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// BERT measurements in
e systems with Crosstalk

e [ntroduction to crosstalk
— What is crosstalk?
— How is crosstalk measured?
— BER-based crosstalk method

 Centellax BER crosstalk solution
— Hardware and software for high-speed backplane
— Measurement capability
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W‘T What is crosstalk?

Test & Measureme
r Ceawlord

* Crosstalk is the undesired coupling of energy
from one transmission line to another

— Magnetic and electric fields incite mutual fields in
adjacent lines (in both forward and reverse directions)

— Radiating structures (wire bonds, via stubs) couple
energy to/from a resonant package or substrate mode

e Crosstalk is a problem for high-speed, high-
density signal routing in complex 3D structures
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— Magnetic and electric fields incite mutual fields in
adjacent lines (in both forward and reverse directions)?!

graphics: Intel!
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— Radiating structures (wirebonds, via stubs) couple
energy to/from a resonant package or substrate mode

What Is crosstalk?

graphics: Intel® + Centellax
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What is crosstalk?
* Crosstalk causes signal integrity problems:
— Increased noise levels (decreased SNR)
— Increased jitter on data edges (closed eyes)
— Reflections of undesired signals (reduced sensitivity)

* Crosstalk can be mitigated by design changes

— Separate traces further apart, use short traces,
route on different layers, route traces orthogonally,
use differential signaling

— But lots of long lines close together are hard to avoid!
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@ﬁ%' How Is crosstalk measured?

e Crosstalk can be measured many different ways

— Fregquency-domain measurement of an induced signal
« Measures aggressor and victim channel S-parameters
* Requires a 4-port vector network analyzer

— Time-domain measurement of an induced signal
* Measures induced signal amplitude and pulse width
* Requires a pulse generator and an oscilloscope

— Time-domain measurement of victim channel jitter

 Measures the increase of jitter on a victim channel due to aggressor
channel traffic

* Requires pattern generator(s) and oscilloscope/BERT
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W How Is crosstalk measured?

Test & Measurcment

— Frequency-domain measurement of an induced signal

 Measures multi-port aggressor and victim channel
S-parameters

e Requires a 2+ port vector network analyzer?

Aggressor Channel Measure S-parameters of
Port 1 @— victim channel
(S43, S33, S44 etc)

} s and
Port 3 —® port 4 crosstalk from aggressor

Victim Channel channel
(S41, S31, S32, S42 etc)

¢ Port2
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How Is crosstalk measured?

— Frequency-domain measurement of an induced signal

e Good for analog circuitry, essential for measuring package or
substrate resonances, but not useful for high-speed data!

1. This 12-part VMR wyste m maked ivbied- iroibe and Balamesd difforontial
S-parameter messursments from 40 MHz w63 GHo

1 Active ChiTrace 2 Response 3 Stimuus 4 Mirfanalysis 5 Instr State
Raturm Loss | Iraertion Loss
Trl 5ddll Log Mag

S-parameters
are difficult to
relate to eye
diagrams.

Are the S-
params on the
left good or
bad?

How bad?
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W‘T How Is crosstalk measured?

Test & Measurcment

— Time-domain measurement of an induced signal
* Measures induced signal amplitude and pulse width
* Requires a pulse generator and an oscilloscope?

Pulse J_ Port 1 Aggressor Channel Port 2

Generator g Ny !

(*J Oscilloscope

Victim Channel Port 4

Port 3




CENTELLAX

ﬂﬁa‘ “TMetrix..

How Is crosstalk measured?

— Time-domain measurement of an induced signal

 Measures the induced signal from one aggressor, but unclear

how this impacts the victim channel eye and does not
address high-density layouts with multiple aggressors
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Nice results,
but how can
this be used to
determine the
impact of
crosstalk on the
victim channel?
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W How Is crosstalk measured?

Test & Measurcment

— Time-domain measurement of victim channel jitter
 Measures the increase of jitter on a victim channel
* Requires pattern generator(s) and oscilloscope/BERT

Pattern T T Port1 Aggressor Channel Port 2

Generator 1 g AN

Pattern = (*J I X | Error Detector
or

Generator 2 Port 3 Victim Channel Port 4 )
Oscilloscope
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— Time-domain measurement of victim channel jitter

* This method accounts for multiple aggressors and measures
the most important metric of a datacom link: the eye opening

How Is crosstalk measured?

Direct measurement of TJ (total jitter) with & without
aggressors shows effect of crosstalk on eye opening

Centellax Instrument GUI

Setup Instruments  Measurements Reports  Tools  Help
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W‘T How Is crosstalk measured?
* Crosstalk measurement methods are different
— Methods may be determined by available equipment
— Different methods measure different things!
— Results may not be useful for your application

e So how should | measure crosstalk?

