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Example System Issues

Circuit Board
Dispersion

Fiber Dispersion
PMD

Edge Movement:
Frame slips
Frame overhead
repetition
Pattern
Sensitivity | : ey
External (X
interference ////\\\\
‘ B

Crosstalk

Low signal
level

Other random
effects
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W se M (Waveform integrity)
5} 2 #4%: (Timing integrity)
HLJR 52 3 (Power integrity)
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cies in the hundreds of megahertz and above, every
Important:

= Clock distribution
= Signal path design
= Stubs

= Noise margin

TTTTTTY

" Impedances and loading

= Transmission line effects

= Signal path return currents

= Termination

= Decoupling

= Power distribution

7 August 2008 TﬂktmniX”
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W 58 B Waveform integrity
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Amplitude Problems:
* Ringing

= Droop

* Runt pulses

Edge Aberrations:

= Board layout
Issues

= Improper
termination

= Circuit problems

9 August 2008 Tektron/ix ’
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Reflections:
= Board layout issues
= Improper termination

Ground Bounce:

= Excessive current

draw vjnw**\'m*’ M*-&f"m N.y-}.,‘.qfﬂ.'y é’u‘»i,,:
= Resistance in power
supply and ground

return paths
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TDR
(80E04)
. =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.
RAR 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

( +| + Rcv

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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Small differences in levels being measured
2013/11/6
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Sparameter testing with DSA8300

=  Sampling scope: DSA8300
= TDR Modules: 80E04/08/10
= |Connect software 80SSPAR
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d L:;s'es.aEnye l;?gggm ML(1)
[—ToA | Scattering | ALGC Eye Diagram |
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AUX
Source Side Sink Side
Fixture Fixture
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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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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]
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Digital Square Wave — Odd Fourier Sums

1
A = Fundamental (15t Harmonic)

3’4 Harmonic

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

1 NS

0 50 100

Tektron/ix .
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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 Patteln

ﬁktron/ix :
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= Applied to D

3 T R K s X {5 5 HEAT IO EE >

2-Tap —6dB Pre-emphasis

PRBS Data
/

\ ™)
Measurement of Eye Mask

Testing On BERTScope

Causes a
Multi-level
Eye Diagram

2 ' )

RAMEAE = B T ok

This complicates Tx mask testing
- 2 masks are needed

J
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f"" leasurement of Eye Diagrams on BERTScope
| cl Compliance ISI Board, 5Gbps PRBS-7 Data

Tektronjx :



O ANENNENEEEEEEEEENEEENEEEE s

BRI ) 24T (Equaalization) i M2 5 1% 1 7

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

(= T T T ' ' ' ! ! R
1. « Received Data
\/\ ) L - f NS L BT S S A T AU AT
| 4-bit Average | | | | | * Improved
2' | T ' \\“D9|ay and Invert” | | _Margin
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: Y
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40” PCI Compliance ISI Board, 5Gbps PRBS-7 Data
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Channel Characteristics
(S-parameters)
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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

MATHE Adc 0.667

fz (GHz) |0.65
Rate (Ghb/s) —/_\ fp1 (GHz) |[1.95

& fp2 (GHz) |0

Description Mean 3 P
+) Period1, Math2 200.00ps 227.71ps  17540ps  52311ps
=) Helght1, Math1 121010V 121010V 121010V 0.0000V

+ TJ@BER1T, Math2 55.928ps 55.928ps 55.928ps 0.0000s
(=) RJ-001, Math2 2.8842ps A s 2.8842ps 2.8842ps 0.0000s
<) DJ-001, Math2 15.548ps. 15.548ps. 15.548ps 0.0000s

Tektron/ix .
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5} 58 22 4 Timing integrity

Data

N > . I § e D S W AN WP,
= FSLORERESE] (setup/hold time) ' ;
= IFREED (timing jitter) il | f
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39 Tektron/iw



I
=
N

VARl

DATA OUTPUT
CLOCK
DATA
OUTPUT
?
CLOCK _| | . . .
Setup Hold\

40 'Ibktron/ixw



AR BT A AT A 22 s Ol 14T

FE EasySetup3 Q

J*E Bq. E?ud @ liew & Magnivu Ihch‘vity OF Value ] ﬂﬁ & Seah v ﬂl;l
o @ 0Tl g v| A 'HCUISOIT"‘mHEursoﬂv‘:Snnps

