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Overview

The measurement of jitter is a necessity for ensuring error free digital commueation. As data rates
climb, new standards appear, and development cycles shrink, you need the toslhat help you keep
pace with this changing environment. Keysight Technologies, Inc. progies a wide range of solutions
for the injection, prediction, characterization, and testing of jiter.
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Figure 1. Industry views of jitter

Different market segments from telecommunications to high-speed I/O onnections for data

communications use the term jitter (see Figure 1). In telecommunications and derprise arenas, jitter

VSHFLOFDWLRQV DQG PHDVXUHPHQWY DUH ZHOZL KBWRFXRHMMKMHHG WKURXJK VWDC
measurements to make are well known. In the high-speed I/O arena, many new busandards are

being introduced with little commonality in specifying and measuring jiter. This forces the designer

and test engineer to really understand the different jitter measurement iewpoints and what

measurement techniques will be best for them.

This brochure concentrates on the jitter measurements required by many of way’s high-speed digital
WUDQVPLVVLRQ VIVWHP EXV DQG LOQWHUFRQ@WKWUWMHMNWQ GRUGNVWMD®X (B&6'+ 27
Express, SATA, HDMI, etc.
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Keysight provides a wide range of jitter measurement solutions (see Figar2). For
SONET/SDH/OTN and electrical/optical jitter measurements, the Kegsight 86100C

'&$% - LV LGHDO LQ 5 "' IRU FRPSRQHQWYV ZKLOH WKIHRUH\VLIJKW 3DU% (57 LV LGHD
systems.

For electrical jitter measurements, the real time oscilloscope, the Kgsight 90000

6HULHYV ,QoQLLXP ZLWK MLWWHU DQDO\VULMVOMRYMHZDRHMEWRWHBGEHY WKH PRVW YHUVDW
ZLWK WUDQVLHQW FDSWXUH 7KH HTXLYIKXOHQW & L@PHOQRVKPOORVFRSH WKH .H\VL
DCA-J, provides the most accurate, sensitive jitter analysis capabty and can be a

PRUH HFRQRPLFDO VROXWLRQ :KHQ \RX QHHVELWKHJURU UDWLR %(5 PHDVXUHPHQ
.H\VLIJKW 3DU% (57 DQG - %(57 1 $ FRQVWHWXBQYWGSUHFLVH EDWKWXE FXUY

are the ultimate proof of performance. When a precision, low jitter stimuls is required,

HA\WVLIKW [V - % (57 1 $ RIIHUV FDOLEUDWHG MLWWHU OHYHOV
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Figure 2. Keysight's jitter solutions and measurement viewpoints
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SONET/SDH/OTN Jitter Measurements

-LWWHU LV GHoQHG DV WKH PLVDOLJQPHQW RJIOWIKUR N LW RKH b BDLIBM HG BHRW RW DRI LW DADI
uncontrolled, can lead to errors in digital transmission. Jitter can al® be thought of as an unwanted phase modulation of a digital

signal. The term jitter is applied where the frequency band of the unwanted phse modulation is above 10 Hz. Where the frequency

band is less than 10 Hz, the modulation is referred to as wander. Even within the fér bandwidth, international SONET/SDH/OTN
VWDQGDUGYV IXUWKHU EDQG OLPLW WKH VSHHFWWK®W KB N Y WD OXHVFRPIS XIVIHGF HRU G L
H[DPSOH IRU *E 'V 621(7 6'+ VLIJQDOV o O VAW BEHOWREZFW +Q D IGWODWRY HFRPBHR@HUH XVH
DOVR XVHG WR PHDVXUH RQO\ WKRVH IUHTXHQFLHY DERYH 0+]

The international SONET/SDH/OTN standards specify measuring jét generation, jitter transfer, and jitter tolerance in the control
of jitter. The following pages review these measurements and highlight Kesight’s key solutions for this space — the Keysight 86100C
,QO0QLLXP '&% - DQG - %(57 1 $

Jitter generation

. . . o Jitter tolerance
Jitter generation, sometimes called intrinsic jitter, refers to the

jitter present on the output of a single device (output jitter refers  In order to ensure that your devices can operate error free in

WR WKDW IURP WKH QHWZRUN ,W LV VS Hhe preseace obthg @arsiycase jiied ivomprecgdibgsections

the result as a RMS or peak-to-peak value. Most measurement in the network, you need to measure jitter tolerance. A signal is
VI\VWHPV XVH KLJK SDVV DQG ORZ SDVV ogenaretedwityadedspusoidal jirtenand\agied to the DUT. At
VSHFWUXP 2XWSXW MLWWHU UHVXOWYV Degd jitenfrequenty the apnpitudedt egiten isingreaseduniD

being carried. Test results can vary widely between those for a WUDQVPLVVLRQ HUURUY DUH GHWHFWHG $0O
simple repetitive pattern such as 1010, and those for a complex of input jitter is generated and error-free operation is checked. In

35%6 SDWWHUQ ,W LV LPSRUWDQW W K D Whewaalivodd jiltep issunlikedydo \nelsibugoidall bwivy isl €asy te
GHOQHG ZKHQ PHDVXULQJ DQG VSHFLI\LQenpratenand igivesirepeatable nesults Qitter tolerance requires a

