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INFORMATION TECHNOLOGY —
SMALL COMPUTER SYSTEM INTERFACE (SCSI)-

Part 121: Passive interconnect performance (PIP)

FOREWORD

1SQ (Infnrnafinnnl ﬂrg:\ni7s\finn for annrlarrlh:\tinh) and |EC (Infnrns\finn:\l Electrotechnical Commiss Qn)

2)

3)

4)

5)

6)

7

8)

9)

10)

form the specialized system for worldwide standardization. National bodies that are members of ISO ©r
participate in the development of International Standards. Their preparation is entrusted totechn
committees; any ISO and IEC member body interested in the subject dealt with may participate in
preparatory work. International governmental and non-governmental organizations liaising witiNSO and
also participate in this preparation.

In the field of information technology, ISO and IEC have established a joint technjcal committee, 1SO/
JTC 1. Draft International Standards adopted by the joint technical committee are circulated to national boi
for voting. Publication as an International Standard requires approval by at least'75 % of the national bo

casting a vote.

The formal decisions or agreements of IEC and ISO on technical matters,express, as nearly as possible

EC
cal
his
EC

EC
ies
ies

an

international consensus of opinion on the relevant subjects since each technical committee has

representation from all interested IEC and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendations for international use and are accefted
by IEC and ISO member bodies in that sense. While allyreasonable efforts are made to ensure that|jthe

technical content of IEC, ISO and ISO/IEC publications.is accurate, IEC or ISO cannot be held responsible
the way in which they are used or for any misinterpretation by any end user.

—h

or

In order to promote international uniformity, IEC.and 1ISO member bodies undertake to apply IEC, ISO and

ISO/IEC publications transparently to the maximum extent possible in their national and regional publicatig
Any divergence between any ISO/IECpublication and the corresponding national or regional publica
should be clearly indicated in the latter.

ISO and IEC provide no marking procedure to indicate their approval and cannot be rendered responsiblg
any equipment declared to bein.eonformity with an ISO/IEC publication.

All users should ensure that-they have the latest edition of this publication.

No liability shall attach to IEC or ISO or its directors, employees, servants or agents including indivig

ion

—h

or

ual

experts and membefs of their technical committees and IEC or ISO member bodies for any personal injury,

property damage’or other damage of any nature whatsoever, whether direct or indirect, or for costs (includ

ing

legal fees)-and'expenses arising out of the publication of, use of, or reliance upon, this ISO/IEC publication or

any other IEC, ISO or ISO/IEC publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publicationks is

indispensable for the correct application of this publication.

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

International Standard ISO/IEC 14776-121 was prepared by subcommittee 25: Interconnection of infor-
mation technology equipment, of ISO/IEC joint technical committee 1: Information technology.

The list of all currently available parts of the ISO/IEC 14776 series, under the general title Information
technology - Small computer system interface (SCSI), can be found on the IEC web site.

This International Standard has been approved by vote of the member bodies and the voting results may
be obtained from the address given on the second title page.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IMPORTANT — The "colour inside" logo on the cover page of this publication indicates that it contains
colours which are considered to be useful for the correct understanding of its content. Users should
therefore print this publication using a colour printer.
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Introduction

The Parallel Interface Performance standard defines requirements for measuring the electrical
performance of bulk cable and interconnect assemblies for use in SPI-x applications and specification of
performance limits.

The Parallel Interface Performance standard is divided into the following clauses:

Clause 1 is the scope;
Clause 2 enumerates the normative references:

Clause 3 describes the definitions, symbols, conventions and abbreviations;

Clause 4 provides a general overview of the concepts;

Clause 5 contains a summary of bulk cable requirements;

Clause 6 contains sample preparation, fixtures and setups for bulk cable;

Clause 7 contains bulk cable test procedures;

Clause 8 contains a summary of interconnect assembly requirements;

Clause 9 contains sample preparation, fixtures and setups for interconnect assemblies;
Clause 10 contains interconnect test requirements;

Annex A, Single ended bulk cable requirements, forms an integral part of this/standard.
The following informative annexes are provided:
- Annex B, Periodic structure effects;

- Annex C, Requirements for SCSI signal driver board (SSDB);
- Annex D, Mirage effects in multi-drop subassemblyTDR4dmpedance measurement.
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1 Scope

In the past only the performance requirements for uniform bulk cable (called "media" in earlier standards)
have been specified in SCSI standards. Since bulk cable provides only part of the electrical path in a SCSI
bus segment, the performance requirements of the interconnect comprising the path is incomplete if only
bulk cable is considered. This document expands the coverage to the complete assembled interconnect
including connectors, uniform bulk cable, and non-uniform bulk cable. A syntax and framework is
described for all types of passive interconnect. The methodology for performing the electrical
measurements required to determine compliance with the performance requirements for bulk cable of
several types, various assembled interconnects and printed circuit board designs is included.

Details of the measurement methodology are specified to minimize the difference in measured results from
different electrical testing laboratories. Details include calibration, fixturing and sample preparation,

equipment, measurement procedure and data output tormat.

2 Normative references

The following referenced documents are indispensable for the application of this deeument. For dated
references, only the edition cited applies. For undated references, the latest edition of the referen¢ed
document (including any amendments) applies.

ISO/IEC 14776-112, Information technology — Small computer system interface (SCSI) — Part 112: Pargllel
interface-2 (SPI-2)
ISO/IEC 14776-113, Information technology — Small computer system interface (SCSI) — Part 113: Pargllel
interface-3 (SPI-3)
ISO/IEC 14776-115, Information technology — Small computer systein interface (SCSI) — Part 115:; Pargllel
interface-5 (SPI-5) [T10/1525D]

INCITS 362-2002, Information technology — Small computer,system interface (SCSI) — Parallel Interfac
(SPI-4)

9]

-4

3 Terms, definitions and abbreviations

3.1 Terms and definitions

3.1.1 accuracy:
quality of freedom from mistake or errot;
the degree of correctness with which\a’measured value agrees with the true value

NOTE Not to be confused with precision, see 3.1.74.

3.1.2 admittance:
an n-terminal network, the complex current flowing to the i-th terminal divided by the complex voltage
applied between the jfth terminal with respect to the reference point when all other terminals have arbitrjary
terminations; the inverse of impedance

3.1.3 americafh wire gauge:
formerly the ' Brown & Sharpe Gage, the standard gauge for copper, aluminum and other conductors exdept
steel

3.1,4:assembly:
subordinate element of a system that is comprised of two or more components

3.1.5 asserted:
having a signal value associated with a logic 1

3.1.6 attenuation:

a) general term used to denote a decrease in signal magnitude from one point to another; attenuation may
be expressed as a scalar ratio of the input magnitude to the output magnitude or in decibels as 20 times
the log of that ratio

b) reciprocal of gain
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3.1.7 backplane:
printed circuit board that contains the interconnect traces and connectors, into which boards or plug-in
units are inserted

3.1.8 balanced:

a) state of impedance on a two-wire circuit when the impedance-to-ground of one wire is equal from the
impedance-to-ground of the other wire

b) a circuit, in which two branches are electrically alike and symmetrical with respect to a common
reference point, usually ground

21 0 kb ff .
in the sense of the IBIS standard, an isolating circuit used to prevent a driven circuit from influen€ing a

driving circuit; a transceiver, see 3.1.98.

3.1.10 bulk cable:
cable that is not pure connector terminated

3.1.11 bus:
signal line or a set of lines used by an interface system to connect a number of devices and transfer data

3.1.12 Cable assembly:
cable that is connector terminated;

NOTE Generally, a cable that has been terminated by a manufacturer and is ready for installation.

3.1.13 Calibration:
criteria to validate the measurement

3.1.14 capacitive coupling:
type of coupling in which the mechanism is capacitance:between the interference source and the signal
system; that is, the interference is induced in the sighal system by an electric field produced by the
interfering source

3.1.15 circuit:
interconnection of electrical components

3.1.16 circuit element:
basic constituent part of a circuit, exclusive of interconnections; a component

3.1.17 common-mode:
instantaneous algebraic average of two signals applied to a balanced circuit, both signals refer tp a
common reference

3.1.18 common-mode noise:
noise voltage that appears equally and in phase from each signal conductor to ground

3.1.19 component: |
items from which’' a system, assembly or sub-assembly is assembled;
for example, ¥esistors, capacitors, inductors, semiconductors, etc.; a circuit element

3.1.20.cemplementary metal oxide semiconductor:
semiconductor technology in which circuits are composed of paired NMOS and PMOS devices

3121 complex dielectric constant:

the complex permittivity of a physical medium in relation to the permittivity of free space

3.1.22 complex permittivity:
for isotropic media, the ratio of the complex amplitude of the electric displacement density to the complex
amplitude of the electric field strength

3.1.23 computer-aided engineering:
application of computers to the engineering process

NOTE The term applies to any computer system or program that manipulates data for the purpose or which assists
engineering, design, procurement, maintenance, etc.
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3.1.24 concatenated:
two or more interconnect assemblies (similar or dissimilar) connected together as part of a single SCSI bus
segment

NOTE Examples include round shielded cable connected to a backplane with no expander on the backplane and flat
multidrop interconnect assembly connected to a round point-to-point interconnect assembly.

3.1.25 conductivity:
(o) macroscopic material property that relates the conduction current density (J) to the electric field (E) in
the medium

3.1.26 connector terminated:
section of cable with connectors attached

3.1.27 contact:
electrically conductive portion of a connector associated with a single conductor in a cable

3.1.28 de-asserted:
having a current value equal to a logic 0

3.1.29 device:
entity that contains the SCSI driver and receiver

3.1.30 dielectric constant: 1
a) the physical property which determines the electrostatic energy stored pefunit volume for unit potertial
gradient; this value is usually given relative to vacuum
b) the real part of the complex dielectric constant

3.1.31 dielectric loss:
contribution to the attenuation constant of a propagating mode on a transmission line that represegnts
losses associated with the dielectric properties of the insulatiormmaterials involved

3.1.32 differential-mode:
instantaneous algebraic difference of two signals applied to a balanced circuit, both signals refer tp a
common reference

3.1.33 differential-mode noise:
noise voltage that appears differentially betweeén two signal wires and acts on the signal sensing circuit in
the same manner as the desired signal

3.1.34 differential SCSI:
SCSI signal configuration that uses.halanced transmission lines

3.1.35 discontinuity:
a) abrupt non uniformity in awgniform transmission line that causes reflected waves
b) abrupt change in the crass section of the planar transmission line

NOTE Abrupt refers uSually to a change in dimensions or material over a length that is short compared fo a
wavelength. Short is generally recognized as 0,1 wavelength or smaller.

3.1.36 driver:
a) electronic(ircuit that supplies input to another electronic circuit
b) electricaleircuit whose purpose is to signal a binary state for transmitting information

NOTE “Driver is also referred to as a generator in international standards.

31,37 electromagnetic compatibility:

acvuctam'’c ahilitvy tn narfarm itc cnacifiad funectiane 1n tha nracanca of alactrical naica aanaratad aif']er
—SYSHeH-S—aHHty—+ HeHHR-S-SpecHea+HheHeRsH—He-presehce-orerectHcarRoise-geRerateae

2 1
internally or externally by other systems

3.1.38 electromagnetic interference:
electromagnetic energy from sources internal or external to electrical or electronic equipment that
adversely affect equipment by creating undesirable responses
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3.1.39 electrostatic discharge:
sudden transfer of charge between bodies of differing electrostatic potential

3.1.40 element:
component, subcomponent, assembly, subassembly or part of a physical architecture or system

3.1.41 expander:
device that connects SCSI device segments together to form a single SCSI domain (see SDV)

3.1.42 false:

orie Ol two Dinary States the other of Wit is trde, 1alse 1 usuadlly represertead oy U

3.1.43 gain:

a) general term used to denote a increase in signal magnitude from one point to another; gaip may
expressed as a scalar ratio of the input magnitude to the output magnitude or in decibels as'20 times
log of that ratio

b) reciprocal of attenuation

3.1.44 group delay:

derivative of radian phase with respect to radian frequency d¢/0m

Group delay is equal to the phase delay for an ideal non dispersive device or medium, but may di
greatly in an actual device or medium where there is ripple in the phase versus,frequency characteristic
network analyzers, oo is replaced by Aw, and shall be sufficiently large topermit adequate measurem

be
the

ffer
L In
ent

resolution. If Aw is too large, the limit in the defining equation will not be-reached, and the measured group

delay is dependent upon Aw. Therefore the value of Aw used in a measurement shall be specified.

3.1.45 group delay time:
the rate of change, with angular frequency, of the total phase shift through a network

Group delay time is the time interval required for the crest of a‘group of interfering waves to travel throdigh

a 2-port network, where the component wave trains have:slightly different individual frequencies.

3.1.46 group velocity:

velocity of propagation of a signal envelope, previded that the envelope moves without a signific
change of shape

The magnitude of the group velocity is equal torthe reciprocal of the rate of change of the phase const
with angular frequency.

3.1.47 hardware description language:
computer language with special constructs and verification protocols, used to develop, analyze, valid
and document a hardware design(or*computer architecture

3.1.48 inductive coupling:

type of coupling in which the*mechanism is inductance between the interference source and the sig
system; that is, the intérference is induced in the signal system by a magnetic field produced by
interfering source

3.1.49 insulatiordisplacement contact:
type of contactwhere the connection to the cable is made by mechanically piercing the cable insulation
opposed to a.eonnection in which the cable insulation is removed to provide access to the conductor

3.1.50 interconnect component: _ o N _
intereonnect components include cables, connectors, printed circuit boards and transition regions;
intérconnect components are passive

ANt

ant

ate

nal
the

as

all

3. I.5Tisotropic:
pertaining to a material whose electric or magnetic properties, or both, are directionally independent

3.1.52 logical unit:
externally addressable entity within a target and that processes SCSI commands

3.1.53 least significant:

within a group of items that, taken as a whole, represents a numerical value, the item within the group with

the smallest numerical weighting


https://standardsiso.com/api/?name=c63146a9b6e3648b49b989a369a1b801

14776-121 © ISO/IEC:2010(E) -17 -

3.1.54 loss tangent:
ratio of the imaginary part of the complex dielectric constant of a material to its real part

3.1.55 measurement:
process of obtaining data

3.1.56 microstrip:

class of planar transmission lines consisting of one or more thin conducting strips of finite width parallel to

a single extended conducting ground plane.

The strips are fixed to an insulating substrate attached to the ground plane. The semi-infinite space above
the strips is filled with a medium of relative permittivity and permeability equal to or less than the substrate.

3.1.57 mode:

o H H ! .4
SYHUTTYTIouUuS Wit tharisrimss1orimouc, Scc o. 1. 1UZ

3.1.58 model:
a) approximation, representation or idealization of selected aspects of the structure, behavior, operation
other characteristics of a real-world process, concept or system; models may have othermodels
components

b) to serve as a model in definition a)

c) to develop or use a model as in definition a)

3.1.59 most significant:
within a group of items that, taken as a whole, represents a humerical value, the jtem within the group
the greatest numerical weighting

3.1.60 multiline:
model representation of a multi-conductor component that includes the-capacitive and inductive coup
among the conductors

3.1.61 netlist:
listing of the nets of a circuit, providing, usually in text format, a description of the connections among
components of the circuit

3.1.62 network:
any set of devices or subsystems connected by links joining, directly or indirectly, a set of terminal hodsg

3.1.63 network function:

any impedance, admittance function or any other function of p that can be expressed in terms of or deri
from the determinant of a network and its_cofactors; this also includes voltage ratios, current ratios &
numerous other quantities

3.1.64 network matrix:
anyone of several matrices that relate the equivalent voltage, current, incident waves and reflected wa
of an n-port network

3.1.65 network parameters:
elements of a network matrix

3.1.66 one:
true logic state

3.1.67 phase angle:
measure.of the progression of a periodic wave in time or space from a chosen instant or position

3-1.68 phase delay:

or
as

ith

ing

the

ed
ind

€s

rélation of total radian phase shift to the specified radian frequency: phase delay is nominally constant of

ver

the frequency band of operation for nondestructive delay components

3.1.69 phase shift:
a) the absolute magnitude of the difference between two phase angles
b) the displacement in time of one periodic-waveform relative to other waveforms
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3.1.70 phase velocity:
velocity of an equiphase surface normal to the direction of propagation of a traveling wave at a single
frequency and for a given mode

3.1.71 planar transmission line:

a transmission line composed of one or more parallel plates, slabs or sheets of conduction or insulating
material, including free space, and in which one or more layers are composed of material of differing
electromagnetic properties, arranged in strips of finite cross section and aligned with the axis of
propagation to form the guiding structures

2.4 79 l

e TS P\JIC.
value of s that makes a transfer function in the complex variable infinity, or its corresponding point jn.the s
plane

3.1.73 port:
place of access to a network where the network variables may be observed or measured

NOTE In this document the places of access include connectors on interconnect assemblies, prepared bulk cgble
ends and pads on unpopulated backplanes.

3.1.74 precision:
a) degree of exactness or discrimination with which a quantity is stated; forsexample 3 decimal pla¢es
versus 5 decimal places

b) the repeatability of measurement data expressed in terms of standard(deviation

3.1.75 primary bus:
collection of signals that provides the system with the basic mechanism for exchanging data

3.1.76 radio frequency:
frequency in the range of 10 kHz to 100 000 MHz.

