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> 28 Gb/s SERDES Channel Overview

» Design Analysis for Band Limited Fixture Removal

> Fixture Removal Methods

> 28 Gb/s SERDES Measurements at the DUT
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128nm FPGA with GTZ XCVR 7H580T

Heterogeneous ay
VH580T i S e

: oy N W
.o 3 MENNES VY

16 May 2012 3:31 PM

VH580T GTZ

VH580T GTZ TX RX Eye Scan: 28.05Gb/s
Eye Diagram: 28.05Gb/s Through a 12.5 dB Lossy Trace
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128 Gb/s Channel

Samtec®

4 BullsEye™

[ \ Test
Packagg-.PcB Connector

Xilinx Virtex-7 FPGA Transition e

4 N
Package ¢ %
28G Tx Substrate
PCB Traces
PCB-Connector

Transition
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Physical Description PCB Stackup

N 0 (O

——

Layer Type cu CU%

Weight Material Description Via Structure Segment
Soldermask i .
Tess thk = 4 56 mi Prepreg
P C B Sta c ku p 1 Signal H 20 Fail
Yl 2 Plane H 94 !
22 La yers 3 signa H 2 3_'9 = Pm
4 Plane H a4
_ 3.9 mil HIH Core
® HS signal layers: Panasonic — T — -
Megtron6 > co = EFTTR core
. _— . . ress =529 mi Prepreg
8 Plane H a4 .
® Other layers: ISOLA 370HR - FR4 o et B o L e
Press thk = 5.32 mil Prepreg
1 Flane . = 3.0 mil HIH Core
® For Megtron6 and 370HR e A e Frepreg
interleaved in lower layers for 2 Fmne Ho = core
13 Plane H 89
H HH Press thk = 5.78 mil Prepreg
mechanical stability S
3.0 mil HHH Core
. y . Press thk = 5 50 mil Prepreg
Note: For economic reasons other T ——
4.0 mil H'H Core
layers are standard FR4 (ISOLA 370HR) s
18 Signal H 3
4.0 mil HHH Core
e Press thk = 5.28 mil Prepreg
20 Signal H 3
4.0 mil H'H Core
21 Plane H a4
Press thk = 4.56 mil Prepreg
22 Signal H 21 Foil
Soldermask
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Phy5|cal Descrlptlon Pin/Via Breakout

Via Topology

e 10 mil Drill

e 20 mil pad

e 28 mil anti-pad
» Backdrill — 8 mils from target layer +/- 3mils
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Physical Description - PCB Layout

BGA Pin Via Field Connector Pin Via Field
PCB Stripline Routing

7 -
e T L =

Differential Pair Routing: 3.5 mil Traces with 10 mil gap
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128 Gb/s TXx Measurement Challenge

Agilent 86100D DCA-X
Wide-Bandwidth Oscilloscope

Test Fixture and cable to be
characterized and de-embedded
(Device Under Test or DUT)

Measurement
Fixture

Coaxial Adapters
Cable Assembly
PCB Routing
BGA Via Field
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| Band-Limited S-Parameters for De-Embedding

——

N0 (O

ﬁequency to Time DomQ

Inverse Fourier Transform

)

4

~ /"

-
<+

)/

Qummation of Sine Waves/

\ . b

Casel \

Infinite Sum of Sine Waves

/
Case 2 \

Finite Sum of Sine Waves

2

Non-Causal Ripple - Gibbs Phenomena

Bandwidth
28 Gb/s Tx Rule-of-Thumb
Rise Time 13 ps 17 GHz
3 dB B.W.
Rise Time 5 ps 44 GHz
3 dB B.W.
3" Harmonic 42 GHz
5th Harmonic 70 GHz
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| Error Due to Glbbs Phenomena

/ Time Domain Simulated Pulse \

.

—

Rise Time

13 ps Pulse Width

216 ps

|

Rise Time
20 ps

Pulse Width|

I

/Time Domain i-FFT of Bandlimiteh
Frequency Domain Data

\MI~5% Ripple

\

216 ps

)/

J

( Fre

\

-100

0

P

quency Domain (FFT of Pulse)

-204

404

-604

-804

Bandwidth 200 GHz
%mﬂ Small amplitude at
the band-limit.