Likewise, it is crucial when measuring jitter generation that the VRXUFH RI VLQXVRLGDO MLWWHU DQG D PHW
result not be affected by the intrinsic jitter of the measurement EXLOW LQ FDOLEUDWHG MLWWHU VRXUFH W}
system. measure jitter tolerance on electrical devices (see Figure 3).
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SONET/SDH/OTN Jitter Measurements (continued)

Jitter transfer

Jitter transfer is typically used to describe how a clock recovery Wander

module or repeater locks and tracks data with different jitter Wander is the longer-term phase variations ranging from 10-Hz
amplitudes. Jitter transfer requirements on clock recovery down to micro-Hertz and below. While jitter is normally

circuits specify a minimum amount of jitter gain vs. frequency measured with reference to a clock extracted from the data

up to a given cut-off frequency, beyond which the jitter must be signal, wander is measured against an external reference clock.
DWWHQXDWHG 7KH MLWWHU WUDQVIHU VAdfindantebtdV mé&aturénvent @ Wit Qhée v 4k EMOR(TIRY), th¥ H Q W
the buildup of jitter in a network consisting of cascaded instantaneous time deviation of the clock signal under test
regenerators. When measuring jitter transfer, you need to be relative to the reference source. TIE samples are used to

assured your DUT does not transfer more than the SONET/SDH  calculate wander results such as MTIE (Maximum TIE) and TDev
PDQGDWHG G% RI SHDNLQJ :LWK WKH (Tie/Dediktith). $

BUHFLVLRQ :DYHIRUP $QDO\]HU RU % &ORFN 5HFRYHU\ ORGXOH

WKH & ,Qo0QLLXP '&% - FDQ PHDVXUH WKH MLWWHU WUDQVIHU RI

HOHFWULFDO GHYLFHYV VHH )LJXUH

Q Al Jitter Transfer Function
g&g&gﬁm Bandwidth =3.72E+6 Hz

Peaking =0.33 dB

Magnitude {d8)

100E+3 1E+6 1BE+S 1D0E+E
Frequency (Hz)

J)LIXUH -LWWHU WUDQVIHU PHDVXUHPHQW RQ & '&$ -
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Enterprise and High-Speed 1/0O Jitter Measurements

What is jitter? Deterministic jitter
-LWWHU LV GHOQHG DV WKH PLVDOLJQ P H QatermihisticKititer YOI 0 due Foly3MmatiGelents an@ iD
sequence of data bits from their ideal positions. Misalignments ERXQGHG LQ DPSOLWXGH '- LV FRPSRVHG RI

can result in data errors. Tracking these errors over an extended  dependent jitter (DDJ), duty cycle distortion (DCD), uncorrelated
period of time determines the system stability. Jitter can be due WR WKH GDWD ERXQGHG MLWWHU DQG VXE

to deterministic and random phenomena, also referred to as sinusoidal in nature, while uncorrelated bounded jitter is

systematic and nonsystematic respectively. frequently caused by crosstalk. DDJ includes data smearing
components such as Inter Symbol Interference (ISI). ISl is

From a general standpoint, jitter characterization involves a typically due to bandwidth limitations of the system and it's

statistical measurement of the relative position variation in the magnitude is directly dependent on the data pattern being

clock or data edges. Serial data communication eliminates the transmitted. DCD is due to voltage offsets between differential

physical and bandwidth limitations of clock and data bus inputs and system rise/fall time imbalances. Deterministic jitter is

transmission by embedding the clock in the transmitted data. bounded and therefore measured as a peak-to-peak value.

Since the data clock is not transmitted separately, the problem of

maintaining the clock and data temporal alignment is eliminated  Total jitter

in the data stream. However, other issues become important,

such as the minimization of jitter in data transmission, faithful Total jitter (TJ) is the sum of the peak-to-peak values of

clock extraction from the serial data, and network timing. These GHWHUPLQLVWLF MLWWHU '- DQG UDQGRP N\

problems are manifest because of random and systematic effects. andom jitter as an equivalent peak-to-peak value at a given
probability, and using the dual-Dirac model, total jitter can

Random jitter glways be expressed as a sum witbout loss of accqracy. Figure 6
illustrates the components of total jitter, each of which presents

Random jitter (RJ) is Gaussian in nature and typically results from LWVHOI LQ D GLIITHUHQW ZD\ ,W FDQ EH GLlo

thermal noise, shot noise, etc. In that RJ is unbounded, it is often  deterministic and random jitter from the measurement of total

characterized through an RMS value. This allows one to assess jitter and not all test solutions offer this capability. When

the probability that the jitter will fall both inside and outside a characterizing your design, the key to succes is to understand

VSHFLOHG UDQJH :KHQ DQ 506 YDOXH LV vhat Pod KdedHtGtesivfat Eindsaptinizing &ksolution that works for

peak RJ value can be estimated through multiplication by a factor you.

