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INFORMATION TECHNOLOGY -
FIBRE CHANNEL -

Part 117: Methodologies for jitter
and signal quality (MJSQ)

FOREWORD

1(

D

ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form 't
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate
the development of International Standards. Their preparation is entrusted to technical committees;uany/1SO a
IEC member body interested in the subject dealt with may participate in this preparatory work. Internatior
governmental and non-governmental organizations liaising with ISO and IEC also participate in this preparation

In the field of information technology, ISO and IEC have established a joint technical comnittee, ISO/IEC JTC

Draft International Standards adopted by the joint technical committee are circulated to national bodies for votirlg.
Publication as an International Standard requires approval by at least 75 % of the natignal*bodies casting a votg.

The formal decisions or agreements of IEC and ISO on technical matters expfess, as nearly as possible,
international consensus of opinion on the relevant subjects since each technpical*committee has representati
from all interested IEC and ISO member bodies.

IEC, ISO and ISO/IEC publications have the form of recommendatiopsyfor international use and are accept
by IEC and ISO member bodies in that sense. While all reasopmable efforts are made to ensure that t
technical content of IEC, ISO and ISO/IEC publications is accurate,-lEC or ISO cannot be held responsible f
the way in which they are used or for any misinterpretation by any end user.

In order to promote international uniformity, IEC and IS© member bodies undertake to apply IEC, ISO a
ISO/IEC publications transparently to the maximum extent.possible in their national and regional publication
Any divergence between any ISO/IEC publicationand the corresponding national or regional publicati
should be clearly indicated in the latter.

ISO and IEC provide no marking procedure to.indicate their approval and cannot be rendered responsible f
any equipment declared to be in conformity with"an ISO/IEC publication.

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

No liability shall attach to IEC or ISO)or its directors, employees, servants or agents including individual expe
and members of their technical ,committees and IEC or ISO member bodies for any personal injury, prope
damage or other damage of apynature whatsoever, whether direct or indirect, or for costs (including legal feg
and expenses arising out of-the publication of, use of, or reliance upon, this ISO/IEC publication or any other IE|
ISO or ISO/IEC publications.

Attention is drawn_to~the reference documents cited in this publication. Use of the referenced publications|i

indispensable for the correct application of this publication.

) Attention is_drawn to the possibility that some of the elements of this Technical Report, type 3, may be t
subject of/patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

he main“task of IEC and ISO technical committees is to prepare International Standards.
ceptional circumstances, ISO/IEC JTC 1 or a subcommittee may propose the publication
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technical report of one of the following types:

type 1, when the required support cannot be obtained for the publication of an

International Standard, despite repeated efforts;

type 2, when the subject is still under technical development or where, for any other
reason, there is the future but not immediate possibility of an agreement on an

International Standard;

type 3, when the technical committee has collected data of a different kind from that which

is normally published as an International Standard, for example ‘state of the art’.

Technical reports of types 1 and 2 are subject to review within three years of publication to
decide whether they can be transformed into International Standards. Technical reports of
type 3 do not necessarily have to be reviewed until the data they provide are considered to be
no longer valid or useful.
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ISO/IEC TR 14165-117, which is a technical report of type 3, was prepared by subcom-
mittee 25: Interconnection of information technology equipment, of ISO/IEC joint technical
committee 1: Information technology.

This Technical Report 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.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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1

INFORMATION TECHNOLOGY -
FIBRE CHANNEL —

Part 117: Methodologies for jitter
and signal quality (MJSQ)

Scope

The measurement methods and specifications are intended to be used as part of a total signal perfor-
mance compliance requirement set where the phase content of the signal is involved. A more generalized

| lev-

C
e
n
rg
F
¢

«Q =

r

5 =

i®)

Y os 4 9>

o>

q

_|

ncent for ditter compliance testina-is - develaned where the nhase nronerties of the sianals at siana
d T g ) d d Pror ) )

s other than the nominal receiver switching point are considered as well as the phase properti€s

bminal receiver detection threshold. The purpose of this report is to provide background infarmati
vising and expanding the signal specifications presently contained within the FC-PH-n, FC
C-100-DF-EL-S and 10GFC standards and draft standards. The MJSQ technical report is.used as a
r many of the signal specification methodologies in these documents. A further purposetis to increag
bneral understanding of jitter in multi-gigabaud serial transmissions for application_to transports
an Fibre Channel. Documenting high speed serial signal measurement methods provides encou
ent to instrument companies to create compatible measurement systems and“fixturing capable of
brting 1 GBd and higher transmission rates and more generalized jitter conCepts.

though this document is optimized for use with Fibre Channel, the.measurement methodologie
bplicable to a broad range of serial transmission schemes.

his Technical Report applies to fully functional Fibre Channel'subsystem and FC port implementatio
ell as to the individual components that comprise the link. Fhis allows device and enclosure level g
htion and the inclusion of system jitter contributions such as power supply noise, motor noise, cro
nd signal rejuvenaters.

major goal of MJSQ is to improve the relationship between measurements on signals and receive
rmance in terms of bit errors.

he report adds to or extends previous wetk in the following areas:

a) Exposing serious implementation errors commonly found from improper use of BERT'S
sampling oscilloscopes (improper use of time references and improper extraction of total jitte
sampling oscilloscopes)

b) Algorithms for separating jitter components

calibration schemes, measurement processes and data output formats - examples for se
electrical and/optical applications
d) Methodology for specifying launched and received signals when pre-emphasis or receiver 3
processing is used
e) Inclusion of events occurring at all signal levels within the allowed eye opening at the spe
total population probability (e.qg., 10‘12)
f)\~Extending the receiver tolerance methodology to consider effects of different population dig

ht the
bn for
tPI-n,
basis
e the
other
rage-
sup-

S are

ns as
ualifi-
sstalk

I per-

and
from

c) Complete specifications for executing tests including test fixtures, instrumentation specifications,

veral
signal
cified

tribu-

tions.

The MJSQ Technical Report is informative and advisory only. Certain contents of this document may be
incorporated into the appropriate INCITS standards in the future.
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2 Normative references

The following referenced documents are indispensable for the application of this document. For date

d ref-

erences, only the edition cited applies. For undated references, the latest edition of the referenced docu-

ment (including any amendments) applies.

2.1 Approved references

[11 [ISO/IEC 14165-115, Information technology - Fibre channel - Part 115: Physical interfaces (FC-PI)

[INCITS 352 -2002, Rev 13]

[2] [ISO/IEC 14165-116, Information technology - Fibre channel - Part 116: 10 Gigabit fibre channel (10

GFC) [INCITS 364 -2003]

[3] ISO/IEC 8802-3, Information technology - Telecommunications and information exchange-bet
systems — Local and metropolitan area networks — Specific requirements - Part 3: Carrier §
multiple access with collision detection (CSMA/CD) access method and physical layer, specifica
Clause AE: Media Access Control Parameters, Physical Layer, Repeater and Manage
Parameters for 10 Gbit/s Operation (10 Gigabit Ethernet) [[EEE P802.3ae]

2[2 Other references

All references in this subclause were correct at the time of approval of this Technical Report. The

sjons of the referenced specifications, as identified in this subclause, are yalid within the context g
T

s

atus within 1ISO or IEC.

[41 ANSIINCITS 230 (R1999) - Fibre Channel - Physical and Signaling Interface (FC-PH)

[91 Synchronous Optical Network (SONET) Transport Systems: Common Criteria (GR-253-C|
December 2005)

[d] ANSI T1.105, Synchronous Optical Network {{(SONET) Basic Description Including Mu
Structures, Rates and Formats

[11 ANSIT1.105.06, SONET: Physical Layer Specifications
OFSTP-4A (EIA/TIA-526-4) - Optical Eye Pattern Measurement Procedure
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3 Definitions and conventions

w

1 Overview
br the purposes of this document the following acronyms, definitions, conventions and symbols app

n

2 Conventions
| drawings in this document conform to the conventions in figure 1.

> w

single-ended electrical signal, differential electrical signal, or optical fibre,
context dependent

differential electrical signal / pcb traces

ween
ense
tions,
ment

Drovi-
f this

pchnical Report. The reference to a specification within this Technical Report does not give it any flirther

ORE,

tiplex

simplex optical or electrical path
L L L

’_‘ duplex serial cable assembly (optical or electrical)

Figure 1 - Drawing conventions
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In the event of conflicts between the text, tables and figures in this document, the following precedence

shall be used: text, tables and figures.

Certain words and terms used in this American National Technical Report have a specific meaning beyond
the normal English meaning. These words and terms are defined either in clause 3 or in the text where

they first appear.

All parametric data are specified in terms of fundamental MKSA units - meters, kilograms, seconds,

amperes - and their derivatives - ohms, henrys, mhos, farads, volts, coulombs, etc.

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

cimalnumbarc aaith mara than thran cianificant dinite Aan Aithar oida of tha dacimal noint ara can
St o e oy it T HOT ettt i c C—Sig o oy reo o e oot - o me—ae e p oo e St

=

to groups of three digits by means of a space, for example, 2,997 924 58 x 108 or 1 062,5 MBd-

c

nits prefixed by k, M and G refer to 1E3, 1E6 and 1E9 respectively, not 219, 220 and 230,

=

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

pgrated

Al numeric list (e.g., 1,2,3) of items indicate the items in the list are ordered (ie., item 1 shall ocgur or
cpmplete before item 2).
Blold fonts, when used in body text, indicate additional emphasis.
3{3 Keywords
Expected: anticipated to be true, assumed to exist
May: Indicates flexibility of choice with no implied preferencealso means that the ability exists in the frefer-
efnced topic.
Qptional: Features that are not required to be implemented by this document. However, if any optiondl fea-
tyre defined by this document is implemented, it 'shall be implemented as defined in this document.
Shall: Indicates a requirement for compliance to this document. Since this is a technical report there dre no
epforceable requirements.
Should: Indicates flexibility of cheice with a preferred alternative; equivalent to the phrase ‘it is rgcom-
mended”.
3{4 Acronyms
ARB A specific primitive bit sequence as defined in FC-PH
BER Bit Error Ratio
BERT Bit Error Rate Tester
BlUJ Bounded Uncorrelated Jitter
BwWJ Baseline Wander Jitter

DF Cumulative Distribution Function

DR Clock and Data Recovery

TRAT Compliant Jitter Tolerance PATtern

CRCT Cyclic Redundancy Check
CRPAT Compliant Random PATtern
CRU Clock Recovery Unit
CSPAT Compliant SSO pattern
DCD Duty Cycle Distortion
DJ Deterministic Jitter
DDJ Data Dependent Jitter

DIJ Dispersion Induced Jitter
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DTS
DUT
EOF

- 20— TR 14165-117 © ISO/IEC:2007(E)

Direct Time Synthesis

Device Under Test

End Of Frame; a primitive bit sequence as defined in FC-PH
EQuivalent time (OscilloScope)

Electrostatic Discharge

Fibre Channel

Fibre Channel Standard

Fast Fourier Transform

fibre Under Test

Host Adapter

Hard Disk Drive

A specific primitive bit sequence as defined in FC-PH

trter-SymbeHnrtererenee

Just a Bunch Of Disks

Jitter Tolerance test PATtern

Low Probability Data Dependent Jitte

Methodologies for Jitter and Signal Quality Specification

Multi Mode (fibre)

Optical Fibre System Test Practice

Port Bypass Circuit

Probability Density Function

Phase Locked Loop

Physical Media Dependent sublayer

Receive Ready, a specific primitive bit'sequence as defined in FC-P
Recovered Byte Clock (one tenth of'signaling rate as defined in 10 b
Random Jitter

Reflection Induced Jitter

Random Pattern

Root-Sum-of-Squares

Real Time (oscilloscope) or retimer (link component)

Receive

SERializer and @ESerializer function. The CDR function is included
deserializer.

Single Mode.(fibre)

Simultaneous Switching Outputs (SSO) Pattern

Start ©fFrame; a primitive bit sequence defined in FC-PH
Simultaneous Switching Outputs

Transmit Byte Clock

Timing Interval Analyzer

Total Jitter

Transmit

Unit Interval

Waveform Mask Violation (event where the allowable limits are exce

the transmitter and receiver in an FC device or retiming element

it TR

n the

eded)

ns of

Bt, Br: Beta T, Beta R; interoperability points used for establishing signal budget at the in‘ernal

connector nearest the alpha point unless the point also satisfies the definition for delta or gamma
where it is either a delta or a gamma point

3.5.3 &1, Or: Delta T, Delta R; interoperability points used for establishing signal budget at the internal
connector of a removable PMD element

354 v, vt Gamma T, Gamma R; interoperability points used for establishing signal budgets at the
external enclosure connector
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3.5.5

3.5.6
3.5.7

3.5.8

3.5.9

3.5.10

AlphaT, Alpha R: see o7, og
attenuation: the transmission medium power loss expressed in units of dB

average power: the optical power measured using an average reading power meter when
transmitting valid 8B/10B transmission characters

bandwidth: in jitter context, the corner frequency of a low-pass transmission characteristic, such
as that of an optical receiver. The modal bandwidth of an optical fibore medium is expressed in
units of MHz-km

bathtub curve: a description of the shape of a BER or CDF curve that has steep walls to a noise
floor (a flat bottom) where the probability of population is small

baud (Bd): a unit of signalling speed, expressed as the maximum number of times per second the

w

5.11

W

5.12

3/5.13

3/5.14

3/5.15

3/5.16

3/5.17

3/5.18

3/5.19

3]5.20

3/5.2%

signal may change the state of the transmission line or other medium (Units of baud are synl\bols/
s)

NOTE With the Fibre Channel transmission scheme, a symbol represents a single transmissign bit.
[(Adapted from IEEE Std. 610.7-1995 [A16].12)].

Beta T, Beta R: see By, Br

bit error ratio (BER): the probability of a correct transmitted bit being erroneously received in a
communication system. For purposes of this report BER is the number of bits output fjlom a
receiver that differ from the correct transmitted bits, divided by the nUmber of transmitted bits

bit clock: clock used in a jitter measurement that generates a single positive and a gingle
negative transition per unit interval for the purpose of triggefing’the measuring device. Notg¢ that
the bit clock frequency is twice the fundamental frequeney\of an alternating 1010... data sfream
and is equal numerically to the signalling rate expressed.in‘baud

bulkhead: the boundary between the shielded system enclosure (where EMC compliance is
maintained) and the external interconnect attachment

cable plant: all passive communications eléments (e.g., optical fibre, twisted pair, coaxial ¢able,
connectors, splices, etc.) between a transmiitter and a receiver

clock data recovery (CDR): the funetion is provided by the SERDES circuitry responsible for
producing a regular clock signal frem+the serial data and for aligning this clock to the seria| data
bits. The CDR uses the recovered:clock to recover the data

character: a defined set of n'contiguous bits where n is determined by the encoding scheme. For
FC that uses 8b10b encoding, n = 10

coaxial cable: an unhalanced electrical transmission medium consisting of concentric condyctors
separated by a dielectric material with the dimensions and material arranged to give a spegified
electrical impedance

compliange\point: an interoperability point where the interoperability specifications arel met.
Complianice points may include beta, gamma and delta points for transmitters and receivers

component: entities that make up the link. Examples are connectors, cable assemblies,
transceivers, port bypass circuits and hubs

connector: electro-mechanical or opto-mechanical components consisting of a receptacle and a
plug that provides a separable interface between two transmission media segments. Connectors

mavintroduce-phyvsical disturbances-to-the-transmission-path-due-to-impedance-mismatch
Y Yy 10 g ’

3.5.22
3.5.23

3.5.24

crosstalk, etc. These disturbances may introduce jitter under certain conditions
coupler: a connector that mates two like media together

cumulative distribution function (CDF): the integral of the PDF from - infinity to a specific time
or from a specific time to + infinity

delta function: a pulse with zero width and unity amplitude. See also Dirac delta function
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3.5.25
3.5.26

3.5.27
3.5.28
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Delta T, Delta R: see &1, g

deterministic jitter, (level 1 DJ): the value returned by the calculation for DJ defined in clause 8.
Any valid CDF may be used as input to this calculation. DJ used for compliance and budgeting is
level 1 DJ. See also jitter, deterministic

Dirac delta function: a pulse with zero width and unity area. See also delta function

dispersion: (1) A term used to denote pulse broadening and distortion from all causes. The two
causes of dispersion in optical transmissions are modal dispersion, due to the difference in the
propagation velocity of the propagation modes in a multimode fibre and chromatic dispersion, due
to the difference in propagation of the various spectral components of the optical source. Similar
effects exist in electrical transmission lines. (2) Frequency dispersion caused by a dependence of
propagation velocity on frequency, that leads to a pulse widening in a system with infinitely wide

W

5.29
5.30

W

3/5.31

3/5.32

3/5.33

3/5.34

3/5.35

3/5.36

bandwidth. The term ‘dispersion’ when used without qualifiers refers to definition (1)
dual-Dirac: a pair of Dirac delta functions

duty cycle distortion (DCD): (1) The absolute value of one half the difference’in the avérage
pulse width of a "1’ pulse or a '0’ pulse and the ideal bit time in a clock-like (repeating 0,1,0,1,]..) bit
sequence. (2) One-half of the difference of the average width of a one and the/average width of a
zero in a waveform eye pattern measurement. Definition (2) contains the sigh/of the difference and
is useful in the presence of actual data. DCD from definition (2) may be*used with arbitrary data
and is approximately the same quantitatively as that observed with elock like patterns in definition
(1). DCD is not a level 1 quantity. DCD is considered to be correlated to the data pattern be¢ause
it is synchronous with the bit edges. Mechanisms that produceé DCD are not expected to change
significantly with different data patterns. The observation of DCD may change with changes |n the
data pattern. DCD is part of the DJ distribution and isfmeasured at the average value ¢f the
waveform

effective DJ: DJ used for level 1 compliance testingyand determined by curve fitting a meagured
CDF to a cumulative or integrated dual-Dirac funetion, where each Dirac impulse, located at +DJ/2
and -DJ/2, is convolved with separate half-magnitude Gaussian functions with standard deviations
sigmal and sigma2. Equivalent to level 1 DJ."See clause 8

electrical fall time: the time interval forithe falling edge of an electrical pulse to transit between
specified percentages of the signal.amplitude. In the context of MJSQ the measurement poinis are
the 80 % and 20 % voltage levels

electrical rise time: the timetinterval for the rising edge of an electrical pulse to transit between
specified percentages of the signal amplitude. In the context of MJSQ, the measurement points
are the 20 % and 80 % voltage levels

enclosure: the outermost electromagnetic boundary (that acts as an EMI barrier) containing one
or more FC devices

event: the measured deviation of a single signal edge time at a defined signal level of the signal
from a reference time. The reference time is the jitter-timing-reference specified in 6.2.3. Eyents
are also, referred to as jitter events or signal events without changing the meaning. Examples
inclugde a sample in a sampling oscilloscope, a single TIA measurement, an error or non|error
reported by a BERT at a reference time and signal level

external connector: a bulkhead connector, whose purpose is to carry FC signals into and put of
an enclosure, that exits the enclosure with only minor compromise to the shield effectivengss of

3.5.37

3.5.38

theernctosure

eye contour: the locus of points in signal level - time space where the CDF = 1E-12 in the actual
signal population determines whether a jitter eye mask violation has occurred. Either time jitter or
signal level jitter may be used to measure the eye contour

FC device: an entity that contains the FC protocol functions and that has one or more of the
connectors defined in this document. Examples are: host bus adapters, disk drives and switches.
Devices may have internal connectors or bulkhead connectors
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3.5.39 FC device connector: a connector defined in this document that carries the FC serial data
signals into and out of the FC device

3.5.40 Gamma T, Gamma R: see y1, 1g

3.5.41 Golden PLL: a function that conforms to the requirements in subclause 6.10.2 that extracts the
jitter timing reference from the data stream under test to be used as the timing reference for the
instrument used for measuring the jitter in the signal under test

3.5.42 internal connector: a connector, whose purpose is to carry the FC signals within an enclosure
(may be shielded or unshielded)

3.5.43 internal FC Device: an FC device whose FC device connector is contained within an enclosure

3.5.44 Intersymbol Interference (ISI): reduction in the distinction of a pulse caused by overlapping
energy from neighboring pulses. (Neighboring means close enough to have significant\energy
overlapping and does not imply or exclude adjacent pulses - many bit times may separafe the
pulses especially in the case of reflections). ISI may result in DDJ and vertical €ye closure.
Important mechanisms that produce ISI are dispersion, reflections and circuits that lepd to
baseline wander

3|5.45 jitter: the collection of instantaneous deviations of a signal edge times at aidefined signal leyel of
the signal from the reference times for those events. The reference time i$ the
jitter-timing-reference specified in 6.2.3 that occurs under a specific set*of conditions

3|5.46 jitter, baseline wander induced (BWJ): a form of DDJ thats caused by the effects o¢f the
transfer function of a of a high-pass filter circuit in the signal transmission process. Coypling
circuits may cause ISI effects that produce correlated deterndiqistic jitter

3|5.47 jitter, bounded and uncorrelated (BUJ): the part of the.deterministic jitter that is not aligned in
time to the HPDDJ and DCD in the data stream being-measured. Sources of BUJ includg, (1)
power supply noise that affects the launched signal;(2) crosstalk that occurs during transmission
and (3) clipped Gaussian distributions caused by/properties of active circuits. BUJ usually ig high
population DJ, with the possible exception ofpewer supply noise

3|5.48 jitter, data dependent (DDJ): jitter that issadded when the transmission pattern is changed ffjom a
clock like to a non-clock like pattern, For example, data dependent deterministic jitter may be
caused by the time differences required for the signal to arrive at the receiver threshold when
starting from different places in_bit’'sequences (symbols). DDJ is expected whenever any bit
sequence has frequency components that are propagated at different rates. For example Wwhen
using media that attenuates-the peak amplitude of the bit sequence consisting of alterrating
0,1,0,1... more than peak.amplitude of the bit sequence consisting of 0,0,0,0,1,1,1,1... thg time
required to reach the\receiver threshold with the 0,1,0,1... is less than required from the
0,0,0,0,1,1,1,1....-The run length of 4 produces a higher amplitude that takes more tife to
overcome when changing bit values and therefore produces a time difference compared to tHe run
length of 1 bit'sequence. When different run lengths are mixed in the same transmissign the
different bit sequences (symbols) therefore interfere with each other. Data dependent jittef may
also be caused by reflections, ground bounce, transfer functions of coupling circuits and [other
mechanisms

w

5.49 jitter, deterministic (DJ): jitter with non-Gaussian probability density function. Deterministig jitter
is*always bounded in amplitude and has specific causes. Deterministic jitter comprisgs (1)
correlated DJ (data dependent (DDJ) and duty cycle distortion (DCD)) and (2) DJ tTat is
uncorrelated to the data and bounded in amplitude (BUJ). DJ is characterized by its bounded,
peak-to-peak value. Level 1 DJ, see 3.5.26 and 3.5.66, is defined by an assumed CDF form and
may be used for compliance testing

3.5.50 jitter, dispersion induced (DIJ): a form of DDJ that is caused by dispersion in the signal
transmission process. Dispersion may cause ISI effects that produce correlated deterministic jitter

3.5.51 jitter, periodic (PJ): spectral peaks in the BUJ frequency spectrum
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3.5.52

3.5.53
3.5.54
3.5.55

3.5.56

5.57
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jitter, reflection induced (RIJ): a form of DDJ caused by reflections in the signal transmission
process. Reflections may cause ISl effects that produce correlated deterministic jitter

jitter, sinusiodal (SJ): single tone jitter applied during signal tolerance testing
jitter distribution: a general term describing either PDF or CDF properties

jitter eye opening (horizontal): the time interval, measured at the signal level for the

measurement (commonly at the time-averaged signal level), between the 1012 CDF level for the
leading and trailing transitions associated with a unit interval (see figure 20 and figure 21)

jitter frequency: the frequency associated with the jitter waveform produced by plotting the jitter
for each signal edge against bit time in a continuously running bit stream. See 6.11

jitter output; the quantity of jitter at a specific physical position in the link

5.58
5.59
5.60

W W W w

3|5.61

3/5.62

3/5.63

3|5.64

jitter, random, RJ: jitter that is characterized by a Gaussian distribution and is unbounded
jitter, residual: jitter that remains after the DDJ and the DCD is removed

jitter, total, TJ: total jitter in Ul is calculated from (1 - jitter eye opening) where jiter.eye opening is
measured in Ul

jitter timing reference: the signal used as the basis for calculating the jitter in the signal ynder
test. The jitter timing reference has specific requirements on its ability’to track and respgnd to
changes in the signal under test (see 6.2.3). The jitter timing reference may be different from|other
timing references available in the system

jitter transfer: the ratio as a function of jitter frequency between-the jitter output and jitter ingut for
a link element (component, device, or system) often expressed in dB. A negative dB jitter trgnsfer
indicates the element removed jitter. A positive dB jittertransfer indicates the element addedjitter.
A 0 dB jitter transfer indicates the element had no effect-on jitter

jitter tolerance for links: the ability of the link downstream from the receive interoperability|point
(v» By, or 8;) to recover transmitted bits in andngoming data stream in the presence of spegified

jitter in the signal. Jitter tolerance is measured by the amount of jitter required to prodiice a
specified bit error ratio. The required jitter tolerance performance depends on the freqyency
content of the jitter. Since detection ef bit errors is required to determine the jitter tolerance,
receivers embedded in an FC Poris require that the Port be capable of reporting bit errors. For
receivers that are not embedded in FC Ports the bit error detection and reporting may be
accomplished by instrumentation attached to the output of the receiver. Jitter tolerance is always
measured using the minimum allowed signal amplitude unless otherwise specified. Seq also
3.5.89

jitter tolerance forreeeivers: the ability of a receiver to recover transmitted bits in an incgming
data stream in the.presence of specified jitter in the signal. Jitter tolerance is measured Ly the
amount of jitter.required to produce a specified bit error ratio. The reference point for thq jitter
tolerance of the receiver is the og point. The required jitter tolerance performance depends gn the

frequency content of the jitter. Since detection of bit errors is required to determine the| jitter
tolerance; receivers embedded in an FC Port require that the Port be capable of reporting bit
errors=-For receivers that are not embedded in an FC Port the bit error detection and reporting may
be-accomplished by instrumentation attached to the output of the receiver. Jitter tolerarjce is
always measured using the minimum allowed signal amplitude unless otherwise specified, See
also 3.5.89

3.5.65

level:

1. A document artifice, for example, FC-0, used to group related architectural functions. No
specific correspondence is intended between levels and actual implementations.

2. In FC-PI-n context, a specific value of voltage or optical power (e.g., voltage level).

3. The type of measurement: level 1 is a measurement intended for compliance, level 2 is a
measurement intended for characterization/diagnosis
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3.5.66

3.5.67

3.5.68

3.5.69

level 1 DJ: term used in this document for the effective DJ value that is used for DJ compliance
purposes

limiting amplifier: an active non-linear circuit with amplitude gain that keeps the output levels
within specified levels, but are generally not designed to reduce jitter and may increase jitter

media: (1) General term referring to all the elements comprising the interconnect. This includes
fibre optic cables, optical converters, electrical cables, pc boards, connectors, hubs and port
bypass circuits. (2) May be used in a narrow sense to refer to the bulk cable material in cable
assemblies that are not part of the connectors. Due to the multiplicity of meanings for this term its
use is not encouraged

optical fall time: the time interval required for the falling edge of an optical pulse to transit
between specified percentages of the signal amplitude. For lasers the transitions are measured

w

5.70
5.71

w

3|5.72

3|5.73

3|5.74

3|5.75

w

5.76
5.77

w

3|5.78

3|5.79

3/5.80

between the 80 % and 20 % points
optical fibre: any filament or fibre, made of dielectric material, that guides light

optical modulation amplitude: the positive difference in power between the Settled and
averaged value of a long string of contiguous logic one bits and the settled andjaveraged value of
a long string of contiguous logic zero bits. A long string for 8B10B encoding should be consiflered
to be 5 bits high or 5 bits low

optical rise time: the time interval required for the rising edge offan optical pulse to tfansit
between specified percentages of the signal amplitude. For lasers the transitions are measgured
between the 20 % and 80 % points

physical media dependent (PMD): a transmit and receive network used to launch into a specific
type of electrical or optical interconnect or to receive from'a specific type of electrical or optical
interconnect. The details of the network design dependin-the type of interconnect

Port (or FC Port): a generic reference to a Fibre Channel Port. In this document, the compohents
that together form or contain the following: the F€protocol function with elasticity buffers to rg-time
data to a local clock, the SERDES function,the transmit and receive network and the ability to
detect and report errors using the FC protocol

Port bypass circuit (PBC): an active multiplexer that is used to bypass FC ports or other|ports
that are unused or nonfunctional .RBC’s that do not re-time the signals to a local clock are
considered part of the interconnect

probability density function(PDF): a histogram of the jitter event population

random: random in this document always refers to Gaussian distribution. These distributiong may
apply to time jitter or sighal level noise

receiver (Rx): anlectronic component (Rx) that converts an analog serial input signal (optigal or
electrical) to an electrical (retimed or non-retimed) logic output signal

receive network: a receive network consists of all the elements between the intercopnect
connector_inclusive of the connector and the deserializer or repeater chip input. This network may
be as.siniple as a termination resistor and coupling capacitor or this network may be complex
including components like photodiodes and transimpedance amplifiers

reclocker: a type of repeater specifically designed to modify data edge timing such that thg data
edges have a defined timing relation with respect to a bit clock recovered from the (FC) datalat its
input

3.5.81

3.5.82

repeater: an active circuit designed to modify the (FC) signals that pass through it by changing
any or all of the following parameters of that signal: amplitude, slew rate and edge to edge timing.
Repeaters have jitter transfer characteristics. Types of repeaters include retimers, reclockers and
amplifiers

retimer (RT): a type of repeater specifically designed to modify data edge timing such that the
output data edges have a defined timing relation with respect to a bit clock derived from a timing
reference other than the (FC) data at its input. A retimer shall be capable of inserting and removing
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3.5.83

3/5.88

3/5.89

3/5.90

[0

591
5.92

W

3/5.93

3/5.94

3/5.95
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words from the (FC) data passing through it. In the context of jitter methodology, a retimer resets
the accumulation of jitter such that the output of a retimer has the jitter budget of alpha T

return loss: the ratio (expressed in dB) of incident power to reflected power, when a component
or assembly is introduced into a link or system. May refer to optical power or to electrical power in
a specified frequency range

run length: number of consecutive identical bits in the transmitted signal e.g., the pattern
0011111010 has a run lengths of five (5), one (1) and indeterminate run lengths at either end

running disparity: A binary parameter indicating the cumulative disparity (positive or negative) of
all transmission characters since the most recent of (a) power on, (b) exiting diagnostic mode, or
(c) start of frame

signal level: the instantaneous intensity of the signal measured in the units appropriate for the
type of transmission used at the point of the measurement. The most common signalievel upit for
electrical transmissions is voltage while for optical signals the signal level or intensity is ugually
given in units of power: dBm and microwatts

signal amplitude: a property of the overall signal that describes the peak ot-peak-to-peak vplues
of the signal level . When signal transitions interfere with or overlap each other in a signgl the
effective signal amplitude may be expressed as a vertical waveformheye opening (e. g. optical
modulation amplitude)

signal tolerance: the ability of the link downstream from the recejve interoperability point (y,|B,, or
d,) to recover transmitted bits in an incoming data stream.indthe presence of a specified sjgnal.

Signal tolerance is measured by the amount of jitter requiréd to produce a specified bit errof ratio
at a specified signal amplitude. The required signal-tolerance performance depends on the
frequency content of the jitter and on the amplitudeZof the signal. Since detection of bit errprs is
required to determine the signal tolerance, receivers embedded in an FC Port require that the Port
be capable of reporting bit errors. For receivers that are not embedded in an FC Port the bit|error
detection and reporting may be accomplished by instrumentation attached to the output ¢f the
receiver. Signal tolerance is always measured using the minimum allowed signal amplitud¢ and
maximum allowed jitter unless otherwise ‘specified. See also jitter tolerance

spectral noise floor: the Fourier\fransform of the jitter remaining after BUJ is removed| from
residual jitter

transceiver: a transmitter and receiver combined in one package

transmission bit: a symbol of duration one unit interval that represents one of two logical values,
0 or 1. For example;for8b10b encoding, one tenth of a transmission character

transmission character: any encoded character (valid or invalid) transmitted across a physical
interface. Valid\transmission characters are specified by the transmission code and includg data
and specialcharacters

transmission code: a means of encoding data to enhance its transmission characteristicy. The
tranSmission code specified by FC-FS is byte-oriented, with both valid data bytes and special
(control) codes encoded into 10-bit transmission characters

transmit network: a transmit network consists of all the elements between a serialiger or
repeater output and the connector inclusive of the connector. This network may be as simplg as a

3.5.96

3.5.97

pull-down resistor and ac capacitor or this network may Include laser drivers and lasers

transmitter (Tx): a circuit (Tx) that converts a logic signhal to a signal suitable for the
communications media (optical or electrical)

TxRx connection: the complete signal path between a transmitter in one FC device and a
receiver in another FC device
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3.5.98 unit interval (Ul): the normalized (dimensionless) nominal duration of a single transmission bit.

Unit interval is a measure of time that has been normalized such that 1/Bd s is 1 Ul

3.5.99 waveform mask violation, WMV: a recorded signal event where an incursion occurs into the

jitter eye opening in the signal level/time space defined for a particular CDF level for the signal
population. For some compliant receivers this event could produce a link bit error. Note that a
maximum of one WMV event may be recorded within a single bit period. Multiple incursions into
the eye opening from the same signal within the same bit time shall be counted only once. WMV's

are not failures unless the number exceeds that allowed

3.5.100 word: in Fibre Channel protocol, a string of four contiguous bytes occurring on boundaries that

are zero modulo 4 from a specified reference

4 Background ror MJsSQ
1 Overview

JS technical report was produced. The concepts and terminology in this clause are more fully deve
throughout MJSQ and may not be fully understood without exploring the remainder e¥MJSQ.

2 Relationship to SONET and receiver tolerance requirements

he methodologies in this document are extensions of the SONET 5, 6, 7 4itter specification concef
ONET the term ‘network interface jitter’ is used in approximately the same.way as the term ‘jitter’ is
this document. SONET also defines a term ‘frame jitter’ that is not.equivalent to the term ‘jitter’ us
is document.

=250 s

he extensions to SONET implicitly specify the assumed receiver’CDR characteristic. The specificati
e frequency response of the clock recovery circuit is determined by defining a jitter tolerance ma

S

odifies the recovered clock frequency whereas jittef\above the characteristic frequency is not tral
his PLL characteristic exists for digital as well as ‘analog (PLL-based) CDR'’s. Figure 2 schema
hows this tracking or frequency response characteristic. Additionally, at certain frequencies jitter pe
ay occur whereby the output jitter is greater than the input jitter. It should be noted that the jitter pe
nd CDR bandwidth property of some CDR’s is a potential source of jitter degradation when us
g@peaters within the interconnect. This dogument does not specify a separate requirement for jitter pe
nd CDR bandwidth.

®» 3w 43

» =

CDR:
Recovered clock

A/does not track jitter

CDR:
Recovered clock tracks jitter

4
Clause 4 describes the historical background of MJS and MJSQ and some of the reasons. that the otfiginal
M

oped

ts. In
used
ed in

bn for
sk for

e clock and data recovery function. Jitter occurring below the characteristic frequency is tracked and

cked.
ically
aking
pking
ed in
aking

CLOCK RECOVERY CIRCUIT
MAGNITUDE RESPONSE (dB)

JITTER FREQUENCY (MHz)

Figure 2 - PLL response

A spectral characteristic is imposed on the specification to differentiate between jitter that may be ben

ignto

a link’s bit error ratio performance because of the receiver’s ability to track low frequencies and jitter that is
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detrimental to a link’s bit error ratio performance. The jitter tolerance specification in figure 3 creates a jitter

tolerance spectral requirement that is not currently specified in the FC-PH document. The implicat

ion of

this specification is that jitter output specifications at all compliance points include frequency content based

on the jitter tolerance mask.

When comparing this jitter specification to SONET jitter specification, the jitter tolerance masks are based

on different test conditions.

S
E 1,5 f. = nominal haid frequency
i Frequencies in parentheses

" are for f; = 4,25 GBd.

23

3 < 0,10

@]

(a4

29 :

oo |

588  fc/25000 1./166 7

Lo (170 kHz) (2,55 MHz)

o © o

O U o

< g

Sinusoidal Component Frequency (Log Scale)

Figure 3 - Mask of the sinusoidal component ofjitter tolerance - Log-Log Plot

Fpr most receivers high-frequency jitter has greaterimpact on bit error ratio than low-frequency
bgcause the receiver is capable of tracking the low-frequency jitter. Jitter specifications that includ
glency content require additional testing; but lower'systems costs may be achieved with the relaxat
the clock stability requirements.

Al real example of being able to build lower cost systems by imposing the spectral characteristics tq
relates to using lower cost reference clocks for the serializer clock multiplier PLL. Clock synthesize
Igwer cost than crystal oscillators. Analysis of low-cost clock synthesizers shows an unacceptably lar|
tdr content. Further analysis showsthat most of the clock jitter is low frequency that passes unatten
olit of the optical or electrical transmitter. However, the receiver CDR reliably tracks this low-frequency
anhd recovers the data.

413 Relationship.teearlier FC standards

The ANSI Fibre Channel specification X3.230-1994 (FC-PH) 4 only specifies measurement techniqu
jitter. Two jitter generation measurement techniques are specified in X3.230-1994. One measurem
fqr deterministic jitter using a special Fibre Channel K28.5 pattern that contains the longest and sh
ryns. The(other measurement is for random jitter using a special Fibre Channel defined character, K
that is a'clock-like” data sequence assumed not to contain deterministic jitter. The deterministic jitter
stirement results in a peak-to-peak value and the random jitter measurement results in an RMS valy

jitter
e fre-
on of

jitter
s are
ge jit-
Lated
jitter

ps for
BNt is
Drtest
28.7,
mea-
e. As

stated-in - Annex 1 of EC-PH_ the pn:\l{-fn-pn:\lz value of random jiffnr is- 14 times the RMS value fora

10-12

bit error ratio. Total jitter is equal to peak-to-peak random jitter plus peak-to-peak deterministic jitter.

The methodology relying on repeated K28.7 characters for measuring RJ and repeated K28.5 for measur-

ing DJ are flawed for the following reasons:
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First, the assumption that all deterministic jitter is absent in the square-wave-like K28.7 is often incorrect.
For instance, deterministic sub-harmonic processes in the transmitter may show up in this measurement.
Ten picoseconds of such DJ could be accounted as 14*10/2=70 pS of RJ.

Second, while the maximum and minimum run length pulses in K28.5 are ideal for measuring data-depen-
dent jitter due to cable skin effect, this method may completely miss some components of DJ. For instance,
the sub-harmonic process described above (or any jitter effect not synchronous with the K28.5 pattern)
would be completely removed by averaging. Also, transmitter mistiming of any of the 5 edges out of 10
missing in K28.5 would go undiscovered.

In addition to differentiating between trackable and non-trackable jitter, a need exists to clarify the existing
receiver jitter tolerance allocation indicated in Annex J of FC-PH. What is 70 % eye closure? What is this
interded—teo—test?>—Two—CBR—characteristics—are—impertantfor+eliable—serial-communicatioh—GBR, loop
dynamics and CDR strobe error. These CDR characteristics become increasingly important as repgaters
afte used in Disk Arrays and Hubs.

(0]

pbme of the features described in MJSQ are implemented in FC-PI but some significant extensions are
bt. MJSQ is being developed in parallel with FC-PI-2 where most extensions are implemented.

>

N

4 Traditional measurement methodology risks

he workhorse for evaluating signals has been the sampling oscilloscope for many years. For the proper-
bs required of high speed serial signals ordinary sampling oscilloscopes may-not be suitable.

=

(@

sing oscilloscope waveform eye mask methods with histogram megasurements in present oscillogcope
dchnology does not provide the statistical population required to-accurately represent behavior at|10712

—

pppulation levels in a reasonable measurement time period. See figure 4 for examples of this issuel See
also Annex A. See clause 9 for more information on differentsmeasurement methodologies. Medsure-
ments are made at the appropriate physical point in the link!

The actual signal quality may be very different at th€ loew population levels from the appearance at high
pppulations as seen in a typical waveform eye diagram from an oscilloscope. Figure 4 shows the wave-
fgrm eyes as would result on a sampling oscilleseope from two different jitter distributions that have the

same jitter eye opening at the 10712 level. Thé distributions are taken at the nominal switching threshold
Igvel of the signals. Notice that EYE “A”_seems to be considerably worse than EYE “B” but is agtually
efjuivalent in terms of its total jitter.
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ONE UNIT INTERVAL

EYE “A” and EYE “B’have the same
jitter eye opening.at TJ = 1012

EYE “B”

Figure 4 - Waveform eye diagrams from different jitter distributions

raditional measurements are all recorded at the nominal receiver switching level. The most cor
bminal switching levels are zero differential volts for balanced electrical links and the average o
pwer level. Behavior at signal levels other than the. nominal switching threshold is also importan
kample if a signal enters the eye mask above or below the nominal switching threshold, errors may ¢

® T S5

<

ore detail concerning the important signal,preperties is contained in 6.2.

>

signal quality measurement needs a.réference time to quantify the timing properties. See 6.8.

(0]

gnal quality acceptance criteriaxare specified within the allowed jitter eye opening at the specifieg
bpulation probability (e.g. CDF;= 10712).

=)

major goal of MJSQ is.to specify signal quality measurement methodologies that approximate
osely the observed.bit\error ratio of receivers.

Q >

(0]

gnal quality measurements that include results at signal levels other than the nominal switching th
d may be tefmed 2-dimensional or eye contour in this document.

]

5 Jittéer overview

nmon
ptica
. For
ccur.

total

more

resh-

5 t—Serattranmsnmssions

Serial data communication complements parallel communication schemes where the clock and data trans-
missions are on physically separate paths and the clock path is used as a timing reference for the others in
the receiver. These separate paths behave slightly differently due to physical and bandwidth differences
with resulting timing differences between the clock and data signals. Although one may employ methods to

compensate the propagation time skew between the different parallel signals, ultimately the same

clock

signal shall be used for all data signals. This limits the bandwidth of parallel schemes that use a single

clock.
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In serial data communication, a separate data clock is not transmitted with the data. Rather the transmit
clock is embedded along with the data so the problem of maintaining the temporal alignment between the
clock signals and the data signals is eliminated. However, other problems are created in that signal transi-
tions need to be available at intervals that are not too long so that a clock signal may be reconstructed from
the single serial stream and the relationship of the reconstructed clock to the bits in the serial stream are
maintained within strict limits. Even in the case of serial transmissions there is a basic requirement to main-
tain adequate alignment between the recovered clock (or whatever timing reference is used by the receiver
to latch the bits) and the incoming data. A requirement in high speed serial communication is management
of jitter involved with the data transmission and detection so that high quality data extraction from the serial
signal is possible.

MJSQ assumes that a recovered clock methodology is used for the receivers.

<

JSQ does not address the issues associated with encoding schemes where the phase and sighall level
bntain information, for example phase modulation or multi-level encoding. Simple NRZ schéemep are
ssumed.

D O

2 Jitter output context
he term “jitter” refers to the deviation of the timing properties of a signal with respé€et-to a specified yefer-
hce time. Historically, the jitter is measured at the nominal switching threshold, of the signal. Thel sub-
auses in this clause provide a detailed description of the context and general requirements to specify
bneralized jitter effectively.

Q O ® 4 O

<

hen the term “jitter” is used in this document it refers to the time behavier of the signal at a specific signal
vel. If the signal level is not specified, either the context of the usage defines the meaning or the signal
vel is the nominal switching threshold for the receivers expected-.in the link.

o @

(&

tter is characterized by two generalized types of jitter, deterministic (DJ) and random jitter (RJ). The two
htegories of jitter are used in jitter analysis because eacli category accumulates differently in the link and
bcause compliance and budgeting schemes requiressame restrictions on the jitter distributions.

o 0O

Dleterministic jitter is jitter that is due to non-Gaussian jitter event distributions. Deterministic jitter is always
bpunded in amplitude and has specific causes?;Three kinds of deterministic jitter are identified: duty [cycle
d|stortion, data dependent and uncorrelated.(to the data) bounded. Examples of deterministic jitter that is
uhcorrelated to data are power supply neise injection into the serial link and cross talk from other pdrts of
the system. Deterministic jitter is measured as a peak-to-peak value for any distribution. Both the
pgak-to-peak value and the distribution contribute to the overall system performance.

Py

andom jitter is all jitter that is/Gaussian in nature. The overall observed random jitter may consist of p col-
ction of random jitter soutces. Because root-sum-of-squares (rss) addition is used in this document|inde-
bndence of the constituent jitter sources is required. Dependence could occur in some caseq. For
Kample, if truly randoim data was transmitted through an AC coupling network, the jitter pdf will be egsen-
hlly Gaussian. If that’'data travelled through multiple stages of such networks, the jitter mechanisms \ould
b correlated and.Gaussian accumulation would be more linearly additive than rss additive. Since §b10b
ncoding imposes a structure on all data we don't have truly random data for 8B10B. The surviving rahdom
ifter after €encoding is therefore jitter that is uncorrelated to the data. Random jitter after 8b10b encoding is
cpmposed-only of independent sources and we are therefore allowed to use rss addition for randomljitter.
This’also validates the use of convolution where independence is required.

O =0T &

—

Because random jitter is practically measured as an RMS value (the same as the standard deviation for a
Gaussian distribution), a seemingly small amount of RMS random jitter corresponds to a large
peak-to-peak value. The RMS value for random jitter is multiplied by approximately 14 to result in a
peak-to-peak random jitter value that corresponds to a 10712 bit error ratio; refer to the jitter mathematics in
6.5. A 10 ps RMS random jitter measurement represents a 140 ps peak-to-peak value, or almost 15 % of
the bit period, for Fibre Channel at 1063 MBd.
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5.3 Jitter tolerance context

CDR circuits, whether analog PLL-based (Phase-Locked Loops) or digital-based, react differently depend-
ing on the rate of change or frequency of the timing misplacement. If the rate of change is gradual and
“trackable” by the CDR, no bit errors occur. If jitter is instantaneous (within one bit time) and of sufficient
amplitude (such as 50 % of a bit time), the CDR cannot track the timing shift and the recovered bit may be
in error.

The ability to recover data successfully in the presence of jitter is called jitter tolerance. Jitter tolerance is
measured as the jitter amplitude over a jitter spectrum where the link achieves a specified bit error ratio. A
jitter tolerance measurement is performed as a bit error ratio measurement under the presence of a con-
trolled amount of jitter.

if the
signal is larger), a complete signal tolerance that includes both amplitude and jitter is required to detefmine
cpmpliance. If the amplitude is not separately specified in a tolerance measurement, it is assumed that the
jitter tolerance is measured with the smallest allowed signal amplitude.

a1

4 Jitter assumptions summary
he basic assumptions used in this document are summarized below:

_|

_|

he acquisition of the raw data is based on the assumptions listed immediately below:

a) Simple NRZ schemes are used.
b) Jitter is composed of a collection of jitter events that occur at¢most once per bit period.
c) Clock recovery schemes are used in the link receivers.

