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g Time, Frequency, and Statistical Domains
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What is Jitter 2

Jitter is the short-term variation of a signal with respect to its ideal
position in time
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§‘ What Is Jitter?

Jitter includes instability in signal period, frequency,
phase, duty cycle or other timing characteristic

Jitter is of interest from pulse to pulse, over many
consecutive pulses, or as a longer term variation

Very long term variations (<10Hz) are a separate class of
pathologies referred to as wander
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g‘ Jitter & Timing Analysis Parameters

Symbol Parameter Name Parameter Definition

Dp@lv delta period at level
Difference of adjacent
periods at specified
slope and level

freq@lv frequency at level
Cycle frequency at
specified slope and
level

duty@lv——— dutyattevel
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All-Instance Measurements
The Key To Accurately Characterizing Jitter

File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help P"I:| Setup...

T_ T T

Measure P1:per@w(C1)
value 1.877 ns The waveform captured above contains 9 complete
mean 1.89855 ns integer waveform cycles. Statistics shows that the
min 1.977 ns ) ]
max 2 003 ns number of waveform periods measured using All-
sdev 7.68 ps Instance Measurements for this acquisition is 9.
num o
status '
(0] —
101 mWidiv 200 ns/div | Stop
TEO.O mV ofst A00 5 20 G5 |Edge

12M 112005 3:40:34 AM




File Vertical Timebase Trigger Display Cursors Measure Math Analysis Ulilities Help

iy : : :

':1 ] ] ]
E E E &
1 ; ; 1 . hl
: : Note the number of measurements recorded
: : for each of the timing parameters below.
— : :

Measure Plrise@w(C1) P2Zfall@w(C1) PIpen@viCl) Pdfreq@wviC1) Phwidi@v(Cl) P& duty@viC1)

value 323 ps 474 ps 2005 ns 4858.8 MHz 880 ps 4395 %

mean 328.24 ps 460.29 ps 2.00473 ns 498 320 MH=z 530 .46 ps 43.9505 %

mir 323 ps 444 ps 2.005 ns 498.8 MHz 930 ps 43 95 %

T Ex 334 ps 474 ps 2.005 ns 498.8 MHz 931 ps 43 95 %

sdev 537 ps 12.45 ps — — gel fs —

riLm 2 3 1 1 2 1

status v v v v w

Timebase -1.25ns@Trigger

12112005 3:18:09 AM
CLLLLLLLL———_—_——_—_——_—————SSSSSSSSShEEEE



Parameter Track

 Invented by LeCroy in 1997

Parameter Track identifies the shape of modulation.




Voltag

Time

2.001 ns

2:004-ns

Period

Time

A

Cytle 3 Cydle 4
Period R Peliod
1.991 ns 2.001.ns

2.001 ns

1.991 ns

A

A

Cytle 5
Period

1.999.ns

1.999ns

CyLle 6
Pqriod

1.995.ns

1.995 ns

2.008 ns

Cycle8
Pdriod

1.986.ns

1.986 ns

2.001 ns
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The Track waveform has all of the properties of an acquired '
waveform, and can be saved, measured, analyzed, be used |
in mathematical equations, as well as viewed and queried
M P1: Wiey
easure peri@hv(Cl) for example by cursors as shown above.
value 2001 n=
status v
c1 o [EE Timebase 0.00 r= g Trigger
100 m* idiv 2.00 n=idiy | Stop -649 m
va0.0 my ofst 400 = 20 G5f=z |Edge Pozitive

¥1=872ns

& 552 mY 2001 ns

5/24,/2004 5:27:58 PM




Jitter Spectrum

 Invented by LeCroy in 1997

Parameter Track identifies the frequency content of modulation.




File “ertical

+
c1

Timekase Trigoger

Display  Cursors

Measure Math  Analysis

Litilities  Help

FT: ‘ Setup...

F'y
Measuwure P1:per@liic1]
valle 2025 ns
mean 200235 n=
min 1952 ns
ma 2050 n=
ey 1919 p=s
ML 9.957e+3
status v
D
100 ms iy
Ta0.0 my ofst
hsth ‘
Trace On
Soudrcel Cperator
F1 | Track ]
single  dual
SuUmmany
. 9(f track(P1)
graph weh edit | Actions fortrace F7
Ll
l AR E,E}D ':Il_ﬁl: ! I8 Help Markers
Measure Store Lahel M et Simple ]

Timebasze 0.00 p=Q Trigger
2.00 p=idiy | Stop -253 my
400 kS 20 GSf= | Edge Poszitive
Zoom Track ‘ Close
Harizontal YWertical
Center Center
0.00 ps || zoo10ns ]
Scale I div Scale I div
2.00 ps || 20.0ps ]
var. var.
#1.00 . \ #1.00 . \
Feset
ot out 200arm

120172009 6:29:20 Al
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+
c1

Measuwure P1:per@lic1]
value 2MAans
mean 1.89757 ns
Ty 1947 n=
max 2046 ns
ey 2416 p=
ML) 2.005e+3
status v

track(P1)

Timebhasze 0.00 p=Q Trigger

1= 500kHz  &¥= 45MHz

#2= S0MHz 1/8¥= 222ns
121102005 B:20:49 A




File “ertical Timehase Trigger Display Cursors  Measure  Math  Analysis  WHilities  Help

