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As data rates increase effects of jitter becomes critical and jitter budgts get tight-

er. Instruments such as real-time oscilloscopes and Bit Error Ratio Tests (BERT) are

optimized for determining the total amount of jitter and worst-case eyeopening in your

high-speed digital system and can be used to test for compliance based on indusy

standards. In addition, some real-time instruments can separate randm and determin-

istic jitter components to predict/extrapolate worst-case total jitter (TJ) and eye-open-

LQJ EDVHG RQ D XVHU VSHFLOHG %LW (UURUHEDWLW®-WHGB PMDSLFDOO\ % XW ZK
surements do not meet a particular minimum standard, or if jitter measurenent results

are “too close for comfort,” then measuring the amount of component or systen jitter

is just half of the jitter test equation. Determining the root-cause of jiter is the other half

of the test equation. The focus of this paper will be to address some practical fpps &

tricks” on using real-time oscilloscopes with jitter analysis and hi¢p-speed pulse/pattern

JHQHUDWRUV WR VHSDUDWH DQG WLPHLWRVAUHIHERMWIRQEPMLY WEBHWHUPLQLVWLF M
help identify, measure, and view sources of systematic timing errors.

Understanding Jitter

Jitter is the deviation of a timing event of a signal from its ideal position. Th traditional

way to measure jitter is with an eye-diagram using repetitive acquisitios on an oscillo-

VFRSH DV VKRZQ LQ )LJXUH /IRRNLQJ DW WKLYV MRPEERVLWH YLHZ \RX PLJKW DVVXPH
have a band of worst-case jitter equal to the width of the rising and falling edgs of the

eye-diagram. You might also assume that all edges of your signal are jittarg about to

the same degree. Both of these assumptions would be incorrect.

Jitter is complex and is composed of both random and deterministic jitter compnents.
Random Jitter (RJ) is theoretically unbounded and Gaussian in distriktiion. “Unbound-
ed” simply means that if you wait long enough, the peak-to-peak jitter will ircrease
LQGHOQLWHO\ WKHRUHWLFDOO\

This means that an eye-diagram may never show the worst-case condition. Ihe jitter
in your system consisted of just random jitter, then each edge of the data siga would
have the same probability of timing error.

Deterministic Jitter (DJ) is bounded and doesn'’t follow any preditable distribution.

It consists of several different sub-components and is usually caused by aystematic
problem in your high-speed digital design. For this reason, DJ is sometims referred

to as systematic jitter. If you were to view each individual edge of the data sigad, you
would probably see that particular data edges contribute different anounts of timing er-
ror. Depending on the data pattern, some edges in the serial pattern will alays be shift-
ed to the right (positive timing error), while other edges will always be slited to the left
(negative timing error) relative to their ideal timing locations. And hen the random jitter
component would cause these individual data bit edges to randomly bounce aund the
shifted/offset deterministic amplitude of jitter.

l

JLIXUH 9LHZLQJ MLWWHU LQ DQ H\H GLDJUDP
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Using an eye-diagram, you can sometimes quickly determine if your systens dominat-

ed by random or deterministic jitter, or possibility a combination of the two. Using the

oscilloscope’s variable intensity or color-graded display capabity, you can visually look

IRU WKH H[LVWHQFH RI KEULJKWY WUDF®@ F$D @/IKWS BIDW KAHI MK H LQoQLWH SHUVLVWH
ULQJ WR WKH WUDFHV LQ )LJXUH ZH FDQ VHMQWHHWYWHUKQVZHOO GHOQHG SDWKV RI EUL
is a clear indication of deterministic jitter. Some of the data edges consitently occur

in some locations while other edges occur in other locations of the eye-diagam. The

power of a real-time scope is the ability to view these particular data edgesndividually

as we will see later in this paper.

Another technique to determine the existence of random versus determistic jitter is to

use the scope’s histogram feature. By taking a look at a slice of data across the oger of

WKH VFUHHQ ZH FDQ VHH LQ )LJXUH WKDW WKHBLVWULEXWLRQ RI HGJH SODFHPHQ\
nation of random and deterministic jitter. If the Probability Distritution Function (PDF)

were Gaussian (the classic bell-shaped curve), then the system jitter @uld probably be

dominated by random jitter. The fact that this particular PDF is approxirately bi-modal

LQ GLVWULEXWLRQ LV DORWKHU LQGLFDWRR@WRRWEHWHUPWHQFH RI D VLIQLoFDQW DI
istic jitter.

Real-Time Jitter Analysis

Measuring the total jitter in your system with a Bit Error Ratio Tester (BERTr real-time

RJ/DJ separation techniques will tell you whether or not your system meets after/

WLPLQJ EXGJHW VSHFLOFDWLRQ $QG YLHZLQJWUD®P H\BIQGLDJUDP DORQJ ZLWK D KLVW
give you a good intuitive feel concerning the type of jitter in your system and aaugh

feel for the amount of total jitter. But neither of these two types of measurenents can

SURYLGH \RX ZLWK PXFK LQVLJKW LQWR KRZ W&RFLFERHRQWLI\ YLHZ DQG WKHQ UHGXFH V
ponents of jitter. This is where real-time jitter analysis steps in. The pmary contribution

of jitter analysis using a real-time oscilloscope is its inherent abiliy to capture data or

clock pulses in a single acquisition with timing measurements on each and ery pulse

in a long stream of data. The real-time scope and jitter analysis can then be uskto

WLPH FRUUHODWH VSHFLOF MLWWHU HUWRURRHPWKUHHPHQQOYVOVRLYSHFLOF GDWD EL
your system that might be contributing to the total system jitter.

JLIXUH LOOXVWUDWHY WKH WHFKQLTXH WAHKODAX UH DPIQCWWLRH RQWWHU DQDO\VLV XVHV
an NRZ data signal. This type of real-time jitter measurement is typicajireferred to as a

7LPH ,QWHUYDO (UURU 7,( RU SKDVH MLWSA\HUOUURWMD¥FRBWHXHGW 7KH UHDO WLPH VFR

a deep record of the NRZ data signal and then creates an ideal software-recered
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JLIXUH 5HDO WLPH MLWWHU DQDO\VLV
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clock based on the captured data. Depending on the user’s selection, thisaftware-gen-

HUDWHG FORFN FDQ EH HLWKHU RI D o[HG IUHTXH®™A RU D 3// W\SH FORFN ZLWK D VSl
EDQGZLGWK 7KH MLWWHU VRIWZDUH WKHDQSWKHRLUPVED BWWHDVW oW DOJRULWKP WR DOL
HGJHV ZLWK WKH kYLUWXDOyYy FORFN HGJHV JHIMKPXVIKGLIXUH VKRZV D VRIWZDUH
clock waveform (blue trace), this signal is typically NOT shown on the scas display.

It is merely used as a theoretical timing reference for making Time Intervalréor (TIE)

measurements on each data edge by the scope’s computer.

Jitter analysis software in the real-time oscilloscope then perforns a series of del-

wD WLPH PHDVXUHPHQWYV EHWZHHQ HDFK HGJBHNFUDKYFLWLRQ LQ WKH GDWD UHFRUG L
WKUHVKROG OHYHO UHODWLYH WR HGJHV RI WKHE®RPWWY oW FORFN 7KHUH LV QR QHHG
surement threshold level for the clock since it is just a theoretical time redrence. After

completing all of the timing measurements in the data record, the results ca be viewed

in three different formats.