— Depends on your application and what you want to do
with the results

— For data signals, victim channel T} measured in the
presence of aggressors yields most useful results
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// BER-based crosstalk method
e using a multi channel BERT

 Time domain measurement of victim channel jitter

— Victim channel is stimulated at the ‘near’ end with a PRBS
generator, channel is tested at the ‘far’ end with error detector

— Neighboring aggressor channels are stimulated at the near or far

ends; other end of aggressor channels are terminated in 500hm
loads

— Aggressor setup for maximum crosstalk effect (worst-case):

 All neighboring channels stimulated with aggressors (some near-
end, some far-end) at full electrical line rate

« Aggressor edges intentionally skewed relative to victim transmitter
edges

— Complex routings will have unclear relationship between victim
channel and aggressor channel edges; swept edges necessary

« Adjustable amplitude, de-emphasis, PRBS pattern, etc
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// BER-based crosstalk method
g using a multi channel BERT

 Crosstalk measurement: jitter added by aggressors

— Total jitter (TJ) measured at a BER depth with 95% confidence interval
 BER depth of 1E-9 with 95% ClI is only a 300ms measurement at 10.3125Gb/s
 BER tester is the most accurate method of measuring TJ456

— Every single bit is measured; no fancy forecasting math is involved

— BER-based crosstalk measurement:
1. Measure victim channel TJ with aggressors turned off
2. Measure victim channel TJ with aggressors turned on (+ adjust settings)
3. The difference in the victim channel TJ is crosstalk!

— Adjusting aggressors enables insight into what’s causing the crosstalk:
 NeXT (near-end crosstalk): turn on near-end aggressors, others off
 FeXT (far-end crosstalk): turn on far-end aggressors, others off
 Amplitude, de-emphasis, PRBS pattern: adjust aggressor settings
« Data edges: sweep the delay on each aggressor clock (this is hard!)



CENTELLAX

Test & Measurement

e Based on PCB12500 Parallel Channel BERT

Centellax crosstalk solution

Each PCB12500 controls up to five remote heads

Remote heads can be PRBS Generator
or Error Detector

Multi-channel design allows for LOTS of aggressors!

Each channel (aggressor or victim) has fully adjustable:
 Amplitude (0.2 to 2V in 0.005V steps)
o Offset (-1.8 to +1.8V in 0.005V steps)
e Crossover (20 to 80%)
 De-emphasis (0-20dB; two tap — one post cursor)
« Patterns PRBS 2N-1 (N=7, 10, 15, 23, 31), and 1010.., 11001100..
e Channel skew (-1,000 to +1,000Ul in 0.001UlI steps!)
« Automatic delay sweep (1, 2, 4Ul p-p)
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Test & Measurcment

« Automatic Delay Sweep PCB12500

Centellax crosstalk solution

Each channel can be configured with automatic delay
sweep (0, 1, 2, or 4Ul p-p)

Victim is most susceptible to crosstalk induced errors at
receiver sampling point, near center of eye

Effective crosstalk testing requires varying the phase of the
aggressors

Delay Sweep function sweeps data channel
phase relative to clock

Triangular modulation, different frequency
on each channel (7-19Hz)
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Centellax crosstalk solution -
high-speed backplane example

@ Victim channel

@ FeXT aggressor
@ NeXT aggressor
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@E@*‘M* hardware

TG1C1-A

Clock Source

and _
2x PCB12500

Controllers Victim channel RX

(Error Detector)

Victim channel TX
(PRBS Generator)

NeXT aggressors 500hm aggressor

terminations
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Centellax crosstalk solution -
software

8 Centellax Instrument GUI

Setup Instruments Measurements Reports Tools  Help
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Centellax crosstalk solution —

BﬂTMt software “raditional bathtub curve
Data Eye
Diagram
1
“Bath tub”
o Jitter vs Delay
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// Centellax crosstalk solution —
W‘ﬁﬂ software “alternate bathtub curve”

Data Eye
Diagram

1
“Bath tub”
g Jitter vs Delay
R across Data Eye
1E-9
1E-12
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I software

Centellax Instrument GUI

Setup Instruments Measurements Reports  Tools  Help
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crosstalk!
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e measurement capability

e Crosstalk is measured by TJ(BER) addition

— Based on BER measurements made by PCB12500
e.g.
* TJ(BER),, ager ViCtim measured with aggressors off
* TJ(BER)ow ampl aggr Victim measured with 0.5V aggressors
* TJ(BER)nigh ampl aggr: VICIM measured with 2V aggressors

e TI(BER) agar- victim measured with 2V aggressors with
delay sweep ‘interference’ feature

* Crosstalk impairment = TI(BER),,, 459 — TI(BER)nichever
— Automated measurement run from control software

— Report generation capabillity for use in R&D,
characterization, or production test verification
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WT' Crosstalk Demo
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Questions?
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