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* Review of Jitter Decomposition

« Assumptions and Limitations

 Other Tools to Consider for Jitter Analysis
 Crosstalk Analyses and Removal
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Jitter and Time Interval Error (TIE)

(a) Clock Reference

ottt et
(b) Source Waveform
o T ' measurement
& threshald
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¢ | | time
(c) Time Interval Error (TIE)
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E o i E + T ? time}

On an oscilloscope we monitor the waveform transitions and note the jitter at
each transition point. This is called the Time Interval Error (TIE) record.
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Jitter Components

Total Jitter (TJ)

Bounded UnBounded

Random Jitter
(RJ)

Deterministic
Jitter (DJ)

Uncorrelated with
Data (BUJ)

Correlated with Data
(DDJ)

Thermal

Crosstalk
Non Linear
Crosstalk
Non Flat Freq One-Time
Response Event

Settling Time

Reflections

Shot

1/f
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Acronyms:

DDJ: Data Dependent Jitter

BUJ: Bounded Uncorrelated Jitter

ABUJ: Aperiodic Bounded Uncorrected Jitter



Instruments for Jitter Analysis

-

M8020A

Real-Time Scope Sampling Scope Bit Error Ratio Tester (BERT)

Measurement Estimates jitter Estimates jitter Measures jitter

Analysis mode Based on Dual-Dirac Model = Based on Dual-Dirac Model ~ Accumulate and compare 3 times the BER
level bits for 95% confidence level

E.g. 3x10'2 bits are received without error to
meet the 10-'2 BER target

Clock reference Software clock recovery and  Hardware clock recovery Hardware clock recovery
accepts explicit clock

Speed Fast (Seconds) Fast (Seconds) Slow (Minutes or Hours) - depends on time
to accumulate the bits

Report jitter Yes Yes No

components
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Jitter Decomposition Overview

Waveform Clock
Acquisition Reference

L

Cvaluate TE === / Complete TIE Record /

NI/ DDJ: TIE per Bit /

¥ l !
RJ Extraction / RJ/PJ TIE Record /
¥ v

| < EDIEIIE
I , M Reported Values of TJ, RJ, DJpp
-1700 ps -85.00 ps 00s 85.00 ps 1700 ps An a | yS I S
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Jitter Decomposition with Dual Dirac Assumption

FIT THE RJ GAUSSIAN CURVE TO BOTH TAILS OF THE TIE HISTOGRAM OR JITTER

PROBABILITY DENSITY FUNCTION (PDF)

Total Jitter, ,(BER) = DJy, + no

n = f(target BER)
For instance for BER = 1012 n~ 14
o = RJrms

The jitter that composes DJ, comes from
the deterministic components...

7o for 1012 BER.
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Jitter Components Reported by Scope and the Caveats

Bounded UnBounded

Caveats of jitter decomposition:
1. Jitter decomposition does not follow a linear bottom-up flow.
2. Algorithm is based on Dual-Dirac model and is an approximation, not the exact value.
3. Each jitter component may have a different unit value (rms, dual-dirac (dd), peak-to-peak (pp), mean, etc.)
4. Not every component has a result. Some are convolved with other components and not separable.
« E.g.DJy, PJy,, ABUJy4and ABUJ, (crosstalk) are not separable and reported.
5. Other jitter components can be calculated separately from the jitter decomposition algorithm (in orange).
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ABUJ: Crosstalk or Ground Bounce

BER Bathtub (BER-Scale)
180 * Spectral BER Bathtub T Data GaUSS|an
Victim
-------------------------------- 10E-8 ]
10E-12 {
10616 Slope ContinUity .
‘_.“‘5 O.S‘EIUI ‘.7; ; L —

No crosstalk
Aggressor Av Bathtub and RJ,PJ Histogram

BER Bathtub (BER-Scale)
/ = Spectral BER Bathtub - TJ Data
JOLTINN

Non-Gaussian

Victim Out

/I/ / Slope discontinuity
At = Av/Slope,iim : L A

With crosstalk
Bathtub and RJ,PJ Histogram
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What Makes Tail Fit Hard

Histogram Object

N High Precision ]
Low accuracy
Fit Window | o -
Low Precision
High accuracy
o < e > -
ool DJend| )T Noisy data
Hard to detect Crosstalk events out in
the tail. Might take longer time for Tail Fit
results to converge.
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Influence of Scope Noise to Jitter Performance

RANDOM JITTER WILL VARY WITH SLEW RATES.

TIE:

2
1 Nbpise )
| 2
1l.|| [ el ] + Sampleliock Jitter Sec rms

Periodic Jitter

| - 2
JZ . *q'l[hb—mie] + Sampleflock dtter *  sec rms

Cycle-Cycle:
[
a '[ Moise

2
w'3-1l.ll MJ + Sampleliock fHter ©  secrms

1. Every scope has intrinsic vertical noise floor. This vertical noise can translate into horizontal jitter.
2. As signal slew rate decreases, vertical noise increases the random jitter.
3. Measured random jitter is a function of signal slew rate, scope noise and scope sample clock jitter.
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Scope Random Jitter Removal

CALIBRATE AND REMOVE SCOPE RANDOM JITTER CONTRIBUTION

|

Remove, Speciry Jitter, Noise itter

Calibrate scope jitter [

S b trone Scope Random diter A Please disconnect the signal from Channel 1.

