Product Introduction

A n ri tsu Advancing beyond

58 G/64 Gbaud Multichannel PAM4 BERT
PAM4 PPG MU196020A
PAM4 ED MU196040B

Signal Quality Analyzer-R
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I Outline of MP1900A Series PAM4 BERT Zinritsy

Supports bit error rate measurements optimized for high-speed 400 GbE and
next-generation 800 GbE interfaces

High-quality data output waveforms up to 64 Gbaud and high input sensitivity
performance provide strong support for testing PAM4 device designs

All-in-one Jitter Addition, Clock Recovery, Emphasis, NRZ/PAM3/PAM4 Pattern
Editing, SER, FEC functions, etc.

Easily configured, high-reproducibility PAM4 measurement solution

MP1900A PAMA4 Target Applications
200/400/800 GbE, CEI-56G/112G, InfiniBand HDR, 64G Fibre Channel
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I MP1900A PAM4 BERT Features Zinritsy

- All-in-one, high-reproducibility, easily configured test solution
* High-quality waveforms for more accurate measurement
- Easy, low-cost, future-proof expandability supporting high bit rates and multichannels

[ PAM4 One Box Test Solution ]

-{Jutter}Nmse Addition J

: d - E {JutterTolerance Test j

{ FEC Symbol Error Analysmj

[ Emphasis 4Tap, 20 dB }

(Built—in Clock Recovery, Equalizer}'

[ Next-Generation Terabit ]

400 Gbps
(26.5G =8)
8ch

(53.1G =4)

]

]

: 400 Gbps
dch sl == ===~ O

53.125 Gbaud, PRB515

Bltrate
26Gbaud 53 Gbaud
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I PAM4 All-in-One BERT Solution Znrtsy

Easy-to-use and configure all-in-one solution with high reproducibility,
helping cut test times

Typ. 36 mV at 53.125 G ED w/ Built-in Clock SER/BER/FEC, Capture,
High Input Sensitivity Recovery and Equalizer Logging functions

PAM4 ED
MU196040B

v

PAM4 PPG ' S ecas oo
MU196020A

No External Equipment, Compact High-Quality 64G PAM4

Module with Built-in PAM4 Waveforms with Variable
Functions Emphasis/Linearity Functions

ANRITSU CORPORATION



High-Quality Waveform PAM4 PPG MU196020A /nritsu

Advancing beyond

Best-in-class waveform quality with low Intrinsic Jitter (typ. 170 fs (rms) and fast Tr/Tf
(typ. 8.5 ps) for more accurate evaluation of actual DUT performance

64.2 Gbaud 53.125 Gbaud 26.5625 Gbaud
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Differential 1.4 Vp-p, PRBS13Q pattern, J1789A 40-cm cable + 70 GHz Scope
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I 116 Gbit/s PAM4 Best Level High-Sensitivity Input Performance

High sensitivity input of 36 mV (typical at 53.125 Gbaud) simplifies
previously difficult PAM4 error troubleshooting measurements.

Error-Free at 53.125 Gbaud

Best level PAM4 sensitivity

PAM4 PPG
MU196020A

PAM4 ED
MU196040B

Typ. 36 mV EH/ Eye

Clack Lass Snc Loss Error
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Advancing beyond

I Multichannel Support and Expandability (1/2) Ainritsu

One MP1900A PPG supports up to 4ch for 400 GbE (53 Gbaud x 4 Lanes),
and faster evaluations, helping cut future support upgrade costs.

+ Channel Synchronization
e PAMA4 Solution One MP1900A unit supports synchronous output for up

to 4ch; two units support up to 8ch.
Max. 64 Gbaud at 1ch *Future support for 8ch

Ch1 Xa1Xa2Xa3Xa4Xa5
ch2 Ra1 Na2 N3 fas X
Ch3 Xa1Xa2XaX Xa
K=3 Xt A
n

4ch

no
Q

w
D
U

w
D
U

1ch 2

a5

A
A
X
A

Ch4 Xa1Xa2 a3 A\ a4

256 Ghit/s 512 Gbit/s
e + 2ch Combinatio

(NRZ)
Supports shift to “alb1 a2b2 ..." pattern

- 4-Lane DUT (Driver + E/O) Measurement Example 1 _Ka1 fa2 fa3 Kas o5 X
chz Xb1 Xb2 X3 X b4 s X

