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I BT R GRS AR IE- =05 (Bit Error)

TR 6 AR :

142 5 KA 69 nf% 22 AR F B 18] R L (K-F 77 &)

2T A (FHLT W)

if4i(Clock) /
IR

_  V

E;EEBT_H‘EUSetup time: )

(R

Hold time
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Example System Issues

Circuit Board
Dispersion

Fiber Dispersion
PMD

Edge Movement:
Frame slips
Frame overhead
repetition
Pattern
Sensitivity
External
interference
Crosstalk

Low signal
level

Other random
effects

5 June 5, 2012 Tektronix Confidential Tektronix-
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{57 58 Bk

W se M (Waveform integrity)
5} 2 #4%: (Timing integrity)
HLYE 52 (Power integrity)

f35 5 SRR ST BT A ) A0 PR BN A, SR IR 72 R B0 T 7
Wbk, PR BRI ER

Driver Strength?

|
|]]]H]JJ]]J| _ m m

Fower /* v T
5upp|y?§<‘  cs )
prm——

6 2014/5/28
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ARGt BT RESEE T e BIER IR

cies in the hundreds of megahertz and above, every
Important:

= Clock distribution

= Signal path design
= Stubs
= Noise margin

* Impedances and loading

= Transmission line effects

= Signal path return currents

= Termination
= Decoupling

= Power distribution

7 August 2008 Tektronix:
/



W 58 B Waveform integrity

8

Hi P (monotonic)
it Covershoot, undershoot)
PR (ringing)

]

iy
|

Yoltage [V]
[
|IIII|IIII‘IIII|IIII|

]

wWaE

i
=

||||| T
>

OWVERSHOOT

URDERSHOOT

S (Megative Overshoot

Woh
I Huoize Margin High

-__;.'.;]i]______________-
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g FEE R v 1 AR AL

Amplitude Problems:
* Ringing

= Droop

* Runt pulses

Edge Aberrations:

= Board layout
ISsues

= Improper
termination

= Circuit problems

9 August 2008 Tektronix:
/



B CARERIA D Al 58

Reflections:
= Board layout issues
= Improper termination | il

Ground Bounce:

= Excessive current
draw

= Resistance in power
supply and ground
return paths

- vvw&f‘mh M*M‘mN&’-}-Mﬂ’?ﬂﬂ"‘r:‘_

10 August 2008 Tektronix:
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4) RS BHETA VLD
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I i B 137 vk — — 0 S i 2

= R v B R i H 2R A -V 2 A ARG Bl A AR R 2, IRt — N
ARSI | S S U R VA S P

= HipE, XRHRETREAISE, KOYIXAZRAEMGIN O 1T 08 N
ARG AR S 8] SRR 228 B RE IR M 52 1 2 o i M B HY FEL DT, i AR Ak
B2 b 2% HPTAE S R BH YT 1A 1) RAFULEC . X 2R 5 A A% fet i) A el o )
Z. BRI DI RN FRE I e = 55

of dwe  on PCB

o
Q 4 Lo Steady state voltages Vs

{
!

Source (hafTer ) impodance
meatehed to e impedance

| l '(- Ll Ly A4y
SRy SR A
'I N I 1 P 1} By 7 4
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= EE R SRR A -V 2 A R DL, LA T IR 2 U BE BT
IR FR o # B 2 L FELRE, DRIt 38 005 5 Pl BEL ] DA 5 i 22 P ARG, RO HRLFH
%g%i%ﬁﬁ\ FIBHDT . IX M5 R A mgl A FELFELI N 1 AR ) leAS 5 H. 7 A XX
A H

on die  on PUB
@'A = g -

V.
Steady state voltuge= Vs

A lo
‘#" T

Source impedance + R
mtalched o line inpodaiice
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I i R S 43 5 ¥R — — iy R BEL 47 B ) 0 e i 4

= ATLUE R RE S RRE, Sk B O B R R T R 1 e b as BH ST SRR R
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BELAR A7 8 FL BH 2 TR] 0 R OR B g, X 51 S B 5 R 2 s L 2R

on et on L Steady state voltage = Vs

| —— ——
3 S
R'l,,ﬁ

%

Load impedance malched
to line imped @moe

B b (0] A8 A0S daly 40 S0 GAg i
aiy FRLBH 7 #8 110) 7 23 2% 3%
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I f FITDR ) 572 W A% 2 ) P PT DG BE 1) et

TDR
(80E04)
7 =3 +4 + Rcv

Voltage

Sampling Scope display of two TDR waveforms

Time —»

» Two TDR sampling channels allow the differential impedance between the DATA+ and DATA-

serial paths to be measured.
AR Tektron/ix
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Logical 1 & O can be hard to
distinguish at end of long
interconnects; (this is often
called a “closed eye”)

Clean, open, logical 1 & 0 at
launch from transmitter

Fast, sharp, edges at
transmitter launch

Smeared edges at end of
long interconnect.