3.1.77 radio frequency interference:
degradation of a wanted signal by an electromagnetic disturbance having components in the RF range

3.1.78 receiver:
a) an electronic circuit that recognizes input{from another electronic circuit
b) an electrical circuit whose purpose is tarecognize the binary state of transmitted information

3.1.79 resistivity:
the reciprocal of volume conductivity*measured in siemens per centimeter

3.1.80 s parameter:
one of the coefficients of thie scattering matrix

3.1.81 scattering matrix:
square array used.to-relate incident and reflected waves for an n-port network

3.1.82 SCSI btis)segment:
all the condtictors and connectors required to attain signal line continuity between every driver, receiyer,
and terminator for each signal

3.1,83.SCSI component:
a_component part of a complete SCSI system

NOTE SCST components include but are not limited 10: cables, cable assemblies, devices, terminators, boards,
backplanes, controllers and chips.

3.1.84 SCSl device:
device that contains one or more SCSI ports that are connected to a service delivery subsystem and
supports a SCSI application protocol, see SAM-2

3.1.85 SCSil port:
single attachment to a SCSI bus segment from a SCSI device
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3.1.86 signal assertion:
act of driving a signal to the true state

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

3.1.88 single line:

a model representation of a multi-conductor component that does not include the capacitive and inductive

coupling among the conductors

3.1.89 single-ended SCSI:
SCSI signal configuration that uses unbalanced transmission lines

5.1.90 sKin depth: (I’
to

of a conducting material, at a given frequency, the depth at which the surface current density is reduce
1/e of its value at the surface

3.1.91 skin effect:
tendency of alternating current to concentrate in the areas of lowest impedance

3.1.92 small computer system interface:
data-transfer interface used to connect multiple peripheral devices such as disk drives, tapes or printer
computer systems while taking up only one slot in the computer

NOTE Previously this was known as Shugart Associates Systems Interface.

3.1.93 simulation program with integrated circuit emphasis:
application-oriented programming language used widely to design eleetrical circuits

3.1.94 stripline:

class of planar transmission line characterized by one or mafe)conducting strips of finite width paralle
and approximately midway between two extended condueting ground planes; the space between
planes is filled with a homogeneous insulation medium

3.1.95 stub:

to

to
the

section of transmission line joined to the main<transmission line and containing a non dissipatjve

termination

3.1.96 system:
in a hierarchical approach, a collection ef-interacting, interrelated or interdependent elements formin
collective functioning entity

3.1.97 test:
measurement to which a passfail criteria is applied

3.1.98 transceiver:
device that both transmits-and receives data

3.1.99 transition_region:
the region of the'cable or PCB, between the connector attachment point and the point in the bulk cable
PCB that is physically undisturbed by the connector attachment methodology

3.1.100 transmission line:
structure.designed to guide the propagation of electromagnetic energy in a well-defined direction

3-1.101 transmission medium:

0 a

or

material on which information signals may be carried; for example twisted-wire pairs,_planar transmis

ion

lines, coaxial cable, etc.

3.1.102 transmission mode:

form of propagation along a transmission line characterized by the presence of one of the elemental types
of transverse electric, transverse magnetic or transverse electromagnetic waves; more than one mode

may be concurrent along a transmission line
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3.1.103 transmittance:
response function for which the variables are measured at different ports

3.1.104 true:
one of two binary states, usually represented by 1, the other of which is false

3.1.105 two-port parameters:
network parameters for a two-port device

3.1.106 unbalanced:

a) State of Tmpedarce om a TWO-WITE _Circui[ where the Tmpedance-to-ground of one wire 15 differentfrom
impedance-to-ground of the other wire
b) unbalanced frequently signifies a circuit where one side is grounded

3.1.107 uniform transmission line:
a transmission line that has substantially identical electrical properties throughout its length

3.1.108 validation:

he

the process of evaluating a system or component to ensure compliance with the functional, performance

and interface requirements

3.1.109 vendor-specific:
term used to describe parameters that may vary between vendors supplying'similar components

3.1.110 verification:
confirmation by examination (testing) with evidence that specified requirements have been met

3.1.111 via:
electrical connection between the layers of a printed circuit board

3.1.112 zero:

a) a false logic state

b) any value of p, real or complex, for which the network function is zero

c) value of s that makes a transfer function in the*complex variable zero, or its corresponding point in
s plane

3.2 Acronyms

AWG american wire gauge

CMOS complementary metal-oxide semiconductor
DCP  driver calibration“pattern

DUT  device under,test

EMC electrontagnetic compatibility
EMI electromagnetic interference
ESD elgetrostatic discharge

HBA _-haost bus adapter

HDD¢Shard disk drive

HVD)" high voltage differential

BC insulation displacement contact
ISI inter-symbol interference

LSB least significant bit

the

LVD low voltage differential

MSB  most significant bit

NEXT near end crosstalk

PCB printed circuit board

RF radio frequency

RFI radio frequency interference

RLGC resistance, inductance, admittance, capacitance
SCSI  small computer system interface

SDV

SE single-ended
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SPI SCSI parallel interface

SPI-x all versions of SPI

SPICE simulation program with integrated circuit emphasis
SSDB SCSi signal driver board

STD  signal transition duration

TDR  time domain reflectometer

TDT  time domain through

TDW time domain waveform

TDWP time domain waveform pattern

URL  uniform resource locator

* plus or minus

~ approximately

X multiply

+ add

subtract

<orLT lessthan

<or LE less than or equal

= or EQequal

> or GT greater than

> or GE greater than or equal
# or NE not equal

ampere

velocity of light in a vacuum
coulomb or capacitance
decibel

electric field

farad

conductance

gram

henry

hertz

square root of minus one
joule

current density
inductance

meter

newton

neper

resistance

second

s parameter

tesla

time

volt

watt

weber

ITQ G)'I'II'I'I%OOJ>

N

©

(op

partiat differertiat

radial phase

either conductance or admittance
ohm

radians per second

1012
10°

OHepoeftsEsc~Hd0vwpzz3roo—
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108
108
102
102
106
10°
10-12
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3.4 Keywords

3.4.1 expected:
Describes the behavior of the hardware in the design models assumed by this document,”Other hardw|
design models may also be implemented.

3.4.2 mandatory:
Indicates an item that is required to be implemented as defined in this document;

3.4.3 may:
Indicates flexibility of choice with no implied preference.

3.4.4 optional:
Features that are not required to be implemented by this do€ument. However, if any optional feat
defined in this document is implemented, it shall be implemented as defined in this document.

3.4.5 shall:
Indicates a mandatory requirement.

3.4.6 should:
Indicates flexibility of choice with a preferred altetnative; equivalent to the phrase “it is recommended”.

3.5 Conventions

Certain words and terms used in.this’American National Standard have a specific meaning beyond

Are

Lre

the

normal English meaning. These words and terms are defined either in 3.1 or in the text where they fjrst

appear. Names of signals are in all uppercase (e.g., DT DATA IN), lower case is used for words having
normal English meaning.

All parametric data are ‘specified in terms of fundamental MKSA units - meters, kilograms, coulom
seconds - and their déerivatives - ohms, henrys, mhos, farads, volts, amperes, etc.

Numbers that aré-not immediately followed by lower-case b or h are decimal values.
Numbers immediately followed by lower-case b (xxb) are binary values.
Numbers.iimmediately followed by lower-case h (xxh) are hexadecimal values.

Numnbers immediately followed by a lower-case n (xxn) are a specific signal in a connector.

the

bs,

Dl [ H ciatal £oll ol NLL_L |\
INUTITTUCTT O IIIIIIICUIGLCIy LAYALAAAA>A" ] Uy alt u'J'JCI CAOCT 1N \I\I\I\I

connector number.
Decimals are indicated with a comma (e.g., two and one half is represented as 2,5).
Decimal numbers having a value exceeding 999 are represented with a space (e.g., 24 255).

An alphanumeric list (e.g., a, b, c or A, B, C) of items indicate the items in the list are unordered.

o Dl H PR LAY 'f'
profothtea—XXNPret)are—a—S{PecIliC

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

complete before item 2).
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In the event of conflicting information the precedence for requirements defined in this standard is:
1) text,
2) tables, then
3) figures.

3.6 Specification of measurement equipment

Requirements for measurement equipment is called out by reference to a specific manufacturer and model
in some cases because specification of all the equipment performance requirements is impractical in this
document. Any equipment so specified is replaceable by equipment from other manufacturers if the
performance of the equipment is substantially equivalent.
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4 Overview

4.1 General

This clause defines the relationship between the constituent parts of a passive SCSI interconnect and the
measurements required to verify the performance of the interconnect.

4.2 Open versus closed systems related to this standard

Open systems are those where all the components with interoperability points may be supplied by different
suppliers and the resulting configuration is expected to meet the requirements at all interoperability points.

Closed systems are those that are comprised of components that nominally are similar to those used in
open systems but where the exact parts used are always assembled in the same combination and in the
same configuration and usually are the same part number from the same supplier.

Open systems require specification at all interoperability points (typically connectors) for any’compongnt.
Closed systems only require that the signal received at the device meet the specification.-Closed systems
are much simpler to specify since the only requirement is the received signal.

This standard is focused on the open system assumption with the further\westriction that ogen
concatenated systems are not included in this standard. Open concatenated systems are those that allow
connection of dissimilar passive interconnects (e.g. flat to round cable, eable to backplane, etc.) and
specify the performance requirements at other than port-to-port inferoperability points. Cloged
concatenated systems are comprehended within this standard if the closed system is capable of beling
accessed with the test fixtures and calibration procedures defined for-the open system requirements.|An
example of a closed concatenated system is the cable assembly to passive backplane construction. In this
configuration there are no requirements specified at the cable/backplane interface by SCSI standafds
unless an active SCSI expander port is present at that intefface in which case the backplane/caple
assembly connector is a SCSI device connector (the deviCe/being the expander). With the expanfler
present, the system becomes an open system and both_the cable assembly and the passive part of the
backplane are separately covered by this document. See-also 4.6.

4.3 Structural considerations

4.3.1 SCSIl interconnects

The collection of wires, connectors _and circuits that form the electrical path between SCSI devjce
connectors are SCSI interconnects..lfthe path between the SCSI device connectors does not contain any
expanders or other active circuits the interconnect is passive. This standard addresses only passive SCSI
interconnects.

This clause defines the struetural variations of the interconnect and the physical measurement points to be
used. In general, passive-SCSI interconnects are complex multi-port circuits whose performance is
considered from every._initiator connector in the interconnect assembly to every target connector inIhe
interconnect assembly. Requirements are also specified for connectors that support only SCSI bus
segment terminatiomn.

Performance.reguirements for interconnect assemblies are limited to configurations that do not contain @ny
bus segment{ath connectors except those within a stub length of the end of the SCSI bus segment (at the
terminator) X The following constitute the basic building blocks of passive interconnect:

a),~conductors (wire and backplane)
b) connectors
C) transition regions (connector termination / comb out / lacing regions / vias)

Interconnect that contains enabled integral terminators are addressed in this standard even though the
terminators themselves are active components and, strictly speaking, make the interconnect non-passive.
If enabled integral terminators exist, the enabled integral terminators eliminate the requirement for using a
standard load with an enabled terminator in that position. See 4.9.2. For interconnect that contains
disabled terminators the disabled terminator shall be considered as part of the interconnect assembly
under test.
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All measurements are specified through a mated connector. This means that the test fixture specification is
critical since part of the tested interconnect remains with the test environment and part is removable with

the interconnect assembly under test.

4.3.2 SCSI passive interconnect topology

SCSl interconnects have an N’-port construction where every connector is a possible SCSI device port and
all ports are directly connected to each other in a multidrop topology. Since SCSI is a parallel bus every

connector also contains a multiplicity of signal level ports (one for every differential signal).

A SL3I passive METCONMECt 1S characterized Dy the numpoer or Connectors and tre nurmoer Of signal. .

ranges from 1 to 27. N’ is determined by the structure of the passive interconnect and ranges from,2.to|
(16 devices + 2 terminators). A SCSI passive interconnect may contain up to 18 x 27 = 486 signal Ig
ports.

4.3.3 Interconnect sub-assemblies, transition regions and bulk cable

A passive interconnect with the connectors removed is termed an interconnect sub-assembly.

Transition regions are parts of an interconnect assembly between the uniform part of the bulk cable

the connector attachment. The term “multidrop” is used to describe constrlctions that have transi
regions in addition to those needed to attach the end connectors. EXamples of interconnect s
assemblies are: twist and flat, round cable prepared for termination to\connectors and printed cir
boards without connectors.

Bulk cable is the collection of conductors and associated insulation used between the connectors
non-permanent transition regions (e.g. comb out) in a passive"SCSI interconnect. Non-perman
transition regions are not part of bulk cable. Bulk cable inclydes permanent transition regions (e.g.,
regions used in twist and flat type bulk cable) designed fof purposes of enabling connector attachmg
The term bulk cable refers to physically flexible conduetars and is not used to describe printed cir
boards. Printed circuit boards without connectors aredincluded under separate headings in the clau
associated with multidrop bulk cable due to the permanent transition regions on PCBs.

Bulk cable with permanent transition regions may, also be a subassembly for some interconnect assen
designs.

This document only considers the performance requirements for complete interconnect assemblies &
interconnect subassemblies that have permanent transition regions.

The term “media” is not used to referto bulk cable or any other construction addressed in this documsg
Similarly, the concept of “non-uniferm media” does not accurately describe the situation with multid
constructions and is also not used herein. The term “cable sub-assembly” is used to describe bulk c&
that has been modified to acéommodate the next higher level of assembly, typically connectors.

4.3.4 Interconnect assemblies

An interconnect withconnectors installed is termed an interconnect assembly. Each SCSI connector s
be identified by-all'the functions listed in 4.9.1 that the connector is expected to support in service. T
requirementimay be more restrictive than allowed by the SCSI architecture model (SAM). SAM allows
SCSiI portsiterhave either the initiator role or the target role or both roles. However, in practice most S
ports implement only one role.

4.35\Relationship between SE and DF in this document
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SE (SIngle ended) and DF (diiferential) requirements containea in this document, are descrioed In tabl

Table 1 - SE and DF map

Bulk cable Interconnect assembly
SE Annex A NA
DF Clause 5, Clause 6 and Clause 7 Clause 8, Clause 9 and Clause 10
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4.4 Relationship between requirements on bulk cable and requirements on inter-
connect assemblies

Performance requirements on interconnect assemblies are dictated by the signal requirements specified in
SPI-x at the connectors. Bulk cable testing alone does not guarantee that interconnect assemblies made
using the bulk cable meet the SPI-x requirements.

Separate performance specifications for bulk cable that are independent from the interconnect assembly
are defined in this document for purposes of enabling multi sourcing for bulk cable and for allowing
statements of compliance for bulk cable.

Interconnect assemblies are not required to use bulk cable that conforms to the requirements for bulk
cable as long as the performance of the interconnect assembly meets jis requirements

However, the signal quality loss, the propagation time and propagation time skew, the impedance, and the
cross talk are significantly determined by mechanisms intrinsic to the bulk cable.

4.5 Physical measurement points

For bulk cable the performance specifications shall be measured at the point of attachment of the stripped
conductors to the test fixture. For the interconnect assemblies the performance \specifications shall|be
measured through the mated connectors.

4.6 Concatenated configurations

Bus segments comprised of multiple interconnect assemblies connected together with one or more lus
path connectors shall be termed concatenated configurations. Examples of concatenated configuratipns
include: round cable to round cable (similar) connected togethér through a connector, round cable to fflat
cable (dissimilar) connected together with a connector, shiglded cable connected to backplane with|no
expander on the backplane near the connector (dissimilar)«and other combinations of construction. The
performance of concatenated SCSI bus segments is.not guaranteed by each of the constitugnt
interconnect assemblies meeting the requirements in a‘ien-concatenated configuration.

Interoperability points, as described in 4.7, shall not.be specified at bus path connectors in concatenated
configurations. If the point of connection between the sections of dissimilar physical construction is
permanent, then the interconnect assembly far,the entire SCSI bus segment may be treated as a single
interconnect assembly whose performance requirements are addressed by this document.

4.7 Interoperability points

Interoperability points are physical points in the system where performance requirements exis{ at
separable connectors and where it is required that the components on either side of the connector may be
supplied from different compliant vendors. Interoperability points only apply to interconnect assemblies
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Following is a sample list where interoperability might be expected in a SCSI segment. A “Y” following the
position designation means that this is considered an interoperability point in this standard. Similarly, a “N”
following the position designation means that the point is not considered an interoperability point in this

standard.

a) Disk drive connector mounted directly on the disk drive (Y)

b) HBA connector external connector with no internal cable on the same segment ()

¢) HBA internal SCSI connector to internal cables with no external cable on the same segment (Y)

d) Motherboard SCSI connector where the mother board contains the HBA (in an ASIC) on board (Y)

e) Backplane connector that directly accepts a disk drive or other SCSI device (Y)

f) Backplane connector that directly connects an external cable assembly to an expander on_fthe
backplane (Y)

g) External cable assembly connector that connects to an external connector of an HBA-with|no
internal cable on the same segment (Y)

h) External cable assembly connector that connects to an external connector of aidisk drive array
containing an expander immediately behind the external connector (Y)

i) Internal cable connector that directly connects to a disk drive or other SCSI device (Y)

i) Connectors that have a separable terminator attached (Y)

k) HBA internal SCSI connector to the mother board (N)

I) External connector to a box that has external cable assembly attached and an internal cgble
assembly attached to the same connector (including the case where a short cable assembly is
used between the HBA and the bulkhead in a PC-like packaging(N)

m) Internal cable assembly connector for a short cable assembly ‘used between the disk drive and the
backplane (N)

n) HBA external bulkhead connector and internal conneeter when both internal and external caljles
are attached (N)

0) External cable assembly connector and backplané.connector when the external cable assembly is

4.8 Constructions considered

attached directly to a backplane (N)

This document addresses the performancé-of the following types of constructions. Other constructipns

may also be measured using similar proeedures.