+
c1

Measuwure P1:per@lic1]
value 2025 ns
mean 200758 ns
Ty 1978 ns
max 2036 ns
ey 1112 ps
ML) 4. 950e+3
status v

track(P1)

Timebhasze 0.00 p=Q Trigger

1= 500kHz  &¥= 45MHz

#2= S0MHz 1/8¥= 222ns
121102005 B:21:05 Al
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+
c1

Measuwure P1:per@lic1]
value 2M4ns
mean 200234 n=
Ty 18955 ns
max 2051 ns
ey 1927 p=
ML) 4.994e+3
status v

track(P1)

Timebhasze 0.00 p=Q Trigger

1= 500kHz  &¥= 45MHz

#2= S0MHz 1/8¥= 222ns
121102005 B:21:14 Al




Parameter Histograms

 Invented by LeCroy in 1984

Parameter Histograms provide statistical distribution




File Vertical Timebase Trigger Display Cursors WMeasure Math Analysis  Utilities Help FE:‘ Setup...

C1

» la
>

1.9774 ns
Number.of 2.0032 ns
events
Period
:
Measure P1.per@viC1) P2.dpern@v((1} P3freq@v(Ci1)
value 1.977 ns -26 ps 5057 MHz
Mmean 1.99655 ns -2.81ps B00.871 MHz
mir 1.977 ns -26 ps 4992 MHz
& 2.003 ns 10 ps 5057 MHz
sdev 7.68 ps 10,32 ps 1.838 MHz
rum 9 g 9
status v v w
F& hist(P1 Timebase -1.24 nsfiTrigger
101 mVidiv 200 ns/div | Stop -64T mV
Mo my nfct
TN N m — Y-value of each 400 S 2 G55 |Edge Positive
trace at cursor
120232006 3:18:07 PM




Histogram Shapes

Provide Insight Into Signal Characteristics

Gaussian Uniform Multimodal

(example: random jitter) (example: delay generator) (example: deterministic jitter)

11

Notch Linear

(example: digital filtering) (example: frequency sweep)



Deterministic Jitter
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File ‘“ertical Timehase Trigger Display Cursors  Measure  Math  Analysis

Litilities  Help

1
&
Notice how statistical range value
(which shows worst-case jitter)
increases with histogram population
Fange
F&
' i
Measure P1:dper@iviic1] P2:rance(FS) P3:himaxiFa) P4:hmin(FS]
value 113 p= 1624 n= VBT p= -357 p=
statusz W v w v
izt P17 Timebasze Triciger
‘ hath ‘ ‘ ‘ ‘ F5 | ‘ ‘ Zoom | Histogram
Trace On Buffer scaling
[v| Sourcel _Dperatnr‘l #4alues # Bins Center
_ P1 Histogram | 2000000000 | | 200e+3 | -100ps
single  dual .
UImImany
: under: f \iiddth (div)
hist(F 1] in: 272912 | 200 ps
) Over: u
graph weh edit | Actions fortrace Fa :
Enahle| “erical scale
o " SN LB e u Auto Find|  Linear
: Sirmple ]

1211172005 7:20:598 Al




p=
O _ g
3 Statistically Significant?

Number of

Occurrences :

+/- 1 sigma

)
Yl
#1/
Y]
VI
Y11
HII1#11]
VIR

» Measurement Parameter




Skew, Setup, and Hold Using
Histograms and Tracks
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§ Legacy Method: Triggered Persistence

File Vertical  Timebase  Trigoer Display  Cursaors hMeasure hath Analysis Litilities  Help CE:|Eetup...

Advantages:
+ Traditional (circa 1960s)
+ Easy to set up

|

|

|

|

| Disadvantages:

| - Always introduces trigger jitter

[ - Measurement result is incorrect because
| instrument trigger jitter is added into
| the measurement

|

|

|

|

|

|

- Jitter measurement is linearly distorted as a
function of delay

- Source of jitter is not identified
- Jitter cause and effect information is lost
- Frequency of occurrence is lost

- Many types of jitter are invisible to this
method

Timebasze -1356.20 ns

100 i idiee 500 psddiv
2740 mY ofst 100 = 20 350 |Edge FPoszitive
! 511 my ¥1= 155535 ns  AX=1145ns
1 )0 %2= 156 680 ns 1/AK= 673 MHz
972003 B:23:15 P



§ Jitter Analysis of Skew

Track and histogram jitter between two input signals

Slgnal 1 File  Werical Timehase Triggetr Display Cursors  Measure  Math  Analysis  Utilities  Help

Signal 2

Track of Sikew

Measure
walue

mean

Histogram of Skew

v

4 trackiP1 1§ F5 hist(P1) -
4 iddine 20 A0
349 7 1t 50 _5.|:||:| =]

£/200310:49:21 PM

Skew modulation of 39.9 kHz on 5 MHz signals
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File  “erical Timebase Trigger Display Cursors  Measure  Math  Analysis  WMilities  Help

F4:| Setup..