In order to separate DJ from TJ and to do signal budgeting based on that separation the following asqump-
bns apply:

=

a) RJis uncorrelated to anything else.
b) DJ does not have a Gaussian probability.density function when measured with the repeating data
patterns prescribed in this document,
c) 8B10B encoding is used and has a-DJ ceiling around BER~1E-4 for the data and around|1E-6
when BUJ (e.g.,crosstalk is included) - other encoding schemes that have similar DJ ceilinds are
also applicable.
d) These methods may use, €xtrapolation, requiring the assumption that CDF/BER floors arg less
than 10E-12.
e) Spectral noise floorsshave a Gaussian PDF.
f) Jitter budgeting (separation of DJ and TJ and assigning values to each) is done by a single purve
fitting method regardless of the method used to acquire the raw data.
g) Coding otherthan 8b10b may violate the assumptions above and not produce accurate budgeting
results with the methods described.

he methodS/described for acquisition of TJ and the jitter population distribution (PDF or CDF) are applica-
e down.to the noise floor regardless of the encoding scheme used.

o -

5|5¢ FC-0 and MJS(-1) interface overview

T nhvucieal arcohitaot v atlhin o tranmoraitt oy it rfa s oA o watarfacadaaccimad o ba dn re-
e Py St ar CrmtC TtonT T Wha-a—traRStttterHhtefrace—ahRtaafecetverhterrace—S—asstnea—to—pe— p

sentable by the forms shown in figure 5 and figure 6. For simplicity, the entire interface structure is termed
transmitter or receiver in this document and the transmitter and receiver shown in figure 5 and figure 6 are
subsumed.

NOTE Figure 5 corresponds to Figure 9 in FC-PH.
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Figure 5 - FC-0 transmitter interface
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Receiver Receiver Clock Recovery Parallel Data
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Figure 6 - FC-0 receiver interface

The reference.times used to quantify the jitter and signal quality vary with specific method and physical
dcation.

6 [Fibre channel physical architecture
brief description of the FC physical architecture is contained in this subclause. See FC-PI for a [more

>

miataeta—d HI-C TP
C TPTICTCOCSerpuorT

A Fibre Channel fabric link consists of the functional blocks shown in figure 7. The TxRx connection in an
FCAL architecture is the same as for fabrics for MJSQ purposes. From a timing and jitter perspective, the
following characteristics shall be noted. Fibre Channel uses plesiochronous timing where the port may
transmit data at a slightly different frequency from its receive data frequency. Elastic storage exists within
the protocol function to absorb the frequency differences as well as the maximum wander present in the
link. The serializer function is responsible for suppressing jitter components present in the port from propa-
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gating onto the link. The deserializer recovers a bit clock from the serial data that reliably allows the dese-
rializer to provide parallel data and a recovered byte clock to the protocol function.

A Fibre Channel fabric link is a duplex serial data connection between two ports including the serializer,
deserializer, PMD, connectors and cable assemblies. A link is necessary for communication between two
ports. A link includes a minimum of a pair of transmitter-receiver connections. A TxRx connection is a sim-
plex link consisting of one transmitter-receiver pair. A link and a TxRx connection are shown in figure 7.

e el N 1
I |
| CE)?_‘,fk Serializer DeSerializer I
| e — — | —— _ _ __——— I
-
I | . L
I |Deserlallzer Serializer 1 Deldek |
I e __ ___ ____ ___ ___ ___ ___ Ul A L L) I
d— — N A oo —

Figure 7 - Fibre channel fabric link

>

port by definition contains protocol intelligence, elasticity mechanisms to absorb wander and lpcally
imed serial data transmission. Other components in a TXRx connection may be used that attenuatg jitter

re-amplify the signal to improve the signal quality. In actual system implementations, these may include
Ctive buffers, port bypass circuits, or reclockers. An example of a complex system implementation for
orage application using Fibre Channel Arbitrated Loop is given in figlre 8. In this system, a link between
e host adapter Port and the disk drive in Port 2 is rather compleX. This link would include a HA Tx to{HDD
x connection through a hub with repeaters, an enclosure with-repeaters and a backpanel with ongl PBC
nd a HDD Tx to HA Rx connection through multiple HDD:Ports acting as retimer circuits, several port
pass circuits, an enclosure repeater and a hub repeatet,

—

T PN ®O
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AC = Active Circuit

TX| Host
H IIEI Adapter
Hub

Port 4 [
HDD ]

Port 5 555

HDD

Figure 8 - Example fibre channel link,stérage system implementation

5 shown in figure 8, a Fibre Channel Arbitrated:.00p is not necessarily a point to point link with only

> >

—

gm, so that jitter allocation compliance may.be enforced at those points.

gure 9 shows two examples illustrating the interoperability / compliance points with and without th

internal connectors for media ipterchange and with and without the use of retimers. Interoper
bints are defined at the internal device (B), the internal PMD connector (8) and the external enclosu
juivalently, system bulkhead) connector (y). A reference point (o) is defined at the serialize/deseri
hip containing the re-timing,function. A device such as a host adapter or disk drive intended for en
ng into a larger system may have a connector that is not the actual system bulkhead connectio
nclosure is somethidg-that houses a Fibre Channel port that passes emissions and safety certificati

O O O D®T O T

| measurements-shall be made through mated connectors, as appropriate (B, §, y). For signal g
easurementsithe mated connectors are always upstream of the signal measurement point. For sign
ance measurements the signals to be applied to the DUT are calibrated with the connector upstre

=03 >

—

g the'cannector on the DUT that is downstream of the connector separation point.

bulk-

bad compliance points. It shall be clearly understood where TxRx connection interfaces exist within & sys-

b use
hbility
re (or
alizer
hbed-
n. An
DN.

utput
Al tol-
am of

e calibrating instrument but the actual tolerance measurement is made with the calibrated signal applied

A system bulkhead connector (y) is equivalent to the current S and R points in the FC-PH specification.
The terminology, TPx, used in IEEE 802.3 for y and o for applications with no internal connectors, is also

shown in the upper left portion of figure 9.

The B point is defined to be the internal connector closest to the retimer element as shown in the upper
right and lower right examples. If a § point is connected to a & point a retimer is required between the 3 and

the & points in order to isolate the internal TxRx connections from the external TxRx connections

. The
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retimer resets an internal compliance point such that all the jitter elements used internal to the storage
array may use all the jitter budget allowed from B to B (not shown).

(TP1)
o= Component Transmitter Pin Component Receiver Pin = O

Internal Device Receiver Connector = PR
\ (TP2) YT = Bulkhead Transmitter Connector Bulkhead Receiver Connector =Yg

(measured through an optical cable

SYSTEM \ \hssembly 2 to 5 meters for optical) ORAGE
SYSTEM
HOST ARAPTER
ISK. DRIVE
)

i

SERDES { SERDES

A\

(TPn) is IEEE 802.3 terminology
for these points (with no internal

connectors)
(TP3) Yr = Bulkhead Receiver Connector Bulkhead Transmitter Connegtor = Yt
Internal Device TransmittenConnector = Bt
OR= Component Receiver Pin Comiponent Transmitter Pin = Ol
(TP4) Without use of Internal § Connectors

. Component Receiver Pin = O
Internal Device Receiver Connector = PR

&1 = Internal PMD Connector Mhead R!ntemal PCMD Connector = 0
. t =
\ YT = Bulkhead Transmitter Connectof dikhead Receiver Connector = YR
\

O = Component Transmitter Pin

SYSTEM \ \ Two TxRx cannections / STORAGE
are shown ip,each direction STEM
HOST ADAPTE DI DRIVE
= Retimer
7
SERDES“_ PMD PMD\ SERDES

/. / /‘ ) Backpanel
Jitter Source coupling networks ‘:l

Examples are:  and PCBs
CONNECTORS ]

PMD’s D:D
YR S\Bulkhead Receiver Connector ~ Bulkhead Transmitter Connector = Yt

_ Internal PMD Connector = Ot
O Z-Internal PMD Connector Internal Device Transmitter Connector = Bt

Component Transmitter Pin = Ol

OR= Compenent Receiver Pin

With use of internal & connectors and retimers

(o is a reference point, not an interoperability point)

Figure 9 - Interoperability points examples at connectors
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6 Jitter fundamentals

6.1 Purpose of addressing all important signal levels

In order to have the measurement of signal properties relate in a definitive way to the performance of
receivers one recognizes that receivers may react to signals at other than the nominal switching threshold
and may react differently to different jitter distributions or other signal properties. As a consequence, the jit-
ter distribution at other than the nominal switching threshold level may be critical. The method for specify-
ing acceptable performance limits at these other signal levels is an eye mask similar to that used for
oscilloscopes as described in 6.6 along with bathtub curves described in 6.4.

6.2 Essential properties of signals

6r2-t+—tmtroduction
Fundamentally, a signal is a specific relationship between signal level and time.

The level of a signal, or signal level, is its instantaneous intensity measured in the units appropfiate for the
type of transmission used at the point of the measurement. The most common signal levek unit for electri-
cal transmissions is voltage while for optical signals the signal level or intensity is usually given in units of
ppwer: decibel meters and microwatts (optical modulation amplitude).

EJectrical signals are assumed to be baseband (i.e., not the result of modulation).

(0]

nce the information of interest in optical serial communications is transmitted as an amplitude modujation
a single carrier wavelength, the signal level of interest is the average optical power around an instant in
ime at the carrier wavelength. This average is taken in the optical-receiver where the optical signal ig con-
prted into an electrical signal. The details of the averaging process are not important to this docyment
nce the data rates of interest are orders of magnitude which are lower than the optical carrier freqyency
qr all practical Fibre Channel applications.

20N < =0

Ejven though the baseband electrical signal and the €nvelope of the modulated optical carrier may appear
milar for similar data content, the physical mechanisms of transmission are very different. Nevertheless,
frpm a signal quality point of view there is a greatdeal of commonality and in many cases in this docyment
there is no distinction drawn between electricalland optical signals.

2]

>

number of properties of signals may affect the response of receivers. Since real signals may havg very
bmplex shapes and different receiverssmay react differently to the same signal it is important to defirje the
ost important signal properties thiat are known to affect receivers. Among the properties that coyld be
mportant are: distribution of signal level, distribution of jitter population, whether rising edge or falling
ge, slew rate, rise/fall time,:spectral content, common mode content and imbalance. The methodologies
bscribed in MJSQ considerthe signal level, the timing distribution (at different signal levels) and the fising
falling edge (for some methodologies) in full recognition that other properties may be importang The
fort required to address the signal level, timing distribution and signal edge is significant. These proper-
s are described’in the remainder of 6.2.

= DO QO ®S 3O

(0]

2.2 Signal'amplitude versus signal level
gnal amplitude is a property of the overall signal that describes the peak or peak-to-peak values pf the
e signal level. When signal transitions interfere with or overlap each other in a signal the effective $ignal
mplitude may be expressed as a vertical waveform eye opening.

Q= W

6.2.3 Time, timing reference and jitter timing reference

Time measurements require a reference time in order to be reproducible. In other words, all time measure-
ments are the difference between a reference time and the time where the measured event is recorded.
For MJSQ the time reference used for calculating jitter is called the jitter timing reference. This reference
may be different from other timing references available in the system.
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In order to comply with the methodologies in MJSQ the jitter timing reference shall be derived

only

from the data stream. See 6.10. No other jitter timing reference shall be used including: reference

bit clocks supplied externally by the transmitting device (e.g. BERT’s) and internal clocks us
create the transmit signal.

ed to

The present state of the art requires that the same jitter timing reference be used for all parts of the signal.
It is beyond the scope of this document to create a relationship between different jitter timing references at
different signal levels. This statement is similar to stating for oscilloscope based measurements that the
trigger level shall remain constant for all measurements. Some choices for jitter timing reference are dis-

cussed in 6.8.

The jitter timing reference choice is perhaps the single most important part of selecting a practical

mea-

SHermehrt mathod-forcicanal-aualibz
p-CrHe e o oToO—Srgrarguoctrty:

2.4 Considerations when using hardware based jitter timing references

here X, is the actual time of the measured signal. MJSQ does not deal with jitter in-the jitter timing

hce other than that required for Golden PLLs. It is up to the suppliers of the instrumentation to delive
Igw noise jitter timing references.

6l2.5 Jitter and noise relationship

Consider a portion of a signal as shown in figure 10. When the nomiral, signal is disturbed by noise o
He position of the signal changes. Figure 10 shows two disturbedsignals that were derived from the
ral signal. Noise properties and jitter properties may both be nieasured in the immediate neighborhg
point in signal level - time space. Noise may cause jitter and jitter may cause noise. However, the ¢
the disturbance to the nominal signal does not intrinsically-alter the measured noise or measured j

Time for signal level noise measurements
/ Signal level noise at the specified time

o9 5 =

6

Since jitter timing references are the references in much the same way that a ground is the refetencd for a
single ended electrical signal any noise in the reference directly affects the accuracy of the\basic medsure-
njent. In general, if the jitter timing reference has jitter, X;, then the jitter that is measured is X, mifus X;
W
e

refer-
rvery

[ jitter
nom-
od of
ause
tter.

| [ |
| | !
ey I
i -« Signal level for
_ jitter measurements
() )
> |
(b} | L
- [ N .
< ; < Time
c I L
l@)) I I
- —_— | |
(0p)] | |
| |
| |
| |
| |
| |
: : Nominal signal disturbed
A= = by-Rotse-anelorfiter
| |
Jitter at the specified signal level Nominal signal

Figure 10 - Noise and jitter in the same portion of the signal
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Most of the content of MJSQ assumes the constant signal level (constant measurement threshold), jitter
condition. For many purposes a constant sample time (within the eye), signal level noise condition could
also be a valid representation of the disturbed signal. Noise, like jitter, is also comprised of deterministic
and random components that may degrade the signal quality and lead to data errors. Effective signal
amplitude reduction (or vertical waveform eye closure) is a predominant limitation in many links.

For measurements near the nominal receiver switching threshold the jitter method is traditional. For mea-
surements near the center of the bit time the signal noise method is traditional. In fact, either method
allows a complete mapping of the signal level - time space.

If one knows the shape of the signal in the vicinity of the measurement then a jitter measurement may be
converted to a signal level noise measurement and vice versa. In fact, the jitter optimized oscilloscope data

aearisition-mathad-daceribad latar in thic dociimant 1o nartiallhy hacad An that canvarcian
PO oSO T T et ot G C St C oot et S oo Cu e T IO ottty oo oot ot SO v eTrSTorT

Al

fla conversion is required between noise and jitter, limitations may exist to the validity range_for thig con-
version. The nonlinearity of the signal, the bit time of the data pattern and the amplitude of the.signal] may
all impose limits on this conversion. For example, in the case of a Gaussian noise (that issunboundedl) the
cpnversion to unbounded jitter cannot be based on the properties of a signal transition“since that signal
transition is bounded by the amplitude of the signal. Jitter derived via conversion frem-noise in this way is
limited to a single rise time that is clearly bounded. There are other limitations with ‘conversions. In geperal,
cpnversion limitations may lead to a large understatement of the Gaussian jittér,"This document asspmes
that any conversions done remain valid over the 1E-12 range within a single€_bit time.

hother important issue is the validity of extrapolations that are used. ‘The conditions required for a| valid
ktrapolation depend on the specific conversions used and on the pointin signal level - time space of|inter-
5t. For example, in figure 10 the changing slope of the signal causes distortions in the noise induced jitter
stribution - a Gaussian noise source may not produce a, Gaussian jitter distribution. In general, one
hould attempt to validate that the conditions of the measurement support the assumptions required for the
Ktrapolation.

OV oDD >

This topic is expected to be further explored in MJSQ-2.

6/2.6 Rising edges and falling edges

Qne consideration for acquiring signal quality- data is whether the reference time and/or event being|mea-
stired are associated with a rising or falling signal “edge”. Whenever the signal level changes state| from
high to low or low to high a signal edge-or transition is produced. Usually, the signal in the transition geriod
bgtween the states has a monotonically changing signal level. However, conditions may exist in agcept-
aple links where slope reversals occur during this transition.

The signal quality measurement results may depend on the choice of whether the timing refererjce is
derived from rising edges; falling edges or a combination thereof. Complete signal quality specifigation
methodology requires examination of all combinations of rising and falling edges for both the jitter iming
reéference and thessignal under consideration.

Itjmay be uséeful for diagnostic purposes to separate results from specific combinations of rising and falling
eflges.

InN order'to avoid effect of DCD in the jitter timing reference only the rising edge or the falling edge (bpt not
bpth)may be used from the jitter timing reference signal.

6.3 Number of events per bit-period

A major goal of MJSQ is to specify methodology that enables direct comparison of signal events with bit
errors experienced by a link receiver. One key requirement toward realizing this goal is that no more than
one event be reported from the signal in any single bit time since receivers cannot generate more than one
bit error per bit time. As a corollary, the total number of signal events reported shall not exceed the total
number of bits transmitted in any given time period.
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The signal is assumed to be continuous in time and if instrumentation were fast enough, theoretically mul-
tiple events per bit-period could be captured for some signals. For example, detection of multiple events
per bit-period is possible for measurements of slow edges when using over-sampled real time digitizing
oscilloscope technology. In data acquisition schemes that allow multiple signal events per bit period some
scheme to filter the reported WMV events to no more than one per bit-period shall be used.

This single event per bit-period constraint is useful when dealing with signals that have slope reversals
because it guarantees that no double counting is possible for the same bit time.

The number of times the signal crosses the signal level of interest per bit-period is affected by the pulse
time compared to the bit-period, the level of the signal being examined, whether slope reversals are
present, whether distinction is made between rising and falling edges and the positioning of the timing ref-
ancoiath racnant +0 tha cianal adanc CSlana ravnrcalc arn coamman 1n hnlec Anaratina At Incc than 1 Gb|t/
ence-with-respeet-to-the-sighal-edges—Slope+eversalsare-commen-intinks-operatingatlessthant

electrical applications due to reflections and crosstalk. Optical transmitters are also capable of producing
ope reversals through relaxation oscillations for example.

n 0 O

The number of events could be seriously misreported if one had the possibility of multiple ‘events ger bit
me. There are several possibilities for the number of events occurring at different signaklevels as shown
r the signal level versus time, an example is shown in figure 11. Since the ultimate-goal of signal quality
pecifications is to relate the signal quality to the receiver performance and the_receiver reports at|most
ne bit error per bit received, it would be possible for the signal to be measured as producing six signal
ents where only one detected bit is possible in this time period.

® O »W 5 =

T

gure 11 only shows multiple counting due to slope reversals occuring.in conjunction with a signal tfansi-
ipn. Noise and transmitter signal distortions allow multiple counting to-be theoretically possible anywhere
r the bit time including during signal transitions, in the center region of the bit time and when the signal
ate is not changing due to the data pattern (several 1's or 0’s\ip-a row).

n ==

BIT TIME FOR THIS EXAMPLE SIGNAL
(LOW STATE IS SHORT DUE TO'DUTY CYCLE DISTORTION -
MORE SIGNAL STRUCTURE FITS WITHIN THE BIT TIME)

- Lt

— —

\ NOMINAL RECEIVER
THRESHOLD LEVEL

LD TOCIN CA/CNTO DEM DIT TINAC AT
T TOo Y N T DT T v e T

THE RECEIVER THRESHOLD LEVEL

Figure 11 - Example of multiple events within the same bit time

At most a single event per rising of falling edge shall be reported.
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Signal quality measurements are significantly coupled to receiver detected errors by the same counting
statistics maintaining at any signal level measured.

6.4 Statistical distribution at a specific signal level
A requirement that signal quality data be acquired at specified signal levels pervades this document. The
more signal levels are examined the more complete the signal quality measurement.

The population of times observed (events) when the signal crosses a specified level of interest may be
compiled into a histogram. This histogram constitutes the statistical distribution.

Statistical distribution properties are critically important to the way receivers set their internal timing refer-
ences (the one used to detect the bits in the receiver). More discussion of this issue is in 6.13.

5 Basic relationships within statistical jitter distributions

6

6/5.1 Overview

Subclause 6.5 describes the mathematical basis for jitter distributions and specificationnmethodolggies.
Concepts and terminology that lead to the jitter eye mask and signal eye contour are developed. Ifsight
into the relationship between jitter events, PDF’s, CDF’s, RJ, DJ, jitter eye opening, waveform eye opgning
nd bit error ratio results.

© =

he bit error ratio in the signal in this clause is based on the population of signal events that exist af time
Dsitions where there should be no signal events in the known data pattern‘and data rate being used| This
bpulation of erroneous signal events may be detected, for example, by.a BERT strobed at a specifi¢ time
nd signal level within the unit interval. The signal bit error ratio is thevhumber of erroneous signal events
vided by the total number of bits transmitted over the measurement time period. A BERT with an ipstru-
entation quality receiver is assumed.

S oo T o

sing a BERT methodology for signal quality measurements is different from using the same BERT to
btermine the bit error ratio as detected by the actual receiver in the link. This distinction is impgrtant
bcause events reported as bit errors when performing a signal quality measurement may have gnly a
ose relationship to link bit error ratio reported.by* a real link receiver. The closer the real link regeiver
bmes to being a ‘worst case’ receiver the tightér the relationship between signal event errors anf link
rors. Signal event errors are conditions that*are capable of producing link bit errors in a compliant (but
brhaps just barely compliant) link receiver

oo 9 C

T D O

he mathematics that apply to the statistics of bit errors in signals are derivable from those that apply to
Chemes that sample the signal level and time properties of signals. One integrates the population qgf sig-
bl events from the time of the strobe point to infinity (or to - infinity) to determine the total populatfon of
roneous signal events.

® S 0w -

_|

he distinction between BERT measurements on signals and direct signal level and time measurements
frbm other instruments may be easy to miss since the distributions have similar shape over the Gaussian
dil regions (thedntegral of an exponential function is still an exponential function). The numbers assogiated
ith the probability distributions are significantly different, however.

=

n figure:32, consider a portion of a typical eye diagram display that may be seen near the receiver syitch-
g threshold signal level. This discussion assumes that the source used to trigger the instrument |s the
same’as that used to create the signal being measured and that the trigger source itself has no jitter.| Typi-
cally only the rising or falling edge (not both) of the trigger source is used. In this case duty cycle distortion
on the trigger source is not a concern. Jitter in the signal at the signal threshold level is indicated by the
time between the trigger source and the time of the crossings of the threshold signal level as the data tog-
gles between logic states. Histograms of the recorded population of the times of threshold crossings may
be calculated as shown in figure 12.
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The timing reference used for this subclause was chosen for ease of conceptual understanding. Using dif-
ferent timing references leads to different distributions but the treatment of jitter and bit errors has the
same mathematical basis. Actual measurements shall use the jitter timing references specified in 6.2.3.

i

Q

‘g4 9 oCOoc—aQ

5

=

CROSSING 1 CROSSING 2

| |

BI IIVIE f\

HISTOGRAM 1 HISTOGRAM 2
(PDF1) (PDF2)

ﬂ l

Figure 12 - Signals crossing a threshold level-at.different times

the limit of infinite number of events these histograms represent continuous probability density fun
PDFs) of the population of signal events at different times when the signals cross the signal level de
he means of the PDFs determine the bit cell boundari€s. To simplify matters, the time scale is giv
rms of unit intervals (Ul) with 0,5 located at the exact) center of the bit time as determined by th
eans.

figure 13, the BERT receiver is shown measyring the errors in the signal at the center of the eye op!
the sampling time where the tails of the transition histograms are small. A signal error occurs if a t
bn is on the wrong side of the sample time, st. The error conditions are (1) when a transition from

am 1 occurs to the right of (after) st\@nd/or (2) when a transition from histogram 2 occurs to the

efore) st. Because the tails of a narmal (Gaussian) function are infinitely long there is always some
ation from all transitions in everysmeasurement (even from transitions well before or after the trans

primary interest). Fortunately; it is usually possible to ignore contributions from non-adjacent e
bcause the population isVery small. The remainder of this subclause considers only contributions
Hjacent signal transitions,

b calculate the probability of either transition causing a signal event error due to jitter, the area ung
DF tail on theerrored side of st is calculated. This calculation assumes that each PDF may be ana
dependently“and that they are the same functions but displaced by exactly one unit interval. Thi
acementdoes not imply that the left and right tails of the same PDF are symmetrical. Under this ass
bn in figure 12 PDF1 is PDF (t) and PDF 2 is PDF (t-Ul). Practically, if there is significant overlap bet
DEs\from adjacent edges it may be difficult to determine which edge is responsible for the populatid
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Sampling time, st

PDF(t) PDF(t-Ul)

A TIME

/
;
-
[\
\

EXPANDED VIEW OF

I HIS KREGION
THIS AREA IS ERRORS : THIS AREA IS ERRORS
FROM THE PDF(t-Ul ) FROM THE PDF(t)
TRANSITIONS TRANSITIONS
(LBER)
(RBER) TOTAL ERRORS IS
THE SUM FROM BOTH

TRANSITIONS

Figure 13 - Probability of signal event errors from-adjacent signal transitions

NOTE st is shown at the midpoint of the bit time but may be,at any point.

This area under the tail for each PDF is the cumulativedistribution function, or CDF and is the bit errof con-
trjpution from that tail. For PDF (t), the CDF is produce&d by integrating the right tail of PDF (t) from st tp +co;
fqr PDF (t-Ul) the CDF is produced by integrating.thie left tail of PDF (t-Ul) from -« to st. The overall proba-
lity of bit errors due to both transitions is the sum of the two CDFs (assuming that the tails from neighbor-
g bits contribute negligibly to the probability. of error).

= o

1 normal statistics, a CDF is simply thedntegral of its PDF where the final value of the CDF is unity. [How-
er, in this document, to calculate_a CDF that matches a bit error ratio (BER) concept for the signgl, the
obability of a transition-caused écror is multiplied by the probability of actually having transitions at{50 %
ysually interpreted as the average transition density). This discussion assumes typical data streams|have
transition at 50 % of the bits\(i.e., a transition density, TD, of 50 %).

D

-~

Q

_|

he following describes\the properties of the jitter CDF:

a) each totahjitter PDF has an area of unity;
b) BER-=EDF = TD * integral of PDF (the jitter CDF includes the transition density factor);
c) the~CDF reaches a maximum value of TD, not unity.

T

rom this point on in the document the term CDF refers to the jitter CDF only.

6.5.2 Description of mathematical model

Assume a general jitter PDF, JT (t, W, o), centered at O where t is time, W is the peak-to-peak value of
deterministic jitter and o is the rms value of random (Gaussian) jitter. The right tail of the PDF from the left
signal transition, JT (centered at 0) causes bit errors as:
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Equation 1 — Left bit error ratio

oo

LBER (st W,0)= TD - j IT(t, W, 6)dt

st

where st is the sampling instant in time and TD is the transition density. LBER is the CDF for the right tail of

PDF(t). Similarly, the left tail of the PDF from the right signal transition JT (shifted and centered at
causes bit errors as:

Equation 2 — Right bit error ratio

st
RBER (st,W,5)= TD - jJT(r—Ul,W,o)z‘n

—o0

RBER is the CDF for the left tail of PDF(t-Ul).
The total BER due to jitter from both transitions, TBER, is given by (see figure 13):

Equation 3 — Total bit error ratio

TBER (st, W, 6) = LBER (st, W, 6)#RBER (st, W, o)

1 a BERT scan, BER (CDF) is measured as the sample-time, st, is swept between the two bit time b
ies. From these BERT scan results, the jitter in thedSignal may be estimated.

Q

his is also done (simulated) below with the model by generating the CDFs. Again, summing th
DF's yield the total probability of error from both transitions. This expression indicates the BER as a
ipn of st and PDF width. This is commonly kAown as a BER bathtub curve.

= 0 -

5.3 Relationship between jittérand BER for random jitter distributions

6

This subclause demonstrates the‘model using only random, or Gaussian, jitter (RJ). For RJ, th
parameter to be specified is the'standard deviation, o, of the PDF. W, the deterministic jitter magnitude
in this case. JT (t, W, o) for,Gaussian jitter, centered at 0, is:

Equation 4 — Gaussian jitter PDF

1 1 _(2~62)

J2-m O

IT (LW, 6) =

1 Ul

bund-

b two
func-

b key
p, is 0

The CDF (BER distribution) for a Gaussian PDF (jitter distribution) involves error functions. Figure 14

shows plots of the PDFs (dashed) and corresponding CDFs (solid) plotted on a linear scale. (The PDFs

displayed have been normalized to unity-height to make them plot better - the CDFs were generated

from

unity-area PDFs as required for all PDFs). The CDF includes the multiplier for transition density (50 %). In
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this example, the standard deviation of the PDFs is 0,05 Ul rms.

1,0

PDF FOR:
| Ve DJ =0,0; RJ, 6 =0,05

0,5 T .
N E— f Af_\
! .
A VR Ry (g b

i L (N I DJ =0,0; RJ,0=0,05

SAMPLE TIME, Ul

Figure 14 - Jitter eye diagram statistics, linear scale

he sum of the CDFs, shown as total BER in figure 15, from the two sides shows the-bathtub shapg. The
hthtub appears to have a wide central region where the probability of error is small. Fibre Channel gpeci-

ies the bit error ratio to be better than 10712, In order to visualize such small values of probability, |a log
Cale is used for the BER axis. See figure 15. The eye opening based on<he BER distribution is approxi-

ately 0,3 Ul at 1012 Eye opening is based on CDFs not PDFs.
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Figure 15 - Jitter eye diagram statistics, log scale

br example;, a Visual estimate in figure 15 based on the PDF eye opening at 1012 suggests a sraller

F

opening than the opening for the BER based at the same level. This interpretation is incorrect due {o the
nprmalization used for the displaying the (PDF) and because of the integration required to produce bit error
gtios'from PDFs.

=

BER eye opening, CDF eye opening and jitter eye opening are all equivalent terms. The total jitter
(TJ) is defined by this eye opening at a specified BER. The term jitter eye opening is preserved in
this document but is not the eye opening of the PDF (the jitter population).

Total jitter measurements made by some common oscilloscopes may differ significantly from the
jitter eye opening based on the CDF as defined in 6.5.1.
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In order to ensure that the behavior across the entire bit time is captured it is required that BERT measure-
ments sweep “st” (see Figure 13 for the definition of “st”) across the entire bit time. See also 6.3.

Summarizing: the concept of an excluded region, or opening, applies only to the CDF or to the bit error
ratio. Instruments that record the timing of signal events (i.e. record elements of the PDF) calculate the
CDF from the PDFs of the signal edges. Some instruments may do this calculation internally, other instru-
ments may not. The calculations, whether internal or external, should be done using the methods required
in this document.

6.5.4 Effects of changing the standard deviation for Gaussian PDF’s
The plots in figure 16 show the error probabilities for ¢ values of 0,03 Ul rms, 0,05 Ul rms and 0,1 Ul rms.
The curve for 6 = 0,1 Ul shows there is no margin against the 1012 error ratio specification. The ¢ = 0,03

Ul curve indicates a BER based eye opening of around 58 % at 101% and ¢ = 0,05 Ul has a BER hased
opening of about 0,3 UI.

O —h--.&_‘_ '_fau—
2 S —— DJ=0,0:RJ,6=0,1
R
-4 Y 7]
Y 1 DJ = 0,0; RJ, 6.£0,05
6 7]
-8 = 7
10 - ————pJ = 0,0¢RJ, 6 = 0,03
' W i
-12 - 1
W
0,5 0 0,5 1,0 1,5

SAMPLE TIME, UI

Figure 16 - Jitter eye diagram statistics/pure Gaussian different sigmas

(2]

5.5 Common mistakes relating to statistical properties of measurements.
he following list documents common mistakes-that may be made.

_|

a) Drawing a narrow histogram hox near the signal threshold on a normal oscilloscope and
multiplying the calculated one‘standard deviation reported from the population in the histogrgm
box by 14 and stating the.wresult as the peak-to-peak total jitter. This generally yields significantly
erroneous results because this standard deviation may include mostly DJ population.

b) Using the peak-to-peak jitter number reported by an oscilloscope histogram as the total jitter} This

understates the tota jitter required by MJSQ (as that existing at the 10712 population level Based
on the CDFs),

c) Some scopes ‘use +/- 3 sigma for peak-to-peak. Therefore, scope peak-to-peak may| also
overstate}.for example, if the shape of the DJ pdf has a high moment and if the relative magnitude
of RJis\wery low.

d) Inthe oscilloscope eye diagram measurement mostly the deterministic components of the signal
are’seen due to the low 1 000 to 10 000 population levels used to form the eye diagfam -
iheffective visibility to Gaussian content.

€) Not using the Golden PLL for jitter measurements and simulations (see 6.10).

6.5.6 Addition of deterministic jitter

Total jitter is usually comprised of both random and deterministic components. Consider now that the
PDF's include deterministic jitter (DJ). The general theory for mapping total jitter PDF’'s with DJ to BER
through the CDF is identical to the theory for RJ alone.

In general, the DJ component has its own PDF and the combined total jitter PDF is a convolution of the DJ
and RJ PDFs. For purposes of simplification in the present discussion, it is assumed that the DJ PDF is
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comprised only of a pair of Dirac delta functions (dual-Dirac). Other PDF'’s are certainly possible. An exam-
ple of such a DJ PDF is pure duty cycle distortion (DCD). When convolved with RJ, two Gaussian functions
result, one for each of the DJ terms. If they are close together (DJ small relative to RJ), the two density

functions overlap.

The magnitude of DJ, W, is given as peak-to-peak. Therefore, each Dirac delta function is offset from the
mean crossing position by the peak value of DJ, W/2. The magnitude of ¢ for RJ, in this case, is 0. The
PDF for deterministic jitter, centered at 0O, is given by:

Equation 5 - DJ PDF

6/t WA 5/t WA
JT(tW, 6) = k’_5)+ \-2)
2 2

\When convolved with random jitter, the PDF, centered at 0, becomes:
Equation 6 — PDF for DJ convolved with RJ
2 2
(-3 L O[3
2. B 2.6
1 1

JT(t,W,0) = -=-le +e

2-J2-w ©

Flgure 17 shows the total jitter PDF and BER functions for 0,2 Ul DJ peak-to-peak with low values jof RJ
(0,005 Ul rms).
N — N —
I
2 TR T
4 1l l’ ]!: : i PDF WITH:
6 TEE = T— ] DJ=02;RJ, 6=0,005
) T [T,
8 i -
f ~
-10 T == CDF (BER) WITH:
M2 . ; A l DJ =0,2; RJ, 6 = 0,005
T N
-0,5 0 0,5 1,0 15

SAMPLE TIME, Ul

Figure 17 - Jitter eye diagram statistics, dual-Dirac function

The overall jitter eye opening at 1012 s approximately 0,73 Ul. Figure 18 shows the 10 base exponent of
the total jitter PDF and BER functions again with DJ = 0,2 Ul peak-to-peak, but now with RJ = 0,03 Ul rms.
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Note how the dual-Dirac function / RJ convolution terms now overlap within each total jitter histogram. The

jitter eye opening at 1012 s approximately 0,38 Ul in figure 18.
i ——— R 2
2 ! ‘\\ /N
i [ i PDF WITH:
{ 1
4 A ] \\.F\> DJ =0,2; RJ, 6 = 0,03
/ \
6 | \‘1\\£\ '.
| \g _rf —
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10 n \ i |
! I | 1
12| | 1 r’ 1
} |
\ I \
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® -

g

SAMPLE TIME, Ul

Figure 18 - Jitter eye diagram statistics, increased RJ

he eye may be closed by DJ and RJ in different combinations. Figure) 19 shows 3 combinations

hch showing approximately 0,3 Ul eye opening at 1012,

0 R —— ——————
| e
2 ; |
-4 I e
Y I
° RN /o ™~ DJ=0,56; RJ,0=001
-8 1 T - ’ ,0=4,
\{1 fV DJ =0,28; RJ, 6=0,03
o DJ=0,0; RJo=0,05
-12 ! J
=
0.5 0 0,5 1,0 15

SAMPLE TIME, Ul

Figure 19 - Various combinations of DJ and RJ

convenient way,to-present histogram results acquired at specific signal level is the bathtub format s
Figure 20. Thistog-linear plot format shows approximately straight lines for normal distributions |n the

in
il regions. Sometimes extrapolation to low population levels is convenient from this format.

with

hown
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6.6 Jitter eye mask methodology for signal quality specification
A generalized, simplified form of the CDF is shown in figure 20.
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= SPECIFIED ALLOWED

< EVENT POPULATION

1 —_— fe———

=)

=

-

o 0 1,0

TIME (FRACTION OF UNIT INTERVAL)
Figure 20 - General form for the CDF bathtub curve’at the specified signal level

The CDF bathtub curve is a convenient way to specify-the acceptable limits for the time range whg
ekcept the allowed population of events may occur. if Eigure 20 a 10712 fractional population is sho
ah example where the time range is measured. Sifice this time range may be expressed as a simple
bgr it lends itself to use in describing the acceptahle limits at other signal levels.

0w n =z

Q <

Q=

otice that the low population time range occurs near the center of the bit time where the signal is the
able and where the internal strobe in thie receiver (if an internal strobe methodology is used) latche
gnal as a high or low state.

hen the time range and time values at the allowed population (see Figure 20) and at all signal leve
bmbined into a single graphical representation the result is a concise specification of the total signal

requirements at all signallevels. A direct connection between a small family of limiting bathtub cur
fferent signal levels isishown three dimensionally in figure 21.

re all

vn as
num-
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s are
qual-
es at
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Figure 21 - Relationship of a jitter eye mask to a famijly of limiting bathtub curves

_|

vo key points concern the relationship of a jitter eye mask te bathtub curves:

a) the shape and size of the mask is expected to’depend significantly on the CDF level chosen.

example if 10" were used instead of 10;13jn figure 21 the mask would be larger in all time
dimensions;
the bathtub curves represent a sighal that just meets the eye requirement at the specified| CDF

level - actual bathtub curves depend on the sample under test and measurement details an
NOT used to define the jitter eyg&mask.

For

b)

d are

g 0

nly the limiting behavior at a single CDF level and for a single signal measurement process is specified
/ the mask.

_|

he signal should not exist (as detected by sampling) within the excluded region more often thal
lowed population for.any signal level. In other words, bathtub curves from compliant signals at all
vels shall not encroach inside the mask at the specified population level. This is the essence of dete
g whether a signal is compliant with the jitter eye mask as described in more detail in 6.7.

n the
ignal
rmin-

S o9

N

(&

tter eye masks are usually drawn two dimensionally, as shown in Figure 22.
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JITTER EYE MASK
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Figure 22 - General form of ajitter eye mask useddor-signal quality specification

£

otice that since there is at most one event per bit-period-per signal level and that there are the

imber of signal edges at all signal levels, that the signal level that has the CDF with the greatest
bnal population within the excluded region is the lowest margin level. For some systems, this lowest
n level occurs at or near the nominal switching threshold of the receiver as has been the tradition

hst. However, the lowest margin point may be the upper or lower mask corners in optical links or in
rical links with high amounts of dispersion.

o Q =S

The signal specifications in FC-PI-n are“ambiguous about the intent of the masks in those stand

FIC-PI-n specifies the X1 point (at the nominal receiver switching threshold) to be at the CDF = 1012
Igtion but is silent on the meaning*ofthe points at other than X1. In order to comply with the jitter eye

bscribed in this MISQ document all points on the jitter eye mask are at the CDF = 10"12 popul
MJSQ does not address the ambiguity in the FC-PI-n standards as that is a matter for those standardg

o

67 Signal measurements versus jitter eye mask signal quality specifications

The general idea described for jitter eye masks (i.e., the definition of the allowed boundaries of the C
signals at the specified population level over the entire signal level - time space) is also useful for dig
ng signal measurements.

I} a signal*measurement one does not necessarily expect to see the sharp corners commonly found
gr eye-mask specifications. Real signals rarely have sharp corners. The locus of points in signal |

—

same
frac-
mar-
n the
elec-

ards.
DOpuU-
mask

ation.
S.

DF of
play-

in jit-
pvel -

—

imé.space where the CDF = 1E-12 in the actual signal population determines whether a jitter eye

ask

violation has occurred. Such a locus in a signal measurement is called an ‘eye contour’. If the eye contour
encroaches into the jitter eye mask at any point then the signal fails to meet the signal quality require-

ments.

Figure 23 shows a hypothetical example of an eye contour plotted on the same axes as the jitter eye mask.
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Figure 23 - Example of an eye contour with-a jitter eye mask

(2]

nce the eye contour does not penetrate the excluded region defined by the jitter eye mask the {
passes the requirements defined by the jitter eye maska{*CDF = 1E-12.

(2]

8 Jitter timing reference at different signal levels during data acquisition

he jitter timing reference is the point in time that'is used as the zero for the measurement of reporte
nNg events. Events may occur at signal levels-other than that used for establishing the jitter timing
nce.

© 5 -

ue to different DJ values at different-signal levels, MJSQ requires that only the nominal switching th
d level be used to generate thefjitter timing reference for any signal level. The nominal switching th
d is the only point where the jitter does not depend on the signal level of the signal. Allowing other §
vels to be used for the jittertiming reference would effectively allow different answers from different
ratories or different operators. The data pattern and jitter timing reference shall remain constant for
agquisition at all levels.

oo g

oy

=

order to avoid effect of DCD in the jitter timing reference only the rising edge or the falling edge (b
bth) may be tised from the jitter timing reference signal.

o

6|9 Example of a 2-dimensional jitter measurement
Al practical example of a simple 2-dimensional time jitter measurement using a TIA at three different s

Signal

H tim-
refer-

resh-
resh-
bignal
labo-

data

Ut not

ignal

Igvelsis shown in Figure 24. Measurements were acquired at the signal levels at the top and bottom

Df the

mask and at the nominal switching threshold. From the raw jitter measurements the CDF was calculated
prior to plotting the measured distributions in figure 24 and the 1012 CDF level is the edge of the plotted

measured distribution (indicated by the RJ arrow with the black head). Some separation of the compo

nents

of the populations into the different types (as described in clause 6) was also done with the RJ boundary

and the DJ boundary indicated. The DJ boundary is the mean of the left and right Gaussian distribu

See 9.2 . The RJ boundary is the time where the CDF = 1012, Since the measured RJ boundary
not intersect the mask boundaries in Figure 24 this signhal meets the total signal quality requirements.

tions.
does
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A linear connection between the three measured points (high signal level, nominal threshold level and low
signal level) was made on both sides of the signal distributions for ease of graphical presentation. Addi-
tional measurements at other signal levels are required to validate that these linear interpolations are accu-
rate. In many cases the distributions are convex away from the mask between the end points and the
switching threshold and the high and low signal levels represent the worst case. However, if reflections or
synchronous crosstalk are present, the distribution may not be convex and could have its closest approach
to the mask between the nominal threshold and the high/low levels. In this case the use of only the high
and low level and nominal switching threshold level would not reveal the true signal quality.

MEASURED SIGNAL LEVELS N1 RALINDARY

RJ BOUNDARY

e JITTER EYE MASK

MEASURED POPULATION /

Figure 24 - Practical example using a TIA at three different signal levels

[e2]

10 Jitter timing referencefrequency response requirements

(0]

10.1 Overview
erial data communication'embeds the clock signal in its transmitting data bit stream. At the receiver|side,
Ris clock needs to be recovered through a clock and data recovery device where PLL circuits are [com-
only used. It is wellknown that a PLL typically has certain phase modulation frequency response charac-
gristics. Therefore,;when a receiver uses the recovered clock to time/retime the received data, theg jitter
ben by the receiver will follow certain frequency response functions as well. Figure 25 shows a regeiver
that incorpofates a typical clock and data recovery system.

wZIFW
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Data in D -flipflop  Data out
»D Q—
—»D C
/] L~
— g:jf B recovered
clock

Internal receiver jitter exists at input to the
D - flip flop (difference between the
recovered clock and the data in)

Figure 25 - Block diagram for a serial receiver with“clock and data recovery

>

PLL typically has a low-pass phase modulation frequency-tracking response function Hy (f) with roughly
He characteristics shown in figure 26.

—

H
. (®

Magnitude (dB)

fCORNER
Phase Modulation Frequency (f)

Figure 26 - A typical PLL phase modulation frequency tracking response

Any good signal measurement methodology should emulate the actual device behavior. The measurement
setup should be such that it measures the jitter in the same way as it would affect the receiver. A receiver
detects bits based on the timing of its recovered clock with respect to the data, therefore this timing is a dif-
ference function from recovered clock to data, as shown in figure 27. The measurement of jitter on the sig-
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nal is executed with a measurement system (see figure 27) that is functionally identical to the receiver (see
figure 25). The data latch function of “D” flip-flop in figure 25 is replaced by the time difference function to
emulate the receiver jitter behavior.

Jitter output

Data in : _ : (into the
iy . 1Ime : D-flip flop)
: Differencer>
[+* ~ Function
G(;)Iﬂﬁn Jitter timing

reference

Emulates the Calculates the

CR/PLLina jitter that would

serial receiver be presented to

the D-flip flop in
asserial receiver

Figure 27 - Schematic of a basic measurement system

flthe data edge occurs before the jitter timing referencethe jitter out is negative.

The PLL has a low-pass transfer tracking function Hy (f). The time difference function is given by 1 - H| The
ime difference function has the form of a high-pass transfer function Hy (f) as shown in figure 28. In gen-
al the vector sum H (f) + Hy (f) = 1.

o =

L

1 () may actually attain values slightls? higher than unity (‘peaking’) in the vicinity of the crossover fre-
lency because of the time delay (phase shift) through the PLL. Our current delay specifications do |allow
bout 0,3 dB of peaking. The delay matching should be from the point the Golden PLL taps the sighal to
e inputs of the actual sampler_function. Any relative delays anywhere within those paths contribute fo the
blay and in the case of some instruments, there may be delays not due to the Golden PLL at all (such as
nternal scope trigger delays).

o =~ oo
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Figure 28 - Phase modulation frequency response of the time difference function

The time difference function shown in figure 28 suggests that a receiver<s-able to track more loy-fre-
gpency jitter at frequencies of f < f ., than at higher frequencies of f >f e This implies that a regeiver
n
e

ay tolerate more low-frequency jitter than high-frequency jitter. Assuming that the bit clock freqyiency
kpressed in Hz (numerically equal to the signaling rate expressed-in‘baud) is f., then f.omer iS typically set

tq be foomer = fc/166 7. This is the case for Fibre Channel (FC);-SAS and others. Gigabit Ethernet (GBE)
uses 637 kHz at a signalling rate of 1,25 GBd. Sonet uses f.§ier = /250 0.

Most serial data standards specify the slope as 20 dB/decade. If the clock recovery device (or Golden|PLL)
has the characteristics required by the standard for H (f) response, then the clock-to-data jitter megsure-
ent emulates the receiver jitter behavior.

3

_|

he jitter timing reference shall be synthesized -from the data stream by passing the time phase information
rpm the data stream through the Golden RLL that incorporates both the high and low-frequency responses
ccording to the spectral mask requifément shown in figure 29. The reported jitter is the diffefence
btween the output of the Golden PLL and the signal (at the appropriate signal level threshold). The jitter
iming reference may be impleménted in hardware, as shown in figure 27, or by post processing ¢f the
Cquired data. The propertiesofa hardware implementation are described in 6.10.2.

O =T o =

fl post processing is used to include the required Golden PLL frequency response properties in the
eported jitter, the timing reference for the instrument used to acquire the raw data may be derived from the
purce clock that,generated the signal, from a pattern marker in the data stream, from the same bit in a
répeating pattern or'from a clock synthesized from sampling a long series of bits.

wnw =

Iffthe corner frequency is too low or if frequency tracking is not implemented in the signal measurement,
the measured signal will typically appear more degraded, due to more low-frequency jitter (drift) peing
pfesentin the measured signal, than would be measured with the Golden PLL response or by the real
receiver. Signals calibrated in this way make the receiver tolerance appear better than it should. If the¢ cor-
ner frequency Is too high then the measured signal will appear with less jitter than it should.

