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100G Physical Layer Characterization and
Test of 25+ Gb/s signaling in latest Ethernet
and OIF CEl Standards
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I Agenda 100G Physical Layer Characterization and Test of 26+ Gb/s
sighaling in latest Ethemet and OIF CEl Standards

50 Minutes:

100G Technology — An update on the standards
— Market Drivers, Common Topologies, Trends

Tx Testing Overview — Instrumentation/ Signal acquisition requirements
— Signhal Decomposition
— Eye Diagram & Jitter Analysis

Rx Testing Overview — Instrumentation/ Signal generation reguirements
— Pattern Generation
— Stressed Receiver Error Detection
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I Market Drivers: (Bandwidth, Bandwidth, Bandwidth)

= The continuing drive to ever higher data rates for electrical devices is
evidenced by the following emerging standards:

100GBASE-R4 100 Gbfs Ethernet, implemented as 4 x 25 Gbfs + 25.78 Gh/s

SONET OTU4 100 Gb/s Telecom standard, implementedas 4 « 27.95 Gb/s
x 25 Gbfs
OIF CEI3.0 1A « CEI-25G-LR supports backplane interfaces + 25 GBaud/s
up to 680 mm with two connectors
CEI-28G-SR supports chip-to-chip interfaces + 28 GBaud/s
up to 300 mm with one connector at 28
GBaud/s

INCITS T11.2  + 32GFC Fibre Channel + 28.05Gh/s

15 billion fixed and mobile networked devices and machine-to-machine
connections by 2015.

= By 2015, global IP Traffic will expand 4X from 20 exabytes/month to
81exabytes/month. (IEEE report). CAGR 32%

= Networked Storage Capacity will grow to 7910 exabytes by 2015 with 50% of
this being accessed via Ethernet.
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I System Configurations

= The 100G ecosystem is converging on a modulo 4 configuration for
reasons related to scalability advances in silicon design which make
28Gb/sec SERDES a common building block.

IEEE 802.3ha  100GBASE-LR4 10 km

1802.36) 100GBASE-ER4 2 5M fibers A0 rm 4x23.78123 Ghrs =10-12
TD0GBASE-SRA™ g1 M fivers <iom a0 folZ0 Obs = 1042
100GBASE-CR4*
100GBASE-KR4™ 4 cables, backplane ) 4x25 78125 Ghfs =10-12

QlF CEl CEI-286-LR/SR alcm
CEL28G-VSR" N traces on PCB 15° e 18.80-28.05 Ghis =10-15

INCITST11.2  32CFC 812 MM channels TBA"

Fitare Channel optical and & ~<10m 28.087 Ghfs =10-12°

electrical

= Established Electrical, SM Ogtical interconnects and emerging MM
technology present unique opportunities test challenges.
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I TX: Measurement Challenges — System Bandwidth

= For characterization purposes, one typically requires bandwidth
sufficient to examine the 3rd (or ideally the 5") harmonic of the signal
acquired. Shown below are a number of the current and emerging
standards, their bit rates and the required/desired bandwidth:

16G Fibre Channel  14.025 21 GHz 35 GHz
PCle4.0 16.00 24 GHz 40 GHz
100GBASE-R4 25.781 39 GHz 64 GHz
CEI-28G-SR/VSR 27.975 42 GHz 70 GHz
40GBASE-FR 41.25 62 GHz 103 GHz

e 'Iéktron/ix-

I OIF CEI-28G-VSR Topology and test overview

OPTICAL
INTERNETWORKING
FORUM

Molex QSFP AOC
Inphi Gearbox Semtech Dual CDR  With Luxtera SiP Semtech Dual CDR

An overview of OIF’s typical 28G CFP2 Host, Channel and CFP2 Module
Endpoint. The OIF 28G-VSR spec is the fundamental building block for
100GE, OTN, 32GFC and IB EDR.
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Transmitter Measurement Challenges and - - —
Instrumentation: DSA8300 E s

= As bit rates continue to increase the

= Depending on the slew-rate (i.e. rise tlmeIS|gnaI amphtude)
vertical noise can exhibit itself as additional jitter and eye
closure.