Point-to-point bulk cable:

« flat planar (ribbon)

e unshielded round

¢ shielded round *

Multi-drop bulk cable or printed circuit boards (unpopulated)
« twisted and flat planar (ribbon) *

e unshielded round

e printed circuithoards *
Point-to-pointjnterconnect assemblies:

e two connector shielded *

e two€onnector unshielded

Multi-d¥op interconnect assemblies:

« Amulti-connector cable (e.g. external daisy chain)
) backplanes: (multi-connector) *

*most common constructions
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4.9 ldentification, constraints and loading requirements

4.9.1 Connector function identification

All connectors in the interconnect assembly shall be identified as one or more of the following 14 functio

a) open

b) transmitter for initiator device with enabled terminator

c) receiver for initiator device with enabled terminator

d) transmitter for initiator device with no enabled terminator
e) receiver for initiator device with no enabled terminator

f) transmitter for target device with enabled terminator

ns:

g) receiver for target device with enabled terminator

h) transmitter for target device with no enabled terminator

i) receiver for target device with no enabled terminator

j) enabled terminator only

k) feed through enabled terminator with transmitter for initiator device with no enabléd termina
attached on the other side of the terminator

[) feed through enabled terminator with receiver for initiator device with na enabled termina
attached on the other side of the terminator

m) feed through enabled terminator with transmitter for target device with no enabled terming
attached on the other side of the terminator

n) feed through enabled terminator with receiver for target deyice with no enabled termina
attached on the other side of the terminator

4.9.2 Constraints

The following configurations are used for specifying the level/1 tests in this standard:

a) pointto point shielded
b) unshielded multidrop bulk cable up to 3 m, up/to 16 drops
¢) multidrop backplanes up to 16 drops

This document does not consider configurations where another interconnect assembly is attached
connector in the interconnect assembly undéertest. Concatenated configurations are not considered -
example: round cable to flat; shielded cable to backplane with no expander; shielded round to shield
round etc. are all concatenated configurations.

Each function for each connectorrequires a specific load to be in place during the interconnect assen
testing process, see 4.9.1.

The position of the enabled-terminators shall be defined for every measurement of interconnect assen
performance. The standarddoad appropriate for the connectors with the enabled terminators attached s
be attached. Loading conditions for the remaining connectors in the interconnect assembly under test s
meet both of the following requirements.

\tor
\tor
\tor

\tor
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ed

bly

bly
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nall

a) All SCSHdevice ports not attached to devices with enabled terminators have a standard Ipad

appropriate for the function of the connector in place during the measurement.

b) Any,0One target port not attached to devices with enabled terminators shall have the standard I¢pad

removed to simulate hot plugging conditions.
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4.9.3 Standard loads

4.9.3.1 Targets and initiators with no enabled terminator

Standard loads for targets and initiators with no enabled terminator shall have the following properties:

a) be identified by the connector type, SCA-2, VHDCI, or HD68,
b) be optimized for SPI-5,
c) the capacitance at the connector interface shall be held to a tolerance of +1.0 pF at the connec

or,

d) the nominal signal to ground capacitances of the various portions of the standard load shall be
e 2 pF for the connector,
e 2 pF for the trace,
e 1 pF for the via/pad and
* 6 pF the chip input capacitance,
e) the nominal signal to signal capacitance shall be 6,0 pF,
f) the distance from connector interface to chip capacitance shall be 37,5 mm# 2,0 mm and
g) the PCB impedance shall be 122 O + 10 Q and shall match the SPI-5 specification.

4.9.3.2 Targets and initiators with enabled terminator

Standard loads for initiators and targets with an enabled terminator shall‘have the following properties:

a) be identified by the connector type, SCA-2, VHDCI, or HDGE8,
b) be optimized for SPI-5,
c) the capacitance at the connector interface shall be héld to a tolerance of +1,0 pF at the connec
d) the nominal signal to ground capacitances of the various portions of the standard load shall be
e 2 pF for the connector,
e 2 pF for the trace,
e 1 pF for the via/pad,
e 6 pF for the chip input capacitance.and
e 3 pF for the terminator,
e) the nominal signal to signal capacitance shall be 9,0 pF,
f) the distance from connector interface to chip capacitance shall be 47,5 mm + 2,0 mm,
g) the distance from the connegtor interface to the terminator shall be 27,5 + 2,0 mm and
h) the PCB impedance shall be 122 Q + 10 Q and shall match the SPI-5 specifications.

4.10 Nature of requirements

4.10.1 Measuremehnts and tests

A measurement is the process of acquiring data that indicates a property of the bulk cable or interconn
assembly of ifterest. A testis a measurement to which a pass-fail criteria is applied.

4.10.2.Rerformance levels and applications

for,

ect

ect

Several parameters are required to verify electrical performance. Measurement of passive interconn

naformance-is dividaed-into-hawo-lavals:
peHoHaRceIS-ahHae aHtotWo1evers:

a) level 1: those used to verify compliance to the requirements set forth in SPI-x or in this document,

and
b) level 2: those needed to aid in the diagnosis of the causes of degraded performance, to setup

the

conditions for executing a level 1 measurement, or as additional characterization of the inter-

connect but are not required for specification compliance.

Since level 1 measurements are intended to determine compliance to requirements, and performance

level all level 1 measurements are tests as defined above. No level 2 measurements are tests.
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Each measured parameter of a bulk cable or an interconnect assembly is either level 1 or a level 2. In
some cases a parameter may be needed solely for creating a mathematical model for the component in
which case it is neither level 1 nor level 2. This standard recognizes that this parameter class exists but no
details for measurements that relate only to component modeling are included.

Table 3 and Table 8 list the required level 1 tests. The same parameter may have different uses for bulk
cable and interconnect assembly. For example, the parameter ‘differential insertion loss’ is a level 1
measurement for bulk cable and has applicability to modeling. The parameter ‘differential insertion loss’ for
an interconnect assembly is still a level 1 measurement but only for the purposes of validating another
interconnect assembly parameter and with different criteria for the requirement and is of less interest for
modeling.

Emphasis is placed on the level 1 measurements and required performance levels - tests. The level 2
measurements are briefly described in this document for reference but no performance requirements are

specified except in the case where the level 2 measurement is needed to setup a different levgl 1
measurement.

4.10.3 Basic performance requirements for interconnect assemblies

4.10.3.1 Overview

This subclause defines the basic performance requirements for interconnect assemblies. In all cases the
driver signal properties shall be measured with a compliant SCSI terminator ‘attached to the driyer
connector no further than 100 mm from the driver connector. If a SCSI device’is used for the driver the
terminator may be part of the companion target or initiator device that is used‘to allow the driver device to
operate.

There are five basic requirements for interconnect assemblies:

a) deliver adequate signal quality to all receivers from all.drivers with worst case drivers,

b) limit the creation of pair to pair skew to specified levels,

c) limit the propagation time from end to end to specified levels for any pair,

d) deliver transmission line impedance includingJthat influenced by connectors and assenbly
processes within specified levels,

e) limit the creation of common mode signals‘o specified levels.

For signal quality measurements each port in the'interconnect assembly shall be characterized by

a) the signal launched into the port.and
b) the signal transferred to the pert from other ports in the cable assembly.

Signals delivered to every intercopnect assembly port identified as a receiver shall be measured under the
following conditions:

a) the most degraded-allowed signal is launched from every other interconnect assembly port, ong¢ at
a time,

b) the most aggressive noise sources are present on all other interconnect assembly ports that
couple intodhe port under test,

¢) resonantieonditions are within acceptable bounds,

d) all loading conditions defined for the receive port,

e) standard loads present on all other ports not acting as driver or receiver in the spedific
measurement.

The signal quality shall meet at least the minimum requirements for a received signal under th¢se
conditions. The signal quality at the connector of the receiving SCSI device shall satisfy the requiremgnts
farboth precomp and non-precomp drivers specified in SPI-4 as well as the receive signal requirements in

SFI-Z, SFI-5 and SFI1-5 Tor non-precomp drivers.


https://standardsiso.com/api/?name=c63146a9b6e3648b49b989a369a1b801

14776-121 © ISO/IEC:2010(E) —-31-

4.10.3.2 Measurement conditions for non-precomp received signal quality requirements

The following conditions shall be present for measuring received signals when using non-precomp
transmitters.

a) The pair under test (victim for cross talk) launched signal shall have 740 mV, + 50 mV.

b) The preferred rise time is 1,0ns + 0,1 ns if possible by adjusting the driver used for the
measurement. If it is not possible to meet this rise time use the fastest available from the driver
chip but not less than 0,9 ns.

hall Lk P~

e—Aggressortines—tsetd—to—generate—eross—tatcnoise—shal—be—drivenr—by—drivers—on—the—same
integrated circuit as the driver for the pair under test (victim) and shall have the same nominal
launch conditions as the driver for the pair under test.
d) Maximum allowed jitter is present in launched signal or the receiver requirements are additively
adjusted to account for maximum launch jitter if maximum jitter is not present in launch signal uged
for the test. For example, if the launched signal has 50 ps less jitter than allowed; then 50 p$ is
added to the receive signal limits to account for the launched signal being better-than worst cage.

e) The data pattern running during the testing shall be 2"-1 where n is 7 or higher.

4.10.3.3 Measurement conditions for precomp received signal quality fequirements

=

The following conditions shall be present for measuring received signals'-when using precomp transmitters.

a) The launched signal on the pair under test shall use 33 % cutback (maximum amplitude minus
33 %) with a weak driver at 740 mV, £ 50 mV.
b) The preferred rise time is 1,0ns + 0,1 ns, if passible, by adjusting the driver used for the
measurement. If it is not possible to meet this rise.time use the fastest available from the driver
chip but not less than 0,9 ns.
c) Aggressor lines used to generate cross.talk noise shall be driven by drivers on the same
integrated circuit as the driver for the pairunder test (victim) and shall have the same nominal
launch conditions as the driver for the pair under test including the same precomp properties.
d) Maximum allowed jitter is present in\launched signal or the receiver requirements are additijely
adjusted to account for maximum (aunch jitter if maximum jitter is not present in launch signal uged
for the test. For example, if thé-launched signal has 50 ps less jitter than allowed, then 50 p$ is
added to the receive signalNimits to account for the launched signal being better than worst cage.

e) The data pattern running during the testing shall be 2"-1 where n is 7 or higher.

4.10.4 Deriving the launch signal requirements for this standard from the signal requirements in
SPI-x

SPI-x defines signalrequirements at SCSI device connectors that contain drivers and receivers. SRI-x
defines the transmit signal at the device connector into an idealized test load. There is no explicit
requirement-on/the output impedance of the transmitter. For the receiver specification, the signal is
specified at.the device connector of the device containing the receiver. If the receiver device contains|an
enabledderminator then the input impedance, the capacitance and the leakage are all specified by SP|-x.
Receivers’in devices with enabled terminators have reduced stub length compared to those withput
enabled terminators. If the receiver device does not contain an enabled terminator only the capacitafce
and\eakage are specified by SPI-x.

In order o accommodate the requirements of measuring passive interconnect assemblies it IS necessary
to translate the requirements for the transmit signals specified in SPI-x to a form that is usable for
interconnect assemblies.

Current launched into mid-segment connectors is split evenly in both directions away from the connector
while current launched into end connectors is split evenly between current transmitted into the interconnect
assembly and current transmitted into the terminator. This allows nominally the same requirements to
apply for the interconnect assembly performance regardless of the position of the connector containing the
driver. It also reinforces the need for identifying each connector in the interconnect assembly in terms of its
function (initiator, target, terminator).
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A standard load shall be present on the connector of the device containing the receiver.

In all cases involving level 1 signal quality measurements that activity on signals other that the signal under
test shall be present during the measurement.

4.11 Local neighborhood concepts

For signals, the basic idea is to not test for interactions that are insignificant to the port under test. For
example in a flat cable, signals removed from the signal under test by at least 5 signal pairs do not
significantly couple into the signal under test and do not need to be considered. The level of interaction
deemed to be significant is left to be defined. For physical constructions the dimensional precision within
which the construction shall be conS|dered identical is 1/10 of the rise length of the fastest signal to be

25 mm. In other words, two connectors placed 100 mm apart (4 rise lengths) have local nelghborho
that do not significantly overlap. Similarly, if two connectors are less than 25 mm apart on the same.cgble
they share a common rise length and the effects of both connectors may be considered from~alumped
perspective. This standard requires measurement from only one of these closely spaced connectprs
(except for basic opens and shorts).

4.12 Length specifications

The length of the interconnect, if used in a sample description, may have a special meaning in this
document. There are different ways to specify length for the same interconnect assembly. For examplg, it
may require 31,4 m of wire to produce a cable assembly with 30,5 m overall.econnector to connector pgth
length. This is caused by the twisting process used to form the pairs and the overall twist applied to fhe
collection of pairs in a bulk cable. The electrical length is also importantuhere the propagation time is part
of the interest for the specification. The following is the way that this. stanidard considers length issues.

Length parameters are separated into two types, both of which shall'be specified:

a) the physical length along the geometrical center liné{e’g. center line of the jacket for round caljles
to the center line of the unmated connector) of the.completed cable assembly (not necessarily the
actual wire length for any specific conductor);

b) the propagation time between electrical access points (typically connectors) in the cable assembly.

Other lengths, such as those internal to the hulk cable which may be important for creating accurpte
models, are not used as descriptors in this stafidard.

4.13 S21 relationship among point-to-point and multidrop configurations

The relationship of insertion loss) (scattering parameter S21) is significantly different for differpnt
interconnect constructions.

Figure 1 shows the basic S21 relationships for three common configurations:

a) uniform bulk eable used in point-to-point applications;

b) interconnect- Subassemblies (non-uniform bulk cable and unpopulated backplanes [no
connectoérs)) used for multidrop applications;

c) populated (with loads) multidrop cable assemblies and backplanes.

The idealized curves in Figure 1 are based on using a maximum multi-drop cable assembly length of 3 m
in non-cepcatenated applications. For point-to-point interconnect assemblies the maximum length is
assumed to be 25 m. The point-to-point losses are assumed to be the same for the interconnect assenibly
and the bulk cable because of the dominance of the bulk cable losses with only end connectors and|no
loads.

The losses for the multidrop configurations are assumed to be significantly caused by resonant effects due
to the loads and non-uniformities. More allowance is made for multidrop cable assemblies than for
point-to-point cable assemblies. Due to the assumed short length for multidrop applications less primary
wire loss is expected. The budget for accommodating the resonant losses comes from this lower primary
wire losses in the shorter lengths for multidrop.

The low frequency losses are also less for the multidrop applications due to the assumed shorter length.
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These performance requirements are independent of length and apply to all physical constructions

including backplanes.

BULK CABLE AND INTERCONNECT ASSEMBLY
POINT TO POINT (CURVE SHAPE IS K* SQRT F)

—

\ <~ —— -6dB
1 MHz <—— MULTIDROP

12d8 — BULK CABLE

NOTES:

1) THE MULTIDROP 200 MHz

SPECIFICATION IS BASED

ON A 3 METER MAXIMUM

LENGTH WITH 30 AWG WIRE MULTIDROP INTERCONNECT
ASSEMBLY WITH LOADS

2) THE POINT TO POINT IS BASED

ON A 25 METERS MAXIMUM

LENGTH WITH 30 AWG WIRE

Figure 1 - Relationship between S21 for different configurations

4.14 Accommodation of receiver compensatior’in interconnect requirements

There is no allowance in the interconnect performance for margin that may exist by virtue of sigpal
processing schemes executed in the receiver exceptas provided by SPI-4 and SPI-5 for pair to pair sl£ew
and by the required signal quality performance-limits specified in SPI-4 and SPI-5. Interconngct

performance specifications in this standard, require that both the precomp driver and the non-preco
driver specifications be met for SPI-4 applications. This is required because this standard is address
only open interconnect where the state of the driver is not known to the interconnect.