&4 Gbaud PAM4

&4 Ghaud PAM4

&4 Gbaud PAM4

&4 Gbaud PAM4
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I Multichannel Support and Expandability (2/2) Zinritsy

Expanded support for 800G using 8ch synchronization function

(4ch x 53.125 Gbaud PAM4 x two MP1900A units)

Supports QSFP-DD transceiver FEC evaluation using 8-lane FEC Pattern
Generation function

Synchronized
8-lane FEC Pattern
Unit Sync.
Control

400G QSFP-DD, OSFP
Optical Transceiver

or
800G Next Generation
Transceiver
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I Jitter Tolerance Measurement Function Zinrtsy

Supports PAMA4 Jitter Tolerance test using just one unit. A measurement system
to help cut measurement time is configured easily by combining the Jitter/Noise
Addition function, built-in Clock Recovery function, and Jitter Tolerance

MX183000A-PLO01 software.

Jitter/Noise Addition
MX183000A Software Measurement Screen AR
e - 5% :'
Tadomest Jang | BonTust Gont |duport | —— & A —
Onotay & — A by 10 Lm0 203 N . = =] ﬁ », PCB Trace )ﬁ
B e i | lﬁ S b S
K ! \ | = m DUT Rx C
1. o I el = DUT Tx
Ll | = v el i g P e .
v e i &) (] PCBTrace )¢——J  Asynchronous
o ] S Clock

Sine-Wave Jitter (SJ) Random lJitter (RJ) CM/DM Noise White Noise
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I Real-time FEC Symbol Error and FEC Standard Zinritsu
Jitter Tolerance Measurement Functions

Uncorrectable Codeword and FEC Symbol Errors can be measured and displayed on
one screen in real-time simultaneously with bit error measurements. Measurement of
jitter tolerance and FEC Symbol Error per codeword distribution based on
correctable/uncorrectable FEC is supported (MU196040B-042).

Both bit error and FEC Symbol Errors are measured at high speed.

Real-time FEC Symbol Error Measurement MP1900A
Anritsu - PAM4 BERT

PAM4 Test Signal ~ Test Board

ssul BAMEY ResUIT RS PEC R RO LG Epnrbistibutis

]

Uncorr, Codaward FEC éymbo| I Bit ] r—— with Jitter
ER 5.120 DODE-08 3504 500E-03 1504 400E04 S == —
1 : D0E+07 =" R S
%EF 90.000 000 0.000 000 ‘ ——
El 1 10 o I
| j Btk | ;

Fraquericylkiel | 53124 999|C10rkcuunk | sarzaoesin)

FEC Symbol Error Distribution
s Anritsy

Gating | ] 5% ]
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I Jitter Tolerance Measurement using DUT BER Counter ~ £0ritsu

When the DUT has a built-in bit error counter, combination with the MP1900A PPG
makes it easy to configure a highly cost-effective Jitter Tolerance measurement

environment.

JTOL Measurement Screen
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Measure Jitter Tolerance using captured error count h Capture error count via USB or Ethernet connection
(MX183000A-PLOO1 Jitter tolerance software) (MX183000A-PLO31 DUT Error Counts Import)
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I Multilane FEC Evaluation Zinritsy

FEC can be evaluated by combining FEC pattern generation with error insertion, and
reading the DUT bit error count.

Evaluating Optical FEC Signal Transmission

MP1900A
AR - 1 ‘ 5 —
ool v ! : ~ T , SERDES with
= | s 1 | w : DA = Optical o FEC d(fmd@r
" I module ¥
— — Y :
Jitter Tolerance Measurement e W Gl ) e G Sy el
(MX183000A-PLOOT) Capture bit error count at USB or Ethernet connection

(MX183000A-PLO31)

Evaluating Electrical FEC Signal Transmission

— =1
i T 4 MP1900A
v foed |
= SERDES with

FEC decoder

1or4or8
lanes

PCB

p—— | e '

A z

Jitter Tolerance Measurement :......................................................'
(MX183000A-PLOO1) Capture bit error count at USB or Ethernet connection