O off - Specify Random Jitter
@ Automatic B Enable
. Manual RIrms

- ) ()

Scope RIrms 200 fs

Calibration Complete

Y X |

- Remove Scope Random Noise - - Specify Random Noise
B Enable B Enable

Scope Level 1 RNrms Level 1 RNrms

50 PV ERA || [0 uv v » Scope RJ calibration is available to remove the
Scope Level 0 RNrms Level O RNrms contribution of scope noise to measured RJ.

You may now reconnect your signal to Channel 1.

(oK |

» Useris asked to disconnect the signal from Channel to
measure the ACV, . noise for the current Vertical setting.
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Jitter Analysis with BER Eye Contour

— Specify the BER eye contours you
want the scope to plot.

— Specify which BER contour to BER Eye
highlight in red. Contours

Highlight Contour

E

Eye Contour
at BER 1012
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Analyze Jitter at Various Test Points

JITTER ANALYSIS WITH DE-EMBEDDING AND EQUALIZATION

KEYSIGHT
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Tx

10]93UU0Y

. Channel

After Scope De-embedding to the TX point

-I: —

10J03UU0Y

7

Measurement Node

After Scope Equalization




Keysight Real-Time Scope Jitter Analysis Tools

Composite Interference R
+TI «RN, PI-D@] |Zer05_| |BLth_\

N5400A EZJIT Plus for N8823A EZJIT Complete E2688A High-Speed N8827A PAM-4 Clock

Jitter Analysis and RJ for Vertical Noise SDA for Reference Recovery
Scope Removal Calibration Analysis Clock Recovery and
Eye Analysis

[ 00s 200ps 400 ps

N8833A Crosstalk Analysis N5461A Serial Data | 5465A InfiniiSim BER Eye Contour
and Removal Application Equalization Software De-embedding Comes standard with
Software E2688A and N8823A
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Crosstalk Overview

AMPLITUDE INTERFERENCE UNCORRELATED WITH DATA PATTERN

Impact on Eye
Victim In / —— -
________________________________ Real-Time Eye
111595 kUL
/ 1 Wins | -
Aggressor AV
/
Victim Out

i e

With crosstalk

At = Av/Slope

victim

At
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Sources of Crosstalk

Crosstalk

sSources

Transmission

Line Power Supply

Senal data Serial data
V|ct|m victim

Eye closure, Eye closure,
increased jitter increased jitter
KEYSIGHT
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Power
supply victim

Serial data Serial data
victim victim

Increased jitter

Ground Bounce,
Vcc sag

17



Transmission Line Crosstalk

» Crosstalk is becoming a more important issue, as data speeds

increase, and more lanes are packed into small spaces. For example:

» 100G standards with 4 parallel 25 Gb/s lines
« ASICS with 100’s of SerDes

* Transmission line crosstalk is the result of electromagnetic
interference between electrical components.

» Mainly caused by capacitive or inductive coupling between multiple
signal lines.

« Two prominent types:
* Far End Xtalk (FEXT) Aggressor

- Near End XTalk (NEXT) g u m
e >
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Attenuation [dB]

B

L M Lc

AM\J_% Mutual Inductance and

L.M
_l_

Cq

Capacitance between

c. 2 transmission lines.

2 4

G B 10
frequency [GHz]

Transfer function
examples for
Insertion loss, NEXT
and FEXT
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Far-End Crosstalk (FEXT)

RX — TX RX " Tx Aggressor traveling the
Tx Victim RX Tx Victim RX 99 9

Rx_| Rx_| same direction of Victim
FEXT

No Serial Aggressor FEXT Serial Aggressor

Keysight Infiniium : Monday, April 04, 2016 1:05:38 PM

Keysight Infiniium : Monday, April 04, 2016 1:10:58 BM

= ol S . - i S <04 PM > 10 FM
File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help Apr 4, 2016 File Control Setup Display er Measure Math Analyze Utilities Demos Help aor 4, 2016

When data rate
and pattern of the
aggressor, and
victim are the

7 | | | same, the eye
e tre diagram of the

Real-Time Eye
65.536 kUI

L — T victim will show a
. S ; bulging indicative
of FEXT.

SO [EJILBA | Seal aun) | ff

=]
3
]
E4
z
&
#
<
)
=
g
=
=z
]
8
@

-93.7 mv

144 mv

-194 mv

Real-Time Eye
720.896 kUI
11 Wfms

144 mv
m 144 mv
104 my
194 m 194 mv
-400 ps 800 ps 1 200 ps 1
P P P 800 ps 00ps 1

1.00 ns/ |-24.10 ps
| J P

| 9| Results_(Measure All Edges) % | Results_(Measure all Edges)
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Near End Crosstalk (NEXT)

Rx —— Tx
TX Victim Rx
R |

No Serial Aggressor

Keysight Infiniium : Monday, April 04, 2016 1:05:38 PM

File Control Setup Display Trigger M re Math Analyze Utilities Demos Help Apr- .15

seaw awll |

SEa [EIILIA

Real-Time Eye
720.896 kUl
11 Wfms

144 mv
-184 mv
400 ps s 400 ps 800ps 00ps 1

aj

"% | Results.__(Measure All Edges)
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Keysight Infiniium : Mon

File Control Setup Display

523 |B2ILIDA | SESW BW

Real-Time Eye
655.360 kUT
10 wims

"% | Results_(Measure All Edges)

NEXT

RX| € Tx Aggressor traveling the

™|  Victim RX

NEXT Serial Aggressor

day, April 04, 2016 1:09:15 PM

Trigger Measure Math Analyze Utilities Demos Help

144 mv

194 mv

144 mv
194 mv

80.0ps 20ps 1

opposite direction of Victim
L

NEXT
distortion on
the victim eye
diagram
appears to be
more smeared
oult.



