Design Challenges for
Testing High Speed
Serial Communications

Design Automation & Embedded Systems 2018
John Marrinan, Director Application Engineers
7t and 8th of November, 2018

Tektronix: G ~Oo0d ..

DESIGN AUTOMATION

& EMB‘EDDED SYSTEMS B 0V <

VAN DER VALK HOTEL, EINDHOVEN



8 NOVEMBER 2018
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 Serial Data Link Challenges

* Fundamentals of Serial Data Link Analysis
* Measurement System De-embedding

* Practical Channel Emulation — PCle Gen3

 Practical Receiver Equalization
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Next Generation Serial Standards

25;{5 Standard Data Throughput
SATA

e DDRS PCle Gen3 -> Gen4 8GT/s -> 16GT/s
SAS3 -> SAS4 12Gb/s -> 22GB/s
. Computing USB3.0 -> USB3.1 SGb/S -> 10Gb/S
ﬁ SATA DDR4 -> DDR5 3.2GT/s -> 6.4GT/s
DDR5
[ o S 100G -> 400G 25Gbd -> 56Gbd
Datacenter
Storage
=7) PCle . . .
o] SAS  Cloud, Connectivity, Computing, Auto
Number of SSD-based devices connected to the network —] ggTRAS « Doubling of Data Rates from One
is increasing the amount of data transmitted and stored Dgtacemer g';j Generation to The next
ervers CAUI4
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Design and Test Challenges
Transmission Path of a High Speed Serial

Differential serial data is sent
without any clock signal

Ideal State across the interconnect to the
receiver
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CLOCK=>|

A clock is “recovered” from the

incoming data at the receiver

through a clock and data
recovery circuit (CDR).
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Design and Test Challenges
Transmission Path of a High Speed Serial

Clean, open, logical 1 & 0 at Ia.ogt;.ical 1 ﬁ‘ Otcar(; b?Ihard to

launch from transmitter distinguish a _en orlong
interconnects; (this is often
called a “closed eye”)

Smeared edges at end of

Fast, sharp, edges at long interconnect.
transmitter launch
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Anatomy of a Serial Data Link

Complete Link

A —
il _ N
| D == 0000000 S == e >
Transmitter A — 7 A

N Receiver
V
Channel

Aspirational goal: 0 errors
Practical Goal: Bit Error Rate < Target BER

Since BER is the ultimate goal, why not measure it directly?
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Serial Data Link Integrity = Bit Error Ratio

= Bit Error Ratio Testers (BERTs) are the tools for

measuring BER directly
= Why not use ONLY BERTSs for Serial Data Link

Analysis?
0 Difficult to model/emulate the equalizer
0 Measurements can take a very long time BER requirements have been
O Instruments are very expensive and not all that flexible translated to Jitter (and more
0 Does not analyze the root causes of the impairments of recently, Noise) budgets
the links Characteristic Units | Minimum | Nominal | Maximum | Reference
o o b L R e
= Alternative approach: use a scope and advanced Bl = x| B
jitter and noise analysis tools e
Q Easily move from Compliance to Debug i S
0 Better equipped to identify root causes of eye closure s il A

Q Equalizer can easily be modeled
O More cost effective

O Greater throughput
ghp _7NOV &
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Fundamentals of Serial Data Link Analysis

Transmitter Performance Embed Channel Characteristics Result of Channel After
after De-Embed (S-parameters) Effects Equalization

T

T ——

NN

§$+ +

= De-embed measured circuit as needed, to remove the effects of the
test fixture, cables and/or the channel to characterize the Transmitter

= Embed the simulation circuit: observe the waveform at the receiver
pins

= Emulate the Equalization inside the Rx: observe the waveform at the

comparator :
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SDLA Tool Set Have Two Components