4.15 Instrumentation and textfixture considerations

This standard addresses performance at frequencies up to 650 MHz. Evidence exists that in this freque
range test fixtures and instpumentation severely affect the measurement accuracy if not designed and u
properly. Details for the test-fixture and instrumentation requirements are contained in the specific claug

An example of a high\level description of a test setup is shown in figure 2.

np
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Figure 2~ Example cable/backplane frequency response test setup
4.16 Signals covered by this standard

Table 2 lists,the signals covered and not covered by this standard. The signals not covered by this
standard may be important for creating accurate models but are not required to meet the requirements
specified-for local impedance, capacitance, propagation time, NEXT, insertion loss or signal degradatipn.
The signals listed as not covered by this standard shall meet basic requirements for opens, shorts and d.c.
resistance as defined in SPI-x.
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Table 2: Signals covered by this standard

Applicability to this

standard Contact# Signal Contact# Signal
YES 1 DB12 + 35 DB12 -
YES 2 DB13 + 36 DB13 -
YES 3 DB14 + 37 DB14 -
YES 4 DB15 + 38 DB15 -
YES 5 PARITY 1 + 39 PARITY 1 -
YES 6 DBO + 40 DBO -
YES 7 DB1 + 41 DB1 -
YES 8 DB2 + 42 DB2 -
YES 9 DB3 + 43 DB3 -
YES 10 DB4 + 44 DB4, -
YES 11 DB5 + 45 DB5 -
YES 12 DB6 + 46 DB6 -
YES 13 DB7 + 47 DB7 -
YES 14 PARITY O + 48 PARITY O -
NO 15 GROUND 49 GROUND
NO 16 DIFFSENSE 50 DIFFSENSE / GND
NO 17 TERMPWR 51 TERMPWR
NO 18 TERMPWR 52 TERMPWR
NO 19 RESERVED 53 RESERVED
NO 20 GROUND 54 GROUND
YES 21 AN + 55 ATN -
NO 22 GROUND 56 GROUND
YES 23 BSY + 57 BSY -
YES 24, ACK + 58 ACK -
NO 25 RST + 59 RST -
YES 26 MSG + 60 MSG -
YES 27 SEL + 61 SEL -
YES 28 C/D + 62 C/ID -
YES 29 REQ + 63 REQ -
YES 30 110 + 64 /0 -
YES 31 DB8 + 65 DBS8 -
YES 32 DB9 + 66 DB9 -
YES 33 DB10 + o/ DB10 -
YES 34 DB11 + 68 DB11 -
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4.17 Error rate considerations

Error rate, or error ratio, is the frequency of bit errors compared to time of operations or to the number of
bits transmitted. Some interconnect systems allow for finite limits on the allowed error rate. There is a

trade-off between the amount of time used to sample a measurement and the likelihood of detecting

an

error event. If only very short sampling time is used then it is likely that error producing signal properties
may not be detected. At the other extreme is very long sampling times where events not caused by the

interconnect, such as shift in environmental conditions or external system noise e.g. lightning, a
contribute to the error population.

Relatively low population SCSI system errors attributable to interconnect performance are affected
resonant conditions setup by specific data patterns and by cross talk noise. Serial links and opti

Iso

by
cal

systems typically use phase lock loop and high gain amplifier methods that produce significant amounts of

GaussSian (unbounded) NoiSe. The Gaussian NoISe SOUrces produce an expectation of 1inite error raie
properly functioning systems. However, the driver and interconnect portions of a parallel SCSI systé
using up through SPI-5 have extremely low Gaussian noise content with the consequence that there' i
expectation of finite error rate for properly designed and built systems.

The requirements for measuring the signal quality include all active noise sources beingjon/n their m
aggressive mode during the measurement and using specific data patterns that mayexcite resonan
These noise sources and resonances are deterministic, not Gaussian. By measuring’for’sufficient timg
expose the effects of the deterministic noise the desired performance for the intérconnect is captur|
Level 1 measurements in this document shall be done in a way that allows'sufficient time for
non-Gaussian contributors to noise to be sampled.

The only allowed error rate for level 1 signal quality measurements in this decument is zero.
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5 Summary bulk cable

This clause provides a summary of the level 1 and level 2 measurements that apply to bulk cable. Table 3
shows the level 1 measurements and table 4 shows the level 2 measurements. Most level 2

Table 3 - Bulk cable level 1 test summary
Test parameter Level Clauses Domain Condition Comments
Differential local im- 1 72 T t,=1ns TDR - TEK
pedance 11801 or equivalent
Differential capaci- 1 7475 T t,=1ns(T) Impedance analyzer
tance or measurement
F 100 kHz and (point-to-point)
1 MHz (F) Calculated from [FDR/
TDT (multidrop)
Differential propaga- 1 7.3 T at signal transition | TDT »TEK
tion time midpoint 1180% or equivalent
Differential propaga- 1 73 T Tomax-Tpmin for all ("Pair to pair
tion time SKEW pairs
Differential insertion 1 for 7.6 F S21 - sweep from | All signal pairs _
loss point-to-point 10 MHz trl1rough Network analyzer_- Agi-
650 MHz lent 8753x or equivalent
2 for multi-drop
Differential NEXT 1 for 7.7 T Single pulse, maxi-| Tektronix 11_801 with
point-to-point m_um aIIov_ve_d am- | TDR or equivalent, sum
plitude, minimum | of all aggressors mea-
STD time? sured one at a time with
2 for multi-drop all others terminated
SE local impedance 1 Annex-A T t.=3ns TDR - TEK
11801 or equivalent
SE Capacitance 1 Annex A F 100 kHz and LCR meter
1 MHz
NOTE 1 S12 and S21 are scattering parameters that relate the incident and transmitted voltage waves in
a two-port circuit.
NOTE 2 STD: Signal Transition Duration
measurements in table 4-are’listed for reference without further description in this standard. Selected Iqvel
2 measurements are described in more detail than provided in table 4.
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Table 4 - Bulk cable level 2 measurement summary
Test parameter Level Domain Condition Comments
Extended Distance Impedance 2 F Sweep from Network analyzer - Agilent 8753x or
(Differential) 30 MHz through equivalent
600 MHz (This was alevel 1 requirement in SPI-x
Common mode impedance 2 T Treat each pair as a single conductor -
grounding shall be specified
Common mode capacitance 2 F Treat each pair as a single conductor -
grounding-shal-be-speeified
Eye diagrams (signal degradation 2 T One pair active
within the pair)
Differential to Common mode con- 2 T Signal- to-signal balance within,the pair
version (sum of the + signal and the - signal)
Insertion loss skew (pair to pair) 2 F Difference in voltage tfansfer function
between pairs in dB
ACR (attenuation [insertion loss] to 2 F
cross talk ratio)
FEXT (far end cross talk) 2 T Tektronix(141801 with TDR or equivalent
Rise time degradation 2 T
Dielectric constant variation w/ fre- 2 Sweep from Network analyzer - Agilent 8753x or
quency 300 kHz through *| equivalent
600 MHz (This was a level 1 requirement in SPI-x
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6 Bulk cable samples, test fixtures and setups

6.1 Bulk cable samples and sample preparation

6.1.1 Overview

Bulk cable requires special preparation of samples to gain electrical access. For example conductors shall
have the insulation removed and conductors shall be separated to allow connection to test fixtures. A
major goal of sample preparation is minimal disturbance to the construction for measurement purposes.

See 6.1.4.2 for PCB sample preparation.

6.1.2 Summary

Table 5 - Bulk cable sample preparation
_ Point-to-point sample Multiferdp sample type
Measurement Construction type (S8e.6.1.4.1 or 6.1.4.2)
(See 6.1.3.10r 6.1.3.2) B o
Differential local impedance Flat planar SP_Bulk_PP3 SP_Bulk_MD3
Unshielded round SP_Bulk_PP3 SP_Bulk_MD3
Shielded round SP_Bulk_PP3 NA
Differential propagation Flat planar SP_Bulk_PP10 SP_Bulk_MD3
time and differential propa- -
gation time skew Unshielded round SP_Bulk_PP10 SP_Bulk_MD3
Shielded round SR_Bulk_PP10 NA
Differential capacitance Flat planar SP_Bulk_PP3 SP_Bulk_MD3
(calculation for TDR/TDT, -
measurement for F) Unshielded round SP_Bulk_PP3 SP_Bulk_MD3
Shielded round SP_Bulk_PP3 NA
Insertion loss Flat planar SP_Bulk_PP25 NA
Unshielded round SP_Bulk_PP25 NA
Shielded round SP_Bulk_PP25 NA
NEXT Rlat planar SP_Bulk_PP10 SP_Bulk_MD3
Unshielded round SP_Bulk_PP10 SP_Bulk_MD3
Shielded round SP_Bulk_PP10 NA

6.1.3 Point4o6-point bulk cable

6.1.3.1\Point-to-point bulk cable sample preparation (SP_Bulk_PP3)

Applies to differential local impedance and frequency domain capacitance.

1) Cut sample length to 3 m £ 0,025 m

2) Remove 40 mm of outer jacket from one end (if jacket is present)

3) Remove 40 mm of overall shield from one end (if overall shield is present)

4) Trim tape materials to the base of jacket/shield (if tape materials are present)
5) Remove any filler that might interfere with the tests

6) Strip 5 mm maximum insulation from all conductors on one end

7) Except for conductors being tested, all other conductors are left floating
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6.1.3.2 Point-to-point bulk cable sample preparation (SP_Bulk_PP10)

Applies to NEXT, propagation time, propagation time skew and calculated capacitance.

1) Cut sample length to 10 m £ 0,025 m

2) Remove 40 mm of outer jacket from both ends (if jacket is present)

3) Push back the overall shield from both ends (if overall shield is present)

4) Trim tape materials to the base of jacket/shield (if tape materials are present)

5) Remove any filler that might interfere with the tests

6) Strip 5 mm maximum insulation from all conductors on both ends

7) If twisting is present in pairs, untwisting for measurement purposes shall be minimized

8) All conductors except those for the pair under test are left floating except when used for NEXT

9) Ground the shield on both ends except for NEXT

6.1.3.3 Point-to-point bulk cable sample preparation (SP_Bulk_PP25)

Applies to insertion loss.

1) Cutsample lengthto 25 m 0,1 m

2) Remove 40 mm of outer jacket from both ends (if jacket is present)

3) Remove 40 mm of overall shield from both ends (if overall shield is present)

4) Trim tape materials to the base of jacket/shield (if tape materials are\present)

5) Remove any filler that might interfere with the tests

6) Strip 5 mm maximum insulation from all conductors on both ends

7) If twisting is present in pairs, untwisting for measurement purposes shall be minimized
8) Except for conductors being tested, all other conductors-are’left floating

6.1.4 Sample preparation for multi-drop bulk cable or printéd circuit boards

6.1.4.1 Multi-drop bulk cable sample preparation (SP_Bulk_MD3)

This subclause applies to constructions having areas prepared for connectorization with constant intery
between all adjacent areas. For example in a\twisted flat design the interval between the flats is const
These constructions may be either planar.or'round. Other non-uniform constructions are also within
scope. Only unshielded multidrop bulk cable is considered in this document.

Samples for constructions with different intervals between flats shall be specified in terms of specific
sections used for termination. Seé Annex D for guidance concerning non-constant intervals.

If measuring only differentialdlocal impedance or NEXT, only one end of the sample needs to be preparg

1) Cut sample lengthyto 3 m nominal. First cut shall be at the approximate center of a flat section
preparing both)ends, it is permitted to cut >3 m (but as close to 3 m as possible) to permit

als
nt.
his

flat

pd.

If
the

second cut to’be at the approximate center of a flat section. Record the distance between the efpds

of the sample as measured on a flat surface with a scale. (This distance is required for propagat
time/(ns/m) and differential capacitance (pF/m) calculations.)
2) Remove 50 mm of outer jacket from both ends (if jacket is present)
3) «Jrim tape materials to the base of jacket (if tape materials are present)
4),~Remove any filler that might interfere with the tests
5) Strip 5 mm maximum insulation from all conductors at both ends

ion

6) Except for conductors being tested. all other conductors are left floating

6.1.4.2 Printed circuit boards sample preparation

No sample preparation is required. Electrical access is designed into the PCB for this purpose.
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6.2 Bulk cable and printed circuit board test fixture specifications

6.2.1 Overview

Test fixtures are the hardware that enable connection of the sample under measurement to the
instrumentation. Test fixtures are required for every measurement specified in this standard. See table 6.

6.2.2 Summary

Table 6 -

Bulk cable and printed circuit board test fixtures

Measurement

Construction

Fixture for point-to-point
samples

Fixture for multi-drop

samples

Differential local impedance

Flat planar

FIX_Bulk_1 (6.2.3)

FIX_Bulk_1(6,23)

Unshielded round

FIX_Bulk_1 (6.2.3)

FIX_Bulk_1(6.2.3)

Shielded round

FIX_Bulk_1 (6.2.3)

NA

Printed circuit board

NA

EIX_PCB_1 (6.2.7)

Differential propagation
time and differential propa-
gation time skew (calcula-
tion)

Flat planar

FIX_Bulk_1 (6.2.3)

FIX_Bulk_1 (6.2.3)

Unshielded round

FIX_Bulk_1 (6.2.3)

FIX_Bulk_1 (6.2.3)

Shielded round

FIX_Bulk_1 (6.2.8)

NA

Printed circuit board NA FIX_PCB_1 (6.2.7)
Differential capacitance Flat planar NA calculated from TDR/TDT
(calculation from TDR/TDT) -

Unshielded round NA calculated from TDR/TDT

Shielded round NA NA

Printed circuit board NA calculated from TDR/TDT
Differential capacitance Flat planar FIX_Bulk_4 (6.2.6) NA
(frequency measurement) -

Unshielded reund FIX_Bulk_4 (6.2.6) NA

Shielded-roind FIX_Bulk_4 (6.2.6) NA

Printed. circuit board NA NA

Differential insertion loss

Flat planar

FIX_Bulk_2 (6.2.4)

FIX_Bulk_2 (6.2.4)

Unshielded round

FIX_Bulk_2 (6.2.4)

FIX_Bulk_2 (6.2.4)

Shielded round

FIX_Bulk_2 (6.2.4)

NA

Printed circuit board

NA

FIX_PCB_1 (6.2.7)

NEXT

Flat planar

FIX_Bulk_3 (6.2.5)

FIX_Bulk_3 (6.2.5)

Unshielded round

FIX_Bulk_3 (6.2.5)

FIX_Bulk_3 (6.2.5)

Shielded round

FIX_Bulk_3 (6.2.5)

NA

Printed circuit board

NA

FIX PCB 1 (6.2.7)

6.2.3 Test fixture (FIX_Bulk_1)

Refer to figure 3 for the FIX_Bulk_1 test fixture. The test fixture may be constructed of semi-rigid coax,

microstrip PCB or stripline PCB.
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PCB VERSION
50 Q TRACES TP1
x —

X
< -
3o
c = PAIR UNDER TEST
]

® = CONNECTION BETWEEN 50 Q COAX AND FIXTURE

M = PADS ON TEST FIXTURE - BULK CABLE UNDER TEST

MAY BE SOLDERED OR CLAMPED TO THESE PADS
COAX VERSION
3,58 mm DIAMETER
SEMI RIGID COAX
%) APPROX 75 mm LENGTH

w
<0 -
s 5 < SOLDER _—
< 4 —_—
> % PAIR UNDER TEST
n 8 TP1

SEMI-RIGID COAX LENGTHS SHALL BE VERY WELL MATCHED

Figure 3 - Test fixture (ERX_Bulk_1)

6.2.4 Test fixture (FIX_Bulk_2)

Refer to figure 4 for the FIX_Bulk 2 test fixture.

CIRCUIT BOARD - WITH>CONTINUOUS GROUND PLANE OVER ENTIRE SURFACE

~N

\OSOLDER TP-101 TO GROUND
\jt PLANE AT CORNERS
Y

O/ N
SMA FEMALE _(_)_| P
BOARD LAUNCH 3 6
_ 360 N

CONNECTOR -L: M/A-COM |:

m —, |2 TP - 101 5 1 c \

= | 4
(OREQUIVALENT) |—‘:|/ TP1

1 36
136 ¢
L D)
L
= RESISTORS
PIN 1 HAS GREEN HERMETIC SEAL CARBON 5%
1/8 WATT OR
—L = VERY SHORT CONNECTION SMALLER

TO GROUND PLANE

ALL CONNECTIONS SHOWN ARE WIRES - NOT CIRCUIT BOARD TRACES

RNECH ALLC CEADS VERTYT SHORT

Figure 4 - Test fixture (FIX_Bulk_2)
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6.2.5 Test fixture (FIX_Bulk_3)

Refer to figure 5 for the FIX_Bulk_3 test fixture.

50 Q COAX TO TDR ONE PCB WITH GROUND PLANE USED
FOR EACH PAIR

RETENTION CLIP (NON CONDUCTIVE)

FEMALE

lsM

50 Q TRACES HELD AT 90 ° ANGLE
TO REDUCE CROSS TALK

TP1

TEST FIXTURE IS CALIBRATED TO REPORT VALUES AT TP1

Figure 5 - Test fixture (FIX_Bulk_3)
6.2.6 Test fixture (FIX_Bulk_4)

Test fixture FIX_Bulk_4 is used for frequency domain capacitance.xAn Agilent 16047B or equivalent fest
fixture is required. Refer to Agilent specifications for details.