Power Supply Victim

* A power supply can also be a victim, where the
serial data lines are the aggressors. The best =

Current Source during a '0-1'

example is Simultaneous Switching Noise (SSN) — (:nsition

which can create Ground Bounce (the high voltage o —ROutput P

rail can also “bounce” and may be referred to as —] é_ ¢Sk doring 10 Tranait

V Sag) Cg;rti?butlirrllg ’cglr(ljllnlNgDaI30_L.|nc1=,r=anSI o
CcC '

Device Ground
Package Bond Wire

« SSN is the result of parasitic inductances that lie
between the device (chip) ground and the system
(board) ground. When a serial data line switches System Ground
states, current flows through these inductances
which produces a voltage drop. The more lines that
switch at the same time (simultaneously) the bigger
the drop.

Package Package Pin

A simplified circuit showing the parasitic
inductances that contribute to Ground
Bounce. The Ground Bounce effect can
propagate to other circuits via device
ground, affecting other signals.

KEYSIGHT

TECHNOLOGIES



Power Supply Victim

EXAMPLE OF POWER SUPPLY VICTIM DUE TO CLOCK EDGES

Note the large ringing in
the yellow power supply
that is correlated with the
edges of the clock.

Power Supply
without

Power Supply aggressor
Victim

£
290 ps 292 ps 294 ps 296 ps 298 ps

.|'°|2[|.[| ns/ :||3.n[|[|00000 ps |@ o D-|

3.00 ps
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Power Supply Aggressors

* Power Supply Induced Jitter (PSIJ) — Adds jitter through PLL power supply

& HF Noise

N

- ERipple.;

 Voltage-Dependent Amplitude Noise (VDAN) — Adds noise to logic level 0 & 1
via voltage references

s @ - oo

" Logic High Victim

e — . wkogic.Low Victim ...

0 s (QW: -
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Power Supply Aggressor — PSIJ

POWER SUPPLY INDUCED JITTER

No Power Aggressor With PSIJ Aggressor

Keysight Infiniium : Monday, April 04, 2016 1:18:58 BM Keysight Infiniium : Monday, April 04, 2016 1:27:39 PM

Control Setup Display Trigger Measure Math Analyze Utilities Demos Help Apr‘-4 15 Control Setup Display Trigger Measure Math Analyze Utilities Demos Help Apr-i 15

)

)
Uﬂ UﬂUﬂU UAUAUHUHU [UMU UﬂU

SeaW AWl
Seap awl

50.0 mV

o.ov

sE9W [BIIUAA
SEaN [BIMISA

I
Uuﬂu vﬂuﬂu

20ps 198 ns 398 m:

!

-100 mv

-150 mV

-200 mV a

-6.02 ns. -202 ns 3 s . s .98 1 .0 ns: -802 ns -402 ns 598 ns 798 ns

7" Horizontal eye closure

5.04627 MUL 4.06323 MUI
77 Wims 62 Wims

50.0 mv

0.0V
-50.0 mV -50.0 mV
-100 mV -100 mv

-150 mv -150 mvV
-200 mv

400ps 800 ps s 200ps 1 - - < -40.0 ps 400 ps 800 ps 120 ps

"% | Results_(Measure All Edges)

High frequency noise in the power
supply, induces horizontal jitter.
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Power Supply Aggressor — VDAN

VOLTAGE DEPENDENT AMPLITUDE NOISE

No Power Aggressor With Power VDAN Aggressor

Keysight Infiniium : Monday, April 04, 2016 1:14:58 PM

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help Ap;{'lﬁ

o=
l I M _
\ o
k ]
\/"""'J \, hd -100 mV

50.0 mV/ |[0.0 v
-150 mVv

Keysight Infiniium : Monday, April 04, 2016 1:17:32 PM

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help Apr:4 |15

im
944 v/

SEap awL

Seal |EDILSA

-50.0 mV
-100 mv

-150 mV
-200 mv
200 m Y -200 mV

20ps

-8.02 ns -6.02 ns E SS‘ns 5.98 ns 798 ns

Thick “High level”
<

4 wfms
50.0 mv
0.0V

-50.0 mv
-100 mv 100 mV
-150 mv -150 mv
200 mv -200 mv
400 ps 800ps 0ps 1 400ps 100ps 800 ps

| Results_(Measure All Edges).

Results_(Measure All Edges)

Changes (noise) in V.. level is coupled into
the logic high and low bits.
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Legacy Method of Measuring Crosstalk

* The need to troubleshoot and characterize crosstalk is not new, but the legacy methods of
measuring crosstalk in digital communications systems has relied on the process of
selectively disabling some channels while enabling others.

» This necessarily requires measuring the crosstalk effects in the system while operating in
special test modes, which means measuring them under abnormal conditions. Worse yet,
some systems cannot even operate the necessary special modes.

Victim

@\ /_% ) Challenges:
Turn off + No special test modes to
:> Aggressor turn on and off aggressors.
e e e+ Huge effort and time to
with aggressor on and off characterize crosstalk from
» multiple serial aggressors.
« Power supply cannot be
turned off.

