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® (Period Jitter)
AH”

- " (Cycle-to-Cycle Jitter) Cytle-ToCycle
A H T

e E— »  Isthdeasurement = Perod 2 - Period 1
Ferod 1" Period 2

i |

(Tlme Interval Error) T *=  ndMeasurement = Ferdod 3 - Period 2

A Period 2 " Period 3

Data TIE
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A %z (standard deviation)
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Types of Jitter

I Period Jitter

P1

A
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Types of Jitter

Period Jitter

P1

P2

\-

Modulated Clock

\

— 1010 nsec /- ’ =
11000 nsec
990 nsec / Period Jitter /
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Types of Jitter

I Period Jitter

I Cycle-to-Cycle Jitter

Measured

Waveforrn/

P1

A

| P2

< >

C2=P2-P1 C3=P3-P2

A Cycle-to-Cycle Jitter is the first-order difference of the Period Jitter
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Types of Jitter (Visualization)

Mlodullate'd Ciock
—+— 1010 nsec /— _____ \ /_ A X
-—1000 nsec




Types of Jitter

i Cycle-to-Cycle Jitter

I TIE (Time Interval Error)

Ideal Edge Measured
/ Positions \ Waveform/
—> — —> [— —> <« —p —
TIE1 P1 TIE2 TIE3 TIE4
» P2
< » P3
< P
C2=P2-P1 C3=P3-P2

Is the first-order difference of the TIE Jitter (plus a constant)
P, = TIE, - TIE,; +K
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Types of Jitter (Visualization)

Mlodullated Ciock

—1010 nsec e+ / - e .
1000 nsec -

Period Jitter /

.......

—+ 20 nsec /\ /\
Cycle-Cycle Jitte&/
— -20 nsec

—+ 40 nsec /\
\\///Time Interval Error \/
—+ -40 nsec

990 nsec -
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0.0 ns 0.990 ns 2.000 ns 2.980 ns 4.000 ns
— Pl > < P2 > < P3 > < P4 >
Period 0.990 ns 1.010 ns 0.980 ns 1.020 ns
Cy-Cy 0.020 ns -0.030 ns 0.040 ns
TIE -0.010 ns 0.000 ns -0.020 ns 0.000 ns
Period Jitter = 18.3 ps StdDev (0.990/1.010/0.980/1.020)
Cy-Cy Jitter = 36.1 ps StdDev (0.020/-0.030/0.040)
TIE = 9.6 ps StdDev (-0.010/0.000/-0.020/0.000)
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./‘ fm .\.
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I- :X |
24 CW output W D ;
[ measured as Q\ .
N R4
8 dBc/Hz N7 vsignal
‘_“ \
-3 / rms\('
Q
Q \
® - b
S frequency
3 TRACE A: Ch1 PM PSD
75 dBc/Hza mafker 1j0 000 Hz
LogMag \
5 dBc/div \
\._\
-80dBc/Hz @10Hz offset N
-90dBc/Hz @ 100Hz offset 105 dBc/Hz A 4
-105dBc/Hz @1KHz offset \
-120dBc/Hz @10kHz offset N
B e VA
EEEEEEEEEEEEEEEEEEEEEESR ‘lZSdBC/HZ
1k 10k 100k
KEYSIGHT o g o 1wz
TECHNOLOGIES E Crg - Page 26




H3? =

Sy (1)

rad
Hz

Phase Jitter =

Ir

]55

H "HO BBk v

Small Angle Crtena

HF E5500 Carrier: 7E0E+8 H=

08 4pr 1998 14:55:30 - 14:56:43

Total rms phase deviation within a specified bandwidth

: B Relative to  _
Phase Jitter = \// Se (f) [rad] 1 radrms [dB]
Phase Jitter = 360 \// Ss (f) [degrees]
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HO= g g ¢ OBl

FiZ: wit)=w(2nft+ n(t))
Heb, wit) = BHHL

[Keysight E50528

and MarkerK

E
’7 Start

. ~ 2kHz
- sin(2x f.1) o
Ideal clock: / o, and
1 1M e 1 o 50/ dBC. . Center
| ‘ ‘ ‘ | ‘ ‘ ‘ 9 ur. 2.501MHz
) 39 e
Jlllw ;’1’ H H’ w’b 4.959F£'JMHZ
Jittered clock: sin(2r f.¢+4xsin(L 27/ ¢ |

LR EARHTTTY H LI

Jitter: 1xsin(E 27 fa)
1
¥
&
IF Gain 20dB. Freq Band [250M-7GHz] LO Opt [<150kHz]
3 i e oF, ¥y Jit) = ('l't) Phase Noise |Start 1 kHz
' "R |Phase Noise Meas-------
ZN
¥z J= A\, \@ = HH{7RE S
Y
~ /L

:'-I,,(Dl:t) = 2“ft + oft)

d 1
151(t) = —O(t) =1+ ———o(t)
2r dt " 2z dt

2E Af=f(t)-f,=
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HO @834 o J _
N Total Jitter T) r

“ No v ' Random Jitter R)) i
) g ' Deterministic Jitter Dj)
o) W
A No b Periodic Jitter P} )

No A Data-Dependent Jitter(DDJ) T
Y v a Inter-Symbol Interference (ISI)
U : Duty Cycle Distortion (DCD)

