatic
sequence

11a 6 See AP11.1-
AP11.4

AP11.1 Dry heat 11i 6 Unmated
connectors
duration: 12h @
125°C
recovery time: 2h

insulation
resistance (hot)

3a 2 Insulation
resistance to be
>1x10

8
 Ω at

125°C.

AP11.2 damp heat
cyclic, first
cycle

11m 6 above temperature
40°C, recovery
time: 2h variance 2

AP11.3 cold 11j 6 -55°C, duration: 6h
recovery time: 2h

AP11.4 damp heat,
cyclic
remaining
(5) cycles

11m 6 above temperature
40°C, recovery
time: 2h variance 2

AP 12 for arrangement
and test condition
see P4

Insulation
resistance

3a 2 Insulation
resistance to be
>5 x 109Ω

AP 13 6 contacts per
connector.
Measurement
points to be per
Figure C.2

Contact
resistance

2a 2 Maximum 15 mΩ
change from initial
contact resistance
measured in Table
C.2 test P3.

AP 14 test conditions see
P5

Withstanding
voltage

4a 2 There shall be no
evidence of
breakdown or
flashover.

AP15 Insertion and
withdrawal force =
25 N maximum

Total mating +
unmating
forces

13a 7

AP16 Unmated
connectors

Visual
examination

1a 2 There shall be no
damage that
impairs normal
operation
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C.3  Test group BP - Mechanical cycling and corrosive gas exposure

Test group BP refers contact life and durability testing using mechanical cycling and corrosive gas exposure.

Table C.4- Contact life and durability - mechanical cycling and corrosive gas exposure
Test Test conditions Severity or Measurement performed Requirements

Phase Title Test IEC
512
part

condition of test Title Test IEC 512
part

BP1 6 pin contacts per
connector using gauge
per Figure C.4

Pin contact
withdrawal
force

16e 8 0,15 N minimum
withdrawal force

BP2 Durability 9a 5 Speed 10 mm/s.
Rate = 2 cycles/minute
500 cycles, - 30 second
rest period in the
unmated condition

BP3 Industrial
gas

11g 11-7 ½ connectors mated
½ connectors unmated
test condition A(SO2)

4 days duration

BP4 6 contacts per
connector
Measurement points to
be per Figure C.1

Contact
resistance

2a 2 Maximum 15 mΩ change
from initial contact
resistance measured in
Table C.2 test P3.

BP5 Durability 9a 5 Speed 10 mm/s.
Rate = 2 cycles/minute,
500 cycles.  The last 10
mating operations by
hand.  30 second rest
period in unmated
condition

BP6 Test voltage = 100 ± 15
V
3 contacts per
connector

Insulation
resistance

3a 2 Insulation resistance to
be > 5x10

9
Ω

BP7 Apply 350 V a.c. min.
between adjacent
contact rows and 500 V
a.c. min. between
contacts and shell.

Voltage
proof

4a 2 There shall be no
evidence of breakdown
or flashover

BP8 6 pin contacts per
connector using gauge
per Figure C.4

Pin contact
withdrawal
force

16e 8 0,15 N minimum
withdrawal force

BP9 Unmated connectors Visual
examination

1a 2 There shall be no
damage that impairs
normal operation

BP10 Static load,
axial

8b 5 Number of samples : 2
connectors.  Load to be
applied as shown per
Figure C.3.  Application
rate = 10 N/s.  Total
force = 25 N minimum

There shall be no
damage that impairs
normal operation
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C.4  Test group CP - Contact resistance and insulator integrity - humidity stress

Table C.5 - Contact resistance and insulator integrity - humidity stress
Test Test conditions Severity or Measurement to be performed Requirements

Phase Title Test IEC 512
part

condition of test Title Test IEC 512
part

CP1 Humidity 11c 6 Applied voltage to
be 60 V d.c.
2h drying time
21 day duration
See Figure C.1 for
test points.

CP2 Test voltage =
100 ± 15 V.
3 contacts per
connector

Insulation
resistance

3a 2 Insulation resistance to be
greater than 10

7
 Ω

CP3 6 contacts per
connector.
Measurement
points to be per
Figure C.1

Contact
resistance

2a 2 Maximum 15 mΩ change
from initial contact
resistance measured in
Table C.2 test P3.