Victim

Turn on
:> Aggressor
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Crosstalk Simulation, but not Identification or Removal

* Vector Network Analyzer (VNA) can be used to characterize crosstalk between serial data lines. -

S-parameter models are generated by the VNA.

« Scope and software tools are available today, using the S-parameter models to simulate the
waveform distortion, eye closure and jitter performance.

Measured signal 1 InfiniiSim Scope Tool

Measured signal 2

Simulated eye opening

- S-parameter on signal 1 with signal 2
—‘—‘ and 3 aggressors
Measured sinI 3

D S-parameter

B ]

* This method is limited only to simulation and requires known sources of crosstalk.

* However, it is unable to identify the real source of crosstalk on the real system or remove

crosstalk from the measured waveforms for analysis to see how much margin can be recovered.

KEYSIGHT Crosstalk Analyses
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Power Supply, Non-Linear Crosstalk

* For serial data lines, VNA can be used to characterize crosstalk
because they are linear network model.

« However, the influence of power supply noise to serial data jitter and
amplitude distortion is non-linear and there is no easy way to
characterize the crosstalk transfer.

Serial Data Victim

R ey e e T TR et

Non-linear Time interval Error
crosstalk

transfer

LF Ripple

1.00 ps

Power supply noise creates a non-linear transfer
on the serial data timing error. The crosstalk
transfer is difficult to solve and correlate.
KEYSIGHT
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Inaccessible Aggressor Signals

 Crosstalk could happen inside a silicon package with accessibility only
to the serial data output.

» High density backplane connectors and switches are susceptible to
crosstalk and difficult to access the signals to narrow down the source

of crosstalk.
* Is there a way to characterize or debug such crosstalk scenarios?

Many crosstalk issues happen inside
the package. How to troubleshoot
crosstalk when the aggressors are
inaccessible?

Package with only TX output

KEYSIGHT
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Crosstalk Analysis Challenges Solved by Application

» Crosstalk Identification
« Which signals are coupling onto your victim?

 Crosstalk Quantification
 How much error does each aggressor add to your victim?

 Crosstalk Removal for Analysis
» What would your signal look without crosstalk?

« How much margin can be recovered on your signal
without crosstalk?

« If the signal was failing spec, can it pass without
crosstalk?

KEYSIGHT Crosstalk Analyses
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Challenges Solved by the Crosstalk Application

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

Waveform Window 1

© so.omv/ |[D.ov Power supply aggressor

Original serial data victim

NEEE T

o Serial data victim with crosstalk
2aans 3 removed

240 my

Original eye diagram with crosstalk
96.0 ps
Crosstalk removed eye-diagram

-160ps  -12Bps -96.0 ps s 0 ps > 96.0 ps
@ 200ps/ 149223 ns @ *
"Results ‘(Measure All Edges)
Measurement | Current
Eye Width(xt1) 113312 ps
Eye Height{xt1) 1383 mV
© Eye Width(1) 68.51 ps
@ Eye Height(1) 832 mV

VicAggr|Volt, Skew ()| Volt, Error (rms)|V high, Ermor (rms)|V low, Ermor {rn15]|'|'ime,. Skew {s]l|Tirne,. Error {rrns}l|

clxcl 13% 17%
cl:ic3 -13.70 ns 4%

AuaLIsInNsea &I
J[e15501D)
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Features of the N8833A/B Crosstalk Analysis Application

1. Analyze up to four signals (victim or aggressor) at once. Any EESEs
i I i T 1 I il
scope channels can be chosen as a victim or aggressor. [Setup Wizard...”//\|(Advanced Configuration..

2. No crosstalk model or simulation files required @vicim X | ©@Agart X | ©Agar2 X | T agars X | ©
3. ldentify aggressors using a browser probe. Use a solder-in  [[EEuSRrC it Eln A

probe for a more secure connection. B ivs signal is a Victim vertical

L. . This signal is an Aggressor O Automatic ‘ Manual
4. Report the amount of crosstalk present on victims Signal Type
5. Work for both NEXT and FEXT, automatically determined by [IlSSEEES
Pattern

the app O Periodic . Arbitrary

6. Work for power supply analysis Auto Length Contributors

|h I Y | A Select signals te remove their crosstalk

m— ||| [Name  [signal Type ||
. - .. | Clock Recovery... | —_—
» Used for eye diagram, jitter decomposition, de- —— I

7. Plot waveform without crosstalk on the scope which can be:

embedding, equalization and mask test ¥
« Saved as a waveform file I

KEYSIGHT
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Crosstalk Analysis Setup

i L. Cross Talk Wizard i
1 : PrObe Up to 4 Slgnals (Agg ressors or VICtI mS) ) The victim signal i_s the one you suspect is being impacted by other signals
No simulation models or inputs are required. Vietm (e perhaps even ftsei
N Aggressor Count

Source

Aggressor 1 —
‘ Channel 1 K% |
Aggressor 2 e —

Aggressor 3 Name
Signal Type
|Serial Data ]

- Pattern

© reriodic @@ Arbitrary
Auto Length

==l

Cross Talk Wizard

4. The app reports the amount of crosstalk from |
each aggressors and return a waveform |6 Vi
without crosstalk for analysis. - agaressor count (B

Aggressor 1

Aggressor 2
Aggressor 3

Real-Time Eye
= 308.378 kUl
| 1 Wims

Time Eye ==
307.866 kUI
1 Wims

Ny mew e 3. Set the number of aggressors and
- OIATTTE configure the aggressor type.