(MX183000A-PLO31)

Evaluate Jitter Tolerance, etc., using
captured error count
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I PAM4 PPG/ED Specifications Zinritsy
PAM4 PPG MU196020A

Hl e

Baud-rate: 2.4 Gbaud to 32.1/58.2/64.2 Gbaud

Output amplitude: 0.14 Vp-p to 1.6 Vp-p (Differential)

Emphasis: 4Tap, £20 dB (1 post/2 pre-cursor), ISI/Channel Emulator
Intrinsic jitter(rms): 170 fs (typ., NRZ)

Tr/Tf (20-80%): 8.5 ps (typ., NRZ)

Multichannel synchronization

FEC pattern generation

PAM4 ED MU196040B

W e aiE

Baud-rate: 2.4 Gbaud to 32.1/58.2 Gbaud PAM4 and 64.2 Gbaud NRZ

Input amplitude (max.): 1.0 Vp-p (NRZ, PAM4)

Input sensitivity(Eye Height) : 23 mV (typ., 26.5625 Gbaud), 36 mV (typ., 53.125 Gbaud)
Built-in Clock Recovery: 2.4 G to 29 Gbaud or 32.1 Gbaud/ 51 G to 58.2 Gbaud extension
Analog bandwidth: >40 GHz (nominal)

Built-in Equalizer: Low Frequency Equalizer(2 dB)+DFE(1.4 dB)

SER measurement, logic error analysis using Diagnostics Mode, Capture , Logging function
Real-time FEC Symbol Error measurement, FEC based Jitter Tolerance Test function

ANRITSU CORPORATION



PAM4 PPG Functions and
Performance
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I PAM4/NRZ Data Output /nritsu

Advancing beyond

Supports next-generation applications over 50 Gbaud, such as 400/800 GbE, CEI-112G,
etc.

(17,55 s Bt S RPN AN RT3 BT

58 Gbaud NRZ 58 Gbaud PAM4
Typical Output Waveform (J1789A 40-cm Cable, 1400-mV Differential, PRBS15)
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I Easy PAM4 Level Control /nritsu

Control Baud Rate, Level, Offset, Half Period Jitter, and Delay from one screen

[71 PAM4 PPG LAGERR M C: OFF

I@ Output IB Emphasis %B Pattern

s

E Error Addition ?] Miscl

- Output_

Ext AT Factor @ / PAM4 Total Amplitude setting

Baud Rate |Variable \'w!| 64.200 000 | GBaud |
: 2] : 0.000 | dB

el Gl | 0100 Gp - Independent PAM4 3Eye Amplitude
a1 " oono] v control with voltage and % values

Total
Amplitude

Voltage 0.350 | V ‘ Upper Eye

Amplitude

| | - Easy return to equal level using
Voltage A (1N , /[Even] button

Middle-E7e

[33. g L ~Amplitude
Offset 0.000 Y ’. : " Y l ' 234 |
34| mv
Levell I
Voltage 0117 I

Level Control Reference Waveform

Lower Eye
Amplitude

233 | mv

Level0 e
Voltage DB

Half Period Jitter @ 0| gg?z];ecggzput J1789A 0.4m Cable (Recommend) |V |
Delay ® (a; W Calibration ] @ mu 0| ( Jps 6.000 |
jitter Input ® | OFF ] ( Relative ] \ 0.000 | mui
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I Linearity and Emphasis Controls /inritsy

Advancing beyond

Supports TOSA device evaluations and stressed input tests using various channel
insertion losses

MU196020A Hl 98 2 SEEc el
PAM4 PPG ‘
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I ISI, Channel Emulator /nritsu

Advancing beyond

Shorter development period by eliminating need for multiple test PC boards with
simple and high-reproducibility design tests of high-speed device channel loss
dependency

