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Introduction

~ One unit supports high-speed and simultaneous BER, EYE pattern, EYE

mask and Jitter analysis ~
O Cut Capital Costs Further and Achieve Efficient Measurement Time
¢ Jitter Analysis Software supports fast Jitter and WDP measurements

¢Combining Transmission Analysis Software with Jitter Analysis
Software supports all-in-one transmission analysis (S21 measurement)
and waveform emulation and Jitter measurement.

J

O MX210001A Jitter Analysis O MX210002A Transmission Analysis ™)

¢ Jitter measurements for any data O'Fl;rr?nsr?ission analysis (S21 Gain and
ase

¢ Waveform simulation (de-embedded)
Linear equalizer filter

¢ WDP measurements
¢ High-speed measurements

high-speed trigger method (applying patent) Emphasis (4 taps max)
5 times faster ¢ Simultaneous measurements

¢ Simultaneous measurements Simultaneous measurement of BER, EYE
2ch simultaneous measurements pattern, EYE Mask and Jitter with

BER, EYE pattern, EYE Mask, Jitter analysis simulation waveform

measurements

A
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Introduction

O The massive increase in data processed by servers, etc., in
data centers is driving introduction of high-speed
Interconnects with speeds exceeding 10 Gbit/s per channel.

¢ Active Optical Cable (AOC)
¢ Direct Attached Cable (DAC)

» Lower power consumption

» Lower costs

» Wavelength dispersion at short wavelength (AOC)
» High-frequency loss with copper cable (DAC)

O Jitter and Waveform Generation in Transmission Path

¢ Device vendors requires Jitter and WDP measurements

» Rising equipment capital costs and measurement times are barriers to
lowered costs

O Maintain EYE opening using waveform equalization
technology
¢ Requires many instruments and complex procedures
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Types of Jitter

O Purpose of Jitter Measurement

4 Separate measurement to shorten time-consuming
E-12 BER measurements

¢ Level 1 Jitter Measurement

TJ
Total Jitter|

RJ DJ
Random Jitter Deterministic Jitter]
» Separate into Deterministic Jitter (DJ) and Random

PJ DDJ
Jitter (RJ) Periodic Jitter] |Data Dependent Jitter

Level 1

v DJ always constant value

Level 2

v RJi ith t ti d foll DCD 181 DDPWS
Increases wi measurement time an ollows Duty Cycle Distortion| |Inter Symbol Interference Data Dependent -
. . . . Pulse Width Shrinkage
Gaussian distribution

v" At short-term measurement, TJ is estimated at
1E-12

¢ Find Jitter causes and measure separately to reduce
» Level 2 Jitter Measurement

» DJ can be split into more detailed Jitter types

O Measurement Differences using BERT and Sampling
Oscilloscope

TJ Histogram CHA Bathm

B Dnal-Dirac BER B
I :

B TD data
9k

¢ Measurement with BERT can analyze Level 1 Jitter
= But difficult to investigate causes of error

¢ Measurement with sampling oscilloscope can analyze Level 2
Jitter

= Causes of errors can be estimated
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Level 2 Jitter Types

Isolate
signal?

Deterministic Jitter

DJ [ Caused by crosstalk?

TJ
Thermal noise Total Jitter
RJ
SITENEIET Random Jitter
ground level?
Caused by system PJ

noise such as Periodic Jitter

DDJ
Data Dependent Jitter

BUJ
Bounded Uncorrelated Jitter

switchjng PSU

N

DCD

Duty Cycle Distortion

@)
Noise filter
required?

ISI
Inter Symbol Interference

Caused by bit
threshold shift at Tx
or Rx

°o
Change

threshold?

4 ig _
performanc
e devices
required

Caused by inadequate
bandwidth at
impedance mismatch in
transmission path
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WDP Measurement

O Whatis WDP?

¢ DUT Waveform Distortion Evaluation Method
> Applications: IEEE802.3aqg (L0GBASE-LRM), FC, SAS, etc.