.................................................

0 10 20 30 40 S50 60 70 80 90 100
freq, GHz

)
L

m-'requency Dom

204
40+
604
804

-100

5

ain (FFT of Pulse)

\

Bandwidth 17 GHz
Brick-wall Windowing

freq, GH
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1] 10 20 30 40 a0 60 70 80 90 100
req, GHz _‘{"’/’//
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Reqmred Channel BandW|dth

/ Time Domain \ / Time Domain

i-FFT of 34 GHz Bandlimited Data i-FFT of 50 GHz Bandlimited Data
h
" ~1% ~0.2%
Rise Time Ripple Rise Time Ripple
15 ps 13 ps

D =l R
Inverse-FFT Inverse-FFT
/ S e \ / Frequency Domain \

Bandwidth 50 GHz

. =\ Bandwidth 34 GHz

se)

N )
o

P o] Brickwall . Brickwall
£ £ /
DE 804 o)
.100‘ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

-100

0 " 1I|:| ' 2"]’ "SID” ‘4‘0‘ ‘ I5ID " Eb o TID‘ I‘BID” Igbll 1IE|[| 0 10 20 30 a0 50 60 70 80 90 100
\‘ freq, GHI J/ k freq, GHz _)/
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Eye Diagrams with Band-Limited S-Parameters

QN =

28 Gb/s , PRBS 7 Eye Diagrams

Inverse Fourier Transform with 4" Order Bessel Windowing

(=~ EyeDiagram 28Gbis, 34GHz Bandwidth

\

=

Eye Diag:am ZBGu[s, 34GHz Bandwidth

N

7

= Eye DiagrenngmaGg:s, Sog_l-gz.Bar:gwidm
o s 271 03 ores

By B8 TR

S S S \’ == = = " N N
= = = T . . N\ /
Ty %, 1 a—— Ry N ’/L-V N 7 \\\, \\\\ : \\ A \ , \
-~ \\ AN // AR 7\ 7\ /
L o4 A J1U - )

Bandlimited
17 GHz
S-Parameters

Bandlimited
34 GHz
S-Parameters

Bandlimited
50 GHz
S-Parameters

Bandlimited
100 GHz
S-Parameters

0 s a0 4b 50 o 70 75
time, psec

\

N
PN

\/
SN

1|J ZIJ SU 4U SD ED 7El T8

time, psel

Eye Density

J

-0
0
\_

094

074

0.3

\

/

\ i

Eye Density

3

\_

Hilbert Transform with Causality Enforcement
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Fixture De-Embedding Methods

QN W D oion | O | £

Channel Model
De-Embedding Options

1) Direct Probe Measurement

2) Test Coupon Structure with AFR aome

BGA Footprint

3) Hyb rid Multi-Path Simulation | Coaxal CableModel |  PCB Multi-Layer T-Line Model

with Minimal Test Structures \ﬁfﬂ? g (B x| [H[ ¥

4) Direct Reflect Measurement

\with AFR algorithm. & e < 1 Technique
u -,~: ‘ (8 - ;
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F|xture Removal Rewew

SN
NUAN O\

BEFORE

FIXTURE + Resonant Beatty Structure

—_—
Series Resonant Beatty Structure

\

x Fixture “~2.54 cm (Lin) ’ x Fixture
L 1xFixtureA | 1x Fledure FIXTURE
. DE-EMBED
S-Parameters before Fixture De-Embed

Loss (dB)
R
i
=

——

AFTER

DUT with Fixture Removed
Series Resonant Beatty Structure

W 3*W W
y \
g 1

“~2.54 ¢m (1in)

)

~ S-Parameters after Fixture De-Embed

AN

Frequency GHz)

J
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/ 1-Port AFR

1-Port, Open at DUT
In-Situ Path Measurement

Note: Only 4 S-Parameters are
used to calculate the differential
.s4p fixture behavioral model.