Plizetup(C2,03)  PZhold(C2,03)
4610 ns 46130 ns

S8 0 p=Trigoer
50.0 psfdiv | Stop 2356 my
10 GS/s |Edge Positive

9/7/2003 10:35:11 PM

200 m feliv
-649.7 m ofst

Setup and hold time 50 us/div

Jitter Analysis of Setup and Hold

Track and histogramming complex parameters

File  “erical Timebase Trigger Display Cursors  Measure  Math  Analysis  UMilities  Help

F4:| Setup..

550345 n=
5782 ns

imebase  -1.800 ps§Trigoer
U R T 200 nsidiv | Stop 2356 my
-649.7 m¥ ofst 200 ks 10 GS/s |Edge Positive

H1=17538 p=

95 mi il
-277 A mY ofst

15 my
9/7/2003 10:36:47 PM

Setup and hold time 200 ns/div

Extreme values of Setup and Hold quickly identified and located in big-picture view.
Detailed view shows specific waveform cycle with worst-case violator.




RF Timing Measurements
Using Histograms



File “ertical Timehase Trigger Display Cursors  Measure  Math  Analysis  Utilities  Help FE:‘ Setup...

Top of burst steady state at 247 mV

Fy
Timebhasze oo
100 m* v 1.00 % idis 200 nsidiv | Stop 278
0.0 mY offset -2.356 % ofst Bl0ks 40 =5z |Edge Megative
- 247 my | ---- 453V
------ Oy oo =2 Cursor readout shows burst range from 0 mV to 247 mV

SI472005 2:26:26 P
CLLLLLLLL——_—_——_——————————————————SShEEET



File “ertical

Timekase Trigoger

Display  Cursors

Measure

mMath  Analysis

Litilities

Help

P1: ‘ Setup...

— L
1
1
1
+
1
1
1
1
1
T
]
1
1
1
]
1
T
T
1
1
1
]
T
1
1
T
]
]
1
1
T
1
1
T
1
]
4
1
'l
1
1
1

i

Measure P1 it ( 23,220
valle 023 ns
e Delta-ti level hreshold
elta-time-at-leve parameFer thresho Timehaze 0.0 nzf Trigger
100 1 idive 1.00 idiv set to 90% level on clock signal 200 nsdfdiv | Stop 2T
0.0 m* offzet -2.356 ' ofst .00 k= 40 G5f=z |Edge Megative
== 247 m |—-— 453 %
------ 0 my |---e- 236 W
MeasLre P1 Pz P3 P4 Ps PE PY Pa Chirme@lewvel 1 Ctime@@lewel 2 Mlore ‘ Close
Sourcel i Measure
il On fq—pr : Time between zelectable levels
J Type 3 | T ooy Dlime@level ] an 2 weavetorms.
7 Level type _
+_  mathan —] dt@h{C3,C2) Percent ] 90 %, FURUECEL
“ 7 parameters | Actions for P Help
‘ : Markers  Always On Slope Hysteresis
— T
E:%D acript _:I:E[I]]J:h_ I— _ . Meg ] a00 rrdiv ]
Histogram | Trend Track Detailed ]

SH4T2005 2:31:39 P




File “ertical

Timekase Trigoger

Display  Cursors

Measure

mMath  Analysis

Litilities

Help

P1: ‘ Setup...

— L
1
1
1
+
1
1
1
1
1
T
]
1
1
1
]
1
T
T
1
1
1
]
T
1
1
T
]
]
1
1
T
1
1
T
1
]
4
1
'l
1
1
1

i

Measure P1 it ( 23,220
value AT 023ns
statusz D | ; | |
elta-time-at-level parameter Timehaze 0.0 nzf Trigger
100 mi idiv 100 W idiv threshold set to 50% level 200 nafdiv | Stop 27E Y
0.0 m* offzet -2.356 ' ofst .00 k= 40 G5f=z |Edge Megative
o S 4 e (between top and center) of burst
------ Omy |----- 236
MeasLre P1 Pz P3 P4 Ps PE PY Pa Chirme@lewvel 1 ‘ Ctime@@lewvel 2 Mlore ‘ Close
Sourcel (A Measure
bd Cn fq—pr : Time between selectakble levels
J Type 3 | T oay Dtimegileyvel ] an 2 weaveforms.
+ Pl
7 Level type _
+ - mathon dt@E@l(C3,C2) Ahsolute ] 124]0 Find lewvel
“ 7 parameters | Actions for P Help
: Markers  Always On Slope Hysteresis
— T
‘ggﬂ SiEa il = . m Pos | soomdiv |
Histogram | Trend Track Detailed ]

SH4J2005 2:31:45 FM




File “ertical Timehase Trigger Display Cursors  Measure  Math  Analysis  Utilities  Help F"I:‘ Setup...