¢ Calculated Based on Waveform S/N
» Calculation procedure published as MATLAB Source

O WDP Measurement Objectives
¢ Waveform distortion generated by wavelength dispersion in optical transmission path

¢ Data-signal dependent waveform distortion generated by bandwidth limits in electrical
transmission path

¢ Emulate characteristics of transmission path to calculate and quantify amount of Jitter
at far end of transmission path caused by passage of Tx output waveform

O WDP Types T awn ™
¢ TWDP: Transmitter Waveform Distortion Penalty NS
» Evaluate Tx signal distortion characteristics WoP
» dWDP:Difference of waveform distortion penalty
» Evaluate Rx distortion characteristics | Twop )

¢ WDP: Waveform distortion penalty
» Generalize for any DUT without Tx restrictions
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Features ~ MX210001A Jitter Analysis Software ~

O Jitter Measurements
¢ Bathtub Jitter
¢Level 1 Jitter for any signal (PRBS31inc.)
¢ Separate Level 2 Jitter types up to PRBS15

O Simultaneous Measurements
¢ 2ch Simultaneous measurements
¢ All-in-one simultaneous Jitter, EYE Pattern and EYE Mask measurements

O High-Speed Measurements
¢ Fast estimation of Bathtub BER (1E-18)
¢ Fast sampling

¢ Fast triggering method
» Support fast DDJ measurement

O WDP Measurements
¢ WDP, TWDP, dWDP measurements
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Detailed Features ~ MX210001A Jitter Analysis Software ~

O Histogram Method

v Fast, simultaneous measurement
> Level 1 Jitter
» Any signal (including PRBS 31)
» Dual Dirac model
» Bathtub and Histogram measurements
» Simultaneous Jitter, Eye Pattern and Eye Mask
measurements

O Jitter Classification by Histogram and Pattern Search
Methods

v TJ BER

» Total Jitter at 1.0e-12
v'DJdd

» Deterministic Jitter (Dual Dirac model)
v RJdd

» Random Jitter (Dual Dirac model)
v ' TJ at sBER

» Total Jitter at specified BER
v EYE Opening

» Horizontal EYE opening at specified BER
v J2BER

» Total Jitter at 2.5e-3

v J9BER
» Total Jitter at 2.5e-10

-

O Pattern Search Method

v Detailed Jitter measurements
» Level 2 Jitter
» Specific signal (data lengths up to PRBS15)
» Separation into detailed Jitter components
» Fast DDJ measurement using unique
triggering method

. =

O Jitter Classification by Pattern Search Method

v DDJ
» Data Dependent Jitter vs Bit
v DDPWS
» Data Dependent Pulse Width Shrinking

v PJ

» Periodic Jitter (support PJ frequency estimation)
v DCD

» Duty Cycle Distortion
v ISI

> Inter Symbol Interference
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Detailed Features ~ MX210001A Jitter Analysis Software ~

O WDP Measurements
¢ MATLAB ® software tracking operation

¢ Simple use with MATLAB Source recommended by various standards
organizations

¢ Measures various WDP types
» WDP, dWDP, TWDP, dTWDP, WDPc, dWDPc, TWDPc, dWDPc

IEEE802.3aq LRM | MSQS | FC-PI5 | SFF-8341
WDP v v v
WDPc v
TWDP v 4 v v
TWDPC v
dWDP v v v
dWDPc v

MATLAB®is a registered trademark of The MathWorks inc.
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Necessity for Transmission Analysis

O Problems with waveform distortion in
transmission path

¢ Wavelength dispersion at short optical signal
wavelengths

¢ Electrical signal High-frequency attenuation

O Maintain EYE opening using waveform
equalization technology

¢ Tx: Emphasis Transmiter | Bacplfr:i?ane Sy Rt
¢ Rx: Equalizer /\ /\
) ) Emphasis Equalizer
O Requires many instruments and complex < \
procedures B :
¢ Evaluate transmission path attenuation %ﬁ%ﬂj}mm .
¢ Calculate waveform correction values _ ]

¢ Reflect correction value in measured waveform
¢ Evaluate Eye pattern

¥

O Requires tools for analyzing optimum
emphasis and equalizer setting parameters
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Features ~ MX210002A Transmission Analysis Software ~

O Transmission Analysis (S21 measurement)
¢ Measure S21 (gain and Phase)

characteristics™ st 2
)Transmission Pass

¢ Measure single-end and differential IFs™
)Transmission Pass)

O Waveform Simulation (de-embedded)
e¢Linear equalizer/filter
¢ Emphasis (4 tap max.)
¢ Calculate ideal emphasis from S21
characteristics

v equalizer
v Emphasis

v EYE Pattern
v EYE Mask
v’ Differential IF

O Simultaneous Measurement with Simulated
Waveforms y N
¢ EYE Pattern MATLAB © Analysissm;)iitw;re