+ Manual Setting: Correct signal for target Eye Height/Width using 10Tap Emphasis function
+ Channel Emulator: Emulate S2P and S4P loss insertion, and perform Emphasis compensation
* ISI: Emulate ISI using CEI-28G/25G Nyquist frequency loss setting

el (GOl chewe (OS] SIS e |
| Setting Emulator I
| A — A —
N el <lien .
- - NRZ CEI-28G 14-dB Loss
File Operation | Recall Store | | Initialize |
ﬁ]i’:?:;gé |:CEI—5EG—PAM4 |v| - [Veryshort Reach ‘v| $21
Loss Channel @ |‘]1800A x1 Short Channel |v|
_Graph - -
. Frequency vs InsertionLoss \
Graph Mode _]c
MNyquist Freq. 14.500 000 |GHz
s, Emulates Channel Loss PAM4 26.6G 4-dB Loss
(=11 2 Gl
[— ’ or

Generates Loss
Calibration Signal
(ISI option)

2point |v

- 2.360 BBl

Insertion Loss[dB

10.000|dB

1.200 [l
o 2 4 6 &8 10 12 14

Freq uency[G Hzl
B Ideal Insertion Loss W Actual Insertion Loss

NF Insertion 5.300|dB

PAM4 26.6G 6-dB Loss
Typical ISI Function Waveforms
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I PAM4 Test Patterns (1/2) Zinritsy

Supports PAM4 test patterns specified by 200 and 400 GbE standards

Supported Test Patterns

CEl QPRBS13-CEl, QPRBS31-CEl

|IEEE IEEE802.3bs/cd: PRBS13Q, PRBS31Q, SSPRQ, Square Wave
IEEE802.3bj: QPRBS13, JPO3A, JPO3B, Transmitter Linearity

RS-FEC RS-FEC Scrambled Idle 50G 1 Lane (26.5625 Gbaud, 50GBASE-KR/CR/SR/FR/LR)

RS-FEC Scrambled Idle 100G 1 Lane (53.125 Gbaud, T00GBASE-DR/KR1/CR1)
RS-FEC-Int Scrambled Idle 100G 1 Lane (53.125 Gbaud, T00GBASE-P)

RS-FEC Scrambled Idle 100G 2 Lanes 26.5625 Gbaud, T00GBASE-KR2/CR2/SR2)
RS-FEC Scrambled Idle 200G 4 Lanes (26.5625 Gbaud, 200GBASE-SR4/DR4/FR4/LR4)
RS-FEC Scrambled Idle 200G 2 Lanes (53.125 Gbaud, 200GBASE-KR2/CR2)

RS-FEC Scrambled Idle 400G 4 Lanes (53.125 Gbaud, 400GBASE-DR4/KR4/CR4)
RS-FEC Scrambled Idle 400G 8 Lanes (26.5625 Gbaud, 400GBASE-FR8/LR8)

InfiniBand PRBS13Q (InfiniBand), PRBS23Q, PRBS31Q(InfiniBand)
Fibre Channel PRBS31Q (Fibre Channel)
General Purpose | PRBS7, 9, 10, 11, 13, 15, 20, 23, 31, Data (User defined) 4 to 256 Msymbol

Edit Data pattern using PAM4 symbol 0, 1, 2, and 3 values.

Pattern Editor

Number of Block
[T Cursor Addr 7

Row Length

+0 +4 +8 +12 +16 +20 +24 +28 +32
P 4
00000000 , 32100 1 23]
00000008 o o o o J

00000016

Data Length 16

MNumber of Row

[

Edit Block
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I PAM4 Test Patterns (2/2) Zinritsy

« BER measurement for different pattern generation methods depending on DSPs
« Efficient detection of pattern generation circuit differences as well as logic errors,
such as inverted logic and bit skew

1/(1+D) Mod4
Pattern MSB and LSB Inverted Logic  Gray Coding  pre-Coding

\

Gray Coder Pre Coder

Generation .
\ (before/after Gray Coding)

PRBS13 _~"|msB,| PRBS Inv m
Generator ;

12
g(X)= -'
SN o

Logic 2711
MSB Mo || o0 |'_’5ruﬁ| ':'| |

-
Logic 271 \
b LS8 me Ps |Y \ & —

Set bit skew between MSB and LSB
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I PAM4 Error Insertion Function Zinritsy

With PAM4, not only do errors occur at single level changes, there are also cases
where double level changes occur due to MSB errors.

Using the [Error Addition] tab to insert errors in each of these cases helps confirm
communications and inspection of error results.