Similarly, if the high-frequency response is not implemented in the signal measurement then the signal
measurement will not show the jitter content seen by the receiver such as when the transition density
changes abruptly as in the CITPAT. The signal will appear better than it should.
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By adding appropriate guardbands, determined by characterization of representative samples tested with
and without the Golden PLL, it may be possible to eliminate the use of the Golden PLL for pass-fail appli-
cations but this is beyond the scope of this document.

Even if the specified Golden PLL is used for measuring the jitter, the measured bit error ratio in a link may
be significantly different from the jitter population that exceeds the specified limit in the signal. This is
caused by receivers having different frequency and amplitude response from that specified for the Golden
PLL used to measure the signal quality. Receiver designers should consider how the signal quality mea-
surement is specified when executing the designs. See 6.13.

Jitter output measurements shall be done with a Golden PLL that meets the passband characteristics
found in figure 29. The plot in figure 29 depicts the asymptotic response. The actual response should be
3-eB(0F0at-f/1-667

M

|

| 20 dB/
| decade
|

|

Corner Frequency = f./1 667

Figure 29 - Single pole low-pass filter passband characteristic for a Golden PLL

(@)

ontributors to low-frequency jitter include but are ©ot’limited to: source drift, low-frequency sinugoidal
bise and other uncorrelated effects occurring below.a lower cutoff frequency. Low-frequency deterministic
jitter may also be caused by broadband changesiin transition density coupled with ISI mechanisms.

>

If|the jitter out is plotted against bit position in'a data pattern the format may be presented in a way symilar
tq that shown in figure 30. In figure 30 he jitter measurement system emulates jitter as seen by a [serial
dpta receiver.

T

gure 30 shows the measuredyjitter at the nominal threshold crossing point in an ISl intensive link, uging a
httern marker method withaveraging around each transition point, with two different receiver resgponse
ynctions. This method records only the DDJ and the DCD. See 7.2.3. The unfiltered trace is what one
ould obtain if, for example, a BERT timing reference (external reference clock) were used. The fiftered
race is obtained by using a high-pass function with a corner frequency of bit clock (baud) / 1 667 that is
intended to emuldtejthe frequency response of the receiver. One may implement this function by usirg the
Jolden PLL specified in 6.10 or apply a high-pass filter function meeting the same criteria to thel data
sfream as was-done in Figure 30 using a TIA.

= O

= =

Note that immediately after the change from the low transition density section to the high transition density
thatthe highest negative peak is found when using the filter. The highest positive peak is found immedi-
atel—afterthe-change-from-the-high-transition-density-section-to-the-idles—section-using-the-filter—The fil-
tered peak-to-peak value is 30 % to 40 % higher than the unfiltered value. Up to twice the difference
between the filtered and unfiltered measurements have been reported for other similar measurements.
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Figure 30 - Example of DJ effects caused by rapid tramsition density changes in CITPAT
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6.10.2 Performance specification for a hardware implementation of a Golden PLL
Table 1, table 2 and table 3 define the properties needed for a hardware implementation of a Golden PLL.

Table 1 - Input characteristics for a Golden PLL

Parameter Units 1,062 5 2,125 GBd 4,25 GBd
GBd

Data rate, NOTE 1 MBd 1062,5 2125 4 250

Data rate tolerance ppm +/- 100 +/- 100 +/- 100

Data encoding 8b10b 8b10b 8b10b

Differential input signal amplitude

Maximum mV peak-to-peak 2500 2500 2500

Minimum mV peak-to-peak 50 50 50

Return Loss between lower and upper frequency limits

Minimum dB 20 20 20
| ower frequency limit MHz 10 10 10
Upper frequency limit MHz 2000 4000 8 000

nput rise/fall times 20 % to 80 %, NOTE 2

Maximum ns 2 1 0,5

Minimum ns 0,05 0,025 0,012 5

Max input Jitter f > fc/1667, NOTE 3, NOTE 4

Pata-Dependent (DDJ) Ul peak-to-peak 0,38 0,38 0,38
Sinusoidal (SJ) Ul peak-to-peak 0,10 0,10 0,10
Random (RJ) Ul at 1E-12 0,6 0,6 0,6

Total Jitter, all sources Ul at 1E512 0,70 0,70 0,70

Dther requirements

nput impedance €, nominal 50 50 50

Frequency response kHz 10 20 40
ow-frequency corner

NOTE 1 It is.d€sirable that the 1 062,5 MBd unit also be able to operate at 1 250 MBd to support
Gigabit Ethernet testing.

NOTE 2 Measured with square wave at {data rate/10} Hz or equivalent.
NOQTE-3 As measured with an ideal Golden PLL.
NOTE 4 DDJ + RJ shall not exceed 0,6 UI.
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Table 2 - Output characteristics for a Golden PLL

Parameter Units 1,062 5 2,125 GBd 4,25 GBd
GBd

Frequency, NOTE 1 exactly the same as the average
input frequency

Amplitude, NOTE 2 mV peak-to-peak, 1000 +/- | 1000 +/- | 1000 +/-
30 % 30 % 30 %

Output waveshape binary or sinusoidal as desired

Dutput Impedance Q, nominal 50 50 50

Dutput return loss, sine, NOTE 3

Minimum dB 12 12 12

| ower frequency limit MHz 900 1800 3600

Upper frequency limit MHz 1200 2 400 4 800

NOTE 2 AC coupled.

1 400 MHz.

NOTE 1 This is the whole purpose of the phase-locked loop.

NOTE 3 |If the 1 062,5 MBd unit also handles 1 250 MBd,

the mpper frequency limit becomes
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Table 3 - Jitter transfer characteristics for a Golden PLL

Parameter Units 1,062 5 2,125 GBd 4,25 GBd
NOTE 1 GBd

Function shape identical to a single-pole low pass
Corner frequency kHz 637,5 1275 2550
NOTE 2 +/-5 % +/-5 % +/-5 %

High-frequency response, NOTE 3

is KHAZ 057,90 L Z75 p4slelV)
2 MHz 20 40 80

3 MHz 531 1063 2125
Amplitude congruence to | dB +/- 0,1 from DC to f1
single-pole high-pass fil- +/- 0,5 from f1 to f2

er, NOTE 4

Frequency response dB <-40 from f2 tQX3

Maximum delay from ns 10 5 2,5
nput phase step to output

see figure 31)

Maximum output jitter not attributable to input jitter

Random ps, rms 2 1 1

PJ ps, peak-to-peak 12 6 3

NOTE 1 All specifications are operative with a transition density of 50 %, a typical figure, but this is not
necessarily always the case.

NOTE 2 If the 1 062,5 MBd unit also handles,1'250 MBd, the corner frequency shall remain at 637 kHz.

NOTE 3 If the 1 062,5 MBd unit also handfes 1 250 MBd, the amplitude congruence frequencies may
remain the same as for 1 062,5 MBd:

NOTE 4 Congruence is the absolute difference at any frequency.

gure 31 shows the response from a candidate Golden PLL and a CDR compared to the input sighal at
062 5 GBd. The data-pattern is ISI intensive and consists of 200 D30.3s and 200 D21.5s. The candidate
olden PLL has a-delay of approximately 140 ns and therefore does not meet the 10 ns maximum fdelay
bm input phase ‘step to output requirement at 1,062 5 GBd. The CDR shown is 720 kHz at Transition
ensity = 0,5vand almost meets the delay specifications (15 ns compared to a requirement of 10 ns).

= 0Ok T
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Figure 31 - Golden PLL delay_property

hta source. The time difference function reports the jitter contribution of the Golden PLL. Since jitt
burces may be impractical, an independent calibration” of the jitter in the data source may be don
ccounted for in the time difference function.

® v o T

are is required to minimize the distortion frem tapping the signal under measurement with the G
| L. Tapping is discussed in Annex A and\examples are shown in clause 14. If the Golden PLL funct
kKecuted in software this issue does nopexist.

U0

D

11 Jitter frequency concepts
concept of jitter frequency is-sometimes useful for specifying the spectral content of the jitter for ¢
e. A jitter event itself is just a@*number measured in units of time and has no intrinsic frequency props
owever, when a continuous stream of data is present one may plot the discrete jitter event values (d
ipn from the jitter timing\reference) versus bit number or time for a sequence of adjacent bits.

=TT > O

_|

he result appears.much as a sampled waveform would appear on a sampling oscilloscope except th
ime intervals hetween jitter events is generally not uniform due to non clock-like data patterns. In or
pnvert to frequency using FFT methods some type of interpolation is used to fill in the gaps where th
b signalitransition between bits. This interpolated sampled jitter waveform may be analyzed by the

—
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ardware Golden PLLs may be verified by using the configuration, as shown in figure 27, with a jittirless

rless
e and
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the FFT. For signals that have only a single tone sinusoidal jitter content, the jitter frequency is that

c
n
methads used on any sampled waveform. The jitter frequency is the frequency associated with som
0
t

ne.

Validity of the jitter frequency concept is similar to the validity of the frequency content derived from any
sampled signal. When there are many samples per period validity is high. As the number of samples per
period decreases the validity reduces. Jitter frequency in this document may be assumed to be much less
than the fundamental operating frequency of the link for low-frequency tracking purposes or may be high

when constructing a jitter frequency spectrum from an FFT.
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6.12 Jitter output measurement methodologies

6.12.1 Time domain

The following methods are described for making jitter output signal quality measurements in the time

domain:

a) Equivalent Time (ET) Oscilloscope — uses a jitter timing reference signal derived from the data
stream via a Golden PLL to trigger an equivalent time sampling oscilloscope. An analog signal eye
diagram and waveform mask (not to be confused with a jitter eye mask that is based on the CDF at

the 1012 level) is created. The DCD component and the high probability DDJ component of DJ

may be extracted. A version that is optimized for jitter measurements is described in clause 10.

b) Time Interval Analysis (TIA) — based on accurate measurement of the time interval between

<

20 T O

using the methodologies defined in MJSQ from the time intervals measured.

a target number of errors is required at each strobe position before'moving to the next positign.

RJ, DJ and BER using a spectrum approach.
ore detail on these methods is in clause 10.

12.2 Frequency domain

bl quality specification. See Annex A for more information.

13 Effects of varying jitter distributions on BER

bl quality measurement.and the observed bit error ratio in the link results.

 the jitter-talerance mask shall be tolerated by compliant receivers.

tion at the receiver threshold.

Fundamentally, this partially constrained distribution methodology for signal specification results in receiv-
ers needing to be able to handle any deterministic distribution that may exist within the limits allowed by

the budget and causes receivers to be over designed for many applications.

stgRa-erossirgs-ata-defined-sighaHevetof-the-sigral—Fhejitter-timngrefereneenetading the
required Golden PLL properties, is created within the instrument from the input signal for some
methods. Others require the Golden PLL. RJ, DJ and BER are calculated within the(instryment

c) BERT scan - based on comparing detected data at a predefined signal threshald and strobe time
with the expected data. The jitter timing reference signal is derived fromcthe data stream|via a
Golden PLL and is used as the strobe time reference. The signal level and'strobe time are retpined
constant until an error ratio at the set conditions is determined. The strobe time is scanned atross
the bit time to directly measure the value of the CDF at each strobe<{eosition. For statistical vglidity,

d) Real-Time (RT) Oscilloscope — based on over-sampled Real~Time oscilloscope measurenjents.
A real-time eye diagram and waveform mask (not to be confused with a jitter eye mask that is

based on the CDF at the 10712 level) is created. In addition, a method is described for estimating

equency domain measurements are based on-spectrum analyzer measurements with clock-like| data
htterns. They may be useful for diagnostic applications (level 2, see 13.1) but are not suitable for total sig-

5 shown in 6.10 the distribution efithe jitter population may affect the way the receiver sets its internal tim-
g reference that it uses to sample the signal level for purposes of determining whether a logical on¢ or a
gical zero is detected. It therefore follows that presenting the same receiver with different distributions will
hve different outcomes and‘that if the distribution is not specified, an intrinsic disconnect between the sig-

here are only limited standardized requirements on receivers that specify how the receiver shall repct to
fferent jitter distributions. One constraint is that the sinusoidal portion of the deterministic jitter specified

milarly, there are only limited requirements on the jitter distributions allowable in the signals. The separa-
br°of/the jitter budget into a deterministic portion and the total places some bounds on the distributiops for

mats—THhedistributiormwithimthe—deterministicportion—for-signatsspresentty tmconstrained—except for
the Delta T point. Optical Gamma T jitter is indirectly constrained by the waveform eye mask methodology
in OFSTP-4A [8], where the mask location is determined by the mean of the histogram of the jitter popula-
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These effects of distribution have first order impact on the practical methods used for measuring signals.
The measurement method shall create a timing reference from the signal. Unless the method used for
extracting the timing reference is essentially the same as that used by the receiver for setting its internal
timing reference, a difference between the BER of the receiver and the jitter population lying outside the
allowed values is expected.

See Annex A for a more detailed discussion on this topic.

6.14 Methodology for jitter and signal quality specification for “processed” signals

6.14.1 Background

It has been recognized for many years that it is possible to compensate for predictable signal degradation
caused hy the transmission pracess

he most popular of these compensations attempt to flatten the frequency response of the intereonngct by
hbosting signals at frequencies where the interconnect attenuates (active filter) and/or by attentating fre-
lencies where the interconnect has low loss such that the low-frequency loss becomes;the same 3s the
gh-frequency loss (passive filter). When the attempt is to compensate for non-constant freqyiency
gsponse of the cable plant, the general methodology is called “equalization”.

= 00 T —

(@)

ther types of compensation may remove skew in differential electrical signaling./Certain filtering in gptical
gceivers may be used to compensate for known high-frequency noise (e.g>).relaxation oscillations) from
prtain types of optical sources. Yet others may apply some optimization 'scheme within the recgiving
bvice that adjusts to the properties of the incoming signal. All of,these compensation / optimization
chemes are termed “signhal processing” in this document.

n Qo0 3

n all cases except the cable plant, the methodology for measuring the signals takes into account thgt part
the processing that is expected to be in place. Failure to take the processing into account may makg sig-
bl quality specification effectively impossible in one éxtreme and make it significantly misleading in

> O

ahother view.
The general approach to dealing with signal specifications in the presence of transmitter or receivef pro-
cessing is to emulate the expected processingto the signal before measuring the signal’s properties. [To do

—

Ris intrinsically requires knowledge of the processing that is expected.

(e2)

14.2 Link components that contain compensation properties (equalization)

6]14.2.1 Compensation
Compensation is the attempt.to mitigate the deleterious effects occurring during signal transmissipn by
aflding or subtracting features from the signal. Compensation may be executed in the transmitter, [n the

__5

terconnect and in the'\receiver. Compensation may be applied to properties of the signal that depend on
He specific data pdttérn and to properties that are predictable upon subsequent use such as line-tp-line
opagation time skew and DCD. The basic assumption for compensation is that the degradation int¢nsity
nd type remains stable over periods of at least several bit times.

D T =

Compensation schemes that may adjust the parameters of the compensating mechanism are tefmed
“adjustable”. Compensation schemes that use active circuitry are termed “active”. Compensation schemes
that\pass the signal through a transfer function are termed “filtered” or “equalized”, the latter being dgrived
fromTthreTommom practice of Tatchimg the trarTsTiSSioT tTUSSES across part of thefrequercy spectrum.
Adjustable schemes that change the parameters of the compensating mechanism in response to specific
received sighal measurements are termed “adaptive”. It is usually assumed that adaptive schemes will use

some sort of automatic means to do the adapting.

For purposes of MJSQ only linear, non-adaptive schemes are considered.

The mechanisms of degrading signals fall broadly into two modes: (1) primary losses along the
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transmission path such as attenuation, reflections and resonances and (2) secondary losses due to
causes that are external to the transmission path such as crosstalk noise. In some cases the secondary

losses may exceed the primary losses. Losses may be in amplitude or timing precision or both.

Details concerning the important differences between the location of the compensation are explored in the

following subclauses.

6.14.2.2 Transmitter compensation

Any compensation scheme that is implemented in the transmitter either (a) makes assumptions
concerning the nature and intensity of the degradation that occurs during the transmission or (b) has some
sort of feedback from the receiver that allows adjustment of the parameters of the compensation scheme.

s¢hemes that incorporate transmitter feedback compensation schemes.

3594 =T<

measurement of transmitter signals.

OPTIONAL SCORE PROBES SHOWN,
TERMINATION(MAY BE PART OF
SCOPE INPUTYNOT REQUIRING PROBES)

TRANSMITTER

1 ! . L ol } 1 - i " - P N W | } - sl
Assuciramechansnrrefreson Myricr 1Iever grotutul (ds yet 1Nut SpeLIniicu) IVIJS\J UuccsS 110U COUTISIU

hen transmitter compensation is used, the results are visible in the signal launched from the'transr
owever, it may be necessary to use special methods to determine the quality of thesignal froq the
rensmitter since the compensation process may significantly alter the signal.

he general method for verifying transmitter compensation is to pass the transmitter signal thro
ransfer function that emulates the loss mechanism, in both magnitude and phase, for a star
nterconnect attached to the transmitter before examining the signal. One /Measurement set up for s
ethodology is shown in Figure 32 where models are used instead of hardware, where possible.

The mathematical description of a compliance interconnect is not a\spéecification for the interconnect

although the specifications for the compliance interconnect,are/derived from assumptions abolt the
interconnect). It is a specification of the load that is placed. on-the transmitter for purposes of ena
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* COMPLETE DETAILED WAVEFORM RESULTS - SEE MJS ANNEX 9.2.8
** OBTAINED FROM A SEPARATE MEASUREMENT ON THE TRANSMITTER

Figure 32 - Measurement set-up for evaluating transmitters

It is also possible to evaluate the transmitter by using a golden physical sample of compliance interconnect
attached to the transmitter. In this case the mathematical description of the compliance interconnect is built
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into the golden hardware and direct observation of the output eye is possible without the software
synthesizer. Even in this case the specification for a physical compliance interconnect is not the same as
the specification for the link interconnect where a much more complete set of requirements are specified
including items such as crosstalk and EMI performance.

6.14.2.3 Interconnect compensation
Interconnect is specified by its ability to transport a minimum quality launched signal to an adequate quality
sighal coming out of the far end. If compensation is incorporated into the interconnect itself then the

interconnect includes the compensation as part of its performance and no special treatment is required.

6.14.2.4 Receiver compensation

Fjgure 33 shows the basic scheme used to specify input signals for devices whose internahcifcuity
(receiver itself or other circuitry) incorporates compensation. If this compensation is included as.part pf the
link budgeting process the effects of this compensation must be visible at the connector’'wherge the
riteroperability specifications apply. In an extreme example the signal may exhibit no,jitter eye opgning
ahd/or no waveform eye opening at all at the connector unless the effects of the_.ecompensation are
rcluded in the signal measurement process. The device itself is evaluated based, anyits ability to prgduce
mall error ratios with a minimum quality incoming signal. This evaluation demands the ability to specify
nd calibrate a signal at the interoperability point for use with signal tolerance measurements.

®» 0 = —.

nce the device with the receiver processes the signal internally, the-observed signal at the conrector
peds to be processed to emulate the internal signal in the deyice at point “A” during the signal
easurement. This is done by passing the signal at the conneector through a standard compengdation
rensfer function (possibly, but not necessarily, the same as that'used internally in the device) before
Valuating the signal. The standard compensation transfer function is that assumed when creating thie link
Idgets. Real receivers need not implement exactly the same function or method but the properties of the
gnal used for signal tolerance measurements are knewn and the device may be designed to work with
his signal. The standard compensation function allows

SV o O =3 SN

a) Visibility of the signal properties at the réceiver device interoperability point
b) Use of the same signal quality specification methodology as for non-compensated signals
c) Link budgeting to be done without.,cempromising the ability to do proprietary receiver designs.

br signal tolerance testing the signal obServed downstream of the standard compensation function ig then
Hjusted to have the properties of @ minimum quality signal. This calibrated signal then applied fo the
bvice and the device bit error fatio is measured. Bit errors are detected at point “B” after passing thfough
e internal receiver.

=~ o o T
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GENERAL MEASUREMENT CONFIGURATION FOR THE SIGNAL
GOING INTO THE RECEIVER THAT USES COMPENSATION

INTERNAL
COMPENSATION DEVICE
FUNCTION
A
INTERCONNECT
TRANSMITTER |~ - «—B

\ SIGNALS
SPECIFIED
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TRANSMITTER
SIGNAL A
MEASURING »
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SIGNAL MEASUREMENT SCHEME oSt
AT RECEIVER CONNECTOR APPLIED
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AS PRACTICALTO  COMPENSATION FUNCTION
THE RECEIVER EMULATOR (HARDWARE OR
CONNECTOR SOFTWARE) WITFIMINIMUM

REQUIRED TRANSFORMATION
(E.G., STANPARD RECEIVER)

Figure 33 - Measurement set-up for evaluating receivers

o

bfore the signal measurement instrument by using a hardware version of a golden receiver signal pr
br. In all cases, specification of a standard compensation function is required.

n

6|15 Determination of compliance

Sjgnal quality compliance is determined by .tlie Standard that specifies the requirements. The MJSQ
ment does not alter the specifications in existing standards in any way. However, it is possible that eX
sfandards may not have fully considered the requirements for predicting link bit error ratio perforni
frbm signal quality measurement. The-more complete approach taken in this document is now availal
cpnsideration and adoption by thewvarious governing standards’ bodies to reduce that risk.

The requirement for no more\than a single event being recorded within the same bit time as descrilj
6|3 allows direct application-of population requirements specified at the nominal receiver threshold g
ing to the population requirements at every signal level within the range of the maximum and minimur
ugs of the eye opening. If you require no more than 1E-12 within the eye at the nominal receiver cro
Igvel then you require no more than 1E-12 within the eye at any other signal level where there is a
eJe opening as-well, but the time values applicable to the other signal level will be determined by th
mask values<at that signal level.

_|

he jitter eye opening specification may require modification if compensation schemes are used |
rensmitted signal or in the receiver, see 6.14. If modifications to the jitter eye opening specificatio

—

nce the measurement system shown in figure 33 is linear, one could place the compensation fumction

pces-
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used then the maodrfied Jitter eye opening snall oe used 10 aetermine the popuiation at eacn Signal 1ev el.

The jitter population at every signal level shall be determined using the methodologies specified in 6.4, 6.8

and 6.10.

Compliance to a more general jitter population specification that considers different signal levels requires
that the jitter population at every signal level be less than that allowed for the bit error ratio for the link.
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For electrical links, the masks and specifications shown in FC-PI-n apply to special test loads - not to the
system in operation - and they apply at all interoperability points, not just for the transmitter. However, for
signal tolerance measurements (e.g. receiver response properties) the link downstream from the interoper-
ability point shall tolerate the worst case signal. This is accomplished by setting up the signal from an
instrumentation quality source into a special test load with nearly ideal termination. The test load is then
replaced with the downstream link under test and the BER from the receiver is measured. Any departure
from ideal termination in the downstream link under test will further degrade the signal but does not change
the requirements on the signal tolerance for the downstream link. In this way the downstream link is appro-
priately penalized for not having good termination. For receiver testing the downstream link consists of only
the receiver. Signal output requirements are specified in the context of measuring with a test load placed at
the interoperability point.

16 Evitram ol 1 oarnc_an o
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Ak shown in figure 30, some data patterns are capable of producing high stress in the receiver under some
copnditions. For example, the CIJTPAT is capable of producing 30 % to 40 % greater DDJ + DCD_compared
tg CRPAT or repeating K28.5’s in dispersion related ISI dominated links. These stress conditions arg pos-
ble in compliant frames and are a legitimate way to stress the transmission process.

ctroccful Aot ~Att a ceramblino

n

Ahnex A contains descriptions of several data patterns that contain various types of(stress conditiong.

Ejven more stressful conditions may exist when scrambling is used on encoded data streams after encod-
ng. Scrambling is sometimes used in an attempt to limit the peak energy at‘any specific frequency fop EMI
anagement purposes. This occurs because the deterministic nature of the code (8b10b for example) is
iminated by the probabilistic nature of the scrambling. However, an/undesirable side effect with prgbabi-
ligtic coding schemes is that it is statistically possible to produce verystmusual bit pattern relationshipp and
ekcessive run lengths. One therefore needs to consider the prebability of truly excessive stress resplting
frpm the probabilistic nature and the allowed error ratio.

D 3 5

MJSQ does not include any methodologies that specifically accommodate effects caused by scrambled
rensmissions.

—

Iff scrambling is done before encoding into 8b10krthen only the payload data is scrambled and the run
Igngth is limited by 8b10b. However, the spectral distribution in the transmitted data stream will be chgnged
/ the scrambling so one cannot assume that the link stresses caused by the data stream, notably those
at are caused by transition density changes, are the same as without scrambling. In this case it is neces-
hry to pre-unscramble before transmission so that the 8b10b characters required by the pattern are|actu-
ly present on the transmission media and are presented to the CDR as specified.

O Nt T

Ahnex A contains more information concerning low probability issues.

7| Jitter causes 'and jitter distribution

711 Jitter contribution elements

The implementation examples in figure 9 shows several elements that degrade signal quality or enfjance
signal quality~and ports that re-time to a local clock. The typical effect of each of these elements on signal
gpality is-ssummarized in table 4.

7122 Jitter distribution

7.2.1 Basic types - Bounded and unbounded, correlated and uncorrelated

For ease of analysis this document divides jitter into two basic types: bounded and unbounded. The jitter
distribution consists of combinations of bounded and unbounded components. The total jitter is the time

interval where all but a specified fraction of the population falls. The specified fraction is frequently 1012,
The allowed total jitter varies with signal level. Total jitter is abbreviated TJ.

Subclause 7.2 describes the bounded and unbounded types in more detail.
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Table 4 - Signal quality contribution elements

Element Typical effect on signal Description

FC Ports/ other | Originating signal A fabric Port that launches a signal with original jitter and

protocol aware | source - defines the amplitude content. Generally amplitude decreases and jitter

PMD sublayer | quality of the launched | increases during the transmission process. A full FC-AL Port

Ports signal - used as the sig- | also launches a signal with original jitter and amplitude con-

nal quality reference for |tent by amplifying and re-timing the incoming signal to its

other points in the trans- | local clock. An elasticity buffer is included that absorbs the

mit/receive connection | worst-case frequency mismatch between the receive data
(recovered clock) and the local clock for the maximum frame
length.

:IZetimer Originating signal A re-timer is a serial data in and serial data out nade|that
epeater source - defines the re-times data to a local transmit clock. The use of-a-refimer

quality of the launched | element has the same effect on resetting the jitter|and
signal - used as the sig- | amplitude budget as an FC Port. An elasticity mechanigm is
nal quality reference for |included that absorbs the worst-case frequency mismatch
other points in the trans- | between the receive data (recovered-clock) and the |ocal
mit/receive connection | transmit clock for the maximum frame.length.

Reclocker Amplify amplitude, A reclocker repeater or ‘reclocker, is a serial data in|and

flepeater attenuate jitter, restores | serial data out node that attenuates jitter by re-generating

rise and fall time the serial data using the-recovered and filtered bit ¢lock
derived from the incoming data stream and resets| the
launch amplitude typically by amplifying.

Amplifier Amplify amplitude, An amplifier repeater, or ‘amplifier; amplifies the incoming
epeater, buffer |increase jitter, restores | signal, but typically transfers all the jitter present at the input
lement (e.g., |rise and fall time to the output,and may introduce additional jitter through [duty

[jmiting ampli- cycle distortion, crosstalk, power supply noise and [data

fier) dependent jitter. Duty cycle distortion may be exacerbated

or reduced depending on the direction of the duty cycld dis-
tostion.

PMD repeater

Change signal type,
effect on jitter depends
on the type of repeater

Circuits for converting or coupling serializer output to t:l]ans-
mission media or transmission media to deserializer ifput.
Behaves like amplifier, reclocker or retimer depending on
design.

Passive equal-
iger

Attenuate jitter, may
increase usable ampli-
tude

A passive filter that improves signal quality by compensating
the frequency dependent effects of a bandwidth limited
medium. Although the peak amplitudes are attenuated| due
to the passive nature of the filter, the usable signal |may
have significantly greater amplitude due to the reduction in
jitter.

increase jitter

Transmission Attenuate amplitude, Fibre optics or electrical cables attenuate amplitude dye to
media increase jitter losses and increase intersymbol interference (ISI) jitter| due
to dispersion. May also increase jitter and/or decrgase

amplitude through crosstalk, reflections and resonances.
onnector Attenuate amplitude, Electrical and opfical connecfors introduce reflections,

crosstalk and attenuation that causes loss of transmitted
amplitude and increased jitter.

The jitter distribution is the histogram of all the jitter components in the data stream.

Jitter that has a defined timing relationship with a specific data edge in a repeating data pattern for the sig-
nal under test is correlated to the data pattern. Jitter that does not have such a defined relationship is
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uncorrelated. Uncorrelated jitter has a mean value of zero with respect to the same signal edge in a
repeating data pattern.

7.2.2 Unbounded (definition, concept, quantitative description)

Unbounded jitter has the property that some finite population exists at all values of jitter (assuming an infi-
nite sample size). Unbounded jitter of practical interest to MJSQ has a Gaussian distribution.

The word ‘random’ is sometimes used correctly to describe Gaussian jitter and is sometimes used incor-
rectly to describe jitter in general. Unbounded jitter or random jitter, is abbreviated RJ and is uncorrelated
to anything.

7.2.3 Bounded (definition, concept, quantitative description)

712.3.1 Overview

Bpunded jitter has the property that no population exists beyond specific limits regardless of the number of
eyents obtained.

=

| bounded jitter is deterministic (by definition) and all unbounded jitter is Gaussian. ,The word ‘detgrmin-
tic’ does not exclusively apply to data dependent jitter. Data dependent jitter iscone of the clasges of
bterministic jitter. The word ‘deterministic’ implies that something determines the valte of the jitter and the
ord is retained in this document because of common usage. If jitter is deterministic, it may or mgy not
bme from a known cause.

Q = 9 o

punded jitter consists of one or more of the following classes: duty cycle, applied sinusoidal, data depen-
bnt and uncorrelated (to the data stream in the link under test). Beunded jitter, or deterministic jiter, is
bbreviated DJ and may or may not be correlated to the data pattern used on the signal under test.|DJ is
bmmonly used for compliance and budgeting as a level 1 quantity.

O oW

2.3.2 Duty cycle distortion (correlated)
uty cycle distortion jitter (DCD) has the dual Dirac delta function distribution and is due to different pulse
idths for logical “1” signals compared to logical:'0” signals. Duty cycle distortion jitter is most ¢asily
bserved in a clock-like data pattern. DCD is syachronous to the data pattern and is considered to b¢ cor-
¢lated to the data pattern in the signal being measured even though DCD does not change with changes
r the data pattern. There are also benefits from using arbitrary data with DCD definition 2, see 3.5.30.

S sosgQO=N
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CD is compensatable in principle byinversing the DCD.

\'

2.3.3 Data dependent (correlated)

2.3.3.1 Overview
ata dependent jitter (DD,J) is jitter that varies if the data pattern changes. The data is strictly thel data
rensmitted in the same\path as the signal being measured. Data on other paths contribute to crosstIIk jit-
gr and is not considered data dependent in this document. Data dependent jitter is abbreviated DDJ and is
bmmonly caused-by ISI.

\‘

-

al

$1 is a general term for one signal feature causing a distortion in the signal away from the signal fdature
belf. Fer~example, if the signal feature is a signal edge the ISI distortion may be seen in the neighQoring
gnaledges, in the nominally stable portion of the signal or far away from the signal edge. The ISI distor-
ipn\js” predictable and is correlated to the data pattern. The signal distortion is the ISI and the jittef that
results from that distortion is the DDJ component.

0 =

—

The details of the link determine where and how the distortion exists. ISI commonly is caused by high-fre-
quency dispersion, reflections, low-frequency coupling or control components and other mechanisms
related to the frequency response of the link. The three most common forms of jitter that result from the dif-
ferent ISI mechanisms are identified as follows: dispersion induced jitter (signal edge roll off occurring dur-
ing signal transmission), reflection induced jitter and baseline wander induced jitter. Other less important
forms of ISl induced DDJ are also possible. For example, in differential electrical links common mode
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reflections may create differential noise with resulting jitter in the differential signal. Because the manifesta-
tion of 1Sl is widely varying depending on the causal mechanism the term ‘ISl induced jitter’ is not as useful
as referring to the causal mechanisms directly.

ISI induced jitter is compensatable in principle by inverting the high-frequency response properties of the
link that caused the ISI. The compensation required will be significantly different depending on the causal
mechanisms and the intensity of the distortions.

DDJ may also be caused by non ISI mechanisms such as power supply noise on the transmitter device
that correlates to the data pattern and ground bounce.

It is possible that any ISI mechanism may be affected by crosstalk (crosstalk is an uncorrelated mecha-
nisr—erexample—erosstalicmayaffectthe-differential-and-commen-medempedance-efthe-signra| path
uphder test or may affect the shape of the original signal edge that caused the ISI. In this case, the-Crogstalk
q affecting the jitter in the signal under test and introducing some BUJ via an ISI mechanism:-The ISI
mechanisms that apply to DDJ are only the correlated portions.

\'

2.3.3.2 Dispersion induced jitter
ispersion induced jitter (DIJ) is a form of DDJ caused by signal edge dispersion@t-roll off in the signal
rensmission process. Dispersion causes IS effects that produce correlated deterministic jitter. DIJ isimost
important for long lossy links. Historically, some people have referred to DIJ as being the same as DDp and
itlis common for people to use the term ISI and DDJ interchangeably. MJSQduses these terms more [care-
fylly.

= O

2.3.3.3 Reflection induced jitter
eflection induced jitter (R1J) is a form of DDJ caused by reflectiens in the signal transmission process.
eflections cause ISI effects that produce correlated deterministic jitter. RIJ is most important for shoft, low
ss links with poor return loss in the transmitter device or. the receiver device or both.

0 0 N

o

2.3.3.4 Baseline wander induced jitter
aseline wander induced jitter (BWJ) is a form of DDJ caused by by inadequate low-frequency response in
link. One good example is the use of a.c. coupling components, such as an RC circuit, where the loy-fre-
lency corner is too high. The transfer functier’of the coupling circuit causes ISI effects that produce cor-
¢lated deterministic jitter. Another good example is where the loop bandwidth of an average power|laser
ode control circuit is too high.

o = O O m ~

\'

2.3.3.5 High probability DBJ
igh probability data dependentjitter (HPDDJ) is DDJ jitter that comes from relatively short data patferns.
n 8b10b FC the longest data pattern presently defined for measurement purposes is CJTPAT thgt has
540 bits. HPDDJ is defined for this document as DDJ resulting from the CJTPAT and shorter data pat-
tgrns.

N 5 T

712.3.3.6 Low'probability DDJ
Lpw probability-data dependent jitter (LPDDJ) is DDJ that is associated with patterns having repgating
sfructures/aenger than CJTPAT. Encoding schemes and associated data patterns such as scrambling and
6{1/66 encoding may require dealing with LPDDJ. For data patterns that have no significant populatfon of
LPDDJ, existing equipment is expected to be able to practically acquire sufficient data. Extrapolation to

10" 12.CDF levels may be significantly in error if data patterns with LPDDJ are used. To avoid these extrap-
olation errors direct measurement at 1E-12 levels may require BERT methodologies. A more detailed dis-
cussion of low probability issues is contained in Annex A.

7.2.3.4 Uncorrelated DJ

7.2.3.4.1 Overview
Uncorrelated DJ, (BUJ) is the part of the deterministic jitter that is not aligned in time to the HPDDJ and
DCD in the data stream being measured. There are three main sources of BUJ, (1) power supply noise
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that affects the launched signal, (2) crosstalk that occurs during transmission and (3) sinusoidal applied to
the receiver input for jitter tolerance measurements. Clipped Gaussian distributions caused, for example,
by active circuits is also considered BUJ. BUJ usually is high population DJ, with the possible exception of
power supply noise and the ‘tails’ of clipped Gaussian distributions.

BUJ may or may not be compensatable. Inversing the PJ peaks in the BUJ frequency distribution may be
partially effective.

7.2.3.4.2 Power supply noise

Jitter in the launched signal caused by power fluctuations within the transmitting chip is the power supply
induced BUJ. Power supply noise may also affect the BER produced by receivers but in this case does not
directly affect the methodologies for making signal quality measurements.

\'

2.3.4.3 Crosstalk / external noise
tter caused by crosstalk from adjacent lines or from other sources not part of the transmission‘path under
gst is crosstalk jitter. Power supply noise from supplies other than that used for the launched"signals are
hlikely to couple into the signal under test because of the low frequency of the power supply (including
vitching power supplies). Such coupling, if any, is conductive and affects the power supply fqr the
Iqunched signal. Since most crosstalk comes from adjacent lines or from other high-frequency sources, the

0n c = G

pppulations of crosstalk jitter is expected to be relatively high (> 107°) even thoughtthe crosstalk nois¢ may
oply occasionally have a phase match to the signal transition in the signal being measured. The fractjon of
rensmitted bits that are significantly affected by crosstalk from adjacent uncorrelated links is typically
>[LE-6. Crosstalk that comes from low-frequency or only occasionally (ogcurring conditions (like lightning
strikes) may cause low population DJ (i.e., low population BUJ). Crgsstalk may or may not have digcrete
pectral peaks and so may be difficult to isolate from RJ.

—

(%]

2.3.4.4 Applied sinusoidal
pplied sinusoidal jitter consists of a sequence of jitter €vents that vary sinusoidally as one moves from
ne signal edge to the next signal edge, reaches a péak ‘and then decreases again. The sinusoida] jitter
Scillates with a frequency significantly less than the'data rate of the signal under test. Sinusoidal jijter is
bbreviated SJ. PJ (periodic jitter) is not a type of jitter but rather is a way to describe peaks in the jitter fre-
lency spectrum of residual jitter.

O 00 >

Sjnusoidal jitter may be purposefully launehed in the signal for jitter tolerance measurement for example or
may be induced into the data stream hy<erosstalk mechanisms.

2.4 Residual jitter and variance record
tter that remains after the DDJsand the DCD is removed is called residual jitter. Residual jitter is impprtant
bcause several practical (megasurements methodologies are capable of determining the DDJ and PCD.
ktraction of the RJ intrinsically involves working with residual jitter.

mo & ~

Py

esidual jitter consists of RJ and BUJ. Properties of residual jitter include:

a) Uncorrelated to the data patterns

b) Is(the focus for calculating total jitter

¢) .<Unbounded because residual jitter includes RJ
d)~Contains all the low population events

Residual jitter is a key differentiator amongst various measurement methodologies because the population
of residual jitter events may be sparse. Removing the DDJ and the DCD increases the noise margin avail-
able for determining total jitter.

The square of the standard deviation of the residual jitter distribution for a specific signal edge is the vari-
ance for that edge. The collection of variance values for consecutive edges is the variance record for that
data stream. Variance records are useful for producing FFTs (i.e. power spectrum) of the residual jitter.
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This power spectrum is especially useful, using existing mathematical algorithms, for separating the PJ, RJ
and BUJ.

7
[~

2.5 Summary of jitter taxonomy
igure 34 shows the terminology and relationships related to jitter distributions.

Total Jitter (TJ) at CDF = 1E-12

A

\

Deterministic Jitter (DJ) - bounded

A

Y

DDJ oo SJ BUJ RJ

(D1J*, RIJ*, BWJ*, other) (applied) (PJ +non-PJ) | (unbounded)

_Residual Jitter - unbounded

-«

Correlated Uncorrelated

Y

A
\
A
\

DDJ = Data Dependent Jitter

DCD = Duty Cycle Distortion Jitter

SJ = Sinsoidal Jitter (applied periodic jitter during signal tolerance/testing)

BUJ = Bounded Uncorrelated Jitter

RJ = Random Jitter (Gaussian - unbounded)

DIJ = Dispersion Induced Jitter

R1J = Reflection Induced Jitter

BWJ = Baseline Wander Induced Jitter

PJ = Periodic Jitter refers to spectral peaks in the jittef frequency distribution of BUJ

* Crosstalk may also induce uncorrelated jitter viaythese mechanisms -
only the correlated portions apply to DDJ

Figure 34 - Taxonomy of jitternterminology and relationships

Calculation of jitter compliance values (level 1)

1 Overview - Separation of jitter components

alculations defined in this clause. are required to extract the DJ and TJ values that are used for budg
nd compliance. These calculations are derived from the methods used in FC-PI termed ‘equivalent
he term ‘effective jitter’ hasalso been used for this same purpose. In this document, the term ‘level
fers to the level 1 result.

he CDF distributiorrresulting from the measurement scheme used is the input to the calculations ar
ethod described in“this subclause shall be used to calculate DJ and TJ for level 1 uses. Measurg
chemes that preduce PDF outputs shall convert the PDF distribution to a CDF distribution prior to 3
g the equivalent jitter calculations. This process is graphically shown in figure 35.

eting
itter’.
1DJ

d the
ment

1pply-
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The CDF itself is a level 1 quantity that may be used if there are no requirements on DJ or TJ.

Step 1: CDF acquisition Step 2: Extract Level 1 TJ and Level 1 DJ
Level 1 input to Level 1 output
Step 2
Curve fitting
(specified parameter extraction
BERT, TIA, algorithm with 2 degrees of freedom
RT scope for each side of the bit time window)
Etc.
EXtract 1t parameters
Optional level 2 )
_ intermediate results Output is level 1TJ
Output is a CDF for And level’1.DJ
both sides of the bit To be,used for
Time window compliance

And.budgeting
Output is independent of ~ Output is fit parameters such as
measurement scheme means or their differences and sigmas
or their average

Figure 35 - The two step process for calculating level 1 DJ and TJ

primary goal of using the same calculations to producé the compliance values is to reduce the errol
tempting to extract DJ, RJ and TJ from any partticular measurement scheme. Several measure

5sociated with particular measurement schenies produce level 2 results that may be useful for char
ation or diagnosis. Measuring the same signal with different schemes may or may not produce the
vel 2 DJ, RJ and TJ results. An RJ value is extracted in the process of calculating level 1 DJ and le
J but this RJ value is not used speeifically for budgeting or compliance purposes and is therefore
vel 1 parameter.

he only valid method for producing a level 1 TJ or DJ value is via the calculations in this subclause.

is expected that a fitteéd curve to the raw CDF data has been done as part of the process of producir

DF output and that accurate expected time values associated with exactly the 10® and 1012 CDF
e available as.input to the equivalent jitter calculation. Level 1 jitter calculations assume a functiona
r the CDF output below the DJ ceiling but do not execute any curve fitting. The burden of produci
Ccurate CBFE output lies with the individual measurement scheme.

he assumed form is a dual-Dirac PDF function, where each Dirac impulse, located at +DJ / 2 and -0

from
ment

chemes included in this document define methods for calculating DJ, RJ and TJ. These calculations

hcter-
same
bvel 1
not a

g the

evels
form
g an

J/2,

S

conwvolved with separate half-magnitude Gaussian functions.

Level 1 DJ ‘weights’ the measured distribution (after removing the RJ) in a manner that rewards benign DJ
and penalizes harsh DJ. A benign DJ distribution is where the majority of the events are near the center of
the distribution. A harsh DJ distribution is where the majority of the events are near the boundaries of the
distribution. Therefore, level 1 DJ is usually less than peak-to-peak of the measured deterministic distribu-
tion, because the peaks of measured distribution usually occur with some lower probability. Total jitter must
always be the same regardless of whatever form of DJ is used.
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The constraints of an assumed CDF form and of using values at specific population levels are required to
enable data acquisition methodology independence.

The choice of the dual Dirac is based on the historical forms used in MJS and FC-PI. The assumed form
allows a simple calculation.

Level 1 DJis not only a BERT method,; it may be used by any instrument that measures or calculates a his-
togram (PDF) or CDF. Level 1 DJ does not understate DJ any more than peak-to-peak DJ overstates it.
These are different definitions. Neither is the ‘real’ or ‘true’ DJ.

8

.2 Examples comparing level 1 DJ with peak-to-peak DJ

Figure 36 shows three different DJ PDF’s that all have the same peak-to-peak value of 0,1 UI.

T
S

o T

he uniform distribution is harsh, the triangular distribution is less harsh and the raised cosine disttik
relatively benign.

20 L7 \ » ]
Uniform / "\ — Raised
\ Cosine

v
N
/

10

-
~
N
2
/
Lz

f .

, Triangle . '

’ '

/ \!
” ~

Peak-to-peak’'DJ = 0.1 Ul

Population (arbitrary units)

0,1 0,08 0,06 0,04.£0,02 O 0,02 0,04 006 008 01

Time, Ul
Figure 36 - Threedijfferent DJ PDFs used to create CDF's in figure 37

gure 37 shows the CDFs.that result when the DJ PDFs in figure 37 are convolved with RJ of e
020 Ul rms.

ution

actly
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1
o1 ——— Triangular:
' Level 1 DJ = 0,048 Ul pk-pk
0.01 = / RJ = 0,021 7 Ul rms
-3 .
10 Uniform:
107 \2\ Level 1 DJ =0,07 Ul pk-pk
o = RJ =0,021 Ul rms
[8) 10 Ve
@
W g0® - -
[ Raised cosine:
10”7 Level 1 DJ = 0,036 Ul pk-pk
8 RJ1=0022 Ul rms
1U
107°
AN
e NN
0 0,05 0,1 0,15

Figure 37 - CDFs and associated level 1 DJ values from PDFs in figure 36

Sample time, Ul

so shown in figure 37 are the values of RJ and level 1 DJ and that result from the calculations requifed in
ause 8. Notice that the different level 1 DJ values account for the different TJ values and that the Rp val-
bs are almost exactly 0,02 Ul. The shape of the DJ distributiomymakes a difference and is important for
pmpliance.

gure 38 shows an example of real data and the associated PDFs calculated from the methods ip this
ause. The term level 1 TJ PDF is used for convenience because it resulted from the level 1 calculations
it there is presently no compliance requirement forrTJ PDFs. The measured DJ PDFs and the meagured
bak-to-peak DJ were derived from a TIA measurement where no BUJ (bounded uncorrelated [pJ) is
esent. In this case, the DJ may be separatedrom the RJ by averaging out all the uncorrelated jittef (i.e.,
y removing the RJ).
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Level 1 TJ PDF (calculated)
e N\

S
0.01 +— }
I S VA ia Y
g 10 //Luﬂl'/\ Measured DJ PDF '\\
2 10° f 1| I Measured TJ PDF Lol \
=] | T T T
S10° [ i || |
(0] -7 ! ! T 1
N 10 / i } Measured Pk-pk DJ —}
© 8 T T T T
£ 10 I [ HEE
2107 ' / i §<— Level 1 DJ (calculated) —’i \ I
0 T — ~TJ —— =
oy o L \,
w0 1 B \
10 12 H ! H . |
025 02  -015  -01  -0,05 0 005 01 @15 02
Time, Ul

Figure 38 - Real data comparisons using PDFs

gure 39 shows the CDFs that result from the PDFs in figure 38.

Level 1 TJ CDF

left of crossing,

right of bathtub
(calcul\ated)

Level 1 TJ CDF
right of crossing,
left of bathtub
(calculated)

1 1} y.4
0.1 \ _‘-:;ﬁ_ /r — j-‘\:k\ /
001 \ : /T~ ¥
. \ AN 7 / ™~
10 VA — Measured CDF
107 ///\\ right of crossing, left of bathtub
L s / o0 N | ! ! Y
a 10 / T Measured CDF - \
= 10°° - + left of crossing, right of bathtub
b o7 [ D ]
m 10 ! ;
08 / Measured pk-pk DJ m——tmt=>:
1 ;
oY Y N
1010 ! / : «—Level 1 DJ (calculated)—>: : \ !
< . TJ : : |
10712 Y 5 5 : it
1 : ' ] 1
10" / : ' !
0,25 -0,2 0,15 -0,1 0,05 0 0,05 0,1 0,15 0,2
T;IIIC, oa)

Figure 39 - Real data comparisons using CDFs
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8.3 Methodology details for calculating level 1 DJ and level 1 TJ

A CDF measured by any valid means is used as the starting point for the calculations specified in this sub-

clause. Valid extrapolation methods may have been used in the measurement of this CDF - direct
surement at CDF = 1E-12 is not explicitly required.