Reference Maxim Note HFDN-27.0 (Rev. 0, 09/03)
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BRI A5G- SE B Z2 451

5

Small differences in levels being measured
23 2014/5/28
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——2.42 Inch Pair
5 Inch Pair
6.75 Inch Pair
9 Inch Pair
—— 12 Inch Pair
—— 17 Inch Pair
—— 24 Inch Pair
—— 31 Inch Pair

~———40 Inch Pair

5000

10000 15000

20000

25000

June 5, 2012
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W ARFES1L

25

PN B Ll I |

0.00
-10.00 —
| Curve Info
| — dB20(SDD11_tdr)
Import3 : VNA
— dB(5t{Port1 Port1))
2000 — Import? : RL |
. Name X Y
- m1 | 52600|-11.6578
- m2 | 52600 -14.2956
;-3[].00 — m3 | 4.4000|-14.9693
4 mé4 | 4.4000|-12.6617
-40.00 —
-50.00 —
000 —————— lljll ] g.
0.00 250 5.00 7.50 10.00 1250 15.00 1750 20.00
Freq[GHz]
June 5, 2012 Tektronix Confidential
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Digital Square Wave — Odd Fourier Sums

1
A = Fundamental (15t Harmonic)

3’4 Harmonic

5th Harmonic
Fourier Sguare Wave (1st-5thH)

1 NS

0 50 100

Tektron/ix



I 2R CiF3E) XA FTE RS 5 B S5

1.25 Gbps

Noise/jitter closes-down the available headroom in the eye opening

Measured eye diagrams from a 40” PCI-Compliance ISI Trace, PRBS-7 Pattefn

ﬁktron/ix-
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3T 32 i S = AT TIOIN BEORAMEAE 5 HO T

2-Tap —6dB Pre-emphasis

e |

4 »/- 4

X L Applied to D
PRBS Data
” 1
I I I I I |
i Causes a
Multi-level
Eye Diagram
l IJ
k2-

N
Measurement of Eye Mask

Testing On BERTScope

This complicates Tx mask testing
- 2 masks are needed

.

Tektron/ix
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= AR 1 21 O HR &

\

p
No Pre-Emphasis
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Neasurement of Eye Diagrams on BERTScope
Cl Compliance ISI Board, 5Gbps PRBS-7 Data
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BRI ) 24T (Equaalization) i M2 5 1% 1 7

- DFE,FFE,CTLE...
- FEUSB3.0,PCIE 3.0,SAS,10G&trEH 2 R ¥4

f f [ [ [ [ T . T [ [ [ \
1. 4« Received Data
R T T AN
-bi 4.
| 4 Iblt Avelrage | | | | | Improved
5T ' | \“Delay and Invert” ' ' —Margin
| \ ,,
- l. Ll
’ T
I | | | | I | | \ ll(: i
T T l/,ﬂ_ﬁl T P 1 T T T )' '\‘.
3] n /7 |[Add Red + Bluc YA '
A ANAAS I A /A AN A WY N [ —
VRV (A A AR VAL
‘3}_}/ \J TR h Vo j N\ \'g\ i Y Level
\_ |\J 1 | |\ &:::IJI | | “f:} 1 \?‘d) | i |Q:) y

40” PCI Compliance ISI Board, 5Gbps PRBS-7 Data
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Channel Characteristics

(S-parameters)
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http://pdfserv.maxim-ic.com/en/an/4hfdn27.pdf

USB 3.0 =2, 2wy e B X b

= Tektronix USB Solutions ships with the USB Specification defined CTLE Function

=  Customizing CTLE functions and creating filters for use with Tektronix’ USB Solution is easily
achieved with SDLA (Serial Data Link Analysis Software)