8 Results_(Measure All Edges)

1d_|Amo-Skew (5)] Amp-XSI (3rms)| Amp-XST (V hiah) (%rms)[Amo-XST (V low)%rms)| it-Skew (s)[3-XST (Srms)|
213%9%

aa %629% Cancel < Back Next > FEinish
aa 1139% 20699% 91500%
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Example: Removing Power Supply Crosstalk from Victim

oy =

150 mv

Measured Victim with Power

—— —— ) ' . Yol M Measured Victim
2 & Without Crosstalk

Victim after Power
Supply Crosstalk
removed

KEYSIGHT
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Example: Jitter Improvement Without Power Supply Crosstalk

COMPARE JITTER RESULTS BEFORE AND AFTER CROSSTALK REMOVAL.

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help :Ea 315

TR

Waveform Window 1

240 mV
180 mV
120 mv
60.0 mV
ooV
-60.0 mv
o -120 mV
-180 mV
-240 mV

354ns 3
@ 200ps/ |2.54223ns
Jitter/Noise
(Vcraphs|1 [V [ A 0

RJ1,P] Histoegram R1,P] Histogram

Jitter with _ Jitter

Crosstalk without
Crosstalk

0 ps 30.00 ps 50 ps

| Results _(Measure All Edges) Results (Measure All Edges)
Source Channel 1 Rirms,narrow 646 ps 19.98 ps Clock Recovery  Constant Freq Source Memory 1 Rimsnamow 649 ps DDIpp 1234 ps Clock Recovery ~ Constant Freq
RI Method Spectral DJsS 67.99 ps 283 ps Edge Direction  Both RI Method Spectral DISS 3332 ps Deo 738 ps Edge Direction  Both
Data Rate 6247552 Gb/s Transitions 155401k 1988 ps Measurement  TIE (Phase) Data Rate 6247551 Gby/s Transitions 155142k ISIpp 564 ps Measurement  TIE (Phase)
Pattemn Length Plrms 21.06 ps DDPWS 14.27 ps Pattem Length 127 Plrms 717 ps DDPWS 1118 ps
TH1E-12) PJ55 5842 ps F/2 (Even/Odd) 910fs TH1E-12) PISS 2746 ps Ff2 (Even/Odd) 880 fs

An Improvement of 20% to Total DJdd = 33ps

KEYSIGHT
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Universal Serial Bus (USB)

Buzzwords categorized

Specifications

USB 3.0 > USB 3.1 - USB 3.2

USB4 - USB4 Version 2.0

PHY Bit Rates Per Lane
Genl 5 Gb/s
Gen2 10 Gb/s
Gen3 20 Gb/s
Gen4 40 Gb/s

AN KEYSIGHT

Advanced Techniques for USB Interface Testing: All You Need to Know

USB-C
Connector form factor
Specification

Marketing Terms
Super Speed = Genl
Super Speed Plus = Gen2



Typical Digital Communication Link Physical Layer (PHY)

Transmitter Receiver

RX
Channel

10198UU0D
10198UU0D

Ilﬂlllll-]l

Network Analyzer TDR/TDT
(PNA, ENA) (DCA)

Real-time Equivalent-time
Oscilloscope (UXR) Oscilloscope (DCA)

Bit Error Ratio Tester (BERT),
Pattern Generator (PG)

KEYSIGHT
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Universal Serial Bus (USB) Specifications

« Spec version # PHY data rate 10 Gb/s x2
5 Gb/s x1
TIR. - 1.5 Mb/s 5 Gb/ 10Gbisx1 | 10 Ghisx2 | 29 GP/Sx2
» Three specifications are active 12 Mb/s 5 Gbls S 5 X SX€ 1 40 Gbls x 2
10 Gb/s 5 Gb/s x2 20 Gb/s x2
« USB 2.0 480 Mbl/s 10 Cb/s x2 (25.6 GBd
PAM3)
+ USB3.0 > USB3-1 > USB 3.2
USB4 > USB4 Version 2.0 x2 = two physical channels bonded into one logical channel
USB 2.0 USB 3.0 USB 3.1 USB 3.2 USB4 USB4 v2
|
: | : >
2001 2011 2014 2017 2019 2022
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Advanced Techniques for USB Interface Testing: All You Need to Know



Type-C Implementation Challenges

AN KEYSIGHT

Host
USBE

UsSE D+ /-
CC Logic
& Vcoun
Switch
SSTX2 — &
SSRX2 — §
o
g

USE Type-C
Full-Featured Cablel

CC wire

IEED EEAEEEER

ane | wa | wo- [ e | o

Implementation with Switch

Device
UsB

T SSTX1L ———
MUX
= —_—S55E¥X1 —1
I I
I I
il—cr1 I I
i | I
ﬂ: USB D+/- J—1 —
3 I |
f—cCcz- (CC I
Logic _‘ I
& — ssTX2 -
MUX
2 — ssRX2
£

A

USB Type-C Plugs

Diagrams courtesy USB-IF




Type-C Implementation Challenges
DisplayPort and USB 3.2 over a Type-C to Type-C Passive cable