GHSHQGHQW XSRQ WKH GHVLUHG ELW HUURU UDWLR %(5 SUREDELOLW\ VHH

JLIXUH I1RWH WKDW WKHVH PXOWLSOLHUYV DUH YDG@ SXUHO\ UDQGRP

MLWWHU :KHQ '- LV SUHVHQW WKH %(5 PDUJLQ LV U E\ WKH '-

YDOXH $ VLIQLoOoFDQW DPRXQW RI GDWD LV UHTX

VWDWLVWLFDOO\ DFFXUDWH KLJK FRQOGHQFH F

seemingly small amounts of RMS RJ correspond to large

peak-to-peak values, precisely assessing the full impact of the

jitter is achieved by directly measuring the probability of RJ at the

GHVLUHG ORZ % (5jV

Total Jitter

Sub Rate
Jitter

Periodic

Data Dependent( Duty Cycle Uncorrelated
Jitter Jitter Distortion Bounded

BER Multiplier Figure 6. The components of jitter
10 13.412
10*? 14.069
10 14.698
10 15.883

JLIXUH &RQYHUWLQJ 506 WR SHDN WR SHDN IRU VSHFLoF % (5
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Enterprise and High-Speed I/O Jitter Measurements (continued)

What jitter measurement viewpoints should you

use? The eye mask test is generally short in terms of test time. The eye
GLDJUDP LV W\SLFDOO\ FDSWXUHG IRU D VXI

Given the various jitter components, understanding what you acquire the full extent of the deterministic jitter, which is typically

need to measure is critical to understanding what is the besttest | QVX1oFLHQW WR FDSWXUH WKH H[WUHPHV R

solution for you. The intent of a jitter compliance measurement SHDN YDOXH .H\VLJKW;jV BHULHV ,Q0QLL

LV WR HQVXUH PHHWLQJ D FHUWDLQ ELW fhJfiRlo R PR RH %/ F H M YXRHP D iohs & ,Q0¢

VSHFLoFDWLRQ )RU ORZ %(5V L H DQRPPREHE D WPREG WEFHDO\ WMBV-WYHH )LIXUH l

FDQ EH ORQJ LQ WLPH GXUDWLRQ WR FD MWl &l ettifddratnldfid €ye Welk WaFaiifie@.0 U P
WKH % (5 VSHFLoFDWLRQ FRQIRUPDQFH ZLWK VXIoFLHQW VWDWLVWLFDO

FRQOGHQFH )RU GHVLJQ RSWLPL]DWLRQ &Q%WWWW&WWJ SRVW

processed jitter calculations can quickly provide insight.

The following pages review several different measurement
viewpoints for capturing jitter information, the best uses of each
of the views and Keysight's solutions. Three common
measurement views — eye diagram, bathtub curve and time
interval error (TIE) histogram — provide information on the total
jitter. Other measurement views provide insight into the distinct
jitter components — measurement vs. time, frequency spectrum,
5-'- VHSDUDWLRQ '- YLHZV DQG 3KDVH
important to understand how alternate views can provide
additional insight.

Eye diagram

An eye diagram is a time overlay of level transitions aligned with - P 5 3 o
respect to a derived, or externally provided timing reference, JLIXUH (\H GLDJUDP ZLWK WKH $ QOQLLXP *+] RVF
W\SLFDOO\ D VIQFKURQRXV FORFN )RU FHUWLOFDWLRQ DQG YDOLGDWLRQ

this measurement is compared to a standard eye mask depicting
the allowed eye opening in time and amplitude. The eye pattern
measurement technique relies on a data clock that can be derived —— E ==
or accessed and total jitter that is less than the bit period. The MaskTest =1 =
crossing point of the eye can be “smeared” by the trigger circuitry =
of the oscilloscope, so low trigger jitter is critical.

Fle Conral Setp Measiwe Calbrae Ullites Help o 53 [
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Enterprise and High-Speed 1/0O Jitter Measurements (continued)

Eye diagram (continued)

7KH H\H GLDJUDP LV XVHIXO IRU FHUWL o F D Weksi=g YDOLGD) Device
development and manufacturing. For development engineers, et i = Under
the eye diagram is the most intuitive measurement. It is easy to = 85

set up and provides an immediate view of amplitude versus time. :
%ODWDQW LUUHJXODULWLHY DUH HDVLO\ T_$¢I
KRZHYHU LW LV KDUG WR SUHFLVHO\ GHWHWLQH WKH
and DCD with this view alone. In manufacturing, the eye diagram

SURYLGHY D TXLFN PHDVXUHPHQW IRU FRQOGHQFH EXW LW GRHV QRW
completely guarantee jitter performance.