With the jitter “trend” waveform, absolute timing errors for each data edye are plotted

on the vertical axis with the horizontal axis based on the scope’s timebase. Irtler

words, time error versus time. The “trend” waveform provides a time-caelated view of

each timing error relative to the data waveform. In the case of data-dependst jitter, the

KWUHQGY ZDYHIRUP FDQ EH D YHU\ SRZHUIXORWMRRAO WRKR WKIRH FRUUHODWH VSHFLoOF HI
data bit that caused the error. In the case of Periodic Jitter (PJ) caused by siga cou-

pling, the “trend” waveform can also be time-correlated to other signak in the system

captured on other channels of the oscilloscope. Characteristics of paodic jitter will be

discussed later in this paper.

Another way to view the jitter is in the frequency domain. With the jitter “spe¢rum”

waveform, an FFT math function is performed on the TIE trend data to produce a vieof

the jitter based on repetitive frequency components within the series of dlta time error

measurements. In this case, data is plotted as amplitude timing error on the wgical

D[LV YHUVXV IUHTXHQF\ RQ WKH KRUL]JRQWDQHXI[EWVDT KIKHYLHZ FDQ EH HVSHFLDOO\ Et
looking for uncorrelated Periodic Jitter (PJ) components that are not tine-correlated to

the data signal.

The “histogram” view will show the Probability Distribution Functio (PDF) of the

jitter (composite of all TIE measurements in the data record) and is plotted satiming
error versus number of hits (N). The results of the real-time histogram shodlclosely
correlate with the results of a repetitive histogram produced from an eyediagram mea-
surement. However, with real-time sampling much more data is collectd from a single
acquisition of the signal. In other words, you will be able to view a distributia of jitter
from a single acquisition. In addition, the real-time jitter histogram wll build up with
repetitive real-time acquisitions to generate a more accurate and compgte PDF.
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Typical Characteristics of Individual Jitter Components

In order to interpret measurement results and waveform views performedyreal-time

MLWWHU DQDO\VLY \RX PXVW oUVW XQGHUWVWWRYBVWKIHLRIGRUDFWHULVWLFY DQG OLN
vidual jitter components. There is more to jitter interpretation than jug knowing that

Random Jitter (RJ) is Gaussian in distribution, and deterministigitter is non-Gaussian.

As mentioned earlier, Total Jitter (TJ) is composed of a Random Jitter (RJ) cgponent

and a Deterministic Jitter (DJ) component. Random jitter is unbounded, ad for this

reason (unlimited peak-to-peak) RJ is usually measured in terms of an RMSalue. In

addition, random jitter is very predictable in terms of distribution. Tle Probability Dis

tribution Function (PDF) is always Gaussian in distribution. Unfounhately, predicting the

FDXVH RI 5- LV D PRUH GLIoFXOW WDVN DQG LV QRY ZLWKLQ WKH VFRSH RI WKLV SDS
caused by thermal effects of semiconductors and requires a deeper underahd of phys-

ics. However, one piece of advice is to pay close attention to the amount of veidal noise

in your system. Random vertical noise will directly translate into randm timing jitter.

On the other hand, deterministic jitter is bounded and is always measurechiterms of a

peak-to-peak value. Although the distribution of deterministic jitter can be very un-

predictable, the likely causes and characteristics of the individual sb-components of

measured deterministic jitter are very predictable. The sub-compaents of Deterministic

Jitter (DJ) consist of Duty Cycle Distortion (DCD), Inter-Symbol Interfeence (I1Sl), and

S3HULRGLF -LWWHU '- DV VKRZQ LQ )LJXUH [IOW jFDXRVHWDNH D FORVHU ORRN DW SR
and characteristics of each of the sub-components of deterministic jiter.

There are two primary causes of Duty Cycle Distortion (DCD) jitter. If the da input to a

transmitter is theoretically perfect, but if the transmitter threshold is offset from its ideal

level, then the output of the transmitter will have duty cycle distortion & a function of

WKH VOHZ UDWH RI WKH GDWD VLJQDOj]V HGWHKMWUEDQNLRWWRQY 5HIHUULQJ WR )LJXUH
represented by the dotted line shows the ideal output of a transmitter with a accurate

WKUHVKROG OHYHO VHW DW DQG ZLWK D GXW\ F\FOH RI 7KH VROLG OLQH ZDYHI
resents a distorted output of a transmitter due to a positive shift in the threslold level.

With a positive shift in threshold level, the resultant output signal of the tansmitter

ZLOO KDYH OHVV WKDQ GXW\ F\FOH ,I WKMH WKHYVWRBG OHYHO LV VKLIWHG QHJDW
RXWSXW RI WKH WUDQVPLWWHU ZLOO KDYH JUHDWHU WKDQ GXW\ F\FOH

OHDVXULQJ 7,( UHODWLYH WR WKH VRIW 2ODMWH LXH QHSROWLMWEGE YEHHVW oW FORFN UHVX

timing error on the rising edge of each data bit and a negative timing error on thedlling

edge of each data bit. The resultant TIE trend waveform will possess a fundamtal

IUHTXHQF\ HTXDO WR WKH GDWD UDWH 7KH SKDWH RI WKH 7,( WUHQG ZDYHIRUP UH
the data signal will depend on whether the threshold shift is positive or negave. With

no other sources of jitter in the system, the peak-to-peak amplitude of DCD fter will

be theoretically constant across the entire data signal. Unfortunagly, other sources of

MLWWHU VXFK DV ,6, DOPRVW DOZD\V H[LR@DRDNLQJ LW VRPHWLPHYV GLIOFXOW WR L)\

~
~

J)LIXUH -LWWHU FRPSRQHQWYV
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JLIXUH 'XW\ &\FOH 'LVWRUWLRQ '&'

the DCD component. But one technique to test for DCD is to stimulate your system/

FRPSRQHQWY ZLWK D UHSHDWLQJ { GDWPLEDWWHQOQ 7KLV WHFKQLTXH ZLOO HOL
ter-Symbol Interference (ISI) jitter and make viewing the DCD within bothhe trend and

spectrum waveform displays much easier. Using the jitter spectrum digay, the DCD

FRPSRQHQW RI MLWWHU ZLOO VKRZ XS DV D IUHTXHQF\ kVSXUy HTXDO WR WKH GDW

Another cause of DCD is asymmetry in rising and falling edge speeds. A slowelllfag

HGJH VSHHG UHODWLYH WR WKH ULVLQJ HGJH HU®O DHVXOW LQ JUHDWHU WKDQ G X
UHSHDWLQJ { SDWWHUQ DQG VORZHUKWHLMLQO LHFIHGUSHHHGY UHODWLYH WR W
ZLOO UHVXOW LQ OHVV WKDQ GXW\ F\FOH WCGDERYXJIJWIQHRW JUDSKLFDOO\ VKRZQ LQ
results of jitter analysis and the TIE trend waveform will look similar to té results of the

H[DPSOH LOOXVWUDWHG LQ )LIJXUH

Inter-Symbol Interference (ISI), sometimes called data dependent jier, is usually the re-

sult of a bandwidth limitation problem in either the transmitter or physical media. With a

reduction in transmitter or media bandwidth, limited rise and fall times d the signal will

result in varying amplitudes of data bits dependent on not only repeatingbit lengths,

but also dependent on preceding bit states. In addition, improper impedane termina-

WLRQ DQG SK\VWLFDO PHGLD GLVFRQWLQXLWIHRWQYLWRDDMNW FRXWVHYV XOW LQ ,6, GXH WR UH
signal distortions. Although we will address these two phenomena (BWhiitations and

UHpHFWLRQV VHSDUDWHO\ LQ WKLV SDDHOULWYV ERPWIRLEPXRWY WR ,6, MLWWHU LQ Ul
WRUWLRQV GXH WR UHpHFWLRQV DUH DOVR D EDQGZLGWK OLPLWDWLRQ SUREOHP