CP4 Apply 350 V a.c.
minimum between
adjacent contacts
rows and 500 V
a.c. minimum
between contacts
and shell

Withstanding
voltage

4a 2 There shall be no
evidence of breakdown or
flashover

CP5 Unmated
connectors

Visual
examination

1a 2 There shall be no damage
that impairs normal
operation
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C.5  Test group DP - Contact life and durability - mechanical cycling

Table C.6 - Contact life and durability - mechanical cycling
Test Test conditions Severity or Measurements performed Requirements

Phase Title Test IEC
512
part

condition of test Title Test IEC
512
part

DP1 Durability 9a 5 Speed 10 mm/s.
Rate=2 cycles/minute,
500 cycles, rest 30
seconds unmated.

DP2 Electrical
load and
temperature.

9b 5 55°C test temperature,
500 hours duration,
1.3A current, Awg 28
wire

DP3 6 contacts per
connector.
Measurement points
to be per figure 33.

Contact
resistance

2a 2 Maximum 15 mΩ
change from initial
contact resistance
measured in Table
C.2 test P3.

DP4 Apply 350 V a.c. min.
between adjacent
contacts rows and 500
V a.c. min. between
contacts and shell.

Voltage
proof

4a 2 There shall be no
evidence of
breakdown or
flashover

DP5 Test voltage 100 ± 15
V
3 contacts per
connector

Insulation
resistance

3a 2 Insulation resistance
to be greater than
107Ω

DP8 Unmated connectors Visual
examination

1a 2 There shall be no
damage that impairs
normal operation
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C.6  Performance test supplementary requirements

Figure C.1. applies to test phases P3, AP6, AP7, AP15, CP3 and DP3 for measurement of contact resistance.
Current for testing 20 mA.  Maximum voltage during testing shall not exceed 20 mV

Figure C.2 applies to test phases AP6 and AP7.  All connector wires are fixed approximately 50 mm away from
the cable exit.

Figure C.1 - Test points for contact resistance measurements
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Figure C.3 applies to test phase BP11.

Figure C.4 applies to test phases AP1, BP1 and BP9.  The materials shall have the following properties: Tool
steel, 60 Rockwell C Min, 0.25 micrometer max finish over ∅A.

Figure C.2 - Test fixture for shock and vibration testing

Figure C.3 - Arrangement for static axial load test
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Figure C.4 - Gauge requirements for contact withdrawal force testing
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Annex D
(normative)

Nulling of intersymbol jitter

The scope trigger source used for the Pulse Mask testing does not allow the timings of Table 4 (for the driver)
or Table 7 (for the receiver) to be used for varying data patterns, or directly used on data streams of one
character value.  This annex describes a method whereby the timings shall be applied to the K28.5 character
when the predominant jitter is intersymbol jitter.

a) Trigger the scope as detailed in 7.2.3 but use a delay of 4 to 6 data bit times.
b) Adjust the scope timebase such that a total of 20 data bit times is displayed.  A stable display of the

K28.5 character should now be possible.  Adjustment of trigger holdoff may be required.
c) Define a window or delayed sweep trace containing the Driver or Receiver Pulse Mask of Figure 9 or

Figure 11 using the timings from Table 4 or Table 7 as required.
d) Check each data bit time of the main display by moving the window or delayed sweep in 1 data bit time

intervals.  Adjust the reference point, to which the 1 data bit time intervals are referenced, in increments
of less than 1 data bit time, until a point is found at which all data bit times pass the mask without
interim adjustment of the reference point, or no such point is found.
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Annex E
(informative)

Line fault detection scheme examples

E.1  Line driver fault detection

A single ended voltage threshold (with respect to the local ground) is defined as the failure level.  This level is
the line fault threshold (LFT).  If the line driver is connected to an improperly terminated line, the single ended
voltage on either line may fall below LFT for a detectable time duration.  This is a fault condition.

This fault condition may happen for the following reasons:
a) Either or both wires of the outbound line is open-circuit (causing the single ended voltage to fall below

the LFT);
b) Either or both wires of the outbound line is shorted to ground (causing the single ended voltage to fall

below the LFT);
c) or the remote node is powered off and the terminating resistor pulls one or both lines below the LFT.

Note that severe external noise or excessive ground shift may also cause transient Line-fault indications.  The
LFT should be 0,5 V minimum, 1,0 V maximum.

E.2  Line receiver fault detection

The line receiver may indicate a line fault when the magnitude of the differential voltage at the input is less than
a receiver line fault threshold (RLFT).  A line fault should be detected within 22 ns.  However the detector
should not be so fast that the finite rise and fall times of a normal signal cause false indications.

The RLFT may be exceeded under the following conditions:
a) Both wires of the inbound line are open-circuit;
b) Both wires of the inbound line are shorted together;
c) The remote node is powered off.