6.2.7 Printed circuit boards test fixture (FIX_PCB_1)

Test fixtures for PCBs shall meet the same requirements-specified in 6.2.3, 6.2.4, 6.2.5 and 6.2.6 with the
attachment scheme at TP1 modified to accommodate the electrical access points on the PCB. These
modifications shall be done in a manner that minimizes the length of uncontrolled impedances and keg¢ps
the differential path balanced (symmetrical equal length). Semi-rigid coax with diameter smaller than
3,58 mm may be desirable.
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6.3 Bulk cable measurement equipment and setups

6.3.1 Summary

Table 7 lists the bulk cable measurement equipment and setups.

Table 7 - Bulk cable measurement equipment and setups

Point-to-point sample

Measurement Construction type Multi-drop sample type
Differential local impedance Flat planar SET Bulk 1 SET Bulk 1
(6.3.2) (6.3.2)
Unshielded round SET_Bulk_1 SET_Bulk_1
(6.3.2) (6.3.2)
Shielded round SET Bulk_1 NA
(6.3.2)
Differential propagation Flat planar SET_Bulk_2 SET_Bulk \2
time and propagation time (6.3.3) (6.3.3)
skew -
Unshielded round SET_Bulk_2 SET Bulk_2
(6.3.3) (6:3.3)
Shielded round SET_Bulk_2 NA
(6.3.3)
Differential capacitance Flat planar NA not required - calculated
(calculation from TDR/TDT) from TDR/TDT
Unshielded round NA not required - calculated
from TDR/TDT
Shielded round NA NA
Differential capacitance Flat planar SET_Bulk_3 (6.3.4) NA
(frequency domain mea- -
surement) Unshielded round SET_Bulk_3 (6.3.4) NA
Shielded round SET_Bulk_3 (6.3.4) NA

Insertion loss

Flat planar

SET_Bulk_4 (6.3.5)

SET_Bulk_4 (6.3.5)

Unshieldedxound

SET_Bulk_4 (6.3.5)

SET_Bulk_4 (6.3.5)

Shielded round

SET_Bulk_4 (6.3.5)

NA

NEXT

Flat planar

SET_Bulk_5 (6.3.6)

SET_Bulk_5 (6.3.6)

Unshielded round

SET_Bulk_5 (6.3.6)

SET_Bulk_5 (6.3.6)

Shielded round

SET_Bulk_5 (6.3.6)

NA
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6.3.2 Setup (SET_Bulk_1)

Figure 6 shows the equipment setup for SET_Bulk_1.

50 Q coax
3 ns delay Pair under test

TDR

L FIXx_ BULCRK_T

AN

Coax cable shall have well matched delays DTR de-skew
can be used to remove small delay differences

Figure 6 - Equipment setup for SET_Bulk_1
The length of the two coax cables from the TDR to the fixture shall be long enough to contain two complete
signal transitions. For the 1 ns STD this minimum length is that required to,accommodate approximately

3 ns propagation time or 6 ns round-trip. For coax having solid fluorocarben<or solid polyolefin dielectr|cs,
the physical length is approximately 0,6 m.

6.3.3 Setup (SET_Bulk_2)

Figure 7 shows the equipment setup for SET_Bulk_2.

I

DIFFERENTIAL

PULSE N FIX_BULK_1
SOURCE —I_ \
o
o (2) 50 Q@ COAX HAVING FAIRLY WELL n
=z W MATCHED DELAYS. TDR DE-SKEW CAN |Li
g % S REMOVE SMALL DELAY DIFFERENCES E
0085 A
[aRITRENS pd
w 7 & (2) 50 Q COAX HAVING VERY WELL 5
=W MATCHED DELAYS. CANNOT EASILY o
=0 BE DE-SKEWED BY CALIBRATION E
DIFFERENTIAL //
AMPLIFIER FIX BULK 1
(LOAD) - -

Figure 7 - EQuipment setup for SET_Bulk_2
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Figure 8 shows the equipment setup for SET_Bulk_3.

Agilent 4192 or
Equivalent

(LF Impedance
Analyzer)

6.3.5 Setup (SET_Bulk_4)

Figure 9 shows the equipment setup for SET_Bulk_4.

Agilent 16047B or Equivalent
(with FIX_Bulk_4 attached)

o Instrument
terminal

Figure 8 - Equipment setup for SET¢ Bulk_3

NETWORK
ANALYZER

PORT 1 FIX_BULK 2 FIX_BULK_2 —‘
PORT 2 \

PAIR UNDER
TEST

3

(2)50 @ COAX

Eigure 9 - Equipment setup for SET_Bulk_4
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6.3.6 Setup (SET_Bulk_5)

Figure 10 shows the equipment setup for SET_Bulk_5.

50 Q COAX TO TDR

S1 ;

P 1
T
TDR EACH PAIR UNDER TEST IS
MEASURING FIX_BULK_3 TP1 TERMINATED WITH IMPEDANCE
MATCHED RESISTORS
EQUIPMENT

|

SMI1

PAIRS UNDER TEST

MEASUREMENT PROCESS IS CALIBRATED TO REPORT VALUES\AT TP1
S11S THE SIGNAL SOURCE,
SMI1 IS THE SIGNAL MEASUREMENT INSTRUMENT PORT

Figure 10 - Equipment setup for SET..Bulk_5

6.4 STD calibration

STD calibration is required for local impedance and NEXT tests. Differential local impedance is measu
using 1 ns signal transition duration.

The length of coax(es) from the TDR to the Eixture shall be long enough to contain two compl
transitions. For the 1 ns STD this minimum length is approximately 3 ns delay or 6 ns round-trip. For ¢
having solid fluorocarbon or polyolefin dielectrics, this is about 0,6 m physical length.

This calibration ensures that the proper'STD is presented to the DUT. Place a short on the test fixt
where the DUT would be attached_.(TP1"). Use the filter function on the TDR to set the measured S
(20 % to 80 %) to the required value\(+/- 5 %), according to the detailed procedure described below. It n
be desirable to use a separate testfixture that is nominally identical to the actual cable test fixture for
step.

Assuming a falling edge,setup the display on the TDR as shown in figure 11. This display has the follow
properties.

1) The time scale on the display is 1,0 ns/div for the 1 ns STD.
2) Set the-horizontal position such that the midpoint of the displayed curve is near the center of th
display-and the 100 % and 0 % baselines are clearly visible as shown in figure 11.

red

ete
DaxX

ire
TD
nay
his

ing

[1]
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. STD (1 ns)
2z 3
o - | 1 3
Z_S<Zr | 80 % 13
S < =
=L 7 {1z
w >

] 1 <
o 2
S | |
'::: 2079 5
= uj | 4 O
%n:
<© -

| | T T T T T T T
TIME SCALE--SEE TEXT

Figure 11 - Signal transition duration calibratien

The STD is the time between the 20 % and 80 % values of the*displayed signal amplitude (mpst
instruments do this calculation automatically). When the instrument does not automatically measure STD,
perform the following steps:

1) Measure the voltage at 100 % (V1q0)

2) Measure the voltage at 0 % (Vq)

3) The voltage at 20 % is {V,oq = Vg + 0,2 (Vigo— Vo)}

4) The voltage at 80 % is {Vgg = Vg + 0,8 (V400 — V0)}

5) Set cursors at V,o and Vgg and meastire the time difference
Adjust the TDR filter so that the requiredSTD is achieved.
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7 Level 1 bulk cable tests

7.1 SE tests

All SE tests shall be performed according to the requirements defined in Annex A. These tests apply to

point-to-point bulk cable only. No SE specifications are provided for multi-drop bulk cable.

7.2 Differential local impedance

7.2.1 Overview

Requirements for measuring differential local impedance for all bulk cable constructions arejcontained in

7.2. Local impedance (TDR) is the impedance over a specified time interval range sufficient)to' capturg
the designed features of the bulk cable.

7.2.2 Point-to-point bulk cable

7.2.2.1 Sample preparation for point-to-point bulk cable

All point-to-point constructions shall use sample preparation method SP.\Bulk_PP3 defined in 6.1.3.1. |
of samples longer than 3 m is permitted, for example, SP_Bulk_PP10.defined in 6.1.3.2.

7.2.2.2 Test fixtures for point-to-point bulk cable

All point-to-point constructions shall use the test fixture FIX\ Bulk_1 defined in 6.2.3.

7.2.2.3 Measurement equipment and setup for paint-to-point bulk cable

all

se

All point-to-point constructions shall use the xneasurement equipment and setup SET_Bulk_1 defined in

6.3.2.

7.2.2.4 Calibration and verificationprocedure for point-to-point bulk cable

Twisted pair and flat planar peint-to-point, unshielded round point-to-point, and shielded round point
point constructions shall use the calibration and verification procedure defined in this subclause.

It is not necessary to perfarm a separate instrument verification for this test. The calibration includes
instrument. Proceed.as follows:

1) connectthe'50 Q cables to the test fixture,

2) at TRI\n the fixture, connect a 100 Q £ 0,1 % low inductance chip resistor - IMS style TPI-1206
equivalent,

3) .Use a differential unfiltered trace and use TDR cursors to measure the resistance value, R100,
approximately 4 ns after the resistor discontinuity as depicted in figure 12,

4) in a similar manner, in place of TP1 connect a 137 Q = 0,1 % low inductance chip resistor - IMS

the

or

D

style TPI-1206 or equivalent,

5) use a differential unfiltered trace and use the TDR cursors to measure the resistance value, R137,

approximately 4 ns (displayed) after the resistor discontinuity.
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Figure 12 is an example of a differential calibration trace.

UNFILTERED
TRACE WITH
DISCONTINUITY
SET AT THIRD
DIVISION

14776-121 © ISO/IEC:2010(E)

CALIBRATION DONE HERE

EXAMPLE
TRACE WITH

100Q CHIP
RESISTOR

40 mp/QIV

100Q LEVEL FROM
TEST FIXTURE

Figure 12 - Differential calibratiof

For R100 and R137 the equation is:

z

_ 100(1,37 ¢ X1 —X2-0,37 e Measured)

corrected —

where

X1 -

X2

X1 is the measured value of 100 Q + 0,1 %

X2 is the measured value of 137 Q + 0,1 %

Optional correction

a) Correction is recommended,when measurements from samples are close to the specification lin

or where either X1 = (100 £2) Q or X2 = (137 £ 2) Q.

b) Uncorrected data may."be used when X1 = (100 + 2) Q and X2 = (137 + 2) Q, and the sam

measurements are not close to the specification limit.

7.2.2.5 Test procedare and data output format

Twisted painand flat planar point-to-point, unshielded round point-to-point and shielded rod
point-to-point'constructions shall use the test procedure defined in this subclause.

Connegtithe DUT to the test fixture and record the TDR trace using the method described below. Figure]

showsthe TDR display setup to use for this measurement. Proceed as follows:

1) set the time scale to 2 ns/div (total time axis span of 20 ns);

hits

ple

nd

13

2) set the vertical scale (mp) to 40 mp/div;
3) with the DUT disconnected turn off any filtering;

4) set the horizontal position such that the discontinuity is on the third division from the left;

5) adjust the vertical position to place the 100 Q reference (cable and fixture to TDR) approximately
at the fifth vertical division from the bottom (centered);

6) set the rise time filter to achieve 1 ns STD (rise time), see 6.4;

7) attach the DUT to the fixture;
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8) setthe TDR cursors to measure Q. Set the cursors on the trace as it crosses the 5th and 6th time
divisions as shown in figure 13. Some instruments may not measure Q between the cursors, but
instead measure mp, which is converted to Q using the following equation for a 100 Q system

Ohms = 100(1—:’5)

(1000 mp =1 p);
9) setthe TDR to measure minimum and maximum ohms between the cursors set in previous step.

ThESE measurements ignore The small error factor caused ij 0SSES In the cable which varies with gatjige

size. This error increases the measured impedance slightly.

UNF ILTERED
TRACE WITH DUT MEASUREMENT
DESCONNECTED |+ -+ v oo TAKEN. TN THIS
SET AT THIRD 5 :
. ; REGION
DIVISION —| : szfi: ....... Sy

EXAMPLE

> TRACE WATH :
O . 1 ns’STD f.........
~~ :
Q_ My N M :
€
A anadaas
o :
<~ : z : : : : : :
_________ o gl S 0ateD AT Sth DIV.
_________________________________ ans Ny |
................................. 6ns
; LOCATED AT 6th DIV.
100Q LEVEL FROM : '
TEST FIXTURE
2ns/DIV

Rigure 13 - Cursor placement for bulk cable

7.2.2.6 Acceptable values for point-to-point bulk cable
Impedance shall‘be between 110 Q and 135 Q inclusive.

7.2.3 Multi-dfop bulk cable

7.2:3.2~Sample preparation for multi-drop bulk cable

a-chall ca-camunlae-nranaration-matha
SCSartprepreparatnorT THetiot

Aol deon oo cte ot o
o CTropP- oSt oattors—Stam o

7.2.3.2 Test fixtures for multi-drop bulk cable

All multi-drop constructions shall use the test fixture FIX_Bulk 1 defined in 6.2.3.

7.2.3.3 Measurement equipment and setup for multi-drop bulk cable

All multi-drop constructions shall use the measurement equipment and setup SET_Bulk_1 defined in 6.3.2.
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7.2.3.4 Calibration and verification procedure for multi-drop bulk cable

Same as 7.2.2.4.

7.2.3.5 Test procedure and data output format for multi-drop bulk cable

Multi-drop constructions shall use the procedure defined in this subclause.

Connect the DUT to the test fixture and record the TDR trace using the method described below.
Figure 14 shows the TDR display setup to use for this measurement. Proceed as follows:

1) setthe time scale to 2 ns/div (total time axis span of 20 ns),

2) set the vertical scale (mp) to 40 mp/div,

3) with the DUT disconnected turn off any filtering,

4) set the horizontal position such that the discontinuity is on the third division from the left;

5) adjust the vertical position to place the 100 Q reference (cable and fixture to TDR) approximatgly
at the fifth vertical division from the bottom (centered),

6) set the rise time filter to achieve 1 ns STD (rise time), see 6.4

7) attach the DUT to the fixture,

8) setthe TDR cursors to measure ohms. Set the cursors on the trace as it crosses the 5th and 8th
time divisions as shown in Figure 14. Some instruments may not measure Q between the cursoys,
but instead measure mp, which is converted to Q using the following/eguation for a 100 Q systgm

Ohms = 100@—:’5)

(1000 mp =1 p);
9) setthe TDR to measure minimum, mean and maximufm\ohms between the cursors set in previqus
step.

These measurements ignore the small error factor caused by losses in the cable which varies with galige
size. This error increases the measured impedance slightly.

2@5.?mp
UNFILTERED

TRACE WITH OUT ' ' '
DISCONNEGTED  __p g ]|
SET AT THIRD : 5 5
DIVISION b /i

I EXAMPLE

MULT I-DROP
ABme | TRACE WITH : : : : :
“div|.1 NS STD vt

trig' 4ns
T ............. 5”’1 DIVIS]ON .................................................
10ns : :
............. .< : : : JUPURRIOE SR
8" DIVESION
—195me : : : : : :
53.4ns Zns<diuv 73.39s

Figure 14 - Cursor placement for constant interval multi-drop cable
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7.2.3.6 Acceptable values for multi-drop bulk cable

Acceptable values for multi-drop bulk cable shall be between 110 Q and 135 Q.

7.2.4 Unpopulated printed circuit board (PCB)

Use the same procedures, equipment and acceptable values defined for multidrop bulk cable with
appropriate modifications for the PCB structure being used.

QAN L£L
-9 T

CICIItEa: plupagatiun tiIIIC O.IICJI plupagatiun t;IIIC D:’\UVV
7.3.1 Overview

Requirements for measuring differential propagation time for all bulk cable constructions are.contained in
7.3.

7.3.2 Point-to-point bulk cable

7.3.2.1 Sample preparation for point-to-point bulk cable

All point-to-point constructions shall use sample preparation method SP~Bulk_PP10 described in 6.1.3|2.

7.3.2.2 Test fixtures for point-to-point bulk cable

All point-to-point constructions shall use two test fixtures FIXS Bulk_1 described in 6.2.3.
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7.3.2.3 Measurement equipment and setup for point-to-point bulk cable

All point-to-point constructions shall use the measurement equipment and setup SET_Bulk_2 described in
6.3.3.

7.3.2.4 Calibration and verification procedure for point-to-point bulk cable

A wide variety of time domain reflectometers exist, having different programming procedures. The
following procedure outlines the steps necessary to de-skew the signal source.

1) Set instrument to differential TDR mode. Two traces are displayed, one going positive, the other
going negative.

2) With the test fixture attached by coax to the TDR outputs (with no DUT attached), adjust the
time-base until the rising edge and the falling edge are approximately as shown in figure [L5.
(200 ps/div recommended).

3) Define a trace that is Positive_pulse + Negative pulse. Because the two pulses. are equal
amplitude but opposite polarity, the resultant display is flat, except for the region whete the edges
are skewed, see Figure 15.