JLIXUH VKRZV DQ H[DPSOH RI ,6, GXH WR EDMGZEDQY® OLPLWDWLRQ SUREOHPYV [/LPL\
width produces limited edge speeds, and limited edge speeds will result inarying pulse

DPSOLWXGHY DW KLJK VSHHG GDWD UDWHV HYXOW QGIQSWOVRAVIPSOLWXGHY ZLOO WKHQ
WLRQ WLPLQJ HUURUV /HWjV QRZ H[DPLQH WKLY PRUH FORVHO\

__________ - ---

&

Figure 5. Inter-Symbol Interference (I1SI) due to BW problem.
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:LWK D ORQJ VHULHV RI UHSHDWLQJ k jVy WKRWRBOOWNMGWHRI WKH GDWD VLJQDO ZLO
to a full steady-state high level as illustrated by the long-high pulse at pant A in Fig-

XUH :KHQ WKH VWDWH RI WKH GDWD FKDQJHV ONMROB&J y WKH VLJQDO ZLOO KDYH D U
transition time to reach the threshold level, resulting in a positive timng error. This will

be manifested as a positive peak of timing error in the jitter trend waveformapoint B.

Note that this point on the jitter trend waveform is time-aligned with the negative data

crossing point on the data signal.

7KH QHJDWLYH SHDN DPSOLWXGH RI WKH QH[W k YVEQWHKHUHFHGHG E\ D ORQJ VWULQJ
DWWHQXDWHG IRU WZR UHDVRQV )LUVW RY PBDQWKMHKBWHFKIELQJ ORQJ VWULQJ RI k j
signal will take longer to transition to a true low level since the data signal s&arts from a

KLIJKHU LQLWLDO OHYHO 6HFRQGO\ WKHR IROOHRIZVEY GKkYyHAWLRDQDXVHYVY WKH VLIJQDO W
before it even reaches a solid low level. This reduction in signal amplitude iwproduce

D QHJDWLYH WLPLQJ HUURU RQ WKH QH[W WUDQKRRWWRQ WR D ky VLQFH WKH VLJQDO
distant to travel to reach the threshold level. This is illustrated at point C” on the jitter

trend waveform.

The positive timing error illustrated at point “D” on the jitter trend waveorm follows the

same logic as the positive timing error at point “B” previously discussedWith a long

VWULQJ RI k jVy WKH GDWD VLJQDO KDV VXIWLDWAW AL OHH WHROVHWWOH WR D IXOO VWF
When this signal then transitions back to a high level, it again has a longer trasition

time to reach the threshold level, and hence produces a positive timing error

Once you understand how bandwidth limitations produce Inter-Symbol Inteference (ISI)
timing errors, it becomes more intuitive to understand the unique “signaure” of the jitter
trend waveform due to ISI and how it relates to the time-correlated serial daa signal
under measurement.

Another common cause of inter-symbol interference besides bandwidthiinitations is

VLIJQDO UHPpHFWLRQV GXH WR LPSURSHU WHUWKQRWIRMGIKRY LPSHGDQFH DQRPDOLHV
LFDO PHGLD 6LJQDO UHpHFWLRQV ZLOO SURGHAFB MBUBWRUIMMRARQY LQ WKH DPSOLWXGH
DV VKRZQ LQ )LJXUH '"HSHQGLQJ RQ SK\VLFD O GRFMDLHAHY EHWZHHQ LPSHGDOQF
UHpHFWLRQV SURGXFHG E\ RQH SXOVH PD\ QRW VKRZ XS RQ D KLJK VSHHG GDWD VLJC
several bits later in the serial pattern. Notice which pulse the arrows beim on and the

ZKHUH SXOVH GLVWRUWLRQ UHpHFWLRQ RERIUWKMHDLWLRAAMVUDWHG E\ WKH HQG RI H
LQ )LIXUH

O

o MUB\\

JLIXUH .6, GXH WR UHpHFWLRQV
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If the amplitude of the signal becomes distorted on or near a data transition dge due to

UHpHFWLRQV WKHQ D WLPLQJ HUURU PD\ ROEPXUD W VDHOLXIMWIORQHpHFWLRQ FDXVHV VLJ
near the data edge, then a negative timing error will be detected since the sigal will

have less distance to travel when transitioning to the threshold level. Tik is illustrated

DW SRLQW k$y RQ WKH MLWWHU WUHQG ZDYHXRHR DQERRXWH I D VLIQDO UHpHFWLR
in signal amplitude, then the result will be a positive timing error since the gnal will

have farther to transition to reach the threshold level. This is illustragéd at point “B” on

WKH MLWWHU WUHQG ZDYHIRUP ,QWHU V\RER®DYFPWQPUEHUHQFH GXH WR VLJQDO UHpH
YHU\ GLIoFXOW WR LVRODWH DQG LQWHUSREHWHPV¥XMWQ LIRYKRWX KDYH VLIJQDO UHpHFWLRQ

system, you probably also have a bandwidth limitation problem.

Periodic Jitter (PJ) is usually the result of a cross-coupling or EMI prolgm in your
system and can be either correlated or uncorrelated to the data signal. An emple of
uncorrelated PJ would be signals from a switching power supply couplingnto the data
or system clock signals. It is considered to be uncorrelated because it is ridime-cor-
related with either the clock or data signal since it would be based on a differst clock
source. An example of correlated PJ would be coupling from an adjacent data sil
based on the same clock or a clock of the same frequency.

JLIXUH VKRZV DQ H[DPSOH RI D kFRUUXSWHHOD)\ ¥ RXEIDAQAQISSHU WUDFH FDSDFLWL

into our serial data signal (middle trace). This coupling will result in amfitude distortions

RQ WKH GDWD VLJQDO -XVW OLNH LQWHU VI\PERKDVHOMWPHBWIHUHQFH GXH WR UHpHFWLRC
tude distortions occur at or near a data signal transition, a timing error mg occur.

Since most Periodic Jitter (PJ) will be uncorrelated to the data signal, ap attempts to
time-correlate the jitter trend waveform to the data waveform may turn irto a futile
attempt. As we will show later in this paper, uncorrelated periodic jitter @an often be
detected using the jitter spectrum view.

= B

J)LIXUH B3HULRGLF -LWWHU 3- FDXVHG E\ FDSDFLWLYH FRXSOLQJ
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Isolating Jitter Components in the Real World

In the examples that we have just illustrated, we have shown how individual andalated

jitter components are theoretically manifested in the jitter trend and gpectrum views.