Source CTLE
MATHS Adc 0.667
fz (GHz) |0.65

Rate (Gbis) — N fp1 (GHz) |1.95
(=)

fp2 (GHz) |0

Tl . e —— AW

Far End Eye | - After CTLE
S

Tektron/ix-
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= {XPCBHAEERTE, FA1 R GERL 2 A& 42k

HIRgk Cstripline) A2k (microstrip) . MRk 2 =W
5 S RAEWAPIZE 28], i1t FEREmIFHIfE
S, BN [
SRR AR T R ' |
= MEMIUEMCHEE . AR T 1o 28 ! |
1 ;1—-'1.'!“*"
0 R h
|
u !
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5} 58 224 Timing integrity

= FENRFEFE (setup/hold time) b, ‘;
= BfFFEED (timing jitter) Al

I
A MK A T
|
‘ "
................... O S
e e 349 6
et b % 2 S LA AR TS —
PR (0] —

v e
At ST
24l
PN e e— v a—
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DATA OUTPUT
CLOCK
“I..‘
DATA : :
"..“:
OUTPUT
CLOCK —| _| . . .
Setup Hold
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VARl

DATA OUTPUT
CLOCK
DATA
OUTPUT
?
CLOCK —| | . . .
Setup Hold\
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%0 2 ﬂ  @ver @woi § ity (Frae ® @9 Searh v Gr oup Setup Haold

Ty o P
3 : | fddre=s=s |31'|_5
i Data |2n5
Control |2n5
DataSize |2n5
________________ Mizc |2n5
M D
———————————————— IFETCH |2ns
L&1:
Magiiur FFOMD
Setup/Hold Window
L&1:
Haric FF0) Clocl:
gns
Addre=ss
ans ln=

i1
=

ZIEBRAR X
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[ TLA - [Waveform 1] =15 x|
E# File Edit Wiew Data System Window Help 18] x|

ﬁ|n| % |E‘|| R‘9|?| Statusz |I|:|Ie -I j A
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tag_Sample
bag A2[E]

| Mag_A2(5]

| Mag_A2(4]

| Mag_A2(3]

| Mag_A2(2]

| Mag_A2(1]

il

| Mag_D2[E)

| Mag_D2[5)

| tag_D2[4]
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| Mag_D2(2)

|Mag_D2[‘I]

4

I—‘

|+
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P
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Deep memory capture
— Long records needed for low frequency
events (SSC, periodic jitter, low speed clocks)

— Frequency window related to time capture
— 1 SSCcycle (33kHz) => Need 30us time record

Eye Diagram Analysis
— Quick visual indicator of voltage and timing

performance
— Related to Bit Error Rate (BER)

Debugging Jitter
— Knowledge of jitter types and sources
aids in debug

— Common jitter sources
— Power supply coupling
— PLL (tracking or overshoot)
— Limited channel bandwidth and reflections (I1SI)
— Driver imbalance (Rise/fall time asymmetry)
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Jitter dominated signal impairment
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Noise dominated signal impairment
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Jitter & Noise signal impairment
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I Period, Cycle to Cycle, and TIE Jitter

Period Cyc-Cyc TIE L rrirrir
990ps Ops -10ps
990ps Ops -20ps | |_
990ps Ops -30ps
990ps Ops -40ps
1010ps 20ps -30ps
1010ps Ops -20ps
1010ps Ops -10ps
1010ps Ops -Ops
990ps -20ps -10ps
990ps Ops -20ps
10.3ps 9.4ps 12.0ps
L L L L L L

Tektron/ix-



I Definition:

TIE

TIE Jitter Measurement

0.990ns 2.000ns 2.980ns 4.000ns
»le P2 »le P3 »le P4 —
-0.010ns 0.000ns -0.020ns 0.000ns

Example: Ideal clock edge every 1

ns

TIE

= 9.6ps StdDv (-0.010/0.000/-0.020/0.000)

Definition: TIE Jitter is the measurement of a signal’s timing error relative
to a known or recovered clock

TIE is typically called simply “Jitter” in serial data...

Tektron/ix-



I TIERL B 73 2R

What about Tj/Rj/Dj?
— Tj = Total Jitter in a signal C=4&H}3))
— Rj = random jitter in a signal (FENLE}))
— Dj = deterministic jitter in a signal ([&EH #1358 & #hE HERs)
Periodic Jitter C(J&#AMEFE))
Data Dependent Jitter (IS1) (¥ AH>=:+150)
Duty Cycle Jitter (5%t REF5))

48 Tektron/ix-



NPBUJ: st ey 3572 S R M S ALA R

single differential

Serial data can be a
signal...