SH 313 SH
Through Path
Port 1 - - S’Q 823 Sos
I — Reflect PLTS 1-Port AFR Z 24
Port 3 s . 3 .

Differential Pair 31 Sy Sz
Measure S11, $33, 513, S31 Sy Sa Sy
into a reflective open or short. G

alculate full .s4p
J

/

«wome Beatty Standard Experiment

-

s0000 wwe  Beatty Standard Experiment - S21
T11 Red = Gen 1 AFR with 2X THRU .00
po-ao T11 Purple = Gen 2 AFR with 1-port - T11 Red = Gen 1 AFR with 2X THRU
50 Ohms T11 Green = TRL Calibration T11 Purple =Gen 2 AFR with 1-port
g bmtin s Bl ¢ - 30.000 T11 Green = TRL Calibration
Compare " | A=
’ | | uitip/e neflections 20.000
2x Thru AFR | | I
1-Port AFR - ;‘ | S S
[ - S S N R =
TRL Multiple Stds |-« ’ Time Domain - I 1]
2000 2000 r n main
- TDR Impedance equ? ¢y boma
20000 ; o Insertion Loss — S21
- - 23 0hms - _
\\ ) -0.22 ns(Step 1.56 ps) 0.32 ns/ 3.00 m) 7 - AN

N

=/
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artlal vs. Full De-Embedding

set Con

Partial De-embedding:

. Removes insertion loss

B [ — J Does NOT remove reflections
& (assumes an ideal source, receiver)

H (o)

Remove s4p

5 | s5000/50.00Q ] .
Easier to Implement

Transmitter
50.0 ©/50.0 Q M. 50.09/50.0Q

Legend
Measurement Circuit H
~ | 50.09Q/50.0Q

Simulation Circuit

Measurement Node

Simulation Node

Remove all effects of a fixture or cable ¥

\ ? Transmitter
Conﬁguratiun: FuII De embeddlng
' Removes insertion loss and reflections

/
\

— e ' PR— between circuit elements
7: ® ® 8l * More accurate (but less forgiving if :
.0 Q/50.0 Q i = 50.0 ©/50.0 : DeEmbedding
models/delays are not correct)

Transmitter ————————————— ————————

Legend

Measurement Circuit

Transmitter
Simulation Circuit - Source

Measurement Node

Simulation Node

\ D Transmitter
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Partial S21 De-Embedding for 28 Gb/s Fixture

Partial vs. Full De-Embedding Fixture Behavioral Models

Fixture on Each Side: Beatty DUT * S-parameter Behavioral Fixture Models\ 5003 O TDR of the Behavioral Fixture Models
LN 125,000 | | | T I | 1 | |
Ot 2 e \ 521 Red = ADS Simulated Model -
- x Time Domain it
o K“\s.\“ - | o ADS Simulated Model
Frequency .. | . Impedance

10.000
t 102,000 p
N | aL
] e

.. Domain / U |
.= §21 Loss gl Al \J .',l T ";;J‘?.M.f.,z-:—frﬁ"%*{)
VM { “[

521 Blue = Gen 1 AFR with 2X THRU | ffi . |

Insertion Loss

K $12 000 y 95,000 L
.10 Full S-Matrix Fixture De-Embed \ AN i
s A b4 000 )./ .L \ Ll \\ - 50,000 TDR Blue 3

| Partial 521 Fixture De-Embed </ 7 R / RRLIAN Gen L AFR with 2XTHRU /

1 R : . . 18 000 57 een en 2 AFR wit -port \ 58000 D een

{ Beatty Standard with Fixture Included 11 Gen 2 AFR with 1-port

18 000 r L 80.000

L N i | .

0 5 10 15 20 g 7 = o

LA / Tx PRBS7 Spectrum Before and After Partial De-Embedding

Fixture on One Side: Active Tx DUT

25 |
8 a9 Partial 521 De-Embed with i
SURTE .1 nF excess L at DUT |
S0 _ 3
g' 5 Partial S21 De-Embed with o 1;
5 ,l.ldeal Zo matched DUT = R
2 VI SN | | T R Lab A e S T Srigh e B S, B e S
‘g 54 VU\‘xl ]
2 -104 . yei 3
2 5 Full S-Matrix De-Embed 7 IV Active Tx
& -zu with 12 mil length difference
5 o0
(=]

.25 ‘

0 5 10 15 20 25 30 35 40 45 5
freq, GHz




Device Characterization

Measurements used to compare de embed models

QN i€
e Waveform

— Compare specific bit sequences (bits onscreen)
— Rise/Fall Time
— Amplitude

Oscloscope
&
!