Severe external noise and may cause transient Line-fault indications.  The RLFT is greater than ±50 mV and
less than ±200 mV differential.
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Annex F
(informative)

Circuit for degrading signal amplitude and introducing common mode levels

This annex describes a circuit that may be used for degrading the signal amplitude and introducing the
common mode levels needed to execute the receiver and Cable Assembly tests.  Jitter introduction is
accomplished upstream of this circuit.

The terminators should not be varied to change input signals, since the terminators are normally inaccessible.
Varying the terminators may introduce reflections.  The suggested circuit maintains the 75 Ω environment while
allowing the signal levels to be adjusted.  Also, by adding noise to the external terminator power source one
may vary the common mode levels at the receiver input.

Figure F.1 shows the basic circuit and architecture.  By keeping both RAs and both RBs the same for both
lines, this circuit allows the impression of both a.c. and d.c. common mode levels.  In addition by varying the
values of RA and RB one may maintain the 75 Ω (single ended) environment at different attenuation levels.

In order to keep the 75 Ω environment the parallel combination of RA with RB+75 as seen from the driver
should be 75 Ωs.  This requires that RA(RB+75)/(RA+RB+75) = 75.  This relationship between RA and RB
should be maintained under all conditions.  RA as a function of RB is therefore:

RA = 75(RB+75)/RB

RB as a function of RA is:

RB = 752/(RA-75).

The voltage attenuation A is defined as the ratio of the voltage into the degrader circuit (VI) to the voltage at the
receiver input (VR).  This is a single ended calculation but directly translates to the differential attenuation as
long as both RAs and both RBs are the same.

If the current through RA is I1 and the current through RB (and through the terminator) is I2 then the
attenuation is given by:

A = RA*I1/75*I2

The ratio of I1 to I2 is simply the current division (RB+75)/RA.

This gives a simple relationship between A and RB:

RB = 75(A-1)

Invoking the 75 Ω requirement  RA = 75A/(A-1).

Figure F.1 - Signal degrader, common mode level generator, jitter inducer circuit
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The common mode noise levels may be adjusted by changing the amplitude of VAC in Figure F.1.  These
levels are reduced by the voltage division of RA, RB and RT.  The general formula for the common mode levels
at the receiver is:

VR = VAC*75/(RA+RB+75)

For a specific common mode level VAC is given by:

VAC = VR(RA+RB+75)/75.

For d.c. common mode levels these formulas also apply.
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Annex G
(informative)

Preferred test configurations for SSA links

This annex defines recommended copper Cable Assembly lengths to be used when comparing different SSA
implementations as shown in Table G.1.  The lengths are determined by the speed of the link, whether internal
or external, and by the dominant application feature of interest.

Table G.1 - Test configurations
Environment 20 MB/s length 40 MB/s length Application Feature

Internal 0,05 m 0,05 m Short distance between nodes
Internal 0,5 m 0,25 m Resonance
Internal 3 m 3 m Longest likely
External 0,5 m 0,25 m Resonance
External 5 m 5 m Common likely length
External 25 m 25 m Longest likely
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Annex H
(informative)

Implementation guidelines

H.1  Guidelines for printed circuit board design

The terms used in this clause are defined as follows:
a) Line path: The electrical conductor between the port connector and the termination circuitry,

commonly the termination resistor (see Figure H.1).
b) Line + path: The line path for the + signal.
c) Line - path: The line path for the - signal.
d) Stub: Any electrical path connecting to the line path but not part of the line path (see Figure H.2).

The following guidelines1 should be followed when designing printed circuit boards using SSA.
a) Isolate other active signals from the line path on the printed circuit board.
b) Stubs should be minimized and not exceed 0,5 inch in length.
c) Capacitance to ground on stubs should be minimized.
d) Line + paths and line - paths should be laid out as 75 Ω single ended traces on one signal layer,

preferably on top or bottom layers.
e) Isolate SSA ports from each other.

                                                     
11Refer to Montrose, Mark I.,Printed Circuit Board Design Techniques for EMC compliance,  IEEE press 1996

(ISDN 0-7803-1131-0) for more details
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Figure H.1- Line path definitions

P
O

R
T 

C
O

N
N

E
C

TO
R

TERMINATION
CIRCUITRY

PRINTED CIRCUIT BOARD

STUB

STUB CHIP

ESD
DIODE

LINE PATH

Figure H.2- Stub examples
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H.2  ESD protection for SSA ports

The designer of SSA devices for use within a chassis or system is minimally impacted by the possibility of
electrostatic discharge causing damage to the device.  This assertion is based on the fact that normal handling
of these devices includes the use of  body ground straps and related means of ESD protection.  Designers of
adapters, switches and other devices with external connectors may assume that ESD protection discipline is
used during installation.  Following installation, ESD protection cannot be assumed.  Connectors used on
external ports have their pins near the surface of the connector, so that in normal use, electrostatic discharge
from a user’s body should be anticipated to the pins and to the devices connected to the pins.  In order to
prevent destruction of the device, designers of devices and systems with external ports are advised to provide
protection from ESD.