To create a jittered test signal, pair the oscilloscope with a
- %(57 1 $ SDWWHUQ JHQHUDWRU WR FUHDWH ML
signals and control the eye closing over the time axis (see Figure
7KH .H\WLJKW - % (57 1 $ SURYLGHYVY LQWHJUDWH
jitter sources to simulate real world or worst-case signals. The g==ax
3DU% (57 VRXUFH FDQ DOVR EH MLWWHUHG ZLWK‘BIQ“FI’[’WTFU@D‘O_""
PRGXODWLRQ VRXUFH OLNH WKH .H\VLJKW $ IXQFWLRQ DUELWUDU\
waveform generator for multi-lane device characterization. YLIXUH 6WUHVVHG H\H JHQHUDWLRQ XVLQJDWR- % (57
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Enterprise and High-Speed 1/0O Jitter Measurements (continued)

%QDWKWXE FXUYH

SORWWLQJ WKH SRLQWY RQ D JUDSK RI %(5 YHYVXV DPSOLQJ OR WL R|Q
in time results in a curve that resembles the cross section of a © ©
bathtub, hence the term bathtub curve (see Figure 10). A 10° - —E)'— —_§ -
bathtub curve can be created either by software extrapolation x 107 4-&- ===
from voltage over time measurement done by an oscilloscope, or :"ﬂ 10° 4 - E - - é— 1
E\ DFWXDOO\ VDPSOLQJ WKH ELWV DV GRQH E\ D 5913( I-%\N
FDSDEOH RI SHUIRUPLQJ D % (5 PHDVXUHPH & ng— -3 | Calculated
create a bathtub curve, as long as the sampling point can be

YDULHG LQ WLPH 7KH .H\WLJKW - %(57 1 $ DQ

(see Figure 11) can be used to create the bathtub curve. The

JH\WWLJIKW & ,QoQLLXP '&$ - DQG 6HULHVQQoQELxp 05F T Ty

oscilloscope with jitter analysis software are able to display an
extrapolated bathtub curve (see Figures 20 and 21).

JRU GHYHORSPHQW HQJLQHHUV WKH 0QD?

Figure 10. Model of the jitter bathtub curve
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uncertainty of the measurement helping to judge the quality of
the result. The fast TJ measurement works on any jitter

distribution unlike extrapolation methods. It is based on

statistics and probability methods. Instead of comparing bits until
WKH % (57 UHDFKHV D GHoQHG QXPEHU RI
HUURUV
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Enterprise and High-Speed I/O Jitter Measurements (continued)

Histogram

A histogram is a portrayal of the relative occurrence of measured
values. Depending on the actual jitter distribution, the histogram
shows deterministic jitter components (time interval error) and
spread. This is a key measurement in meeting compliance
VSHFLOFDWLRQV

CH\WLJIKW;jV & ,Q0QLLXP '&$ - )LJIXUH
,QO0QLLXP RVFLOORVFRSH ZLWK MLWWHU
provide a histogram of the time interval error (TIE). The 90000
Series oscilloscope also provides additional insightful parametrs
in the histogram format — cycle-to-cycle jitter, TIE, rise time, duty

Measurement vs. time

The measurement versus time view supplies an intuitive view of
rise time, fall time, duty cycle, or TIE versus time. While waveform
spikes in the time domain are indicative of errors, these spikes
can be correlated to independent signals by comparing them in
the time domain.

TKHQAHA\WLIKWULHVB6HULHY ,Q0QLLXP RVFLOOF
DQDO\VLV VRIWZDUH MHKUHIXUH GHSLFW
WLPH 3DUDPHWHUYV VXFK DV ULVH WLPH IDC
period can be measured this way. Comparing the measurement

trend and the actual data/clock signal can provide key insight

F\FOH HWF 9DULDWLRQV LQ WKHVH SD U Dt ko Hadiyh. Roi ekampleKdy viawingHhe R&Bure@ it trend

engineer insight to the next level of analysis and troubleshooting.
7KH .H\VWLJKW - % (57 1 $ DQG 3DU%(57
and display a histogram view from the bathtub curve
measurement.

JLIXUH +LVWRJUDP IURP

& ,Q0QLLXP '&$ -
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Enterprise and High-Speed 1/0O Jitter Measurements (continued)

For development engineers, this perspective provides the highest

Frequency spectrum
level of insight into deterministic, periodic, and data dependent

Any measurement vs. time can also be processed to the Jitter mechanisms. Keésight’s 90000 Series oscilloscope with
IJUHTXHQF\ GRPDLQ WKURXJK DQ ))7 FRQ Y] ¥R sottbté s&Fidir 'Tb)Mrta¥ei0dpea-g

frequency spectrum that results can yield swift conclusions of provide FFT spectrum plots. The 90000 Series oscilloscope and
interfering mechanisms than cannot be readily seen in the time & '&$ - ZKHQ XVHG ZLWK WKH ,QoQLLOD[ S

dom.ain.. Effects that have periodicity in the time domain result i.n assures that the jitter is a result of the circuit and not
easily discernable spectral components in the frequency domain. ;i v xow L QJ IURP WKH SUREHV 7KH .H\VLJKW
3DU% (57 DOVR RIIHU D VSHFWUDO GHFRF

(see Figure 17).