¢ EYE Mask v WDP v Bathtub v $21 (Gain, Phase)
v'TJ, DJ, R, v  EYE simulation
DDJ etc v/ Equalizer, Emphasis

¢ Jitter (tracking operation with MX210001A)

*1: MP2100 with built-in PPG and Scope functions
*2: MP2100A-001 Dual Electrical IF model

i \ /nritsu
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Applications

O Active Optical Cable (AOC) Evaluations

- Typical Setup N
-:d T e i | MP2100A BER_TWa\_/e _ _
\_MF e ] g ) MP2100A-003 Optical/Single-ended Electrical Receiver
N R— MP2100A-061 to 085 various Filter Bank and Filter
@!Shrmmcus ees st MX210001A Jitter Analysis Software
= = MX210002A Transmission Analysis Software
- J
; ; 4 )
Switching time of mode
Conventional [JIERC Y =, Active Optical Cable (AOC) Measurements
product and Eye mask test ) m EYE Pattern ana|yS|S

» Tr/Tf, amplitude, etc.

B Eye Mask test

W Jitter analysis
»TJ, DJ, RJ, DDJ measurements,
DDPWS, etc.

MP2100A
+

MX210001A

The measurement time of Eye pattern measurement,
Eye mask test and jitter analysis
1

1 1 1 ((
10 20 30 40 50 7 95 Time (s) N\ J

Typical values when capturing 1 million samples at Bit Rate: 10.3125Gbit/s, Test pattern: PRBS15, Back-to-back measurement

Fast Simultaneous Measurements

¢ Simultaneous Jitter measurement and EYE Pattern and EYE Mask tests
¢ Fast sampling

¢ Fast DDJ measurement using fast triggering method

¢ Cuts measurement times by 90% compared to conventional instruments
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Applications

O Direct Attached Cable (DAC) Measurements

— »g PPG = [=—; S '
u ~e /f
‘BT vaed o7 Scope < .

@ Eye patiern measurement/Jitter |
analysis of simulation waveform

® Waveform simulation

® S21 characteristics analysis

—1 Typical Setup —

MP2100A BERTWave

VEqualzer  _ Atmetic o o s MP2100A-001 Dual Electrical Receiver
VEmphasis . MX210001A  Jitter Analysis Software
o = MX210002A  Transmission Analysis
: Software
. J

Waveform simulation for
the amount equalizer and
emphasis arithmetic value

Waveform Simulation/Fast Jitter Analysis

¢ Measure DUT S21 (Gain and Phase) characteristics

¢ Calculate ideal equalizer, filter and emphasis values from
transmission characteristics and estimate waveform

¢ Analyze simulation waveform Eye Pattern and run Eye Mask tests
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Applications

O Emphasis Effect Simulation

m— Feedback for = e \ Equalizer 1
: E emphasis design e \ Emphasis ] Typlcal Setu P )
® SSsss = )
_JI== -" —_— - MP2100A BERTWave
- e SR MP2100A-001 Dual Electrical
Data Clock Receiver
MX210002A  Transmission
— > § Analysis Software )
e JH() Transmission )
MP1825B
4 Tap Emphasis
S21 - Arithmetic processing of optimum Feedback for
Grapcrsics ——————> el orequaoer andemphas fom | ——————> cmphasi dosig
Emphasis Design Support \

¢ Confirm EYE Pattern when corrected with equalizer and emphasis

» Set emphasis for 4 taps max.
v Same as MP1825B 4 Tap Emphasis Converter

¢ Feedback to emphasis design
» Simulate ideal equalizer and emphasis values

\ /
/inritsu
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O All-in-one waveform simulation and simulated
waveform EYE Pattern analysis, EYE Mask tests and
Jitter analysis

O Jitter Analysis Software supports fast Jitter and
WDP measurements

O High-speed Jitter measurements

Discover What's Possible™ Slide 16 /l 't
MX210001A/MX210002A-E-L-1 nrl Su



Discover What's Possible™ Slide 17 /l 't
MX210001A/MX210002A-E-L-1 nrl Su



MP210xA BERTWave Series

~ 18-cm Thin, All-in-One BERT and Eye/Pulse Scope ~

O Fast Measurements =EBERTWWave
¢ All-in-one simultaneous BER measurement and

EYE Pattern analysis i =

¢ 100 ksa/s sampling speeds

O High Reproducibility
¢ Extinction ratio measurement reproducibility of £0.05dB (typ.)