—— = = = H = = =

Delta-time-at-level parameter
measures 37.023 ns delay

C3| between clock and data
Measuwure P11t (03,020
value AT 023ns
status
Timebhasze 0.0 Nz Trigger
100t ficdive 1.00 % icdive 200 nzddiv | Stop 278N

0.0 mY offset -2.356 W ofst a.00 ks 40 Z=)i= | Edge Megsative
—-—- 247 my | —-—- 483
------ 0mY |----- 236 %

ﬂ F1 Status: Parameter on rising edge.
CLLLLLLLL———_—_——_—_——_—————SSSSSSSSShEEEE
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e " & }.ﬁ...'i..ll_..ﬂ..lp

————— = O e e e N oo e A e R R

F Y
mesn + scey
- ey S - Tt

«— -

]

Fdb
I _agur

+

Measuwure P1.cit@ah (03,020 PZrange(F5) P3:hmeani(F5)] P4 hzdev(F5)
value 26523 ns 3063 ns ar4a7ans 73t ps S . h
mesan 747539 ns 324259 ns a7 46399 ns 74054 ps tatistics show range’ mean,
i 35839 ns 3197 ns 37 M4ns 723 ps and standard deviation of
M 39201 ns 3063 ns 27491 ns VBE ps over 565 measurements
ey Y3895 ps 2539 ps 1239 ps 11.06 p=
ML GE4 65 265 265

v v

W -

Timebhasze 0.0 Nz Trigger

SI4T2005 2236223 P




File “ertical Timehase Trigger Display Cursors  Measure  Math  Analysis  Utilities  Help F'E:-

!." s 3' A '5' iy '5 o ' ™ .S PO————— oy B PO [ O W ) (W [y .y

e e mnms mnmnm Tl ¥ il el I 1) o o I .ol Rl IR 19 =Bl R
-l

C3
i !

' medn * sdev I I

; i ! :
F& i I U

) . . .

Measuwure P1.cit@ah (03,020 PZrange(F5) P3:hmeani(F5)] P4 hzdev(F5)
valus 38171 ns 3215 ns 37 bz ns 4 ps Statistics show after 1,429 measurements
mesan a7a0337 ns 337416 ns ar4s137 ns 74055 ps that the averadge timina between clock
HTIir Ja732ns 3197 n= ar41dns v23ips g g
max 39.240 ns 3515 ns 37 509 ns 766 ps and data was 37.502 ns. The delay can
sdey 745 32 ps 12072 ps 17 82 ps 7 55 ps be as fast as 35.732 ns or as slow as
num 1.528e+3 1.429e+3 1.429e+3 1.429e+3 39.240 ns, with greater than 3-sigma
status v v confidence.

TR I

Timebhasze 0.0 Nz Trigger

hizt(P1)

SH4J2005 237596 P




Analysis of
Pulse Width Modulation (PWM)
Using Histograms and Tracks



Yertical Timebase Trigger Display  Cursors Measure  Math  Analysis  WHilities  Help

File
llrw — _I
i ' 1
{ | I
! |
|
|
| | -
C1 y
&
Timebasze -242 n=§ Trigger
Dizplay Perziztence Monitor
Fersistence On _ 30 Settings
. Color Analog Saturation
... 0% ] Quality MonaChrome
Fersistence Time Sl ] D
- fxis ¥ Rotation  Axis Y Rotation
- . Show Last Trace i ] 2l ]

1212612005 12:50:51 AM




File “ertical Timehase Trigger Display Cursors  Measure  Math  Analysis  Utilities  Help F1: ‘ Setup...
L
C1
&
L]
Fi
Fy
Measure P1:rize(C1) P2 fall{c1) P23 periad(C1) P4:freqic1) PoowvicdthC1) PE:duty(C1) PP delay(C1)  PSnpointz(C1)
value 967 p= 228 ps= 1.000018 p= 999 931 kHz 250591 n= 2506%  -52.549393 p= 2.000000e+E
mesan 89394 p= 22213 ps 1.00000522 ps 999994735 kHz 367.93094 n= 367929 9%  -52.5493973 p= 2.00000000e+6
HTir a7 p= 487 p= 999 952 n= 999 9417 kHz 100515 n= 1005% -52.549393 p= 2.000000e+E
(1T 1.000 n= oB5 ps 1.000058 p= 10000431 MHz SO0 E32 n= SO06 % -592.549898 p= 2.000000e+E
adey 3914 p= 1243 p= 1541 p= 15411 Hz 11525306 n= 115252 % -— -—
ML 200 200 199 199 199 199 1 1
statusz v v v v w w w w
histo _‘l_ _1 _L _i .hl.ll|” .hlll|||

F1
100 m' iy
-310.0 mY

trackiPa)

Timehase

2.00 w=

=17 .2 p=§ Triciger
200 p=idiv | Stop 284 mh
10 G=5f= |Edge Pozitive

12026120058 12:34:17 Al




File “ertical

C1

Measure
value

mean
Ty
i
ey
ML
status

hizto

Timekase Trigoger

Display  Cursors

P1:rize(C1)
967 p=
89394 p=
a7 p=
1.000 n=
3914 p=
200

Y e

100 m' iy
-310.0 mY

F1

trackiPa)

Measure

mMathh  Analysis  Ltilities

Help

PT: ‘ Setup...