¥ 7 |
¥ h 4

Waveform 4DUﬂs 3‘Uns BDDns z‘Dns zBDns I‘Dﬂs IDCIns ‘Dns Ops ‘Dns WDDns 1“ns zBDns Jﬂﬂs BDUns 3‘Dns 4DDns
| [ P [ | [ [ [ [ | | | [ [ | | | [ 1
ISAR] m

T TR, A
r300.123) s 400,000 g
L& 1: Sample MAs HI | ‘ ‘ ‘ | | in m‘ [

L41:
Magnivic CROT)

L&1:
Magriviy FF-D[0)
L&1:
Magrivi FF-0[0)

IIP f'—E'
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Data |2n5

Contral |2n5
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IFETCH |2ns

Setup/Hold Window
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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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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 .
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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 (&4 £} 35038 #i e £ 30D
Periodic Jitter (& AR
Data Dependent Jitter (IS1) (¥ AH>=:+150)
Duty Cycle Jitter (575 tREFE))

49 Tektron/ix .
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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 >—

 J— / ! + IN\Rcv

: Z8 2iat

50 2013/11/6 V1.0 Confidential Tektronix 0
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Fhahdl gy CRmS & L5 RS

Random Jitter Non Periodic Deterministic Jitty
(R0) J oitter (0J)
3 (NP-BUJ)/ l \

Bounded Uncorrelates Data-Dependen
Jitter Jitter
(BUJ) (DDJ)

Duty Cycle

Distortion
(DCD)

Different soO use
different name here;

Periodic
none have proper NP-BUJ Jitter
handeling G

51 Tektron/ix-w
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#Ehdlr (B BEIEERESD

VRN

Deterministic Jitt¥
(DJ)

Random Jitter
(RJ)

Bounded Uncorrelates Data-Dependen Duty Cycle
Jitter Jitter Distortion

(BUJ) (DDJ) (DCD)

NP-BUJ vs.
NP-BUJ PJ break-

resolved wit down in the

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

stable

52 Tektron/ix-*



Random Jitter

= Jjtter of a random nature has
Gaussian distribution

= Histogram (estimate) < pdf
(mathematical model)

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

1-sigma or 7-sigma

RN
NIV

Tektronjx .



Deterministic Jitter

Deterministic jitter has non-
Gaussian distribution and is

bounded.

View Setup Utiies

Tiggered

o o [5]

caMode [Sanple =] Tiig|Extemal Diect =] _~[jo.ov

P e P e e e L B E o e Ea e

s
5td Dev 16.42ps
Fk-Pk  71.20p5
B oo STan
2 996%

s 1000%

t1 2126500
2 213174ns
A 52.4000ps
WAL 19.0840GHz

|:3 a| [s0oomyr E .ov E main @ | @& | [10.0000ps E [21.267n E 5:30PM 8/21/03

Peak-to-Peak
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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
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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!

Tektronjw



Inter-Symbol Interference —

£ Vaw Sehp Ul Heo Tiggeied
8|7 || c | SR acqmose [sveoe =1 ThafEweriDvoes =1 Affov wE] x| w2)
Puse ] [imcinie =], o] 0] | o s | 7= s i W

o e | x|

= 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.

Hiatbans 1
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AT A

4.0psidiv  50.0GS!s 20.0ps/pt

RJ1, Math1l

RJ1, Math1

Single Seq
1 acqs RL:2.0M

PJ1, Mathl 3.6968ps PJ1, Mathl 2.8264ps Man September 02, 2011 17:51:00
DJ1, Math1 3.6968ps DJ1, Mathl 2.8264ps ™[ 11.2ps
NPJ1, Mathl 881.89fs TIE2, Math1 -25.694fs laa.8ps |

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

Rise Slew Ratel, Mathl

100ps
10.0GHz

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
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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 Tektl.onix
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= PARRLED A B R DR R A
e ESIES )
= Random Jitter
— fERMRE B 21
— YD AR
— o3 L R
= Deterministic Jitter
— MBS (NP-BUJ)
— AN HER) 5 (1S)
— SRR B BC(PI)
— BEEPLLAYTH(PI)
— SRR S5 50%|(PJ)
— F O I ERE(DCD)
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High-Speed Test Solutions

el iy Nesa === <€ GbE DisplayPort HOMI MHL ...

EXPRESS

TX +_+_\Interconnect AL INERX
_IX:_ > . "OD_

Logic Analyzers

Real-time Scopes System Integration
ey Digital Validation & Debu

- = Receiver Test
: Margin Testing

Interconnect Test

Sampling Scopes Compliance Test

Compliance Test Software
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http://www.analogix.com/product_info.html