Define the jitter eye opening at the CDF = 10°° level as tg and the jitter eye opening at the CDF =
level as t1. Both sides of the bathtub curve are required to determine the jitter eye opening.

mea-

10-12

Calculate Qg = -gnorm[(2/TD)*107,0,1] where gnorm is defined in Mathcad™ !and the transition density,

TD, is assumed to be 0,5 for 8b10b encoded data.

(@)

alculate Q4 = -qnorm[(2/TD)*1074,0,1] where gnorm is defined in Mathcad'™ and the transition,de
D, is assumed to be 0,5 for 8b10b encoded data.

_|

_|

he resulting values under these assumptions are:

o = 4.465
| = 6,839

(@)

alculate the jitter results from the equations below. R is the rms (1,sigma) value for RJ. DJ a
e given as peak-to-peak values.

Q

dy is the peak number of RMS jitter magnitudes for the given BER~TJ may then be expressed as:
Equation 7 — Level 1 total jitter

TI=Ul-t; = DI 413,68 Rl;ms

where Ul is the bit period (e.g., 941,2 ps for 1 062,5 GBd).

Equation 8 — Level 1 Deterministic jitter
DJ = Ul-tg - (2xQXRJ )= (Ul-t5-(8,93)(xRIgms)

DJ and TJ when presented without-subscripts are the level 1 values.

RJrms for use in equation 7 arid equation 8 may be calculated from:
RI, = 05|10 |= (0,210 Bt -t
rms ! m ’ ‘ 1 O‘

_|

his is neta/level 1 RJyms since RJpmyg is Not a level 1 parameter.

nsity,

nd TJ

1. Mathcad™ is the trade name of a product supplied by Mathsoft Engineering and Education Inc.
This information is given for the convenience of users of this document and does not constitute
an endorsement by 1SO or IEC of the product named. Equivalent products may be used if they

can be shown to lead to the same results.
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9 Basic data forms, analysis and separation of jitter components

9.1 Overview

9.1.1 Introduction

Clause 9 describes the basic data forms, analysis methods and methods for separating the compone

nts of

the jitter distribution in addition to accurately determining the total jitter. These methods may be required to
produce the CDF that is used for the level 1 calculations in clause 8 and are useful for characterization,
design, diagnosis and other level 2 uses. The method described in clause 8 is required to produce DJ and
TJ values for compliance purposes (level 1). The values of level 2 DJ, RJ and TJ produced from the
methods described in clause 9 and in some subclauses of clause 10 may vary between the methods and

before IS wasdevetoped—this was—asource of error betweem measurerments—Sce—TJ-7s i
contained in the CDF one does not expect significant differences in TJ from different measure
methods. However, even in the TJ case, only the method described in clause 8 may be used.for Iq
pbirposes.

milar lack of distinction may also persist in documentation for specific instruments~Itis up to the u
b diligent in avoiding to use any DJ or TJ values calculated by methods other ‘than that describ
ause 8 for level 1 purposes.

oo wH

9/1.2 Basic data forms

—

here are five basic data forms considered:

time domain measurement of jitter events at a specific signal level from a jitter timing referen
measurement of error rate at specific signal level and time from a jitter timing reference;
single shot capture of a signal waveform;

measurement of the time between a known number of signal edges at a specific signal level;
RF power spectrum.

® OO T QO
—_—_—— - =

m

ach of these data forms is accessible via knewn measurement processes and each has its own a
ges and disadvantages. See table 5 for a mapping.

—
Q)

911.3 Data analysis methods

—

here are five data analysis methods considered:

a) direct PDF/CDF analysis on jitter events;

b) over-sampled Sequential time analysis on a waveform;

c) under-sampled sequential time analysis on residual jitter from specific signal edges;
d) statisticalbin analysis on time between n signal edges;

e) spectraldensity analysis on the jitter population.

m

ach of these data analysis methods, or combinations of these data analysis methods, may be used
rocess,of generating the CDF required for use in clause 8 to calculate the level 1 DJ and TJ. See t3
r.a/mapping.

ke

ectly
ment
vel 1

his clause is written without always making the distinction between level 1 values and level 2 values.

ser to
ed in

Hvan-

n the
ble 5
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9.1.4 Summary of overview
Table 5 provides a brief comparison of the methods.
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Table 5 - Comparison of basic data forms and analysis methods (Sheet 1 of 3)

Analysis Data form Processing to Assumptions Other potential Instrument types
method prepare CDF & comments information (level described in this
2) from data form document that are
capable of creating
the data form
(See also table 6)
PDE/CDE Time- ~—Some-formrof ~Bittmimg ref— T~ peakto-peak DI, BERT
analysis based PDFE smoothing and/ erence and » Other DI PDF or | « TIA (clocked, pat-
of many jit- c_>r extrapola- Golden PLL CDF det'ails tern marker,-malk-
ter  events tion may be are already » Cannot isolate erless)
. required applied sub-components * RT)scope
or direct | | If PDF inte- « Sufficient of DJ « Enhanced EQ
measure- grate into CDF number of scope
ment of events for
CDF at spe- accurate fit-
cific  times ting and/or
via bit error extrapolation
measure- of tails
ments « If extrapola-
tion is
required,
assumed tails
are Gaussian
Over- Single shot | * Interpolate jit- « Sufficient * Any components | ¢ RT scope
sampled sampled ter events numbenrof from CDF prepa-
sequential capture  of betwe_en sam- pattern repeti- ration (
time analy- | multiple pat- ples, |r_1te_rpo- t!or_15 for sta- peak-to-peak DJ,
. . late missing tistical frequency con-
SIS tgrn repeti- signal edges, relevance tent, PJ terms,
tions calculate FET, | « Noise floor is etc.)
* Isolate DDJ Gaussianand | ¢ Info on run
* |solate'PJ from uncorrelated lengths, transi-
RJ e Broadband tion density, etc.
 Calculate crosstalk in » Can isolate DCD
inverse FFTs the mea- * Provides other
for DDJ and PJ sured signal waveform infor-
* Apply SW may affectthe mation including
Golden PLL validity of the eye patterns
» Convolve CDF due to
DJ*RJ terms separation of
* Integrate into DJ from RJ
CDF required prior
to producing
the CDF
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Table 5 - Comparison of basic data forms and analysis methods (Sheet 2 of 3)

Analysis Data form Processing to Assumptions Other potential Instrument types
method prepare CDF & comments information (level described in this
2) from data form document that are
capable of creating
the data form
(See also table 6)
Under-sam | Under-sam- | ¢ Calculate FFT * Bit-timing ref- | ¢ * Enhanced EQ
pled pled wave- and create his- erence and scope
sequential form of togram Golden PLL
; ) " * Isolate PJ from are already
time _analy- | residual jit- N .
- R3 appiretd
S'S, 9n ter . f“?m * Remove PJ * Broadband
residual jit- | specific sig- (remaing spec- BUJ is not
ter  from | naledgesin | trym contains present
specific a repeating | the RJ) « No important
signal pattern * Intgrate to pro- information is
edges duce the RJ lost by the
value aliasing of
» Deconvolve RJ high fregency
from the uncor- components
related histo- * Noise floor is
gram to Gaussian
determine
spectral peaks
in the BUJ
* Create com-
posite PDF
and integrate
into CDF
Statistical Repetitive » Extract means | e Sufficient * Any components | ¢ TIA (markerless,
bin analy- | measures and variances number of of CDF prepara- pattern marker)
sis of jitterftime for blqs; pattern repeti- tion ( « Enhanced EQ
. - DDJis tions or aver- peak-to-peak DJ, scope (for corref
intervals per . ;
) peak-to-peak aging for frequency con- lated DJ portion
each Ul bin of means! statistical rel- tent, PJ terms, only - requires
of pattern apply SW evance etc.) Golden PLL during
Golden PLL * Noise flooris | ¢ Info onrun data acquisition
» Forvariances, Gaussianand lengths, transi- e Uncommonmly,|RT
jnterpolate uncorrelated tion density, etc. scope
missing signal e PJ terms are » Can isolate DCD
edges, calcu- not correlated | « Cannot recon-
late FFT, apply |  Broadband struct complex PJ
spectral power crosstalk in tones (no vector
density analy- the mea- phase informa-
sis sured signal tion)
» Convolve may affectthe
DJ*RJ terms validity of the
* Integrate into CDF
CDF
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Table 5 - Comparison of basic data forms and analysis methods (Sheet 3 of 3)

ethod or instrument of that category is capable of delivering-the required signal quality mea
ents. Specialized hardware and/or software may be required“to extract the desired signal q
foperties. Users are strongly cautioned to verify that the'entire hardware / software combin
blivers the accuracy required.

0T 3 3

1.5 Organization of the document relating(to“material introduced in clause 9.
he details for the data forms and data analysis methods are given in the description for the different s
Lality measurement methodologies in clause 10.The best fit of the tails method is described in 9.2
does not apply to any specific measurement-methodology. The details of the ‘jitter frequency spe
brived from FFT of time domain measurements on repeating patterns method’ differs somewhat bet
easurement methods and these details’ are embedded along with the specific measurement me
bcumented in clause 10. Some general properties of this method are described in 9.3.

oS o090 -4 ©

©

2 Best fit of tails of histograms

2.1

©

Introduction

_|

he starting point forthis method is a PDF or histogram of the signal at the signal level of interest

—

hbounded and\that all other sources are bounded and deterministic. The attributes of this schem
hown in figure 40.

0n

n this~approach, the magnitudes of the Gaussian functions are also variable and fittable, not just
ndésigma (in contrast, the level 1 dual-Dirac calculation described in clause 8 freezes the magnitude

Q

Analysis Data form Processing to Assumptions Other potential Instrument types
method prepare CDF & comments information (level described in this
2) from data form document that are
capable of creating
the data form
(See also table 6)
Spectral RF  power | * This method « Sufficient » Canisolate mag- | ¢ RT scope (with
power den- | spectrum can analyze number of nitudes of certain post processing)
sity analy- _L_mcorrelated pattern repeti- featqres with * TIA (markerless,
sis jitter but not t!or_ls for sta- restricted data pattern marker)
Bb3socanmot tisticat patterssuch=s v a-
develop a com- relevance square waves lyzer (with post pro-
plete CDF by « Jitter is the » Cannot recon- cessing)
itself only variation struct DDJ or
* Apply SW (no signal complex PJ tones
Golden PLL level noise) (no vector phase
* Isolate PJ from | ¢ Noise floor is information)
RJ Gaussianand
uncorrelated
e PJ terms are
not correlated
sting of an analysis method or an instrument type in table 5 or i table 6 does not imply that ¢very

sure-
ality
tion

ignal
since
Ctrum
ween
thods

This

gchnique uses theybasic assumption that only the tails of the jitter distribution are truly Gaussiafp and

e are

mean
S).

This best fit of tails method only fits the entire Gaussian function in the tail regions at/below the measured

DJ ceiling. That is, the Gaussian magnitudes are reduced to match the DJ magnitudes at u* and p".
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Figure 40 - Histogram of a set of jitter events

il fitting in the CDF domain directly may be used. In this case ditfing assumes integrated Gaussian
r the tail regions. The best-fit Gaussian PDF distributions for each tail are then determined. T
aussian distributions are characterized by their respective‘means and standard deviations: u*, u’,
he total jitter histogram is assumed to be the convolution of some deterministic jitter distribution (ta
ith the left and right Gaussian random components_of*jitter. The deterministic component is, in ge
bt symmetric -- u* is generally not the same as -1 These means are measured with respect to the
ming reference.

he level 2 DJ, RJ ( peak-to-peak) and TJ.are calculated as follows:

a) DJis defined to be the time'between pu* and u” (i.e., u* minus ). The means of the righ
left Gaussian distributions.may be different. The data patterns defined by FC encoding sch
do not allow DDJ distributions below approximately 1E-4. DCD is also a very high proba
component. If the/BWUJ is caused by the high speed serial activity on other links then the
distribution will also’typically be greater than 1E-6 (possible exception is power supply ing
jitter). If the BUJ\is caused by rare conditions (e.g. lightning) then some DJ distribution mayj
below 1E-6. Link-induced BUJ in FC is filtered by the loop response of the Golden PLL

straightforward because of the wide difference between 10712 and the actual DJ distribution.
encoding schemes (e.g. non 8b/10b) may have lower probability DDJ distributions, LPDDJ
may require additional work to do the separation. See Annex A for more information on altg
encoding schemes and issues involved with other low-probability DJ distributions.

Random
Jitter (RJ)

U1

this approach, a jitter histogram is collected by any means (samipling scope, time interval analyzer,
BERT, etc.). If a BERT is used the PDF is produced by differentiating\the CDF from the BERT. Alterna

ively,

PDFs

hese
* 0.
lless)

heral,

jitter

t and
emes
bility
BUJ
uced
exist
This

filtering, limits the distribution of BUJ. Separation of the DJ distribution from the TJ distribufjon is

Dther
, that
rnate

b) TJis defined to be the time associated with the CDF - 1E-12 population.

c) RJ peak-to-peak is defined to be the measured total jitter (TJ) minus the calcu

lated

deterministic peak-to-peak jitter (DJ). TJ is the CDF eye opening and DJ is derived from the
PDF calculation. If the Gaussian contributions constitute most of the total population then RJ

peak-to-peak is approximated by 76" + 75"
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2.2 Tail fit jitter analysis method example

9.2.2.1 Jitter separation through tail fit
Figure 41 is a schematic drawing of a jitter histogram in the presence of both DJ and RJ components. The

G

aussian PDFs and the tail part of the distributions are shown.

o

B

=S =

I.
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D
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Q= =

itter PDE\may be used to determine the pu (mean) and ¢ (rms) values for RJ Gaussian PDF’s by fittir]

A
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Figure 41 - Schematic drawing of the total jitter histogram in the presence of DJ and RJ

J is described by a Gaussian function. On the otherhand, the DJ PDF could have many arbitrary f
ppending on the DJ root cause mechanisms. A sifigle Gaussian jitter histogram dirstribution is defing

Fquation 9 — Simplified Gaussian histogram

_(t=p)?
h=Npgye 207

his is essentially a(3)degree curve fit where the parameters for the fit are Ny, 1, and o.

e tail part-of the total jitter PDF preserves properties of the RJ PDF. Therefore, the tail portion of the

aussian function to the measured tail portion of the PDF.

If

nere IS No DIas andad statlstiCal Sampling noise In tne measuremernt, the tWo talls thatl represent th

07(E)

brms,

d as:

here Np,ax iS the count ofievents at the peak of the DJ histogram for each side, t is the jitter, u and [c are
e Gaussian mean and.standard deviation respectively. N5 depends on the granularity of the histogram.

ue to the nature that DJ and RJ PDF’s interact through convolution and the fact that DJ PDF is boupded,

total
g the

ran-

dom process should be symmetrical. Since the rising and falling edges normally have difference slew
rates, it is not possible to completely randomize measurements and reduce the sampling error to zero, the
c values for the far left and far right Gaussian tails will not be the same in general. The RJ ¢ value should
be the average of these two and DJ is the distance between two peaks of far left and far right Gaussian
tails, namely: oy = (o + og)/2 and DJ = pg - 1, .
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The tail fit algorithm is composed of two parts, one is the tail search that identifies the tail portion of the dis-
tribution. The other is the fitting procedure that fits the Gaussian function to the tail portion of the distribu-

tion. Difficulties encountered are:

a) Statistical fluctuation. The morphology of the fluctuation may have many forms and irregularities
and a rule based artificial intelligence algorithm is needed so that tail search may be automated.
b) Nonlinearity. Since the Gaussian function is nonlinear with regards to its mean and ¢ parameters,

a nonlinear fitting algorithm needs to be used, and it has to be an iterative process.

c) Weighting. Care shall be taken for the lower tail distribution statistics. A weighting function based

on Poisson statistics is used to ensure the accuracy and repeatability of the fitting results.

Tail fit theory was discussed in the MJS ad hoc in 1998 (98-521v0) and was also described in 1999 at the

I EE Intarnatinnal Tactina Caonfaranca 291 A _natant nimbhar 6200218 vyac filad An Nacambar 11
== e oo e Sty SO e re R e 1S5 Pt it o B e o oSO WS e oo eceper—=3

aphd was granted by US patent office on October 2"d 2001 [33]. These references contain the detal
Kecuting the tail fit.

D

2.2.2 Tail fit accuracy

p study the tail fit accuracy, start with a Gaussian bimodal histogram distribution. The.mean and rm
bs are known. Ramdon noise generated via the Monte Carlo method is then added to the histo

er is less than 4 %. In other words, the algorithm is relatively immune to the statistical sampling er

< OUDOmec 4 O

Bry “noisy”.

n

gure 42 shows that tail fit may give very accurate DJ and RJ estimation through Monte Carlo simulg

Simulated JitterHistrogram
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ven when the noise amplitude reaches 15 % of the TJ histogram maximum, the lerror on the fitting param-

or. In

hort, tail fit error is virtually zero when the distribution is clean and is less than4 % when the distribution is

ition.
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Figure 42 - Accuracy simulation for tail fit with a “noisy” total jitter histogram

It has been demonstrated that the tail fit method gives rise to TJ and BER that are consistent with those

obtained through BERT measurement [32].
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Tail fit has been implemented and tested in a commercially available system. The system is typically com-
posed of a clock recovery sub-system, a jitter measurement sub-system and system software that controls
the data acquition and data analysis. A typical measurement set-up is shown in figure 43.

[= e

I.

n

= T

U

Device/ chi
System Jitter
Measurement
Clock System
Recovery Ch2

Figure 43 - Set-up schematic for jitter output measurement.

he jitter measurement system produces the jitter event population used{te. create the PDF. The d
Itput has both DJ and RJ components. The recovered clock provides the jitter timing reference sigr
e measurement. The jitter measurement system acts as a difference function. The whole measurg
stem emulates an actual receiver system in a serial communication‘receiver.

gure 44 shows an example of a signal and its recovered clock using part of a CRPAT signal wav
nning at 4,0 Gbit/s.

evice
al for
ment

bform

300 mV | )‘H ﬂ | ¢ f\ Jﬁ_ \1 f | ﬂn
“ N | f "| - |_Lsitclock
LA AN A TR
|
AV ’ | | l Data Signal
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Al \J/ J \J il
v V v V y V v v
300 m;/4 ns 25ns 26 ns

Figure 44 - Waveforms of CRPAT data and the recovered bit clock
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9.2.2.4 DJ and RJ measurement (level 2)

DJ and RJ separation is done using the definitions in 9.2.2.1. First the clock to data histograms are mea-
sured for both rising and falling edges. Then the tail fit method is applied to the histograms to obtain DJ
and RJ. Figure 45 shows the signal in figure 44 with tail fits to the rising and falling edges.

12000

Total DJ = 43,626 ps
™~ RJrms = 7,46 ps

\ 1Ul=250ps

Rising
Falling

6000

Population/bin

\

(darker curve) ™

0
140 ps 200 ps 260 |

Jitter referencted to Golden PLL

Figure 45 - Total jitter histogram measured with a Golden PLL clock as the reference

_|

he tail fits in figure 45 are optimized for matching in the low population tail regions. Tail fits may not match
ell in the high population regions where-significant DJ exists - see figure 41.

=

2.2.5 Level 1 CDF measurement
hen the DJ and RJ measurement is done, the total jitter histogram has already covered the entife DJ
DF and the upper part of the.RJ PDF. This means that it is possible to determine the entire TJ PDF|func-
ipn mathematically. A complete TJ PDF provides a solid base for calculating the level 1 CDF requirg¢d for
5e in clause 8.

cC =< ©

gure 46 shows the level 1 CDF/BER functions and TJ at 10 “12 for the signal in figure 44 and figufle 45.
his CDF/BER-calculation and TJ determination virtually does not add any overhead to the total megsure-
ent time,since today’s fast microprocessors require only a matter of micro-seconds to calculate these
gsults.

3 4

=
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Figure 46 - Level 1 CDF “bathtub curve” forthe PDFs in figure 45

3 Frequency spectrum method
his method uses repeating data patterns with a real time‘oscilloscope, an Enhanced EQ scope, a TlA
httern marker or an RF spectrum analyzer. The output is a frequency domain spectrum that may
ben produced by an FFT. An assumption common.to all methods is that all uncorrelated DJ is rev
a the peaks in the spectrum. If there is any significant broadband BUJ (e.g., cross talk induced
bwer supply induced jitter, circuit that clips.the’tails of a Gaussian distribution) or LPDDJ the RJ cal
bn is affected. In other words, some forms ef BUJ may not be distinct from RJ in the frequency do
etails are described in 10.3, 10.5 and 20:6.

07(E)

\ with
have
paled
jitter,
cula-
main.
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10 Signal quality measurement methodologies

10.1 Overview

10.1.1 Non-jitter properties of signal quality

The complete specification of signal quality requires more than the jitter performance at different signal
amplitude levels. Other signal quality properties that may be important for various reasons include tran-
sient behavior, rise time, overshoot, ringing, peak amplitudes and amplitude noise, common mode content,
balance levels in differential signals and other features that are not directly addressed in this document.
See for example the following references:

Standards for Pulse measurements such as Rise Time, Fall Time, Overshoot, Ringing, etc:

a) |EEE Std. 181, 1977 Transitions, Pulses and Related Waveforms [18]
b) IEEE Std. 194, 1977 Pulse Terms and Definitions [19]

<

aveform eye diagram measurements using histograms:

c) US Patent 5,343,405; Automated extraction of pulse-parametrics from multi-valued functions;
Dennis Kucera and Paul Meyers, Tektronix, Inc. Aug. 30, 1994 [37].

(@)

opper cable assemblies:

d) SFF 8410, HSS copper testing and performance requirements, [23]
e) SFF-8415, Measurement methodolgy and signal integrity.\téquirements for high performance
electrical interconnect (HPEI) [24].

1p.1.2 Overview of jitter related signal quality measurement methods
The signal quality measurement methods relating to jitter . are summarized in table 6 and are documgnted
in the following portions of clause 10. All of these signal guality measurement methodologies use the jitter
timing reference specified in [6.8] in one way or anothier. A goal for clause 10 is to describe signal quality
measurement methodologies that produce accurate; correlatable results suitable for use for verifying|com-
pliance test requirements (level 1). Inclusion of.a*method in this clause does not guarantee that thig goal
has been met for that method. Suitable jitter:timing references may not be directly available at Fibre Chan-
nel compliance points and some methods.@described in this clause were created to address this situation.

Ejght methodologies (3 scope based;™3 TIA based and 2 BERT scan based) for measuring signal quality
afe described in clause 10. The spectrum analyzer method is described in Annex A. Each measurgment
approach has its advantagescand disadvantages. Table 6 summarizes the status of the measurgment
methods described in this document. To date, no comprehensive empirical testing has been conducted to
correlate the jitter output results of all the test methods.

There are significant_differences in the maturity of the methods. The equivalent time oscilloscope as|used
in the early nineties’'was found to be inadequate for high-speed serial data signal evaluation and thi$ was
ohe of the main-reasons for starting the MJS effort in 1995. The timeline for introduction of methods fo the
MJS ad hoeis:

1) 1995 - Simple BERT methods
2) 1996 - TIA methods

3) 2001 - RT scope

4) 2003 - Enhanced EQ scope

This timeline defines the relative maturity of these methods. Work is underway to further understand the
limitations and benefits of all methods. Users should consider that the less mature methods are not as
proven as the more mature methods.
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10.1.3 Accuracy and verification considerations

10.1.3.1 Accuracy
For level 1 CDF outputs it is expected that the following accuracy requirements are met:

Accuracy at CDF = 1E-12 to be within +-0,02 Ul of the expected value with a 3 sigma confidence
on repeated execution of the measurement. For example, if the expected value is 0,26 Ul there
should be no more than 3 results out of 1000 (99,7 %) at 1E-12 that fall out of the 0,24 to 0,28 Ul
range in 1 000 measurements.

In general it is expected that signals have significant amounts of RJ, DCD, DDJ and BUJ where the BUJ is
significantly caused by noise (signal level noise such as crosstalk). The jitter output test is performed under
emulated worst-case npprafing conditions For pxamplp to ensure that the jitfpr output from a dllplpx link
has the BUJ that will be encountered in service the measurement shall be performed while the adjacent
4ame port) receiver is receiving an asynchronous data stream over the +100 ppm frequency range.

Although not a requirement in MJSQ it is expected that the DJ consists significantly of both compensatable
DlJ and uncompensatable DJ. There are also a set of expectations on the waveform properties that afe not
defined in this subclause.

It|is likely that more than one measurement method may be needed for complete'Signal quality evaluption.

D.1.3.2 Verification

1

1P.1.3.2.1 Overview

The task of determining the measurement accuracy and repeatability verification is left to MJSQ-2. [How-
eyer, the following discussion describes two approaches that have been used or suggested. In both neth-
ofls there is still development work required to arrive at a transportable verification capability.

1p.1.3.2.2 BERT method

Al common technique to verify measurement accuracy is to make comparisons to CDF measurerpents
made with a BERT. The BERT measurements canbe performed directly to low probability levels wjthout
ektrapolation and this property is assumed to remove uncertainty better than other methods. This scheme
assumes that the conditions described in [10.1:3.1] for the signal under test are used. Since the detailed
reéquirements for the signal are not completely specified the conditions for general verification are not{com-
plete and transportability of results may/(suffer. This method is presently not traceable to internationally rec-
opnized standards and the requirements for confidence have not been established. This verifi¢ation
method is useful for determining haw well different jitter measurement methods agree with each other}if the
same signal source is used.

The actual jitter content of the signal under test may affect the results. If a standard signal is developgd as
described in [10.1.3.2:3]then that is the signal that should be used for this method as well.

1p.1.3.2.3 Calibrated signal source method

Another appreach is to verify jitter measurements using a signal source with known values of jitter angl with
np presupposition of the properties of the measurement method. This is not a trivial engineering proplem,
ap jittersean be comprised of many different signal types. Thus the ideal jitter source must be capable of
simultaneously producing several types of jitter, each with adjustable magnitudes. This must all be dane in
syichva way that the jitter of the signal is known with a high degree of accuracy and the values are frace-
able.

To use this approach a transmitter with adjustable jitter that is traceable to NIST is required. The calibration
of the jitter output from this transmitter is performed as follows:

1) PJis verified through spectral analysis and a Bessel null technique providing jitter levels known
within 1 %.
2) DDJ (dispersion type) is produced using various lengths of copper traces on common backplane
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material. DDJ quantities are determined through S-parameter analysis using precision network
analyzers. DDJ values are known to 1 %

DCD is provided through an adjustable pattern generator and verified through oscilloscope
amplitude measurements. DCD values are known to 1 %.

RJ is produced through an arbitrary waveform generator using random number generators.
Number lengths allow statistical variation to below 1 in a trillion values, thus providing truly random
jitter beyond the typical 1E-12 total jitter values generally measured.

3)

4)

The verification of measurement accuracy is performed by subjecting jitter measurement tools to a large
variety of jitter combinations. Specifically, RJ, DDJ, DCD and PJ are systematically adjusted to low,
medium and high levels (as well as ‘off’). In addition, PJ waveform types are also adjusted. Thus an exten-
sive matrix of jitter conditions are presented to the instruments under test. For example, one signal config-
uratior—would-be-to-have-high-RI—-tow-DBI—re-DEB-andmedivmampltude—triangle—wave-RJI—ARother
cpnfiguration might be to have low RJ, high DDJ, medium DCD and large sinusoidal PJ. The validity pf the
halysis is based upon the quantity of jitter being known and adjustable.

<8}

—

he scheme described above assumes that all BUJ is represented by the PJ. There is no provision fgr non
eriodic BUJ. This method as described does not completely verify the accuracy of measurement mefhods
tended for use on signals that contain non periodic BUJ. If such a non-periodic BUJ-property were gdded
more complete signal would result. Also other signal properties such as amplitude.and rise/fall time(need
g be standardized and added to the signal source before a truly transportable standard signal would
result.

S O

a5 9

=

D.1.4 Summary of signal quality measurement methods
hble 6 lists a summary of the signal quality measurement method.described in this document.

_|

sting of an acquisition method in table 5 or in table 6 does-not imply that every instrument of that
htegory is capable of delivering the required signal quality measurements. Specialized hardware
hd/or software may be required to extract the desired signal quality properties. Users are strongly
hutioned to verify that the entire hardware / software combination delivers the accuracy required.

[ e

Table 6 - Signal quality measurement method summary comparison (Sheet 1 of 4)

Acquisition Acquisition Primary out- | Attributes Alternate
HW , requirements put data output dats
method. and form forms
subclause

Conven- * HW Gelden » Time-based | Advantages NA

tional EQ PLL PDF of » Familiar and provides good

scope eye many jitter qualitative information on jit-

histogram, events ter

[10.2] * Includes time and signal

level information
 No restrictions on pattern
Disadvantages
« Difficult to meet require-

mantafor

aooiratn Ao

i (W7ST-Y
TS o ottt T™ary StS

in any reasonable test time.
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Table 6 - Signal quality measurement method summary comparison (Sheet 2 of 4)

Acquisition
HW ,
method. and
subclause

Acquisition
requirements

Primary out-
put data
form

Attributes

Alternate
output data
forms

Basic BERT,
[10.4.1]

* Known pattern
repetition (chal-
lenged by fill
words)

* HW Golden
PLL

* Time-based
CDF of
many errors

Advantages

* Emulates the receiver fun-
tion in figure 25

« Little restriction on pattern
length

* Examines every bit in the

NA

data pattern for fastest
exposure to all existing
errors events

« Can scan any direction in
eye to get full eye contour

* Level 2 information with
analysis of error free inter-
vals, etc.

* Provides pattern information

BERT with
reference
datachannel,
[10.4.4]

« HW Golden
PLL

* No signal
induced errors
in center of the
eye

¢ Time-based
CDF of
many error
events

Advantages

« Emulates the ‘receiver fun-
tion in figure'25

« No restrictions on pattern

< Examines every bit in the
data“pattern for fastest
exposure to all existing
errors events

< Can scan any direction in
eye to get full eye contour

« Level 2 information with
analysis of error free inter-
vals, etc.

* Provides pattern information

NA

TIA no clock,
no marker,
[10.5]

 Time-based
PDF of
many jitter
events

Advantages

* No clock required

* No trigger jitter

 No restrictions on pattern

» Can measure across the
entire eye to get full eye
contour

Disadvantages

* May be less accurate than
other TIA methods for the
same data acquisition time

 Spectral
power den-
sity (all com
ponents)

T1LA bit claoel

LML Caldan

ahbacad

Adbhrantacaoc

T/ O Crotic

[10.5]

TIvV OUTOCTT

PLL

T
e oasScT

PDF of
many jitter
events

Adrantages

 No restrictions on pattern

« Emulates the receiver func-
tion in figure 27 as in a typi-
cal receiver

« Can measure across the
entire eye to get full eye
contour
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Table 6 - Signal quality measurement method summary comparison (Sheet 3 of 4)

« Validity of interpolation of
the waveform may be com-
promised in the presence of
noise higher than the
Nyquist frequency of the
signal under test

Acquisition Acquisition Primary out- | Attributes Alternate
HW , requirements put data output data
method. and form forms
subclause
TIA pattern * HW Pattern * Repetitive Advantages  Spectral
marker, marker measures of | < No trigger jitter power den-
[10.5] * Repetitive pat- jitter/time  Provides accurate separa- sity (uncor-
tern (requires intervals per tion of DDJ releated
edge counting per each Ul | « Provides pattern information | compo-
or other meth- bin of pat- » Can measure across the nents)
ods to deal with | tern entire eye to get full eye
fill words) contour
RT scope, « Known length « Single shot Advantages « Time+baseq
[10.6] repetitive pat- over sam- < No clock required, no trigger |, RDF of
tern (requires pled (sam- jitter many jitter
special han- pling rate * SW Golden PLL events
dling for fill greater that | < Provides pulse shape infor- |* Repetitive
words) the Nyquist mation. measures qf
* Max pattern rate of the e Can re-analyze at\different jitter/time
length limited to | signal under thresholds with same acqui- | intervals pgr
215 pits test) wave- sition per each U
form of mul- | ¢« Can scan'inany direction in bin of pat-
tiple pattern eye to-get'full eye contour. tern
repetitions « Prqvides pattern information |+ Spectral
Disadvantages power den-
s4Lower front end bandwidth sity (all comp-
than ET scopes ponents)
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Table 6 - Signal quality measurement method summary comparison (Sheet 4 of 4)

test patterns
required ta_iso-
late uncofre-
lated from
correlated jitter
terms

quency peaks to isolate
deterministic and random
noise sources.

Disadvantages

 Level 2 only

< Not intuitive for digital
designers who operate in
the time domain

< No vector phase information
(cannot reconstruct DDJ
and complex PJ)

Acquisition Acquisition Primary out- | Attributes Alternate
HW , requirements put data output data
method. and form forms
subclause
Enhanced * HW Golden * Full wave- Advantages NA
EQ scope, PLL form with * Common lab instrument for
[10.3] * Requires a residualjitter general waveform analysis
known repeat- included  Targeted data acquistion for
ing pattern jitter is much more efficient
(requires no than conventional EQ scope
change in fill * Low intrinsic jitter
word popula-  Very wide bandwidth/data
tion) rate range
* Max pattern Disadvantages
length limited to » Requires a model mapped
215 pitg to each signal edge for sig-
« Uncorrelated jit- nal level to time conversion-
ter does not the conversion is comproe-
exceed rise/fall mised if uncorrelated noise
times changes the shape.of the
edge
* A tradeoff iS/made between
accuracy-and the number of
edge models used
« Identification of frequency
components and aliasing
Issues is a current develop-
ment topic
RF spectrum | Jitter is the only |+ RF power. Advantages NA
analyzer variation (no spectram * No clock required
Annex A amplitude (allkcompo- * No trigger jitter
noise) nents » Good tool for diagnostics
e Square wave present) due to ease of spotting fre-

10.2 Equivalent time oscilloscope methods

10.2.1

Introduction

Although there are a number of different implementations of sampling technology, today's digital oscillo-
scopes utilize only two basic sampling methods: Real-Time (RT) sampling described in [10.6] and Equiva-
lent Time (ET) sampling described in [10.2][]. Equivalent Time sampling may be divided further into two
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sub-categories: asychronous and sequential. Each method has distinct advantages depending on the kind
of measurements being made.

Real-Time Oscilloscopes are digital oscilloscopes that are capable of performing RT sampling, although
they are frequently capable of performing ET sampling as well. Sampling Oscilloscopes are only capable
of performing ET sampling, although typically at much higher signal bandwidths than for real-time oscillo-
scopes.

The following subclauses discuss each of the sampling methods in greater detail.

10.2.2 Equivalent time sampling

10.2.2.1 Overview
When a clock or data signal is repetitive, equivalent time digitizers may take advantage of this pro't‘erty.
Shmples may be acquired over many repetitions (trigger events) of the signal, with one or more-sainples
dken on each repetition. This allows the oscilloscope to accurately capture signals whose frequency|com-
bnents are much higher than the scope's sample rate. Typically many bits, even many repetitions of the
hta pattern, may occur between samples.

QT &

There are two types of equivalent time sampling methods in use today, asychronous-equivalent time{sam-
pling and sequential equivalent time sampling. Asychronous equivalent time sampling is sometimes ¢alled
random’ equivalent time sampling in oscilloscope literature but the word 'random’ means Gaussian in this
dpcument. Asychronous equivalent time sampling allows display of the”input signal prior to the tfigger
ppint, without the use of a delay line. Sequential equivalent time sampling provides much greater time res-
olution and accuracy. Both require that the input signal be repetitive,

nformative documents further describing oscilloscope sampling-theory are:

a) Tektronix, Sampling oscilloscope techniques, Teehnique primer 47W-7209 [42].
b) IEEE Std 1057-1994 “|IEEE Standard for DigitiZing'Waveform Recorders” [17].

m

(uivalent time sampling is often used in an oscilloscope to display a waveform eye diagram similar tp that
n figure 50.

m

(uivalent time techniques rely on a trigger event for its time reference. Many oscilloscopes have an|inter-
bl clock recovery feature, where the Galden PLL as described in this document is implemented as part of
the trigger system. This allows the oscilloscope to properly display the data signal without need for a sepa-
rgte timing reference. Alternatively,-an external Golden PLL may be introduced as shown in figure 47. The
ccuracy of the measurementds always dependent on the jitter noise floor of the trigger system whether
e Golden PLL is internal or external.

>

=)
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High-speed
Sampling Scope
Signal being
....................... , measured *
SERDES H
; I_ O |nput
: Golden .
PLL © Trigger

C data from a remote SERDES

Figure 47 - Time domain jitter output test (Golden PLL)

D.2.2.2 Asychronous equivalent time sampling

nd to the signal trigger (‘T’ in figure 48). Samples are taken as fast as possible, independent of the t

N o P>

hmples are taken sequentially but are not sequential with respect to the sighal trigger.

copes may display a signal similar to that shown in figure 48. See 10.2.4 for more details. “Rea|
scilloscopes” typically support both asychronous ETymode and real time (RT) sampling, see [10.6].

O W o d® Y d -

Waveform Constructed
with Record Points

1st Trigger Event |_| |_| |_| |_|_
2" Trigger Event |—| |_| |_|

3¢ Trigger Event _I_l |_| |_| |_|_
nt" Trigger Event _|_| |_| |_|

Figure 48 - Asychronous ET sampling

10.2.2.3 Sequential equivalent time sampling

synchronous equivalent time sampling uses an internal clock that runs asynchrono@sly to the input signal

igger

Dsition and are displayed based on the difference between the sample and,the signal trigger timeg. The

he asychronous ET technique is often used to display waveform‘eye diagrams. Figure 48 shows an
kample of an asynchronous equivalent time data acquisition. In figure 48 the waveform shown is agtually
very slow signal where many samples are possible in the same bit. For high-speed serial data streams
hch sampled point is actually many bits or many data pattern repeats apart in time. If triggering is
Hjusted on a repeating high-speed waveform such that T"'is at the same point in the pattern, ET oscillo-

time

The sequential ET technique is often used in “Sampling Oscilloscope” architectures to display waveform

eye diagrams. Figure 49 shows this technique.
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This method acquires one sample per signal trigger, independent of the time division setting. When a sig-
nal trigger is detected, a sample is taken after a very short, but well defined, delay. When the oscilloscope
next experiences a signal trigger, a small time increment is added to the most recently used sample delay
and another sample is taken. This process is repeated for four samples as shown in Figure 49. The pro-
cess is repeated until a target number (N) of waveforms is acquired to fill the time window.

Waveform Constructed T
with Record Points

1st Trigger Event |_|

2"d Trigger Event

3d Trigger Event |_|

nt" Trigger Event |_|

Figure 49 - Sequential ET sampling

D.2.3 Waveform eye mask measurements
(uivalent time measurement uses the high-speed sampling(scopes to view the waveform eye.|Most
gh-speed sampling scopes today provides features to collect and present data on the output jitter. fome
Gcilloscopes provide a feature to compare the measured.data to a “waveform eye mask.” A waveform eye
ask is a specification for allowed eye opening for thexwaveforms (not the same as the jitter eye mask

here the 1012 CDF level forms the mask boundary). The advantage of an waveform eye mask is that it
gsts for amplitude as well as some types of timing.compliance. Figure 50 shows a graphical repregenta-
ipn of a waveform eye pattern and the inner portion of a waveform eye mask used for testing for campli-
apce to waveform properties. A complete waveform eye mask would include high and low limits not shown
Figure 50.

s Joome

— =+

=

Amplitude

X1 Unit Interval 1-X1

Figure 50 - Waveform eye mask

The waveform characteristics are specified in the form of a transmitter waveform eye mask at any of the
interoperability points. Properties of waveforms that may cause waveform eye mask violations include
noise, jitter, rise time, fall time, pulse overshoot, pulse undershoot and ringing. Detailed observation of
some of these waveform properties may be made using the methods described in 10.2.4 . For the pur-
pose of an assessment of the signal, it is important to not only consider the eye opening, but also the peak
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excursions. The parameters specifying the mask may be found in the clause of the applicable physical
layer specification.

An informative document describing the test procedure for measuring optical eyes may the found in the fol-
lowing reference:

T

IA/EIA-526-4 OFSTP-4A “Optical Eye Pattern Measurement Procedure” [3]

The waveform eye mask is valid when a worst case data pattern is used to establish a worst case data
dependent jitter for the eye diagram measurement.

FC-PH-n defines the low pass filter to be used when measuring optical waveforms (in addition to the

ourth
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der Bessel-Thomson filter is used for the low-pass filter with a filter bandwidth of 0,75*baud (for 1,
Bd, 0,75*1,062 5 GHz = 797 MHz). For the optical waveform eye, the Bessel-Thomson filtefis’us
der to approximate the filter characteristics of the link optical receiver, thus filtering any highr frequ

essel-Thomson filter is a linear phase filter (i.e., phase proportional to frequency, over the frequ
ange of interest) and thus does not introduce additional jitter while filtering the high frequencies. Md
g copper signals presently has no similar requirement for low pass filters.

is strongly advised not to use the waveform eye mask to verify that tofal-jitter is within specifi
bcause of the nature of the test. The waveform eye mask test is generally'a short test and thus the

rm eye diagram is not captured for a sufficient time to capture the_full extent of the random j
bak-to-peak value. It is necessary to capture the waveform eye pattern for a sufficient period to e
at the full extent of the deterministic jitter is captured by the testinstrument. Further, it is required td
ert to CDF form and to use the calculations in clause 8 to petform compliance tests. The waveforr

D.2.4 Repeated pattern measurement usingsan equivalent time oscilloscope

High-speed
Sampling Scope

SERDES
Spiiter ompu || ML

ny

OTrigger

Asynchronous
FC DATA

Figure/51\-' Repeated pattern measurements using a sampling oscilloscope

his level 2 method is based on using the same part of a repeating data pattern for the timing refe
nd a sequential equivalent time oscilloscope. See 10.2.2.3 . There are two ways available to trigg
Scilloscope’ pattern marker and direct signal edge triggering. The pattern marker is derived from the
hl content of the data stream where only specific, identical portions of the data stream are examined
reetf signal edge triggering method described in this subclause requires a short repeating bit sequ

ask test produces PDF results if a histogram is used for the,population at the signal level of interest.
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This method is valuable for determining waveform properties from high-speed signals. The method is not
suitable for jitter measurements because

a) itdoes not use a Golden PLL,
b) it does not allow adequate population for accurate RJ and TJ measurement.
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The waveform used for the measurement is repetitive over a sufficiently small number of bit periods to
allow the entire run length to be displayed. In practice this means not more than 40 bit periods. The pattern
also repeats such that it is both continuous and contiguous.

The Fibre Channel LIP F7 primitive is a good choice being comprised of K28.5, D21.0 (in following the
K28.5 gives an 8 bit time sequence of 01010101), D24.7 and D23.7. This pattern, or a similar one, is also
typically the default output by an FC device that is unconnected to any other FC device.

The measurement is set up by adjusting the timebase of the ‘scope until not less than 40 bit times are dis-

played, then adjust the trigger hold-off of the scope until the four byte pattern ‘freezes'’. When this occurs,
then the scope is triggering from the same edge in the four byte sequence. If averaging is then applied, the
time delay to the crossing of zero differential voltage of each edge may then be measured, as any jitter
(ot TamonT arTd UeteTTiStiT) ot SYICHroTous withT te40-hit Tepeating patterT fas beerr removed’ by
the averaging.2 Use a window or delayed trace to increase the resolution of the measurement.(©nde the
dpta has been collected, it may be analyzed as follows:

1) From the time between the average position of the first measured edge and thejaverage posjtion
of the same edge 40 bit periods away the mean bit time t.,, may be calculated.

2) Using t, the time that each edge would have crossed if no correlated jitter.Had been presentimay

be calculated. The difference between the edge time exclusive of correlatéd jitter and the actual

average time for each crossing may then be calculated. This difference is the correlated jittel| for

that crossing.
eyond these correlated jitter results, each edge may be displayed, injturn, at increased resolutipn by
5ing a window or delayed trace. The scope is then set up to measufe (in statistical mode) the ‘crossing
bint’ of each edge, including the first edge of the second sequence and also the jitter (peak-to-peak)
esent on each edge with respect to the average position of thé-€dge. This represents the statistical dliffer-
nce of the residual jitter (both random and uncorrelated deterministic) on the displayed edge and thg prior
hta edge used for the trigger. As such, histograms of these-jitter components may be analyzed using the
chnique outlined in 10.5.4.3. Since the range of bit periods covered is relatively small, detection of the
bquency spectra of this jitter (see 10.5.5) is limited te those components above about 25 MHz to 50 [MHz.
esidual jitter measured this way does not contain.the required Golden PLL effects.

T QO DOT T C W@

D.3 Enhanced equivalent time oscilloscope

D.3.1 Overview
hhanced EQ scope methods use the'same basic data acquistion methods used in ordinary equiyalent
me sampling oscilloscope metheds (see 10.2.2 ) including the hardware Golden PLL. The Enhanced
(Q scope measures every edge-in the pattern with a fixed internal scope delay that minimizes any Jauto-
prrelation effect from the Gelden PLL. The effective sampling efficiency of the equivalent time sampling
Gcilloscope may be signifieantly enhanced for jitter analysis by focusing the waveform samples only on
e ideal (zero jitter) edge location rather than on a complete reconstruction of a waveform edge to deter-
ine edge placement,*An enabler to increased measurement efficiency is a transfer function that gllows
e signal level measured with any single sample taken from a known edge in a data pattern to be directly
anslated to _a.time jitter value. This transfer function is achieved by generating models that apply fo the
pecific sighaledges in a repeating data pattern.

ToomomE K

w23

=

the time of the sampling is set up to take place at the middle of the ideal edge (e.g., zero volts for a dliffer-
ntial NRZ signal) an early arriving signal has a signal level above the middle at the sampling time, while a

D

1. Some scopes have the ability to trigger after ‘n’ instances of some condition such as zero cross-
ings. In this case set the number of instances to the number of falling edge zero crossings, (or
rising edges depending on trigger polarity setting) contained within the 40 bit time pattern. (For
the LIP F7 nis 11).

2. Some scopes have a statistical measurement mode that averages in time. This is a better alter-
native than typical waveform averaging that is done by voltage.
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late arriving edge has an signal level below the middle level at the sampling time. This is essentially a
direct measurement of the signal level noise at a specified time, as shown in figure 10.

To determine the amount of time jitter on the edge where the sample was taken, one must know the signal
level versus time shape of the nominal signal edge in figure 10. This shape is effectively a signal
level-to-jitter transfer function - or a model of the edge. Once the edge is modelled, every sample that is
taken along that same edge in the data pattern yields a time jitter measurement, as long as the edge has
the assumed shape when the sample is taken.

A pattern measurement consists of many repetitions of the pattern where each repetition produces at most
a single data point and every edge in the pattern is measured multiple times to get a population distribution
for each edge. Uncorrelated jitter is measured from a single edge in the pattern.

Lj:correlated jitter cannot exceed the rise and fall times for the signal. Correlated jitter does not hiave this
limitation because the instrument has determined where the nominal edge position is in the ¥setup[' and
terwards positions the edge model and all subsequent measurements at that point. This-allows ¢orre-
Igted jitter (DDJ and DCD) to be much larger than the rise and fall times for the signal.