+ Rcv

...but generally there are multiple
“lanes” of serial data running side
by side; these can CROSSTALK
with each other.

7

+ Rcv >—
 A— ; ! . IN\Rcv >—

: Z8 tiat
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Fhahdl oy CRmS & L5 RS

Random Jitter Non Periodic Deterministic Jitt¥
(RY) ' Jitter (DY)
O

(NP-BUJ)
l

Bounded Uncorrelates Data-Dependen Duty Cycle

Jitter Jitter

Distortion
(DCD)

(BUJ) (DDJ)

Different soO use
different name here;

none have proper NP-BUJ ferodic

handeling G

50 Tektron/ix-
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Flahd oy CERET;

Random Jitter Deterministic Jitf¥

(RJ)

Bounded Uncorrelates Data-Dependen
Jitter Jitter

(BUJ) (DDJ)

NP-BUJ vs.
NP-BUJ PJ break-

resolved wit down in the

additiona Non Periodic balance Periodic
. Jitter Jitter
algorith (RL, etc.)
g (NP-BUJ) Ut BU (PJ)

stable

51

Duty Cycle
Distortion
(DCD)
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Random Jitter

= Jjtter of a random nature has
Gaussian distribution

= Histogram (estimate) < pdf
(mathematical model)

= Peak-to-Peak = ... unbounded!

1-sigmaor 7-sigma

RN
NIvVIo

Tektron/ix'



Deterministic Jitter

= Deterministic jitter has non-
Gaussian distribution and is

bounded.

L R LR )

T e e e e = e -

[ea] From g W [ IR [ B ) s

Peak-to-Peak

\ 4
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Periodic Jitter

= TIE vs. time is a repetitive waveform

= Periodic jitter is equivalent to Phase
Modulation (PM) which relates to
Frequency Modulation (FM)

A

Peak-to-Peak

v

Tektron/ix-



I Duty Cycle Distortion

=  Asymmetrical rise-time vs. fall-time

= Non-optimal choice of decision threshold

0.0v
-0.1v

Well, ALMOST never a dual-Dirac histogram!

Tektron/ix-



Inter-Symbol Interference

= DDJ or PDj — used interchangeably, sometimes the
term ISl is also used.

= How a pattern effects subsequent bits
— Due to transmission line effects, reflections, etc.

Tektron/ix :



QAT

4. 0ps/div 50.0GS/s 20.0ps/pt

RJ1, Math1l

RJ1, Math1

Single Seq
1 acqgs RL:2.0M

P\]l, Math1l 36968ps P‘]l, Math1 28264p3 Man September 02, 2011
DJ1, Math1l 3.6968ps DJ1, Math1l 2.8264ps
NPJ1, Mathl 881.89fs TIE2, Math1 -25.694fs

TIE2, Mathl 55.789fs
Rise Slew Ratel, Mathl ]9.2627V/ns

Rise Slew Ratel, Mathl

9.2843V/ns

Jitter and Eye Diagram Analysis Tools

I, Description Mean

b L
[+l TJ@BERA1, Ref1 < Min #of Ul
[+ RJ1, Ref1 < Min #of Ul
[+] Clock NPJ1, Ref1 < Min #of Ul
[+l PJ1, Ref1 12.868ps  0.0000s
[+] DDJ1, Ref1 18.375ps  0.0000s
[+ DCD1, Ref1 1.0108ps  0.0000s

57 5/28/2014

Max

Yiew Details

Population Max-cc

5% complete

5% complete

5% complete

12.868ps
18.375ps
1.0108ps

12.868ps 0.0000s 0.0000s 0.0000s
18.379ps 0.0000s 0.0000s 0.0000s
1.0108ps 0.0000s 0.0000s 0.0000s

Introduction to Advanced Jitter Analysis Tektronix
/
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BB A 1 R DS el BE HERA 1)

e ESIES )
Random Jitter
— [ R B B 2R
— YD ERAN L
— o3 L R
Deterministic Jitter
— YO MRS (NP-BUJ)
— AN H ER) 5 (SI)
— HCGERN B SEC(PI)
— EFEPLLABEH(PI)
— HBEEHYE. 2% 50E|(PJ)
— GEE S B (DCD)

October 2000

Jitter measure

men
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