2.6837s : 2.832p

CHANNEL 1
FASTER RISING EDGE CHANNEL \}

RISING EDGE
I F e e
S “PULSE” ABSENT

] 'A'/'“PULSE” C:AUSED BY SKEW e |

/ AFTER DE-SKEW
(CH1) + (CH2) SHOULD = 0 T YN

(CH1) + (CH2) DESKEWED

T . T ]

CHANNEL 2

SLOWER FALLING EDGE CHANNEL 2

FALLING EDGE

47 Bns 2BBsd1u 453 8ns PE 0Teerdin 43,8

Figure 15 - TDR launch de-skew

4) Adjust the delay between‘Rositive_pulse and Negative_pulse so that the calculated trace is as|flat
as possible in the risettime / fall-time region.
5) Use solder, clamps ar extremely short cable to attach the two fixtures together so that pulse gpes
directly from the(source fixture to the load fixture. The coaxes going from Setup 6 lower fixtur¢ to
the measurement instrument shall be extremely well matched for delay.
6) Define two“ttaces for the load inputs of the system: Channel 3 and Channel 4. Measure the
propagation delay (at 50 %) between Channels 3 and 4. This should be less than 10 ps. This is the
built-in\measurement system skew. If measured skew is much above 10 ps, then the lower fixture
has>built-in delay mismatch or the lower coaxes are mismatched.

Do not.disturb fixtures from step 6. The calibration and verification procedure is complete.

73.2.5 Test procedure and data output format for point-to-point bulk cable

Proceed as follows.

1) Adjust the display to look approximately as shown at the left in figure 16. Recommend 5 ns/div and
high resolution horizontal acquisition. The two waveforms are the test system responses of
Channels 3 and 4, with a “zero-length” sample.

2) Remove the connection between the two fixtures.


https://standardsiso.com/api/?name=c63146a9b6e3648b49b989a369a1b801

14776-121 © ISO/IEC:2010(E) -55-

3) Attach the sample to each fixture. The display should look approximately like the right in figure 16.
It may be necessary to slightly reposition Channels 3 and 4 vertically.
4) Use the instrument’s built-in software to measure the delay between each set of displays at the
50 % points. Record the results.
Delay 3: Channel 3 “Zero Length” to Channel 3 with sample
Delay 4: Channel 4 “Zero Length” to Channel 4 with sample

Calculate the following for each pair:

_ Delay3 + Delay4

TImePropagation - 2
18 18,
B - RO e e
CHANNEL 3 RESPONSE, f' )
“ZERO LENGTH™ SAMPLE é' ) 5
< ps/~“CHANNEL
I l f DELAY
2a8me 248mp '
- sl
. —2) .::!\CHANNEL 3,
I TPM || WITH SAMPLE
mott \
S v CHANNEL 3 RESPONSE,
T N “ZERO LENGTH” SAMPLE
CHANNEL 4 RESPONSE, |
“ZERO LENGTH” SAMPLE L\
R U VL

2.298s 4 2.298p
43, 48ns Snediv 93,48Gs 43.48ns Sns-div 93.48ns
Figure 16=Propagation time measurement

Propagation time measurement may-also be performed using differential traces.

7.3.2.6 Acceptable values-for point-to-point bulk cable

Propagation time shall-be between 0 ns and 135 ns for a 25 m sample. The absolute value of the
propagation time skew-shall be between (0 and 2,0) s for a 25 m sample.

7.3.3 Multi-drapybulk cable

7.3.3.1 Sample preparation for multi-drop bulk cable

All multi-drop constructions shall use sample preparation method SP_Bulk_MD3 described in 6.1.4.1.

7.3.3.2 Test fixtures for multi-drop bulk cable

All multi-drop constructions shall use two test fixtures FIX_Bulk_1 described in 6.2.3.

7.3.3.3 Measurement equipment and setup for multi-drop bulk cable

All multi-drop constructions shall use the measurement equipment and setup SET_Bulk_2 described in
6.3.3.
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7.3.3.4 Calibration and verification procedure for multi-drop bulk cable

Same as 7.3.2.4.

7.3.3.5 Test procedure and data output format for multi-drop bulk cable

Same as 7.3.2.5.

7.3.3.6 Acceptable values for multi-drop bulk cable

time skew between any two signal pairs is 0,35 ns. For sample lengths that are within 20 % of 3\n
allowed values are scaled with length.

7.3.4 Unpopulated PCB

All unpopulated PCBs shall use the same methods and performance requirements described for multid
bulk cable with appropriate modifications for the test fixtures to accommodate the PCB electrical acc
points.

7.4 Differential capacitance by calculation

7.4.1 Overview

Differential capacitance is specified either by using a calculation methodology based on the differen
local impedance and differential propagation time or by using*a direct measurement in the freque

methodology.
7.4.2 Differential capacitance by calculation for allzconstructions of bulk cable

For all constructions of bulk cable the differentialicapacitance is calculated by the following method.

Use the local differential impedance measured in 7.2, Zg, and the differential propagation time measure
7.3.

Calculate the propagation time in seconds per meter, Ty,

Use the following equation to ¢alculate capacitance in Farads per meter.

T(s/m
0

C(FIm) =

7.4.3 Acceptable differential capacitance values for all constructions of bulk cable

Acceptable values are (26 to 46) pF/m.

propagauon time for any signal pair is 16,2 ns The maX|mum absolute vaIue of pair to pair propaga'

rop
BSS

tial
hcy

domain. The material in the remainder of this clause describes the requirements for the calculatjon

] in
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7.5 Differential capacitance by frequency domain measurement

7.5.1 Point-to-point bulk cable

7.5.1.1 Sample preparation for point-to-point bulk cable

Point-to-point bulk cables uses sample preparation SP_Bulk_PP3 described in 6.1.3.1.

7.5.1.2 Test fixtures for point-to-point bulk cable

The text fixture (Agilent 16047B or equivalent) is imbedded in the measurement equipment desecribed in

7.5.1.3.

7.5.1.3 Measurement equipment and setup for point-to-point bulk cable

An Agilent 4192x or equivalent impedance analyzer is used in SET_Bulk_3 described in 6.3.4.

7.5.1.4 Calibration and verification procedure for point-to-point bulk-cable

Connect test fixture Agilent 16047 to test equipment (Agilent 4192A), leave measurement terminals op|
Proceed as follows.

1) Set ‘Display’ A to C using the arrows

2) Set ‘Circuit Mode' to ‘Parallel’

3) Set ‘Spot freq’ to desired measurement frequency;(for example: 2 MHz)
4) Set'ZY Range’to ‘Auto’

5) Select ‘Open’

7.5.1.5 Test procedure and data output format for point-to-point bulk cable

Designate one conductor of the pair asiconductor 1, the other as conductor 2, and the shield as condud
3. All other conductors are left floating-on both ends. Proceed as follows.

1) Connect conductor 1 to the low terminal of the test fixture. Connect 2 and 3 to the high termina

2) Record capacitance-from display A as measurement Ca

3) Connect conductor-2 to the low terminal of the test fixture. Connect conductors 1 and 3 to the h
terminal

4) Record capacitance from display A as measurement Ch

5) Connecticanductors 1 and 2 to the low terminal of the test fixture. Connect conductor 3 to the h
terminal

6) Recofd capacitance from display A as measurement Cc

7) Calculate the differential capacitance as follows:
€={2 (Ca+Ch)-Cc}/{4*L} where L = cable length

tor

gh

gh

75,2 Multi-drop bulk cable

Multidrop bulk cable shall use the time domain calculation method described in 7.4.2.

7.5.3 Unpopulated PCB

Unpopulated PCBs shall use the time domain calculation method described in 7.4.2.

7.5.4 Acceptable differential capacitance values for all constructions of bulk cable

Acceptable values are (26 to 46) pF/m at 100 kHz and 1 MHz.
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7.6 Differential insertion loss

7.6.1 Overview

Differential insertion loss, S21, is a measurement of the loss of sinusoidal signal amplitude across a
specified spectrum that is caused by the DUT. Insertion loss is the difference between the test setup losses

with no DUT and the losses in the test setup with the DUT present.

Level 1 differential insertion loss requirements apply only to point-to-point bulk cable constructions. There
are no level 1 requirements for insertion loss on multi-drop bulk cable. Material in 7.6 relating to multi-drop
insertion loss is level 2. Details for insertion loss measurements on multi-drop structures (bulk cable and

unpopulated PCBs), recommended sample preparation, test setup, fixture, calibration and measurem

ent

pracedure are pravided for reference in this subclause

Methods that do not require the use of baluns may be acceptable if equivalence exists to the balun-ba
methods described in this document.

7.6.2 Point-to-point bulk cable

7.6.2.1 Sample preparation for point-to-point bulk cable

Point-to-point bulk cables uses sample preparation SP_Bulk_PP25 described in 6.1.3.3.

7.6.2.2 Test fixtures for point-to-point bulk cable

Point-to-point bulk cable uses two test fixtures FIX_Bulk_2 describedhin 6.2.4.

7.6.2.3 Measurement equipment and setup for point-to-point bulk cable

Point-to-point bulk cables uses setup SET_Bulk_4 described in 6.3.5.

7.6.2.4 Calibration, verification and measurement procedure for point-to-point bulk cable

Calibration is achieved by measuring the.system and fixture response, with two fixtures connected
shown in figure 17. This measured systemtesponse shall be saved and later removed from the data ta
after the sample is inserted.

There are many different models of-hetwork analyzers whose instrument settings are varied. However,
basic steps are the same frommodel to model. These steps are listed below.

=
i

> <

sed

as
en

the

Figure 17 - Calibration configuration

1) Set start frequency to 10 MHz.
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2) Set stop frequency to 650 MHz or higher.

3) Set horizontal frequency scale to linear where possible.

4) Set number of points to > 400 where possible.

5) Set IF bandwidth <= 100 Hz.

6) Setto measure S21 (insertion loss), Log magnitude.

7) Recommended initial vertical settings: O dB at top of screen, 10 dB per division.
8) Connect to test fixtures as shown in figure 17.

9) Record the system response with just test fixtures. This response is usually stored in the network
analyzer (by placing into memory). If the network analyzer cannot store the system response, the

response Is recorded to a computer for subsequent processing.

10) Detach the two fixtures.

11) Reposition the two fixtures to be at least 50 mm apart during the measurement. Thissminimi
fixture-to-fixture cross talk.

12) Attach the sample between the two fixtures.

13) Record S21.

14) a) For network analyzers that are able to store the fixture response in memaory, set the display
show {S21 divided by memory}.
b) For network analyzers that cannot store the fixture response in memory, subtract the retrie
stored fixture data from the retrieved sample data. (Subtracting dB js'the same as dividing ling
The network analyzer performs the division and then converts to dB:)

15) Record the result as dB versus linear (where possible) frequeney.

7.6.2.5 Acceptable values for point-to-point bulk cable

S21 shall be between (0 and -12) dB at 200 MHz for the 25w sample used for the measurement.

7.6.3 Multi-drop bulk cable

7.6.3.1 Overview

Bulk cable measured without terminatians or loads produces results that are of questionable val
Therefore, insertion loss measurements on multi-drop cables are level 2.

Multi-drop cables contain periodi¢g-sttuctures that cause strong resonances at frequencies determined
the intervals between the twist sections and the flat sections. Harmonic and sub-harmonic resonan
exists.

The insertion loss of short-samples does not scale with insertion loss of long samples. For examplé

res

to

ed
bar.

Lie.

by
Les

, a

typical multi-drop cable sub-assembly might have a total of four flats on 0,25 m center spacing. From ¢nd

to end this sample has/three (3) repetitive structures and exhibits slight resonances at the appropri
frequencies.

A 25 m samplé.of the same cable has 99 repetitive structures and exhibits very strong resonances that
very misleading relative to the performance of the shorter sample.

7.6,3:2:Sample preparation for multi-drop bulk cable

pte

Are

Multi-drop bulk cable sample preparation SP_Bulk MD3 is described in 6.1.4.1., except that

he

recommended sample Iength is the maximum ‘required in the specific application instead of 3 m
specified for SP_Bulk_MD3.

as

Measurement results from short samples have unavoidable fixture effects and mismatch effects that are

normally hidden in long samples.

7.6.3.3 Test fixtures for multi-drop bulk cable

Multi-drop bulk cables use test fixture FIX_Bulk 2 described in 6.2.4.
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7.6.3.4 Measurement equipment and setup for multi-drop bulk cable

Multi-drop bulk cables use setup SET_Bulk_4 described in 6.3.5.

7.6.3.5 Calibration, verification and measurement procedure for multi-drop bulk cable

Refer to 7.6.2.4 above.

7.6.3.6 Acceptable values for multi-drop bulk cable

Since this is a level 2 measurement no acceptable values are specified
7.6.4 Unpopulated PCB

Insertion loss for unpopulated PCB is treated in the same way as multidrop bulk cable. This\s a level 2

measurement.
7.7 Near end cross talk (NEXT)

7.7.1 Overview

NEXT is a measure of the signal caused by the driven pair that is coupled,into undriven pairs at the ¢nd
nearest the driver on the driven pair.

Level 1 requirements apply only to the REQ and ACK signals for paint-to-point constructions. Other sigrjals
may be measured as level 2 using the methods defined herein.

There are no level 1 requirements for multi-drop NEXT. Materidl in 7.7 relating to multi-drop NEXT is lgvel
2. However, details for NEXT measurements on multi-drog:structures (bulk cable and unpopulated PCHBSs),
recommended sample preparation, test setup, fixture, calibration and measurement procedure gre
provided for reference in this subclause. This measurement was selected for inclusion in this standprd
because this measurement is frequently done in‘practice and commonality of execution is in the best
interest of the industry.

This test is limited to the single applied pulse\method. The pair with the applied pulse is the aggressor pair
and the pair with the induced noise is_the victim pair. In this method pulses with known differenial
amplitude, 1 ns STD signal are applied te one pair at a time in the DUT, and the signal induced on the
victim pair is measured.

The sum of the noise produced by-all high speed signal pairs (DATA, PARITY, REQ and/or ACK) on the
single victim pair is the crosstalk: If the victim pair is one of the high speed pairs there are 19 aggressor
pairs. If the victim pair is net'one of the high speed pairs there are 20 aggressor pairs. (If the REQ is the
victim pair then the ACK pairis included as an aggressor pair. If ACK is the victim pair then the REQ palr is
included as an aggressor-pair.)

All 26 signals listed itvtable 2 as applicable to PIP are victim pairs.

Single pulse tésts (which eliminate the effects of resonance) are deterministic in the causes of the indu¢ed
noise (due todhe mapping of the time and space as in the TDR tests) and produce the worst case results.

The aggressor pulses are of the same type used for the impedance test: start with single ended signal$: +
signal,typically at 250 mV and the - signal typically at 250 mV of opposite polarity. The differential incident
pulse'is therefore typically 500 mV [250 mV - (-250 mV)].

considered. Th|s is the natural excitation that was initially conS|dered Extenswe testmg has shown that
resonance conditions and effects of test fixtures may severely distort the measured results when using real
data patterns. Sometimes these effects improve the crosstalk performance and other times they
exacerbate it. It is very difficult to diagnose the intensity and cause of resonance and fixture effects when
using a real data pattern. The single pulse eliminates these effects and gives a worst case result that may
be attributed to as much of the system as required. For example, if connector termination techniques are
causing the crosstalk then that may be revealed by examining the time points associated with the
termination points.
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The value of the recorded disturbance in the victim line from a single aggressor is the differential peak
value of the induced noise at a time position within the DUT excluding the test fixture region. The effect of
multiple aggressors is treated differently for point-to-point versus multi-drop constructions.

The peak measurement (not peak-to-peak) is the important parameter because receivers measure the
differential signal relative to a differential zero position. Even if the intensity of the crosstalk signal is
greater with a peak-to-peak measurement the receiver is only affected by that portion that deviates from
the zero differential level (i.e., the peak level).

Since crosstalk is a linear function of amplitude, it is not required that the actual aggressor signal be the
maximum differential amplitude, A scaling technique is used to compensate for equipment that is not

capable of launching 500 mV amplitude signals.
Each of the DATA, PARITY, REQ and ACK pairs is treated as an aggressor for bulk cable. No other’sigrjals
are treated as aggressors for this measurement. Each of the DATA, PARITY, REQ or ACK pairs’shalll be
separately excited unless the pair is the pair under test (the victim pair).

Each of the DATA, PARITY, REQ or ACK pairs shall be treated as a victim line. There are\19 aggressors in
this case.

For C/D, I/0, MSG, ATN, BSY, SEL, as victims all 20 high speed signals act as aggréessors (DATA, PARI[TY,
REQ and ACK pairs).

The induced absolute peak noise (deviation from zero differential) on the\viCtim pair measured at a time
position not associated with the test fixture shall be recorded as the\.crosstalk contribution from that
aggressor signal. The results from each aggressor signal are added’'to yield the total crosstalk. The
method of addition is diffferent for point-to-point versus multidrop.

7.7.2 Point-to-point bulk cable

7.7.2.1 Sample preparation for point-to-point bulk cable

Point-to-point bulk cable uses sample preparation SP_Bulk_PP10 in 6.1.3.2.

7.7.2.2 Test fixtures for point-to-point bulk‘cable

Point-to-point bulk cable uses two test fixtures FIX_Bulk 3 in 6.2.5. An acceptable alternate is Fix_Bulk 1
in 6.2.3.

7.7.2.3 Measurement equipment and setup for point-to-point bulk cable

Point-to-point bulk cable setup uses SET_Bulk 5 in 6.3.6. The length and properties of the 50 Q coaxes
connecting the aggressor signal and the victim measurement instrument to the test fixture should be the
same length. Absorbtive (not reflecting) hardware filters are preferred to produce the rise time requifed
although software-filtering is allowed.