= Electrical, Long and Short wavelength Optical signal
acquisition.
— 3 harmonic of 28 Gb/s is 42 GHz; 50 GHz is desired
— Dynamic range: VECP requires 50+ dB of dynamic range

= Jitter on Optical and Electrical signals
— <100 to <200 fs component specifications
— 300 fs electrical system specification
— 400 fs optical system specification

= Concurrent Electrical and Optical Signal Capture
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Ethernet: Measurements for
40GBASE-LR4, 100GBASE-LR4/ER4

= Similar to 10GBASE-*R single-
mode optical

" Newly defined aspects are:

— Optical Reference Receiver at
19.34 GHz; Clock Recovery at
10 MHz PLL LBW

— Masks — scaled version of
802.3ae. New masks for 25
and 28 Gb/s available as files
from Tektronix

— Masks — hit ratio of 5X 1075
hits per sample (0.005%);

100GBase-LR4 Mask Test
DSA8300 & 80C10C-F1

calculation in oscilloscope Reference Receiver
math {contact Tektronix for
details)
° Tektronix
7
| Document: OIF2012.290.00 CEIl Implementation Agreement Draft 7.1
10 . A .
11 1.BA4 Host-to-Module output P
}f | Itis recommended that each host-to-module lane meet the specifications of Table 1-9.
Table 1-9. H Module Electrical ificati at TP0a = OIF-CEl Tx specifications
Parameter Symbol Min Max. Units | Conditions — Complex litter
FR“EW decomposition and
Differential Valtage, pk-pk T_vdif 600 5 mV | Emphasis high dynamic range
Ngl . vertical noise analysis
Common Mode Voltage T_Vem ET) 1700 mv Note 2 are key to current
Differential resistancs: T_Rd 80 120 ohms designs.
Differential resistance Mismatch | T+_Rdm E 10 % at1 MHz — T_UBHPIis the
==n combination
Difrenta RetumLoss | 750022 - oo | @ Bounded
— Sl Uncorrelated litter
[ranaiton Time: 20/80% T T 8 - ps | Emphasis (BUJ) and High
37 [Eommon Mode Noise, ms T_Nem -y 2 mv | See123 Probability Bounded
ggzz;rsrii\‘?lﬁil;lnbounded e . / e - Jitter (P}
= — T_UUGH s just
correlated Bounded high = y
:Mer LY - (S C Heiest Random litter (Rl)
Duty Cycle Distortion . . being very pedantic
(component of UBHP.) — 0o U Hote 5 to eliminate BUJ from
1y |Totel iter TT) - 028 Ul Note 3 he mis which i
2 |Note 1: Max voltage is limited by specifications at TP1a the mix which is a
3 | Note 2: Load type 0 with min. T_Vdiff, AC-Coupling or floating load. common problem
Note 3: T_TJ includes all of the jtter camponents measured without any transmit equalization today.
5 |Note 4; Measured with all possibie values of transmitter equalization, excluding DDJ
46 | Note 5: Included in T_UBHPJ
? Tektron/ix-
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I 80SINB Jitter Noise and BER Analysis [= =] xT]

(Texioni<lla  QIF-CEI Tx specifications

— Complex Jitter
decomposition and
high dynamic range
vertical noise analysis
are key to current
designs.

—~ T_UBHPJ is the
combination
Bounded
Uncorrelated Jitter

— (BUJ) and High

Data Source: il Data Rate: 25.78125 Gbps P‘robability Bounded

e ;:::I‘p’l": e 8 Jitter (PJ)

— T_UUGI is just

Random litter (RJ)

being very pedantic

16.50 mul

RI(h) (RMS) 16.01 mu1

RI(v) (RMS) 3.98 muL S
Deterministic Jitter to eliminate BUJ from
the mix whichis a
Do common problem
Bun(dd) today.
1.25 mit
Total Jitter & BER. Total Noise @ BER
% = 467.36 mul TN (2.5E-10)
Eye Opening (2.5E-10) = 532.64 mul Eye Dp:nmg (2.56-10)
Eye Ampitude
55C Modulation
RI(d-d) = 18.50 mUl Magnitude
D3(d-d) = _236.96 mul Frequency
=0 L) Tektronix:

Jitter Methodology J2 and J9 Jitter

= |EEE 802.3ba requires J2 and J9 jitter
measurements, and defines J2 and J9 as follows:

= |EEE 802.3ba 86.8.3.3.1 )2 Jitter

12 litter is defined as the time
interval that includes all but 102 of
the jitter distribution, which is the
time interval from the 0.5th to the
99.5th percentile of the jitter
histogram. This may be measured
using an oscilloscope, or if
measured by plotting BER vs.
decision time, 2 is the time interval
between the two points with a BER
of 2.5 X 103, Oscilloscope
histograms should include at least
10,000 hits, and should be taken
over about 1% of the signal
amplitude. Test Patterns are . Scope
PRBS31, Scrambled Idle, or live Histogram
traffic.