-l

Separate Jitter into DataUncorrelated

constituent components

Data-Correlated

Random
Jitter (RJ)

Sub Rate Ji Uncorrelated
(SRJ) PJ
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ATIE vs.time

A FM
A EMI SSC

TIE Trend
TIE
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T Wi Mz 3N"HO + w ATHOGWY i 3~ i1 AQwM 3

K HO

FT AT germ 3Mge M
Ar mdiz N Ay pop @z N | M Wy Wy
Awd £ Q3 WAG ©®H ~ 1 xkafi1 "HO

11/23/2018
Page 34

Ho 7 g-= Q

KEYSIGHT

TECHNOLOGIES



Oy "HO TJ
I { M L~ a M 5989-3206EN

Ahttp://literature.cdn.keysight.com/litweb/pdf/5989-3206 EN.pdf

A Hael H @ T H £ PDF H

(o y
A B R AVA
Deterministic

pdf: Ti = DI ® Rj
Jitter (DJ)

./

Random
~ N - Jitter (RJ)
\ /
\ /
-—/ \ /
b -
- -"'.__ .,-4-"-- +
o | S o
* L I | + .‘
H M time (ps or LI}
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1 (Bathtuby 4

ABathtub T No
i [ R
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D
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"M 17 Oy "HO TI(BERY \

ForaBER=1012- J RI=1435é7 for ea zu(m«:) BES.I;:veI
40 (=20) 2.28 X102
Then ‘JPPRJ 1n3%S or =n X ‘]rmsRJ 6o (+30) 1.35 X107
i 80 (+40) 0.32 x10*
The Total Jitter (TJ), Jpp, for a 101> BER :2(::: it
with Deterministic Jitter is then: e B X0
160(280) | 06210
__180(280) |  1.13x10%
200 (x100) 0.77 x10-8
TJ _ A3 1RJ DJ S
J"Y =n ‘]rms + ‘]PP BERLevel | Scaling factors
12107 | 618
— DJ 1x104 7.438
— 143 s + \]PP X105 B.53
1x10% 0507
%107 10,399
This assumes that the Gaussian RJ PDF 110 11.224
e A 110r® 11.906
cappendso to the D (o = um
. 1x10-" 13.412
, i i WIe | 14.069
é t hleual Dirac Assumption —— e
1x10-" 15.301
1x10-1 16444
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EZJIT

I 1 YHh H”

v A, @& T

Too Too Too T o oo Too To T Jo To To T T o To To T I

Single-Source

Period

Frequency
Positive/Negative pulse width
Duty cycle

Rise/Fall time
Dual-source

Setup/Hold time

Phase

Clock

Time-interval error (TIE)
Cycle-to-cycle jitter
N-cycle jitter
Cycle-cycle positive/negative pulse
width

Cycle-cycle duty cycle
Data

Time-interval error (TIE)
Data rate

Unit Interval

KEYSIGHT
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EZJIT+

;AT

NAn, @ T

A RJ/DJ Separation Components

A
A

A

Random jitter (RJ)
Deterministic jitter (DJ)
A Data-dependent jitter
T Inter-symbol interference (1SI)
T Duty cycle distortion (DCD)
A Periodic jitter
Total jitter at user-selectable bit
error rate

A Display Views

To Do To Do Do I Do Do

RJ/PJ histogram
TJ histogram
DDJ histogram

Composite histogram (TJ, DDJ,
RJ/PJ)

Jitter spectrum (zoomable)
DDJ vs. bit (for repeating patterns)

Bathtub curve (eye-opening vs.
BER)
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EZJI
g "Ho ¢

ATHY AT wiv Qd ¢
AhHI ~vQ®& n "~ Ags3

A Infinilum™ L+

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help b L h
Offline A 0oV Signal
Waveform Area 1
J
)
] Histogram oo ,
|TstegEM o EZT v s nob

Agl ~ 1 R L3N,
Trend Ay 9 GFE H & SSCC
z O

L

—L Spectrum

=EIN |E:)!ua/\[seaw awn) |

103 MHz 137 MHz 1 MHz 275 MHz MHz 344 MHz
5| start | | stop| | cF| | Span |
| Results  (Measure All Data)

Measurement Current -2.54433200 ps

@ Data TIE(m1) -28.71 ps X2 -544.332400 ns
Frequency(mt) 96424108 kHz 199999960 s

El
@
=

C]

¥ Scale 14 hits/
Y Offset 0 hits Trend on TIE to break out SSC
X Scale 20.000 ps/ ® S5C

we.bols|H|

50000010 kHz XPosiion 6895 Jitter Spectrum: SSC Fundamental
00 hits HistMean  2fs

SjuBWBINSesp
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EZJIT Plus T
1"HO®

ATHYM- Q63 - QoéeyYZ 3E "HO'
A Spectral> TailFitb ¥V | 1 b XM "Ho B8

ARl @ g~ 1 F N'HO'
A Composite jitter histogram
Alitter BER bathtub

il P K 3 U

ile Control Setup Display Trigger Meas Math Analyze Utilities Demos Help

ATJ histogram P
ARJ/PJ threshold e

APJ threshold T
ADDJ vs. bit [

AISI filter ml‘ lul 1 uhl )l

ATail fit versus spectral bathtub
ARJ/PJ spectrum
ADDJ histogram
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EZJIT PlusT &8 41 J

o

Ay w 1
A EZJITPlus T p Periodice © Q& 3 { ¥WAT wr HY22 y
A 228 Yol Q0 31 @3 v Q6 3 z Z At Arbitrary
eyY 3 V{WA
A Arbitrary4 81 ISIr1 g
A wiSle Lv | "YAM:E %1 Te ¥lLeading)l @3 e o &
(Lagging)R » NA %= £ 1 @ISIh 12 N\ p %=1 |  ©SI
A v &zt "YE 5989-4974EN
€ http://literature.cdn.keysight.com/litweb/pdf/5989-4974EN.pdf(