But in the real world, jitter components are rarely isolated. If you have muiple jitter

components in your system contributing to the total system jitter, these warious jitter

components become convoluted and you end up viewing composite results, wbh can

EH GLIOFXOW WR LQWHUSUHW I \RX DUH IDPIFOILDWPRDWK WKH DUFDGH JDPH FDOOHG
perhaps you can relate to this analogy. In this arcade game the “moles” pop theheads

up one at a time, and it's your job to “whack” them on their heads with a mallet to push

them back down. This is exactly what we would like to do with the various jitter cm-

ponents. It would be nice if the jitter “moles” (jitter components) would agpear individ-

ually so that we could identify them and then “whack” them down. Unfortunagly, in a

live system all of the jitter moles may have their heads popped up simultanagly. This

PDNHV LW GLIOFXOW WR LGHQWLI\ WKHLU VRANUFHVDWQ G WR GHFLGH ZKLFK kPROHYy WR

But there are some novel stimulus-response techniques you can employ in ordeo iso-

late, measure, and then view individual jitter components. Once you sucassfully isolate

individual components, you can then often time-correlate worst-case aks of jitter to

VSHFLoF GDWD ELW WUDQVLWLRQV DQG WKHQ RH ARRRRQ VHQVH GHEXJ WHFKQLTXH
MLWWHU SUREOHPV{ ZKDFNLQJ WKHP GRZQ RQH FRPSRQHQW PROH DW D WLPH

The primary tool to isolate jitter components is a real-time oscilloscog with respon-

VLYH DQG LQWHUDFWLYH MLWWHU DQDO\VLWVXFK$DV .H\WWLIKW 7THFKQRORJLHV ,QF

VKRZQ LQ )LIJXUH ,Q DGGLWLRQ D KLJK VEHDHG.BXWAVKVWBIY¥WWHUQ JHQHUDWRU VXF
*E V $ VKRZQ LQ )LJIJXUH FDQ EH YHUXQXWHIXIODIKRU JHQHUDWLQJ NQR

SDWWHUQV RI KLJK VSHHG GLIITHUHQW L DHDDOWMIPWY @K\ PHWWXEBHJILQ ZLWK VRPH U

ment examples using these two measurement tools.

J)LIXUH CH\VLIKW;jV *+] 5HDO WLPH 2VFLOORVFRSH

ot s

BUIBAA s

conveis

Chaneel2

w.z»t*ﬁ"
e 2 g AN

JLIXUH CHA\WVLIKWjV $ *E'V 3XOVH 3IDWWHUQ *HQHUDWRU
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Isolating and Measuring Duty Cycle Distortion (DCD)

One technique mentioned earlier to isolate and measure Duty Cycle Distaidn (DCD)

LV WR VWLPXODWH \RXU VA\VWHP FRPSRQHQWWWHK @ UKEWDWLQJ { VHULDO s
stimulus pattern will eliminate most of the Inter-Symbol Interference (81). Although

ISI is eliminated with this repeating pattern, Random Jitter (RJ) and any €riodic Jitter

(PJ) will still be present in the signal, which will contribute to convolued measurement

results. But there is a measurement technique to also eliminate both randonitter

DQG XQFRUUHODWHG SHULRGLF MLWWHUJXQ WKH KMRAWNWKHPHDVXUHPHQW UHVXOWYV )
FDSWXUH RI D UHSHDWLQJ { VHULDO S DWWWHHIUQQDOHWHY WUDFH WRS ZLWK M
results showing the TIE trend waveform (orange trace (bottom)). To elimate the ran-

dom components (RJ and PJ), we have used waveform math to average the jitter trein

waveform. Before averaging, the TIE trend waveform would be “bouncing’evtically due

to the random components with repetitive acquisitions. But averaging has kminated the

random jitter components to show a very stable trend waveform with an approxnate

constant level of peak-to-peak amplitude of jitter from cycle-to-cycle. We can then use

the scope’s manual markers or the scope’s automatic parametric measureent capa-

bility to measure the peak-to-peak amplitude of duty cycle distortion. In ths case, we

PHDVXUHG DSSUR[LPDWHO\ SV RI '&'

In addition to determining the level of DCD, we can also glean additional infanation
about our measurement results. With the time-correlated display of tte jitter trend
waveform and data signal, we can see that the trend waveform is in-phase withhie
GDWD VLIJQDO 7KLV LV DQ LQGLFDWLRQ WKDW WKHVERW\ F\FOH RI RXU SXOVH LV OHV
edges always occur late (+error), and falling edges always occur earlydrror). Perhaps
our transmitter threshold level is too high, or perhaps the output of the our tansmitter
generates slower rising edge speeds as compared to faster falling edge spés. At this
point if we believe the peak-to-peak level of DCD is excessive, we can setup adwnal
characterization tests to measure the duty cycle of each pulse in the data seam using
jitter analysis. In addition, if we suspect that the duty cycle distortion is aused by asym-
metry in the rising and falling edge speeds, we can also setup the instrumentrad jitter
analysis to characterize each rising and falling edge in the data stream.

One critical element to perform this particular measurement using wagform averaging
is that the oscilloscope’s waveform-capture and jitter analysis caphility must be very
responsive with a fast display and measurement update rate. Some jitterralysis pack-
ages are geared more for single-shot/static measurements. Averagingaquires multiple
acquisitions at a fast rate. Keysight’s MegaZoom technology provides thfastest display
update rates and measurement processing time on deep memory records in thoscillo-
scope industry.

Utilities
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Isolating and Measuring ISI

JLIXUH VKRZV D PHDVXUHPHQW H[DPSOH RIHQAROGMWH QJ LQWHU V\PERO LQWHUIH

to a system bandwidth limitation problem. Using a high-speed pulse/pdtern gener-

ator, stimulate your selected devices under test with a repeating PRBS ginal at the

IXOO VSHFLoHG FORFN UDWH <RX PD\ DSSO\ WK/ FIWNWKOXY DW HLWKHU WKH LQSXW
circuit, the input of a receiver, or possibly at the input of a transmission linen front of a

receiver. Using one of the scope’s channels, capture the data signal at the désd point

and setup jitter analysis to perform a TIE measurement with the jitter tred waveform

view. Running real-time acquisitions repetitively with a synchronous fgger, you will ob-

serve the TIE trend waveform (orange trace (bottom)) randomly bouncgnup and down

in amplitude. This “bouncing” is primarily due to Random Jitter (RJ). But if tk scope’s

XSGDWH UDWH LV VXIoOFLHQWO\ IDVW \RX ADMQKKVXBDWPBUREHM D UHSHWLWLYH SDWWHU!
istic components. To eliminate the random components, simply use wavefar math to

DYHUDJH WKH 7,( WUHQG ZDYHIRUP :LWK VXY&RIDHQ®WJIF\W&HY RI DFTXLVLWLRQ DQG D
resultant TIE trend waveform will become very stable and consist of just #nDeterminis-

tic Jitter (DJ) components.

2QFH \RX KDYH D VWDEOH MLWWHU WUHQG ZBHHIRPRFP \RX FDQ WKHQ WLPH FRUUHODMW
peaks of jitter back to the serial data signal. The TIE trend waveform will hava unique

“signature” of DJ dependent on the serial data pattern. If your system/canponents

exhibit bandwidth limitation problems, you can observe and time-corelate inter-symbol

interference jitter as evidenced by positive peaks of jitter coincidet with the end of long

VWULQJV RI k jVy RU k jVy $QG \RX ZLOO SUWWMHMEOK REQMHIEGHQQYHIDWLYH SHDNV RI ML
ZLWK WKH HQG RI VKRUW k jVy RU k jV vy

To measure the amount of deterministic jitter, simply select to perform an atomatic

peak-to-peak measurement on the averaged TIE trend waveform. With mimal cor-

related Periodic Jitter (PJ) in the system, this measurement gives the tal peak-to-peak

deterministic jitter consisting of just Duty Cycle Distortion (DCD) ad Inter-Symbol In-

WHUIHUHQFH ,6, MLWWHU FRPSRQHQWY ,PDWHKIOA H[BRS®OIH ZH PHDVXUHG DSSURJL
deterministic jitter. From the previous measurement where we deterimed DCD using a

UHSHDWLQJ { SDWWHUQ ZH FDQ FRPSXWW WKH DSWSUR[LPDWH ,6, FRPSRQHQ

q SV SV

In addition to measurement responsiveness, another critical elemdrof being able to

perform jitter measurements such as these on high-speed serial data sitals is hav-

LQJ DQ RVFLOORVFRSH DQG GLIITHUHQWLGDLOMWKL VIR BUBREHY ZLWK VXIoFLHQW EDQ
GHVLJQHG SUREHVY RU ORQJ FDEOHYVY FDQ FROQWURER®WH D VLIQLOFDQW DPRXQW RI LQV

File Setu Measure  Analyze  Utilities

Cantrol Help 4:06 Abd

JLIXUH ,VRODWLQJ ,QWHU V\PERO ,QWHUIHUHQFH ,6,
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LOWHUIHUHQFH MLWWHU WR \RXU PHDVXUHBPBQVVP KBXXWHOILWHO\ GRQjW ZDQW WR Z
jitter components caused by waveform distortions contributed by your sope, probes,
and cabling.