53 Pulze_to_tys_st2ibit_so0cte fe L= RN« IR R IS R e o L L R ST RS TR

i
Is..qwl cowr | oo mor e [roumponer [nuseponer[Fraonaet [Topfioat |Tupbioqd |Topreaz [Topfoa2 [1on-]
1 Measurement N fi i, [l Tota (in) ) i, [Ca) (G
e T | o T T T - 1 N =T
e e , =y
For Help, press F1 1'% Ready |5 Ready
JLIXUH  ))7 VSHFWUXP DQG 5- '- VHSDUDWLRQ YJLH?) IRQWDH) 6SHEMQDOXBHFRPSRVLWLRQ YLHZ RQ 3DU%(57

oscilloscope with jitter software
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Enterprise and High-Speed 1/0O Jitter Measurements (continued)

-LWWHU VSHFWUXP 3KDVH QRL\RBEDJ separation

BUHFLVH MLWWHU DQDO\VLV RI FORFN R UWGDsWEmlakds GQuibexhe devordpOsitiBn 6f RotaMitter @t the\
combining time-domain waveform measurement techniques with  constituent components — random jitter (RJ) and deterministic
frequency-domain phase-noise measurement techniques. The jitter (DJ). This separation can be achieved in two ways:

phase-noise technique allows characterization of ultra low-level extrapolation from a bathtub curve, or by analysis of the jitter
MLWWHU FRPSRQHQWY ZLWK UHVXOWYV G lreqaency\spestrurg UsidgtRep@ntuliRcurve jitaer model, the

Since clock jitter is propagated throughout your system, better JUDSK FDQ EH FXUYH oWWHG WR GHWHUPLQF
XQGHUVWDQGLQJ LW KHOSY UHGXFH GDWORMLW®W(WW PO RTKHY . RYWE BKIWED W KWW XE FXUYH UH

SSA-J is optimized for clock signal analysis with femtosecond signal (see Figure 10, page 9). The displacement of the pure RJ
resolution (see Figure 18). The 86100C DCA-J with the 86108A content of the bathtub curve slopes from the ideal signal
SUHFLVLRQ ZDYHIRUP DQDO\]HU RU % WORGN LWHARRY WULPARAMHPHFWYV WKH '- FRQWFE
can analyze both clock and data signals (see Figure 19). dual-Dirac model. The dual-Dirac model provides two easily

measured observables, RJ and DJ, that can be used to calculate
TJ at low bit error ratios. It is important to note that while DJ is a
model-dependent quantity, the TJ calculated from the model is
model independent.

JLIXUH 5- VSHFWUXP 3KDVH QRLVH YLHZ RI FORFN)VIX¥XOBO RQAWWHA e6IHFWUXP 3KDVH QRLVH YLHZ RI GDW
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Enterprise and High-Speed 1/0O Jitter Measurements (continued)

JRU WKH FHUWLOFDWLRQ HQJLQHHU WKLV YL

RJ/DJ separation (continued)
compliance. For the development engineer, the measurement

In the frequency domain, DJ components such as periodic jitter s 5 450] to quantify the effects of environmental changes on RJ
8- LQWHU VIPERO LQWHUIHUHQFH .6, Ry r5%>§o"¥n\cft\u¥ foFméhte! KéJ3ights'sB180c BCA-J and
appear as distinct spectra and can easily be discerned by the eye 6HULHV ,Q0QLLXP RVFLOORVFRSH ZLWK |

or by a search algorithm. RJ is Gaussian in nature and appears as can be used to separate RJ and DJ using a similar user inter-
D EURDG DQG UHODWLYHO\ pDW VSHFWUXR -{KR\H, EjWFI—bVQ UH X?’K*\-Psou%(m
in separating RJ and DJ in the frequency domain. 1 $ VHH )LIXUH VHSDUDWH 5- DQG '- YL

from the bathtub curve.

YJLIXUH 5-'- BHSDUDWLRQ YLHZ RQ WKH S$H, Q 0 QRifLXeF21. RIHD) ReydF AtionVRWSFOR 86100C DCA-J

JLIXUH +LVWRJUDP SORW DQG 5- '- VHSDUDWALRQ YDOX
3DU% (57
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Enterprise and High-Speed 1/0O Jitter Measurements (continued)

DJ views H\VLJIKWjV & '&%$ - DQG 6HULHV ,QoQL
oscilloscope with jitter analysis software can be used to analyze

HWHUPLQLVWLFE MLWWHU LV FRPSRVHG RSfdhbibfhid & o4 bé‘.\‘.gva%hhna?user AR (see Figures

dependent jitter (DDJ), duty cycle distortion (DCD) and DOG 3RVVLEOH PHDVXUHPH %W V LQFOXC

XQFRUUHODWHG WR WKH GDWD ERXQGH(g %&?Wé’té.HrHe oPapHichl HspbPiMSHAR Ot dfle W R

the data, DDJ is due to data smearing, while DCD is pulse width measurement or four measurements for a quick assessment such

GLVWRUWLRQ ''- 6, DQG '& FDQ EH LGHQW}oH & BIWHRATPEL WLYHWRIUDP 3- 5- KLvW

averaging the total jitter versus time measurement. This effectively pattern, and bathtub curve.

removes periodic uncorrelated jitter and random jitter components,

leaving DDJ and DCD.