A RJ Bandwidth 1
A" RIPIHI M: RJPJ i 3¢ O hA|

A v azr "YE 5989-5056EN
€ http://literature.cdn.keysight.com/litweb/pdf/5989-5056 EN.pdf(
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http://literature.cdn.keysight.com/litweb/pdf/5989-4974EN.pdf
http://literature.cdn.keysight.com/litweb/pdf/5989-4974EN.pdf

A héo hwQQ " rEH
Pounded bIn! @i v QoI O @
Deterministic [ v Q&b
| A-Qeée” "2 1 H vQ
& s Q@
Correlated with ONIOIEIEICOM A b ép4  wi AnBEHO

Ho® @ oepib Mp
T Kt T z2* @NHo
CORj 2O GG

Data (DDJ) with Data (BUJ)

Xialk

Non Linear Xtalk

AL

Reflections

CR
Events

Non flat Freq
Response

Agagressor
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M M7z BTHO (1/2)

mhi AA ’6€J"HU| Ho® @ eprbMp Mw
[ 2%  BENHO®  mj @ B84 G &

, “_W " Hom 3 4o @M
| .lISI i, @ o . WHREeISIZ &

'umqp_mjyﬂ XNTK TIEQOAE &

Y 9 PJ> RJ
T, 7

— 1+ ®p
v Q&6

likely to contain PJ

S W\\
L ___l___l . PJthreshold

time error

03 freq
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N M7z GBITHO (2/2)
gb ' epwi 0

/ AKXt @Yte ©A|° " Q0 w6 HOI
Aggressor /.. HPJRJ%E ~ h. X T+ Wi HO G

i N~ A g g
Av % miedadmi » Q@) KW'H
V& @6 phM RJ v K

Vietim

Victim Out

likely to contain PJ

U
A
U

7 IV N AT A Tailfit” \ . RJ j\
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7 Tailfit | © ~ RJI/DI
oFepwmnt OO @  weé Ho Jd

A A A AN A 10 AT W VA0 Oy
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EZJTHO by ¢ ° ¢ 1

Ho®i n = Ag 1"HO " x
@3z h Hd RJ/PJ/DDJ/DCD/ISI/ABUJ
N
EZIJIT \
N N
EZJIT Plus \ Q7
N N N
EZJIT Complete T . Q7
@ v L
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EZJIT Completet
Q Infiniium Lw j wy [ 7 29
h H” Lv§yqoHQEHO3 3¢

um : Monday, January 015 12:44:43 AM
KEYSIGHT
TECHNOLOGIES

Q<

Offline
Waveform Area 1
2 |@[womv/ [25.2mv |@ 0|
3 == REa-TMEEy e

491660 UL
1 Wfms

|| 2.00 UI

Jltter,"Ncnse
( - - — —_— T e, T e,
‘Source | Memory 1 (Y]] Type| RN PI Tailfit Histogram [ ¥ | Graphs (10 [ ¥ | A | Tub Scale|BER [ ¥ Hist Scale|Linear [ ¥ | 1 ‘

RN,PI Spectrum RM,BUI Tail Fit Histogram (BUI) ISI Histogram (BUI) RN,PI Histogram (BUI) Noise Spectral versus Tail Fit (BER-S

ISI versus Bit Moise BER Bathtub (BER-Scale) Composite Interference PI Threshold (Periodic) (Zeros)

Ll | '* bl il |

|z| Results (Measure All Data)
X1 -2.550000 ns
X2 2550000 ns
AX 5.100000 ns
L/AX 1960784 MHz

TI Histogram (BUI)

461.92 mV RNrms wide Zeros 2,81 mV Count Zeros 245829 k

1-56 Source Memory 1 Eye Height(1E-12)
245,828 k

57 -112 R} Method Tail Fit TI{1E-12) Zeros 73.80 mV RMrms wide Ones 247 m\V Count Ones

113- 235 Data Rate 1999979 Gb/s | TI{1E-12) Ones 67.04 m\V/ Didd Zeros 34.24 mV Flrms Zeros 870 pV
Didd Ones 3233 mV Flrms Ones LET

3pEJnIojo])

226 - 450 Pattern Length 64 29
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PLLY K M™Ho 4

“ D P JTF

Output jitter

Input jitter

T -

More jitter passed onto clock

< \

\

Close to a pure clock

KEYSIGHT
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T\

Jitter Frequency

THU ,

&

g,:s
<‘g~
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bled...

120.0 psidiv
1158 pM

22,1716 ns

Time base

Position

27.714500 bit

Reference

Time base
windowing...

KEYSIGHT

TECHNOLOGIES

Time base
Units
bit period

Bit rate

GE Ethernet

Position
27.9589000 bit

Reference

X Time base
22,3912 ns windowing. ..