F Y

P2 fall{c1) P23 periad(C1) P4:freqic1) PoowvicdthC1) PEduty(C1)  PTperi@ivi(F11 PSS fregi@iviFl)
528 ps 1.000013 p= 999 9521 kHz 250591 n= 2506 % 44 999518 ps 22222312 kHz
52213 ps  1.00000522 ps 99999475 kHz 367.93094 n= 36.7929 % 4500007780 ps 222221584 kHz
457 p= 999 952 ns 9999417 kHz 100515 ns 10,05 % 44 999518 ps 22222033 kHz
565 ps 1.000053 p= 1.00004381 MHz S00 632 ns S0.06 9% 45 000332 ps 22222312 kHz
1243 ps 1541 p= 15411 Hz 115.25306 n= 11.5252 % 23274 p= 114.934 mHz
200 199 199 199 199 3 3
v v v v v v

_i .hl.ll|” .hlll|||

Timehase

2.00 w=

=17 .2 p=§ Triciger
200 p=idiv | Stop 284 mh
10 G=5f= |Edge Pozitive

1202612005 12:36:09 A




File

C1

Yertical

Timekase Trigoger

Display  Cursors

Measure

=y e e e

Fy

Py
rd
I

F1

FY
Measure P1:rize(C1) P2 fall{c1) P23 periad(C1) P4:freqic1)
value 894 p= 214 p= 1.000003 p= 9999497 kHz
mesn 89394 p= 52297 p= 1.00000431 p= 99999519 kHz
Ty a7 p= 203 ps 9939 956 n= 999 957 kHz
(1T a7 p= 47 ps 1.000043 p= 1000044 pMHz
adey 41 37 p= 11 46 p= 1505 p= 1505 Hz
ML a0 a0 49 49
status v v v v
hi=to Ll LI |

F1

trackiPa)

T YR | | 1| P ¥ 1Y

mMath  Analysis

Litilities

Help

PS:wvichiC1
400597 ns
366.92192 ns
100.543 ns
500515 ns
10614422 ns
49

P duty(1 )
4005 %
36,5920 %
10.05 %
50,05 %
10,5144 %
49

v

HENEEL

R W
—
PP delay(C1)  PSnpointz(C1)
-7 549525 ps SO0.000e+3
-7 B4952464 ps S00.00000e+3
-7 549525 ps SO0.000e+3
-7 549525 ps SO0.000e+3
1 1
v v

Timehase

=17 .3 p= Triciger

1202612005 12:33:49 Al



File “ertical Timehase Trigger Display Cursors  Measure  Math  Analysis  WHilities  Help

R
\
\

Measuwure P1:rize(C1] P2 fallC1) P33 period(C1] P4 freqic1] PSoweicthi(C1] PEduty(C11 P per@i(F11 P fregi@iviF1)
value aE63 ps 219 ps 1.000019 p= 299 9513 kHz 450596 ns 4506 %% 45000216 ps 22222116 kHz
mean a7 .30 ps 22348 ps  1.00000506 p= 99999494 kHz 36752921 ns JB6.7538 % 4500022418 ps 22222112 kHz
tmin 747 p= 472 ps 999 922 n= 2999171 kHz 100,509 n= 1005 % 44 999715 ps 2221825 kHz
max 1.024 nz a¥vaips 1.000083 p=  1.0000730 MHz 200652 n= S0.06 %% 45000805 ps 22 222363 kHz
zdey 39.29 ps 13.31 p= 15.05 p= 150582 Hz 11052554 ns 11.0492 % 22350 ps 110,370 mHz
ML) ¥.J63e+3 7.400e+3 V.326e+3 V.326e+3 ¥.J63e+3 V.326e+3 1 EIII 1 EIII
status v v v v v v

hista i & Y F ...II||” il _uﬂ.____ﬂ_L_

F1 track(PS)

Timehasze 0.0 p= @ Trigger

1202652005 12:44:06 Al




File “ertical Timehase Trigger Display Cursors  Measure  Math  Analysis  WHilities  Help

C1
F Y
: el :
1 1 ‘
|I
Measure P1:rize(C1] P2:AfalllC1) P3:period(C1] P4 freqic1] PSwvicthi(C1] PE.duty(C11 PV per@@iviF11  PEfreg@@iviF1)
value BE3 pz S19 ps 1.000019 p= 999 9313 kHz 450 596 n= 45 06 %% 4500026 pe 22222116 kHz
mean a7 .30 p= S2348 pz  1.000005068 p= 999.99494 kHz SEV.S29M nz JB.7538 % 4500022418 pz 22222112 kHz
tmin 747 pz 472 pz 999 922 n= 2999171 kHz 100,509 n= 10.05 %% 44 999715 pe 2221825 kHz
iR 1.024 nz s73ps 1.000083 gz 1.0000730 MHz S00.652 n= S0.06 %% 45000805 pe 22 222363 kHz
zdey 3929 ps 13.31 p= 15.08 pz 15082 Hz 11052554 Nz 11.0492 % 22350 p= 110,370 mHz
ML) 7.363e+3 7. 400e+3 7.326e+3 7.326e+3 7.363e+3 7.326e+3 120 120
v v v v v v
A Al "