Configuration for Docking Stations

SSTX1
SSRX1

SSF¥XZ DP Lane 1
SSRXZ DPLane0

DisplayPort Type-C USB 2.0 Type-C DisplayPort
Source Connector Connector Sink

SBUATI  AUX+, AUX-
CC,HPD (5
L=
VBUS
GND

* DisplayPort uses two high speed lanes
— For DP 1.2a (HBR2), this provides support for 2560x1600 or 2 each 1080p displays
— For DP 1.3 (HBR3), this will provide support of 4K UHD (3840 x 2160)

* Two high speed lanes used for USB 3.1
* USB 2.0 and USB Power Delivery always available

AN KEYSIGHT



USB 2.0 Type-A/B Electrical Test Fixtures

From USB-IF: Allion or Fixture Solution

USB 2.0 Std-A/Std-B Electrical Test Fixtures

Fixtures can be purchased directly from Allion at https://www.allion.com/fixtures

Fixtures can be purchased directly from Eurofins at http://testusb.com/shop.htm

USB A TX Test Fixture

High-Speed Embedded Host Electrical Test Board
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USB 2.0 Type-A/B Electrical Test Fixtures
From Keysight

» E2646B “SQuIDD” test » E2666B hi-speed » E2667B hi-speed host
fixture for testing USB 2.0 device test fixture test fixture
low- and full-speed
products

AN KEYSIGHT Advanced Techniques for USB Interface Testing: All You Need to Know



USB 2.0 Type-A/B Electrical Test Fixtures
From Keysight

Single-Ended SMA Cable Connection
for Hi-Speed Signal Quality Tests

AN KEYSIGHT Advanced Techniques for USB Interface Testing: All You Need to Know
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USB 2.0 Type-A/B Electrical Test Fixtures
From Keysight

* Low and Full Speed host tests * Low and Full Speed device ’
require two single-ended tests require three single-ended
probes. probes — the third probe is for

the adjacent D-/D+ signal.

The passive probes that are
included with the oscilloscope
are sufficient.

i

= %Y
S ﬂ
g -

[ = |
= | ]
= o

| ]
: |

—
—

L= = a]
B
Probia 04 ard O- in
Host Under Test Path
[full zpeed huby) A ™8 Highspeed | TweA
{5etf-powerec Hub 1 USB Hub
Q ;l l [Hi-zpeed hub)
SII]iIII T ' ali-powered) Hub 2
Host Urdar Tast = peA | Fullspeed
ot USB Hub
Cable (external power supply)

AAAAAAAAAAAAAAAAAAAA

Full 3pead
Test Device

N2873A Passive Probe, 10:1,
500 MHz, 1.3 m

Single-Ended Probe Connection for Full/Low-Speed Signal Quality Tests
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FAQ
D9010USBC Frequently Asked Questions

USE
=l

1. What is USBET207? USBET20
2.20.00

USBET?20 is a stand-alone electrical signal analysis tool for USB Compliance testing. USBET?20 is the
official compliance electrical analysis tool that performs pass/fail assessments on signal quality and
inrush current data captured from an oscilloscope.

2. What is XHSETT? FSB

XHCI
XHSETT (or USBHSET) is a tool used to generate test packets on the USB port under test. HSETT

Latest versions available here: http://www.usb.org/developers/tools/

3. Can we use USBET?20 from past or future versions?

Yes, in the D9010USBC version 4.20 release onwards, it has the flexibility to use different USBET20
versions.
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USB 3.2 LTSSM

Polling
- - Thres-strike timeout First LFPS timeout, - -
Exit ta _\-\\\_. [DSP ONLY) Compliance Mode enabled __/If-’— Exit to _\-\-\\
ESS.Inadivif/ Polling.LFFS '\_{_I‘Eznpliance MECLE_/
- SCDA.LFPS handshake Polling.LFPS handshake ————
+' and Blus timeout
- d -
Polling.LFPSPlus ¥
-] — BOus timeout —ee
SCDZ.LFPS handshake
-= =
Polling.PortMatch uk -
-
PHY Capability LEPM handshake
- . .
Palling.PertConfig T T -
-
Genl |
PHY Ready LEPM handshake  Handshake LFPS Thmeout
LFPS Timesout * tailure [Peripheral Device OMNLY]
[DE Port, or " 4 Directed
Hub LS Port) Polling.RxEQ Directed (D5 Part ONLY)
— (DS Port OMLY] *
TSEQ Ordered Sats Transmitted
|
Polling. Active T
- -
Tirmeout Timeout [Peripheral
k2 (DS Port, T51 handihake Device ONLY)
i Drirescted w
N or Hub LS Port| —T
Exit to ¥ o (DS Port ONLY) .~
e — - | . iy Exit to
R Detect Polling.Configuration I | .
— -— 55 Disabled
T ——
T52 Handshaka
L
e N Polling.Idle S mitte N
Exit to Directed & Directed Bt to

Hot Fteselt_f/"

AN KEYSIGHT

Idle Symbol Handshake

Exit to UD
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USB 3.2 Compliance Pattern (CP’s) Sequences

Table 6-14. Compliance Pattern Sequences

Value

Description

« Entry to the Polling.Compliance substate is Lol L
described in Chapter 7. This initiates the

D00 serambled

A pseudo-random data pattern that is exactly the same
as logical idle (refer to Chapter 7) but does not include
SKP sequences.

transmission of the pseudo-random data pattern

generated by the scrambled D0.0 compliance

sequence. SKPs are not sent during the

D10.2 Nyquist frequency
CPZ D24.3 Nyquist/2
K28.5 COM pattern
CP4 LFP5 The low frequency periodic signaling pattern
K28.7 With de-emphasis
K28.7 Without de-emphasis

transmission of any compliance pattern.