Level 3102 p >

=
A
)

- LSB Error Insertion - MSB Error Insertion
3R '\.e-x
e 00 ILI “8" 00> 01 o Ow2 ILJ “ 8 00> 10
3 ;:q 3 3 ’3“-2 3
Level 1100 —|_’1|_r » BE‘?Q 01 = 00 Level 1103 —|£,ﬂ_r » ﬁ% 01> 11
313 __23 3
Level 2103 1' 91§ il 10 = 11 L 200 GT;" 0»}01% . 10 = 00
2§ Level 3to1 2:1 »y 25
g 11> 10 i 1

r::
=)

g

W=
=)

3
—
—
—
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I Cable Settings for Monitoring Zinritsy

Adjusts Emphasis to automatically correct loss of 80-cm cable connecting separate DUT

- T — J1789A 40-cm cable best for

l/ Cable for data output setting: J1789A 0.4 m . :
| evaluating this waveform
| .
 Using / Closed Eye opening with long
1 40-cm cable cable (ex. 80-cm cable)
| _80-
, @53G
I ) i
\ | Can automatically calibrate
S settings for effect of 80-cm cable

E}Z?;luecgﬂ;put 117904 0.8m Cable (Optional) v

Select J1790A
. s | J1789A 0.4m Cable (Recommend) cable setting
' J1790A 0.8m Cable (Optional)

p S/ e T T T EEEEE—_——— -~ N
[ \
|
I 0
1 Using

: 80-cm cable
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PAMA4 ED Functions and
Performance
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I Outline of 116-Gbit/s PAMA4 Error Detector for 400 GbE/800 GbE

 High-performance BERT for 116-Gbit/s PAM4 error-free measurement
Simplify previously difficult PAM4 error troubleshooting
 Industry-best high input sensitivity of 36 mV EH@53.125 Gbaud
Support more accurate evaluations up to 116-Gbit/s PAM4.
« All-in-one 58-Gbaud PAM4 receiver test solution with built-in Clock
Recovery and Equalizer functions

Support faster testing and debugging with easy measurement system
configuration

« Wideband operation: 2.4 Gbaud to 64.2 Gbaud for NRZ
2.4 Gbaud to 58.2 Gbaud for PAM4
« Support CEI-112G-VSR Stressed Receiver Input Test
* Built-in 58-Gbaud PAM4 Clock Recovery
*  PAMA4 symbol Capture function
* Multichannel measurement (up to 4ch/unit)
* Real-time FEC Symbol Error measurement, FEC based Jitter Tolerance test

Target Applications: 100/200/400/800 GbE, CEI-112G-VSR
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I All-in-One BERT w/ PAM4 Built-in Clock Recovery & Equalizer

Connections with external equipment and components are eliminated.
PAM4 Jitter Tolerance measurements are simplified by the easy system

configuration. OUT

s
PAM4 ED SCEs re——e
PAM4 PPG — > MU196040B ; -
MU196020A w/built-in o i, ST
CR&EQ T e T
- Jitter Support BER measurement of Support PAM4
- ISI Control cIosed—Eye signal with stress Jitter Tolerance test

+ Built-in Clock Recovery to re-time DUT ~ ° Equalizer function to open Eye of VSR
signal for 58-Gbaud PAM4 JTOL testing stressed signal for measuring BER

—Clock_: Recovered from Data Input ; _i Input |V| \
. , _ U;LThrest sync
Selection |Recovered Clock |V| — o
- - .
Baud Rate |400GbE(53.1x4) |v | —_ | 53.125 000 | ~Equalizer
L p Low Fre quency Equalizer B
Tracking | OFF |v| n
| - iy -Em
LEW |Bitrate;13280 |v| Target | 4.000| MHz
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I CEI-112G-VSR Stressed Input Test Support Znrtsy

The true DUT low-error-rate Rx performance can be tested with added stress.

CEI-112G-VSR Rx input specification

ltem Spec. (112G-VSR-PAM4)
Baud Rate 36 to 58 Gbaud
Channel Loss 12 dB at 26.5625 GHz
EH6 >37 mV
EW6 >0.2 Ul (>3.76 ps)
Target BER <E-6

Higher sensitivity performance
(E-8 or lower) than receiver
model defined by CEI VSR

U Using MU196020A PPG output and ISI board

as calibrated signal (oscilloscope CTLE 2.5 dB
setting) supporting Rx Input standard

performance standard (E-6)

PAM4 ED
MU196040B
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I Built-in Equalizer Zinritsu

Combination of built-in Equalizer function and high input sensitivity
performance supports higher accuracy measurements.