O Compact and Lightweight
¢ Compact (18 cm thin) and lightweight (7 kg) design

O Three Configurations with Strengthened Support for Optical
Transceiver/Component Evaluations

MX210001A/MX210002A-E-L-1

MP2100A BERTWave \ ([ Bert ] [ EvEPuisescope | )
MP2101A BERTWave PE [ eerT |
MP2102A BERTWave SS [ Everuisescope |
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High-Speed Measurements

O Two Times Faster than Conventional Instruments

e Auto Scale + 1M Sample measurement + Mask Margin auto-measurement

Anritsu EE
MP2100A wice as fas

Analyzer A
Analyzer B
I I I
0 10 20 30 40 s
Measurement Time unit: [s]
Measurement Items Anritsu MP2100A Analyzer A Analyzer B
Auto Scale 2.5 3.0 3.8
1Msa Accumulation 10 9.9 30
Mask margin test 0.1 . 12 0.1 .
(Automatic) (Manual search) (Automatic)
Total 12.6 24.9 33.9
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Extinction Ratio Measurement Reproducibility

O Extinction Ratio Measurement Reproducibility/Instrument Error
» Measurement dispersion held to £0.0 5dB (typ.)

« Max. Error : +0.05 dB L, A
« SD :1.1% i
+ 99% CL : +0.05 dB . o
(VA o \va
35 Lp , Lo—lo

o o - N (a2} <t 0O © -~ 0 O
- © ©o o o o o o o o © o o o o
OOOOOOOOOO o o o o o

Typical instrument error values based on average value for each bit rate and extinction ratio setting
Statistics normalized for 162 samples

Random selection of actual measurements for 54 samples x three MP2100A units
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Excellent Reference Receliver Freguency Characteristics

O Measuring Instrument Error and Receiver Frequency Characteristics
¢ Drift in Rx frequency characteristics causes waveform distortion

¢ Mask margin results can be over or underestimated due to dependence of DUT characteristics
on waveform distortion

> Drift from ideal value and individual error

¢ MP2100A uses newly developed Bessel filter* to achieve ideal receiver frequency characteristics
» Almost ideal value and small individual error

ITU-T G.691/G.957
Reference Receiver characteristics MP2100A Analyzer B

-

— — Reference
~10 F = MP2100A
= = '+Mask
= = '-Mask

S21 [dB]

$21 [dB]
|
s21 [dB]

0.1 1 10 100

100

Simulation Waveform
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Anritsu Product Line

Signal Quality Analyzer
*‘3 MP1800A Series

Measure/me;nt/solutkljor;: . J itter
o () 10/25/40/56 Gbit/s device tests :
Jitter ®  High-end R&D Analysis
i Features:
Generatlon ° Wideband BERT: 0.1 to 56 Gbit/s
° High-quality waveform
® Multichannel configuration WDP
® Signal integrity tests, such as Bathtub tests A | 3
Emphasis DA VSIS
High-Speed Equalizer
BERT Simulation

= Optical Spectrum EYE Pattern
- ~ Analyzer OSA Analyzer

- MS9740A with 10G BERT

Measurement solution:
° Optical active device evaluation, WDM analysis,
EDFA analysis

§ BERTWave
MP2100A Series

4y gu

Solution:
) 10 Gbit/s BER tests, EYE pattern analysis
) Economic R&D and Manufacturing

Features: Features:
° F : i 2 . . .
ast measurement S_weep 1572 A S S Ul ) All-in-one solution supporting BERT and Scope
) Wide dynamic range: >58 dB s BERT X > ch I
®  Wide meas. wavelength range: 600 to 1750 nm e r 2ol tol cda;]r}nﬁ 2 : .
° Minimum wavelength resolution: 30 pm ast remote control and high-speed eye mask tests
) Compact design (180-mm deep)
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Specifications are subject to change without notice.

® United States

Anritsu Company

1155 East Collins Blvd., Suite 100, Richardson,
TX 75081, U.S.A.

Toll Free: 1-800-267-4878

Phone: +1-972-644-1777

Fax: +1-972-671-1877

® Canada

Anritsu Electronics Ltd.

700 Silver Seven Road, Suite 120, Kanata,
Ontario K2V 1C3, Canada

Phone: +1-613-591-2003

Fax: +1-613-591-1006

® Brazil

Anritsu Eletronica Ltda.

Praca Amadeu Amaral, 27 - 1 Andar

01327-010 - Bela Vista - Sao Paulo - SP - Brazil
Phone: +55-11-3283-2511

Fax: +55-11-3288-6940

® Mexico

Anritsu Company, S.A. de C.V.