S0KHz BW

3 Mb } No

‘0| 11/23/2018
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H O#y BiIJTHOJTF

\'

. e
Sampler | ___ >, OR A %
(Receiver) —l————

T of [k ol b
Voltage Controlled L Recovered Clock IS ~ “ -

Oscillator (VCO)

VAV AV /

Clock Recovery PLL Response

(@
¢
Q¥

——Data Input Phase Detector

PLLAJi tter Tr ans {JER) FunctJi“ebTW”éfe;nFé’"C“O“(JTF) fiOobserved Jitter Tr 4d
A‘ é; V3N AY 9 BTHO O N e , Observed Jitter Transfer Function (OJTF) A ei o1(C Lv)yAa | @Hozn

OeH i (.) AQQlam "Ho& e 1 oYl
AH - LH,@(LPF) L ™\ ?‘ N - Lu. 6 (HPF)

o
©

X

/

Jitter Multiplier
o
(2]

JTF=Closed loop gain

fo A9 o OJTF=1- JTF

out S 0.2 .
=—=—"_=G(s) =|G(g)e " =1- =1- ()
PRETYTE R 0 N\ G(s) =1- [G(s)e

1.0E+3 10.0E+3 100.0E+3 1.0E+6 10.0E+6 100.0E+6
Frequency (Hz)

BEWARE of Clock Recovery

(PLL) Definitions!

U Standards (and scopes)
describe PLL requirements
differently.

KEYSIGHT

TECHNOLOGIES

Keysight 86100D Sampling Scope
U HW CR loop BW setting configures JTF
U JTF Example: Ethernet, SONET/SDH

:;_:-;" Keysight Infiniium Real-time Scope
n U CR loop BW setting configures OJTF
U OJTF : SATA/SAS

!>
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PLL A “ PLL n '
A
A P a
A Yt H bi ~ 7 a E
AGb/sy U ‘ /11667
4~10Gb/s ‘ /2500
A1 Gb Fiber Channel: <= 637 KHz
A1 Gb Ethernet: <= 750 KHz
A10 Gb En 3.125 x 4 lane: <=1.85 MHz
A10 Gb Ethernet <= 4 MHz
b b PLL
v ~ v ap
a W b H W b
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Clock Recovery

Clock recovery applies to protocol decode, real time eye, serial
sis, RJ/Dj, and TIE jitter measurements.

- Clock Recovery Applies To
© All waveforms
@ Individual Waveforms

Preset

|_ Custom

Clock Recovery Method
| Constant Frequency

Constant Frequency

First Order PLL

Second Order PLL @ Semi-Automatic
Explicit Clock . Manual

Explicit First Order PLL

Explicit Second Order PLL nominal data rate will be
Equalized First Order PLL i-Automnatic is selected, the

Equalized Second Order PLL '"EFI based upon the given da_ta
ominal data rate you provide is
Fibre Channel

FlexRay rred. Use Semi-Automatic when
MIPL M-PHY PWM y jitter exist.

© Fully Automatic

Advanced...

| piiegiigiin L4

‘0BJ

L=

KEYSIGHT

TECHNOLOGIES

A

i | YHSDA 1 'HY b 5 8fH O

Clock Recovery

Clock recovery apphes to protocol decode, real time eye, serial
data analysi jitter measurements.

- Clock Recovery Applies To
© All waveforms
@ Individual Waveforms

Preset
| Custom

Clock Recovery Method :
|Second Order PLL (] =

Nominal Data Rate
— ———
|2.500000000 Gb/s| ¥ | A
PLL Specification -
70 OJTF

Loop Bandwidth

(1.500 MHz ¥ | A 1.500 MHz

| .oop Bandwidth Divisor

=

OO escork

1»>amping Factor

oo TR (.00

@ Transition Density Dependent

l Advanced...

11/23/2018
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6 gl 1

n Infiniium L+ v5.08 @i v TA®E

Ap ~ L+ Analyzer b "OQuick Eye Diagram--> Z & 1 o! 0
I~ 3 NG g,

A kYl 1 T GoldenPLL =~ y©&iH O¢ AA b® 1
' R%9 " i NwH O¢

s Demos Help /18 2 le Control Setup Display Trigger Measure Math Analyze U s Demos Help

®ssomv/jjoov @O

Histoy:
Mask Test...
Automated Test Apps
Analysis Diagram...
Measurement Analysis (EZIIT)...
"7l Jitter/Noise (EZJIT Complete)... | ! ‘ Il |
RTEye/Clock Recovery {SDA)... ' e | \ poedfertidf ; Rl [ ‘ | sosmy
Equalization... Vg <y - \\J { \ \/ . -182 mv
CrossTalk.
Launch VSA...

Seal P31 | SEIW amu_

-200ns -150ns -100ns -5.00 ns.

Rea\ Time Eye
125.644 kUl

-85.0 mV

©|s5.00ns Jo00s

) Results_(Measure All Edges)

-255 mV

-340 mV
-500 ns -4.00 ns -3.00ns -200 ns -1.00 ns 05 .00 ns 2,00 ns 3.00 ns .00 ns 500ns  1-3

@ 100ns/ Joos @5 0
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£ 1Ix k ODSDA T
Ak o~ Lw N d 3N n~ad 24 16~ Ln
Ae” T 1 N Hinfiniumd® ~ L+ GiAnalyze b

A ORTEye/l Cl ock RecovearypNBDN) ®

File Control Setup Display Trigger Measure Math |Ana|\_.'ze'| Utilities Demos Help
Histogram...
Mask Test...