YLIXUH VKRZV DQ H[DPSOH RI YLHZLQJ LOWG EEWVERBRIO LQWHUIHUHQFH JHQHUDW
EDQGZLGWK OLPLWDWLRQ SUREOHPV DQE WHRpYWR®YLEBDWH, WHWPRDOPRVW LPSRVVLEO
nation problems from bandwidth limitation problems when making jitter measuements.

Both of these contributors will result in ISI jitter for the same reason, whih is modula-

tion of peak amplitudes of pulses at the receiver. These modulations will ulhately gen-

erate timing errors because of variations in transition times to data cresing threshold

levels. But there are some clues that you can look for to identify impedance tenination

SUREOHPVY WKDW UHVXOW LQ VLIJQDO UHpHFWLRQV

If termination problems do not exist, then leading-edge pulse shapes ofimilar width

pulses should look similar since each pulse is generated by the same transtter and

WUDYHOV GRZQ WKH VDPH SK\WVLFDO PHGLD ®REWEQ\UHPpHFWLRQV GR RFFXU \RX ZLOO
DEOH WR VHH GLVVLPLODU SXOVH VKDSHV ,Q J)LDHMHO ZH VKRZ DQ H[DPSOH RI WZR K
SXOVHV $ % FRQVLVWLQJ RI D VHULHV RI kLV 88X QRWLFH WKH GLITHUHQFHV LQ
VKDSHY QHDU WKH OHDGLQJ HGJHV 7KH oUVWHIR@IUWHULHYV RI k jVy $ LV QRW LPPHC(
FHGHG E\ RWKHU SXOVHV %XW ZH FDQ VHH D UHpH\VWWLRQ DQ kXSy EXPS DSSURJ[LPDYV
DIWHU WKH OHDGLQJ HGJH RI WKLV SXOVH 7KHLBDWHRQG ORQJ VHULHV RI k jVy % LV I
SUHFHGHG E\ WZR VKRUW k jVy :HFDQ VHH GLXWUWLRQ LQ WKLV SXOVH DQRWKHU |
DSSUR[LPDWHO\ QV DIWHU WKH SUHFHGLQY SKRBEBWHIPY SXOVH 'XH WR WHUPLQDWLR
WKLV SUHFHGLQJ SXOVH LV FDXVLQJ D GHOBWHGORYHAWR R/ RQWR WKLYV ODWHU SXO\
OHDGLQJ HGJH 'HSHQGLQJ RQ WKH GDWD SBOWHRUQVRPHPHRAWLRQV ZLOO DOVR EH SUH
WKH VKRUWHU SXOVHV EXW WKHVH DUH PXFKHFRAULIR GLIREXOW WR LGHQWLI\ EHFDXVH
QDUURZ SXOVHV ZLOO EH kPDVNHGY GXH WR EDQGZLGWK OLPLWDWLRQV RQ VKRUW Kk
k' y SXOVHV

Measuring the total effect of ISl jitter including termination problems is exactly the same

as just previously discussed. Simply establish a synchronous trigger a@rthen average

out the random jitter components from the TIE trend waveform. The net result

is the total Deterministic Jitter (DJ), which consists of a combination of $| and DCD.

JRU WKLV H[DPSOH ZH PHDVXUHG DSSUR[LPDWHOWLFRMIRVWHDN WR SHDN GHWHUPL
Then simply subtract out the DCD component based the DCD measurement using ¢h

UHSHDWLQJ { VHULDO SDWWHUQ ,I \8MDU 6WRHMNVKFHRHQW UHVXOWYV DS

VLYH \RX FDQ WKHQ HDVLO\ WLPH MBRWUHAIODK MSAHRALYW GDWIB 8 X®WHNW SH

Control  Setup  Measure  Analyee  Utilites  Help 414 AM
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JLIXUH 7THVWLQJ IRU UHpHFWLRQV DW WKH WUDQVPLWWHU VLGH

To verify that the waveform distortions you are viewing on the data signal arreally

FDXVHG E\ UHpHFWLRQV DQG QRW E\ VRPH RWKHSUREHFW VXFK DV SURELQJ UHVRQD(
your signal at the transmitter side of the transmission line and reduce the dta rate of

\RXU VLIQDO $V \RX FDQ VHH LQ )LJXUH WKHUBDEWWLRQVY ZLOO EHFRPH PRUH SUH
at the transmitter side. And with a slower data rate, it will be easier to deternme which

pulse edge causes each waveform distortion and then you can easily meaithe time

delay between the cause and effect to help identify the location of your impeance dis-

FRQWLQXLWLHY ,Q WKLV SDUWLFXODU H[VMPEOWLRZ® BDYH KBWMQWLOHG WKDW RXU WUL
ERWK D FDSDFLWLYH DQG LQGXFWLYH GLVFRGWDOXUWAHR HYLGHQFHG E\ WKH SRVLW
WLRQV ORZ LPSHGDQFH DQG WKH QHJDWLY H\EHDANWUWLMpIOFWLRQV KLJK LPSHGDQFH U

OHDVXULQJ UHpHFWLRQV DW WKH WUDQVPLWKVB WMGEHHI WKH WUDQVPLVVLRQ OLQH .
GDWD UDWH VLJQDO LV YHU\ VLPLODU WR D 7HFPFH@®R®»DL®Q S5HpHFWRPHWU\ 7'5 PHDVXU
IDFW LI \RXU UHpHFWLRQ SUREOHPYVY DUH WHHWRRXWHHD X IXO LW PLJKW EH DGYLVDEO
7'5 LQVWUXPHQW VXFK DV .H\VLJKWjV $ RUSDWRFWRU 1HWZRUN $QDO\]HU 9

more accurately characterize your physical media for impedances and sliances be-

tween physical anomalies.

Isolating Uncorrelated Periodic Jitter (PJ)

Periodic jitter (PJ) is typically caused by cross-talk, signal couptig, or EMI. In most
cases, PJ will be uncorrelated to the data signal, meaning the “corruptérsignal has no
time relationship to the serial data signal. The best tool to use to identifytie presence of
uncorrelated PJ is usually the jitter spectrum display. Uncorrelatd PJ will exhibit unique
frequency “spurs” in the spectrum display. Within the spectrum display gu will prob-
ably see lots of spurs. Most of these spurs will be harmonics and sub-harmoos of the
data signal, which indicates the presence of pattern dependent jitter ach as DCD and
ISI. When testing for uncorrelated periodic jitter, it will be your job to lak for “odd ball”
frequency spurs unrelated to the data signal frequency.