JLIXUH '-YLHZV RQ D $ ,Q0QLLXP *+] RVFLOORVKBSH '-YLHZV RQ & '&$ -
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How Accurate is Your Jitter Measurement — Comparing Different Jitter Aalysis
Techniques

Digital jitter accuracy analysis using a precision PC with Agilent :

.. . Signal Studio Jittgr Microwavg

jltter transmitter Injection SW i?]‘;‘f;rzuen:

To compare different measur_gment appr(.)aches. for jitter in digital Vector Signal Generaor Délg{OCkT

systems, Keysight created a jitter transmitter with a complete (E8267C) Clock out

set of applied jitter levels precisely calibrated, in most cases, to GPIB Synthesize

traceable standards. The various Keysight and major vendors Mozaam}—\_y patemn || Data

jitter analysis solutions were applied a wide variety of signals with M GeneratJ

known TJ (10-12) and known levels of different types of jitter to - Bit I%rersot:e lr?atio

determined which analyzers are accurate and why. Vector Signal Generafor (N4901B)

(E8267C) ﬂ

GPIB - Clock

J)LIXUH GHSLFWV WKH SUHFLVLRQ MLWWHU WUDQ||Synthesiz i ?BE -IG

to apply a wide range of different levels and combinations of RJ, E -

3- ,6, DQG '&" WKDW UHVXOW LQ D ODUJH VHW RI 7-lv4—svrrr

OHDVXUHPHQWY ZHUH PDGH DW D VLQJOH DWW U'\‘l"éo'-‘s *E ZLWK D
single test pattern, a standard pseudo-random binary Jitter Test T | 0019 Data

Set BT4

VHTXHQFH Rl OHQJWK g 35%6 D VLQ 5D L LConveriel s LBl |
PCB
trace

OHYHOV ce P9 IRU D ORJLF ~j~j DQG XVHG D VLQJOH HQGHEG
transmission line.

YJLIXUH %ORFN GLDJUDP Rl MLWWHU WUDQVPLWWHU UF
/HYHOV RI MLWWHU ZHUH FKRVHQ WKDW UHpHFW ZKDW LV FRPPRQ LQ WKH
oHOG /RZ OHYHOV FRUUHVSRQGHG WR OHYHOV D QHWZRUN HOHPHQW ZRXOG
generate and still pass most standards’ compliance tests. High
levels corresponded to either barely passing or not quite passing.
ISI was created by inserting different lengths of printed circuit
ERDUG WUDFHV LQ WKH WUDQVPLVVLRQ SDWK 3- ZDV FUHDWHG LQ ERWK
sinusoidal and triangle-wave formats to challenge the spectral
techniques for measuring RJ.

7KH FRQoJXUDWLRQV ZHUH GHVLIJQHG VR WKDW WKH VROXWLRQV VKRXOG
JLYH WKH VDPH UHVXOWY )RU H[DPSOH WKH\ ZHUH FRQO0JXUHG WR

measure the full jitter-frequency bandwidth. The analyzers were

FRQO0JXUHG XVLQJ PLQLPDO PRGLOFDWLRQV WR WKH GHIDXOW VHWWLQJV
DQG D VLQJOH FRQoJXUDWLRQ ZDV XVHG IRUDOO WHVW FDVHV OLNHO\ WKH
way that most engineers would use them. Analyzer settings were
used where the user manuals indicated it would give the best
results and allowed for longer test times to accommodate the
manufacturers’ suggestions for increased accuracy.
Measurement time varied from less than ten seconds to over

a minute. A summary of the precision jitter transmitter can be
IRXQG LQ ZKLWH SDSHUV OLVWHG RQ SDJH 7KH - % (57 1 $ ZDV
designed based on this investigation to provide a calibrated jitter

source (see Figure 26).

JLIXUH &UHDWLQJ FDOLEUDWHG MLWWHU VLJQDOV RQ
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Jitter Measurement Solutions

& ,Q0QLLXP '&% - :LGH %DQGZLGWHKULHYV ,Q0QLLXP *+] % D QG
Oscilloscope Oscilloscope

9LHZ RSWLFDO DQG HOHFWULFDO ZDYHIRURN H\WKIEWQGZLEGWKNVHWRQO®LLXP RVFLOOF
HOHFWULFDO DQG *+] RSWLFDO %XLOW QQQRHONVXUHPHOYWNVIRYKEIQJI VIVWHP GHOL
VSHHG GLJLWDO FRPPXQLFDWLRQV DQG merrande FeRlgreend-D-vnd RieasureRient pystem

WHVW VI\VWHP WR PDWFK \RXU VSHFLoF QBHGMNO DEGH WKH WQUXH WXRVWHUBRIULHYV LV D

your device with an ultra-low, intrinsic trigger jitter of less than PDNLQJ VLIJQDO LQWHJULW\ DQG MLWWHU PH
100-fs. ([SUHVVEa ', QoQLEDQG 5DSLG,2 6%7%$ DQG RW

signaling standards.
Typically used to view an eye diagram, the magnitude of the

jitter can be immediately viewed in one simple display. Measure HV THDWXUHV EHQHoWYV
random and deterministic jitter components using the one-button _ *4] *4] * 4] *4] *+] DQG *4]
jitter analysis application. The 86100C is an ideal tool for making EDQGZLGWK UHDO WLPH RVFLOORVFRSHV