Input Wims
From Scope

—{cn]
Test point with measurement

loading the Tx model [ Tcre
; Measurement System
& 50

( Thevenin I
Thevenin Impedance DeEmbed Blocks Scope Load

| Voltage 1 Z py " ) & 2 1 PR |
| < B2 (@) B3 (@) B4 B5 2

3 4 3 4 3 4 3 ) 50 I

| e . L L J

:{ X 50 cl : 21| P1 2'1 r1 2'\ 4 ; 2« r1 211 # e |

+ © | B1 B2 (O B3 |O| B4 B5 | I

| a0 Z L 4 & 45 3 4 & 45 #4 3 4 50 I

J

Simulated System
Test point with measurement
system de-embedded and

simulation system embedded TECHNOPOLIS, MECHELEN
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De-embedding Test Equipment Effects

Measurement
Circuit
B SDLA Visualizer

Input

=) P

Tektronix

Measurement Circuit @ Single Input
Tpt1 Tpi2 L

Ch1 -

Simulation Circuit

) Dual Input

@ View © GPB

[ Giobal BW Limit 40GHz
Sample Rate: 100 GS/s

Bit Rate: 6

Gbls
R4
R Data

Te4
R3

Tes

Signal at Tx Pins Measured Signal

Ref clk

a
5C)

at TP1 :
- iy
S [

De-embed using
S-Parameters

Signal with Channel
Effects Removed
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De-Embed the Measurement Circuit — Coax Cables

= Removal of the effects of measurement equipment is required and necessary for many next generation
standards

= Compensating for loss and reflections due to the measurement circuit is required
» The example below shows an 8Gb/s signal before and after the removal of SMA cables

After De-Embedding
Eye Height
~715mV

Before De-Embedding
Eye Height
~660mV

Description Mean StdDev  Max Min
() TIE (Source), Source  2.58031s  7.6363ps .210ps -33.590ps 67.800ps 604275  23.28%ps  -24.339ps
4 TIE (tp3), tp2 Tp2 39522s  7.5103ps s 5 65.857ps 604059  22.483ps  -22.362ps

658,00mV  0.0000V . 0.0000v 1 0.0000V
12934ps  0.0000s  12.934ps 000005 1 0.0000s 000005
=] DDJZ, tp2 TpZ 11207ps  0.0000s  11.207ps .207ps 0.0000s 1 0.0000s  0.0000s
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Embedding Channel Effects

Simulation
Circuit

Bl SDLA Visualizer == =

Tektronix @ Vview O GPB

Measurement Cigli @ Single Input () Dual Input [0 Global BW Limt 40GHz
Sample Rate: 100 GSis

srcl "
M| Bit Rate: 6 Gbls

Tp11 Tpi2

R4

Simulation Circuit

_ _ Closed Eye due to
Signal Acquired Embed Compliance the Channel

or after de-embedding Channel and Package
7NOV &

TECHNOPOLIS, MECHELEN

8 NOV &

VAN DER VALK HOTEL, EINDHOVEN




Fundamentals of Serial Data Link Analysis

T—-'K"‘? A‘ 1
ou s S
—————— EE— i
Signal Acquired  Embed the Add-In Card Closed Eye dueto  Apply the Base Open Eye for
from Compliance  Compliance Channel  the Channel Specification CTLE +Dfe  yoa5yrements
Board for Long Channel

System Board Eye Limits

Parameter Min Max Units
Vixs 34 1200 mV
b VTXS_d 34 1200 mV
1 Tixs 41.25 | ps
- M- B B
EERR
1 Add-In Card Eye Limits *
Parameter Min Max Units
Vixa 50 1200 mV _ )
Vixa d 50 1200 mV - 7 NﬁV —
T 4125 | ps TECHNOPOLIS, MECHELEN
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Embed Simulation Circuit (Compliance Channel)

= Verifying the effects on the waveform are correct can be done by looking at the S-parameters of the
channel model

* Based on the PCle 3.0 Add-In Card Compliance Channel, 10dB (0.3 voltage) attenuation is expected on high
frequency bits (4GHz for PCle Gen 3)
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Rx Equalization Create TP2" Eye

B SDLA Visualizer

Tektronix

Simulation
Circuit

Measurement Circuit

Tp8 Tp7

Tpi1 Tpi2

Simulation Circuit

b2

@ Single Input ) Dual Input
b1 srcl -
De-embed Ch1 Z|

PredE Apply to update filter...