* Eye Diagram
— Fast and efficient, examine all bits in a pattern
— Rise/Fall Time
— Eye Amplitude
— Eye Height

e Jitter and Amplitude Analysis

— lIsolate random and deterministic components

— Focus on inter-symbol interference (ISl) T TR
(check efficacy of S-parameter models used for de- embeddlng) DESIGNCON



Clock Recovery is required for compliant Jltter measurements

Basic CR Block Diagram

Phase’

Amplifie

Voltage Controlled
Data Input Phase Detector Error Oscillator (VCO) Recovered Clock:

Loop (PLL)

CR Phase Locked l

PLL “Jitter Transfer Function” (JTF)

* indicates how much of the jitter on the input
signal is “transferred” to the recovered clock
(output)

* low-pass filter function (LPF)

Clock Recovery PLL Response

Jitter Transfer Function (JTF)
and

Narrow CR

Loop BW \

Observed Jitter Transfer Function (OJTF)

=

=

JTF=Closed loop gain

©
©

\Y?‘

Sampl N
(Receiver) ,\

Data relative to Data relative to
“clean” clock recovered clock
(narrow loop BW) (wide loop BW)

NN\ =

“Observed Jitter Transfer Function” (OJTF)

.

_pu_ AG) ey #(s)
Cgn 1+A(S) G(s) =[G(s)e

Jitter Multiplier
o
(2]

/

0.4
Standards Specify: 02 N
® PLL Orde r/ Type :?.OE+3 10.0E+3 100.0E+3 1.0E+6 10.0E+6 100.0E+6

* PLL Bandwidth
* Peaking (Damping Factor)

Frequency (Hz)

indicates the jitter that is “observed” by the
receiver (scope)

high frequency jitter on the data stream is
“transferred” to the receiver (HPF)

OJTF=1-JTF
=1-G(s) =1-[G(s)e**®
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28 Gb/s Performance of Fixture Removal Methods

Xilinx

286G GTZ PCB Channel

Transmitter

BullsEye
Connector

Transmitter

28G GTZ PCB Channel

BullsEye
Connector

Xilinx

Transmitter

286G GTZ PCB Channel

BullsEye
Connector

Agilent 86100D DCA-X with 86108B module e
e Bandwidth: 50 GHz 2)

* Intrinsic Random lJitter: < 50 fs rms

Ailinx
115 0 PCB Channel | SullsEye
Transmitter
Input
(waveform measured directly at .
the output of the fixture) (1A
® B
(2n) L

1. S-barameter model from:

D1A

* Integrated Clock Recovery
» Data Rate (DR): 28.05 Gb/s
» Loop Order: 1t Order (0 dB Peaking)

IIAJ?\
» PLL Bandwidth: 16.8 MHz (DR/1667) >

ADS Simulation

2. S-parameter model from_;,,,

Dy

Ba

3. S-parameter model from:

2x Thru AFR

Note 1 —the “Align” function simply removes filter delay and aligns
waveforms making it easier to compare waveforms.