Titme

1= 351 % Aks 4.8 9%
Ha= 398 % 1iak= 208 m1rG

1202612005 12:46:23 Al




File “ertical Timehase Trigger Display Cursors  Measure  Math  Analysis  Utilities  Help F'E:-
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| I | [ — 1
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Lu:—"'nUnL._i" M |-||-.rI-‘_'_:_._I-._i_II'II-l_i-I_LII'IL'_._Li nLLi" "Llnh‘-"i-ln unL_InLr'-'”HHLFL"'-JnL.-'"h“nLr Li_IHL.-ann'-Lr"_

v 1

Measure P1:rize(C1] P2falllC1) P33 per@iviCt) P4 freqic1] PSwvicthi(C1] PE.duty(C11 PV per@@iviF11  PEfreg@@iviF1)
value BE3 pz S19 ps 1.000019 p= 999 9313 kHz 450 596 n= 45 06 %% 4500026 pe 22222116 kHz
mean a7 .30 p= 2348 pz  1.00000510ps 99999494 kHz SEV.S29M nz JB.7538 % 4500022418 pz 22222112 kHz
tmin 747 pz 472 pz 999 944 n= 2999171 kHz 100,509 n= 10.05 %% 44 999715 pe 2221825 kHz
iR 1.024 nz s73ps 1.000083 gz 1.0000730 MHz S00.652 n= S0.06 %% 45000805 pe 22 222363 kHz
zdey 3929 ps 13.31 p= 17.01 pz 15082 Hz 11052554 Nz 11.0492 % 22350 p= 110,370 mHz
ML 7. 3E3e+3 7.400e+3 198 7.326e+3 7.363e+3 T.32E:e+3 1 EIII 1 EIII
status v v v v

hizto . ‘ h

F1 track(PS) QFEF track(P3) | Fa

l .||.|]||” a il ...H._. ._H..L.

Timehase 0.0 p= Qg Trigger

1= 351 % Aks 4.8 9%
Ha= 398 % 1iak= 208 m1rG

12026520058 12:47:15 AM
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APPLICATION EXAMPLE
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EXPRESS

LANE-TO-LANE SKEW

4.3.3. Differential Transmitter (TX) Output Specifications

Lane-to-Lane 500 + 2 Static skew between any two
Transmitter Lanes within a

Lrx-skew Output Skew Ul i single Link




p=
(@
‘913 PCI Express Lane-to-Lane Output Skew

4.3.3. Differential Transmitter (TX) Output Specifications

L Lane-to-lane e s | Tanemitior Lancs it a
TX-SKEW Output Skew Ul P ST

Embedded Clock and Serial Data with
periodically transmitted K28.5 sync word

Lane 1

K28.5 sync word is
transmitted with the
datastream and is
used to measure
skew between lanes

Clk

SERDES ' Lane 2

Embedded Clock and Serial Data with
periodically transmitted K28.5 sync word




PCIl Express Lane-to-Lane Output Skew

Step 1: Set Serial Pattern Trigger Conditions to K28.5 and 2.5 Gb/s

>
O
O
9

File “ertical Timebase Trigder Display Cursars  Measure Math  Analysis  LHilities  Help F1:| Setup...
- P R "'H 3 " .
f Lane-1 |
Fi i i | | [ I |
L 1 [ 1 L I'., [’ L |
- L Y] » ! 28 E R % % % %uY & Ae S i
waﬁh}-h;hr‘m,%\, a}ffmmh;r s M e e P N T N i Wil 0
Fy
- -‘;ﬂl P IIA-"'"" A
Lane 2/
Ceh
. T n I'\.:M—-" v e
e — 2.5 Gb/s serial -
1 Timehasze 0.00 ns
S0.0 i i 50,0 v fcdivy ) S Sérla K28.5 pattern 2 .00 nsddiv

-1:5.0 m»" ofst 400 = 20 5=

e —— trigger locked i
Trigger | CDR=erialTrigger CAM Tricger 1 |CIDSE

Clock & Data Recovery erial Pattern Binary 11000001 010300000 MOOOOOOI IO,

Use Cd o e ; Hexadecimal All to All to All to [nvert
=1 45 Sera A3 Inpu El'}.l'tES c1 1 1 1 i 0 0 0 0 . 24 0 1 oy Al hits
Lock FLL Bytez 0% 22|10 1 ¥ ¥ ¥ ¥ ® % 1B
COR PLL  Locked SaveiRecall N
Bytel ¥od | 15 | X 3 ¥ - 4 Y Y ¥ g Fattern
Cata Hate
k28.5.155
2.50000 GHz | | Bwten xx | TSR PR LR PR LR XX O |E“":'WSE

9132004 7 36:17 P




PCIl Express Lane-to-Lane Output Skew

>
5
Step 2: Time delay measurement from trigger to event

Le

File “ertical Timebase Trigger Display Cuarsors  Measure  hath  Analysis LHilities  Help P2:| Setup...

Measure P1Aime@h(C1]) P2 times@ivw(C4) P3P1-P2)

value - B7E e o 1 079 ne event timing difference forms
status v v v lane-lane single skew
| g measurement Timebhasze 0.00 n=§ Tricoer

S0.0 madiv S0.0 midine 2.00 nz/div |Mormal
-15.0 mh ofst 150 m ofst 400 = 20 50 [Serial

Measzure P | Pz P3 P4 P=s =5 P¥ =5 Time at Lewvel Ciate Acocept | Close
Sourcel — Measure . . .
I c4 | =l Time from trigger [t=0] to crozsing at a
| Type | [T Time@level ] zpecified level

E mMeasure on
WEVETOITTS Surnmary Levelis Absolute level — |
+ —  math on tirmegiv(iC4) Ahsolute ] 13.0 mv ind Lewve
* = parameters Actions for P2 Help
advanced i R Markers  Always On Slope Hysteresis
|EE}D web edit . e : Pos | 500 mdiv
Histograrm Trend Track Detailed ]

ﬂ P2 Status: Parameter on rising edge.