Av. Ejército Nacional No. 579 Piso 9, Col. Granada
11520 México, D.F., México

Phone: +52-55-1101-2370

Fax: +52-55-5254-3147

® United Kingdom

Anritsu EMEA Ltd.

200 Capability Green, Luton, Bedfordshire, LU1 3LU, U.K.
Phone: +44-1582-433200

Fax: +44-1582-731303

® France

Anritsu S.A.

12 avenue du Québec, Batiment Iris 1- Silic 612,
91140 VILLEBON SUR YVETTE, France

Phone: +33-1-60-92-15-50

Fax: +33-1-64-46-10-65

® Germany

Anritsu GmbH

Nemetschek Haus, Konrad-Zuse-Platz 1
81829 Minchen, Germany

Phone: +49-89-442308-0

Fax: +49-89-442308-55

°® |taly

Anritsu S.r.l.

Via Elio Vittorini 129, 00144 Roma, ltaly
Phone: +39-6-509-9711

Fax: +39-6-502-2425

® Sweden

Anritsu AB

Borgarfjordsgatan 13A, 164 40 KISTA, Sweden
Phone: +46-8-534-707-00

Fax: +46-8-534-707-30

® Finland

Anritsu AB

Teknobulevardi 3-5, FI-01530 VANTAA, Finland
Phone: +358-20-741-8100

Fax: +358-20-741-8111

® Denmark

Anritsu A/S (Service Assurance)
Anritsu AB (Test & Measurement)
Kay Fiskers Plads 9, 2300 Copenhagen S, Denmark
Phone: +45-7211-2200

Fax: +45-7211-2210

® Russia

Anritsu EMEA Ltd.
Representation Office in Russia
Tverskaya str. 16/2, bld. 1, 7th floor.

Russia, 125009, Moscow

Phone: +7-495-363-1694

Fax: +7-495-935-8962

® United Arab Emirates

Anritsu EMEA Ltd.

Dubai Liaison Office

P O Box 500413 - Dubai Internet City

Al Thuraya Building, Tower 1, Suit 701, 7th Floor
Dubai, United Arab Emirates

Phone: +971-4-3670352

Fax: +971-4-3688460

® Singapore

Anritsu Pte. Ltd.

60 Alexandra Terrace, #02-08, The Comtech (Lobby A)
Singapore 118502

Phone: +65-6282-2400

Fax: +65-6282-2533

® India
Anritsu Pte. Ltd.

India Branch Office

3rd Floor, Shri Lakshminarayan Niwas, #2726, 80 ft Road,
HAL 3rd Stage, Bangalore - 560 075, India

Phone: +91-80-4058-1300

Fax: +91-80-4058-1301

® P.R. China (Shanghai)

Anritsu (China) Co., Ltd.

Room 1715, Tower A CITY CENTER of Shanghai,
No.100 Zunyi Road, Chang Ning District,
Shanghai 200051, P.R. China

Phone: +86-21-6237-0898

Fax: +86-21-6237-0899

® P.R. China (Hong Kong)

Anritsu Company Ltd.

Units 4 & 5, 28th Floor, Greenfield Tower, Concordia Plaza,
No. 1 Science Museum Road, Tsim Sha Tsui East,
Kowloon, Hong Kong, P.R. China

Phone: +852-2301-4980

Fax: +852-2301-3545

® Japan

Anritsu Corporation

8-5, Tamura-cho, Atsugi-shi, Kanagawa, 243-0016 Japan
Phone: +81-46-296-1221

Fax: +81-46-296-1238

® Korea

Anritsu Corporation, Ltd.

502, 5FL H-Square N B/D, 681
Sampyeong-dong, Bundang-gu, Seongnam-si,
Gyeonggi-do, 463-400 Korea

Phone: +82-31-696-7750

Fax: +82-31-696-7751

® Australia

Anritsu Pty. Ltd.

Unit 21/270 Ferntree Gully Road, Notting Hill,
Victoria 3168, Australia

Phone: +61-3-9558-8177

Fax: +61-3-9558-8255

® Taiwan

Anritsu Company Inc.

7F, No. 316, Sec. 1, NeiHu Rd., Taipei 114, Taiwan
Phone: +886-2-8751-1816

Fax: +886-2-8751-1817

1112

Please Contact:

Printed on Recycled Paper

No. MX210001A/MX210002A-E-L-1-(1.01)

Printed in Japan 2011-12 MG