5HIHUULQJ WR )LJXUH ZH KDYH FDSWXUHREZDNORPGH VWREQJ RI VHULDO GDWD \HOO

using deep memory and then performed jitter analysis on each data edge. Theupple

trace (middle waveform) shows the jitter trend waveform while the orang trace (bot-

WRP ZDYHIRUP VKRZV WKH IUHTXHQF\ VSHFWUKP WUMQWWHU /RRNLQJ DW WKH 7,( ML

waveform, it is impossible is visually detect any low frequency modulatiomithis mea-

surement. However, the jitter spectrum view (orange trace (bottom)) learly shows a low

frequency component of modulation. In this example, we have measured a “spur” on

WKH VSHFWUXP GLVSOD\ DW H[DFWO\ N+] DKVUY MLHORKQW\ LV XQUHODWHG WR WKH
*EV GDWD UDWH DQG LV DQ LQGLFDWLRQ WHKIOIDWWHXXDYH MXVW GLVFRYHUHG DQ XC

periodic jitter component.
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Note that if the periodic jitter is sinusoidal in nature, then the spectrum dsplay will gen-
erate a single frequency spur associated with the fundamental frequencyfahis coupling
component. However, if the periodic jitter is non-sinusoidal, then thee will probably be
several frequency spurs associated with this component of coupling. Buall of these
particular spurs on the spectrum display will be harmonics of one anotherTo help iden-
tify the source of digital periodic jitter, look for the fundamental frequency component
amongst the cluster of spurs.

Just knowing the frequency of the modulation should give us a clue as to its source. In

this case, we suspect that our system’s switching power supply may be couiplg into our

data signal, perhaps via the power supplies. To verify this suspicion, weakie used another

channel of oscilloscope to capture ripple on a power supply that is synchronas with the

VZLWFKLQJ VLJQDO DV VKRZQ E\ WKH JUHHQ WWD¥VHWWHFR/EE IURP WRS LQ )LJXUH
scope to trigger on this suspect corrupter and then used a smoothing functin on the jitter

trend waveform (purple trace (third from top)). With an appropriate smootling factor, the

smoothing function will eliminate the higher frequency components of fiter and “draw-

out” the lower-frequency, uncorrelated periodic jitter component in the jitter trend wave-

form. If the smoothed trend waveform (purple trace (third from top)) appers to be locked

onto and synchronous with the trigger source signal (green trace (secondém top)), then

ZH KDYH SRVLWLYHO\ LGHQWL0oHG WKH VRXUFH RI FRUUXSWLRQ

File ntral

Setup  Meas Analyze  UHilities  Help 1:55 Pr

JLIXUH ,VRODWLQJ XQFRUUHODWHG 3- DIWK D MLWWHU VSHFWUXP PHDVXUHPH
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Using either the scope’s automatic measurements or markers, we can now eég mea-

sure the peak-to peak amplitude of this jitter component. In this example, we mesure

approximately 5-ps peak-to-peak of uncorrelated PJ caused by couplig from the witch-

LQJ SRZHU VXSSO\ ZKLFK LV DQ LQVLIJQLOFDRGHDRPIRMRMW RI MLWWHU %XW LI WKH DPS
MLWWHU FRPSRQHQW LV H[FHVVLYH WKHQREHUIPKSDURWHEHBWVEWBUG/KLHOGLQJ oOWHULQ
trace layout techniques are needed to reduce the amount of this component of peodic

jitter in our system.

+DYLQJ VXIOFLHQW DFTXLVLWLRQ PHPRU\ GABOKHQMUWRXYXH RVFLOORVFRSH LV D FULW
ment element to detect relatively low frequency periodic jitter. In this eample, we have

FDSWXUHG HLJKW SHULRGV RI ORZ ITUHTXHQFEFRTPREXWLWQRQ XVLQJ N SRLQWV RI D
PHPRU\ ZLWK WKH $ WR ' FRQYHUWHU UXQQLQJ DW D VDPSOH UDWH RI *6D V. $ VFRS
less memory could have made this measurement by capturing a minimum of one pied

of uncorrelated PJ. However, with deeper memory acquisition you can obfa higher res-

olution measurements in the spectrum display. In addition, deeper memiy will enable

\RX WR PHDVXUH ORZHU IUHTXHQF\ FRPSRQHQWSRV MLWWHU :LWK WKH 6HULHV \
*SWV RI DFTXLVLWLRQ PHPRU\ \RX FDQ GHWHFW MLWWHU FRPSRQHQWY DV ORZ DV

Isolating Correlated Periodic Jitter (PJ)

"HWHFWLQJ WKH SUHVHQFH RI FRUUHODVWWHRBRYMNU GR GAAF-XAQOW WHN&H 3- LV XVXDOO\ WK

of jitter to uncover. Fortunately, this type of jitter is usually the leastikely source of jitter

contributing to a system'’s total jitter. The fact that it is correlated means that this jitter

component is synchronous with the serial data stream that it is corrupting. A pssible

source of correlated PJ is coupling from an adjacent lane of serial data, suchsamulti-

ODQHG ,Q0QL%DQG GDWD WUDIoF ,Q WKLV FDVHQDIGMDFHQW ODQHV Rl GDWD ZRXOG |
common clock.

Since correlated periodic jitter is time-correlated to the serial dat signal under test, it

PD\ EH GLIoOFXOW WR GHWHFW WKLV FRPSROHXW SODMLWRUWHU XVLQJ WKH MLWWHU VSH
UHODWHG 3- ZLOO GHoOQLWHO\ FRQWULEXWHWWRXF SSHHAR MSGEDIWHTXHQF\ VSXUV LQ WKH V¢
but these spurs may land on top of or between other data dependent spurs making i

hard to discriminate between ISI and correlated PJ frequency componeistin the jitter

spectrum display.

One technique that may prove successful for you is to set up your system to genemt

VHULDO GDWD WUDIoF RQ MXVW RQH GDWD ODHGBHWHYKRZQ LQ )LIJXUH 8VLQJ WKH V
memory, engage TIE jitter analysis with the spectrum display turned on andvarage

JLIXUH '"HWHFWLQJ FRUUHODWHG 3HULRGLF -LWWHU 3-
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the results using waveform math and repetitive acquisitions (bottom tace). Averaging

the spectrum display will eliminate the Random Jitter (RJ) component. Ad since only

one lane of data is being generated with all other lanes “quiet,” the averaged spctrum

display will not include any correlated periodic jitter due to coupling fom adjacent lanes

Rl WUDIoF <RX VKRXOG VHH VHYHUDO IUHHXRRQF, VXUV LQGLFDWLQJ WKH SUHVHQF
and possibly uncorrelated PJ. Store this averaged spectrum display foater reference.

1RZ WXUQ RQ DOO ODQHV RI WUDIoF LQ \RXU V\VWKIP XVLQJ WKH VDPH SDWWHUQ OHQ
ODQH RI WUDIoF DQG SHUIRUP WKH VDPH DYHWDMMGWLWWHU VSHFWUXP PHDVXUHPHQ
described. Jitter contribution from correlated periodic jitter will add to the height of the

ISI & DCD spurs relative to the previous measurement that did not include coglated

SHULRGLF MLWWHU VHFRQG WUDFH XS IURPUEHRWWRPE VSXMWKHUH LV D VLIQLOFDQW GL
heights from these two measurements, then this is an indication of the presnce of

correlated periodic jitter.

To measure the peak-to-peak amplitude of correlated PJ, use the techniques @viously

discussed to measure the amount of DJ with the system generating just a singllane of

GDWD WUDIoF DQG WKHQ SHUIRUP WKH VDPH '"-DRMHIDQUIXUHPHQW ZLWK WKH VA\VWHP JHC
PXOWL ODQHV RI GDWD WUDIoF 7KH SHDWHWRZRHPHMWDEXIVHUHQFH EHWZHHQ WKH

ments is the amount of peak-to-peak correlated PJ in your system. To computehe

total amount of PJ (correlated and uncorrelated), simply add both PJ componats.