Error-Free at 53.125 Gbaud
for inputting signals path
through 3 dB loss (typ.).

r MU196040B
i Built-in Equalizer diagram

1
DUT i .
i Low-frequency Equalizer
i i I Data XData @ |
P e . yad G | DfE BER
>e—> 1 —om DD adlEe —>| Measur

i By D g
i . A | ement
i om
1
1
1

T

: Decision feedback

= Equalizer

|

g 1

1

~ 1
1

ISI Stre“ssed éye signavl
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/nritsu

Advancing beyond

Real-time FEC Symbol Error Measurement

Uncorrectable Codeword, FEC Symbol Error, and Bit Error measurement results

On one€ screen MSB/LSB Errors and Codeword Counts and Rate for

each Symbol Error Count on Details Screen

' 1

MU196040B PAM4 ED Result Screen
[6] PAM4 ED = =

1| Result RS-F Etl

Bit
Uncorr. [
Result|Measurementf@ Pattern E inp,tu: Codeword FEC Symbal Total INS\_ oM
ER £.034 500E04| 2.503500E.05| 6.975900E05| 3.121 300E-07
MSE—
pa ULThresholgSme EC 1841995 1861282 1852991 8201 |||
M [patzxoata |v] I 5. nus| ER 6.315 700E-03|  3.258 400E-04| 2.116 S00E-04|  2.400 300E-04
0.231 ey Lsel—1
- _Egualizer EC 1.677 600E+07| 1.731 000E+07 8278 443 9032132
v.012 | o018 [
[Eav EEaiE Ny gt - MSBER| 5.120 000E-08| 32.504 S00E-03 1.804 400E-04| 1.907 000E-04 1.701 700E-04
=
M| i |“B m| °J LsB|EC 1| 1.861800E+07| 1.917 100E+07| 1.013 100E+07 9 040 423
m Delay | -360 | (@) mun 5 ?50| s
= FEC Symbol Error Count Coedeword Rate Cedewsrd Count: A
o = 0 4.330 700E-01 8458 502
m | |DatesTime |v| | 202101007 16:35:26 = e bt
g H 2 1.582 S00E-01 3090 827
| Ee&uit-.ﬂ&MAI Result RS FEC | RSFEC Error Distribution| Anritsu
3 5.127 600E-02 11966814
Uncorr. Codeword FEC Symhbol Bit 4 2.105 S00E-02 411311
= ; (]
ER 5.120 00DE-08 3.504 500E-03 1.804 400E-04 ? eaAdaRiE A Tl
& 2.030 000E-03 39 540
EC 1 1.861 800E+07 1.917 100E+07 = T e
BEFI 90.000 000 0.000 000 g 1.843 700E-04 3601
El 1 10 g 5.631 900E-05 11004
> 10 1.607 600E05 314
FraguencylkHz) | 53124 999| Clack Count | 5.312 400E+10 11 4,352 D00E-06 as i
' ' ———— 1z 2.048 000E-06 40 |
Total Codeword Count| 1.953 100E+0?‘ 13 5144 000EGT i3
Clockloss | - 1+ ] FEC Symbol Error(MSE] @ () = AARIIOIE D =
— 15 1.024 DO0DE-07 2
HSmcitoss | UL X FEC Symbol Error(L5E) @ O | Uncorr.Codeword 5.120 000E-08 1
PAM4 Symbol/Bit Error @0 Uncorr. Codeword Error @@ ()
|
I
Clock Loss | o @ @ | PAM4 Symbol/Bit Error @@ () FEC Symbol Error(MSE) @ O ||
|| syne Loss [ o) @ @ | Uncorr, Codeword Error @ (O FEC Symbol Error(LSE) @ O |
il
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I Jitter Tolerance Measurements Based on FEC Symbol Errors

One-button jitter tolerance MP1900A PAM4 BERT
measurement is supported ‘
based on whether or not error

correction using FEC is possible.