Q

1p.3.2 Signal edge models

Tivo types of edge models are considered - single-edge models and composite-edge models. Single(edge
models are used in uncorrelated jitter measurements while the composite edgesmodels are used fo data
dependent jitter measurements. A single-edge model is constructed by taking samples across the gntire
span of one edge. A mathematical function is constructed that delivers the best fit, in a least squares
se¢nse, to the sampled data. A composite-edge model is very similar, gxeept the samples used to conptruct
He model are taken from multiple edges.

—

>

single-edge model is used to describe the signal level-to-jitter.characteristics of a specific edge of a pat-
grn. Composite-edge models are composed of many points@nd are used to describe the signal leveljto-jit-
gr characteristics of a class of edges. The shape of an.edge may be dependent upon the preceding bits.
Dbr example, if the 'memory’ lasts for only three or four.bits, there are several classes or groups of|edge
hapes possible. A class is defined by two factors.xrising versus falling and the number of preceding bits.
br example, '00001' is one class of rising edge and '00101' is another. Similarly, '11110' is one class of fall-
nNg edge and '11010' is another. Consequently; many edge classes are defined - both rising and falling.
he number of classes required for an accutate measurement depends on the data pattern, the encpding
cheme used, the channel dispersion, a.c: coupling, reflections and other factors that affect ISI.

ms

0w 435 710

_|

here is some measurement time everhead associated with generating edge models for the several|edge
asses. However, consider that once the models have been generated, from that point forward ajmost
Very sample obtained provides a jitter value resulting in significant measurement efficiency.

D O

1p.3.3 Periodic jitter frequency analysis beyond the Nyquist rate

E[T scopes sample rates are below 1 MHz (e.g., 40 KSa/s for some Enhanced EQ scope instrumentg) and
afe therefore subjectto Nyquist considerations for the high-speed signals of interest to MJSQ. Accqrding
tq Nyquist, for.a40 KSa/s rate jitter frequencies above 20 kHz will be aliased (power levels are accurately
identified, but*without bandwidth limiting the frequency values are ambiguous).

—

D improve on the results available from a single sampling rate one may take advantage of the ET oscillo-
cope’s ability to alter the sampling rate. By measuring with the sample rate altered by a known amqunt a
u 1iqnn ‘aliased’ spectrum may be created. This allows hetter resolution than the cingln cnmpling ratg con-
dition assumed in the Nyquist criteria. Only those frequencies that produce the peaks observed for both (or
a multiplicity of) sampling rates are valid (the signal did not change so the actual frequency content in the
signal did not change). Comparing spectra from different (known) sample rates allows proper identification
of the frequency associated with the spectral peaks observed.

n

Limitations still exist similar to isolating the random from the periodic spectra
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a) very low power harmonics/spectra of a periodic signal can be difficult to isolate from noise
spectrum,
b) range of this approach is limited to jitter spectra from about 10 Hz to bit rate/4.

10.3.4 General process for extracting the CDF

10.3.4.1 Overview
The process to determine the time jitter CDF that may be used for extracting the level 1 DJ and TJ as
described in clause 8 is achieved by extracting a level 2 RJ and a level 2 DJ to accurately reconstruct the
level 2 TJ used in the Enhanced EQ scope method.

A pattern trigger is required (commonly derived internally within the instrument). The pattern trigger is
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Kecute the edge modelling process within the pattern. Samples are acquired only on the edges and
prted directly to jitter values.

he level 2 jitter separation methodology approaches the task by independently targeting-the jitter t
prrelated to the data pattern and the jitter that is uncorrelated from the data pattern. Fhe correlated ji
y definition the data dependent jitter (DDJ) and the duty cycle distortion jitter (DCD)>The uncorrelat
r is made up of random jitter (RJ) and uncorrelated deterministic jitter (BUJ). (See'[7.2]).

D.3.4.2 Correlated Jitter

veraging is used to isolate the DDJ and DCD. Averaging eliminates the uncorrelated elements. Theg
at remains is that correlated to the data pattern - the DDJ and DCD£€omposite-edge modeling is ug
der to maintain maximum sampling efficiency, as each edge in the\pattern must be measured in or
naracterize the DDJ + DCD. The pattern trigger is "walked" through the pattern and samples are
bm every edge. The composite-edge model associated with each edge's class is used to translate
gnal level measurement into a jitter measurement.

he jitter on edges is segregated for the rising edges.and the falling edges. A probability distribution
bn (PDF) histogram is created for both the jitter ofsthe rising edges and the jitter of the falling edg
ell as a jitter histogram of all edges. The DDJ*+-DCD is given by the peak-to-peak spread of the
am of all edges. It is the arrival time differencé between the earliest arriving edge and the latest ar

ter-symbol interference (ISl) is given by*the peak-to-peak spread of the histogram of rising edges
e histogram of the falling edges, whichever is greater. Duty cycle distortion (DCD) is given by the
hce between the mean of the rising edge positions and the mean of the falling edge positions.

D.3.4.3 Uncorrelated, Jitter

he mechanism for determining the uncorrelated jitter, also called residual jitter (RJ and uncorrelats
pnsisting of added RJ, crosstalk and power-supply noise - see [7.2.3] and [7.2.3.4] ), takes advantg
e fact that any edge)taken in isolation has no knowledge of the pattern dependent elements that aff
5 deviation about.its mean position is totally dictated by the uncorrelated elements. For each data ac|
bn cycle targeted at uncorrelated jitter, the oscilloscope acquires all of its samples on a specific
ithin the pattern, thus all pattern dependent jitter is removed from this data. A single-edge model is
nd samples are taken specifically at the edge. The edge model technique is used to efficiently cg
gnallevel samples to jitter values. Subsequent acquisitions are taken from other edges in the patter

Etermined by dividing the trigger Clock input by the pattern length. The pattern trigger is manipulaled to
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hchlindividual acquisition record uses data from a single edge. Data from all acquisitions is accumu

ahistogranT.

The pattern trigger is controlled such that the sampling interval is very precise and consistent sam-
ple-to-sample. The result is that the samples are taken in a highly periodic fashion. This allows the jitter
values to be transformed into the frequency domain using a fast Fourier transform (FFT). This results in the
spectrum of the jitter that is uncorrelated from the data pattern, that includes the RJ and uncorrelated DJ.
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If there is no broadband crosstalk or power supply jitter then the RJ makes up the noise floor of the spec-
trum and the uncorrelated DJ consists of only PJ (that may be partly due to crosstalk and power supply jit-
ter) that shows up as discrete frequency components or line spectra. These PJ line spectra are removed
and a new spectrum is created by using interpolation to fill the 'gaps' left behind by the missing spectral
lines. Under these assumptions the new spectrum is due to the random components of jitter. The RJ is
obtained by integrating the noise floor of this spectrum to determine the root mean squared (RMS) RJ, that
is, the standard deviation of the random jitter distribution. If there is uncorrelated DJ due to broadband
crosstalk or power supply noise present these components may or may not have discrete spectral compo-
nents visible and the attribution of the noise floor to RJ alone may not be valid.

Under the conditions of no broadband crosstalk and no power supply jitter the following process is used to
determine the PJ - the line spectra are not used to determine the PJ. The sample rate of common equiva-
|grttime-eseilloscepesis-undert-MSamplesis—Any-fitterspectral-contentthatis-abeve-half-the-sample rate
will be aliased. This limits the analysis of the jitter spectrum to that of the noise floor described abiove and
will not allow the periodic elements to be determined accurately. The PJ is determined by retuthing fo the
afcumulated histogram of the jitter values obtained for the targeted edges. A dual-Dirac,delta moflel is
uked to determine the PJ. Under the assumptions of no crosstalk and no power supply jitter the entife DJ
cpntent for the targeted edge only is PJ. The standard deviation of the RJ distribution,is given by the [mea-
s
b
d
t

ired RMS RJ described above. A dual-Dirac delta model is constructed with two identical Gaussian fistri-
itions each defined by the measured RMS RJ value. The separation of the two Gaussian distributions is
btermined through the process described in [10.3.5]. Sufficient population must’exist for the curve fitting
q be accurate. The PJ value is given by the resultant separation between the-means of the two Gaussian
distributions.

1P.3.4.4 Aggregate Deterministic Jitter (DJ)

The process described in [10.3.4.2] and [10.3.4.3] results in spegific level 2 values for RJ, PJ, DCID and
DDJ. These contain all the elements of jitter if there is no broadband crosstalk or power supply jitter |n the
signal. The task now is to accurately combine these elements'to produce an aggregate deterministig jitter
(IbJ) value and finally a total jitter CDF. So far, probabilify’density functions (PDF) have been deterrined
fgr the uncorrelated jitter (RJ and PJ) and for the correlated jitter (DDJ and DCD). The DJ value is{com-
ppsed of DDJ, DCD and PJ, but it is not a simple sum-of the values, as each is defined by a statistical dis-
trjbution.

To determine the aggregate level 2 DJ, a methodology similar to that used to determine the PJ from the
R, PJ PDF is used. The RJ, PJ, DCD and@*DDJ PDFs are convolved together. The aggregate histogram is
called the total jitter histogram, as it is'the PDF of all of the measured jitter - both correlated and ungorre-
Igted - combined in a single histogram. The dual-Dirac model methodology described above for extracting
PP from the RJ, PJ histogram is applied to the total jitter histogram. The same measured RMS RJ palue
describes the two Gaussian.distributions. The same fitting technique may be used. However, as the total
ifter histogram is the PDF of all jitter elements, the resultant separation is the aggregate level 2 DJ.

—

1p.3.5 Level 1 CBFoutput

The CDF to be usedin clause 8 to calculate the level 1 DJ and level 1 TJ is the integration of the tota| jitter
h|stogram (PDF).described in [10.3.4.4] (i.e., the histogram produced by the convolution of the RJ, PJ,
DICD and DBDJ): This CDF is valid for level 1 use only if it has been determined that there is no broagband
crosstalk.or power supply jitter (i.e. if the crosstalk and power supply jitter that is present is independently
determined to consist of only discrete spectral components). Otherwise the results are level 2 only.

|mmnri7ing the process for rrnnfing the level 1 CDE:

1) Correlated jitter samples are obtained using the edge model transfer function at each edge in the
pattern. Averaging is used to remove uncorrelated jitter.

2) Uncorrelated jitter samples are obtained through the appropriate edge model applied to a single
edge of the pattern. (Once the full pattern has been measured for correlated jitter, subsequent
uncorrelated jitter measurements are taken at a new edge position for each full pattern
measurement. All uncorrelated samples are aggregated).
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3) As above, RJ is obtained by transforming the uncorrelated jitter samples into the frequency

domain, removing spectral lines and integrating the residual spectrum. This allows the standard

deviation of RJ to be determined very accurately.

4) With RJ determined, the CDF for total jitter can be constructed. A total jitter PDF is obtained by
convolving the correlated jitter PDF (measured) with the uncorrelated jitter PDF (measured). A
dual-Dirac model is then constructed based upon the RJ value. The Dirac model is adjusted until
the time positions of the tails of the model match with those of the measured/convolved histogram

(both with normalized densities). The measured histogram 0,1 %/(# transitions in the pattern)

tail

population is located and the 0,1 %/(# transitions in the pattern) tail population of the model is

positioned at the same time value. This model of the PDF is then used to extrapolate TJ to lo
probabilities and to produce a CDF for the purpose of creating a bathtub curve.

D.4 BERT scan

D.4.1 Basic BERT scan
BERT scan (or equivalently a BER scan) may be used to characterize the signal as it relates’to bit

> b

=
Q)

canning the sampling time across the entire bit time, the bathtub curve is generated. With long meg

ent times, it is possible, but not necessarily convenient, to directly measure-BER as low as 10t?
direct measurement of total jitter.
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Figure 52 - BERT Scan signal quality measurement
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he BERT should run through its autoimated alignment and synchronization procedures after the g

w3

hmpling time is scanned through the eye.

L

igh error rates are observed as the sampling time enters into the crossing region so (re)synchroniz
nould also be disabled, or-set to tolerate very high errors rates. If resynchronization is required, it is
Cial that it occur quiekly. The resychronization may be required in the presence of high error rates.

=)

b reduce time tequired for a BER scan, scanning should start towards the eye crossing where error
e high. If a&)target such as 10 errors is sought to provide reasonable statistical confidence in any|
hlue, the(time required at high error rates will be very short and scanning may be very fast. Scan dirg
ould bein a direction toward lower error rates until the ending target value is reached. Step size m
odified and optimized by evaluating the rate where BER is decreasing as the scan progresses. Th

W

error

tio that would exist at that point in the link if a receiver were present at that point in theMink. The BERT
hould be clocked by a golden clock recovery circuit that is driven by the signal under test (see figurg¢ 52.)
he BERT reports the CDF directly at the time being used to sample the data in the’'BERT receiv¢r. By

sure-

, yielding

quip-

ent is set up. Automated alignment is disabled after these procedures have completed and before the

ation
bene-

rates
BER
pction
ny be
bre is

S3s< oo

need to begin scanning in the center of the eye where the BER is probably very low and the time

o get

errors could be lengthy.

The BERT scan approach, when used in conjunction with the jitter model described in [6.5.6], may pr
random and deterministic jitter components and provides a mechanism to extrapolate to lower bit

ovide
error

rates (less than 1071°) without impossibly long test times. BERT scan application software has become

available to automate this technique.
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A measured BERT scan bathtub curve is a cumulative probability distribution function. This function may
be smoothed and fitted by a histogram technique as elsewhere described in this document to determine
peak-to-peak total jitter, peak-to-peak deterministic jitter and random jitter or other level 2 functions.

10.4.2 Alternate combined process to extract level 1 DJ and TJ

It is possible to combine the smoothing and fitting functions into one process to determine level 1 jitter val-
ues defined in clause 8 directly. By example, the following method may be used.

1) Form the BER scan results into matrices. The example below shows the sample times for a scan
of the left side of an eye, t; and the corresponding measured bit error rates, MER;.

1.92 158
1392 -8

4,91-10
1394,6 ,
1397,3 1,60-10

t:=| 1399,9] MER;:=| 473.10"
14025

116.10°
1405.2
1407.8 55016
269.10°

2) Form the equivalent matrices for the right side,to’/obtain t, and MER,.
3) Convert the MER values to equivalent Q values, where Q represents the number of standard

deviations the function value is shifted frem the respective peak in the dual-Dirac Effective
cumulative jitter function. Q(MER) may‘be obtained in two ways.

Q(MER) = 0,867 9 - 0,707 2 log (MER) - 0,018 log (MER)? or

Q (MER) = gnorm { (2/tgy)(MER, O, 1)}

where tyq is transition density, assumed to typically be 0,5.

he polynomial approximation is optimized between 1E-10 and 1E-5 bit error rates. It assumes a transition
bnsity of 0,5 and'the dual-Dirac Effective jitter cumulative jitter function. Alternatively, the second equation

a o

apsumes oneyhas access to an inverse cumulative distribution function, such as Mathcad’s™ “gnornt’,
dnce the-Q values are determined, they will approximate a straight line with their corresponding t values,
stich that

Qx(t) = my*t + by where x generically refers to left or right scan sides.
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A normal least squares method may be used to smooth the lines for regression and slopes (my) and off-

sets (by) may be determined for each. Once done, the level 1 (effective) values for DJ and TJ may be
directly calculated. Savg is the RJ value used in the level 1 DJ and TJ calculations.

11

Ox = My Gayg = Mean (cr,cs|)
-b -b

Dy = — - !
My m
Qtar = D Qi = D

T) = tgt r gt |

my mj
or

T =DJ + 2tht6avg
where  Qtgt = 6.839

NOTE 1 This method is mathematically equivalent to the 2-point math used in clause 8 to determine I
effective jitter from any CDF function with some exceptions:

a) The 2-point method given in [8.2] assumes the CDF has already-been measured and/or calculated, incl
any required smoothing or fitting and that eye width values arg aecurately available at 1E-6 and 1E-12
cumulative probability levels.

b) This method given here allows any number of points equal*to or greater than two. As this method co

to provide more data for smoothing functions to rediice measurement noise and improve accuracy.
c) This method scans each side independently ratherithan measuring the width of the opening (width is th
difference between right and left side scan peints at equal BER).

the sampling voltage level is scanned instead of the sampling time, this methodology, including
bns, may also be applied to directly:determine signal level Q-factor values as required in some o
easurements.

order to obtain valid RJ, DJ-and TJ extrapolations, a number of precautions should be observed
irve fitting should be performed on only a subset of the BER data. The maximum BER of this s
hould be no higher than BER= 1/(10*pattern length). Also, this subset should extend over at le
pcades of BER values, For example, for a 2 600 bit pattern, the fit would be done over BER ranging

—-5 to 1E-8. This 'ensures that DDJ does not significantly influence the shape of the curve fit (an
Ktracted value 0f\RJ.) See also Annex A.

OTE 2 The'minimum value for measured BER is constrained by test time (10 errors are suggested as an ab
inimum_to get reasonable statistical confidence).

D43 BERT eye contour measurements

bvel 1

uding

nverts

directly from measured BER to Effective jitter values,.a¢multiplicity of points, including lower BERs, is aglvised

e time

pqua-
ptical

. The
Lbset
ast 3
from
d the

solute

It

nas peen assumed up to this point that the BER'T decision detection level'ls at the mean signal level.

The

BERT scan technique may be extended to produce a family of limiting bathtub curves (see [6.6]) by varying
the signal detection level over the range of signal levels and repeating the scans. The scans may be plot-
ted and analyzed according to the method outlined in [6.6] and a jitter eye mask produced.

As discussed in [6.2.5] and in [6.7] it is possible to scan both sampling time and the sampling voltage level
radially from the center of the data eye to develop complete eye contours at varying cumulative probabili-
ties, or to vary the only sampling level to develop vertical “Q factor values”.
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BER. I

Figure 53 - Example of eye contour measurement and waveform eye

1p.4.4 BERT with reference channel
fla BERT has two channels, one may be placed to remiain in the center of the eye while the other channel
used to scan the data eye. In this case, bit errefs are determined by the instantaneous diffefence
btween the two readings. This approach eliminates all the following: the need to know the patt¢rn in
fvance, the need for a repeating pattern, pattern synchronization, problems with added or deletgd fill
ords or transmitted errors.

S 9 TG
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10.5 Time interval analysis

10.5.1 Introduction

Time Interval Analysis (TIA) uses many accurate, single-shot, edge-to-edge time measurements. The sta-
tistics of these measurements may be used to perform jitter calculations. Figure 54 shows an example of a

TIA measurement set up and the basic flow used.

_ _ Time Interval
Signal being measured Analyzer

SERDES _/:_ T _:/_
== O 1oout
@H

Asynchronous
Variance of T values
for edges n*Ul apartﬁ

FC DATA

| e ! FreoTuency
(n*U1)

Figure 54 - An example of time interval analysis{or jitter spectrum output measurement

Py

andom jitter (RJ) and deterministic jitter (DJ) may.he measured using this technique on repeated pa
ap well as random data streams. From the RJ and*DJ measurements, a bit error ratio (BER), or cumu
d|stribution function (CDF) with sampling timeas the state variable, function may be generated. Thg
jitter at a given BER level (10'12) may then bée determined. There are three methods defined for exec
these measurements:

a) bit clock (level 1);
b) pattern marker (level 1);
c) no clock, no marker(level 2).

Epch method uses the basic TIA methodology, but with different schemes for acquiring the data.

n the first method,.the TIA is used with a Golden PLL. Time measurements are made from the reco
gference clock-that has a FC compliance frequency response (i.e., Golden PLL) to the data transi
This methpdemulates the actual receiver operation and thus provides the most accurate jitter compl
gst, with'the low-frequency jitter on the data being tracked by the reference recovered clock.

—

—

The'second method is used to acquire data when a Golden PLL is not available, or, when jitter on ju

terns
lative
total

uting

vered
tions.
ance

5t the

dataisdesired TS Method TEqUITES & PatterT Marker to Synchronize the Jitter measSurenents Tefativ

etoa

specific location in the pattern. The TIA is capable of extracting the pattern marker from the data based on
a unigue bit sequence or pattern length. Additionally a pattern marker may be used from another source

such as a pattern generator.

The third method operates under a condition where neither a reference clock nor a pattern mark is

avail-

able. It may be very useful when a reference clock or pattern marker is not available, such as system level

test. However, the accuracy of this method is not as good as the first two methods.
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The capabilities of a time interval analyzer assumed here are

a) accurate, single shot measurement of time delay between threshold crossings of clock to data or
data to data for a serial data waveform,

b) independent selection of rising or falling edges for the measurement start and stop,

c) ability to specify the number of skipped edges between the measurement start and stop,

d) ability to recover a bit clock with the required frequency response from the input serial data,

e) ability to generate a pattern marker from a repeating serial data pattern.

Equipment with two separate inputs and programmable thresholds may permit effective differential mea-
surements.

n this method, a Golden PLL is required to provide a reference clock derived from the data stream to
arker the TIA. This scheme effectively removes low-frequency content from the measured datajn ajman-
br similar to that done in a receiver. The configuration used for this option is similar to that of figure |43 or
igure 47. The Golden PLL clock is either generated by an internal CDR or is externally available.

5 =

= 5

he TIA is capable of measuring the time from the data transitions to the reference cloek as extracted with
the Golden PLL. This results in a clock-to-data histogram that describes the jitter~occurring on theg data
transitions relative to the reference clock. Random and Determinstic Jitter may be estimated by using| a tail
fi{ algorithm as described in [9.2.2]. Figure 55 shows a typical clock-to-data-histogram for a communigation
gnal. Note the tail fit curves that represent the fitted Gaussian curves.

_|

n

7 OOO Deterministic Jitter: 63.474ps

Random Jitter: 7.782ps
Total Jitter: 169.409ps
Unit Interval: 470.569ps

Total
Rising Edge
Falling Edge

3500 / —A—£Tail Fits

Population

Figure 56 shows the corresponding BER/CDF function and total jitter TJ at BER = 10712 for the data in fig-
ure 55.
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1E-12
0 0,25 0,5 0,75 1,0
Time (Ul)

Figure 56 - BER/CDF function corresponding:to-jitter PDF in figure 55

=

D.5.3 Jitter measurements with a “pattern marker’ (level 1)
ith a pattern marker scheme the starting point for the_measurement is always at the exact same paint in
He pattern. This point is called the pattern marker. The benefit of having a stable starting point is the Histri-
tion of measurements (see figure 64) is a more accurate level 2 separation of the deterministic, periodic
nd random jitter components from one another.

QT F<

The basic setup for this option is shown in¥figure 57.
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Figure 57 - Measurement setup for “known pattern"with marker”

he pattern marker may be generated internally by the TIA based on the identification of a uniq
bgquence within the data stream or pattern length of the repéated pattern or externally. No measurer
e made from the pattern marker. All measurements are made within the data signal and therefore
no “trigger” error associated with the pattern since it/is ‘not used as a reference signal, but rather
nabling signal.

he high pass filter characteristic of the receiveryitter transfer function implied by the Golden PLL C
bplied by using a DSP algorithm thereby elitinating the need for external hardware. All time me3
ents are made from the same reference\edge within the data pattern. This edge is identified by th
rn marker. Many measurements arezimade of each transition within the data pattern relative t
ference edge. Histograms for each-transition are captured from this data.

h FFT of the autocorrelation algerithm of the variance information from these histograms (the residy
r) is used to estimate the“power spectrum density (PSD) function and extract PJ magnitude an
lency and RJ rms over certain frequency band. Alternatively, using the tail fit algorithm describ
.2.2], RJ may be measured from each of these histograms and this is typically done when there is s
ant PJ.

orrelated jitter\(DDJ + DCD) is measured from the histograms of each transition based on the disf
ent of eachchistogram mean relative to integer multiples of the measured bit period.

DF/Integration of the total jitter PDF produces the level 1 BER/CDF function. This function is used

e bit
hents
there
AsS an

DR is
sure-
b pat-
D the

al jit-
0 fre-
ed in
ignif-

lace-

he totaljitter PDF is estimated based on the convolution of the RJ PDF, correlated DJ PDF and the PJ

n the

C

1 | P H P l Q4+ et + 4l 1 | e | P e il |
ICUTAtiuTIS SPTUIiTU T Liaust O TU UTITTITNTC UTC TCVET L ' UJd Aaliu TJ.

Level 2 outputs from this method include the DJ PDF and the TJ at 1012 estimated based on the CDF.
This level 2 DJ PDF is a measure that does not assume that the DJ PDF is a dual Dirac function.

Note that this scheme, like the others that use an FFT approach, makes the assumption that all the
crosstalk and power supply jitter is captured in the PJ. Any DJ in the form of broadband crosstalk, power
supply jitter, or clipped Gaussian jitter that does not present a defined PJ peak will be lumped with the RJ.
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Similarly, LPDDJ may not be detected accurately. Therefore, it must be independently determined that
there is no significant broadband crosstalk or power supply jitter present and that no significant LPDDJ
exists before using this scheme for level 1 purposes.

A typical data set from this method is shown in figure 58, figure 59 and figure 60.

‘Connect the dots’ plot of the deviation of the average edge time
position (correlated DJ) atthe nominal receiver threshold signal level

30 pS ' e e gy o e — -
L)
(@)
g N
= N
% Iy NAN
O Signal edge positions in the data pattern
-30 ps [ _
2 457 2 472 2 487
Bit number in data pattern
Figure 58 - Correlated DJ distribution as a function of bit number
70 PJ[Per+]: 63.027ps
m
=
=
a
£ _—PJPeaks
S
O
2
)
o
L I L l J

0 550 1100
Frequency (MHz)

Figure 59 - Power spectrum density (PSD) function of PJ and RJ
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Figure 60 - BER/CDF function measured with “known patterrn"with marker method”

btal jitter (TJ) at BER = 1012 s shown.

_|

z -

able to accurately capture the CDF for the signal.

T

J into its individual components, periodic jitteriduty cycle distortion and/or data dependent jitter is
pssible. As DJ also may contain BUJ thatGs not periodic an assumption for this separation is

00T O

c c

ncorrelated deterministic and random jitter components.

1) The delta mean*of each measurement group of each Ul transition normalized to the nominal
yields the'DJrelated to the pattern (DCD + DDJ).
2) The autacorrelation function is the complement of the variance function of each measuremer

dénsity function of the uncorrelated jitter may be estimated. The periodic and random jitter
components may be determined.

pattern transition density for the pattern being used. This enables the user to see the effects
pattern transition density changes on the recovered clock PLL. See, for example, figure 30.

his technique works best with the time interval analyzer for/onger patterns, over 20 bits. By using a pat-
grn repeat marker along with a repeating FC data pattern (such as RPAT, CJTPAT, K28.5, etc.. . .) the TIA

level 2 separation of the random jitter (RJ) and deterministic jitter (DJ) is possible. Further separat|on of

also
that

osstalk and power supply jitter are either'not present or are completely described in the PJ contemt. As
ith the Enhanced EQ scope method, broadband crosstalk or power supply jitter may affect the accpracy
the RJ calculation. It is also assuméd-that LPDDJ is not present. This approach provides a discrifnina-
ipn between jitter types and provides information on the patterns polarity, run length and transition depsity.

sing a pattern marker and;known pattern enables the separation of periodic and DCD+DDJ from the

Ul

t

group-of each Ul transition. By running an FFT on the autocorrelation function the power spegtral

3)~The DJ as a function of the Ul may be displayed for the entire repeat of the pattern. This shows the

f
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10.5.4 Jitter measurements with ‘no clock and no marker’ (level 2)

10.5.4.1 Overview
The basic setup for this method is shown in figure 61.

Time
Interval

Serial Data

SERDES Channel input

Figure 61 - Setup for TIA measurement without an external'timing reference signal

_|

his method requires only a data signal. This method needs néither reference clock nor pattern mar

= O

me. The tool must therefore make assumptions. The raw, output is a set of PDFs based on several

D

3

ethod not practical for level 1 CDF results.

g

he PJ components may be seen from the FFT of the variance record. RJ is determined from the

®» 40 ® 3

erto

berate. The methodology uses the bit rate input from the usér and measures the data relative to that ideal

Hiffer-

nt Ul spacings. This raw output must be processed todnclude the required Golden PLL effects. The time it
dkes to obtain necessary raw output for an accuratéimeasurement can be very long and that makeg this

he reported correlated DJ value is the peak<to-peak value of the mean displacement from ideal from his-
qgrams at each Ul spacing. This value may be different from the DJ reported with the pattern nfarker
ethod with longer data patterns due tasthe likelihood of variations of timing between different starting ref-
ence edges. The histograms are composed of rising and falling data and contain a mixture of differgnt bit
bquences. The variance record in-this method contain some DDJ that is not removed by the averaging.

tail fit

gorithm from a number of-different Ul spacings. TJ is calculated and the bathtub curve generated hased
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on the convolution of the RJ PDF and the correlated DJ PDF. A typical data set from this method is shown
in figure 62 and figure 63..

12 DCD+Ig1 (pk-pk): 19.02pgs
RJ:1.8]ps

TJ: 41 668ps
Bit Rate: 2.5Gbift/s

Both rising and |
falling edges —

Correlated DJ Population
@)

-0,5 0 0,5
Time (Ul)

Figure 62 - Correlated DJ histogram measurement

l DCD+ISI (pk-pk): 19.02ps
L [

1E-4 [/
i |
o 1E-8
T
o
O

1E-12

1E-16

0 0,25 0,5 0,75 1.0

Time (UI)

Figure 63 - BER/CDF function measured without an external timing reference
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10.5.4.2 TIA datareduction procedure
The difference between TIA data and the threshold crossings displayed on an oscilloscope is that each TIA
data point is the instantaneous jitter of the second threshold crossing (X,) minus the instantaneous jitter of

the first threshold crossing (X,) plus some integral number of ideal Unit Intervals (n*Ul). That is, each mea-
sured value, T, equals (X5-X1) + n*Ul.

The following list describes the general procedure for acquiring and reducing TIA data:

Data is taken via a TIA instrument skipping various numbers of edges between the start and stop

edge

of the measurement. (The selection of starting edge needs to be randomized, since the instrument is

more likely to become ready for a new measurement during a long pulse than during a short one.
is not done, the resulting statistics can be biased.).

If this

1*UI 2*Ul '3*UI ... (n-1)*Ul n*Ul

Figure 64 - Histogram of raw,-TIA' data

When the data is collected into a single distribution, as_shown above, a sequence of maxima
sponding to the data edge positions is evident. The-data is “binned” according to how many unit
vals the datum spans. Hence, each data point,))Ty, is now associated with an integer, n;. (A

measurements get longer and n gets larger, the individual bin distributions overlap and data m
longer be separated into bins. This limits the maximum value for n in this approach?.
The exact value of Ul is now determinedcas’the slope of a linear regression fit of the T; to the n;.

check, the intercept value from this lingar regression should be zero.)
The histograms for the above n bins may now be combined into a single histogram (shown in
65) by defining, Y; = T; - nj*Ul = (X3 - X;);, the difference of the instantaneous jitter of the two edg

orre-
inter-
s the
By NO

(As a

igure
PS,

Figure 65 - Histogram of reduced TIA data

(multiples of Urremoved)

1. More complicated arming capability of the TIA might relax this constraint assuming the equa-

tion is valid. For example, if the start and stop events for the measurements could be specified

as a fixed edge within a K28.5 character, then the bin widths could be 10 Ul wide, rather than
just one Ul.
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A number of different analyses may now be done from this starting point. These are described in the fol-
lowing subclauses.

10.5.4.3 Total jitter calculation

Level 2 DJ and level 2 RJ may be calculated from the histogram of the Y; data following the Gaussian
tail-fitting procedure described in clause 9. Due to the fact that the TIA data is the difference of two jittered
edge crossings (X, - X;), two corrections need to be made.

Second, the value for RJ derived from the Gaussian tail fit is reduced by a factor of 1/sqrt(2). Again, this is
because the calculated value is for the difference of the Gaussian components of X, and X;, two sample
sets with assumed identical random distributions. The standard deviation of the difference of two identical
Gaussian distributions is sqrt(2) larger than the standard deviation of the individual distributions. The distri-
blitions are identical in this case because they only differ by integer multiples of Ul in the same medsure-
njent.

Iff however, a data edge to a clock edge from the golden PLL is measured, no correction is’"heeded.

Flgure 66 shows the combination (convolution indicated by ‘x’) of two independent uniférm distributigns to
cfeate a triangular distribution and the convolution of Gaussian distributions to create another Gaussian
d|stribution. In each case, the sigma of the convolution is sqrt(2) larger than the \sigma of the distribdtions
that were added. For the uniform and triangular distributions, the span covering all but 1012 of the pgpula-
tipn is smaller than the peak-to-peak span by negligibly small deltas. However, the delta is less negligible
fgr the triangular distribution (10'6) than for the uniform distribution (10'12). In the limit, such addition$ pro-
dlice Gaussian distributions (ref: the Central Limit Theorem) where the’tails are infinite and this delta js not
bgligible. The span covering all but 10712 of a Gaussian-distributed population is proportional to the gigma

of the distribution. Sigma increases as sqrt(2) as such distributions are added (or subtracted).

>

W «— W —— 2W—P
‘ § \ * | . \ = § :
» | . | l
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<4 l4cat 10°12p < l4cat 1012 <— 14,26 at 1022

Figure 66 - Background on the 2 versus sqrt (2) issue

1p.5.4.4° Data dependent jitter measurement (level 2)
Dlatavdependent jitter due to ISI may be measured during transmission of the 8b/10b K28.5 character
because it contains both the minimum (1 Ul) and maximum (5 Ul) run lengths. Because of alternating dis-
parity, the repeating pattern is 20 bits long. Cable attenuation (and possibly other effects) produce varia-
tions in threshold crossing times (relative to an ideal bit clock).

Figure 67 shows an idealized representation of a portion of two adjacent 8b10b K28.5 characters and an
idealized waveform eye diagram resulting from passing the repeating data pattern through a long cable.
The waveform eye diagram shows all bit times superimposed. Separate rising (falling) traces may be seen
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caused by each of the rising (falling) edges in the pattern. This waveform eye diagram shows about 250 pS

of data dependent jitter.

S

To To T7TgTgTioTi2  T17T18 T19 Too

Figure 67 - Portion of two alternating disparity K28.5 characters and resulting waveform ey

The T, (n =0,...,20) in figure 67 occur at times n*Ul + X,,, where a*Ul is the ideal edge timing and X,
ror (i.e., jitter) for the nth signal edge. The jitter includes both an uncorrelated component and a

D

efch value of n. The following discussion in this subelause assumes that the uncorrelated componer
bgen removed in this way. This leaves the value of<X as the position of the correlated jitter for each va
n| Correlated deterministic jitter (DDJ+DCD) is the-max-to-min of the distribution of the X;'s (with all U

¢lated jitter removed).

=

_|

he TIA may measure T,,-T,,, for each m:and n (m,n=0,...,20). Because the pattern repeats in this cag
=[Xn+20, for any edge, n. A measurement of T.og - Ty, (that is, skipping 10 edges between the staf
op edge) is exactly equal to 20%U1. The distribution of X;-X;, is theoretically symmetrical and with

ean. Each element of the distribution may be viewed as the distance between threshold crossings
the edges in the eye diagram in figure 67.

n

o 3

ach pair of threshold-crossing times, A and B, is represented exactly twice in the sample data - on
-B and once as B-A.In particular, the latest and earliest crossings produce both the maximum of th
rlbution (latest. minus earliest) and the minimum of the distribution (earliest minus latest).
bak-to-peakjitter is simply latest minus earliest.

o = >Mm

n

gure 68:shows a possible distribution resulting from a TIA measurement under the conditions desq
n this.subclause. In figure 68 a histogram of the means of the jitter values for each data edge in the

5 =

e

s the
orre-

Igted deterministic component. The uncorrelated companent is removed by averaging the population for

t has
ue of
ncor-

e, Xp
t and
Zero
f two

ce as
B dis-
The

ribed
alter-

ating” K28.5 pattern is plotted. Note that when plotted in this manner that the peak-to-peak is twig

e the

numerical value ot DJ.
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Xn = Xn+20

=D DI

Figure 68 - Distribution of jitter measured by TIA

1p.5.5 Power density spectrum of jitter (level 2)

This subclause is retained from MJS because of its historical relevance and its_complexity. Other
recently developed methods for dealing with power spectrum density may be bétter and do not requi
the use of the Allan variance.

hile detailed information on the spectrum of jitter is not needed to verify’jitter output specification cqg
nce, this data may be quite useful for diagnosing the causes of jitter. The power density spectrun
Issed in this subclause relates to the total jitter population, net.just the residual jitter. This mean
prrelated DJ has not been removed prior to applying these concepts.

00D <

_|

he considerable literature and measurement proceduresdor frequency stability may be employed to
Cterize jitter. Several references are the following.

Q

a) “Characterization of Frequency Stability,in Precision Frequency Sources”, Jacques Rutman e
Proceedings of the IEEE, vol 79, number 6, pages 952-960, June 1991. [27]

b) “Characterization of Frequency-Stability: Frequency-Domain Estimation of Stability Meas
Donald B. Percival, P. IEEE, vol*79, number 6, pages 961-972, June 1991 [28].

c) “Statistics of Time and Frequency Data Analysis”, David W. Allan et al, Chapter 8 of “Timg
Frequency: Theory and Fundamentals”, NBS Monograph 140, May 1974 [29].

_|

he area in this body of literature that seems most suited to being adapted for use with TIA measurer
the Allan variance-shown in equation 10:

T

Equation 10 —tAllan variance

(X = X))

NI

64(T)

more
e the

mpli-
n dis-
5 that

char-

t al,

ires”,

p and

nents

V2 VA4

7%/ <I\2/\1/

I~

var(X) — Ry(1)

The first equality in equation 10 is the definition of the simplest form of Allan variance, but using the

edge

position, X, rather than the first backward difference of X (a measure of frequency) that is standard in the

definition. The variable, 1, is the time delay between the ideal threshold crossings, n,*Ul and n,*U

I. Tis
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then (ny-ny)*Ul, so the Allan variance may be viewed as sz(n), that is, a function of the number of Ul
between edges, n=n;-n,. The < > brackets indicate a (theoretically infinite) time average.

The second line in equation 10 is simple algebra, but may create difficulty if the measured data is not fil-
tered, since X is, in general, not stationary (the variance is infinite due to the wander of the transmitting fre-
quency source). The motivation for this form is that the second term, <X1X2>, is the autocorrelation

function, fﬁx(‘c), (again, this may be viewed as a function of n, the number of Ul that the measurement

spans). The Fourier transform of S)ix(r) is the spectral density function of the jitterl.

As an example, consider jitter that varies sinusoidally: X(t) = Acos(wt + @) . The Allan variance is then

g

i

Ven by equation 11

Fquation 11 — Allan variance with sinusoidal jitter

oX(D) = S(IX(t+ 1) -XOP)

| %

([cos(m(t+ 1)+ D) - cos(mwt + d))]2>

I
NENY B

I\J|>N|\)|>

([1-cos(2wt+ 2P + wT)] x [1 - cos(®T)])

[1-cos(wT)]

he second term is the autocorrelation function of a sinusoid. The Fourier transform of this second|
elds a single spectral line at o.?

he power spectral density of the jitter is calculated\from the reduced TIA data as follows:

1) For each integer value, n, the average-squared value of the Yi's that have their corresponding
n is calculated. (These are statisti¢s of the individual “bumps” in the histogram of figure 64.) (
half this value for each bin is the’value of 62X(t = n*Ul) for the corresponding n. That is, if th

are num; Yj's corresponding.to n; = n, then GZX(‘C =n*Ul) = [Z(Yi)z]/[z*numi].

1. A few more words abaut the difference between this formulation and the standard Allan vari-

ance definitionkthe variable y; in the standard Allan variance definition, cj(r) = %((92 —)71)2> I

jitter is equivalent to a spectral density for frequency variation that rises at 6 dB per octave
because frequency is the derivative of phase. Similarly, a frequency variation with flat spectral
density produces a jitter spectral density that falls at 6 dB per octave.

2(Because the mathematics is linear, this example may be extended to jitter that is the weighted
sum of any number of sinusoids of any frequencies. That is, if the jitter is given

a backward difference of the edge position (i.e., phase), X;. Hence, a flat spectral density for th¢

5 expected, the first term in equation 11, A%/2, is the variahce (i.e., mean squared value) of a siniisoid.

term

ni=
Dne
bre

174

by X(t) = ZaiCOS((oit + @;) then the Allan variance is:

2
a.
Gi(’t) = 27' [1- cos(w;T)]
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2) The jitter variance, var(X), is the average value of these values of sz(n). Subtracting the sz(n)

sequence from this value yields an estimate of the autocorrelation sequence. The discrete Fourier

transform of this sequence is the spectral density function (power density) of the jitter. (This
process is depicted in the measurement setup -> time domain plot -> frequency domain plot
sequence of figure 54.)

10.6 Real time oscilloscope methods

10.6.1 Overview
Figure 69 shows a block diagram of a RT scope acquisition, analysis and display system.

Sample Rate Ostittostope

Nyquist Display
Input 72X BW Reconstruct Real Time
. A/D — - | Waveform | —— Waveform
D Interpolation Memory i Analvsi

Eg. Sin(x)/x itter Analysis
Results
Analog BW Jitter Analysis /
Rj, Dj (DDJ, DCD,PJ)
E-12 Jitter Eye Opening

Figure 69 - Real-time acquisition, analysis.and display
he sampling rate of a real time system may be determined by the/-measurement bandwidth. Nyquis

ent aliasing and allow the original signal to be perfectly reconstructed. Most high-performance rea|
Scilloscopes meet this requirement because the spectial content (and risetime) is limited by the a
hndwidth of the input amplifier. Thus, the analog sighal/is accurately reconstructed. Sin(x)/x interpo|
ay further improve the accuracy of the reconstructed waveform.

S oo < o -

n real-time (RT) sampling, the digitizer (showin in figure 69 as the A/D) operates at maximum spe
Cquire as many points as possible in one Sweep, with a single trigger. The sample interval is the in

0 o

g waveform memory. This data is thenrastorized and sent to the oscilloscope display where the wav

=

ontal time and resolution determined by the record length and sample interval. For example, if the
e rate is set to 20 GS/s (50'ps/pt) and the record length is set to 20 Mpts, then the actual time t
hptured is 1ms (50 ps/pt times 20 Mpts). The captured waveform represents 1 ms of contiguous, co
s data containing both time and amplitude information.

O T

o

Waveform constructed
with record points

t the-

y states that the sampling rate needs to be at least twice the\spectral content of the input signal to pre-

-time
nalog
ation

ed to
verse

the sample rate. The waveform is thenireconstructed using interpolation (e.g., sin(x)/x) and transferred

bform

may be analyzed visually. The waveform data represents vertical resolution of 8 bits (256 levels), with hor-

sam-
hat is
htinu-

Sample clock : Lo Hﬂﬂﬂﬂﬂ
| JI_ILILILII_II_II_II_II_ILII_II_II_ILII_ILIL

Figure 70 - Real-Time (RT) sampling (single trigger event)

Figure 71 shows a real-time capture of a Fibre Channel Idle sequence. The top trace is the full record and
the bottom trace is a magnified view that reveals the individual bits. The waveform is captured with a single

trigger event.
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D

N
D.6.2 Clock recovery and waveform eye diagr;mo

4

he jitter timing reference described in 6.2.3 is recov from the real time acquisition by establish
¢ference level (represented by the dotted line runr{r horizontally through the center of the wavefo
He left hand side of figure 72). Each crossing o @

n edge location. Because the acquired Wavefg may be interpolated between sample points, the u

O Y ==

ige timing resolution is much finer than th illoscope’s sample interval. The clock is recovered ug
bftware PLL with the loop BW characteristics also defined in 6.10 and is derived from a combination
ising and falling edges at the nominkl@ itching threshold. The difference between the recovered

D = 0

aveform. The TIE waveform is th&)asis of the spectrum approach to jitter measurements in 10.6.3

s

waveform eye diagram i c)ated by overlaying many small sections of the acquired waveform,
ach section is typically two-tnit intervals in length. The recovered clock is used as the timing referen

ing a
m on

eference level by the acquired waveform determines

sable
ing a
bf the
clock

hd the acquired edge location on the-horizontal axis represents the time interval error (TIE) or “jitter frend”

vhere
ce for

igning the individua tions. This eye rendering technique is shown on the right hand side of figu
aveform mask @(:D] may be performed by defining a mask and detecting collisions with this
ing is useful for detecting transient waveform behavior that may cause bit errors

aveform mas
hnnot be d d by making measurements in only the time domain. Rendering a waveform eye wi

T290<<o D>

3

Q

and mask testing as described in clause 5.
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Figure 72 - Recovered claock, TIF trend and waveform eye diagram

D.6.3 Spectrum approach to jitter measurements

D.6.3.1 Overview

5 discussed above, a waveform eye diagram and mask is different from the jitter eye and jitter mas
Issed in figure 22. The following technique describes how a jitter eye diagram may be created

al-time oscilloscope data. A CDF plot (bathtub curve) is created and an 1012 jittereye opening meg
ent is provided.

this approach, it is required that the serial data signal being measured.consist of a periodically repq
httern and that the length of the repeating pattern is known. In this example, the signal in figure 71 s

e pattern the instrument may accommodate is a function of-the record length and pattern leng
Kcess of 5000 are typically possible.

sing the spectrum approach jitter is measured as follows:

1) An oscilloscope acquires a single shot or realitime acquisition of the data signal. To most
accurately capture the jitter, it is essentiakthe acquisition system have the best available timi
accuracy, signal to noise, effective bits@and signal fidelity. Because the acquisition is captured
a single trigger event, trigger jitter dges not enter into the jitter calculations.

waveform transition using interpelation between the samples. Different reference levels may
used for rising versus falling,edges, to model the behavior of a receiver circuit with input
hysteresis.

3) The clock is recovered from the serial bit stream using a software Golden PLL as described i
previous section. The*actual time of each data transition is subtracted from the time of the
associated clock ‘edge, resulting in a TIE waveform or “jitter trend”.