Q Factor

Example - Clock signal acquired with 82A04B / 80E11

250t iavlorms_#istins 2001 o[ GO TG OB B BER A —Toes
3] ) (il B (] ) [Remvston o) i [ciockresce =] e [6 Fle view Setup_tielp i—0
it (P60 ki W= - 11256 Ref
2 - = 10.3125 GHz
1.2V
» Data Input:
=600 mv
P - Jitter:
=75 fsec RMS
*RJ=661s
~ | 2000mv/civ [ %
B eedous - window
[Phaseref(€5.Co[ Measwrement |
Gusaere pun ] 1A 4
L] Lo ye Spening (10-12).
2 Freq A |japei SAE
10.31599GHs |l 540.0000fs, Ty
i ssvar
I e RIEY)
" Tektronix
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Key 100G Transmitter Test Products Summary

= Enhanced phase reference module and electrical sampling modules
— 82A04B - enhanced phase reference module that
enables <100 fs instrument jitter =
— Highest performance, multi-channel, low jitter solution

— 80E11, 80E11X1 — ultra-low jitter (85 fs RMS, typical), 70 GHz
dual and single channel samplers

— Highest bandwidth, ultra-low jitter, high fidelity

signal acquisition =

— B80EOQ7B, 80E08B, 80EQ9B, 80E10B — ultra-low jitter !‘Po gt G
" ’ - 237
(95 fs RMS, typical) versions of the existing remote @ T, NG
samplers P e B
— Remote samplers minimize aberrations due to \%
cabling and test fixturing.
— Select modules to meet bandwidth and noise
requirements (20 GHz — 60 GHz)
— 80EO08B and 80E10B include highest performance
integrated TDR capability
b Tektron/ix

Receiver Measurement Challenges and
Instrumentation

ek

> > S PPTH S

= Generator jitter noise levels and specifically jitter constituent
components (R, DDJ etc) are key to ensure the various
minimum impairment levels can be achieved and full receiver
margins reached.

= Error location and advanced error profiling tools to offer insights
to where the signal failures occur.

= Electrical to Optical conversion process is needed at various
short and long wavelengths, with a linear E/O transfer function.

= QOptical to Electrical conversion systems which can operate at
short and long wavelengths, with good SNR capabilities.

= Electrical and Optical BER Measurements to BER levels of
10e-15.

" 'I‘ektron/ix

Receiver testing for High Speed DataCom at 100G
Instrument Intrinsics.

100GBase- 26
. Key Comms 100GBase- R4 Fibre-

= BSA286C: Rates R4 (FEC)  Charnel  CEl

Rate 257813 27790 280500 28.0500

— Support for rates through Ul (period) 07679 360500 356500 358500

28.6G offer 3% margin over Alcat=aRi0) 013 013 014 013

: R in Psec RMS D3B02 0348 03585 03310

standard base spec’s.

— <350pSec RMS Rj allows following the J2 and J9 jitter intercepts

with margin.
Data Source: CH1 Data Rate: 28 Ghps Fiter: Fdse Total Jitter @ BER Total Noise @ BER
88C: Of Pattern: 127 bits Charel: False T (IEL) = 592 T (1E-12) = 208m
Phase Reference: 7 Gz Sample Count: 5270k Equalzer: Neme: Eye Opening (1E-12) = Bps Eye Opening E-12) = B848em
e L]
Randon Nise
R (RMis) = 199.01fs RN (RMS) = 4%mv Rdd) = RBfs Magnitude = Oppm
() (RMS) = 106k RN(Y) (RHS) = 4BW D)td) = Frequency = 0
RI() (RHS) = 18X RH(H) (R4S) B E
Deterministic Jtter Deterministic Noise
= 3% = BL3m
L)) = 3ps DON = 1556m
Dco = 1877 DDNlevel 1) = 14405m
DOPHS = 1B DDNevel 1) = miem BER Baihtub
n = 4%t PN = 43mV
P = 9k ) = 43my
P = W06k PH) = B8

Tektronix-
V4
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I Receiver testing for High Speed DataCom at 100G
Receiver Configuration and Calibration

= Using 802.3ba Rx case study

= Physical Medium

Dependent (PMD) sub-
layer and medium, type

40GBASE-SR4 and v B
100GBASE-SR10 i, -smmm e
= Rxand Tx testing \ I’_LI AV / e

= Section 86 of the 802.3ba
base spec (Page 271) is

our target area.