PAM4 Test Signal ~ Test Board
with Jitter

<
Jitter Frequency and Test Mask Settings
CRTTeer= S R R —
s e e — Onerte RIS | Correctable Error Jitter Tolerance Test Result
|I’ i Setup | Run Test | Graph |Rep_0|‘t .ux_lamn JMTm ﬁ = ; .
[ eheckAn | Measurement: 12,000,000 Hz, 0.060 Ulp-p ) ‘ S ‘ Fle Setup Help . '
[ e A || - = . Equipment Setup | Run Test /| Graph | Report
Mo. Jitter Fleq._ [Hz] Mask [Ul] Upper Limit [UI] Lower Limit [UI] I_\l'leas. il Me:_as. Judge
H1 120,000,000 0.052 0.500 0.012 0.348 PASS UCH : :
@z 40,000,000 0,052 0.500 0.012 0.204 FASS UC) - L':;:;E:'; [ i = ‘
3 12000000 0052 ‘0500 0012 = - — - . : :
@a 4,000,000 0.052 1.000 0.012 = e 1|0 1 5 6 1 o o 1 5 o
| I5 1,333,000 0.152 0.100 Start Test M i |
R ] ' _E 101
= | ;-1- 1o 1
. . . . -1
Test Criterion Setting, Bit Error or Uncorrectable Codeword - : ;
107 1 ! == ! ! = =4
Detection o 4 ol i i i B
Unit |{Uneomrectable CW-{Count}r 10! 107 10° 1t 10 10° 107 10°
B ui Jitter Frequency [Hz] Anritsu
Error  Efror Rate 1 E
- — - l

Uncorrectable CW (Rate)

Uncorrectable CW {Count}k
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I FEC Symbol Error Distribution in Real-time Zinntsu

Supports FEC Symbol Error Distribution function.
Monitor changes in input signal conditions, such as jitter stress, in real-time.

Error Free Correctable Errors
> Start l§ W Stop i € Disgnostics wewico - QUL 0 s :

Result | MeasurementiE Pattam !EI input- | Capturs Lngglngimiscl

Jﬂesult I Measurement Pattern

__|Input |w | _l Input v :
. UL Thrashold Syne UL Thr=shild Sync 3 .
[psmsoata |w| | o000y | | n loatayoats |w|| oudoly [p=atiz= [ | o000y |
Equal Equal : " Equalizer - >
towFrequency Equalizer  DFE e M | Lo Frequency Equalicer  DFE B Ml | Low Frequency Equalzer  DFE =
@ S | o ®| o000 | [FEEF) v @| 0.000 [gs [NEREH |
w70 | ps [AEIGS ' u Delay soz| @mu [ uiase| (Cips RSN v | (e (R
oom History fleset | Date&Time v | 2020023202058 | |Dat=&Time [w| | 20200203 203625 £ | CatesTime w| | 202001203 20:37:58
lmsull. PAM4IF\nsuIL R&FECI RS-FEC Ervor Dmnbmon] Anrl tSU LP.asuIR.Pmdlmsuli RS-FEC I AS-FEC Ermr usmbuuqn| A n I'ItSU Rasult PAM4 I Result BS-FEC I RS-FEC Error Distribution An r tSU
Result »* 5| @ Result Result
RS-FEC Error Distribution RS-FEC Error Distribution RS-FEC Error Distribution
105408 Y 4 e VT, t DE+OT m 2 2

10EHI7 t OE0E
B B I RO e A L RO NS o M -

E 10518 R

g 10E+05
1 0E+02

1OEH0S
E‘_ A 1.0E303
E 10EHI2 g SNee
0 1 OE=01

=

2 1 2 3 4 5 6 7 10 2 13 14 15 Uncow g T 8 5 W 11 12 13 14 15 Uncom o 1 z 3 & 8 e T £ B W M 12 13 14 18 Uncom

8 3 1. 5
Cod d with N FEC Symbol Errors Cod d with N FEC Symbol Errors Codeword with N FEC Symbol Errors

Gating | 150%) | Gating | (a0%) Gating [458%)

Stress Injection
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I Decoding Function Zinritsu