4) An FFT (FastiFourier Transform) is performed on the TIE waveform. This spectrum is the

taken te.ensure accuracy of the FFT result. For the points where there is no data edge betwe
two_ or more symbols, the associated TIE values may be estimated by interpolation. The jitter
arrayis marked “interpolated” at these symbol locations so that it may be distinguished from

2) The acquired waveform is compared to a reference level to determine the actual time of each

k dis-
using
sure-

ating
hows

n acquired waveform of the Fibre Channel IDLE sequence of K28:5¢D21.4-D21.5-D21.5. The length of

hs in

g
from

be

N the

spectrum ofithe jitter in the acquired signal. Before the spectrum is calculated, an important step is

en
alue
jitter
tal

corresponding to transitions. The spectrum approach yields the various components of the td

are separated.

jitter in two steps. In the first step, RJ and DJ are separated. In the second step, DJ componTnts
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ime domain since it is assumed that the serial data signal consists of a periodically‘répeating data p3

Figure 73 - Frequency spectrum of time interval error (TIE)

D.6.3.2 RJ/DJ analysis (level 2)

he spectrum approach separates the total jitter into the two categories of DJ and RJ, based on the f
g observations: RJ is assumed to be Gaussian; its spectrum has no distinct peaks..DJ is periodic

has a spectrum of impulses (figure 73). The different properties of DJ and,'/RJ are obvious. V3
pproaches may be taken to separate the impulses from the ‘noise floor, <but shall accommodate
bns in the FFT, resulting from FFT resolution, frequency spreading, windowing, etc. The standard d

bmain. The DJ-only spectrum is recovered by setting to zero all bins from the TJ spectrum that are
able to RJ. A time-domain record of the DJ is obtained by performing an inverse FFT on this DJ
Lm. The peak-to-peak time value, that is the parameter of\interest for DJ, is found directly fron

ining the peak-to-peak value.

ote that this scheme, like the others that use a spectrum approach, makes the assumption that 3
osstalk and power supply jitter is captured in theyPJ. Any DJ in the form of broadband crosstalk, f
Lipply jitter or clipped Gaussian jitter that does not present a defined PJ peak will be lumped with th

ere is no significant broadband crosstalk or power supply jitter present and that no significant L
Kists before using this scheme for levell purposes.

p.6.3.3 Analyzing DJ compenents (level 2)

fter obtaining the spectrum.of.DJ in the previous step, three components of DJ [DDJ (e.g., that caus
), DCD and the periodi¢_components of BUJ (PJ)], may be obtained. Again, these components

bnsist solely of impulses. The DDJ+DCD jitter components may be separated from the PJ comp
hsed on the followingobservations: all impulses due to DDJ+DCD components appear at multip
5/N, where N isthe’data pattern length, the number of symbols in the data sequence’s repeat pg
hy remaining impulses are due to PJ (refer to figure 73). With PJ thus isolated, an inverse FFT is
rmed to recover PJ in the time domain. The parameter of interest for the PJ is the peak-peak value
me domainjrecord. Then using only the portions of the DJ spectrum attributable to DDJ+DCD, an in
FT is-petformed to recover DDJ+DCD in the time domain. This time-domain record may now be

ited.Into two records, where one record contains only the rising edges and the other contains only th

bllow-
n the
ttern;
\rious
varia-
evia-

bn parameter of the RJ may be obtained by computing the RMS value.of the noise floor in the freqyiency

attrib-
spec-
h this

ime-domain waveform. Note that locations marked earlier as\“interpolated,” are not counted when geter-

Il the
ower
e RJ.

milarly, LPDDJ may not be detected aceurately. Therefore, it must be independently determined that

PDDJ

ed by
of DJ
bnent
es of
ttern.
b per-
of its
verse
sepa-
e fall-

g'edges. A histogram is computed for each. These two histograms may have similar shapes if th

data

signal has alternating disparity. The method used to distinguish DCD and DDJ components from each
other is based on the following properties.

a) The difference between the mean values of the two histograms is DCD.
b) The average of the peak-to-peak values of the histograms is DDJ.
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One intermediate result of this procedure is a time-domain record of the PJ waveform, that could aid in
identifying the source of the periodic jitter. No other method of jitter analysis is known to be capable of pro-
ducing such a waveform.

Because the rising edge and falling edges may have significantly different DJ distributions one must use
the entire DDJ/DCD population to determine the peak-to-peak values. Separation of the rising and falling
edge population may be used to calculate DCD as the difference of the means of the respective edges.
DDJ is the difference between the entire DDJ/DCD and the calculated DCD.

Longer patterns such as CJTPAT may have a broad spectral content if the signal contains significant DCD
and DDJ. To ensure that peaks associated with PJ can be distinguished, the analyzed waveform should
include 100 or more pattern repeat cycles. This requirement effectively causes the spectral resolution to

Inereaseas tha nattarn lanath arowac
CroototTo e pPotte T e gt grovvor

p.6.3.4 Obtaining the jitter eye opening
fter deterministic jitter and random jitter have been separately characterized, the jitter eye-opening may
b measured using a bathtub curve analysis. From the DJ/RJ separation, the time record of' DJ (including
briodic components of BUJ (PJ)) is obtained. The time-domain histogram of the DJ,is now computed,
ithout counting those locations marked “interpolated.” The time-domain histogram-ef the RJ is synthe-
zed based on its Gaussian model, using the standard deviation obtained during:the DJ/RJ separftion.
he histograms of DJ and RJ are then convolved to get the recovered histogram of total jitter. This recov-
ed TJ histogram, when properly normalized, may be interpreted as the probability density function (PDF)
the TJ. Finally, the bathtub curve (CDF curve, as shown in figure 74) is obtained by integrating thig PDF
hd normalizing for the assumed 50 % edge density. The right side ofthe-bathtub curve is the CDF defined
figure 20 as the “Leading Edge” CDF. The left side is the CDF defined by the “Trailing Edge”. Thq jitter

e opening at the desired BER (in this case 1071?) is measured:from this curve.

‘DO D HUV=sST o >

D 3

_|

he level 2 total jitter (TJ) may be derived from the above analysis by equation 12.

Equation 12 — Total jitter calculation

TJ = Ul x [1 —jitter eye opening]

0,0

Log10 {CDF}

=
&
oo

“-500,00m

10.6.3.5 Deterministic jitter and total jitter (level 1)

The level 1 DJ and level 1 TJ may be determined by direct application of the methodology detailed in 8.3.
The level 1 CDF to be used is that created in 10.6.3.4. This CDF is valid for level 1 use only if it has been
determined that there is no broadband crosstalk or power supply jitter (i.e. if the crosstalk and power sup-
ply jitter that is present is independently determined to consist of only discrete spectral components). Oth-
erwise the results are level 2 only.
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10.6.3.6 Jitter eye diagram

A family of bathtub curves that defines the Jitter Eye Opening in figure 21 may be achieved using this tech-
nique. The bathtub curve in figure 74 was created by setting the signal level to the nominal switching level,
however, the same analysis may be performed by setting the signal level at a higher and lower voltage
level as defined by the standard. To insure that the analysis is done on the same waveform (acquired with
the same trigger), the analysis should be performed without re-acquiring. It is also recommended that ade-
quate interpolation be used for high and low levels to more accurately reconstruct the signal under test.
Error in edge detection at the nominal switching level is very small even if linear interpolation is used. How-
ever, at high and low levels, linear interpolation may introduce error. At levels other than the nominal
switching level use of a more robust interpolation algorithm such as sin(x)/x will result in more accurate
measurements.

As—ofthis—writing;the—fottowing—tmitations—andfor Tssues—are—knmownmabout—the—spectrum—approagh on
¢al-time acquired data:

—

a) This method requires at least 50 (preferably 100) repeats of the pattern with no inserted fill wiords
in the acquired data.
b) PJ may appear as DDJ if it is synchronous with the pattern repeat frequency or one [of its
harmonics. This does not affect the TJ result or the validity of the CDEjf'the signal has no
non-periodic BUJ.

(03]

ee also [6.2.5] for general issues involving conversion of noise to jitter.

=

D.6.4 Jitter noise floor of RT scope oscilloscope waveform-data
ecause RT scope eye diagram and jitter analysis techniques do pat rely on multiple trigger events tq cap-
Jre data, trigger jitter is not a concern. Therefore, the jitter noisefleor is on the order of the aperture Uncer-
dinty specification of the oscilloscope. Current technology denionstrates a jitter noise floor of lesq than
1|ps rms.

= W

1 Jitter / signal tolerance measurement methodologies

11.1 Overview

L|nk jitter / signal tolerance at an interoperability point generally refers to the ability of the portion of the link
dpwnstream from the interoperability pointlink to continue operation within specifications with the sighal of
nterest present at the input to the interoperability point. For MJSQ the signal of interest is the signal at the
interoperability point in the portion ef the link containing the receiver. All properties of the signal may pffect
the jitter tolerance, not just the.jitter content. The term jitter tolerance is retained because of its corhmon
upage.

eceiver jitter tolerance is a measure of how well the Clock and Data Recovery Unit (CDR) in the link
ceiver tolerates various forms of jitter. Two aspects of CDR behavior are important. The first is how much
brizontal eye closure’the CDR may tolerate with its recovered bit clock strobe optimally placed in the eye.
his reflects how well the CDR centers its recovered bit strobe in the data eye and how small the setup and
bld times afre_for the CDRs input flip flop. The second is how the CDR recovered bit clock wanderg as it
tempts. to track jitter within or below its passband frequency. The second item is very much influenced by
hat jitter'spectral components are present in the serial data and what system noise is coupled to the|CDR
hndpass filters. All jitter tolerance properties may be affected by other signal properties such as ampjitude
hdvrise time.

VoSO THT T

As jitter tolerance is a measure of how much jitter may be handled, it is fundamentally a bit error ratio mea-
surement. A bit sequence with a known quantity of jitter is provided to the input and the error ratio of the
receiver is measured. Jitter tolerance requires an error detector instrument used in conjunction with a pat-
tern source and jitter generator. Being a bit error rate measurement, jitter tolerance generally requires long

test times to ensure 10712 bit error ratio performance.
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Thus jitter measurements at the component level may be done using an error detector instrument in con-
junction with a pattern source and jitter generator. For device level and system level testing, the FC port
needs to report errors. This document does not discuss methods to report errors at the protocol level. See
[11.2.7].

The key specification for a jitter tolerance measurement is the specification of a jitter tolerance mask. The
jitter tolerance test recommended here attempts to duplicate actual jitter conditions. A jitter tolerance mask
with eye closure partitioned into a frequency sweep component, a random jitter component and a deter-
ministic jitter component is described for a comprehensive and consistent source. Table 7 shows an exam-
ple of the jitter components for the jitter tolerance test at an interoperability point. The values shown are
from 2004 FC-PI-2 revision 5.0 for 4,25 Ghit/s Beta R.

Table 7 - Jitter tolerance components

Quantity (UI)

Component (peak-tospeak)
Non-sinusoidal deterministic jitter 0,33 (NOTE 1)
fotal jitter without SJ applied 0,52
Random jitter Adjusted-to produce total jitter required with-
itter frequency spectrum flat across f./166 7 to f,/2 (NOTE 2) out SJ{TJ=0,52 in this case) (Note 1)

Example: fc=4,25 Gbit/s; 2,55 MHz to 2,125 GHz)

Binusoidal applied jitter See Figure 3
Bweep from f./25 000 to > /200

Example: fc=4,25 Gbit/s; 170 kHz to > 21,25 MHz)

fotal jitter with SJ applied Approximately0,62
For SJ > /1667

NOTE 1 Itis measured using the jitter timing referencecdescribed in this document.

NOTE 2 It has always been easy to say that Rd-should have spectral content up the half-baud frequendy. In
practice, however, this is extremely difficult and.not necessary. Limitations have to do with F/PM modulatof and
clock input band limitations for pattern generators. 100 MHz is a reasonable minimum even for 4G systéms.
Mandating equipment to excite above 100 MHz eliminates some cost effective and adequate options. A prijnary
source of RJ is at the clock source. Thi§'RJ is typically rolled off within a few MHz. Optical links gengrate
broadband RJ, however, the real challenge to receivers is to control the amount of jitter, including RJ, that cgnnot
be tracked and must be dissipated.~The basic requirement is to calibrate a signal tolerance tester with RJ
(integrated into UI) that is above a‘CDR's tracking response. The upper frequency value does not matter if it is
above this tracking response frequency. Today’s CDRs will not track (much) above 20 MHz so a conservgtive
upper limit on the RJ frequency is 100 MHz.

sing the jitter tolerance.components in the signal, a thorough test may be conducted including the |inter-
Ction between the (various real components. The passband characteristics are determined using sijusoi-
bl jitter sweep from 42,5 kHz to >5 MHz. The tolerance to high-frequency effects such as IS| and
symmetric risevand fall delay through active circuits is tested using the non-sinusoidal, high-frequyency
bmponent..The simultaneous excitation with all three jitter components using a broad test pattern |mea-
Ires any.interactions between the jitter components.

w o9 oL

[

tter tolerance tests are also performed under the stressed condition that the receiver bit clock freqyency
isdifferemntfron thetransmitter bit tlock-frequency which s thesame FC portas theTeceiver-Thus, the
receiver is asynchronous with the transmitter in the port under test. Test patterns to be used in jitter toler-
ance testing are defined in Annex A. In other words, the jitter tolerance test is valid when the device is
under conditions that are expected in use.


https://iecnorm.com/api/?name=919b236fbe3de22e0f029fc4b1085e92

TR 14165-117 © ISO/IEC:2007(E) -127 -

11.2 Jitter tolerance test methodologies

11.2.1 Overview
An important measurement in determining link integrity is the characterization of the ability to tolerate
inputs containing jitter yet recover error-free data. This is accomplished by inputting a signal with well con-
trolled jitter and amplitude characteristics while measuring the BER at the output of the receiver. As the
source signal is modified in amplitude and/or spectral content, the change in BER is measured. This sub-

cl

ause describes some useful test methodologies for testing jitter tolerance.

The term ’jitter’ tolerance is retained in this document because of its historical usage but the behavior of
interest is really the total signal tolerance including both jitter and amplitude. It is well known that receivers
exhibit different BER performance under different amplitude conditions even if the jitter is constant. In gen-

e

ral a receiver will tolerate mare jitter if the signal has higher amplitude 1t is implicit in the terminolog

that
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tter tolerance’ is either a convenient substitute for the term 'total signal tolerance or that the amplitd
e signal has been reduced to minimum allowed by specification when the jitter tolerance is measur

1.2.2 General methodology

gure 75 shows the general methodology used for calibrating a signal and subsequently-applying it
teroperability point in a link. Note that the entire signal including both time and amplitude qualities rqg
bntrol to accurately determine tolerance.

he required signal is setup into the text fixture calibration load. After the<Signal is adjusted to hav
bsired properties the test fixture calibration load is removed from separable.connector (half of the co
r stays with the calibration load) and the cable from the signal synthesizér is connected to the intero
lity point of interest.

e calibration load because the load and general environment under test is probably somewhat di

bm the calibration load. The properties of the signal dsed with the calibration load should have
bveloped with the understanding that these changes will occur. Since the changes were caused I
e link under test not matching the calibration loadit is the responsibility of the link to accommodate

Ver changes the link under test causes.

his methodology has the considerable practical advantages that the test fixture calibration loads m
bsigned to accommodate commercially.available instruments and that the signal applied to the test
calibrated the same way regardless ofthe link under test.
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Signal snythesizer Test fixture calibration load

"I'I\

Separable connector

Signal is calibrated here
by measurement

Signal properties that require control

Calibrated signal is applied to the
jitter toterance meroperabitity poimt
by separating the signal from the test
fixture calibration load and connecting
to the interoperability point

Amplitude

Sine jitter amplitude

Sine jitter frequency

TJ amplitude (via RJ and DJ)

RJ amplitude

RJ frequency content

DJ amplitude

Compensatable DJ amplitude
Equalization
DCD

Data rate

Data pattern

Rise/fall time

Figure 75 - General methodology for jitter / signal tolerance measurements

L.2.3 Sinusoidal jitter modulation
nusoidal jitter, SJ, may be introduced by sinusoidal modulation of the serial data bit sequence. This|tech-
que is similar to the one used by SONET. The frequency may be swept to determine the loop bandwidth
the CDR. The variable sinusoidal modulation of a’bit’'sequence is accomplished by using a frequency
nthesizer to modulate the clock source used for the pattern generator as shown in figure 76.

QoS W\

CLOCK N -
PatGen PATTER
A

Clock Phase SOURCE Clock GENERATOR

Modulation Port

Modulation
Freq

FREQ
SYNTHESIZER

Figure 76 - Sinusoidal jitter modulation

1T7Z 4 Jitter 7 signal tolerance Sources

11.2.4.1 Overview

Four sources of jitter are provided: compensatable DDJ, non compensatable DJ, applied sinusoidal (SJ)
and Gaussian (RJ). Each of these is added to the serial signal generated by a pattern generator. A
sine-wave generator modulates the clock to the pattern generator to provide sinusoidal jitter modulation
over the required frequency range. A fibre or cable adds compensatable DDJ. The length of the fibre or
cable is adjusted to produce the require level of compensatable DDJ. Practically, it is easier to control the
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compensatable DDJ by using an electrical cable than by using a multimode fibre and single mode fibre is
cumbersome because of the long length requried. Non compensatable DJ is added from a filtered PRBS7
signal generator. Adjustable random jitter is added to the signal to provide random jitter. A broadband
power combiner circuit is used to add the SJ and RJ to the clock input to the pattern generator. The signal
amplitude is controlled. The rise time may be accomplished via adjusting the Bessel-Thomson filter proper-
ties.

If using the clock input to the pattern generator is not suitable for any reason, then the output of the pattern
generator may be phase / time modulated by the jitter sources (amplitude properties of the final signal
need to be preserved in all cases).

RJ is added in this example with a wideband coupler and a sine clock source. This may be a good

a

nnraach hit tha followvaina canitinne aninhy
POttt e TomovwIg-taotoSro Pty

o O O -

= > Q O

—
Q

td
fl

(

Q

@)

a) To convert ampitude to jitter within reasonable constraints on linearity, the useful amouat,of ji
with this method is <0,3 Ul peak-to-peak assuming all else is ideal. This meets the requireme

b) Be sure, set-up and hold times are not being violated at the clock input of the pattern geng
(the pattern generator may not operate with the required level of RJ on its clock input).

c) The pattern generator may filter the jitter excessively - adequate modulation-bandwidth is req

he division of DJ into compensatable and non compensatable is done because 'with only compensa
DJ the vertical eye closure ratio is excessive and too harsh on receivers,that don't equalize. Also,
nly compensatable DDJ may not ensure that receivers that equalize are able to tolerate non comps
ble forms of DJ.

y adding some form of DJ that cannot be equalized and that does not cause so much vertical closu
DJ portion and vertical eye closure ratio can be reduced tosabout half of what would result from
bmpensatable DDJ alone.

mong the options for the additional uncompensatable*DJ are more SJ, more DCD, some BUJ and o

the phase modulation clock port. To keep costs\Jow and performance reasonable the rate of this g

ris fixed at 1 GBd. The filter is provided fromya small fixed filter. This scheme provides an approxi

ht jitter spectrum from the PRBS data rate 'up to the filter bandwidth and has a reasonable norma
ut bounded). Other combinations of pattern length, PRBS data rate and filter bandwidth may be po
5 long as a broad spectrum and reasenable PDF are obtained.

ther general cautions are:
a) Instrument noise floors and data dependencies may lead to test signals with less stress than
intended.
b) RJ must be Gaussian and not clipped out to >BER being tested. The rms value doe
guarantee that-the tails exist.

coupling below 20 MHz may be used. The pattern generator shown passes clock input
throughto the data with >>20 MHz BW. This property should be verified. The RJ spectrum
notbe white above 20 MHz, but a wider spectrum is preferred.

d)_«ltmay be required to add amplification to achieve the required test signal amplitude.

he method documented uses a PRBS7 generator:that is filtered to ~1/20th of the generator's rate aiplied

c) The spectrum of the portion of RJ that is calibrated must be from greater than 20 MHZ.
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11.2.4.2 Optical jitter / signal tolerance source example

Figure 77 shows an example of how to generate an optical signal with controlled properties including jitter,
amplitude and rise time to be used for a signal tolerance measurement.

Compensatable DDJ Control
(length)

Pattern @ Limitin Bessel- »| Linear E/O
Generator Am Iifigr Thomson Converter
(CITPAT) P Filter
Clock ¥
Input
Broadhand G i
faachan varianie aussian Optucal Canpration
Power — White Noise
) Attenuator Attenuator Instrument
Combiner Generator
RJ Amplitude
Modulation Control
Port(s) Amplitude Control
Clock . . le— SJ Frequency Control Optical Jitter
Source | Combiner Sine Jitter quency Tolerance ‘Signal
(sine) Source (SJ) .
[«— SJ Amplitude Control

Hardware 1 Gb/s Uncompensatable

Filter l—| PRBS7 ;
1/20 PRBS rate Source DJ Amplitude Control

2

otes for figure 77:

a) The calibration instrument includes an optical reference-teceiver (O/E conversion and 4™ order
Bessel Thomson filter with -3 dB frequency = 0,75 x baud. It should have high inherent sensifivity
and linearity over the range of signal powers being calibrated.

b) The limiting amplifier is used to restore the amplitude and rise and fall times of the signal after the
DDJ mechanism.

c) The Bessel-Thomson filter shown in the block diagram is for edge rate control. The combinatjon of
the limiting amplifier, the filter and the linear E/O converter shall produce rise/fall times that cgmply
with the following:

d) greater than 0,25 Ul when the effeets of the bandwidth limiting of the calibration instrument are
removed.

e) less than 0,43 Ul when the effects of the bandwidth limiting of the calibration instrument are in
place.

f) These riseffall time requirements are 20 % to 80 % and shall be measured with a repeating|fixed
disparity K28.7 pattern-.and with all jitter sources turned off.

g) The optical test signal shall be symmetrical and have minimal RIN, distortion, overshoof and
undershoot. Itsshould be at the nominal wavelength for the variant under test, +/- 10 nm| The
extinction ratiovshould be between 6 dB and 9 dB.

Figure 77 - Example of an optical signal tolerance source
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11.2.4.3 Electrical jitter / signal tolerance source example
Figure 78 shows an example of a signal tolerance source for an electrical signal. The properties are similar
to the optical signal source.

S o o

Amplltuz?e Compensatable
Contro DDJ Control
l (length)
2
Gzér::fe:tnor @ Calibration
(CIJTPAT) | Differential Instrument
Clock _—7 T
Input Br'(iadband \/ariahle W(ia[us;ian
ower Ite Noise H i
i Attenuator Electrical Jitter
Combiner Generator Tolerance Signal

T RJ Amplitude

Modulation Control
Port(s)

Clock /

Source %—1 Combiner

Sine Jitter  [* SJ Frequency Control

; Source (SJ) .
(sine) [«— SJ Amplitude Control
L Ha';ﬁ;/é?re Plfsbg Uncompensatabld
N DJ Amplitude
1/20 PRBS rate Source Control

Figure 78 - Example of an electrical signaltolerance source

nt under test. The effect of the DUT not having the reférence impedance is part of the signal tole
easurement. See [6.15].
fferential signal. If test equipment only has single channel, single ended input capabilities convers
htire frequency band of interest.
1.2.5 Calibration of ajitter tolerance signal source
hy valid scheme may be used to'generate a CDF for the signal at the threshold level. It is required
olden PLL be used. The progess described in clause 8 is used to report the RJ and DJ values for th
bl source under test.
he following processtis used to calibrate a jitter tolerance signal source.

1) The signaks set to a nominal amplitude.

DJand TJ content results.

frequencies much greater than baud/1667 if the Golden PLL is being used. At lower freque

he calibration instrument presents an impedance equal to the reference impedance for the electrical vari-

[ance

pr differential variants as shown in figure 78 thecalibration of the tolerance signal is performed uging a

on of

e differential signal is required and the aecuracy of the conversion process shall be verified ovér the

hat a
B Sig-

2) With-{he SJ source turned off the properties of the DJ and RJ sources are iterated until the dgsired

3)Add SJ until the TJ increases by the amount specified for SJ. SJ can only be measurgd at

cies,

the amount of SJ given in the template can be calibrated without the Golden PLL (allowed only for

this step), but the eye may be completely closed under these conditions. If the Golden PLL is used,
then the amount of measured SJ should be equal to the value given above baud/1667 regardless
of the SJ's frequency. (This assumes the Golden PLL has the correct frequency response).

4) The signal amplitude is then set to the minimum allowed for the signal. (This is the maximum

signal amplitude that is allowed for the signal tolerance measurement. If the 10-12 level is not
measurable for some reason then having visible population at the minimum allowed amplitude is a

conservative measurement for signal tolerance). Accurate amplitude calibration at the 1012 level
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is not practical using a conventional ET scope due to the low probability of the peak-to-peak RJ
effects. For better visibility for amplitude calibration, the RJ portion may be temporarily replaced
with an equivalent amount of peak-to-peak SJ to bring TJ up to the same specified output jitter
level. This allows the signal to meet the desired amplitude value.

If the instrumentation is unable to supply SJ over the required frequency range the uncompensatable jitter
source may be increased to achieve the required high-frequency effect via uncompensatable DJ rather
than using SJ. Using the uncompensatable DJ source creates a level 2 calibration. If compensatable DDJ
were to be used as a substitute for high-frequency SJ a receiver may be able to equalize the compensat-
able but would not compensate the high frequency SJ. This condition would be less stressful to the
receiver than intended by the test.

nce there are presently no specifications on the values of compensatable and uncompensatable\QJ the
hlibration for DJ is described without distinction between these types. One may do a rough calibratipn for
bmpensatable and uncompensatable DJ by turning off the uncompensatable DJ source and reducirg the
J target value by the amount of uncompensatable DJ desired. The compensatable DJ isithen adjusted in
ich a way that the reduced DJ target is met. Keeping the compensatable DJ setting constant, the urjcom-
bnsatable DJ source is then turned on and the signal is calibrated to the original DJ / TJ target as
bscribed.

O W OO O W;m

_|

his general scheme may also serve as the initial target for determining a jitte¥-tolerance compliance mask
qr a specific type of receiver.

—h

|.2.6 Directtime synthesis
irect time synthesis is a method of generating phase changes.on serial bit sequences through digital
blay calculations rather than analog modulation. In essence,\it“operates in the time domain rather than
bquency domain. Due to this technique, direct time synthesis, has a high degree of flexibility in gemperat-
g jitter. The test setup and test technique of a represeftative system is as shown in figure 79. DTS may
b able to generate RJ and some forms of BUJ, both within frequency/bandwidth limitations of thel DTS
rstrument.

>To QR

= o=

Using direct time synthesis, the sinusoidal madulation technique may be replicated without separat¢ pat-
grn generator, clock source and frequency.synthesizer. Additionally, direct time synthesis may gerjerate
e closure.

o =

(W]

TS may be able to generate RJ and some forms of BUJ, both within frequency/bandwidth limitatigns of
He DTS instrument.

—

Data

DUT Error Detector

DTS

4 Recovered word clock

Figure 79 - Direct time synthesis jitter tolerance test setup for a 10 bit deserializer

11.2.7 BER measurements

If the link receiver is in a functional FC Port that has a special test mode that is capable of accepting the
pattern generator output as valid data then one only need read the BER as reported by the Port. If the HBA
is not capable of accepting the pattern generator data because port initialization (attaining word sync, deal-
ing with fill words and other protocol requirements) protocol is not present in the pattern generator output
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then the Port will not operate. In this case one must activate the Port using a valid FC port as a partner to
the Port containing the link receiver under test in a manner similar to that shown in figure 84 for optical
links. This requirement places significant additional requirements on the pattern generator that are not
defined in the example used in 14.4 . See also Annex A.

It is also required that suitable software exist in the FC Port under test to report the errors created by the
signal tolerance test. Bit errors may or may not be available in their native form in a functioning FC Port.
Errors like CRC, code violations, etc., are more commonly those available. MJSQ does not define how to
convert typical port errors to equivalent BER. This topic is expected to be addressed in MJSQ-2.

12 Example use of jitter specification methodology for FC-PI-n

1p.1 Overview

Jitter allocation, or equivalently jitter budgets, are required to specify the performance requirements| for a
cpomplete link. Each interoperability point in the link has its own set of requirements. In sOme case$ one
ngeds an active circuit between the interoperability points to achieve the required signaliperformancg. The
pfocess of determining the actual budget numbers is complex and is not explored in MJSQ. Effectivg exe-
clition of an actual budgeting exercise for a specific variant requires understanding the methodolpgies
described in this document for measuring and quantifying DJ and TJ as a starting>point.

his clause shows some examples of how a finished jitter budget might appear. The numbers used for the
kamples were extracted from the latest revision of FC-PI-2 for 4 GFC{ The process used to arrive at the
hlues shown was executed as part of the development of FC-PI-2.and is not described in MJSQ| The
imbers may change for this application in the future. This clause\is not a jitter specification for FQ-PI-2
hriants.

< 535 < ® -

(@)

lause 12 only considers the jitter content at the average signal level and assumes that it is requifed to
bparately specify the DJ and TJ in the application.

n

_|

he jitter content of a signal may depend on the signal amplitude, signal rise/fall times, data pattern and
hssibly other properties as described in [12.2]. This dependence may not be linear.

e

easurement of the jitter content in the signal requires specified measurement conditions. Often uding a
parly ideal link termination during the sighal measurement is required for jitter output measurements. For
bme interoperability points the signalis measured after the signal passes through special loads. These
pecial loads may emulate, for example, an ISl intensive electrical interconnect or a receiver that|uses
ternal compensation (such as-equalization). These special loads that simulate the relevant conditigns in
e link at the interoperability~point of interest are required to make the benefits of the compengation
chemes used in transmitter-devices or receiver devices available to the link signal budget (including [itter).
therwise, the signals.as they exist prior to compensation have to be used as the basis for compliancg and
e compensation anly*appears as increased signal margin that is not visible when the signals are |mea-
ired. Clause 12'assumes that the measurement conditions specified by the relevant standard (including
Ny special loads) are in place when the signal is measured for compliance to the jitter budget.

PUFTOVETFTOOSZ

=

P.2 Dependence on signal properties other than jitter output at the average signal level
flthe jitter output at an interoperability point depends on the compliant data pattern, compliant signal ampli-
ydes.eompliant rise/fall time or other compliant properties of the signal then the combination of these[com-
pliant properiies that produces the highest Jitter output 1S used for determining the jitter budget at that
interoperability point. This worst case combination is determined on a case-by-case basis for every
interoperability point in the link. In some cases it may be the shortest link that produces a return loss
induced signal reflection jitter limited condition and the highest allowed signal amplitude with the shortest
rise/fall time may be the worst case. In other cases it may be the longest link where I1SI mechanisms and
insertion losses are the limiting factors and the lowest allowed signal amplitude may be worst case.

- —
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For jitter tolerance measurements the combination of compliant properties in the signal that produces the
highest BER in the link receiver is used for determining the jitter tolerance budget. This is often the lowest
allowed signal amplitude, the slowest rise/fall time and the CJTPAT in the applied signal at the interopera-
bility point of interest. This is because link receiver may tolerate more jitter if the signal amplitude is higher
or signal rise/fall time is shorter. The jitter tolerance requirements include specified amounts of applied SJ
as described in clause 11.

In general, the signal conditions that produce the worst case jitter output are not the same as the signal
conditions that produce the worst case jitter tolerance and each should be considered separately.

12.3 Jitter output budget and jitter tolerance budget

12.3.1 Overview
All interoperability specifications, including jitter budgets, apply through the mated connectors used, for the
nteroperability point of interest.

_|

Vo jitter budget tables are needed for every interoperability point: one for jitter output fremithe upsfream
brtion of the link and the other for jitter tolerance for the downstream portion of the link.

e

In current standards for the same interoperability point it is common for the jitter tolerance specificatigns to
bg the same as the jitter output specifications except that a certain amount of additional applied SJ is|used
fgr the tolerance specification (according to a jitter tolerance mask - see figure.3 and table 7).

_|

his practice does not explicitly recognize that there may be different conditions in the signal that prqduce
He worst case performance for the jitter output and for the jitter tolerance at the same point. The way the
jiﬂ:er tolerance is commonly specified invites one to think that the{same signal conditions are used for the
jitter output measurements and for the signal tolerance conditions. The discussion in [12.2] suggestp that
d|fferent signal conditions are required for jitter tolerance and jitter output for an effective specificption.
Having different signal conditions does not necessarily change the specifications for the jitter output ahd jit-
gr tolerance but it may significantly change the way thiatithese specifications are enforced. This is ajtopic
that will be explored further in MJSQ-2 but the examples in this clause retain the current practice of gfficial
lence on the details of the signal conditions otherthan the jitter content.

—

—

n

1p.3.2 Example jitter output budget.tables

Table 8 contains an example of a set of jitter output specifications for the interoperability points for electri-
cal variants in 4GFC. The values in thejitter output allocation table assume that ISI equalization may exist
r the transmitter or as part of the interconnect between the yr and yg points.

=

P.3.3 Jitter tolerance specification
tter tolerance is specified at interoperability points. A signal that meets the limits for the jitter tolefance
pecification that js applied at the interoperability point shall not produce more than the allowed BER |n the
ink receiver. The.tolerance measured is for all the portions of the link that are downstream from the
nteroperability point.

S = 0 G

Table 9°contains an example of a set of jitter tolerance specifications for the interoperability points for{elec-
rical yariants in 4GFC.

—

The system or device design may inject noise into the downstream portion of the link through paths other
than the serial data path under test that degrades jitter tolerance of the component. For this reason, it is
recommended that jitter tolerance be verified in a system or device. An additional 0,10 Ul is allowed
between the jitter output and the jitter tolerance due to unspecified (environmental/system noise) compo-
nents not present under a component test. This additional margin is also useful to accommodate interac-
tions between different components on either side of the interoperability point caused for example by
resonant noise generated via mismatched (but still in spec) impedances.
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Table 8 - 4,25 GBd jitter output budget example

Interoperability 5 5
point or Br T YT 1R R Pr OR

400-SE-EL-S and 400-DF-EL-S Inter-enclosure, max (NOTE 1)
Deterministic NOTE3 0,14 |NOTE4 | 0,37 0,9 NOTE3
(Ul peak-to-peak)
Total (UI|NOTE 3 0,26 |NOTE4| 0,57 0,59 NOTE3
peak-to-peak) NOTE 5
(NOTE 2)

400-SE-EI-S and 400-DF-EL-S Intra-enclosure, max (Note 1)
Deterministic Note 3 | 0,33 0,33 |NOTE3
(Ul p-p) NOTE 6
Total (Ul p-p) Note3 | 0,52 0,52, | NOTE3
(NOTE 2) NOTE 6 NOTE 7

jitter does not exceed the specified maximum total jitter.

NOTE 2 Total jitter is specified at a probability of 1012,
NOTE 3 « points are determined by the application.

NOTE 1 Total jitter is the sum of deterministic jitter and random jitter. If the_attual deterministic
jitter is less than the maximum specified, then the random jitter may increase ‘as long as the total

NOTE 4 Shall meet Gamma jitter specification (a) measured-through the Gamma T compliance
interconnect and (b) measured through a zero length intercarnnect.

NOTE 5 Pre-compensation at the transmitter may be used to cancel DDJ at Gamma R, however,
the remaining total jitter budget cannot be assigned.entirely to RJ. In order to allow compensation
in the receiver the opportunity to compensate IS} induced DDJ, broadband non-DDJ components
of TJ should not exceed 0,39 Ul

NOTE 6 Shall meet Beta jitter specifiéation (a) measured through the Beta T compliance
interconnect and (b) measured through a;zero length interconnect.

NOTE 7 Pre-compensation at the transmitter may be used to cancel DDJ at Beta R, however, the
remaining total jitter budget cannot:be assigned entirely to RJ. In order to allow compensation in
the receiver the opportunity to compensate IS, broadband non-DDJ components of TJ should not

exceed 0,33 UI.
NOTE8 «,f,d,y are defined in figure 9.

13 Practical measurements

=

3.1 Level 1 and-level 2 measurements
Vo broad levels of MJISQ measurement are defined:

_|

Level 1 méasurement (test) definition

Level 1 measurements are tests that are needed to ensure that the signal meets the spe
requirements. Level 1 measurements are intended for use with pass-fail criteria for compl

cified

ance

purposes.

Level 2 measurement definition

Level 2 measurement are not used for determining compliance to performance requirements.
Level 2 measurements produce quantitative results that may reveal the source causes of degrada-
tions measured in level 1 measurements but level 2 measurements do not have pass-fail criteria
assigned. Level 2 measurements are expected to be useful for designing and manufacturing sys-
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Table 9 - 4,25 GBd jitter tolerance budget example

—

¢
¢

—

>

r

33 =

Interoperability point or Br o1 ¥r R | 9% | Br OR

400-SE-EL-S and 400-DF-EL-S Inter-enclosure, minimum NOTE 1

Sinusoidal swept frequency (SJ) | NOTE 5 0,10 [ NOTE 7| 0,10 | 0,10 NOTE 5

255 MHz to > 21,25 MHz

NOTE 4

Deterministic (DJ) NOTE 5 0,14 | NOTE 7| 0,37 | 0,39 NOTE 5

Total (NOTE 2, NOTE 3) NOTE 5 0,36 | NOTE 7| 0,67 | 0,69 NOTE 5
400-SE-EL-S and 400-DF-EL-S Intra-enclosure, minimum NOTE 1

Sinusoidal swept frequency (SJ) | NOTE 5 | NOTE 6 0,10 | NOTE|S

255 MHz to > 21,25 MHz

NOTE 4

Deterministic (DJ) NOTE 5 | NOTE 6 0,33 | NOTE

Total (NOTE 2, NOTE 3) NOTE 5 | NOTE 6 0,62 | NOTE

NOTE 1 The jitter values given are normative for a combination of DJ, RJ and/SJ that shall be tolerated &
the interoperability point without exceeding a BER of 10712 .

=3

NOTE 2 No value is given for random jitter (RJ). For complianege- with this spec, the random jitte
amplitude shall be the value that brings total jitter to the stated value'at a probability of 1012 .

=

NOTE 3 The link downstream from the interoperability point shall)tolerate sinusoidal jitter of progressive
greater amplitude at lower frequencies, according to the applicable jitter tolerance mask, combined with th

[PISS

interconnect.

interconnect.

same DJ and RJ levels as were used in the high-frequency Sweep.
NOTE 4 The sinusoidal component is calibrated as defined in [11.2.5].
NOTE 5 Values at the o points are determined by the application.

NOTE 6 Shall meet By jitter specification-numbers when measured through the Bt compliang

NOTE 7 Shall meet yg jitter specification numbers when measured through the yr complianc

D

1]

measure the tolerance.

3.2 System considerations

g system.

tems and components that produce signals that satisfy level 1 test requirements. Level 2 medsure-
ments are not individually'required as direct performance measures of the signal.

bvel 2 measurements may be required to set up level 1 measurements. For example, setting up a signal
be used for a tolerance measurement uses level 2 processes to set up the signal and a level 1 prgcess

hnex A explores the details of getting access to a system for measurement purposes. MJSQ recognizes
at practical*access to an operating system is almost always problematic. Even if the system m
ade available for testing, there are both good and bad points about making measurements in an operat-

hy be

On the good side, the noise environment is real in an operating system. It is difficult to emulate system
noise in a component measurement. Another good point is that the actual lengths and terminations to be
used are in place. This fixes the reflections and resonances as they exist in this particular application. This
benefit may be illusory, however. The mere act of probing an operating system may result in significant
changes and potentially unexpected results, both positive and negative.

Unfortunately, almost nothing in a real system is worst case and once the specific collection of hardware is
assembled it may be difficult to determine whether the individual components comply with the signal
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requirements. For example, if the transmitter launches higher than the minimum signal amplitude, then an
interconnect with more loss than allowed could still allow the link to work. If that transmitter is replaced with
another that barely meets the specifications for a transmitter then the system will not work (unless the
receiver is also better than required). At this point many people consider it an academic question as to
whether the non compliant interconnect is the fault or the new transmitter is the fault. Most people would
immediately jump to the conclusion that the transmitter is the fault because, after all, the system was work-
ing fine before the transmitter was replaced.

It is hard for some people to accept that a measurement in an operating system is not the ultimate mea-
surement environment. Yet the issues of noise, resonance, reflections, crosstalk and radiation are all
largely a result of the specific system implementation details. These details are not transportable to other
system implementations. This, and the lack of control over the analog stimulus properties, render system

oepvikanmante-cubantimal for varifhiina that cnacific nle camnanantc ara camnliant
€ v orrHe S-St B ptHar eV ey gtHat-Spe e Eormpore o are-compmatit

Al goal of having signal specifications is to enable interchangeable components that together produge an
operating link in a system. This requires that any collection of compliant components when assemblef into
allink in a system will work with acceptable bit error ratios. Therefore, specifications for cenmponents{need
g assume worst case inputs and minimal outputs. And the component specifications,need to be indgpen-
bnt of specific system implementations while at the same time including all the system effects mentjoned
bove. Even though having both inclusion of system effects and independence.from specific system
fects is mathematically exclusive at the same time, some attempts to include. system effects in cdmpo-
bnt measurements have been made as stated in [13.3].

—

S5 0O O

<

easurements in a system environment reflect only the behavior of that specific system and the re¢sults
hould not be assumed to apply to other systems.

n

1B8.3 Component considerations

Spme progress has been made towards having componentspecifications anticipate the system enyiron-
ment. However, the industry has not yet broadly adopted\éven these. This subclause lists some exainples
of component considerations as related to system implementations.

IN a duplex link interconnect SFF-8410 [23] andEC-PI-n [1] require that the link not under test be active
while the link under test is being measured. That ensures that some of the first order crosstalk effects are
included in the measurement.

FF-8415 [24] requires that eye meastrements on interconnect assemblies be valid at data rates [10 %
bove and 10 % below the nominahdata rate as well as at the nominal data rate. This ensures that|there
e no important suckouts near the’ data rate. This requirement also provides some protection againgt the
ctual link length between thé transmitter and receiver being different from the cable assembly Iength
pcause of board traces bétween the cable assembly and the link termination in the system.

T oYW

C-Pl-n requires that.components be measured with nearly ideal link termination attached on both ends (if
ere are two ends and on the downstream side for transmitters and on the upstream side for receiyers).
his allows the link'component specification to exist independent of the actual components attached o the
bmponent under test in the system implementation. It also forces the impact of the attached compophents
bt having ideal termination onto the attached components. While that may seen unfair at first sight| con-
der thatthe attached components not having nearly ideal termination are the cause of the impact. Pres-
Ire’to-eliminate the negative effects caused by non ideal termination needs to be on the component that
s\the ability to make it better.

SO WSO -H=T

There is an interoperability penalty in the signal specifications caused by differences in the signal output
and signal tolerance at the same interoperability point. These differences arise because components on
both sides of the interoperability point each are allowed independent tolerances for properties. For exam-
ple, in a simple d.c. system with two compliant components, if the downstream component has a lower
than nominal impedance and the upstream component has a higher than nominal impedance the signal at
the interface is reduced by both the upstream and downstream components. If the signal output specifica-
tion is measured with nominal impedance for the signal load the effect of the high impedance on the
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upstream component is included in the measurement. However, the signal will still not meet the minimum
amplitude requirement when a compliant, but not nominal, low impedance downstream component is used
in service. The output signal specification is increased to accommodate the worst case possible from com-
pliant components. This increase is effectively an interoperability penalty that would not exist if nominal
components were used. MJSQ does not specify the methodology for determining the interoperability pen-
alty values but this is planned as a topic for MJSQ-2. Extensive use of sophisticated simulations are
required for high-speed links.

When the components under test are an integral part of a PCB assembly FC-PI-n [1] requires that the PCB
be active during the signal measurements.

13.4 Instrumentation considerations

1B.4.1 General
rnstrumentation is the collection of hardware and software that produces a measurement result~Pata pro-
cessing may occur prior to presenting the result. Among the properties of the instrumentation that are
mportant to MJSQ are speed of data acquisition, digital representation of results, jitter intreduced hy the
nstruments, impedance levels supported, fidelity of termination within the instrument“at its conneftors,
pnsitivity to details of connector attachment (torque etc.), temperature sensitivity,-filtering availabl¢ and
anularity levels supported. A major distinction is made between instrumentation that' supports FC campli-
nt or non-FC compliant data patterns. See also Annex A.

D Q n

=

B3.4.2 FC compliant
ata patterns contained within FC frames or as non-frame primitives are FC compliant. Operating F( links
e@quire FC compliant data structures. Examples of FC compliant data patterns are given in Annex A.

)

1B.4.3 Non-FC compliant
Dlata patterns generated from non-FC test instruments or from FC ports not operating as part of a|func-
tipnal link that do not satisfy the protocol requirements fof\frames, word synchronization, idle primitiveg and
the like are non-FC compliant. Examples of hon-FC compliant data patterns are given in Annex A.

18.5 Reference standards / calibration e€ensiderations

Qne primary consideration comes from the préperties of the launched signals used in the measurements.
Since the properties of the signals at the reeeiver are the only properties that matter to a configuregl and
operating system, it is critical that the measurements use launched signals into the interconnect that are
the worst allowed. If launched signals\used during the test are degraded more than that allowed thgn the
interconnect will be called on to cadse less degradation so that the result at the receiver will still be ithin
specification. The use of excessively degraded launched signals places unfair burden on the intercornect.

@)

onversely, if the launched.signals are better than allowed, the interconnect may cause more degradation
Han allowed for the interconnect but still deliver compliant signals to the receiver. This condition pgrmits
bfective interconnectto be measured as good interconnect. The way to avoid these risks is to execyte an
lequate characterization of the launched signals and to compensate in the test requirements far the
mount of excess-goodness or badness in the launched signals. Figure 80 illustrates this general schileme.

QY o =
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Figure 80 - General allowed range cafibration strategy

B.6 Test fixture compensation and calibration issues

B.6.1 Overview

he test fixtures and adapters described in Annex.A are assumed to be largely ideal in their abi
bliver the designed transformations. Real test fixtures may have special properties that present a pr
5K to the integrity of MJSQ measurements dueto unknown or unexpected effects on the signal by th
ture. Subclause [13.6] explores some of.these effects and responses.

3.6.2 Compensating and non=compensating test fixtures

some cases the launched signal\may be unintentionally improved if the test fixture compensates f
bmponent under test by introdueing degradation of the parameter in the opposite sense from that
iced by the component updér-test. This type of degradation is termed compensating degradation. If
bnsating degradation is.present, it gives a false sense of goodness in the component under test.
e same component under test is used with launched signals from other test fixtures and transmitters
g non-compensating degradation the resulting component performance may be seen to be much w

haracterizing.test fixtures via S parameter methods is recommended to minimize the occurence of
bnsating degradation. Compensating test fixtures above the intrinsic measurement error are not ag
Dle.

B.6/3 Detection and correction of test fixture degradation effects

ity to
mary
e test

br the
intro-
com-
When
hav-
Drse.

com-
cept-

the copper case compensating adedgradations are easy 10 detecCt and correct Dy SImply reversing t

con-

nection sense and re-measuring as specified in SFF-8410 [23]. The sense reversal may be required in the
test fixture due to connector keying and other practical issues. Granted, a small part of the degradation
could be caused by different amounts of misalignment of the copper contacts with resulting slight changes
in balance and contact resistance. But in the copper case there is generally only a single direction of mis-
alignment possible. In the optical case there is a continuum of “directions” for the compensating degrada-
tion that may exist and that results in a more complicated detection and removal scheme. These schemes
should be described as part of the testing procedures.
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In the optical case the basic approach described in SFF-8412 [25] and available for use in this document is
to define and use “golden” hardware for the test fixture side and to develop empirical and theoretical
extrapolations to the worst case for application use. The failure limits during the test with the golden hard-
ware are significantly more stringent than for the performance expected with worst case hardware.

13.6.4 Correction for golden test fixture effects
Figure 81 shows that in addition to the properties of the optical source being better than allowed, the deg-
radation caused by the test fixture being less than allowed also needs to be subtracted from the allowed

receive signals.

MOST

MOST DEGRADED
PART OF THE

MEASURED
RECEIVE
SIGNAL
ALLOWED
IN TEST

IMPROVEMENT CAUSED BY GOLDEN TEST FIXTURE (CALCULATED)

MEASURED LAUNCHED
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ALLOWED RECEIVE RANGE REDUCED BY THIS AMOUNT

ADJUSTMENT CAUSED BY OPTICAL SOURCE BEING BETTER THAN REQUIRED
(MEASURED)

e AN

LEAST MOST LEAST MOsT

DEGRADED DEGRADED DEGRADED g unmuus) DEGRADED
SIGNAL SIGNAL SIGNAL SIGNAL
ALLOWED ALLOWED ALLOWED ALLOWED
BY SPECIFICATION BY SPECIFICATION BY SPECIFICATION BY'SPECIFICATION

“GOLDEN"
TEST FIXTURE

“GOLDEN"
TEST FIXTURE

T - INTERCONNECT
SIGNALS
OPTICAL SOURCE R’Slfgﬁxlst OPTICAL DETECTOR
Gmm——- TRANSMIT SIGNAL RANGE ALLOWED.BY SPECIFICATION T
RECEIVE SIGNAL RANGE ALLOWED BY SPECIFICATION OPTICAL MEASUREMENT
INSTRUMENT
<€ =nmnnnnnP RECEIVE SIGNAL RANGEALLOWED IN TEST (INCLUDES THE
GOLDEN TEST
|:| AMOUNT SIGNAL SOUREGE‘IS BETTER THAN FIXTURE)
THE WORST ALLOWED BY SPECIFICATION

|:| AMOUNT OF SIGNAL IMPROVEMENT CAUSED BY
THE GOLDEN TEST FIXTURE ON THE LAUNCH SIDE H

Figure 81 - Compensating degradation calibration strategy

3.6.5 Connector type adapters
hen dealing with real systems one is faced with a variety of connectors that are incompatible with{each
her. This condition inyites the use of adapter connectors that allow sources and instruments to be|used
ith a variety of connectors. If adapter connectors are used, they introduce additional interfaces|each
hpable of introdueing compensating or non-compensating degradation that needs to be accounted fpr.