VLIQDO LQWHJULWY DQG MLWWHU PHDVXUH B QY¥o(ir bRaHnels, £2d B8R REXLP and Rwer models)
([SUHVV ,, )XOO\ %XIIHUHG ',00 (WKHUQHWg&2}R? ¢ wiloPDERRP GHHS PHPRU\ DW I

other similar hlgh Speed signaling standards. — 7ULJJHU MLWWHU DV ORZ DV SV 506 DQC
MLWWHU QRLVH pRRU IRU DFFXUDWH MLW\
-HVIHDWXUHV EHQHoWYV - 7KH ( % DGYDQFHG MLWWHU DQG WLPLQ
— Ultra low instrumentation jitter offers the most comprehensive set of tools available for in-
SV FRPELQHG ZLWK XOWUD ORZ YR OdapthRHalgsi pfyitter behaviorP 9
allows precise measurement of extremely low jitter on signals — 7KH 1 $ (=-,7 30XV MLWWHU DQDO\VLV V
— Comprehensive waveform characterization is possible similar user interface and proven accurate algorithms as the
- 0+] WR *EV FORFN UHFRYHU\ FDSDESOWRCALIW K $ RU
% ZLWK VHOHFWDEOH ORRS %: DQG-SKIDOWH LPWUVH*BRDOYYLY *+] *+] DQG *
— Advanced waveform analysis — built in equalization for probing systems that support differential and single-ended
closed-eye analysis measurements for a more cost-effective solution
- 7LPH GRPDLQ UHpHFWRPHWHU PRGXOHY DYDLODEOH WR IXUWKHU
characterize high-speed data channels For more information order the following literature:
6HULHYVY 7THFKQLFDO 6SHFLOFDWLRQV
For more information order the following literature: SXEOLFDWLRQ QXPEHU (1
& THFKQLFDO 65HFLoFDWLRQYV E2690B THFKQLFDO 6SHFLOFDWLRQV
SXEOLFDWLRQ QXPEHU (1 SXEOLFDWLRQ QXPEHU (1

N5400A 7THFKQLFDO 6SHFLoFDWLRQV
SXEOLFDWLRQ QXPEHU (1
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Jitter Measurement Solutions Continued)

$ $ 3XOVH 3IDWWHUQ DQG 'DWD
Generators
7KH $ DQG $ DUH KLJK SHUIRUPDQFH VRXUFHV IRU VTXDUH
waves, pulses, data patterns and pseudo random data sequences
XS WR *+] 7KHLU KDUGZDUH 35%6 JHQHUDWLRQ H[WHQGHG

pattern memory, and wide-bandwidth jitter insertion capability
make them an ideal stimulus for turn-on and validation tests such
as stressed eye measurements. The fast rise times and low
intrinsic jitter ensure the highest signal integrity and precise
timing.

.H\ IHDWXUHV EHQHOWYV

Delay control input (jitter control)

Direct mode (instrument follows external frequency exactly)

&ORFN LQFOXGLQJ VXEUDWHYV GDWD DQG 35%6 VLJQDOV
- OXOWLSOH GDWD IRUPDWY 15= 5= 5

For more information order the following literature:

$ THFKQLFDO 6SHFLOFDWLRQV

SXEOLFDWLRQ QXPEHU (1
81133/4A
JUHTXHQF\ * 4]
&KDQQHO V RU
OHPRU\ 0%
7UDQVLWLRQ WLPH SV W\SLFDO
-LWWHU SV W\SLFDO
-LWWHU PRGXODWLRQ 0+] EDQGZLGWK
7ULJJHULQJ 7ULJIJHU RXWSXW
6XEUDWH FORFN RXWSXW <HV SDUWLDOO\ GLIITHUHQWLDO

6HTXHQFLQJ ORRSUQY

JLIXUH 3XOVH SDWWHUQ JHQHUDWRU VROXWLRQV

%URFKXUH
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Jitter Measurement Solutions (continued)

3DU% (57 6HULHYV ,QoQLLXP *+] % DQG:
Oscilloscope
7KH 3DU% (57 SURYLGHV SDUDOOHO DQG PXOWL VHULDO % (5 WHVWLQJ

XS WR *EVIRU KLJK VSHHG GLJLWDO FRPSRQHQWY 7KH PRGXODU
design lets you mix and match analyzer channels, generator 7KH - % (57 1 $ LV WKH LGHDO VROXWLRQ IF

FKDQQHOV DQG VSHHG FODVVHYV N +] Wedvelopment]and tesd & dgitdl Bomponents; devices and
*E'V RU *E V OE V WR *E V VEEWWRVHPE XS WR *EV ,W SURYLGHYV FR
OE V WR *E'V DQG WR *E V jitter sources for stressed eye testing of receivers. Automated
jitter tolerance testing allows quick and accurate compliance and
7KH 3DU% (57 SURYLGHV WKH DELO L WdéhdkbRtedi+htph tedDiny. FroMdangritittehnalysis, a wide range of
*E V *EVDQG *E'V PRGXOHV RQO\ DieGaralgsB @dlsHardvbuilvimMard provideHnsight into the
ORZ LQWULQVLF MLWWHU RI WKH * * underiiny chuldds HehidHiit érrefQ DE O H V
SUHFLVLRQ MLWWHU DQDO\VLV 7KH *oox *EVJHQHUDWRUV DUH
capable of stressing the DUT by injecting RJ and DJ with a per With this high performance serial pattern generator and error de-
channel delay control input (driven by an external modulation tector, you can perform error analysis to verify the operation and