Tunable E10
convertsr for
1306 Unger teet

i e

BERT

Figure 87-3—Streased receiver conformancs test biock diagram

Mach-Zehnder
Modulated CWV driven

* Tektronix-
/
I Optical Transmitter Classes (E/O systems)
B Long-Haul High-power
B Telecom/SONET High-quality/precision
H Line-side alighment
B Optical Transport High cost

Standards: ITU-T,
OIF, 802.3 ER/LR

Low-power
B Ethernet Low-quality/loose
B Storage Area alignment
Networks Low cost

B Short Range

Standards: T11,

802.3 SR
VCSEL AM Modulated

" 'Iéktron/ix-

I Rx/Tx testing for Industrial HSSD at 28G (long A )
Receiver Configuration and Calibration

Jimor Histogram (at VertcalEye Closure Apprasimate OMA
wawe form average, Histograms (difference of means

may not be at waist) (at ime-center of eye) of hastograms)
< Output \ o
E Pl HL_
¢ = /
Aa)y

s vl o |OMA
—e- i
-

v, =
®
FIGURE 12.15 Mach-Zehnder interferometric modulator. If no electric field is applied or !

the electrodes, the input light exits from the output. When a specific voltage is applied, th
output becomes zero.

Fipure 4. Stuesed e Measarcment Poits a5
T Defined in IEEE 802.3a

Mach  Zehnder Modulator 1310nm: optimal dispersion, sub-optimal loss.

1650nm: sub-optimal dispersion, optimal loss.
o p p p
i Light Instrument grade modulation uses MZ based
F Input +

Sut systems for linearity and precision.

Light Out = Ysin| #* REINPUT
. raiil A |

" 'Iéktron/ix-
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Receiver testing for High Speed DataCom at 100G
Receiver Configuration and Calibration (long )

g
<[~ R (AR [ S]] L (g (A LA &

a9mnzie

Use non-limiting, GaAs (for stability)
M-Z modulator... e.g.: U2T

L 4
S,

Receiver testing for High Speed DataCom at 100G
Receiver Configuration and Calibration

The target values from Table 88-8 of 802.3ba 2010 Spec,

Condiions of stressed receiver sensitivity test
weriical eye closure penalty, each lane

ua]

Siressed eye J2 Jitter,f each lane

25.78102 GHz

u
Stressed eye J9 Jitier each lane "
Vertcal eye closure penalty = 10l0g, 28 (aB) @-1)
where

g is the amplitude of the eye opening from the 99 95th percentile ofthe lower histogram o the 0.05th

percentile of the upper hi

x histogram
OMA 15 the optical modulation amplitude as defined in 87.8.5

Bl (M) -| soccoopuav B

o0z B¢
Measurement

132 PMEA12012

@]

10MA

83
o 2u71e01m
]

Tektronix-
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Receiver testing for High Speed DataCom at 100G
Receiver Configuration and Calibration

The target values from Table 82- of 802.3ba 2010 Spec,

Canditions of stressed recaiver sensitivily test
Wertical eye closure penalty, each lane

*The sinuscidal amplitude interferer 1 causes jiter that
is intended to emulate instantaneous bit shrinkage that
can oceur with DDJ. This type of jitter cannat be created
by simple phase modulation. The sinusoidal

ampltude interferer 2 causes additional eye clasure, but
in conjunction with the finite edge rates from the

[ Stressed eye J2 Jitter, each lane

limiter, also causes some jitter. The sinusaidally jittersd
03 clock represents other forms of jitter and also
verifies that the receiver under test can track low-
Stressed eye J8 Jitter, each lane 0.47 frequency jitter. The sinusaidal amplitude interferers

may
be set at any frequency hetween 100 MHz and 2 GHz
although care should be taken to ayeid harmanic

relationships betwsen the sinusoitfal interferers
sinusoidal jitter, the signaling rate, and the patter

LFR) Desabled
155C Desabled [ 4
B
p—
= 25007 p4 J9=b+b, Py
— i
el 0 Time, Unt Intervals 1
.

repetition rate. The Gaussian noise generatar, the
amplitude of the sindsoidal interferers, and the low-pass
fiter are adjusted so that the VEGP, stressed eye J2
Jitter, ang

ressed eye J9 Jitter speciications are met
" Source |EEEB02.3ba

Tektronix-
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Receiver testing for High Speed DataCom at 100G
Receiver Configuration and Calibration