0Os0 < R

T

Dr this reaseniit is desirable to design the test fixtures using the same type of connector used on thelinter-
bnnect under test. If adapters are used then the connector that connects directly to the component under
gst becomes the new starting point for the test fixture. This connector needs to be a golden connector for
ptical applications since it is part of the test fixture.

oz O

Figure 82 illustrates the use of an adapter as part of an optical test fixture used for measuring a fibre under
test or FUT.

Connector type adapters may be the only practical approach for inputs to scopes and other expensive
equipment. In this case, the adapters used shall be “calibrated” adapters (traditionally provided by the
instrumentation manufacturer) that are considered part of the instrumentation.
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Figure 82 - Use of passive adapters as part gf\the optical test fixture

3.7 Data output format considerations
esults from MJSQ measurements may be presentedQraphically or numerically. Numerical results should
e the same units for the same measurement typesto enable easy comparison with results from indépen-
bnt measurements. Graphical results should usethe same scales on the axes even if the detail is ot as
ear for some samples on the common scale, High magnification scales, auto scales and inconsjstent
Cale units all serve to make comparisons difficult. Specialized scales may be used in addition to commmon
cales but the common scale should always be presented as the primary data presentation method.

wwnwooc gkRr

This document suggests the units and scales that may be used as common for the measurement types
Hat are documented in detail. See,-for example, clause 14 and figure 87.

—
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14 Detailed implementation examples

14.1 TIA for optical gamma T at switching threshold for FC Ports

14.1.1 Overview of measurement and strategy

This clause describes optical Gamma T test for FC Ports as a level 1 test (i.e., a required performance
measurement that has pass-fail limits specified) based on Timing Interval Analysis (TIA). Basic TIA mea-
surements are described in 10.5. Assumptions for the Gamma T measurement described in this subclause
are the following.

a) The measurement is applicable to any FC Port (i.e., may need initialization, compliant traffic).

b) The crosstalk in the Port under test is not a function of the input optical amplitude on the regeiver
side of the Port (i.e. limiting amplifiers are assumed in the receiver circuitry).

c) There is no separate timing reference signal available from the Port.

_|

he Port under test is connected to at least one other FC Port that provides all the protecol support ngeded
g make the FC Port under test fully active.

—

_|

his test is described with the timing events occurring at the nominal switching threshold level only. $ignal
havior at other levels may use some of the methodologies described in this clause but the timing yefer-
nce shall follow the requirements specified in 6.8.

D O

_|

here are three measurement options defined for executing this-test:

1) TIA no clock, no marker (example of preparing for statistical bin analysis in table 5);

2) TIA with Golden PLL bit clock (example of building a PDF form in table 5);

3) TIA with pattern marker (armed-on-bit-sequente) (example of preparing for sequential time
analysis in table 5).

M

ach option uses the basic TIA methodology but with different schemes for acquiring the data.

In the clockless - markerless TIA option_every signal transition in the data stream is available and all the
iming behavior present in the signal is teflected in the raw data resulting from the measurement. Elimina-
ipn of low-frequency content is done by post processing the raw data. See 10.5.4.2.

=

n the TIA with a Golden PLL0ption the low-frequency content that would be tracked by the receiyer is
iminated from the data stream by the Golden PLL before being presented to the TIA. This removes the
bed for post processing but introduces the need for the Golden PLL.

> D

n the pattern marker TIA option data is acquired only after a specific bit sequence is detected. This gllows
ekamination of specific parts of a data stream (such as within frames or between frames) for a foqused
measurementThis option reveals all the timing behavior for the part of the bit stream examined| This
method epables examination of the test data pattern only (i.e. the data pattern required for compljance
tdsting)-

This<option also enables significant diagnostic (level 2) information concerning the data transition dgnsity,
the relation of the DJ timing 0 SpecHic bits and the power Spectral density of all the uncorrelated Jitter com-
ponents: unbounded (= Gaussian, = RJ) and BUJ.

These measurements assume that the FC Port is good enough to complete the normal initialization
sequence either with itself through a retiming hub or to another FC Port and that the initialization sequence
has completed.

The other Port shall not inhibit the Port under test from transmitting a continuous stream of output.
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The payload in the frames shall be capable of carrying the following patterns defined in Annex A:

CJTPAT, CSPAT, CRPAT. In addition, continuous idles shall be used. The reported jitter number shall be
the worst of the above.

This scheme requires detecting the optical signal coming through the mated optical connector on the
external side of the optical connector as shown in Figure 83. The mating connector used for this test is part
of the interconnect that accesses the optical measuring equipment. It is assumed that this connector on
the interconnect cable is representative of the connectors that would be used in service.

GAMMA R
OPTICAL /
CONNECTOR
N }Z
- . > GBIC
GAMMA T COPPER

CONNECTOR

|:| SEPARABLE CONNECTORS

Figure 83 - Physical location of Gamma points (in a GBIC example)

1.1.2 Test fixtures and measutement equipment
he basic test configuration for alkeptical Gamma T measurements is shown in Figure 84. It requirgs an
ptical to electrical conversion"somewhere in the measurement equipment. The optical to electrical con-
prsion may take place within'the TIA instrument. In this case, the optical to electrical conversion hargware
considered part of the measurement equipment.

< O 4 B

o



https://iecnorm.com/api/?name=919b236fbe3de22e0f029fc4b1085e92

—144 - TR 14165-117 © ISO/IEC:2007(E)

OPTICAL GAMMA T POINT UNDER TEST
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TWO PORTS IF USED WITH ON MODE
LOOP PROTOCOL DEVICES] SELECTIVE
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MEASUREMENT
EQUIPMENT

TEST FIXTURE

Figure 84 - Test fixture and basic testjeonfiguration

his configuration assumes that the FC port under test may ‘enly be activated by connection to anoth
brt. If the port under test may be activated through a<Special out of band test mode then the outpu
b connected directly to the measurement instrument; Note that the input signal to the FC Port unds
still required in this case to include the crosstalk-gffects from the receiver on the transmitter.

1.1.3 Option 1 - optical TIA no clock;no marker

1.1.3.1 Option 1 overview

A option 1 uses an instrument that incorporates all the required conversions and reference timing e
bns. It captures all the timing content available at the nominal receiver detection threshold without fil
preference to any specific patt-of the data stream.

1.1.3.2 Option 1 test\fixture
he test fixture described in Figure 84 is used.

1.1.3.3 Option’1 measurement equipment
this option-no*Golden PLL or bit sequencer equipment is required. The measurement equipment i
e 84 is shown in detail in Figure 85.

br FC
may
r test

Ktrac-
ering

n Fig-
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Figure 85 - Option 1 measurement equipment detail

4th order Bessel Thomson

up to 3,2 Gbit/s

0,4 Hz to 1,63 GHz
3,2 Ghit/s

680 fs

<3ps

Suitable for the TIA being used

he specifications listed below for option 1 measurements do not constitute the entire set that appl
He hardware described. Some equipment specifications for signals up,to 3,2 GBd are listed below fg
ence. Refer to the manufacturer for the complete set of specifications.

0,4 Hz to 3 GHz
4.5 Ghit/s

200 fs

<2ps

Adequate to meet the requirements of MJSQ

GPIB’eabling is installed from OE and TIA to PC installed with application software. If no PC
used cabling is installed between the OE and the TIA. The TIA may have built-in application

es to
r ref-

is
con-

Cabling between OE and TIA:

Cable typeStrip braid coaxial
Impedance50 Q
Cut-off frequency2,0 GHz

Maximum attenuation24,9 db/100 ft at 3 GHz

ConnectorsSMA


https://iecnorm.com/api/?name=919b236fbe3de22e0f029fc4b1085e92

—146 — TR 14165-117 © ISO/IEC:2007(E)

14.1.3.4 Option 1 calibration

For details of the theory of calibration for the instruments required for this measurement refer to the manu-
facturers user manual.

The TIA specified in 14.1.2 is equipped with an internal calibration source for calibrating input channel cir-
cuitry. The internal calibration is necessary to calibrate internal timing circuits that provide the high resolu-
tion for time measurements. A 30 minute internal calibration is recommended.

An external calibration is also performed on the TIA to establish zero reference points to be used by subse-
quent measurements. The external calibration process calculates and compensates for delays from cable
skew, including the circuitry all the way to the logic inside the TIA. In the case of Option 2, the external cal-
ibration is re-performed if cabling to the TIA is changed to maintain the correct clock to data time relation-

S

0 =

p-

erform an internal calibration per the TIA and application User’'s Manuals.*It is recommended to pe

erform an external calibration per the TIA User’'s Manuals.

1.1.3.5 Option 1 measurement\procedure
et up the measurement configuration as shown in Figure 86.

Use the following steps to set up the calibration:
Ensure proper GPIB cabling exists between the OE and TIA (and PC if required).

TIA:
Allow the TIA to warm up for at least 30 min.

calibration using a multiplier factor of 6 in the calibration dialogue’box of the application softw.
obtain the suggested 30 minute calibration.

OE:
Remove all cabling from input and output ports to facilitate dark current calibration.

Perform a daily dark current calibration via the application software per the OE and applid
software User’'s Manuals.

rform
hre to

ation
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Figure 86 - Option 1 measurement getup

n the following, bold underlined text denotes buttons or menuitems typically available in the applig
spftware.

Skt up OE options appropriate for measurement being made using Utilities selection in the software
menu. Options include choosing whether or not to amplify the output coming from the fibre optic cg

apd selecting from either 4™ order Bessel-Thompson filters for 1X or 2X speeds or full bandwidth (no

The TIA measurement set up is accomplishethin the dataCOM tools of the application software by sq

dptions, verify that the high-pass filter.corner frequency is set at 637 kHz for 1X Fibre Channel or 12

kHz for 2X Fibre Channel and that BER is set for 10712, All other software options should be at defau
tings.

While under the Random Data No-Marker selection in dataCOM tools of the application software, §
Single Acquire from the.top toolbar to acquire DJ and TJ values for compliance testing.

1.1.3.6 Optiony1 data output format
y selecting.the* appropriate View, a Bathtub Curve (CDF) may be obtained. Jitter values su

1
B
DCD+DDJgipk: RI (1 sigma) and TJ may also be displayed on the plot corresponding to 10712 BE
S
a

nown_in-Figure 87. Effective Jitter (as described in clause 8) was also enabled and plotted. The s
hd.number of displayed divisions are always as shown in Figure 87.

ation

main
upler
ilter).

lect-

ing Random Data No-Marker. Verify software options are appropriate for measurement. Under Acguire

74
t set-

select

h as
R as
cales
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Figure 87 - Data output format for Option 1 measurement

he presentation in figure 87 is used as an output format example but the aCtual data pattern was rgpeat-
g K28.5 and data was acquired only to the 1E-4 level. This level is adequate for this data pattefqn but
ould not be adequate for the CJTPAT that is required when measuring)CDF's for level 1 purposes. The
Irves are asymptotic to the transition density (typically 0,5) although‘they appear to be asymptotic {o 1,0
e to the scales used.

5 -

00 <=

summary screen may also be obtained with units expressediin Ul, as shown in Figure 88. The meagured
CD+DDJ peak-peak and RJ (1 sigma) values acquiredwvith this method may be compared to the gffec-
iye jitter values.

Qo >

—

Random Data&-No-Marker Summary
DCD+DDbJpeak-to-peak RJ(1sigma) TJ
0,056709 Ul 0,006 652 Ul 0,136 903 Ul

V1: -0,002 54V V2: -0,00254V
Effective DCD+DJpk-pk Effective RJ(1sigma)
0,033 771 Ul 0,007 132 Ul

Figure 88 - Summary for Option 1 measurement

14.1.3.7 Option 1 acceptable values

The level 1 effective DJ and TJ using this method is compared against the maximum jitter specified in the
applicable standard. Note that the calculation for the level 1 values of DJ and TJ as required in clause 8 is
done internal to the instrument.
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14.1.4 Option 2 - TIA with Golden PLL bit clock

14.1.4.1 Option 2 overview

A Golden PLL is required to provide a reference clock derived from the data stream to arm the time interval
analyzer for option 2. This scheme effectively removes low frequency content from the measured data in a
manner similar to that done in a receiver. The configuration used for option 2 is shown in Figure 89.

OPTICAL CONNECTOR
ATTACHED TO THE

OIE
FROM OPTICAL
SPLITTER [y]| OPTICAL TO
ELECTRICAL POWER TIME
— CONVERTER SPLITTER | INTERVAL
A (O/E) ANALYZER
|—> GOLDEN PLL > (ATIA)

OPTICAL CONNECTOR
ATTACHED TO THE
TEST FIXTURE CABLE

Figure 89 - Configuration for option 2 measurements

=

1.1.4.2 Option 2 test fixture
he test fixture shown in Figure 84 is used for the option2 measurements.

_|

=

1.1.4.3 Option 2 measurement equipment

he measurement equipment required for option«<2is identical to that specified for option 1 in 14.1.3.8 with
He additional equipment listed below.

= o

m

ectrical power divider (splitter):

GonnectorsSMA
mpedance50 Q
ut-off frequencyDC - 18 GHz

Q=

(0]

olden PLL:meets\the specifications in 6.10
onnectorsexpect’'SMA
mpedanceexpect 50 Q

= 0

14.2.44 Option 2 calibration procedure

T 1< ba:;blat;uu pIUdeUIC fUI thc T:I"\\ ;IIQtIuIIICIItat;UII uocd ;II upt;uu 2 ;O IdCI |t;uc\: tU that Opcblfl d for
option 1 in 14.1.3.4. Use the manufacturer’s specifications for calibrating the electrical power divider and
the Golden PLL.

14.1.4.5 Option 2 measurement procedure
The Option 2 measurement configuration is shown in Figure 90.
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rx <l O X | FC PORT
FC PORT O O OR RETIMING
1R »| 50/50 »[> R [ HuB
\ COUPLER
GAMMA T
UNDER TEST O OF
IN ouT
POWER
PLITTER [
GOLDEN
TIA PLL
IN ouT
<
CH1 CH2
A A

Figure 90 - Option 2 measurement setup

n

et up OE options appropriate for measurement being/made using Utilities selection in the software main
enu. Options include choosing whether or not to amplify the output coming from the fibre optic coupler

hd selecting from either 4™ order Bessel-Thompson filters for 1X or 2X speeds or full bandwidth (no filter).

3

[

<

easurement set up is accomplished in thé software by selecting Random Data w/ Bit Clock. Under
hil-fit, verify that BER is set at 1012, All'other software options should be at default settings.

1=

hile under the Random Data with Bit Clock selection in the software, select Run from the top tqolbar
hnel to acquire DJ and TJ values for compliance testing.

1.1.5 Option 2 data output format

y selecting the appropriate View from the software side menu, a Histogram of jitter data on rising and
ling edges may be obtained, as shown in Figure 91. This is rendition 1 of option 2 data output format.

W~k T <
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Data Histogram

1100Hits

Total Jitter:

0,237ps

Deterministic Jitter ‘IB,Dé‘Ips
Fandom Jiffer: 5,291 ps=

CLOCK TO
FALLING (R::_somcé TO
DATA
A
ral

/I

'] it

. O 0 m

N

(20 )

i
p

—

/]

Bh0Hits

[

/

]

)

CURVE FITS
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f
"]

/

~—

EXTREME
POPULATION — |
(THICKER

/Q\

OHits

/.

TRACE)

\

A24ps

A60ps

196ps

jitter is a level 1 resultyif the instrument uses the formulae in clause 8 for the calculation.

Figure 91 - Option 2 data output fofmat rendition 1 - histogram

ecause the clock-to-rising data and clock-to-falling.data is measured separately and with the clock
hme bit time as the data edge, it is possible té: determine DJ, RJ and TJ with respect to the reco
ock. The skew between the clock-to-rising data and the clock-to-falling data is the shift in the two dig
DNS.

y selecting the appropriate View fromithe software side menu, a composite output is obtained as s
figure 92. This is rendition 2 of data output format for option 2 measurements. The format for the @
ways uses the scales shown. Three results are shown: (1) Bathtub Curve (CDF), (2) jitter values

ponding to 1012 BER such-as’DJ, RJ and TJ and, (3) Effective Jitter. This is based on post-proce
e interval data in the same manner used by BERT scan method. In this example the Bathtub curv
Ut and the Effective Jitter are nearly identical so only small differences may be seen. Note that eff

n the
vered
tribu-

hown
utput
corre-
ssing
P out-
bctive
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1*10e-4

5 -

> QO =

= D

q

o= -

1*10e-8

1™10e-12

1*10e-16
-0,5U1 oul 0,5L1 Tl 1,501

Figure 92 - Option 2 data output format rendition 2 - bathtub curve

he presentation in figure 92 is used as an output. format example but the actual data pattern was re

ould not be adequate for the CITPAT that issrequired when measuring CDFs for level 1 purposes
Irves are asymptotic to the transition density*(typically 0,5) although they appear to be asymptotic
e to the scales used.

summary of the measurement statistics may also be obtained, as shown in Figure 93. Values i
Kample are displayed in ps, but may also be displayed Ul. Normalized goodness-of-fit (XZV) value

ported for both the left and:tight tail fit curves to the underlying jitter data histogram, correspond
-rmsJ and Rt-rmsJ.

his method measured 90,237 ps of TJ, 18,081 ps of DJ peak-to-peak and 5,291 ps Avg-rmsJ. The
o values may ‘heé compared to the level 1 (see clause 8), Effective Jitter values of 10,245
) peak-to-peakand 5,739 ps of RJ (1 sigma).

peat-

g K28.5 and data was acquired only to the 1E<4"level. This level is adequate for this data pattefqn but

. The
01,0

h this
s are
ng to

latter
ps of
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Random Data wW/Bit-Clock Summary
DJpk-pk Lt-rmsJ Rt-rmsJ Avg-rmsJ TJ Hits
18,081 ps 5,664 ps 4,917 ps 5,291 ps 90,237 ps 70395

Average Goodness-of-fits 1-Sigma Pk-Pk Maximum Minimum

463,704 ps 1,189 504 1,025 072 9,762 ps 53,101 ps 487,061 ps 433,96 ps
V1: -0,02039V V2: -0,007 76 V

Effactive. I'\1p|1 pl/ Effactive.R. 1(1 °ig"\a)

10,245 ps 5,739 ps

Figure 93 - Option 2 data output format rendition 3 - Summary statistics

its is the total number of samples measured.

H

14.1.5.1 Option 2 acceptable values

Acceptable goodness-of-fit values (XZV) for 3¢ probability confidence level (~1O'4) should be in the rar]
0|8 < sz < 1,2. The level 1 effective DJ and TJ using this method is Compared against the maximun
specified in the applicable standard.

1.1.6 Option 3 - TIA with arming on bit sequence

he basic test setup for option 3 is shown in Figurex94. The bit sequence detector (arm generator
des pattern detection of the data Start of Frame and generates a marker to be used as an arming 5
fqr the TIA.

1
14.1.6.1 Option 3 overview
T
V

OPTICAL CONNECTOR
ATTACHED TO THE

O/E
BIT
SEQUENCE
FROM OPTICAL DETECTOR
SPLITTER[Ty| OPTICAL TO
ELECTRICAL
—> CONVERTER DATA  |ARM
(O/E)
TIA

ge of
jitter

pro-
ignal

OPTICAL CONNECTOR
ATTACHED TO THE
TEST FIXTURE CABLE

Figure 94 - Option 3 configuration
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14.1.6.2 Option 3 test fixture
The test fixture shown in Figure 84 is used for the option 3 measurements.

14.1.6.3 Option 3 measurement equipment

TR 14165-117 © ISO/IEC:2007(E)

The measurement equipment required for option 3 is identical to that specified for option 1 in 14.1.3.3 with
the additional equipment listed below.

Arm Generator specifications:

Data rates for pattern match
Data rate range for edge count

1,062 5 Gbit/s, 1,25 Gbit/s, 2,125 Gbit/s, 2,5 Gbit/s
up to 2,5 Gbit/s

= =

0 =

HOST
BUS
ADAPTER

IT.6.4 Option 3 calibration procedure
he calibration procedure for option 3 is identical to that specified for option 1 in 14.1.3.4.

1.1.6.5 Option 3 measurement procedure
et up the configuration shown in figure 95.

RX <]

O 50/50

X

COUPLER

>

> RX

FC\PORT
OR RETIMING
HUB

GAMMA T
UNDER TEST

IN

OPTICAL TO ELECTRICAL
CONVERTER

ouT

TIA

CH1

ARM1

ARM GENERATOR

IN

PICKOFF CH ARM

ouT ouT

Figure 95 - Option 3 measurement configuration

Set up OE options appropriate for measurement being made using Utilities selection in software
mend- Options include choosing whether or not to amplify the output coming from the fibre optic cg

main
upler

and selecting from either 4™ order Bessel-Thompson filters for 1X or 2X speeds or full bandwidth (no filter).

Measurement set up is accomplished in the software by selecting Known Pattern with Marker. Verify that
the OE and the arm generator have switch settings set to Remote to enable the software control via GPIB.

Setup for the arm generator is conducted via the Utilities function in the software: Select Pattern Match
mode for patterns contained within compliant Fibre Channel frames such as CRPAT and CJTPAT. Load the
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Pattern desired, verify Speed, Protocol, as well as channel and arm ports corresponding to Figure 36. In
the Automatic Marker Placement menu, press Perform Placement to place the pattern marker in a low
transition density portion of the pattern.

Verify that other software settings for the OE and TIA are appropriate for measurement. Verify the pattern
selected. Under the Known Pattern with Marker dataCOM tool selection and under Acquire Options,
enable the Quick Mode option to improve throughput. In DCD+DDJ Setup, verify the DCD+DDJ HPF
(High Pass Filter) is enabled with corner frequency set at 637 kHz for 1X Fibre Channel or 1274 kHz for 2X

Fibre Channel. Under View Options, verify that BER is set for 1012, All other options should be at default
settings.

While under the Known Pattern with Marker selection in the software, select Single Acquire from the top

—

(¢

S 4

agjma e

» v >

{

olbar panel to obtain DJ and TJ values for compliance testing.

1.1.6.6 Option 3 data output format

y selecting the appropriate View from the menu, a composite output is obtained as shown in Figu
his is rendition 1 of data output format for Option 3 measurements. The format for the output always
e scales shown. Three results are shown: (1) Bathtub Curve (CDF), (2) jitter valteS correspond

D12 BER such as DJ, RJ and TJ and, (3) Effective Jitter. This is based on post-processing time in
bta in the same manner used by BERT scan method. In this example the Bathtub curve output an
ffective Jitter are nearly identical so only small differences may be seer,.Note that effective jitte
vel 1 result.

1*10e-4

1*10e-8

110e-12

1%10e-16
0,501 oul 0,501 wl 1,501

Figure 96 -@ption 3 data output format rendition 1 - Bathtub curve

summary of the measurement statistics may also be obtained as shown in Figure 97. This method

nd RJ values may be compared to Effective Jitter values of 0,051 117 Ul of DJ pk-pk and 0,006 971
sigma).

e 96.
uses
ng to
terval
d the
risa

mea-

ired 0,088 133 Ul(ofyDJ pk-pk, 0,005 252 Ul of RJ (1 sigma) and 0,150 371 Ul of TJ. The measurg¢d DJ

of RJ
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Known Pattern w/Marker Summary
DCD+DDJ PJpk-pk DJpk-pk RJ(1sigma) TJ
0,082 Ul 0,006 133Ul 0,088133UlI 0,005252Ul 0,150 371 Ul
V1: -0,00206 V V2: -0,00206 V
Bit Rate: 2,124 993 Gbit/s
Effective DIpk-pk Effective RJ(1sigma)

Figure 97 - Option 3 data output format rendition 2 - Summary

=

1.1.6.7 Option 3 acceptable values

he level 1 effective DJ and TJ using this method is compared against the maximum jitter specified
pplicable standard.

S i |

1.2 Electrical Gamma T using a real time oscilloscope

1
14.2.1 Overview

This method utilizes a real time oscilloscope with Serial Data Campliance and Analysis software to p€
alcompliance test to the FC-PI-2 specification at (2,125 Gbit/s). Areal-time eye diagram is presented

wlith a bathtub curve plot. Measurement results include Amplitude, Timing and Jitter measurements

wlith a Pass/Fail statement to the specification limits in the\standard.

_|

his data rate is offered as an example. Testing at:ather data rates is similar.

_|

he data pattern is a CJTPAT (2,640 bits) repeating pattern. Waveform masks and measurement
ay also be imported for Pass/Fail testing,

3

_|

he Golden PLL requirement is implenented in software internal to the instrument in this example.

14.2.2 Test Fixture and termination

This method assumes that.thé link is broken at the Gamma T test point, a test fixture is used to ada
limk to a 100 Q differential end-to-end termination (50 Q/side). If a 150 Q transmitter is used the me
described in Annex Aumay be used on the test fixture to convert to the 100 Q instrumentation environ
This measurement (nay be done in two ways with a real-time oscilloscope. The first method is to tern
efch side of the differential signal into Ch1l and Ch2 of the oscilloscope and make measurements g
pseudo-differential” Chl minus Ch2 waveform.

n the

rform
along
along

limits

bt the
thods
ment.
inate
n the
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50 Q2

Termination

. SMA connectors
Transmitter

Y

I <

/ ON 50 ) SMA Cables
/ A\
/ SMA Adapters
Serdes Connector Test Fixture

Figure 98 - Test fixture and termination Option 1

second method is to use a SMA input differential active probe. The diagram for this probe is shown in
gure 99.

T >

CH1 CH2
o o

Voire = CH1

Transmitter Test Fixture

+ TN

Oscilloscope Ground
Serdes Connector Vem Connection

Phase Matched
SMA Cables

50 Q

50Q

Figure 99 - Test fixture and termination Option 2

14.2.3 Measurement Equipment
SMA Input Differential Probe:

Bandwidth:5 GHz
Risetime (20 to 80):65 ps
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Oscilloscope

NOTE The acquisition system required for the analysis within the RT scope may be fundamentally different than what
exists in some RT scope instruments.

System Bandwidth:4 GHz
Sample Rate:20 GS/s
Record Length:32 Meg

System Risetime (20 to 80)
75 ps system BW with probe

Analysis Software
Suitable tor a real time oscilloscope jitter measurement

14.2.4 Measurement Procedure
he procedure described below is derived from a specific instrument and software packagé)\ Achieving the
bsired function may be different for different instruments and software packages.

a o

1) Connect Device Under Test (DUT) to Channel 1 of the oscilloscope usingthe differential probe
is shown in figure 99.

5) Press the Default Set-up button on the oscilloscope to start from,a known state.
6) Press front panel AUTOSET button to view waveform.

7) Run Application > Serial Compliance and Analysis from Oscilloscope File menu. Perfgrm
the following setup sequence.
8) From Measurement > Select menu, select desired Amptitude, Timing and Jitter Measurenments
(figure 100). Jitter at BER measurement is selected to(erform Spectrum approach to jitter
specified in 10.6.3 and yields the level 2 RJ, DJ (andiits‘components) and TJ results.

Figure 100 - Real time waveform display

T

fom the software  application, press Autoset, this will scale the Vertical Scale and Ref Level for best|mea-
iIrements.

n

Set harizontal Scale to capture 20 ps (2 ps/div) at 50 ps/pt. This represents 42,500 consecutive unitfinter-
vals< enough to capture 100 epeats of the jitter test pattern that is required by the spectrum approach for

% HTE 4.
CLUUTALT jILLCI MICASUTTITTICTINO.

In the Measurements > Configure > Jitter menu (shown in figure 101), select FC2125:2,125 Gbit/s as
the standard specification. This sets the corner frequency for the software based Golden PLL. Also confirm

that the BER is 1012 and that the pattern is CJTPAT.
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ing ""._|iﬂer “Population Serial Analysis
Clock Recovery Rj/Dj Start Stop

PLL Loop BW BER = 1e-? :
Method Standard : b 12

PLL: Standard By ™ C I Pattern Type Clear Resulis

CUTFAT el e

Pattern Len
Moile

Single Run W

ﬁenu: Meas->Config Hint: Select the clock recovery and jitter method.

S

Figure 101 - Controls for setting the measurement and analysis parameters Q

(0]

o to the Plots Select Menu and Select Eye Diagram and Bathtub Curve as plots. The,{'&s Gbit/s
ay be imported as a user mask. Press Start.
NO

1.2.5 Measurement results W
he results of the measurement are shown in figure 102. Q"\

O

3

4

zer Mazk: FC2125E Abs Gamma Tx.msk

@. Figure 102 - Measurement results

he real &%)@ eye diagram and the jitter CDF/BER bathtub curve are shown as plots. These plots col
a separate system to calculate the level 1 DJ and TJ compliance values specmed in clay

mask

Id be
se 8.

T ® —

The arrow on the bathtub curve indicates the estimated jitter eye opening at 1E-12 BER. The waveform
eye diagram is compared to the jitter mask. The jitter eye opening is also shown relative to the actual
waveform eye opening. Amplitude, timing and jitter measurements are shown on the bottom of the display.
The time scale on timing measurements may be toggled from time to Ul scale in order for comparison to

the specification. In the measurement summary view, measurements for jitter eye opening, total jitte
and deterministic jitter (DJ) are displayed.

r(TJ)
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Statistics for these measurements Mean, Min and Max are available for a single acquisition if the sequence
control is set to Single Run and multiple acquisitions if the sequence control is set to Free Run. Measure-
ments for level 2 DDJ, ISI, PJ and RJ are available by pressing the Details button and selecting Jitter at
BER from Measurement Details pulldown menu. Other signal quality parameters are measured as well,
such as rise time, fall time, bit rate and differential voltage.

14.3 Optical and electrical Gamma T using a jitter optimized sampling oscilloscope

14.3.1 Overview
The following describes a jitter test procedure using a wide-bandwidth equivalent time sampling oscillo-
scope. The hardware acquisition system is updated from the classical equivalent time sampling oscillo-
scope to allow efficient sampling in the context of jitter measurements, thus allowing the procedure to be
pnrfnrmpd in a short time duration The pm(‘pdurp describes the pattern rpquirpmpnrq interface to the
measurement equipment and equipment configuration. Upon completion of the test, the cumulative fistri-
bltion function is reported as well as random and deterministic jitter components.

2X (2,125 Ghit/s) electrical and a 10X (10,5 Gbit/s) optical signal is used for this example, but theg gen-
al procedure is valid for data rates below and above this rate such as 1,062 5 Gbit/s and.4,25 Ghit/q. The
ata pattern must be continuously repetitive for an equivalent time oscilloscope. In-this example, CRPAT,
SPAT and CJTPAT sequences are analyzed and compared.

Q9 @ >

1.3.2 Measurement configuration
Dbr an optical Gamma T measurement, the signal may be derived through a coupler as shown in figyre 84
directly connected to the oscilloscope as shown in figure 103. The equivalent time oscilloscope requires
trigger (time reference) for precise sampling to occur. The trigger'may come from a reference clogk as
nown in figure 103 or may be derived from the signal under test.via'a Golden PLL as shown in figurg 104.
the configuration in figure 103 is used for level 1 purposes one-must add the effects of the Golden RLL in
bftware via methods not specified in this document. The configuration shown in figure 104 is the ong doc-
mented for producing level 1 CDFs.

= VW o o T

(=2

Mainframe
Trigger input T—— o Xolo o
A \
Optical DUT Q
Optical input
Reference module
Clock

= 109 Dot 1 [P £ i £ i T O s
FTYuitT 1LUO = MEITTTTILT CTULR TTTYYTT CUTTITyuUT AT 1T Uit dlr DUl
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Mainframe

O O

Trigger input T—»o0 |o olo%o
A

Optical DUT Q > /
// Golden Pl 1L +

Recovered clock optical input
module

Figure 104 - Golden PLL trigger configuration

br an electrical Gamma T measurement, the 100 Q differential lines are connected-to two channels

o lines may be connected to a differential SMA probe head).
figgering may be achieved with a reference clock as shown in figure 105 or a via a Golden PLL

purposes one must add the effects of the Golden PLL in software via methods not specified in this
ent. The configuration shown in figure 106 is the one documented for producing level 1 CDFs. The
recovery module is single ended and may accept the differential signal from the probe to derive the
passing the signal into a single oscilloscope channel,

Mainframe
Trigger input T———» o olo o
A
Electrical
DUT
Reference
Clock

T
derived from the signal under test as shown in figure 106. If the canfiguration in figure 105 is used for level
1
n

bf the

F

okcilloscope through phase matched cables as shown in figure 105. The instrument produdes a
pseudo-differential signal through a subtraction math function. (Alternatively;for signals below 4 Gbit/s, the
[\

clock

Hocu-
clock
tlock,

Figure 105 - Reference clock trigger configuration for electrical DUT
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Mainframe

Triggerinput T———>o0o [0 o ofo

=

3 <Z

@)

OOrWVwWYT = =z

O

S0 9 > N

—

(¢

Electrical Differential /4
DUT Probe
Golden PLL Eclaeo(i?r?gallaanLp:t
Output
P Module

Figure 106 - PLL trigger configuration

1.3.3 Measurement equipment

easurement equipment capable of executing the Enhanced EQ s€ope methodology from any su
ay be used.

scilloscope:Instrument capable of executing the Enhanced EQ scope algorithm

OTE The acquisition system required for the analysis within\the Enhanced EQ scope is fundamentally differer]
hat exists in ordinary EQ scope instruments.

ug-in Channel

Litable for the Enhanced EQ scope mainframé

ystem Bandwidth

b GHz or 10 Ghit/s reference receiver (filtered)

olden PLL

lock recovery module that meets the requirements in 6.10.2.

1.3.4 Measurement procedure
onnect the signals and trigger according to the desired configuration.

elect the Jitter Mode (front panel key).

[ this point the analyzer automates the remainder of the measurement process. The pattern len
itomatically/detected. An effective pattern or frame trigger is produced by the instrument, allowin
nalysis of_each bit within the pattern. The oscilloscope will determine the uncorrelated jitter compo
rough measurements at a few select bit edges. The oscilloscope will sequence through the entire p
determine jitter elements correlated to the pattern. The inherent problem of a relatively low sampls

pplier

t from

jth is
g the
nents
httern
b rate

adina to excessive-measurement times-is miticgated-throuah focusina-the samplina nracess-sheci
J J J J Lad R o =~

ically

on data edges. For the shorter patterns in the 2 bit to 3 000 bit length, approximately 5 s are required to
complete the entire measurement process. For patterns in the 20 000 bit range, the measurement process
takes approximately 20 s.
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14.3.5 Measurement results

14.3.5.1 Electrical Gamma T results at 2,125 Gbit/s

Measurement results for an electrical Gamma T operating at 2,125 Ghit/s using the CJTPAT, the CRPAT
and the CSPAT sequences are shown in this sub clause. The figures show typical level 2 outputs in the
form of the constituent components of jitter. The level 1 cumulative distribution function is reported sepa-
rately as are the level 1 DJ and TJ results (not shown). Note that the signal is required to pass the CITPAT
for level 1 purposes but other compliant patterns may be worse. The worst compliant pattern should be
used for level 1 testing.

Figure 107 shows results using the CIJTPAT.

diE LUl sElp  MEdslie  Ldliondie  ULLES  aeip UL AU Sy — |

ol Lf

Results = :i h‘"‘- = N\ /7 Graphs

G, Loy L =

B 48 W
Bit Rate: 2, 125E|EIE| bes Pat Length 2640 blt \ Dw [ o s R T
TJOIE-120: 26,5 ps D663 ? RJ{rms): 1,25 ps
PJ{ §-8): 3,4 ps DOJEp-pds DCD: 1,6 ps

ISI{p-p}: 7,1 ps

Z

4 T

‘\\\‘

Figure 107 - CJTRAT Electrical Gamma T results

T

gure 108 shows the results using the CRPAT:

= e e e e ey e Lo o ot i =

R —
Bit Rate: 2, 125000 Gba’s Pat Length: 3360 hits Div Ratio: 1:1 Src: 4

= TJOIE-123: 27,0 ps DJ(&-&3: 9,8 ps RJCrmsd: 1,23 ps
1 E PJC&-83: 3,4 ps DDJ{p-pi: 8,3 ps DCD: ks
= B ISI(p-p): 8,3 ps
fist -

Figure 108 - Electrical Gamma T CRPAT results
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Figure 109 shows the results using the CSPAT.
e Lurirdr o sEldp pMEdSIE Ldiordle Wiiiies geip U Les 20 'I4:'I'I] _|

1 1
. Results T—— AN L
Bit Rate: 2,125000 Gh/s Pat Length: 20840 hits Div Ratio: 1:1 Src: T4
TIAE-12): 27,3 ps DJea-83: 10,0 ps RI(PMS): 1,74 ps
PACE-83: 3,4 ps DDJ{p-pd: 8,8 ps DCD: 11 ps
151{p-mis 9,8 ps N
NC

A

£

o
\

Figure 109 - Electrical Gamma T CSPAT results

1.3.5.2 Optical Gamma T results at 10,518 75 Gbit/s

easurement results for an optical Gamma T operating at 10,518 75 Gbit/s using the CJTPAT seqyence
e shown in figure 110. Figure 110 shows typical level 2 outputs-in the form of the constituent compopents
jitter. The level 1 cumulative distribution function is reparted separately as are the level 1 DJ and TJ
¢sults (not shown).

o =Z KB
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zml, f

)y S— A —
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Bit Rate: 1051875 Gh/s  Pat Length: 2640 hits  Div Ratios 1:1 Srcs @
TIIE-12)0: 73,4 ps DJes-8): 10,3 ps RIrms):  G00 fs
PJ(5-8):  ao0,fs DOJep-pi: 13,2 ps DeD: 2,8 ps

=AW EE e
laan e T

T -
1

Figure 110 - Optical gamma T at 10,518 75 Gbit/s

NOTE The data shown is for a 10,518 75 Gbit/s data stream however the 10GFC standard does not require this mea-
surement as described.
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14.4 BERT Delta R signal tolerance

14.4.1 Overview

This sub clause is an example of how the BERT methods given in 10.4 may be applied to calibrate a signal
for signal tolerance testing at a 2,125 GBd Delta R point. This type of point is typically found in an HBA,
switch, disk array, etc. and is typically the point where an SFP form factor removable PMD connects to the
host side deserializer. The signal tolerance of the link segment from the Delta R connector through the host
side deserializer is the DUT. As with any signal tolerance measurement the criteria for success is that the
link receiver (the host side deserializer in this case) deliver adequate BER performance when the weakest
specified signal is applied to the interoperability point.

It may be desirable to use a functional SFP removable PMD module as part of the calibrated signal path
since this modiile has the caorrect Delta R connector This may he pmhlpmati(‘ hecause the functional SFP
may not allow adequate adjustment of the signal parameters required for the signal tolerance megsure-
ment due to the active circuitry in the functional SFP module. The procedure described in 144asshimes
u
h

e of a specially designed passive test fixture that is compatible with the Delta R SFP conhector dn the
Dst side to gain access to the physical Delta R point in the DUT. The test fixture is also.cempatiblg¢ with
He instrumentation connector on the other side.

—

The basic process for executing the signal tolerance measurement is:

1) calibrate the signal to be used for the signal tolerance measurement’into an ‘ideal’ instrument,

2) adjust the signal properties to be at the weakest allowed condition (lowest amplitude, highes
jitter),

3) disconnect the measurement equipment used for the calibration at the Delta R connector,

4) reconnect the calibrated signal to the actual Delta R point|

5) measure the BER from the deserializer in the host with the calibrated signal incoming.

14.4.2 Measurement configuration for signal calibration
Fjgure 111 shows the DJ portion of the setup for calibration of the signal.
. . D€ blocks
Wideband splitters Delta R

/ Km Q / Differential ~ CONNecto
inputs
@*, \ DUT input
/

B - SFP Test
to 50 Q = TIC*L Fixture
Coax cable
RG-174A (fof DJ control) /
go e L_J Golden e
during 1 _PLL / |Tstrument
testing -——- CLK
*Test Interface Card having the SFP Dashed components

connector on one side and SMAs are for calibration only

on the other’

Figure 111 - Measurement contiguration 1or signal calitbration

The Pattern Generator and the other parts of figure 78, including the RJ (random jitter) and SJ (sine jitter)
generators are connected to the input to the Coax cable in figure 111. The device to be tested has a recep-
tacle for SFP form factor modules. The measurement configuration is designed to be used for 2,125 GBd.
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Unlike figure 78, this setup uses a single length of coax instead of twin-axial cable to create DJ (DDJ in this
case). Coax is used for simple direct connection to standard 50 Q test equipment and SMA interfaces. A
single cable is used instead of two to reduce the undesirable effects of skew. Since a single cable is used,
a wideband RF splitter is required to split phases and create a differential signal.

The differential signal is tapped for clock recovery using a Golden PLL. In figure 111, two additional wide-
band resistive splitters are used for this purpose. One splitter creates the tap for the Golden PLL and the
other splitter is used to balance the imperfections in the complementary path. The unused port on the third
splitter is terminated into 50 Q. Resistive splitters improve isolation from poor return losses if poor return
losses exist. DC blocks are included in each path to emulate the series capacitors required in SFP receiver
outputs. Otherwise, the low resistances at DC in the splitters would ground the inputs to the HBAs receiver
upder test, that could cause damage unless the receiver had its own DT blocKing.

=

1.4.3 Calibration test fixtures

_|

he TIC (test interface card) in figure 111 converts the SMA coaxial cabling into a physical form factor
atching the electrical end of an SFP module so it may be plugged into the HBA's input./kor signal cdlibra-
ipn, the TIC is plugged into an SFP test fixture, that converts the SFP differential signals into a pair of|50 Q
pax paths for analysis by the Calibration Instrument. The TIC card shall be optimized for minimal insgrtion
hd return loss across the frequency band of interest.

» O = 3

1.4.4 Signal calibration procedure

4.4.4.1 Initial DDJ calibration
etup the pattern generator (see figure 78) to transmit alternating(K28.5 characters. With the sine andl ran-
bm jitter sources disabled (turned off), adjust the length of the c0axial cable until approximately the farget
mount of DJ is observed. This may be done with the BERT-6r a normal equivalent time sampling oscillo-
cope. The oscilloscope is allowed in this case because this calibration set is only an approximation, [there
g little random jitter and the pattern is short and highly<isible.

w oW

sing a K28.5 pattern the Golden PLL will have,virtually no effect on the measured DJ. Using the Gplden
| L is therefore optional for this step and a direct'clock trigger from the pattern generator may be us¢d.

U C

NOTE Without the effects of the Goldeh PLL, the peak-to-peak DJ with K28.5s will be very close {o the
peak-to-peak DDJ with CIJTPAT whenshigh-quality pattern generators, wideband splitters and othef high
performance equipment is used. The pkipk DJ values will be significantly different, however, when the effects|of the
Golden PLL are included.

he target pk-pk value for DJ for-the delta point tolerance test at 2,125 Gbd is 0,39 Ul (TJ is 0,59 UI). In
Ris setup, this amount of jitterrequires approximately 22 feet of RG174A coax cable.

= o

14.4.4.2 Initial RJ Galibration
With sine jitter (SJ) turned off (see figure 78), adjust the Gaussian noise source to achieve ~0,014 Yl rms
(9,014 = (TJ-DJ)/14, or (0,59-0,39)/14) with a repeating K28.7 square wave on an equivalent time gcope

o

5ing the pattern'trigger from the pattern generator. The factor of 14 assumes a truly Gaussian sourcg, but
his is allowed in this case because this phase is only setting an estimated value for peak-to-peak RJ. The
olden PLLis also not necessary for this approximation.

O-—t-

Thisaneasurement may also be done with an eye (still using K28.7s) on a BERT with a clock input. A§sum-
ingthatattothrer sources of Jjitterare Tegtigibte; & guodapproximTation 1S to measure Ry at a BER—=1E-9.
For a Gaussian function, peak-to-peak RJ at 1E-9 BER is ~12 times the target rms value of 0,014 Ul, or
~0,17 Ul peak-to-peak.

14.4.4.3 SJ (sine jitter) calibration

For SJ calibration, RJ and other DJ shall be minimized. The golden PLL shall be used to calibrate the SJ
(to 0,1 Ul peak-to-peak), since its magnitude at low frequencies would completely close the eye if tracking
was not used. A direct clock trigger (no Golden PLL) shall be used. The magnitude of SJ at each frequency
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is the effective DJ value as determined by the methods in clause 8. The slopes of the bathtub curves
should be very steep.

SJ calibration shall be accomplished at numerous points along the sine frequency template to ensure the
SJ amplitudes are being met.

SJis turned off for the remainder of the calibration steps.

14.4.4.4 Final DJ and TJ calibration

For all the following calibration measurements, the BERT is used and all values measured from this point
forward are to be effective jitter as defined in clause 8. The BERT should be operated as described in 10.4.

above, the observed DJ will be more than is required. In this particular example, it was measjured
to be more than required due to the interaction of CJTPAT, DDJ and the golden PLL.

2) Adjust the Gaussian noise source until effective RJ = 0,20 Ul peak-to-peak (RJ = Td<DJ =
0,59-0,39).

3) lIteratively measure/adjust the DJ (cut cable) and RJ settings to achieve the correct fit to the

required effective jitter values. The mathematical methods given in 10.4.2 stieuld be used. If

the
initial RJ calibration was close, very little change should be required, butithe DJ cable will require
shortening.

Dr results, in this example, the final length of cable that achieved the final jitter values was approxinpately
D feet for the 2,125 GBd rate.

Flgure 112 shows the results of the final BERT scan. These results are shown in jitter form rather than
bathtub form (jitter form is achieved by moving the left side/slope-of the bathtub curve up by 1 Ul, such that
the plot shows the width of the eye crossing rather than the"width of the eye opening). The solid dots are

e measured error rates along the right side of the jitter\plot and the circle points are the measured|error
ites along the left side of the jitter plot. The dashed-ine is the effective jitter function plotted again

5t the
jht side measured points and the solid line is the.gffective jitter function plotted against the left side|mea-
slired points.

1
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Figure 112 - Final BERT scan results
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To verify the effect of the Golden PLL, a scan was re-run with direct triggering from the pattern generator
without the Golden PLL. A significant change in DJ was seen. The peak-to-peak effective DJ value
dropped to 0,27 Ul peak-to-peak. This change is due to the interaction of the Golden PLL with CJTPAT in

the presence of a DDJ mechanism. The value for effective RJ changed very little.

14.4.45 Eye amplitude calibration
After calibration of the jitter values, the vertical opening of the eye is also calibrated. For this task pe
the following step in the order shown:

1) setthe sampling time in the center of the eye opening;

rform

2) adjust the BERT's threshold upward from the nominal (average) value until a high error count is

achieved,;
—3)y—scarthe threshotddownmuntitthe target BER(1E-12) s achieved;
4) repeat these steps in the opposite direction for the bottom of the eye;
5) adjust the pattern generator’s amplitude until the difference between the two 1E-12 thréshiold
settings is equal to the specified value (0,37 V peak-to-peak) for 2,125 GBd.