Global BW Limit 40GHz
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Generic Rx Equalizer

/

Impaired
waveform at
the end of a

channel ‘ CTLE

FFE/DEE Recovered
waveform

CDR Recovered

clock

\ Receiver

yon Equalizer: CTLE 5 Clack Recovery ®on Equalizer: FFE i DFE
= = Tel0 -
A DO rE e BitRete: () Auto Detect SO REDFE Type Addapt Teaps
O Thru \Standard v] {Custom v |t -

[ o |eemss | 2 [oFETams

PLL Type: @1 (02

Koo i = =
T ot f |10 TR EW MHz |1 | samplemit | 1| Ampitude
i o2 L . L |
028t anc I | 07 | PLLDamp | 1 |RefTem 0000134 Threshold
\' 1004 | f,GHz | 16.000 | Tz BHZ \ 0 | CkDelay pe [T use Trainsey Autoset v
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Apply Receiver Equalization

= Equalizeris optimized on the CTLE + DFE tap value that results in the best eye area
» 8dB (¥60% attenuation) Adc settings are shown in the example below

= PCle reference equalizeris CTLE and 1 Tap DFE
* CTLE — one Zero and Two Poles
* DFE -1 Tap (-20/20mV tap value)

m SDLA Filter Frequency Domain Plots

-0 A - - Dod|&RE @ 0
2 CTLE PcieC
N P MapE e o o L B e ()
-4 Aoc /// N Adc . .
6 / ——1 fz (GHz)
9 - A =3 |
-8 < fp1 (GHz) |
an 11 I |
10 < @ 2GHz) | |
" Lm )

108 109 1010
Frequency (Hz)
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Validate CTLE EQ

* Measure the low frequency content of the signal on the acquired
waveform (Orange) 615mV approx.

* Based on the CTLE that was applied, we expect a 60% attenuation in
the low frequency content after the CTLE 240mV
File | Edt | Vertica | Digital | HoriztAca | Measure | Mask | Math | 1 < | tities | Help [ File | £dt | Vertica | Digital | Honaca | Tig | Display | Cursors | Messure | Mask | wath | Myscope | Anaivze | tities | Help |

pppppp

OVE poae
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Apply Receiver Equalization

The DFE will open the eye by twice the tap value
PCle uses a 1 tap DFE, meaning that the previous bit will determine if change of the current bit.
The table below outlines the change based on the 20mV Tap

High frequency signal before DFE is 126mV and after 166mV, which is 2 times the tap value of
20mV

Previous Bit Current Bit Change

0 1 20mV

1 0 -20mV

0 0 No Change
1 1 No Change
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Final Results

= PCle CEM compliance measurements can now be made on the TP2’ waveform (after the
EQ and CDR stages). Better correlation with BER

= Simultaneous assessment of the signal at each point during the post processing stage

VTXA_d, After DFE '
& PCle VTx.DIff-PP, A... j Pass
| PCle VT DIff-PP, B... (Pass
Height3, Before Ch...
& PCle T-TX, Before C...
) Height4, After Chan...
%) @ Paie I-Tx, Atter Ch...

11/8/2018

162.46m\
325.62mV
10402
688.60mY
101.70ps
0.0000v
0.0000s

0.0000s

162.46mv
478.65mv
132607
688.60mv
101.70ps
0.0000v
0.0000s

162.46mV
192.98mV
783.00mV
688.60mY
101.70ps
0.0000v

0.0000

Heighit4: Eye Diagram T
B 0 O TS O O Y

153648
154592
1

1
1
1

0.0000
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summary

 Traffic Demands in Datacentres and Automotive Industries driving
doubling in data rates.

* High Speed Serial Data Links Suffer Frequency Related Losses In
Channels

» Test Equipment Utilising New Emulation Technics To address This

* DSP Technics In Oscilloscopes Are Used To Remove Non-Ideal Effects
of Measurement Equipment Improving Margin

* Similar Techniques Are Used to Emulate The Effect of Channel Losses
and Receiver Equalisation

* These Techniques, Plus The Ability To Incorporate Emulation and
Models into Scope DSP Processing Allows Better Correlation Between
the PHY later and BER performance
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Questions?

More information?

C.N.Rood

— Arthur Hartsuiker
l == Sven de Coster
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