Automated Test Apps »

Measurement Analysis (EZJIT})... 400 m

Jitter Maizs fETaTE oo conlara)

| RTEye/Clock Recovery (SDA)...
‘ Equalization... ] 300 mv

SEIW |21 | SEIW Wil | 6

o s g"\l,;-mmm'l«imt:-»,_M,‘us'umw=.¢er~-¢»‘*i-w.v'a-.'ﬂ‘nhﬁwmw'~ﬂvﬁw&qu:-ﬂrlmﬂuxmeﬁhnﬁmgmmwﬂmm ] "-vyu.',_mph,;.gm

200 mV

100 mv

-100 mv

-200 mV

S A0 4 s R M e i 'a"in:'hlrMmLW&uiM;ﬁ#4:J.;;JM%

-300 mV

-400 mV
-250ps  -200ps 4150 ps -10.0 ps -5.00 ps 200 ps 250 ps 1
ops/ ||0.0s | @ T O
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Aw A BSDA'HY Mj a - D" G g Q Qw\ D @i

g~ e

Ap a. ©iSerial DataAnalysisM t A1 Ot i ©@Setup Wb maiiQ®é
( b MTY

A, X AAGM t 1 ob MM t 1 b MNAMT A ¢ & H& wroE J

A "Oi AGiNextY 1 i AR

Serial Data Analysis

(| Setup Wizard... ; \' i

Waveform | Real-Time Eye | _Thresi.:'d Clock Recovery |TIE Measl'

Channel 1 [} [Setup...

110, 50, 90% or 7 2n. Base\ ‘ Constant Frequency | [ Add |

Serial Data Wizard s

Display Recovered Clock
Bon Vertical
Source O Automatic @ Manual

Channel 1) Sc

This Wizard will help you to quickly perform serial data analysis on your

Infiniium Oscilloscope by walking you through all of the necessary steps.
Clock Recovery
If you wish to perform mask testing, cancel this wizard and select Analyze,

Mask Test from the main menu. Loading a mask will perform all of the
Tlme Interval setup required.

Thresholds

Any selections or changes you make in the wizard will be undone if you
press the Cancel button at the bottom of a page.

To begin setting up serial data analysis, click the Next button.

Acquisition

KEYSIGHT

TECHNOLOGIES




OH OG¢A| 11" AGEANNYOY A1 viw:
RYA|GK A S B Ohé&e i Af Gk
Al @Mz N [ AP | B Oh% xa~ G 7~ Lw o

r -
Serial Data Wizard

Constant Frequency

Select the data signal to analyze.
Sl e e H~ Constant Frequency
Clock Recovery ‘ Channel 1 ‘li . . q
Thresholds Select the clock recovery method. If you are unsuragabict First Order PLL
Time Interval method to use, select Constant Frequency. Second Order PLL
Measurement ‘ Constant Frequency V]| .
Real-Time Eye . Explicit Clock
Display Clock Autoscale vertical will optimize the vertical scale fo
—' ] . _
Acquisition  Autoscale Vertical | Explicit First Order PLL
Explicit Second Order PLL
Equalized First Order PLL
Equalized Second Order PLL
Fibre Channel
FlexRay
MIPI M-PHY PWM
KEYSIGHT Ho  g= 0| 11/23/2018

TECHNOLOGIES E Ctg” Page 60



4 H O¢ v'Q

A—0Q { Hev "Hi Weaz AP HoU v 3 A
AW AAx3N ' W HhAA
A PLLAAx 3N ' PLLYV VKA& ' /V VK9%
K PLLAAx 3N ' PLLY VK O+ D

~

Serial Data Wizard ?

’ If Fully Automatic is selected, the nominal data rate will automaticaly be
Clock Recovery determined. If Semi-Automatic is selected the nominal data rate will be
determined based upon the given data rate. If Manual is selected, the

} Thresholds nominal data rate you provide is used.
Time Interval

Fully automatic is generally preferred. Use Semi-Automatic whe| Serial Data Wizard

Measirement uantities of high frequency jitter exist.

Real-Time Eye qo ; Y Y gl i Enter the nominal data rate of your signal.
Fully Automatic P ———————

Display Clock y_ ‘ T (2.500000000 Gb/s | ¥ | A

Acquisition @ Semi-Automatic Thresholds

. M | Enter the loop bandwidth for the PLL clock emulation. This is
antia Time Interval below which the clock is expected to track. This is typically th
Heasurement divided by 1667.

Real-Time Eye ‘1 500 M ‘ Y A
Display Clock

idth Divi Threshold:
Acquisition LW —— = Enter the loop bandwidth for the PLL clock emulation. This is the frequency,
|1.66700 k AN Time Interval below which the clock is expected to track. This is typically the data rate
- Hessurement divided by 1667.