NOTE The exact mathematical methods may be used to predict deterministic, random and(tetal eye closure
voltage axis as are used for jitter in the time axis.
When completed, re-confirm the jitter values. If required, iteratively medsure and adjust th
tings until all jitter and eye opening values are achieved. Depending-en the settings, losses
wideband amplification may be required from the pattern generator to obtain the desired 2
tude.

=

1.4.4.6 Add SJ
alibration of SJ was accomplished previously. At this point, no further calibration should be nece
Lirn SJ back on to the frequencies and magnitudes as required for the signal tolerance test.

=40

_|

his completes calibration of the signal to be used for'the Delta R signal tolerance measurement. The
gm is now ready to be used for delta point testing;

—

1.4.5 Signal tolerance testing
he TIC should now be unplugged from the SFP test fixture in figure 111 and plugged into the HBA'S
brt under test for testing. When the test is run, be sure that all other requirements are satisfied, su
habling all appropriate crosstalk mechanisms, etc. The signal tolerance test output is the BER fro
gceiver in the HBA.

o ®T -

(0]

ee 11.2.7 for BER measurements from the link receiver.

1.4.6 Data output-format
he format shown-in-figure 112 is suitable for the jitter requirements. Commercial BERT jitter testef
bw available that-are capable of automating many of the tasks required for signal tolerance calib
nd have similar data output formats. Figure 113 shows an example, from another test, of a display f
pbmmercial BERT used to measure jitter at a data rate of 1,062 5 Ghd.
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S < B

0] 64,6 pS

T1242,2 pS

7/
Figure 113 - Example of an automated BERT scan similar to fig\@ﬂz

A

1.4.7 Acceptable values

hlues for link BER shall not exceed 1E-12 when the calibrated signal U{Qﬁhce signal is applied fo the

teroperability point.
o
&
®)
K
3
O
$®®
R\
O
&
e
c)o@
@.
Q.



https://iecnorm.com/api/?name=919b236fbe3de22e0f029fc4b1085e92

-170 - TR 14165-117 © ISO/IEC:2007(E)

Annex A
(informative)

Test bit sequences

A.1 Test bit sequence characteristics

A.1.1 Introduction

Test bit sequences are the bit sequences that are transmitted by a serializer onto a link or bit sequences
received by a deserializer from the link used to test an FC link’s jitter compliance. Test bit sequences have

a QIUI |;f;\.,a| It ;IIIlJ(]\.:t \JN} Qtl CDD;I Iy thC :II |Ir\1a JIttCI \Jh(]l G\JtCI IQtIUQ.
Several examples of test bit sequences are described in this annex to illustrate how bit sequences s
d|fferent aspects of a CDR circuit.

@)

—

(¢
1

—~

Q L —

= o -

¢

ontinuous stream of idle primitives: This pattern is present during normal link operation*when no fr
e being transmitted. This primitive is also part of some of the more complex patterns-listed below.

bw-frequency pattern: This pattern contains bit sequences that generates low-frequency spectral cg
ents that may produce severe signal distortion if the 3 dB low-frequency cut-off of any high-pass fil
bmponent is not chosen correctly. Because it represents nearly the maximum signal bandwidth reg
r any pattern, it is suspected of suffering the most from signal distortion on a metallic transmissior
'his second point remains to be proven by simulations or experiments).

Dw-transition density patterns: These patterns contain bit sequences that have long runs of 1 s or 0
igh-transition density patterns: These patterns contain Bit sequences that have short runs of 1 s ang
omposite patterns: A composite pattern contains.combinations of the above three types of patterns
bw- and high-transition density patterns are neant to generate pattern dependent timing jitter frorn

stortions. Composite patterns tend to be patterns that test various components on the link, such 3
ceiver clock recovery circuits.

tress
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ter or
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A

.1.2 Low-frequency pattern

Low frequencies in the spectrum may be generated by following the outer contours of the trellis diagram of
figure A.1 that represents the disparity versus time for the Fibre Channel 8B/10B code.

+3—

Disparity
B o
+—

DS T I DS

T ooy

= O

5]

-
«
=
N—
4 Oummmmmmn
s8]
(o
o
o
@D
—
«
=
—

Time (baud)

Figure A.1 - 8B/10B code trellis diagram

arting at a byte boundary with a running disparity of +1, the pattérn"1101001010' (D11.5) follow
bper contour and encloses the maximum area between the zerg-disparity line and the upper enveld
| possible patterns. D11.5 is repeated for n bytes, where n_iS-12 or greater. Then a rapid transit
ade to the lower envelope by the pattern '1101001000' (D%1.7). Then the pattern '0010110101' (D
llows the lower contour and is also repeated n times. The ‘transition back to the upper contour is ag
ished by the pattern '0010110111' (D20.7), followed hy-2.bytes of D11.5. This sequence includes a
zeros followed by a single 1, and a run of 5 ones fallowed by a single 0. These 2 sequences are u
ost prone to errors. The larger the value of n, the lower the frequencies generated. The worst ¢4
bproached asymptotically with increasing n.

mulations with this kind of pattern, passing through a single pole high-pass filter may cause amp
hd time penalties. Table A.1 shows these'penalties with the parameter n at 12 and the 3 dB cutoff at
lency ‘f’ expressed as a fraction of-the baud ‘fo.” The eye closure penalty expresses the amplitude

w-pass filter as specified forEFC optical measurements with a cut-off at 0,75 of the signalling
kpressed in baud. For examiple, for a signaling rate of 1 063 MBd, a 3 dB cutoff of 1,06 Mhz is ap
ately 0,001 (f/fo).

atterns with n=10Q0"and using the special character K28.5 for the transitions between the upper and
bntours have produced additional eye penalties from 0,05 dB for the lower values of f/fo up to 0,4 d
e larger values:

s the
pe of
on is
20,2)
com-
un of
sually
1se is

itude
a fre-
pen-

ty in dB and in the time domain pénalty as a fraction of a baud (Ul). The simulation model includes also a

rate
Droxi-

ower
B for
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Table A.1 - Eye closure penalties for low-frequency pattern with n=12

»w =h T

&

g

\%
d
-
a
h

3 dB cut-off Amplitude penalty Time penalty
fifo dB ul
0,000 1 0,02
0,000 2 0,03
0,000 5 0,08 0,015
0,001 0 0,18 0,025
0,002 5 0,53 0,04
0,005 1,12 0,06
0,01 2,15 0,1
0,02 4,10 0,175
0,04 8,13 0,23
0,05 10,1 0,275

ied in Table F.6 of Appendix F of the Fibre Channel (FC-PH) is misleading and would require exte

able A.2 shows the low-frequency pattern as described above. As with all similar tables in this anne

fom the above it is clear, that the recommendation for the lower 3 dB cut-off at 0,04 of the baud as 4§

gnal conditioning.

ble is broken up into four representations of the pattern, that include the FC characters (with the 8
hlues), encoded 10b hex, binary and 40b hex word.{The first row contains the FC characters use
bfined in clause 11 of FC-PH. The second row contains the encoded 10b hex values for each char
hese 10b values are in little endian format. They.may be used when looking at the encoded/decode
lel data. The third row contains the transmission in-order binary data. The fourth row contains thg
bx version of the binary data. Both the third(and fourth rows may be used to program pattern gener

peci-
nsive

X, the
b hex
i and
acter.
i par-
b 40b
ators.
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As for running disparity, the value is indicated at the beginning and end of each word.

Table A.2 - Low-frequency pattern

_|

r

30D 0 =

D11.5 (ab) D11.5 (ab) D11.5 (ab) D11.5 (ab)

14b 14b 14b 14b

1101 0010 1011 0100 1010 1101 0010 1011 0100 1010
d 2 b 4 a d 2 b 4 a
Byte = D11.5 is repeated > 12 times.

D11.7(eb) D20.2 (54) D20.2 (54) D20.2 (54)

04b 2b4 2b4 2b4

1101 0010 0000 1011 0101 0010 1101 0100 1011 010%
d 2 0 b 5 2 d 4 b 5
Byte = D20.2 is repeated > 12 times.

D20.2 (54) D20.7 (f4) D11.5 (ab) D11.5'(@b)

2b4 3b4 14b 14b

0010 1101 0100 1011 0111 1101 0010 1011 0100 1010
2 d 4 b 7 d 2 b 4 a

.1.3 Low-transition density patterns
.1.3.1 Overview

he code with the restrictions imposed by the EC-Standard cannot generate contiguous runs of 5 bit
e same value. For data characters, a maximum of 5 contiguous runs of 4 are possible, starting with
a coded byte. For positive starting disparity, the sequence is generated by (D14.7, D30.7, D7.6
nds with negative disparity. For reverse polarities the sequence is (D17.7, D30.7, D7.1). It is reg
ended to include both versions.

he lowest transition density that-may be maintained indefinitely is 3 per byte starting with the bit ‘b
ith run lengths of 433433433... The data pattern for the run of 4 starting with bit ‘b’ is (m x D30.3
ther starting polarity, where'm may be any integer number of 2 or greater. For the run of 4 to start w

the pattern is generated by (D28.7, D3.7) when starting with positive disparity and by (D3.7, D
hen starting with negative disparity.

D just measure,jitter and amplitude distortion from this source, a short sequence should be sufficig
litable testpattern for both of these patterns is (D14.7, D30.7, D7.1, m x D30.3). Table A.3 show|
hitern.

5 with
bit ‘g’

and
com-

or '
), for
th bit
28.7)

bnt. A
5 this
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Table A.3 - Low-transition density pattern

D14.7 (e€) D30.7 (fe) D7.6 (c7) D17.7 (f1)

04e 21e 187 3bl

0111 0010 0001 1110 0001 1110 0001 1010 0011 0111 k
7 2 1 e 1 <] 1 a 3 7

D30.7 (fe) D7.1(27) D30.3 (7e) D30.3 (7e)

lel 278 Oel 3le |
1000 0111 1000 0111 1001 1000 0111 0001 1110 0011

8 7 8 7 9 8 7 1 e 3

D30.3 (7€) D30.3 (7e) D30.3 (7e) D30.3 (7e)

Oel 3le Oel 3le A

1000 0111 0001 1110 0011 1000 0111 0001 1110 0011

8 7 1 e 3 8 7 ¥ e 3

Byte = D30.3 is repeated > 2 times

D28.7 (fc) D3.7 (€3) D28.7 (fc) D3.7 (€3)

21c le3 2Tc le3

0011 1000 0111 0001 1110 0011 1000 0111 0001 1110

3 8 7 1 e 3 8 7 1 e

A.1.3.2 Half-rate and quarter-rate square patterns

he half rate square pattern (contiguous runs of 1010 ...) may be generated by (q x D21.5) that start
one, or by (g x D10.2) that starts'with a zero. Sequences using D21.5 followed by some slower p
ich as the quarter-rate square'wave and then followed by a sequence of D10.2 and then again by
rensition pattern should be_used to test circuit asymmetries.

w o o

—

or the quarter rate~square pattern contiguous runs of two ones (00110011...) in phase with the
bundaries may b€ generated by (p x D24.3), independent of the starting disparity. If p is an even nu
He starting and.ending disparity remain unchanged. The sequence [q x (D25.6, D6.1)], or [q X
25.6)] generate identical waveforms with a phase shift of 1 Bd interval, also independent of the st
sparity.. D61 starts with a single zero bit and D25.6 starts with a single one bit.

o g= o T

5 with
httern
a low

byte
mber,
D6.1,
arting

T]ible A4 contains both the half-rate and quarter-rate patterns.
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Table A.4 - Half-rate and quarter-rate patterns - see text

>

D21.5 (b5) D21.5 (b5) D21.5 (b5) D21.5 (b5)

155 155 155 155

1010 1010 1010 1010 1010 1010 1010 1010 1010 1010
a a a a a a a a a a
Byte = D21.5 is repeated q times

D24.3 (78) D24.3 (78) D24.3 (78) D24.3 (78)

Occ 333 Occ 333

0011 0011 0011 0011 0011 0011 0011 0011 0011 0011
3 3 3 3 3 3 3 3 3 3
Byte = D24.3 is repeated g times

D10.2 (4a) D10.2 (4a) D10.2 (4a) D10.2 (4a)

2aa 2aa 2aa 2aa

0101 0101 0101 0101 0101 0101 0101 0101 0101 0101
5 5 5 5 5 5 5 5 5 5
Byte = D10.2 is repeated g times

D25.6 (d9) D6.1 (26) D25.6 (d9) D6.1 (26)

199 266 199 266

1001 1001 1001 1001 1001 1001 1001 1001 1001 1001
9 9 9 9 9 9 9 9 9 9
Byte = D25.6, D6.1 is repeated g times

D6.1 (26) D25.6 (d9) D6.1 (26) D25.6 (d9)

266 199 266 199

0110 0110 0116 0110 0110 0110 0110 0110 0110 0110
6 6 6 6 6 6 6 6 6 6
Byte = D6.1,D25.6 is repeated g times

.1.3.3 Ten cantiguous runs of 3

arting_and’ ending with a positive disparity, the data pattern (D14.7, D7.7, D28.3, D17.1) generats
bntiglious runs of 3 starting in bit ‘g’ of the first byte. Similarly, the pattern (D17.7, D7.7, D3.3, D

s ten
14.6),
may

arting and ending with negative disparity also generates 10 contiguous runs of 3. Both sequences

ow o wm

PN | " ! H !
C ITpcdalcu as 1hialty tres as Ucsiicu.


https://iecnorm.com/api/?name=919b236fbe3de22e0f029fc4b1085e92

-176 -

TR 14165-117 © ISO/IEC:2007(E)

Table A.5 - Ten runs of 3 assuming positive disparity

>

O Q =

> T

S x> 0 -

i

QD

D14.7 (ee) D7.7 (e7) D28.3 (7c) D17.1 (31)
0Ode 1c7 31c 271
0001 0010 0011 1000 1110 0011 1000 1110 0011 1001
7 2 c 8 e 3 8 e 3 9
Repeated g times
or

Table A.6 - Ten runs of 3 assuming negative disparity
D17.7 (f1) D7.7 (e7) D3.3 (63) D14.6 (ce)
3bl 238 0Oe3 18e
1000 1101 1100 0111 0001 1100 0111 0001 1100 0110
8 d c 7 1 c 7 1 c 6
Repeated g times

.1.4 Composite patterns

Dbr the measurement of jitter at various points of the link, patterns should combine low-frequency, low
tion density and high-transition density patterns. All but'the low-frequency pattern may be kept shq
easurements of the jitter. The low-frequency pattefn’ needs to be longer so that lower frequency ji
cluded. By including all of the patterns, the resulting composite pattern stresses components with

ink with low- and high frequency jitter, asymmetrics, amplitude distortions and low- and high-tran

bnsities. Moreover, composite patterns sheuld’be used for specification compliance testing. Examp
hmposite patterns are discussed in subsequent subclauses within this annex.

.2 Compliant jitter test bit sequences

.2.1 Introduction

he test methods specified in the FC-PH standard consist of using K28.5 and K28.7 sequences for D
J respectively. The K28.5 test sequence consists of the highest frequency and lowest frequency cg
bnts (run length ef5’and run length of 1) in a concise 20 bit sequence if both disparities are used
8.7 has no data-dependent components and is in essence a square wave with frequency of one
e signallingyrate expressed in baud.

e defined for both jitter output and tolerance testing:

tran-
rt for
ter is
n the
sition
es of

J and
mpo-
. The
tenth

addition.to the test sequences already defined in the FC-PH standard, the following test bit sequences

RPAT Random data pattern - subclause A.2.2.3

CRPAT Compliant random data pattern in a valid FC frame - subclause A.2.2.4

JTPAT  Jitter tolerance test pattern - subclause A.2.3.2

CJTPAT Compliant jitter tolerance pattern in a valid FC frame - subclause A.2.3.3

SPAT Supply noise test sequence for maximum SSO noise for transceivers - subclause A.2.4.2
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CSPAT  Supply noise test sequence in a valid FC frame - subclause A.2.4.3

In their respective subclauses, the original rationale for their application are given. However, for compli-
ance testing of a particular device, the pattern(s) that produce(s) the worse case output or tolerance results

shall be used. Determining the pattern that produces the worst results is done only by experim
tion.

A.2.2 Random test bit sequence
A.2.2.1 Overview

he intent of the random test pattern is to provide a data pattern with broad spectral content and mi

enta-

nimal

baking that may be used for component and system level (FC-AL type) architectures for the med
ent of jitter output. The development of this pattern is specific to FC Tx jitter testing and provides tqg
bmponent and system vendors a common data pattern use when performing Tx jitter measureme
ht spectral content pattern is used to insure that any peaking seen during Tx jitter testing'\may be

ed to the component and not the spectral content of the data.

=0 30T

oy

iven the broad (white) spectral content of the RPAT test pattern, this may alsorbe’used as an ing

iate pattern for EMI agency compliance. The equipment supplier is respopnsible for determining the

50 90

bnsists of sustained runs of IDLES, that typically may be much more, challenging for EMI agency cd
nce.

D O

>

.2.2.2 Background - Fibre Channel frame

Fpr test bit sequences to be carried on active FC links_the test bit sequences need to be embedde
the constructs of link traffic. These constructs includefill words and FC frames (see table A.7). Bef
frames, a FC link is filled with primitive sequences.such as IDLEs, R_RDYs, ARBs, etc. as required |

sequences between frames.

There are eight different SOF delimiter functions, all assume negative disparity. Two are used for CIg

Table A.7 - Fibre Channel frame

Name SOF Header Payload CRC EOF

Bytes 4 24 0to 2112 4 4

X EOF delimiter(functions of either positive or negative disparity. The disparity of the EOF is detern
y the value of the CRC. The CRC is determined by the contents of the header and payload. Valid S
nd EOF’s used with patterns in this annex are shown in table A.8

QT v A

sure-

both
its. A
httrib-

ustry

andard for EMI testing bounded by IDLEs or ARBs. However, be aware that RRAT may not be an appro-

test-

g for all reasonably likely patterns, configurations, and conditions. Fof\example, FC traffic freqdiently

mpli-

H into
ween
y the

Fjbre Channel protocol. At the N Port transmitter, Fibre Channel requires a minimum of six primitive

1SS 3.

he SOFi3 would only*be used once when sending data and all subsequent SOFs are SOFn3. Thele are

hined
bOF’s

Table A.8 - Valid fibre channel frame delimiters

Delimiter and Beginning Ordered Set
Function Disparity
SOFn3 Negative K28.5 D21.5 D22.1 D22.1
EOFn Negative K28.5 D21.4 D21.6 D21.6
EOFnN Positive K28.5 D21.5 D21.6 D21.6
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A.2.2.3 Original RPAT

The original RPAT data pattern is designed specifically to provide a broad/flat frequency spectrum. RPAT’s
data codes are valid 8b/10b codes but are not FC compliant as a data payload due to character placement
and disparity conflicts. The “10b” code represents the 10b encoded data bytes. The “10b hex” is the hex
representation of the 10b encoded data. The RPAT pattern assumes negative running disparity.

8b: BC, BC, 23, 47, 6B, 8F, B3, D7, FB, 14, 36, 59

10b: k28.5, k28.5, D3.1, D7.2, D11.3, D15.4, D19.5, D23.6, D27.7, D20.0, D22.1, D25.2

10b hex: 3EBO 5C67 85D3 172C A856 D84B B6A6 65

NOTE The next to last character in the 10b definition has been changed from D21.1 in MJS to D22.1 in M3SQ to be
nsistent with the code mappings for 8b and 10b hex.

(@]

>

.2.2.4 Compliant RPAT (CRPAT)

(2]

nce most host adapters include Fibre Channel state machines, they cannot be made to transmit thg orig-
ral RPAT. What is needed to use a host adapter is a test bit sequence that complies with all Fibre Channel
Ules, specifically the frame construct. To generate an FC compliant RPAT(CRPAT) while attempting to
maintain the flat spectrum characteristics of the original RPAT data pattern, some modifications are
e¢quired. Modifications to the original RPAT include

—_ =

—

Removal of two consecutive K28.5 codes-at.the beginning of RPAT,
Replacing K28.5s with D30.2 and D30.5;
Re-arrangement of the data codes required to maintain disparity balance.

_|

he modified RPAT is:
8b: BE, D7, 23, 47, 6B, 8F, B3, 14, 5E, FB, 35,59

1pb: D30.5, D23.6, D3.1, D7.2, D11.3, D15.4, D19.5, D20.0, D30.2, D27.7, D21.1, D25.2

=

Db hex: 86BA, 6C64, 75D0, ES8DC, A8B4, 7949, EAAG, 65
This is shown in the RPAT section of table A.9.
The header for this purpose may be considered the same as the payload since all that is desired is that the

hpst adapter transmitsthe data or the disk drive re-transmit the data. The payload consists of the mogified
RIPAT repeated 16-times. Each frame is preceded or followed by six idle primitives.

_|

he CRPAT pattern is specifically designed to have a broad spectrum that produces a worst case scgnario
ith regard-to deterministic jitter generation. By embedding the payload with 16 repeating modified RPATS,
He spectral’contribution of the SOF, CRC, EOF and idle primitives may be minimized.

S =

The BFT, in figure A.2, is for the 10b hex data as a pure 1s and Os data stream. Figure A.3 is the FFT pf the
FC compliant RPAT (including the idles and SOF). The speciral conient is Tairly broad and flat, much like
the original RPAT. Moreover, the spectrum analysis of both the original RPAT and the FC Compliant RPAT
are almost equivalent. The FC compliant RPAT patterns shows some peaking near 100 MHz, but this
should be insignificant.

Rise times are not accounted for and assumed perfect.

For overall jitter tolerance testing both the CITPAT and the above CRPAT should be used.
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Figure A.3 - FFT of compliant RPAT

he pattern in“table A.9 represents the CRPAT. It consists of six idle primitives, an SOF, the RPAT p
peated 16.times, a CRC and a EOF. A repeating CRPAT may be used at all levels of development i
g systeni-and component design.

httern
clud-
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Table A.9 - CRPAT test bit sequence
K28.5 (bc) D21.4 (95) D21.5 (b5) D21.5 (b5)
1rc 115 155 155 Idle Primitive
(repeated 6
0011 1110 1010 1010 0010 1010 1010 1010 1010 1010 times)
3 e a a 2 a a a a a
Above Idle Primitive is repeated 6 times
K28.5 (bc) D21.5 (b5) D22.1 (36) D22.1 (36)
17c 155 256 256 Start-of Frame:
Class 3 ndrmal
0011 1110 1010 1010 1010 0110 1010 0101 1010 1001 (SOFn3)
3 e a a a 6 a 5 a 9
D30.5 (be) D23.6 (d7) D3.1(23) D7.2 (47)
161 197 263 2b8
1000 0110 1011 1010 0110 1100 0110 0100 0111 0101
8 6 b a 6 c 6 4 7 5
D11.3 (6b) D15.4 (8f) D19.5.(b3) D20.0 (14)
30b 2¢5 53 Ob4 modified RPAT
patter
1101 | 0000 | 1110 1000 | 11035 1100 | 1010 | 1000 | 1011 | 0100 (refﬁg 16
d 0 e 8 d c a 8 b 4
D30.2 (5e) D27.7 (fb) D21.1 (35) D25.2 (59)
29e le4 255 299
0111 1001 0100 1001 1110 1010 1010 0110 0110 0101
7 9 4 9 e a a 6 6 5
Above 12 byte modified RPAT pattern is repeated 16 times
D14.7 (ee) D3.1(23) D21.2 (55) D22.0 (16)
04e 263 295 356
CRC:
0111 0010 0011 0001 1001 1010 1001 0101 1010 1011
7 2 3 1 9 a 9 5 a b
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Table A.9 - CRPAT test bit sequence (Continued)

K28.5 (bc) D21.5 (b5) D21.6 (d5) D21.6 (d5)

283 155 195 195
End of Frame:

- (EOFnN)

1100 0001 0110 1010 1010 1010 1001 1010 1010 0110

A.2.3 Compliant receive jitter test bit sequences

A.2.3.1 Overview

Dr jitter tolerance testing, the data pattern exposes a receiver’s CDR to large instantaneous‘phase jumps.
p do this, the overall pattern should alternate repeating low-transition density patterns with repgating
gh-transition density patterns. The repeating 10b character durations should be longer than the timg con-
ants in the receiver clock recovery circuit. This assures that the clock phase has fellowed the systematic
httern jitter and the data sampling circuitry is exposed to large systematic phase jumps. This stressés the
Ming margins in the received eye. The following test bit sequences are suggested for receive jitter |toler-
nce testing:

e =

QO

JTPAT Jitter tolerance pattern used to test receivers;
CJTPAT Jitter tolerance pattern in a valid FC frame.

A.2.3.2 Receive jitter tolerance pattern - JTPAT

_|

hble A.10 shows how low- and high-density patterns may be used. Here, the low-density patter is a
¢peating D30.3 and the high density pattern is a\repeating D21.5. Using these two patterns together|tests
the systematic pattern jitter causing phase jumps. The run length of these two patterns are related fo the
ime constants of the PLL. For the JTPAT thé-following assumptions were made:

—

—

a) average FC traffic transition density is approximately 50 %,

b) CDR time constant is inversely proportional to transition density,

c) to obtain at least 95 % settling a pattern duration needs to be greater than 3 time constants,
d) the PLL's minimum-bandwidth for FC transceivers is baud/166 7 at the average transition density.

DO 10 bit characters_at, 50 % transition density meets these assumptions. The repeating D21.5 has a
DO % transition density and the repeating 30.3 has a 30 % transition density. Because of the gbove
Esumptions, the(duration of the high-transition density pattern needs to be at least 50 10 bit charafters.
s for the lowdtransition density pattern, it needs to be at least 167 10-bit characters.

> QY ==
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D30.3 (7€) D30.3 (7€) D30.3 (7€) D30.3 (7€)

Oel 3le Oel 3le

1000 0111 0001 1110 0011 1000 0111 0001 1110 )
8 7 1 e 3 8 7 1 e

Byte = D30.3 is repeated > 167 times

D21.5 (b5) D21.5 (b5) D21.5 (b5) D21.5 (b5) -
155 155 155 155

1010 1010 1010 1010 1010 1010 1010 1010 1010

a a a a a a a a a

Byte = D21.5 is repeated > 50 times

Table A.11 -“CJITPAT

.2.3.3 Compliant receive jitter tolerance pattern - CJTPAT

K28.5 (bc) D21.4 (95) D21.5(b5) D21.5 (b5)

17c 115 155 155

0011 1110 1010 1010 0010 1010 1010 1010 1010 1010
3 e a a 2 a a a a a
Above Idle Primitive is repeated)6 times

K28.5 (bc) D21.5 (b5) D22.1 (36) D22.1 (36)

17c 155 256 256

0011 1470 1010 1010 1010 0110 1010 0101 1010 1001
3 e a a a 6 a 5 a 9

reating a compliant receive jitter tolerance pattern (CJTPAT) requires adding SOF, CRC, EOF and
order to use the above JTPAT more fully, each of the possible phase-shifts introduced has two pq
prsions. That is, a phase change may start with a 0 and transitiop-tora 1 or vice versa. Additional ch
rs have been added to produce both polarity changes for each.phase shift. Table A.11 shows the r
g CJTPAT. For overall jitter tolerance testing both the CJTPAT\and the above CRPAT should be uss

Idle primi
(repeate
times

SOFn

[dles.

larity
arac-
psult-
d.

five
i 6
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Table A.11 - CJTPAT (Continued)

D30.3 (7€) D30.3 (7€) D30.3 (7€) D30.3 (7€)
Oel 3le Oel 3le Low-density
transition
1000 0111 0001 1110 0011 1000 0111 0001 1110 0011 pattern
8 7 1 e 3 8 7 1 e 3
Above 4 byte pattern is repeated 41 times.
D30.3 (7€) D30.3 (7€) D30.3 (7€) D20.3 (74)
Oel 3le Oel 0f4
1000 0111 0001 1110 0011 1000 0111 0000 1011 1100
8 7 1 e 3 8 7 0 b c Transfering
from low} to
high-trangjition
densitig¢s
D30.3 (7€) D11.5 (ab) D21.5 (b5) D21.5 (b5)
3le 14b 155 155
.|.
0111 1000 1111 0100 1010 1010 1010 1010 1010 1010
7 8 f 4 a a a a a a
D21.5 (b5) D21.5 (b5) D21.5 (b5) D21.5 (b5)
155 155 155 155 High-denkity
+ transitipn
1010 1010 1010 1010 1010 1010 1010 1010 1010 1010 patter
a a a a a a a a a a
Above 4 byte pattern is repeated 12 tinjes
D21.5 (b5) D30.2\(5e) D10.2 (4a) D30.3 (7€)
155 2al 2aa 3le
.|.
1010 1010 1010 0001 0101 0101 0101 0101 1110 0011
a a a 1 5 5 5 5 e 3
Transferqing
from high- to
low-transijtion
£30.3 (7e) D30.3 (7€) D30.3 (7€) D30.7 (fe) densitigs
Oel 3le Oel 2le
1000 0111 0001 1110 0011 1000 0111 0001 1110 0001
8 7 1 e 3 8 7 1 e 1
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Table A.11 - CJTPAT (Continued)

D21.7 (f5) D14.1 (2e) D22.7 (f6) D29.6 (dd)
1d5 24e 216 19d
- =+ CRC
1010 1011 1001 1100 1001 0110 1000 0110 1110 0110
a b 9 c 9 6 8 6 e 6
k28.5 (bc) D21.5 (b5) D21.6 (d5) D21.6 (d5)
283 155 195 195
- EOFnN

1100 0001 0110 1010 1010 1010 1001 1010 1010 0110

[+ 1 6 a a a 9 a a 6

.2.4 Supply noise test bit sequences
.2.4.1 Overview

has been found that a test bit sequence of repeating D31.3 characters creates the worst-case [
ipply noise introduced by a transceiver. The noise is caused by-the' maximum simultaneously swit
Litput (SSO). The following test bit sequences are proposed fo.SSO noise testing:

SPAT Supply noise data pattern causing maximum’SSO noise for transceivers;
CSPAT  Supply noise data pattern in a valid FC frame.

.2.4.2 Supply noise pattern - SPAT

he pattern in table A.12 represents the SPAT. 1t is a test bit sequence that creates the SSO noise by
g all the individual Tx and Rx parallel data lines to switch per 10 bit character. This imortance of thi
rn may be very dependent on the detdils of the system design.

Table A.12 - Supply noise test bit sequence

D31.3 (7) D31.3 (7f) D31.3 (71) D31.3 (7f)

335 Oca 335 Oca

1010 1100 1101 0100 1100 1010 1100 1101 0100 1100

a c d 4 c a c d 4 c

Above 4 byte pattern is repeated 512 times

ower
ching

caus-
5 pat-

A.2.4.3 Compliant supply noise pattern - CSPAT

Just as the RPAT bit sequence may be packaged into a Fibre Channel frame for use in an operating sys-
tem level test, the SPAT may be surrounded by SOF, CRC, and EOF to create a compliant SPAT (CSPAT).
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Table A.13 - Compliant supply noise test bit sequence

>

)

q
Z

a
B

.3 Practical issues with compliant patterns in operating FC systems

K28.5 (bc) D21.4 (95) D21.5 (b5) D21.5 (b5)
17¢ 115 155 155 ldle
0011 1110 1010 | 1010 | 0010 | 1010 | 1010 | 1010 | 1010 | 1010 Primitive
3 e a a 2 a a a a a
Above Idle Primitive is repeated 6 times
K28.5 (bc) D21.5 (b5) D22.1 (36) D22.1 (36)
17¢ 155 256 256 SOEf3
0011 1110 1010 1010 1010 0110 1010 0101 1010 1001
3 e a a a 6 a 5 a 9
D31.3 (7f) D31.3 (7f) D31.3 (7f) D31.3 (7f)
Oca 335 Oca 335 Supply Nois
Pattern
0101 0011 0010 1011 0011 0101 0011 0010 1011 0011 (g =512)
5 3 2 b 3 5 3 2 o) 3
Above 4 byte Supply Noise pattern is repeated 512 times
D17.7 (f1) D22.4 (96) D27.6 (db) D23.4 (97)
231 2d6 lad 117
CRC:
1000 1100 0101 1010 1101 0010 0101 1011 1010 0010
8 c 5 a d 2 5 b a 2
K28.5 (bc) D21.4 D21.6 (d5) D21.6 (d5)
17¢ 115 195 195
EOFn
0011 1110 1010 1010 0010 1010 1001 1010 1010 0110
3 e a a 2 a 9 a a 6

RPAT, CJTPAT and CSPAT as defined in this report, include complete FC compliant frames ang
unding idles that are intended to represent conditions in operating FC systems. as well as for char

ing components and TxRx connections. In an operating FC system the idles, SOF and headers m

Hded_by the port. In these cases the patterns defined should not include the idles, SOF and heg
ecause the bit patterns are critical to the use of the patterns the disparity coming into the payload

1]

sur-
hcter-
Y be
ders.
shall

r

malin as specified with the header detined In this document. 1niS requirement may present challen

esin

operating systems, especially where the addresses are changing from frame to frame. Making measure-
ments in operating systems may present other challenges:

a) It may be necessary to modify the frame header plus CRC. If changing the header is required,
attempt to do so in a manner that does not change the running disparity coming into the payload.

The disparity going into the EOF is positive for CJTPAT and CRPAT.

b) Error measurements shall allow for normal changes to bits outside the Test Bit Sequence.
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c) If bits other than the specified test pattern occupy a significant fraction of the total test time, they
may dilute the test and affect the jitter output or tolerance and/or increase the test time.
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Annex B
(informative)

Practical measurements

B.1 Introduction

This annex gives guidance on methodologies to be used for gaining practical measurement access to
Fibre Channel components during testing. This annex contains mostly the idealized methods and may not
completely describe the construction or transfer functions of real hardware. A more detailed description of
the design of tests and the requirements on implementing the physical design of the interface adapters
lled out here will be in future technical reports on FC copper or in future technical reports on jitter. The
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formation herein is based on that supplied by the contributors to this technical report up to the publig
hte. New information is continually becoming available as Fibre Channel and other serial data.tran
on technologies mature.

his annex is needed because it is very easy to acquire data that looks reasonable but is\teally serioy
ror because of improper measurement techniques. Without using the schemes in.this annex, it is
at independently executed measurements on the same unit will not yield the same'results.

.2 Basic architecture

he basic architecture of the practical measurements for Fibre Channel|jitter uses a signal source, a §
nk, and interconnect that connects the source to the sink. Signals”always flow from source tg
rough the interconnect. See figure A.1. One part of the test configuration is always a unit or device
st and the other parts enable the instrumentation to accurately indicate the properties of the sign
e connector(s) of the device under test. The unit under testimay be a source, a sink or interconnec
strumentation may be a source, a sink, an interconnect/or a combination thereof.

SIGNALS ALWAYSFLOW FROM SOURCE TO SINK
—

SOURCE SINK

Figure B.1 - Ideal test configuration architecture

he most fundamental requirement is to accurately determine the properties of the signals at the co
rs of the device under test at the same time the device under test is responding to, carrying or gene
e signals:

herésare two kinds of source (choose one per test configuration):

ation
SMis-

sly in
likely

signal

sink
inder
Als at
. The

hnec-
ating

a) Test signal instrumentation
b) FC TX port under test

Interconnect falls into five categories (choose at least one per test configuration and specify order of con-
nection):

a) FC passive (bulk cables, connectors, etc.) under test;
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b) FC active (repeaters, port bypass circuits...) under test;
c) instrumentation quality cable asemblies;

d) FC cable assemblies used for generating ISI;

e) FC “tap adapter”.

There are two kinds of sink (choose one per test configuration):

a) Test signal instrumentation;
b) FC RX port under test.

Each test configuration is an ordered list where the source, interconnect components (including order), and
sink are called out. Subclause A.3.5 describes how to assemble these lists. Before this may be effectively

stem.

d'\nn ona-naadeto-dafina amaanc faor cannactina nracticnal inctr pmantation intn tha Cibhea Channal oy
pHE-oricrecasto- gt eartS o corre oty pratucar Mot orhe et ot o e rore-orarirerSy

y)

.3 Instrumentation interface adapters

B.3.1 Overview

Practical instrumentation shall interface to the Fibre Channel components with minimal disruption to
Channel components. The instrumentation shall have the input and output environment it needs to op
pfoperly as an instrument. Adapting interfaces are used unless the instrumentation happens to
ekactly the right Fibre Channel variant interface. Most existing instrumentation inputs and outputs d
uge the Fibre Channel transmission environment.

Fjgure A.2 shows three basic ways to use adapting interfaces:

a) source adapter, where DUT is a source and FC frames‘may not be required as traffic;

b) sink adapter, where DUT is a sink and FC frames afe’ not required as traffic;

c) tap adapter, where a FC port is the DUT, reak'FC frames may be required for traffic an
instrumentation is a secondary sink; either the’source FC port or the sink FC port may be the

_|

he measured signals at the instrumentation represent the signals that exist at the DUT connector
odified by the transfer functions of the interface adapter and the interconnect.

3

_|

here are several kinds of interconnect-specified in Fibre Channel (termed “variants”) and each nee
vn kind of interface adapter. The remainder of annex describes these adapters for the balanced cd
He unbalanced copper, and the optical variants.

= O

The specification for these.interface adapters does not include the specific connectors, printed
bpard material, connector\attachment designs, trace widths or any other physical design details
Igsses and disturbances caused by any specific implementation shall be added to those caused b
basic adapter itselffwhen determining the actual interface adapter transfer function for specific ap
tipns.

It|is strongly‘recommended that efforts be made to use the best materials and design practices wher
sfructing-an/interface adapter so that the intrinsic simplicity of the circuits may be realized in the §
measurements. For example, low-inductance and low-capacitance resistors should be used.

Fibre
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have
0 not

d the
DUT.

when

ds its
pper,

Circuit

The
y the
plica-

con-
actual

under test that affects the power conversion calculation.

Although not shown explicitly in this annex, all FC sources and sinks should be d.c. blocked to prevent test

adapters from disturbing the required bias points.
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SOURCE ADAPTER
(PART OF SOURCE)

TEST TRAFFIC SOURCE P SINK
NOFC ERROR DUT INSTRUMENT
REPORTING INTERCONNECT

SINK ADAPTER
(PART OF SINK)

TEST TRAFFIC | ooe o SINK
NO FC ERROR
REPORTING | INSTRUMENT | INTERCONNECT DUT
TAP ADAPTER
(PART OF
INTERCONNECT)
FC FRAMES / |
FCERROR | SOURCE Y SINK
FROM SINK *
INSTRUMENT
SINK

Figure B.2 - Placement of adapters intest configurations

B.3.2 Balanced copper

B.3.2.1 Introduction

o)

ission environments. This annex only documents the 150 Q variants. Some adapters are not requir
He 100 Q variants. Other 100 Q adapters.may be simpler that the 150 Q counterparts.

= 3

b

most all existing high-speed electronic test equipment presents unbalanced inputs and outputs at &
mpedance. Therefore these interface adapters are coupling or matching networks that have balg
b0 Q differential characteristics where attached to the FC components and 50 Q unbalanced
e-ended characteristics where attached to test instruments.

Q = 5

The entire electrical path between the interface adapter components (resistors, balun contacts, etc,
the FC interconnect.connection shall have the characteristic impedance of the side of the interface ad
where it is connecting. This includes all printed circuit traces, all connectors and all cables. Compo
attached to any:part of the electrical paths other than those specified could upset the signal flow
includes aScilloscope probesl, coupling capacitors and ESD devices attached to the test electrical

(Coupling>capacitors and ESD devices may exist as part of the DUT and contribute to the DUT'’s p
mance.) These restrictions are necessary to avoid disturbing the transmission line properties of the

alanced copper Fibre Channel variants have-geither nominal 100 Q or 150 Q balanced differential frans-

bd for

50 Q
\nced
sin-

and
apter
nents
This
path.
erfor-
con-

ngctions, thus obscuring what is to be measured.

1. Special 10x 500 Q oscilloscope probes exist that add very little capacitance and stubs when
probing. These probes have the adaptive element (e.g., a chip pad) right at the “tip”. Whereas
these probes might be useable in some laboratory applications, they may be difficult to place in
the required places on actual devices and components. For these reasons, methods are pro-

vided that do not require the use of probes.
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Special care shall be exercised when attaching connectors to bulk cable or printed circuit boards in such a
manner that the termination side of the connector and its board or cable connection does not induce any
more deviations from the nominal characteristic impedance than is absolutely necessary. This generally
means that it is necessary to analyse the use of through holes and trace routing in printed circuit boards
carefully.

Special care shall also be exercised to include the signal losses and phase distortion in traces on printed
circuit boards and in the real components used when determining the actual transfer function of the inter-
face adapter. This annex shows the ideal transfer functions only and assumes that all ports are terminated
in their characteristic impedance.

The interconnect paths shall be no longer than necessary and any interconnect losses shall be included as

art nf tha trancfar fiincotinn Af tha nath hathunon tha inctriimant and tha DEIT
par-efthe-transfer-function-of-the-path-between-the-nstrument-and-the-DUT

rnserting the matching network into the test configuration affects the signals to some degree\and also
huses some signal loss due to these networks.

O

B.3.2.2 Source and sink adapters for balanced copper variants

uy]

.3.2.2.1 Balanced - unbalanced

gure A.3 shows the recommended matching network design for both the source and sink adapters.
hese adapters depend on the use of special instrumentation-grade baluns described in clause A.3.6.

=T

ADAPTER ADAPTER

INSTRUMENT FC COMRONENT

PORT (50 Q) PORT (150 Q)

25Q A
50 Q 50
v (R1) .
1
L i BALUN Ivz 1500
INSTRUMENTATION ||| |
(SOURCE OR SINK) FC COMPONENT
(SINK OR SOURCE)

Figure B.3 - Source/sink interface adapter matching network
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Table B.1 - Ideal transfer function for source/sink adapter matching network

of figure B.3
To Adapter Instrument Port Adapter FC Component
From (150 Q), (V1) (150 Q), (V2)
Instrument as sink FC Port as sink
Adapter Instrument Port (50 Q) (V4), NA V=V,
Instrument as source
Adapter FC Component Port (150 Q), |V;=0,333*V, NA
(V2),
FC Port as source

>

‘A

= T

= U

J 0 =5

QT O -

> g

[ point “A”, the impedance is 37,5 Q in both directions. The impedance into V5 is four times that\at
\"; i.e., 150 Q.

C port sources are required to deliver the required signals with passive interconnect impedances ra|
bm 135 Q to 165 Q. There are two ways to accomplish this impedance range.

referred: Add a balanced / balanced impedance-adjusting pad network between.the FC componen
e adapter for each impedance level to be tested.

ternate: vary the 75 Q resistor, R4, such that the parallel combination of 75 Q (the 25 Q and the
strumentation resistors) and R, is 135/4 and 165/4 respectively. Ry should be 61,4 Q for the 135 Q
L should be 91,7 Q for the 165 Q load. The voltage ratios betweén , and V, are affected by the cho|
L and should be adjusted accordingly.

he adapter shown in figure A.3 assumes that the DCipath between the source and sink is broks
hpacitors within the source, sink or interconnect./lf\the link is DC-coupled, either the ground

btween the source and sink is maintained at a lowlevel or one or more series capacitors are added

Hapter. See A.3.6.5.

ue to the significantly non-ideal behavior 6f capacitors at elevated frequencies, it is recommended
Dt use capacitors in the adapter unless there is no other option. See A.3.6.5.

.3.2.2.2 Balanced - balanced-(alternative 1)

gure A.4 shows the recommended matching network design for both the source and sink balanced
nced copper adapters, as_shown in figure A.2. The instrument input is assumed to consist of two U
nced 50 Q inputs (100 Q differential). Comments in A.3.2.2.1 on Balanced - Unbalanced Source and
dapters relating to adjusting impedance over the required ranges apply here with appropriate moc
DNS.

ote that this.iSinot a truly balanced instrumentation since there is no provision for accommodatin
bmmon made-levels that may exist on the FC component side. However, where there is negligible
on mode_present this scheme may be satisfactory.

point

nging
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50 Q
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ice of

en by
pffset
o the

hot to
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ADAPTER
INSTRUMENT ADAPTER
PORT (100 Q) FC COMPONENT
(OR DUAL 50 Q) PORT (150 Q)
433 Q
50 Q 86,6 Q
1 Vi [ Vs § 150 Q
| | ]
50 Q % §86,6 Q
433 Q E
INSTRUMENTATION ADAPTER FC COMPONENT
(SOURCE OR SINK) (SINK OR SOURGCE)

Figure B.4 - Balanced-balanced source-sink adapter (alternative 1)

Table B.2 - Transfer function for alternative 1 balanced - balanced
source/sink network of figure-B°4

To Adapter InstrumentyPort Adapter FC Component Port
From (100 Q),4V1) (150 Q), (V2)
Instrument as sink FC Port as sink
Adapter Instrument Port (100 ), (V1) |NA V,=0,634*V,
Instrument as source
Adapter FC Component Port (150 Q), |V, =0#423*V, NA
(Vo)
FC Port as source

.3.2.2.3 Balanced - balanced(alternative 2)

hen using the special 500 Q probes (or equivalent circuits designed to minimize any internal reflections)
he may sacrifice the impedanee matching on the instrument input side in exchange for a simple 10-to-1
ansfer function and an equivalent 75 Q termination on the FC interconnect side. This is achieved by using
e configuration shown.in‘Figure A.5 for each side of the balanced line.



https://iecnorm.com/api/?name=919b236fbe3de22e0f029fc4b1085e92

TR 14165-117 © ISO/IEC:2007(E) —-193 -

3>

¢
¢

—

36 ¢ OPTIONAL SINGLE-ENDED TRIGGER
6E SENSE POINT USING HI-Z PROBE
2g - o, CONNECTOR /WITH VERY SHORT TIP
12642
< O w -
sS40z — 10X AMPLITUDE
Sgnzg ATTENUATION
asud3 121 Q THRU PROBE
N~NLOmO
- 450 Q PROBE |—
1
330 Q %
1 50 Q INPUT~ [ v,
fi SINK
TERMINATION
SINK ADAPTER 1

INSTRUMENT

Figure B.5 - Half of balanced-balanced source-sink adapter (alterirative 2)

separate trigger sense point is shown where a high impedance probe withavery short tip could be
extract a single-ended trigger input for the sink instrument. If used, this probe disturbs the electrical
some degree and it shall be determined that this disturbance is negligible before using this schem

Table B.3 - Transfer function for balanced - balanced source/sink interface
network of figure'B.5

To Adapter Iigtrument Port Adapter FC Component Port
From (200 Q), (V1) (150 ), (V2)
Instciment as sink FC Port as sink
Adapter Instrument Port (100 Q), (V1) | NA V,=0,10*V;
Instrument as source
Adapter FC Component Port (150 ), NA NA
(Vo)
FC Port as source

.3.2.3 Tap adapters for-balanced copper variants

.3.2.3.1 Balanced-balanced (alternative 1)

gure A.6 showsrthe’recommended design for a balanced-balanced tap adapter matching network
5ed with an instrument that offers a balanced 150 Q input. Such instruments are not common. Th
fJapter may also be used with the source/sink interface adapters shown in figure A.3 and figure A
bnnect an ‘unbalanced 50 Q instrument or a balanced 100 Q instrument respectively. The unbala
strument case is discussed in A.3.2.3.3.

used
path

A1

when
s tap
\.4 to
inced
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