If using hardware filters, place one filter in each S1 channel on the instrument side, see 6.3.6 for locatiof of
S1.

7.7.2.4 Calibration and verification procedure for point-to-point bulk cable

The STD calibration is done using the same method as for the TDR tests in 6.4. If using hardware filters
the filters shall be selected to deliver the required STD during the measurement. This may require
specifying hardware filters that allow for some loss of high frequency content in the test setup. The same
STD is used for both aggressor and victim displays.

Reference times are determined as shown in figure 18.
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POSITION OF “A" SET HERE AGGRESSOR SIGNAL
AT END OF TRANSITION DUT ATTACHED
\ (DUT OPEN AT END
&
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AT START OF TRANSITION
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31.1ns Snssdiuv 81.1ng

Figure 18 - Near end cross talk measurement region

Vertical line "A" is defined by using only a test fixture with ar’open circuit load (no DUT attached). Vert
line "A" represents the end of the test fixture and the beginning of the bulk cable.

Crosstalk in the region to the left of vertical line "A" is@ominated by fixture cross talk (or in an interconn
assembly by connector and connector attachment:crosstalk).

Vertical line "B" is defined by connecting a DUT to the test fixture with an open circuit on the end of
DUT. Vertical line "B" represents the end of the DUT.

Crosstalk in the region to the right of vertical line "B" is dominated by multiple reflections bouncing betwg
the open circuit impedance and the fixture impedance.

Crosstalk in the region between veértical lines "A" and "B" is dominated by the bulk cable.

Recommended details: Aggressor signal scale, 250 mV/div. Victim signal scale, 50 mV/div. Use averag
for capturing cross talk waveform on victim pair.
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7.7.2.5 Test procedure and data output format for point-to-point bulk cable

Using the conditions specified in 7.7.2.4 and referring to figure 18:.

258mY

v -

4
25EmY
cdiv / MEASURE AGGRESSOR VOLTAGE

MEASURE VICTIM VOLTAGE

BASELINE FOR trighd
VICTIM VOLTAGE _ _ - - 2L _ _
MEASUREMENT
0VOLTS
AGGRESSOR PULSE HAS NOT BEGUN#THIS
_5 pd,  LOCATION IS ZERO VOLTS BY DEFIN/RION
él.lns Snsodiw B8l.1lns

Figure 19 - Measure aggressor veltage and victim voltage

1) Measure the aggressor voltage, using cursorsyas shown in figure 19.
2) Record ("store") separately the waveform™on the victim line in the time interval between "A" &and
"B" for each of the 19 or 20 aggressor sighals (see 7.7.1).
3) Measure the victim voltage, using cursors, as shown above in figure 19. The victim voltage is the
mathematical difference between the baseline voltage and the absolute value of the pgak
crosstalk within the region specified by figure 18.
4) The crosstalk voltage for the-Victim pair is the sum of all the absolute voltages recorded in the
previous step for all aggressors.

Crosstalk percent is calculated as follows:

%NEXT = [(crosstalk voltage) / (peak-to-peak differential aggressor voltage)] x 100 %

7.7.2.6 Acceptablevalues for point-to-point bulk cable

The maximutrievel of NEXT is 3 % for either the REQ or ACK signals as the victim line.

7.7.3 Multi-drop bulk cable

Multi-drop cables contain deliberate discontinuities that increase cross talk compared to point-to-point Qulk
cable.

Bulk cable measured without terminations or loads produces results that are of questionable value.
Therefore, NEXT measurements on multi-drop cables are level 2.

7.7.3.1 Sample preparation for multi-drop bulk cable

Multi-drop bulk cable sample preparation SP_Bulk_MD3 is described in 6.1.4.1, except that the
recommended sample length is the maximum required in the specific application instead of 3 m as
specified for SP_Bulk_MD3.
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All pairs shall be open at the far end of the sample under test and all pairs except the aggressor and victim
shall be open at the near end.

7.7.3.2 Test fixtures for multi-drop bulk cable

Multi-drop bulk cable uses test fixture Fix_Bulk 1 in 6.2.3. An acceptable alternate is FIX_Bulk_3in 6.2.5.

7.7.3.3 Measurement equipment and setup for multi-drop bulk cable

Multi-drop bulk cable setup uses SET_Bulk 5 in 6.3.6.

7.7.3.4 Calibration and verification procedure for multi-drop bulk cable

See 7.7.2.4.

7.7.3.5 Test procedure and data output format for multi-drop bulk cable

Using the conditions specified in 7.7.2.4 and referring to figure 18:

a) Measure the aggressor voltage, using cursors, as shown below in figure’20.

Z258mY

v : _

L :
258my
sdiv f MEASURE AGGRESSOR VOLTAGE

MEASURE VICTIM VOLTAGE

BASELINE FOR trigd
VICTIM VOLTAGE _ _ - - L
MEASUREMENT
0 VOLTS
AGGRESSOR PULSE HAS NOT BEGUN, THIS
> ooy LOCATION IS ZERO VOLTS BY DEFINITION
31 1ns Snsodiwv 81.1ns

Figure 20 - Measure aggressor voltage and victim voltage

b) Recerd ("store") separately the waveform on the victim line in the time interval between "A" and
'B” for each of the 19 or 20 aggressor signals (see 4.16). Most modern oscilloscopes permit
storage of waveforms for later use.

¢) Using the oscilloscope math functions, define a new trace, SUM, that is the sum of all 19 or|20
stored victim waveforms.

d) Measure the victim voltage, using cursors, as shown above in figure 20. The voltage is the mathe-
matical difference between the baseline voltage and the peak cross talk within the region specified
in figure 18. (The baseline voltage will not measure zero. Measurement instruments have "offset",
they indicate some small voltage when the input is actually zero volts. The example described
below adds 19 separate cross talk measurements, which multiplies the small offset voltage by 19).

e) The reported cross talk for the victim pair is the peak of the SUM waveform.
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Crosstalk percent is calculated as follows:

%NEXT = [SUM / (peak-to-peak differential aggressor voltage)] x 100 %

It may be necessary to use fewer than 19 or 20 waveforms at a time. For example, using a Tektronix 11801
with 19 aggressors, the following process may be used:

Stored trace A = stol + sto2 + sto3 + sto4 + sto5 + sto6 + sto7.

Stored trace B = sto8 + sto9 + sto10 + stoll + stol2 + sto13 + stol14.

Storettrace € —=—stot5+stot6+stot7+stot8+sto1o—
SUM (sum of all victim waveforms) = A + B + C.

This scheme is simple addition where the number of constituents in each intermediate waveform is
irrelevant.

The letters A, B and C are numbers assigned by the operator.

7.7.3.6 Acceptable values for multi-drop bulk cable

Since this is a level 2 measurement no acceptable values are specified.

7.7.4 Unpopulated PCB

NEXT for unpopulated PCBs is treated in the same way as/multidrop bulk cable. This is a levgl 2
measurement.
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8 Summary - Interconnect assemblies

Table 8 - Interconnect assembly level 1 test summary

Test parameter Level | Domain Condition Comments

Differential local impedance 1 T STD=1ns TDR - TEK 11801 or equivalent, no
standard loads used

Propagation time 1 T at signal transition midpoint TDT - TEK 11801 or equivalent,
standard loads required

Propagation time 1 T Tomax-Tpmin for all pairs Pair to pair

skew

Differential signal integrity dia- 1 T Specified data pattern activity on Requires meeting differential insgr-

grams (eye and TDW) (differen- neighboring lines provided by a SSDB| tion loss requirements

tial signal degradation within the

pair)

Differential to common mode 1 T Specified data pattern activity on +signal to\- signal common modg

conversion neighboring lines provided by a SSDB| within the, pair (sum of the + and|-
signals)

Table 9 - Interconnect assembly level 2 measurement summary

Test parameter Level Domain Condition Comments
Differential insertion loss | » (diagnostic F S21 - sweep from20"MHz | All signal pairs
for suckouts) through 650 MHz* Network analyzer - Agilent 8753x or equival¢nt
NOTE S21 is a scattering parameters that relates the incidentand transmitted voltage waves in a two-port circuit.
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9 Interconnect assemblies samples, test fixtures and setups

9.1 Interconnect assembly samples and sample preparation

Interconnect assemblies have connectors attached (by definition of interconnect assemblies). These
connectors provide the means for attaching the DUT to test fixtures. No other requirements are specified
for sample preparation for interconnect assemblies.

9 2 Test fixtures for interconnect assemblies

9.2.1 Overview

Test fixtures are the hardware that enables connection of the sample under measurement to

instrumentation.

Test fixtures are required for every measurement specified in this document.

9.2.2 Summary

Table 10 lists the test fixtures for interconnect assemblies.

Table 10 - Test fixtures for interconnect assemblies

Measurement

Construction

Point-to-point samplée
type

Multi-drop sample
type

Differential local imped-
ance, propagation time, and
propagation time skew

Unshielded and
shielded

FIX_ASY_1, (9.2:3)

FIX_ASY_1, (9.2.3)

Differential signal integrity
diagrams (eye and TDW)
and differential to common
mode conversion

Unshielded and
shielded

FIX_ASY>2, (9.2.4) and
FIXZASY_3, (9.2.5)

FIX_ASY_2, (9.2.4)
FIX_ASY_3, (9.2.5), and
an unterminated standard
load, (4.9.3.1)

Differential insertion loss

Unshielded and
shielded

FIX_ASY_4, (9.2.6)

FIX_ASY_4, (9.2.6)

and an unterminated stan-

dard load, (4.9.3.1)

he
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9.2.3 Test fixture (FIX_ASY_1)

Refer to figure 21 for FIX_ASY_1. The test fixture may be constructed of microstrip PCB or stripline PCB.

DELAY CALIBRATION TRACES
DESIGNED TO APPROXIMATE DELAY
THROUGH TWO FIXTURES WITHOUT DUT

® \ ®
® o

ALL TRACES HAVE EQUAL

DELAY (FOR SKEW
VERTICAL OR SMT MEASUREMENT)

.\\‘ /l(.
® _ L @
e— | e

&—_ | [ e

CONNECTORS (SMA OR SMB) PROVIDED FOR
DATA (18 PAIRS), PARITY (2 PAIRS), REQ AND
ACK - ALL OTHER SIGNALS FLOATING

Figure 21 - Test fixture (FIX_ASY_1)

The shields for the connectors on the test fixtufershall be connected directly to the PCB ground plane.
unused connector pins shall be left unterminated (floating).

All
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9.2.4 Test fixture (FIX_ASY_2)

Figure 22 shows test fixture (FIX_ASY_2).

A SPLIT DIFFERENTIAL MICROSTRIP PCB FIXTURE
FOR VERTICAL OR SMT SCSI CONNECTOR

CALIBRATION TRACES VIAS
h\ |
AN
ENABLED — ggz:gg FIXTURE
TERMINATOR O
ON ALL SIGNALS ;’X'/ISEGROUND
CHP  _|
CAPACITOR T
IMPEDANCGE/CONTROLLED
O COPPER\TRACES
(6L OHNS TO GROUND PLANE)
VERTICAL OR SMT
SMB OR SMA SCSI CONNECTOR
CONNECTORS

Figure 22 - Test fixture (FIX_ASY_2)

The shield for the connector on the test fixture shall be.connected directly to the PCB ground plane.
connector ground pins shall be tied to the PCB ground-plane. All connector pins unused by the SSDB s
be terminated to the ground plane using resistaors.of (62 + 5 %) Q (62 Q 1 % chip resistors are rea
available and recommended) and located as close as possible to the connector vias.

All
hall

Hily

An enabled SCSI terminator shall be connécted to all signals. The terminator is enabled and termpwy is

required to be present at the terminator for-the enabled terminator to be operational.

This test fixture shall also serve as-a.standard load with an enabled terminator and shall additionally m

the requirements in 4.9.3.2. It may be possible to modify this design to build a standard load with
enabled terminators as defined in 4.9.3.1.

eet
but
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9.2.5 Test fixture (FIX_ASY_3)

Figure 23 shows the SCSI signal driver board (FIX_ASY_3).

SWITCHED
TERMINATOR

£ SCSI CONNECTOR
O SCSI SIGNAL DRIVER CHIP
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Figure 23 - SCSI signal driver board (FIX_ASY_3) '\b‘
9.2.6 Test fixture (FIX_ASY_4) \\(O

Figure 24 shows test fixture (FIX_ASY_4). \%
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Figure 24 - Test fixture (FIX_ASY_4)
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Figure 25 shows detail for balun board shown in figure 24.

CIRCUIT BOARD - WITH CONTINUOUS GROUND PLANE OVER ENTIRE SURFACE
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N

TP1

RESISTORS
CARBON 5%
1/8BWATT OR
SMALLER

ALL CONNECTIONS SHOWN ARE WIRES - NOT CIRCUITBOARD TRACES
KEEP ALL LEADS VERY SHORT

Figure 25 - Detail for balun board/shown in figure 24

9.3 Interconnect assembly measurement gquipment and setups

9.3.1 Summary

Table 11 shows the interconnect assembly-measurement equipment and setups.

Table 11 - Interconnect@assembly measurement equipment and setups

Measurement

Construction

Point-to-point sample
type

Multi-drop sample type

Differential local impedance

Unshielded and shielded

SET_ASY_1, (9.3.2)

SET_ASY_1, (9.3.2)

Propagation time and“prop-
agation time skew

Unshielded and shielded

SET_ASY_2, (9.3.3)

SET_ASY_2, (9.3.3)

Differential signal’integrity
diagrams_(eye‘and TDW)
and differential to common
modetconversion

Unshielded and shielded

SET_ASY_3, (9.3.4)

SET_ASY_3, (9.3.4)

Differential insertion loss

Unshielded and shielded

SET_ASY_4, (9.3.5)

SET_ASY_4, (9.3.5)



https://standardsiso.com/api/?name=c63146a9b6e3648b49b989a369a1b801

9.3.2 Setup (SET_ASY_1)
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Figure 26 shows interconnect assembly setup 1 (SET_ASY_1).

50 Q coax

3 ns delay

14776-121 © ISO/IEC:2010(E)

Pair under test

TDR

% FIX_ASY_1 [B

N

Coax cables shall have well matched delays
TDR de-skew can be used to removed small delay differences

9.3.3 Setup (SET_ASY_2)

DIFFERENTIAL
PULSE
SOURCE

R

TIME DOMAIN
REFLECTOMETE
(TEK 11801
OR EQUIV.)

DIFFERENTIAL
AMPLIFIER
(LOAD)

I

Figure 26 - Interconnect assembly setup 1 (SET_ASY_1)

Figure 27 shows interconnect assembly setup 2 (SET_ASY_2).

\
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(2) 50 @ COAX HAVING'FAIRLY WELL
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REMOVE SMAEL/ DELAY DIFFERENCES
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MATCHED DELAYS. CANNOT EASILY
BE DE-SKEWED BY CALIBRATION

/

FIX_ASY_z

PAIR UNDER TEST

/
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Figure 27 - Interconnect assembly setup 2 (SET_ASY_2)
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9.3.4 Setup (SET_ASY_3)

Figure 28 shows Interconnect assembly setup 3 (SET_ASY_3).

ONLY ONE SIGNAL
MEASURED AT
A TIME
SIGNAL PATH

UNDER TEST \ SAMPLING
(ALL SIGNALS ACTIVE) OSCHLLOSCORE
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GENERATOR -~ Z INPUT
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- g

SCSI SIGNAL
DRIVER BOARD STANDARD LOAD WITHOR
(SSDB) WITHOUT TERMINATOR'AS
(WITH OR WITHOUT REQUIRED
TERMINATOR AS
REQUIRED)

INTERCONNECT ASSEMBLY
CONNECTORS

STANDARD LOADS MAY BE REQUIRED AT MULTIPLEAROSITIONS (NOT SHOWN)
FOR MULTIDROP ASSEMBLIES -

THESE ADDITIONAL POSITIONS MAY EXIST BEFWEEN THE DRIVER AND RECEIVER
OR EXTEND BEYOND EITHER THE DRIVER OR,RECEIVER

Figure 28 - Interconnect assémbly setup 3 (SET_ASY_3)
9.3.5 Setup (SET_ASY_4)

Figure 29 shows interconnect assembly setup 4 (SET_ASY_4).
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AS PART OF FIX_ASY_4
Subclause 9.2.6

Figure 29 - Interconnect assembly setup 4 (SET_ASY_4)
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9.4 STD calibration

The STD calibration procedure for interconnect assemblies is the same as that described in 6.4 for bulk

cable.

10 Level 1 interconnect assembly tests

10.1 Differential impedance

10.1.1 Overview

THIS requirement Is Necessary 10 ensure that the Interconnect assembly has the basic Impedance.lg
provided by the bulk cable. Requirements relating to reflections in the system are included in the. Sig
integrity diagram tests. The impedance values used for specification compliance are recorded ofly in
bulk cable portion of the interconnect assembly.

If there is no clearly identifiable bulk cable portion in the regions defined in 7.2.2.5 and|7.2.3.5 th
requirements under 10.1 are not applicable.