CP7

50-250 1's and 0°s

With de-emphasis. Repeating 50-250 1's and then 50-
250 0's.

 The compliance pattern shall be transmitted

50-250 1's and 0°s

Without de-emphasis. Repeating 50-250 1's and then
50-250 0°s,

continuously or until a ping LFPS (refer to Section

Pseudo-random data pattern (see section 6.4.4.1)

6_9) iS detected at the receiver_ CP10 AAh E.rf:;:;?mmmﬂ 10 Gh/fs. This is not 128b132h
. . . CP11 CCh Nyquist/Z at 10 Gb/s, This is not 128b132b encoded.
® Upon detectlon Of a. plng LFPS, the Compllance pattern CcPi12 LFSR15 Uncoded LFSR15 for PHY level testing and fault
. isolation. This is not 128b132b encoded. The
shall advance to the next compliance pattern. polynomial is x*15+x*14+1,
. . CP13 64 1's and 0°s With prf‘-shnuldcﬁnc‘dinairciiun 6.7.5.2 [|]u de-
« Upon detection of a reset, LFPS the compliance pattern b dur ephe kel
shall be terminated. e Gt ana v Shoot). Repeating 64 1's and then 64 0 o1 10 Gy,
This is not 12Bb132b encoded.
CP15 64 1's and 0's With pre-shoot and de-emphasis defined in section
* In the table, patterns CPO through CP8 are 752 Repestng 04 s snd the 64 02 10 Gb/s.
64 1's and 0°s Na de-emphasis or pre-shoot, Repeating 64 1's and then

transmitted at Gen 1 rate, while CP9 through

64 0's at 10 Gb/s. This is not 128b132b encoded,

CP16 are transmitted at Gen 2 rate.

Note: Unless otherwise noted, scrambling is disabled for compliance patterns.

4
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USB 3.2 Gen 2 Test Fixtures from USB-IF (up to 10 Gbit/s)

b 4
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» U7242A USB 3.0 Type-A/B Test Fixture

One test fixture for Host/Device/Mid-bus probing

Device TX
and RX test
section

* Provides test point access for transmitter measurements

 Single-ended measurements as required by the USB 3.0
specification for transmitter and receiver validation and
pre-compliance testing

Host TX
and RX test

H - = . ‘t:
- Differential measurements using active probes allow section

probing of active bus transactions for debug and ® e
verification testing

Mid-Bus
probing
section

« USB 3.0 power probing features for easy measurement of
transient and steady-state power states

Device
current
measurement

M‘ KEYSIGHT Advanced Techniques for USB Interface Testing: All You Need to Know breakout



Vbus and CC lines to N7016A
fixture via USB Type C (plug
» N7015A Type-C style) cable
. High speed coax cables,
TeSt FI Xt ure Matched pairs for TX2+, TX2-, \

_ RX2+, RX2- \
An easier way to test

* High speed (TX/RX) and D+/D-
lanes accessible through USE2.0 D
coaxhigh-bandwidth cables and D-

« S-parameters de-embedding
models available and integrated
into the USB/DP compliance 2 pin header for SBU1 and
applications and Infiniium SEU2 festpoins
baseline software

« SBU1/2 signals accessible for

High speed coax cables,

additional control purposes ' Matched pairs for TX1+,
TX1-, RX1+, RX1-

Type C plug connection
to DUT (receptacle)

AN KEYSIGHT Advanced Tec




» N7018A Type-C Test Controller

KEYSIGHT N7018A Type CTest Controller

@ X1+ - ™>X1- > TX2+ o— TX2- g =
= K & S ‘ 4 S Z

N7015A RX

N7018A: Power Delivery and Alt mode control as well as
observability of CC, SBU lines, and Vg,

AN KEYSIGHT



Testing USB 3.2 Transmitters: Test Setup Example (USB-C)

D9020USBC USB 3.2
Transmitter Compliance Test
Application Software

D9020ASIA or D9010DMBA
Advanced Signal Integrity
Software

Keysight Infiniium
Real-time oscilloscope

- R R T e . D9020JITA Jitter, Vertical
- S : and Phase Noise Analysis
Software

3.5mm f/f
adapters

TX1+/TX1-

RX1+/RX1-
for toggling

Keysight
N7015A

Power Supply (optional, if
DUT is a power

cable consumer)

Keysight
N7018A USB-C controller
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Testing USB 3.2 Receivers: What is the Concept?

An RXtest is performed to determine an RX’s capability to properly detect the digital signal content, even
for a worst-case impaired analog input signal

1. A Pattern Generator (PG) is used to emulate a system’s TX plus channel thus generating a data
signal containing the impairments to be expected at the RX input when operating in a target
system. This signal must be calibrated to specified values residing in a specified setup.