Isolating Random Jitter (RJ)

In several of the previous examples of testing for inter-symbol interferece, we have
shown how you can eliminate random components of jitter (RJ + uncorrelated B from
the jitter trend waveform by establishing a synchronous trigger on the déa signal and
then averaging the jitter trend waveform using waveform math and repetive acquisi-
tions. To isolate the random components, simply use a chained waveform mathufiction
DV VKRZQ LQ )LJXUH WR VXEWUDFW WKH DYWWIPFRHGEGWUHQG ZDYHIRUP JUHHQ WUDFI
from bottom)), which represents the DJ component, from the real-time trend wave-
form (purple trace (third from bottom)), which represents TJ. The rest$ will be a trend
waveform (pink trace (bottom)) consisting of both Random Jitter (RJ) and mcorrelated
periodic jitter. Since these components are random relative to the data gjnal, it will be
impossible to time correlate these results to the data waveform.

At this point you can measure the contribution of these jitter components by prforming

an ac RMS measurement on this waveform. Note: Random Jitter (RJ) is always m@e
sured in terms of an RMS value since it is theoretically unbounded. In this exampwe

JLIXUH OHDVXULQJ VA\VWHP 5DQGRP -LWWHU 5-
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KDYH PHDVXUHG DSSUR[LPDWHO\ SV UPV RWHID RGRRRMMWWHU 7KLV DPRXQW RI MLW
VRXQG OLNH PXFK EXW ZKHQ FRQYHUWHG LQWR D SHDN WR SHDN YDOXH EDVHG RQ D
SV UPV 5- WUDQVODWHY LQWR DSSUR[WPDWHO\ SV RI SHDN WR SHDN MLW

, \RX EHOLHYH WKDW WKH XQFRUUHODWH® GWULRG IFD@DWWHU FRPSRQHQW LV VLJQL
techniques previously discussed to detect and measure the uncorrelatéperiodic jitter

components. But rather than measuring the peak-to-peak amplitude of unorrelated

PJ component as previously described, measure the ac RMS value over a siegberiod.

You can then use the square root of the sum of the squares formula to separate out the

uncorrelated periodic jitter component from the RMS measurement thaticludes both

UDQGRP FRPSRQHQWYV 5- XQFRUUHODWHG@-WEM DHWYOWRUGHU DSSUR[LPDWLR

will be the RMS value of just the random jitter (RJ) component.

Analyzing a Spread Spectrum Clock

Jitter on a data signal is basically unwanted phase modulation. However,@ne serial
data standards actually specify intentional modulation of the serial dta with Spread
Spectrum Clocking (SSC). You can use jitter analysis to measure the shapadafrequen-
cy of this designed-in modulation.

JLIXUH VKRZV DQ H[DPSOH RI PHDVXULQJ WKHRWSPULKHDOG VSHFWUXP FORFN ZKHQ SHU
MLWWHU DQDO\VLY RQ D *EV GDWD VWWHYR GCLVEHOWWWEH XS WKH MLWWHU DQDO\V
MLWWHU WUHQG ZDYHIRUP EDVHG RQ D o[HGWHHTRHRF\ FORFN WKH UHVXOWYV RI WKFE
surement will be dominated by the spread spectrum clock as shown by the purgltrace

(bottom) in this screen-shot. We can easily measure the frequency of this otk using

either the scope’s markers or automatic parametric measurements. In tkicase, we

PHDVXUHG N +]

Just as memory is important for detecting low-frequency Periodic Jitter (B), having suf-

oOFLHQW PHPRU\ LV DOVR LPSRUWDQW IRU SHUXRUPHRWWSUHDG VSHFWUXP FORFN PHD
&DSWXULQJ D PLQLPXP RI RQH SHULRG RI D N+] VBUHDG VSHFWUXP FORFN DW D VDF
R *6D V UHTXLUHV D PLQLPXP RI . RI DFTXLVLWLRQ PHPRU\

You should be cautioned that not all real-time jitter analysis is capable bmeasuring the
spread spectrum clock. When timing errors exceed one Unit Interval (Ul), weh is equiv-
alent to one period of the software-generated reference clock, some jier analysis will

“snap-back” and measure the timing error of the data edge relative to the neeest clock

JLIXUH OHDVXULQJ WKH 6SUHDG 6SHFWUXP &ORFN
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edge. Measuring the SSC requires that time error measurements be able to exed one
Ul. The jitter analysis software must be able to track Uls in the serial data p&drn and
then measure the timing error relative to the appropriate clock edge... nothe nearest
clock edge.

$OWKRXJIK ZH XVHG D o[HG IUHTXHQF\ VRIWZD R WMHMQHWUDWHG FORFN DV D UHIHUHQFH
particular SSC measurement, if you wanted to analyze the unwanted modation (jitter)

LQ WKLV *EV GDWD VWUHDP \RX ZRXOG XVHHFKkJROGHQyY 3// W\SH FORFN ZLWK D V
ORRS IUHTXHQF\ LQ RUGHU WR 00OWH U ARG\ @/K\W LIRDNVRIQW KB OVRIZHWNE TXHQF

spectrum clock.

, \RXU VA\VWHP LV EDVHG RQ DQ HPEHGGHG 3// FORWN WKHQ WR PHDVXUH VA\VWHP ML
66& \RX VKRXOG DOZD\V XVH D 3// W\SH FORFNZEKWHWWHUJUHIHUHQFH UHJDUGOHVV R
your system uses a spread spectrum clocking scheme or not. This means thatiefre-

TXHQF\ SHULRGLF MLWWHU 3- ZLOO DOVR EWYOWXWHGEKRYXWWI WKH MLWWHU PHDVXU
RND\ 7KH KDUGZDUH 3// FORFN LQ \RXU V\VWHF\ZEBOLRGVR oOWHU RXW DQ\ ORZ IUHT
jitter. When making jitter measurements with a software-generated ¢ock, we want our

software-generated reference clock to emulate

the system’s embedded hardware clock.

Conclusions

Some real-time jitter analysis packages give answers in terms of the amourof total

jitter that may be present in your system. This can be important for determimig if your

high-speed digital system meets a particular worst-case jitter and eg-opening speci-

OFDWLRQ %XW NQRZLQJ KRZ PXFK UDQGRPQMIRXWHUWMDNMHP GHWHUPLQLVWLF MLWWHU L
XVXDOO\ GRHVQjW JLYH \RX D FOXH DV WR ZKHUHHRNWLY FRPLQJ IURP 7KH NH\ WR 0QC
of jitter lies in the ability to time-correlate jitter measurement resuts with high-speed

serial data signals, as well as other possible sources of uncorrelated pedic jitter. A

real-time oscilloscope with jitter analysis along with the stimulusresponse techniques

described in this paper meet that critical time-correlation requirement to relate jitter

trend measurement results to measured signals. Once you are able to timeorrelate

particular real-time timing error measurements to particular bits within a serial data

pattern, it usually becomes a routine troubleshooting task to solve youdeterministic

jitter problems.
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6HULHY 6FRSHV DQG 6HULHV 3URE HReatures

The highest-performance end-to-end measurement system - *+] EDQGZLGWK UHDO WL
FLOORVFRSHV ZLWK  *6D

available i

rate on all four channels simulta-
Experienced scope users know that their measurements are only as good asein neously
probing system. And as bandwidth increases, it is increasingly importa to make sure - 85 WR *SWV OHJD=RRP GH
you are measuring your circuit, not your scope probe. Nothing is more frusating than memory at all sample rates