TXDOLW\ RI JLIJDELW VHULDO OLQNV XVHG LC

signal).
Channel, CEI, XAUI, 10 Gigabit Ethernet and optical
.H\ IHDWXUHV EHQHOWYV ;)3 ;), WUDQVFHLYHUYV
— Generate custom patterns, pseudo random word sequences
35:6 DQG VWDQGDUG 35%6 XS WR q-H\ ITHDWXUHV EHQHoWV

- , QWHJUDWHG FDOLEUDWHG MLWWHU VRXL

and sinusoidal interference
— Clean signal generation with fast transition times and low

— itter analysis (extract and extrapolation) with bathtub curve
and spectral decomposition
— Fast TJ measurement capability

— External delay control input (jitter modulation) on the intrinsic jitter
* ook *EVJHQHUDWRUV XS WR O+7YEWDRGC2LIGWWHU % (5 6FDQ VSHFWUDO ML\
ZLWK e SV GHOD\ UDQJH IRU *E V. X$ \MtRr toléranc, leW¥ Khask and eye contour measurement
ce SV GHOD\ UDQJH IRU * *E V capability
— Integrated CDR with tunable loop bandwidth for compliance
For more information order the following literature: measurements
BURGXFW 2YHUYLHZ

For more information order the following literature:

1 % THFKQLFDO 6SHFLOFDWLRQV
SXEOLFDWLRQ QXPEHU (1

SXEOLFDWLRQ QXPEHU (
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Jitter Measurement Solutions (continued)

( % ( $ 6LIJQDO 6RXUFH $QDO\]HU ZLWK
Jitter Analysis (SSA-J)

7KH ( % 6LIJQDO 6RXUFH $QDO\]HU 66% ZKHQ XVHG ZLWK WKH

( $66% - B3UHFLVLRQ &ORFN -LWWHU $QDO\VLV VRIWZDUH LV LGHDO
IRU DQDO\]LQJ XOWUD ORZ OHYHO 5- 3- DQG 7- LQ FORFNV 8WLOL]LQJ
frequency domain phase-noise measurement techniques, RJ

measurements with femto-second resolution are possible.

7KH ( % 66% - DOORZV MLWWHU PHDVXUHPHQWYV IURP 0+] WR
*+] DQG LV HIWHQGDEOH WR *+] LQ FRD[ YLD WKH ( $
microwave down converter.

.H\ IHDWXUHV EHQHoWV

- 3UHFLVLRQ FORFN MLWWHU PHDVXUHPHQWYV

— Ultra-low RJ measurement with femto-second resolution

- 5HDO WLPH MLWWHU VSHFWUXP DQDO\VLY RQ ERWK 5- DQG 3- DW +]
to 100 MHz offset frequencies from the clock carrier

Time-domain measurements on jitter trend, histogram, and

5- 3- VHSDUDWLRQ RI FORFN VLJQDOV

For more information order the following literature:

( % 7THFKQLFDO 6SHFLOFDWLRQV
SXEOLFDWLRQ QXPEHU (1

( $ THFKQLFDO 2YHUYLHZ
SXEOLFDWLRQ QXPEHU (1
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[ COMPONENTS || SUB-SYSTEMS SYSTEMS |

R & D* Manufacturin R & D* Manufacturin R & D* Manufacturin
DSO 9000 DSO 9000 86100C DSO 9000 86100C
Oscilloscopg | I%?:l,&)%c Oscilloscopa | DCA-J Oscilloscopg | DCA-J

E50528 E50528
SSh'3

| J-BERT N4903A | | J-BERT N4903A | |

ParBERT 81250 |

81133/4A

| Pulse Generator

81133/4A
Pulse Generator

* Includes compliance test
T With jitter software

Figure 27. Keysight Jitter Solutions for Enterprise and High-Speed 0 Applications

Data | COMPONENTS|[ SUB-SYSTEMS SYSTEMS |
Rate R & D* Manufacturin R & D* Manufacturin: R & D* Manufacturin
| 86100C DCA-J | | 86100C DCA-J | | 86100C DCA-J |
<10G

ParBERT 81250|

| ParBERT 81250 | |

86100C DCA-J 86100C DCA-J 86100C DCA-

ParBERT 81250 ParBERT 81250

* Includes compliance test

Figure 28. Keysight Jitter Solutions for SONET/SDH/OTN Applicatits
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YXUWKHU LQIRUPDWLRQ RQ .H\VLJKWjV MLWWGG REDVRHHPM QEZVRIDWWILRGYVFRD @ @E M
Have questions about jitter measurements? Consult the Keysight Jitter Mgter discussion forumn online at

Z2ZZ NH\VLJKW FRP 0QG MLWWHUBIRUXP
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