There are several standards that describe models of the human body for ESD.  IEC 801-2 calls out a model of
the human ESD characteristics consisting of a main (body) capacitance, a series resistor, and a secondary
(hand) capacitance then connected to the test “finger” that is discharged to the device under test (DUT) as
shown in Figure H.3.  The total capacitance is 150 pF, with a 330 Ω series resistor.

Either direct contact or air discharge may be used, with the initial voltage on the capacitors set according to the
Table H.1 below.  The current waveform has two peaks, the first, emulating the discharge of the hand
capacitance, has a rise time of 1 ns and a duration of approximately 3 ns, superimposed on a slower waveform
emulating the body capacitance discharge peaking at 30 ns.  Table H.1 indicates the voltages depending on
the level of the test.  Level 1 is the least stringent, and is typical of the tolerance level offered by today’s silicon
implementations.  The Generic ESD immunity standard EN50082-1 calls out the level 3 (8 kV air discharge) test
for most equipment that is exposed to ESD.

Table H.1- ESD characteristics of the human model

Level Direct Injection
voltage

Air Discharge
Voltage

First Current Peak
(±± 10%)

Current peak at
30 ns (±± 30%)

Current at 60 ns
(±± 30%)

1 2 kV 2 kV 7,5 A 4 A 2 A
2 4 kV 4 kV 15 A 8 A 4 A
3 6 kV 8 kV 22,5 A 12 A 6 A
4 8 kV 15 kV 30 A 16 A 8 A

The standard describes tests applying 300 such pulses and keeping statistics on transient and soft
recoverable, soft non-recoverable and hard errors.  No operator intervention is required to recover from
transient and soft-recoverable errors.  The Link ERP of the link should handle all such errors.  Soft non-
recoverable errors require a node reset and re-start, and hard errors require equipment repair.  The definition of
a “tolerable” failure rate is subjective, but typical values should be no more than 0,5% hard errors, 5% soft non-
correctable, 94,5% soft correctable and transient errors.

Figure H.3- Human ESD characteristics model
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Annex I
(informative)

Reference for copper, polymer dielectric, non-equalized SSA cable assemblies

This Annex contains an example of a set of electrical parameters that have been found to work for relatively
long copper cables with polypropylene dielectrics.  The requirements in Table I.1 have been found satisfactory
for shielded and unshielded copper, non-equalized, polymer dielectric SSA cable assemblies of several meters
in length.

Table I.1- Characteristics for non-equalized copper polymer-dielectric cables

Description Value
Differential characteristic impedance of a Line (Measured with a differential TDR) 150 Ω ± 10%
Attenuation of a Line (Measured with a network analyzer) <4,2 dB @ 100 MHz

<7,8 dB @ 300 MHz
Skew between Line+ and Line- of the same Line  (Measured with a 2 channel TDR) <0,5 ns
Differential cross talk between Lines (near end with 1 ns rise time on driven differential pair) <5%

All measurements are intended to apply to completed cable assemblies. All measurements except possibly
cross talk are usually dominated by the cable media and therefore may avoid requiring the full Cable Assembly
for execution.

The differential characteristic impedance should be measured in the following way:
a) the length of the cable sample should be appropriate for the instrumentation;
b) the signal pair being measured should be defined according to its identification and position in the

cable layout;
c) at the end where the TDR is attached all shields and conductors not directly part of the signal pair

under test should be connected together and grounded;
d) all conductors at the far end of the cable should be left unconnected.

The cross talk should be measured in the following way:
a) the complete Cable Assembly with connectors and backshells (if used) should be used;
b) a differential voltage signal with a 1 V peak to peak amplitude and approximately a 1 ns rise/fall time

should be supplied to the near end of the driven pair;
c) the driven pair should be terminated with a 150 Ω resistor at the far end;
d) the victim pair (the measured pair) should be terminated at both ends with a 150 Ω resistor (see Figure

I.1).

Figure I.1- Cable Assembly cross talk measurement