FKDVLQJ GRZQ DQ DSSDUHQW GHVLJQ SUREOHP RIQQRWR -0 Eldtrovic Bridhuatars 2DmhakeD X VH G
VFRSH SUREH 7RJHWKHU WKH QHZHVW ,QoQLRXRODARSHYV DR &lisbikiatiUepeatablitg UR X JK |, C

high performance probing systems offer an end-to-end measurement shution with concerns associated with mechan-
unmatched performance, accuracy and connectivity. The results are meairements you ical attenuator relays
can trust and better insight into circuit behavior. - 7ULJJHU MLWWHU DV ORZ L

— Easy-to-use, easy-to-understand

,QO0QLLOD[ KLIJK SHUIRUPDQFH DFWLYH SUR E Hittevangygg ppion

— (  $6HULDO 'DWD $QDO\V
7KH LQQRYDWLYH ,QoQLLOD[ SURELQJ V\&W \WHPVEQRY H GHVGHIUWIGH HiGid kR R L D
SURELQJ VROXWLRQV IRU WKH PRVW GHPDW&RQYW PHFKDLQIERIRG WA B}k SLBIK Q¥npi- Z L
SHUIRUPDQFH $ pDW IUHTXHQF\ UHVSRQVH RPHQDWKH R JH SUREH EDQGZLGWK HC

distortion and frequency-dependent loading effects that are presemin probes that have — (DFK ,Q0QLLOD[ SUREH DPS
an in-band resonance. supports both differential and

) single-ended measurements for a
Performance-enabling technology more cost-effective solution

When you need to make multi-channel measurements on projects that use sutanosec- B SQULYDOHG ’QOQ_LLOD[ SUR
RQG ORJLF \RX QHHG SRZHUIXO LQVWUXP HRG®W V WD(&QNHDQQ?CI‘E‘?%O@‘?_SEW%W%B%RVF
WKHLU IXOO VDPSOLQJ SHUIRUPDQFH RI  *6D VIR®OO0O FKB'EER &Y SO 38485 ppnH

o . at the maximum performance
timing measurements at the full performance of the oscilloscope. ilabl P
available

- 7KH *+] ,Qo0QLLOD] $
SUREH DQG ( $ (- $ FRQ
nectivity kits (all sold separately)

DUH UHFRPPHQGHG IRU WK
'62 $ RVFLOORVFRSH
USB, SATA, PCIE, DDR compliance

test options

— Communications Mask Test Kit
9RLFH&RQWURO 2SWLRQ

JLIXUH .H\WVLJIKWjV *+] 56HDO WLPH 2VFLOORVFRSH
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$ DQG $ *+] 3XOVH 3IDWWHUQ *HQHUDWRUYV

The need for pulse and pattern generation is fundamental to digital devie characteri-

zation tasks. The ability to emulate the pulse and pattern conditions to with the device

will be subjected is essential. This emulation should include both tygial and worst case

conditions. Accurate emulation requires superlative signal integity and timing perfor-

PDQFH DORQJ ZLWK IXOO FRQWURO RYHU SDWHD WHWMWULY WKDW DOORZ VSHFLOF ZRUVW

Setting Standards

7KH .H\VLJKW $ DQG $ *+] 3SXOVH *HERDPWHRUV SURYLGH SURJUD

SXOVH SHULRGV IURP 0+] QV WR E+JOLW\ B DSXDVH FDSD

channels. At these frequency ranges the transition time performance beames criti-

FDO OHVV WKDQ SV LV VSHFLoHG DQG ZLWK DGOW\MLWWHU RI SV WA\SLFDO VLJQEL
DVVXUHG 7KH '"HOD\ &RQWURO ,QSXW DQG WIHO RIWUHNVEDAHOKRZRVVRYHU 3RLQW IXQFWL
emulation of real world signals by adding jitter to clock or data signals or by @torting

the ‘eye’ for eye diagram measurements.

Features

-~ JUHTXHQF\ UDQJH IURP 0+] WR *+]

/IRZ MLWWHU

/9'6 DSSOLFDWLRQV FDQ EH DGGUHVVHG ZLWK RXWSXW OHYHOV IURP P9 WR
- 35%6 IURP WR

J)DVW ULVH WLPHV SV

Delay Modulation (jitter emulation)

- 9DULDEOH &URVV 2YHU 3RLQW H\H GHIRUPDWLRQ

N%LW GDWD SDWWHUQ PHPRU\ 5= 15= 5 %XUVW FDSDELOLW\
0%LW H[WHQGHG SDWWHUQ PHPRU\

— Graphical User Interface

All Inputs and Outputs are SMA connectors

JLIXUH H\WLJIKW )V $ *E'V 3XOVH 3SDWWHUQ *HQHUDWRU
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5HODWHG /LWHUDWXUH

Publication Title Publication Type Publication Number
Jitter Solutions for Digital Circuits Brochure 5988-8427EN
Jitter Measurement Solutions CD 5988-9350EN
Measuring Jitter in Digital Systems Application Note 1448-5988-9109EN
Signal Integrity Solutions Brochure 5988-5405EN
Signal Integrity Solutions CD 5988-6915EN

9LVLW 2XU :HEVLWHYV

Signal Integrity Applications Central:
ZZZ NH\VLJKW FRP 0QG VL

Signal Integrity eSeminar Series:
ZZZ NH\VLIJKW FRP 0QG VLJLQW

Jitter Measurement Solutions:
ZZZ NH\VLJKW FRP 0QG MLWWHU
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myKeysight

LXI

WARRANTY

WARRANTY

myKeysight

Z2ZZ NH\VLIJKW FRP ILQG P\NH\VLJKW
A personalized view into the information most relevant to you.

Z7ZZ O[LVWDQGDUG RUJ

For more information on Keysight
Technologies’ products, applications or
services, please contact your local Keysight
office. The complete list is available at:
www.keysight.com/find/contactus

/$1 H;WHQVLRQV IRU ,QVWUXPHQWYV SXWV WKH SRZHU RI (WKHUQHW DQG WKH
*HE LQVLGH \RXU WHVW V\VWHPV .H\VLJKW LV D IRX@GGhQQJ PHPEHU RI WKH /;,

consortium.

7KUHH <HDU :DUUDQW\

ZZZ NH\VLIJKW FRP ILQG 7KUHH<HDU:DUUDQW\
Keysight's commitment to superior product quality and lower total cost

of ownership. The only test and measurement company with three-year
warranty standard on all instruments, worldwide.

.H\VLJKW $VVXUDQFH 30DQV

ZZZ NH\VLJKW FRP ILQG $VVXUDQFH30ODQV
Up to five years of protection and no budgetary surprises to ensure your
instruments are operating to specification so you can rely on accurate
measurements.

ZZZ NH\VLIJKW FRP JR TXDOLW\
Keysight Technologies, Inc.

'(.5%$ &HUWLILHG ,62

Quality Management System

CH\WLIKW &KDQQHO 3DUWQHUV
ZZZ NH\VLJKW FRP ILQG FKDQQHOSDUWQHUV
Get the best of both worlds: Keysight's measurement expertise and product
breadth, combined with channel partner convenience.

Canada
Brazil

Mexico
United States

$VLD 3DFLoOF
Australia

China

Hong Kong

India

Japan

Korea

Malaysia
Singapore

Taiwan

Other AP Countries

Europe & Middle East
Austria

Belgium

Finland

France

Germany

Ireland

Israel

Italy

7KLV GRFXPHQW ZDV IRUPDOO\ NQRZQ DV $SSOLFDWLRQ 1RWX[HPERXUJ

KEYSIGHT

TECHNOLOGIES

Netherlands

Russia

Spain

Sweden

Switzerland
2SW (
2SW )5
2SW 7

United Kingdom

For other unlisted countries:
www.keysight.com/find/contactus
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This information is subject to change without notice.
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