>
O
O

Le

File “ertical Timebase Trigger Display
B R
Cl— - & &2 2%, ¢ b & A L F. 2 4
BARLR LR EN G
e s L S P
- L I =t
L] . h— . - _'!_

Measure

value
mesan
min
max
=dey
MU

PCIl Express Lane-to-Lane Output Skew

P time@@ict ]
3867 n=
386440 n=
3832 n=

3.899 n=s

11.39 p=

=14

P2:timed@@iCd4]
2775 ns

2 77EBES n=
2754 n=

2803 ns

.04 p=

S14

CUrsors

Measure

mMath Analysis

Step 3: Unique Lane-to-Lane Skew Statistical Insight

Litilities Help

F1: | Setup...

B “Ti _- ;
—'-Fﬁ-—i--':'—;-—"--l-n—'--'—-:r—- S = W P W S IS P e 1
p 1 ¢l i L L | l"il
N Wit v
| Timegolv! ! o
e e e e e L e B e o e e e e e e e ._ =t & & & & 4 3 |
L B e i u | S e o . -
'\
P3(P1-P2)
o With serial trigger locked to K28.5, continuous
1.066 ns capture of lane-lane skew allows for statistically
1;1; ns significant distribution of lane-lane skew.
G7 p= . . -
=14 This unique capability allows for worst-case peak-to-
v peak and rare anomalies to be easily detected.

status

histo

i QCs0

SO0 M i

-1:3.0 m*" of=st

"

"

T ok

iZ4 Q50

S0.0 m icdise
-15.0 m% ofst

_/

Tirmebase 0.00 n=
2.00 n=rdiv
400 S 20 S50

91352004 F40:01 P




PCIl Express Lane-to-Lane Output Skew

Step 4: Locating Lane-to-Lane Skew Anomalies

>
O
O
9

File “erical Timebase Trigder Display Cursaors  Measure Math  Analvsis  LHilities  Help F5:| Setup...
RPAANR AN AR AT ' ) AANARERRR AR

':.i—|-1—+—+-|—I——+-1—l-—|g--|—|--1—-i—;-1—1-—|--—|-—I--1—|-+-|-§—=--|—-|'—- ----- A=l
F-H‘L\‘\;M’k A:‘:"dh'w—;‘h-a L L S Tﬁbﬂd’.ﬁ#_ﬁ?mi; m:bm' m‘_t}g P
&
:'Fimeiﬁllvl
- o= - - ’ P - ’ - "h'n ..:f'ﬂ Ilf"\_r’—— P o - P T
A Y VYV VYV YV VYV VY YV Yy yyyVyyyyJy " R
e, - - - - E .Iw.-ili I'H;' LW - -
i 1
ran EE | :
F5 :
) -\-:hl H IIILI* “ ul]llll-lllllll L IH:
“ / Distribution of lane-to-lane skew measurements \
smallest skew values largest skew values
Measure P1time@h(C1) P2 time@iviCd) P3(P1-P2) P4:totp(FS) PS5 range(FS) P& h=devw(FS) PY¥-hmean(F5)
value 3864 n= 27753 n= 1.091 n= 4 000e+3 =410 p= 778 ps= 1.05555 n=
status ' ' ' ' '

Timebase 0.0 nsf Trigge
S0.0 i SO0 m e 2.00 n=sdiv
-15.0 my ofst -15.0 m ofst 400 = 20 S5 | Serial

9/19/2004 7:50:53 FM




Mask Testing



=
§ Examples of Mask Tests

File  “erlical Timebaze Trigger Display Cursors Measure Math  Analysis Ufilities  Help Eye: | Setup..

Timebasze 0.00 ps
SO0 nzidiv -T46 mY
20 G5 Pozitive

Setial Data Analysiz hazk Test Messurements Close

Mask Margin Clock Setup Testing

Eve Mode ® Slope
Sequential % ] Fositive ] M on

Eve Persistence Threshaold type
Monochrome BIZI 3 Fercent l
Auto fit

Lsar Signal Yartical Fercent level
NONE ] 50 %

Froceszing ...




Examples of Mask Tests










Trounlesnooting eye Diagrarn Fallures



Time Interval Error



Time Interval Error: How It Works



How Time Interval Error Histogram is Formed



Wizard choices reflect feature set



Starts with TIE histogram (clock reference
edge to data bit edge measurements)
— Tj Is measured for the particular distribution
— DDj (ISl and DCD) is directly measured

— Pj I1s measured from the spectrum of the TIE
trend

— Djis the sum of DDJ and Pj

— R Is solved via formula at the BER of
interest: Tj= Rj+ Dj




i | s 1} -
MJISO" Meinod
Assumotion that the underlying distrioution of jitt ar 1s causad by a
Dual Dirac (detarministic) and Gaussian (Randorn)

Distance between peaks
is Determinisitic Jitter (Dj)






N\

S| *

* Some DCD included in ISI



Measurable on
/ \ 4 random data

(first order)
___________________________ N D
/ \ Requires a
{ repeating
DDJ data pattern
|S| '

BRj = Bounded Random Jitter
Values in bold are measured by Wave Expert jitter software



Flow R and Dj are Deierrminead

Dj and Tj are measured | Deterministic Jitter (Dj) is computed as the sunfPpénd ISI.
waveform parameters, DCD is already included as a component of IS.