=

DCA De-Embedding:
(Scope) None

De-Embedding:
Gen 1 AFR
2XTHRU

DCA
(Scope)

DCA De-Embedding:
(Scope) ADS Model

De-Embedding:

De-embedded Output

(simulated signal at the balls ofthe IC)

F3

FS
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Waveform Measurements

A

5 7l o kY i R

Waveform Measurements

FlexDCA Signal Identifier

Description

Rise Time 20-80% (ps)

PRBS15 S-Paramater Model Used by De-Embed Function
F5 F7
ADS 2x Thru AFR
11.6 ps 10.2 ps
752 mVvV 746 mV

Eye Amplitude (mV)

1-Port AFR Model:

Rise time (20%-80%):

2.6 ps faster (20% improvement)

 Amplitude: 163 mV higher (27% improvement)
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Waveform Measurements

2

EE

Marker Results
X
Marker Set 1 43273343 ns
Marker Set2 () 43300060 ns
A 26717600 ps
More (1/2) 1/BX 37428512 GHz

82.5mv/ 125.0 pw/ Timebase Acquisition Trigger
284.75 MV 250.00 pW \ 250 mv/ 100.00 ps/ Full Pattern: On Src: Front Panel
100.0 mv/ nsopw/ |\ -nn2mv | Pos: 43.09777 s

ov 4 ow L 5

* Where does the ringing come from after de-embedding?
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10.8 mv

| Full Patterm: On
Pos: 26.61768 s | |

| Acquisition Trigger

64 pis/bit

Src: COR (Slot 1) fa)
=

Eye Diagram PRBS7 S-Paramater Model Used by De-Embed Function
FlexDCA Signal Identifier F3 F5 F7
Description 1-Port AFR ADS 2x Thru AFR
Rise Time 20-80% (ps) 11.9 11.5 11.9

Eye Amplitude (mV) 1134 1134 1169.0
Eye Height (mV) 679 814 803.0
Jitter (rms) (fs) 563 510 665.0

Eye Diagram PRBS15 S-Paramater Model Used by De-Embed Function
FlexDCA Signal Identifier F3 F5 F7
Description 1-Port AFR ADS 2x Thru AFR
Rise Time 20-80% (ps) 12.1 11.5 11.6

Eye Amplitude (mV) 763 762 785.0
Eye Height (mV) 455 545 539.0
Jitter (rms) (fs) 615 537 702.0

1-Port AFR Model:
* Rise time (20%-80%): 3.1 ps faster (20% improvement)
* Eye Amplitude: 204 mV higher (25% improvement)

‘ Full Pattem: On

Trigger
Src: CDR (Slot 1)
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Nitter/Noise ot NP Masre

Measured at

B
&0

Duglay J32

Spectium
54

JSA Setup
CRE &

Optrmern

CREPLL

Setip

&2

-

(0

Jitter Measurements

(R M)

el

utput of fixture.

Jitter Analysis

FlexDCA Signal Identifier

Description

Total litter (@ 1E-12) (p-p)

Random litter, RJ rms (fs)

Deterministic Jitter (5 - 8) (ps)

PRBS7 S-Paramater Model Used by De-Embed Function
F5 F7
ADS 2x Thru AFR
5.72 6.10
277 256
1.92 2.60
1.76 2.36

Inter-Symbol Interference (I51) (p-p)

tittes/ Noise

Jitter Analysis

PRBS15

FlexDCA Signal Identifier

Description

Inter-Symbol Interference (IS1) (p-p)

1-Port AFR Model (PRBS7):

Total Jitter (1E-12): 6.05ps (1.7ps lower)
Random lJitter (RJ): 267 fs (~ unchanged)
Deterministic Jitter (DJ): 2.4ps (1.7ps lower)
Inter-Symbol Interference (ISI): 2.37ps (1.4 ps lower)

S-Paramater Model Used by De-Embed Function
F5 F7
ADS 2x Thru AFR
4.34 5.11

1-Port AFR Model (PRBS15):
ISI: 4.98ps (1.8 ps lower)
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* Fixture de-embedding Lessons Learned:

— Test Fixture is simple to build and measure

— Full de-embedding is sensitive to reference plane
errors.
— Partial de-embedding
* A practical solution when Tx is impedance matched.

e Substantially less effort than full de-embed
e Results are sufficient in most cases

— 1-Port AFR enables simple in-situ fixture channel
measurement.
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| Conclusion
NN e
* This methodology is useful

— Economical use of time and resources

— Does not require elaborate measurement equipment
and set up

— Results are adequate without expensive effort and
resources

“Accurate 28 Gb/s Tx real-time
measurements at the DUT package
require fixture de-embedding.”
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