Real-Time Eye 1.500 MHz |

Acquisition Enter the damping factor for the second order PLL
1.00

Serial Data Wizard

Enter the nominal data rate of your signal.
Clock Recovery 2.500000000 Gb/s | Y A

——
Y | A

Y X)

[ Concel B < Back [ noxi> I Finsh |
PLL b PLL

€l
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A J 3 N Threshold

Thresholds'Y

W  “O50%@EiVp-pt | @ e~ Auto Set
Ts O J

A h Hysteresiss, « ! " n122 3¢ Mt A G 33Ny
T GBI Q6

-1 @ T

Serial Data Wizard

Set the receiver switching threshold or the level that the clock switches.
Adding hysteresis will prevent false edges due to noise.
Clock Recovery
Thresholds Snlice —_—
| : ‘ Channel 1 \ 4
il Time Interval .
Measurement ——————————————
_ |Auto set thresholds|
Real-Time Eye R L —
Display Clock Threshold
e T T C——
Acquisition 0.0V LY | A Snap to 0
| Hysteresis
e s g 1
|+/-25.8397 mV Y | A
KEYSIGHT Ho  g= 0| 11/23/2018
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e UlIC

r , - ,
Serial Data Wizard
Turn on a Time Interval Error
Clock Recovery measurement relative to the
A recovered clock (Data TIE)
Time Interval -Units
M
easurement © second
Real-Time Eye
- @ unit Interval
Display Clock
Acquisition
KEYSIGHT Ho  g>
TECHNOLOGIES E Crg T
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A
Al
Arp

X

uob \H -, g: ‘i’ ~
Q: Q Y
NextY |

Fast, Worse
N

JhH g

Case Only

g AY 9 = 0BIf

Serial Data Wizard

Clock Recovery
Thresholds

Time Interval
Measurement

Real-Time Eye
Display Clock

Acquisition . .
Turn on real-time eye display

. Fast, Worst Case Only

KEYSIGHT

TECHNOLOGIES

The real-time eye display creates an eye diagram by overlaying each
interval of the data waveform according to the recovered clock. The u
of the display will be relatively slow as each interval is plotted.

Nv °
ABoth ~ BitB

A De-emphasis

—l

Serial Di

A Pattern Quallty

Select which bits to include
O Al

@ De-emphasis

. Transition

@ Pattern Qualify

Clock Recovery
Thresholds

Time Interval
Measurement

Real-Time Eye
Display Clock
Acquisition
Bit Position
-6 =5 4 =3
Y ¥
| X X ) 4
[ I B

Displayed Bit

[X
L

—_—
X
=
d

Qualify the real-time eye display with the following pattern

1
—_—
X
[

g, ‘0| 11/23/2018
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-
Serial Data Wizard e
The recovered clock can be displayed along with the data channel. This
gives an indication that the clock recovery is working as expected.
Clock Recove .
4 B Display recovered clock
Thresholds
Time Interval
Measurement
Real-Time Eye
Display Clock
Acquisition
KEYSIGHT Ho  g= 0| 11/23/2018
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Serial Data Wizard (1)

Based upon the specified loop bandwidth, it will take 3.33 ps for the clock
to lock to the data. It is recommended that you fix the sample rate to 20.0

Clock Recovery GSa/s and set the memory depth to 100 kpoints.

Fhresholds Memory Depth

Time Interval A— —

,V,'gesu?efnrg’ﬁt 1100.000 kpts \ Y | A Fast Update

Real-Time Eye Sample Rate

Sl B 20.0 GSa/s 'Y A
Acquisition — b
KEYSIGHT o ‘- o| 11232018
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-
Serial Data Wizard

Congratulations! You have set up Infiniium to analyze serial data. Click the
Finish button to apply your settings.
Clock Recovery
Thresholds
Time Interval
Measurement
Real-Time Eye
Display Clock
Acquisition
KEYSIGHT g 11/23/2018
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eg.6mv/ [1mv @O

69.8 mV
1.0mv

-67.8 mV

-137 mv

-205 mv

4.30613 MUI
1034 Wfms

320 ps

\ |2.00 ns/ | |0
"% | Results (Measure All Edges)
1-178 B 2853-5705
179 - 356 - 5706 - 11410
357-713
714- 1426
1427 - 2852 -67.8 mv

[2.00 ur_|[0.0 UL

‘0| 11/23/2018
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e 1% " gv Q!

Ae’ Measure pi Add Measunéhmdntdem 1
Apd "~ 1A OEyet L &, " g w@E ovQl 1y
“ K "HO WM

A aA il L e ApplyY o! |1

Math Analyze Utilities Demos Help

276 mv
M 207

139 mv

69.8 mV

‘ ‘ ‘ ‘ “ &

‘ ‘ .

-. J"m ‘ ... d|

ra

Add Measurement

- Measurement - Description
Mixed Eye height H I ‘

Spectral Eye width
Eye Eye jitter I | 2

R I || Crossing 9%
Histogram g ‘

H [
=|| Q factor

- Setup

Ly
PAM Duty cycle distortion " "
Fueo

-5.00 ns
Source View

eal-Time Eye %
11.9105 MUL

s 9
o Channel 1 |Co|0r Grade | Y || 2860 Wims

~ Eye Pattern Definition
Eye Width Algorithm

© Use Measured Data @ Extrapolate Using Standard Deviation

. Thresholds... 0.0V +/-24.7957 mV
Limit Test... ]

i 38875 ps 38875 ps 38875 ps 38875 ps
= ™ Cu= Height(l) 4155 mV 41766 mV 4155 mV 4193 mV

11/23/2018
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Ap Analyze bpi ‘OMa s k
AHYAMW—a T L
AHY Jw—1l @y Br 1

|Anal‘,r2e|Ut|'I'|t|'es Demos Help

Histoorzm...