The impedance in the connector and transition regions may be visible in the measurements, howe
there are no performance requirements specified for the connector and transition’regions. No stand
loads are used for these measurements. The STD used is 1 ns. The connecter and the transition regi
are not expected to determine the interconnect assembly differential impedarnce’/performance with load

10.1.2 Point-to-point interconnect assemblies

10.1.2.1 Test fixtures for point-to-point interconnect assemblies

Test fixtures for point-to-point interconnect assemblies are _defined in 9.2.3.

10.1.2.2 Measurement equipment and setup for paint-to-point interconnect assemblies

Measurement equipment and setup for point-to-point interconnect assemblies are defined in 9.3.2.

10.1.2.3 Calibration and verification procedure for point-to-point interconnect assemblies

Use the same requirements as specified in 7.2.2.4.

10.1.2.4 Test procedure andidata output format for point-to-point interconnect assemblies

Use the same requirements as specified in 7.2.2.5. In the case of assemblies, where the time scale ca
out for measurement-exceeds the length of the cable assembly be sure to readjust the right curso
accommodate the short assembly.

10.1.3 Multi<drop interconnect assemblies

Use thessame requirements as specified in 10.1.2 in its entirety.

1021.3.1 Test fixtures for multi-drop interconnect assemblies
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the

en

er,
ard
NS

D.

led
to

Test fixtures for multi-drop interconnect assemblies are defined in 9.2.3.

10.1.3.2 Measurement equipment and setup for multi-drop interconnect assemblies

Measurement equipment for multi-drop interconnect assemblies are defined in 9.3.2.
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10.1.3.3 Calibration and verification procedure for multi-drop interconnect assemblies

Use the same requirements as specified in 7.2.2.4.

10.1.3.4 Test procedure and data output format for multi-drop interconnect assemblies

Use the same requirements as specified in 7.2.3.5.

10.1.4 Connectorized backplanes

Use the same procedures and equipment defined for multi-drop interconnect assemblies with appropri
modifications for the PCB structure being used.

10.1.5 Acceptable values for all constructions of interconnect assemblies

Acceptable values for multi-drop interconnect assemblies shall be between 110 Q and 135 Q.
10.2 Differential propagation time and propagation time skew

10.2.1 Overview

This test measures the differential signal propagation time and pair to pair skew. This test is performed
interconnect assemblies that are terminated with connectors consistent with SCSI signal assignme]
specified in SPI-x. Propagation time skew is the difference between the propagation time between two
connectors of any two signals in the interconnect assemblyvhen the signal is driven from the same
for both signals. Multidrop interconnect assemblies have all¢he loads in place when the measuremen
done.

Propagation time skew requirements apply only t@Zinitiator/target port combinations. The maxim
propagation time skew for any specific combination.ef ports is the maximum difference in propagation ti
between any two signals. The maximum propagation time skew for the interconnect assembly is
largest port-to-port skew found for any pair of ports that act as initiator/target pairs.

10.2.2 Point-to-point interconnect assemblies

10.2.2.1 Test fixtures for point-te-point interconnect assemblies

This test requires the test fixture defined in 9.2.3.

10.2.2.2 Measurement/equipment and setup for point-to-point interconnect assemblies

This test requires<the measurement equipment and setup defined in 9.3.3.

10.2.2.3¢Calibration and verification procedure for point-to-point interconnect assemblies

Use the same requirements as specified in 7.3.2.4.

ate

on
nts
ort
ort
tis

m
me
the

10.2.2.4 Test procedure and data output format for point-to-point interconnect assemblies

Use the same requirements as specified in 7.3.2.5.

10.2.3 Multi-drop interconnect assemblies

Use the same requirements as specified in 10.2.2 except that standard loads appropriate for the connector
function shall be in place for all connectors that are not used as the driver or receiver for the measurement.
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10.2.4 Connectorized backplanes

Connectorized backplanes are treated as a multidrop interconnect assembly for propagation time
measurements.

Due to the small size of backplanes the propagation time is likely to be significantly smaller than for cable

based interconnect assemblies. The propagation time skew, however, may be significantly larger in a
backplane than in a similar length cable based interconnect assembly.

10.2.5 Acceptable values for all constructions of interconnect assemblies

The propagation time from initiator connector to target connector shall not exceed 160 ns. The propagation
time skew from initiator connector to target connector shall not exceed 2.5 ns.

10.3 Signal integrity diagrams

10.3.1 Overview

Signal integrity diagrams are used to determine the quality of the signal delivered to, the receiver at the
device connector. Two methods are used: eye diagrams and time domain waveforms, (TDW).

An eye diagram is an amplitude/time representation of a series of signals displayed on a common scale|for
each bit time. A single bit time is used for the display. The eye diagram is used’to determine the extreme
timing and amplitude populations in the signal in the presence of cross talk'ahd complex data patterns.

The timing reference for measuring eye diagrams shall be derived from-the same timing reference used to
generate the driver signals and shall remain the same during the entiré data acquisition process for any
signals measured. The position of the eye mask that determinges compliance shall be set using fhe
methods described in SPI-5.

Requirements based on signal integrity diagram measuréments shall be met at the nominal data rate,
10 % above the nominal data rate and 10 % below the naminal data rate to account for effects not present
in the specific measurement condition such as resonant conditions, small length differences and lgad
variations.

Differential to common mode conversion measurements (see 10.4) are also made using the meth¢ds
described for eye diagrams with only a changeZin the signal recording scheme.

A TDW is a time domain display of the entire waveform for the repeating data pattern. Detailed structure is
visible from individual transitions with this methodology. It is used to determine if the required signal
amplitudes and transition rates spegified in SPI-3, SPI-4 and SPI-5 are met.

The TDW is acquired from a measurement that uses a repeating data pattern having the properties
described in SPI-5 and a sampling oscilloscope set to trigger off a timing reference that is derived from the
same timing reference (clock)-used to generate the driver signals. The position of the TDW masks shall be
set using the methods described in SPI-5.

In order to include the-effects of precompensation, driver slew rate and cross talk the driver used for the
signal integrity diagram tests shall meet the SCSI driver requirements and shall excite all signal lines ih a
manner that emulates a SCSI data phase transmission from an active SCSI port. The received signaljon
any signal line\is compared to the requirements at the receiver stated in SPI-x to determine complianice.
Signal integtity diagrams are not intended for determining compliance to signal to signal skew
requirements.

Onlyifar end cross talk is included in the received signal. Near end cross talk in a compliant SCSI
interconnect in the REQ or ACK signal is small because the REQ and ACK signals are physically
separated from the data signals.

Far end cross talk is produced by drivers located in the same chip with the result that all signals are driven
with approximately the same amplitude. It is further assumed that all signals are substantially in phase at
the SCSI signal driver board launch point. This allows an accurate scaling for cross talk without requiring a
separate cross talk aggressor source. It is recognized that pair-to-pair skew during transmission may affect
the far end cross talk but this skew is caused by the interconnect and is accurately included in the
measured sighal as part of the interconnect performance.
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A significant practical consideration is procurement of a SCSI signal driver board that meets the
requirements defined in Annex C. If a dedicated SSDB is not available then an active SCSI port, for
example a commercial host bus adapter, may be used in place of the SSDB and the requirements at the
receiver shall be scaled to account for the driven signal being better than allowed by the worst case
specification. For example, if the host bus adapter delivers 1 000 mV peak-to-peak but the worst case
driver is allowed to deliver 500 mV peak-to-peak then the requirements for the received signal are all
doubled for amplitude properties.

Data patterns specified for interconnect assembly performance are the serial data patterns that exist on
the signal line under test. The serial data pattern on a single signal line bears little relationship to the
pavload data transferred between SCSI ports in the data phase since the latter is constructed from bytes

existing across all data bit lines at the same time. See figure 30.

THE SERIAL DATA PATTERNS DEFINED FOR TESTING OF
INTERCONNECT ASSEMBLIES EXIST ON A SINGLE SIGNAL
- THE WORST CASE EFFECT OF CROSS TALK REQUIRES
SPECIFIC, SYNCHRONIZED SERIAL DATA PATTERNS ON
SIGNALS NEAR THE SIGNAL UNDER TEST

EXAMPLE SERIAL DATA PATTERNS .
L]
001110001010...... ADJACENT AGGRESSOR SIGNAL
001110001010...... SIGNAL UNDER TEST
* 110001110101...... ADIACENT AGGRESSOR SIGNAL

THE PARALLEL DATA PATTERN DEFINED
BY THE DATA PHASE PAYLOAD IS
CONTAINED IN 2 BYTES WHOSE BITS ARE
MAPPED TO THE 16 INDIVIDUAL DATA BIT
SIGNAL LINES AS DEFINED IN SPI-x

o0

DRIVER END -~SIGNAL PATH UNDER TEST -- RECEIVER END

Figure 30 - Distinction-etween parallel and serial data in the same signal path

If a host bus adapter is used_as, the driver for interconnect assembly measurements the serial data pattern
requirements for the signatunder test and the neighboring aggressor signals shall be constructed from
data phase payload data patterns. The data phase payload patterns shall produce the serial data pattern
required by ordering the sequence of bytes such that the bit position in the byte sequence is transmitted on
the required signal line.and has the required serial data pattern for the signal line. Since a 2-byte pardllel
transfer is used, every other byte in the data phase payload contains the required bit position for the same
signal.

When using 'SCSI devices as the driver, only the bits in the data phase shall be examined. This may|be
accomplished by gating the instrumentation by a logic analyzer programmed to detect data phases.

The cross talk performance is a result of the sum of all aggressor signals on the signal under test. PIP
recognizes that the primary effect of cross talk comes from the signals that are physically adjacent in the
connector to the signal under test and places the most stringent requirements on the adjacent signals. The

physically adjacent signals are termed aggressor signal "/A" and aggressor signal "B In this document.
Only data bits, clock and parity signals are considered valid aggressor signals.

The polarity of the cross talk comes from the sense of the signal transition (i.e., 0 to 1 or 1 to 0) on the
aggressor line and on the type of coupling between the aggressor signal and the signal line under test that
causes the cross talk. If the aggressor signal has a 0 to 1 or a 1 to O transition when the signal under test
also has a 0to 1 or a 1 to O transition respectively, the aggressor signal and the signal under test are ’'in
phase’. If the aggressor signal has a 0 to 1 or a 1 to O transition when the signal under test has a 1 to O or
a 0 to 1 transition respectively, the aggressor signal and the signal under test are 'out of phase’.
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PIP requires that all combinations of aggressor signal phases be examined for aggressor "A" and

aggressor "B" but that the phase of more remote aggressors not be restricted. There are four possi

ble

aggressor signal phase relationships with respect to the data pattern on the signal under test: both

aggressor signals in phase, both aggressor signals out of phase, aggressor A in phase / aggressor B ou
phase, and aggressor "A" out of phase / aggressor "B" in phase. For the signals that have only a sin
adjacent aggressor signal only that aggressor signal need be considered.

10.3.2 Requirements for all constructions of interconnect assemblies

10.3.2.1 Test fixtures for all constructions of interconnect assemblies

t of
gle

The test fixtures described in 9.2.5 and 9.2.4 are used. FIX_ASY_2 is used on the receiver end and the

driver end uses FIX_ASY_os Or a sultable SCSI device port.

10.3.2.2 Measurement equipment and setup for all constructions of interconnect assemblies

Use the setup described 9.3.4 with a terminated SCSI signal driver board (SSDB) described in Annex
A host bus adapter or other SCSI port may also be used for the driver as described in 10:3.1. Signals s
be measured using a TEK 11801 oscilloscope or equivalent. If using an SSDB, a programmable bit patt
generator shall be used to create the required data patterns delivered to the SSDB.|If. a host bus adapte
other SCSI port is used as described in 10.3.1 the data phase payload shall be'such that the serial d
patterns specified below are delivered to the signal line under test. The data patterns that shall be availg
are

a) 2’-1 - pseudo random bit sequence (PRBS)

b) 16 zeros, 1 one, 16 zeros, 16 ones, 1 zero, 16 ones, repeat:- driver calibration pattern (DCP)
c) 11000001010011111010110000010101 repeat - time domain waveform pattern (TDWP)

d) clock like data pattern meeting the non-precomp laungh tequirements specified in 10.3.2.3.2

The phase relationship of the signals physically adjacentdo the signal under test shall be capablg
meeting all of the following requirements at the driver:

C.
hall
ern
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a) data pattern on both adjacent signal "A" and.adjacent signal "B" are in phase with the data pattern

on the signal under test

b) data pattern on both adjacent signal "A*"and adjacent signal "B" are out of phase with the d
pattern on the signal under test

c) data pattern on adjacent signal "A™is in phase with the data pattern on the signal under test w
adjacent signal "B" is out of phase;

ata

Nile

d) data pattern on adjacent signal "A" is out of phase with the data pattern on the signal under fest

while adjacent signal "B" is.in phase.

One may create an enhanced combination PRBS or TDWP for the SSDB or SCSI port used for the dr
that includes the four different'phase relationships for the aggressor signals.

10.3.2.3 Calibration-and verification procedure for all constructions of interconnect assemblies

10.3.2.3.1 Overview

ver

The calibration procedure shall be executed independently for non-precomp drivers and precomp drivers.

The interconnect assembly shall meet the requirements for both non-precomp and precomp drivers.

10.3:2.3.2 Non-precomp driver requirements

Non-precomp drivers do not modify the driven signal based on the data pattern. The properties of the

non-precomp driver signal shall conform to the requirements in this subclause.

Calibration of the driver shall be done with the load specified in 4.10.3.1 attached to the driver connector.

It may not be practical to generate driven signals that meet all the worst case properties. In this case, the
requirements on the received signal shall be modified in direct proportion to the difference between the

actual driven signal and the worst case requirements.
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The signal launched into the driven pair under test shall have 740 mV,, with a rise time of (1,0 + 0,1) s. If

740 mV is not achievable in the equipment available, then the requirements on the received signal shall be
scaled by the same percentage as the percentage that the launch signal is different from 740 mV.

If the maximum allowed jitter is not present in the driven signal, the requirements on the received signal
shall be adjusted by the difference between the actual jitter and the allowed worst case jitter.

The data pattern for the signal driven on the pair under test during calibration shall be the DCP which is in
sequence: 16 zeros, 1 one, 16 zeros, 16 ones, 1 zero, 16 ones, repeat. The data pattern driven during

calibration on the signal pairs not under test shall be clock-like at the same data rate as the data pattern on
the Ir\nir under test

10.3.2.3.3 Precomp driver requirements

Precomp drivers modify the driven signal as specified in SPI-4 by using cutback. The proeperties of the
cutback driver signal shall conform to the requirements in this subclause.

Calibration of the driver shall be done with the load specified in 4.10.3.1 attached to the driver connectqr.

The signal launched into the driven pair under test shall use 33 % cutback, that issthe maximum amplitiide
less 33 %, with a weak driver at 740 mV, = 50 mV and a rise time of (1,0 0,1) ns. If 740 mV is pot
achievable in the equipment available, then the requirements on the receivedssignal shall be scaled by the
same percentage as the percentage that the launch signal is different from\740 mV.

Maximum allowed jitter is present in launched signal - the receiver.teéquirements shall be adjusted to
account for maximum launch jitter if the maximum jitter is not present.in launch signal used for the test.

Data pattern running during the testing during calibration shaltbe clock like on all data signals except|for
the signal under test. The signal under test shall be the D€Pwhich is in sequence: 16 zeros, 1 one,|16
zeros, 16 ones, 1 zero, 16 ones, repeat. The data pattern.driven by the SSDB on the signal pairs not ungder
test shall be clock-like at the same data rate as the data.pattern on the pair under test.

10.3.2.4 Test procedure and data output format for all constructions of interconnect assemblies

Connect the SSDB or SCSI device port used, as the test driver to the driver port with the same calibraion
conditions determined in 10.3.2.3. Connect the receiver test fixture to the receiver port. Add the
appropriate standard loads to all other ports. Measure the eye pattern of the signal at the receiver port|for
enough time to allow the extremes.of the eye to develop. It is required that the eye be open (that is, hot
closed), so that a height and width of the eye is measurable. Change the data pattern if required and
measure the TDW performance for enough time to allow the extremes of the waveform populatior to
develop for all conditions of driver mode and data pattern required in SPI-x.

All four aggressor conditions’shall be met in the data pattern used by the driver port (SSDB or other SCSI
port) or each of the four aggressor conditions shall be independently measured for both eye diagram &nd
TDW measurements! If each aggressor condition is measured independently the numben of
measurements requiréd is increased by four times.

Repeat the eye.and TDW measurements for both precomp (SPI-4 only) and non-precomp drivers and|for
all combinatiens of ports and loading that are intended for the interconnect assembly under test.

The dafa‘eutput format shall be any of the standard formats offered by manufacturers of the measuremient
equipment.

An example of the tests reqwred for the S|mplest multl drop mterconnect assembly Wlth three connectrs

Connectors 1 and 3 are always termlnated in th|s example At Ieast one of the connectors, 2 or 3, has a
target device attached.

The requirements in are the formal requirements for the example cited. A large number of measurements
are specified for complete coverage even in this very simple example. It is expected that implementers will
practically execute only a small subset of the combinations required for complete coverage but rather will
execute based on the known worst case positions in the interconnect assembly and previous experience
with the loading and other conditions that are most likely to produce a failure.
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