[E 805INB Jitter Nofse and BER Analysis
Fle View Setup Help

The target values from Table 88-8 of 802.3ba 2010 Spec,

Conditions of stressed receiver sensitivity test
wertical eye closure penalty, each lane

[ Stressed eye J2 Jitter, each lane

Stressed eye J9 Jitter, each lane

= es2mur
15.80 mul
5.15 mut

Rai
= 1682 mil RN (RMS) ERETRCT
= 1580 RN(y) (RMS) - me2uw

- satuw

5.80 mul
- sismul RACh) (RMS)
Deterministic Hoise
o

268,01 mut - 248,03 mut

= 115 mur ob = oco = 119 mui OON(level 1)
= 127.00 mui by - DON(level 0)
- BUn(d-d)

105.28 mut ) z )

e min .
) o5t mun ) ) . )
o) e - ) 5 o)
Total Mtter & BER Totalter @ seR
% 2.56-10) -1 2 r ™ (2.56-3)
Eye Opening (2.5E-10) £42.26 e . SE- . Eye Opening (2.56-3) = 70498 0 Eye Opening (2.58-3)
e e = £ gl
() oL - Maghude o ——
= CE) = 224.89 mUl Freques =
ke ot TR | [ conoer i
2 Bwre
'Ihklrm'l/lx

Receiver testing for High Speed DataCom (short 4 )
Receiver Configuration and Calibration (650-1300nm)

FEC: Q=4.3, targeting BER < E-
12 after FEC.
Data rate = 25781 MBd, Power
budget = 8.0 dB
Transmitter

* Power OMA = -2dBm

* RIN(OMA) =-128dB/Hz

o DJ = 8.56ps;

« DCD_DJ = 2.14ps.

= MPN k{OMA)=0.3;

* Modal Noise Penalty =

Driver  03dB
As
LD

1
i
[

850nm VCSELs are cheap, small and
power efficient so they are the best to

use for short-reach data com.

Tektronix-
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Receiver testing for High Speed DataCom at 100G
Summary

= The BERTScope instrument has to have low ~350fSec intrinsic Rj to have a
solution which can simultaneously intercept the J2/J9 spec points.

= VECP requires high fidelity signal integrity. High Vertical noise will never
permit convergence on the require 1.8dB VECP values.

= One Sampling Instrument can perform simultaneous optical, single and
multi-channel electrical with Bandwidth and Noise floor levels well in excess
of most margin needs.

= Established CRU technology and with proven performance and years of a
deployed track-record.

smpreas i

Tektronix-
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I Backup

Tektronix-
S/

I Jitter J2/J9 comparisons between BSA286C and
DSAB8300 with 8OE10 remote sampler (60GHz) 14.06Gbps

Total Jitter @ BER
2

Eye Opening (2.56-3)
Total Jitter @ BER

Eye Opening (2.5€-10)

'Ihlnmn/ix’

BERTScope Bounded Uncorrelated
Jitter Measurements

= Classification of Rj and BUJ requires deep
analysis into the lower probability regions of
the cumulative PDF of isolated bits.

= At higher probabilities, the Truncated
Gaussian nature of BUJ and Rj are in-
distinguishable.

“ 'Ihktmn/ix
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Comprehensive
Jitter Mapping tools R
TP ‘ 7) 39.668
| |
&
o he N [
......... s e | e ﬁ
_— Y (e -
,,,,,,,,,,,, i 4 Ty
; }
% .
[
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Error Location Capabilities:
BER rate in a 100G 802.3ba Transceiv?_rBASO/LTMSO—]

€|.€C'I'ﬁ|€ﬁ|. CHHHHCI'ERIS'I'ICS The @ denotes the specifications which apply over the full operating

range, are at Ty = 25°C. Vy = 15V, V¢ = 1.5V, SHDN = 1V, BOOST = Open Circuit,
SW = Open Circuit, unlm otherwise noted.

MN  TYP MAX | UNITS
Maximum Switch Duty Cycle (LT3430-1) % % %

Switch Frequency (LT3430) 184 C200) 216 Kz

kHz
TNSDG4TI

V¢ Set to Give DC = 50%

e [z I

Tekronix 2015 APAC TIF Tektronix-
pd

Error Location Capabilities:
BER rate in a 100G 802.3ba Transcelver

126001-
127000
57817 130000
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I BUJ determination on entire Tektronix T&M portfolio

Sampling Scepe

£
k) (RMS)
R) (RHS)

o)
WPI(d-3)

2 bad
B®| TRRRFRERR o

Total itter @ BER
n (18-12)
& €12

RE

11