Automated |est Apps

Measurement Analysis (EZIIT)...
Jitter/Noise (EZJIT Complete)...
RTEye/Clock Recovery (SDA)...
Equalization...

KEYSIGHT

TECHNOLOGIES

raN

Tie's@ £6A w—1

Mask Test

| @ Enable

- Mask Selection
d a mask from a file

itomask to create a

No Mask Loaded
Channel 1

- Run Until
Forever
on Failure

n Multipurpose on

Mask Test C

B Inhvert Mask

Real-Time Eye
‘

11/23/2018
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Ap MaskTestM t A1 Vv t i ©iEnable
A Ti A®WlLoad M¥ské&ALoadMaskM 1

L

A OMYU T1s Va—aT11 O Q@ t h OA sxw—

~ Mask Selection ——— - Mask Test Options

Either load a mask from a file B invert Mask
or use Automask to create a

new one . Averaging

# of Averages

| Select Mask File

Look In: Masks

Type
File Folder
File Folder

- Run Until —— - Real-Time Eye Unfolding -

Individual bit errors may be
observed by unfolding a Real-

. Stop on Failure Time Eye

Forever My Documents

User Data

] Perform Multipurpose on Real-Time Eye

Failure ‘
; Unfold Real-Time Eye...

User Masks 1 >

A

\E | Cancel ‘

Set up Multipurpose...
Clock Recovery...

Files of Type: | Mask Files (*.msk)

‘0| 11/23/2018
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File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help 4£217
Mask Test Draw Mask Test

Enable

Real-Time Eye
66.868 kUI
Either load a mask from a file or . 1 Wfms
create a new one using Draw ' -
Mask or Automask.

No Mask Loaded

Channel 1 - 3

- Mask Selection

Load Mask...

13 Point Polygon
12 Point Polygon
11 Point Polygon
10 Point Polygon
- Run Until 9 Po!nt Polygon
— 8 Point Polygon
\Forever 'Y | || |7 Point Polygon
— 6 Point Polygon
B stop on Failure 5 Point Polygon

| 4 Point Pol
) ygon
" Perform Multipurpose on |3 Point Polygon

Failure — 7 , " —
6 Point Polygon }l[ Add Delete | | Delete All |

Automask ‘ S v g y 4 b
Draw Mask... 15 Point Polygon N 5 r
—— 14 Point Polygon T |

Set up Multipurpose...

Polygon 1 : Coordinates

H Produce a table of violations , ,
when stopped 1|-81.13ps |[162.1mV | 2(50.87ps  |162.1mV | 3 [50.87 ps

o= 4|-81.13ps |[98.44mVv | 5[-330.0ps |[163.2mV | 6[-330.0 ps
B 171-341 . -

KEYSIGHT § ’ Q 11/23/2018
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File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

2 90.0 mv/ ||

Real-Time Eye

4.22993 MUL
145 Wfms

<
%

20 ps
[2.00u1 [[0.0 UI
_-sj Results (Measure All Edges)
1-1646
1647 - 3263
32094 - 6587
6588 - 13175
13176 - 26351

i

-80 ps 160 ps
o

Mask Test 2G5
Total UL 427993 M
Failed UL 342
Total Waveforms 145
A Waveforms 127

Bl 26352 - 52703
Bl 52704 - 105407

FBINSEW

KEYSIGHT
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TECHNOLO

' ©hbov

Poly 1
Poly 2
Poly 3

-180 mVv
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Rpy~ LvwoQ ¢ Yo %l jTpyw— i1 i At~ po
K'Q olé s W— 08

Ax Analysis pi WK AMaskTestM t 1 e~ TL i [ @Unfold

Real Ti mé 1By eéAADEM 1

Ap AM t a1 e’ Positionto First Failuret ¢ M A¥W— 0%

>y

— )l

Mask Test
Enable — -
S— W T ]

- Mask Selection ————— - Mask Test Options - ~

Either load a mask from a file | B invert Mask W @ UI @

or use Automask to create a .

new one B Averaging

o 3

2G5 # of Averages
( — —_— - e
| Channel 1 Y I |16 [V | A
\

Unfold Real-Time £ye || ? | X

Load Mask... : Mask Scaling...
B

To position to the first failure, stop
| the acquisition when failures have |
occurred. You may use Stop on
Failure in the Mask Test dialog.

Run Until - Real-Time Eye Unfolding

|Number of failed UI: 2

Position to First Failure

l Use the Navigation buttons under
i the Waveforms to search for Mask
Failures '

Q| 11/23/2018
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— observed by unfolding a Real-
. Stop on Failure Time Eye

‘ Forever

] Perform Multipurpose on Real-Tim~ Eun
Failure

[ | Unfold Real-Time Eye... | D I
Set up Multipurpose... —

Clock kecovery...
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File Control Setup Displa

IUBA [ Sea awil

o
=
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o
v

-4.11708 us -4.11700 ps -4.11692 ps -4.11684 ps -4.11676 us

WTIEIE\EI 1 | of 2|Mask Failures o

411740 ps 411732 ps

© s0ps/ | [-4.1169976 s |
\_‘F_\ Results
Mask Test 2G5
Total UL 796396 M
Failed UI 486
Total Waveforms 273
Failed Waveforms