The following equation is given by the Fibrechannel
Methodologies for Jitter and Signal Quality (MJSQ):

Tj= Rj+Dj
Tj, D}, and are known. Rjcan be solved for:
Tj - Dj
Rj= 1P

Lookup table for



MJSQ method (from fibrechannel
document)

Fit 2 gaussian distributions to
measured histogram (left and right)

Rj=(s +s%)/2
Dj = (M — m)

Q-Scale -> Ti(BER = Dj+0.52 (2BERxRj, +0.& (2BER) xR},












Interpretaiing O-Sceale Plots

The Q-scale plot (fit of histogram) shows real system-affecting jitter that is invisible using other methods. The Q-
scale plot is closely related to the bathtub curve, and plots an integration of the histogram on a logarithmic scale,
allowing the user to better see what is happening in the histogram tails. (Histogram tails have the greatest affect

on bit error rate). For best results, use at least 20 -40 million sample point population in the histogram

Case 1: Linear Fit

A linear fit is due to a gaussian
distribution.

Case 2: Convex Fit

A convex fit is often due to BRj
sources, such as a PLL that is
wandering within a fixed frequency
range, or crosstalk from an amplifier
that is clipping (a noise source with a
limited range). The superposition of a
gaussian with another histogram
which has truncated tails, results in
the convex fit.

Case 3: Concave Fit

A concave fit is often due to low-
probability random jitter. Examples
include periodic jitter caused by the
reference clock, or large groupings of
1's or O's that occur infrequently in
long patterns that result in severe but
intermittent ISI. Two or more
superimposed histograms with tails,
but varied amplitudes, would result in
this concave shape.






elecilons for Repealiing Patierr)
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Correlaton with 8ERT

Correlation of SDA6000 measurements with an Agilent BERT

Note the measurements are close — the BERT sees slightly more jitter in
the signal. A BERT will see jitter at all frequencies. Oscilloscopes see |itter
down to the lowest frequency that can be observed using long memory at
high sampling rate. Your actual receiver may not see the lowest
frequencies of jitter due to action of its PLL.



rlow Time Interval error rlistogram is Formead



Periodic Jitter (Pj) is calculated from the spectral components of the time trend of time
interval error (FFT of TIE).

Serial Data Acquisition






rlow DCD (Duty Cycle Distortion) Is Calculatad

Duty Cycle Distortion (DCD) is the mean difference between the width of positive-going

pulses and negative-going pulses measured over all pulses in the acquired waveform




rlow DDj (Data-Dayaendant Jitter/Intarsymool Interiaran
Calcylatad

(‘\
(T
N
)

L

Data Dependent Jitter / Intersymbol Interference (DDj/ISI) is jitter caused by systematic

effects related to the order in which logical values in the waveform occur
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Transrnission Line Reflecion

Distorted eye pattern indicates
Data-Dependent Jitter




Transrnission Ling Reflecton Analyzad Wiih 151 Plot

LeCroy ISI plot reveals pattern-dependency. This unigue analysis
shows causality not available from traditional eye diagrams.

10011 1011 1011()
10081 1001()

1(@1 1 Average of all 10111 data pattern occurrences in data stream

Average of all 10011 data pattern occurrences in data stream

Individually selected patterns
10011 and 10111



Eye Pattern Distortion From Impedance Mismatch

1. An impedance mismatch can result in capacitive transmission
line reflection of a recently-transmitted edge.

2. As the high-frequency energy content of the rising edge
(zero to one bit transition) is reflected , this reflection will "pull
down" the voltage level (and vice-versa).

3. This droop can be quantified using the ISI plot, and verified using
the mask violation locator. Each droop due to an impedance
mismatch will occur at a fixed distance from the transition edge.

Intersymbol Interference From Effective Frequency

1. The pattern 10101010 transitions more rapidly than 11001100
(twice the bitrate), resulting in higher effective frequency.

2. Lowpass characteristics of the transmission medium can result in
lowpass filtering of the higher frequency (10101010) data pattern.

3. This can result in amplitude attenuation and/or phase shift of
those bits contained within the higher frequency data pattern, and
can be verified by superimposing both patterns.

4. System resonances can also cause similar frequency effects.



Make a track of TIE
(using reference to
edge measurement)

Perform an FFT of
that Track

The FFT “grass” Is
due to wideband
random noise

Spikes that are not
related to pattern
repetition are jitter
from deterministic
sources




Interpraiing Iniersyrnool Inierferernce
Plots

A

v

PRBS7 pattern
Edge displacement value

Y L
Position in pattern

X

Graph axes of tan plot

Synchronous N-cycle plot shows the Track (tan) of averaged edge
displacement value as a function of bit position in the repeating pattern (blue)

Number of occurrences <—— Range of measured edge displacements —

Y L
Edge displacement

X value

Graph axes of green plot
DDj Histogram (green) shows the distribution of averaged edge

displacement values



Total Jitter



Effective Jitter



Effective Jitter



Effective Jitter



MJSQ Jitter



MJSQ Jitter



MJSQ Jitter