2. The RX under test is set into an appropriate test mode and its input is stimulated with the
calibrated signal residing in the specified test set-up

3. Proper detection of the digital content (i.e., the quality of the “A/D conversion®) is monitored in a
suitable fashion to determine the RX's performance according to the target BER

DUT
BERT BERT
Pattern — —» Error Detector
Rx Tx
Generator External
IN ouT
Channel
Received data is here, inside the DUT \—/
How do we get it into the error detector? Loopback
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Testing USB 3.2 Recelvers: Calibration Procedure Steps

Without Test Channel
* Pre-shoot calibration

De-emphasis calibration

Generator output voltage calibration

RJ calibration

Low-frequency SJ calibration

High-frequency SJ calibration

23 dB Channel (Long Channel):
« CLB selection

Eye width pre-calibration

Eye height and width calibration

Compliance eye calibration

Compliance eye verification

Advanced Techniques for USB Interface Testing: All You Need to Know
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» N5991U32A USB 3.2 Receiver Compliance Test Software

o -~ N5990A Test Automation Software Platform =& ===
Configure DUT O ks File Station Sequencer Help
DUT P = H | r O n| & 3 E| Al Resuts =
. - Configus DUT  Load Save | Gtat Abol Fause | Prnt || Propeties | Log List
Name [sg3 « | Serial Number B I t I f e =-CI USB - 3.1 Device. TypeC Connector " 4l | B
E E-{C] @ Caibration -
Dut Type | Device v | SpecVersion |32 v L1 By Super Spesd B l,?ﬂﬁ Rx 2 Jitter Tolerance Test Ny B
5G LFPS Vohage Calbration
g o BER -
T 1 14 5G De-Emphasis Calibration
Comecior [Tpe  — ~ Digital Test Solutions B oe-2
e s [C14@ 55 Random Jiter Calibration Relax ime for BER Measwemeni| 18
Description . . - B Loopback Training
[ 5G LF Sinusoidal Jitter Calibration 5
.1 5 HF Sinusoidal Jiter Calibration ?E‘“""ﬁ j“’t":“'“"”:“’“”“"‘“f EE‘:SE
-7 i Super Spesd Plus rein with Jitier alse
est Parameters 10G Pre-Shoot Calibration
Test P: it ] B Sequencer
14 10G De-Emphasis Calibration Er::‘”e E’ﬁ"’;dcgse B;:‘“‘” E“’C:: m: :Z gm:we E
o ; rocedure Failed Case Behavior Proc rocedure
Test Common Rx 5Gb/s (Genlx1) Rx 10Gb/s (Gen2x1) ) E |05 Cenermior i Voo Calbrsten Repeitions 0
User Name [Unknown User | Calbration (1@ 106G LF Sinusoidl Jter Caibration EiS s okl Rilcr Vo oy
) 14 10G HF Sinusoidal Jiter Calbration Number of Jitter Steps a )
Comment Scope connection Differential Ch1-Ch3 + Differential Ch2-Ch4 v & § Long Channe! Freguency MPde . Compliance Frequencies
IE 10G Compliance Load Board Selection Shm_Mm Falled Points True
-1 10G Eye Width Pre Calbration kS pecbo-fon e
Initial Start Date [2/8/2024 §:45:43 AM | E1) 105 Eve Height and Wicth Calbration Toryet By Hoht 7LEmi
0 Y -ye-Helg /0.51mV J
. = Loopback Training -1 106 Complance Ere Catraton it i
ast Test Date ‘ 2/8/2024 9:45:43 AM ] [F1@ 10G Compliance Eye Verification e i
Method  WemPReset v N o i
uper Spees .
Parameters . : De-Emphasis 2.1dB
LFPSidle |M8020A idie v E 2 : gnmﬁhaﬁa TES; R Differential Voltage 879.2mV o
(O Compliance Mode [] 5 Gbis (Gen 1x1)  [] 10 Gb/s (Gen 1x2) i onsEnt TEEmeer Hress e —
Use Link Training Suite script 1@ 5G Rx Jitter Tolerance Test Repetitions
@) Expert Mode [~ 10 Gbis (Gen 2x1) [] 20 Gbs (Gen 2x2) ) ) ) O 56 R ety Test -
Link Training Suite script file q = e —
[ | v
Parameters [Eye\ValiFrameK1\USB3\Settings\M8020A\M8020A_USB32_10G_WarmReset bt Seveity  Message Dats B
Browse Frogress  10G R 2 Jiter Tolerance Test: Step 0 - Jiter Frequency = 0.5 MHz 1/29/2016 11351 PM
Progress  10G P 2 Jiter Tolerance Test: Step 1 - iter Frequency = 1 MHz 1/29/2016 1:15:38 PM
§ . o Progress 110G Rx 2 Jitter Tolerance Test: Step 2 - Jitter Frequency = 2 MHz 1/29/2016 1:16:40 PM
Diferential voltage for loopback training Progress  10G Rx 2 Jiter Tolerance Test: Step 3 - Jiter Frequency = 4 MHz 1/29/2016 1:17:20 PM -
Long channel 800 mV [7] Use voltage setings from Rx tesis Progress 106 o 2 Jiter Toleranoe Test: Step 4 - iter Frequency =75 Mz 1/29/2016 1:17:52 PM
Progress 110G Rx 2 Jitter Tolerance Test: Step 5 - Jitter Frequency = 50 MHz 1/29/2016 111836 PM
Short channel < L ]
Save Excel workbook with all test results Completed USB Station .
Emror Detector
Setting up a DUT and o s ——
et dersty Seeitvy(Hin > Link to th b f the N5991U32A USB 3.2
. _ , INK 10 the webpage o e .
test environment Pesking dutoslign tmeou [ 60|
Receiver Compliance Test Software | Keysight
0K
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