KEYSIGHT
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-4.11724 ps -4.11716 ps -4.11668 us

-360 mv

Yeiiool ps 1
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n Infiniium L+ v5.08 @i v TA®E
Ap ~ L+ Analyzer b "OQuick Jitter--> Z G 1Lo!' 6 |~ 3N
GBiIHOU = "THO ™  J°
A kYl 1 T GoldenPLL =~ y©&iH O¢ AA b® 1
' R%9 " i NwH O¢

lyze es Demos Help

®[ss.0mv/ ooV [@0]

Automated Test Apps

Analysis Diagram - | ‘ ‘ ‘ ﬂ ‘ ‘ ‘ ﬂ | M ” “

Measurement Analysis (EZIIT)... : sl . ‘ll‘ “ |‘ ‘| | “ |m ” H | ‘ Hl ‘ ‘ |‘ ‘ | ‘ ‘”M‘
7] Jitter/Noise (EZJIT Complete)... [l W i J —= § L.; | { | | ‘

RTEye/Clock Recovery (SDA)...

Equalization... -340 mv
C‘:ossTaIk... -25) -20. -150ns -10.0 ns -5.00 ns 0 .00 ns .0 ns 5.0ns 200 ns 250ns 13
Launch VSA.._

Composite Histogram R1,P] Threshold (Periodic)
SRR A
&WW

TJ Histogram DDJ Histogram RJ,P] Spectrum (Zoomable)

-255 mV

Source Channel 1- 3 DIsS 7310 ps DCD 160 ps Measurement  TIE (Phase)

-340 mV RI Method Spectral Transitions  12.160443 M ISlpp 2426 ps Data Rate 2.007808 Gb/s
500ns 400 ns 300 ns -200 s 100 ns 05 -00 s 200 ns 300 s 00 ns 500ns 13 Pattern Length 127 (2-1) Pirms 594 ps DDPWS 2293 ps Edge Direction  Both
°|1_00 ns/ [0.0s ‘ @ 0 | TIIE-12) 15503 ps PIES 5633 ps F/2 (Even/Odd) 200 fs

Rlrms narrow 5.82 s DDJon .84 os Clock Recoverv _ Second Order
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File Control Setup Display Trigger Measure Math
- P [ E—— Gallery...
a il Y |
— @ | — Quick Jitter
@ (sa6mv/ ooV Quick Eye Diagrams

ies Demos Help

ile Control Setup Display Trigger Measure Math Analyze Utilities Demos Help 5/18/2017

@ reriod
@ N-Unit Interval

Equalization...

CrossTalk...

Launch VSA...

Commeon Bp=r=

; - -84.6 mv
‘ @ periodic © Ar

JET

-84.6 mv Source

Channel 1 ¥

BER Level [-2
1E-12 (V) | ISIFilter Lag
5

-254 mv -254 mV

-338 mv
500ns  1-3|

-5.00 ns 00 ns -3.00 ns.

/@ 100ns/ o005

-338 mV
100 ns -500 ns 300 ns 100 ns ] 500ns  1-3

100ns/ [0.0s
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Ak o~ Lv N d 3N n~ad 24 16~ Ln
Ae” T | N 'Hinfiniiumd®~ ~ Lw @iAnalyze b
A OMeasurement AnalaysiAsANGEWZ I T) é

| Measuremen sis (EZIIT)...
Jittery Nuisc \Lessn wunniplele)...
RTEye/Clock Recovery (SDA)...
Equalization...

-10.0 ns -8.00 ns -6.00 ns -4.00 ns

; “°|2.00ns,v’ |[o.0s \@ T J:1|
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Ap a. ©®iMeasurement Analysis(EZJITIM t a1t Ot i  ©8iSetup
Wi zaod® * Jb MY
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—

Measurement Analysis (EZJIT)

| Setup Wizard... ; E D

- Select Measurement to Analyze

None &

‘ Add Measurement...

Measurement Analysis (EZJIT) Wizard (7]

This Wizard will help you to quickly set up a jitter measurement on your
Infiniium Oscilloscope by walking you through all of the necessary steps.
General Setup
Any selections or changes you make in the wizard will be undone if you

Messurement press the Cancel button at the bottom of a page.

Selection
Thresholds To begin setting up your jitter measurement, click the Next button.

Measurement
Histogram

e e PRy B R

=

Measurement

B Measure All Edges

To analyze measurements, the scope must measure all
edges in the waveform. This may impact performance.

pd

- Select Type of Analysis

B Trend B Spectrum

KEYSIGHT Ho < g= Q| 11/23/2018

TECHNOLOGIES E Crg - Page 80



£

To optimize the performance of the jitter measurements, several options

n , t | should_ be set up prior to making a measurement. _If you prefer not to have
. betup an option set for you, please uncheck the appropriate boxes below.

A Y nent Set maximum sample rate

A v W s__e Turn off averaging

A 7 /I hent Turn off voltage measurements to improve throughput

: ) ,4 ~ :ent Autoscale vertical will optimize the vertical scale for all active channels.
Autoscale Vertical

Jitter Spectrum |
Congratulations

KEYSIGHT
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Ar’ Select Measurement to Analysist & @i~ g, %t &€ AT 717 1
‘oA @l -

Ab A el X" wmg1 ! @e’ Add Measurement™Y | 1

Aa " @] v DataTIEL X ¢ meet THoE !
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