Supports Gray decode function
Decodes input data and measures FEC Symbol Errors

Error
Detector
7 -
. Imv.
Input Signal : i Hmnuver Gray Code
Decoder | B h“ggm POS 'I-) | =k 3
) PAMA Ile. AN E_?. :
“ Decoder Logic 277 ﬁ_’ '}ﬂm R
Sl

MSB and LSB Inverted Logic  1/(1+D) Mod4 Gray
(before/after Gray Coding) Decoding Decoding
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I FEC Symbol Capture Function (1/2) Anritsu

e High input sensitivity performance of 36 mV EH at 53 Gbaud plus FEC Symbol
Capture function for Pre-FEC jitter tolerance evaluation and analysis of FEC
uncorrectable errors

e FEC Symbol Error detection for IEEE802.3-defined RS-FEC Codeword length and
FEC Symbol length standards

e Input signal capture at timing exceeding settable FEC Symbol error threshold
(1 to 32 per step), and Input Pattern Analysis function for causes of errors exceeding
the threshold

MP1900A PAM4 BERT

Jitter Stressed Signal Test Board

SERDES/
Transceiver

Capturing Detected FEC Symbols Errors
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I FEC Symbol Capture Function (2/2) /d'"'ES”

Detect FEC Symbol Errors in Codeword. ———
The input data is captured when the number of FEC QLM "__’M"
symbol errors exceeds the threshold setting. The e
causes of FEC-uncorrectable errors can be analyzed o
from the captured data. o el

- FEC Symbol Capeurs Setting| vanabla |v'f

EEC Symbal Langth = [lu | bits

EItLe nigth
SR __n_
FEC Syrbols por Lan -------
In & Cadeword
Codewnrd Langth = |544 |v FEC Symials per Lan
FEC Symiol Errar Thrsshld[ | 1 15|

o -_-- -:

W FEC Symbol Emmor
1 Codeward = |5r,-a J FEC Symbals par Lane

15 Errored FEC Symbols

<—— 544 FEC Symbols —><—— 544 FEC Symbols —> <—— 544 FEC Symbols —>
Errored Codeword

1Errored FEC Symbol 2 Errored FEC Symbol TErrored FEC Symbol

L L.

un-errored Codeword un-errored Codeword un-errored Codeword
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I Bathtub Jitter Analysis Function

/nritsu

Advancing beyond

The input signal jitter and phase margin can be measured automatically using the
Bathtub function.

The wideband and high-sensitivity PAM4 ED helps more accurate measurement of
DUT performance.

application Salactor

Result Display |5Int6 ED v immediata ,sml‘silci.ﬂadﬂari
|Prase s Ber(y — Log) v  curmentne 1 0 Seal otal Data 2
|valid Data g
Timea 1310 pspp
i ean 21505 P
Bl 0,73 'ps s
12 mean T
10 mriean 1238 ps
— Status
MES5Ure MERL STAT S0 EU
4 Mazsurement Complete Slats ED E
5 Mes nt Stark Slots ED
5 Mes
5
5
| nt
Max 520miil Step: 9Tmil [Seale ; s il
. | & Meas nt Complete Sl
~Condition < | 9 Meas al o
1 9 Measure
Threshold  [0.000v] | Reload poon | ¥ Phase Unit ps |v | 10 Meaeurament Start Slats ED
= —— 10 M ment Complate Slotd EO
hase Resalut | o itter Calculati E d = =
Phase Resalution i 4| litzer Calculation | 12| Elapsed Time || 00 00:03:08
Calculation Error Threshold E-5 |¥| o |[EB v 0% ]
Bl o .
BEAT  AUTO MEAS RS ® O O 2 Anritsu 1

Example of PAM4 Signal Bathtub Measurement
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I Error Analysis Function (1/2) /mntsu

Useful measurement of both symbol errors (MU196040B-041) and bit errors for
specifying error causes by comparing both measurement results
Press [Details] for more detailed analysis by confirming results for 12 error types.

PAMA4 bit-error measurement results

Separate error-rate measurements for MSB and LSB

Simultaneous measurement of 12 error

|

oMl \
| 7.685 700E-05 | | 1.857 800E-04|[  [6.017 900E-07| I |
Date&Time |vy2013r10;20 18:33:56 | ' Ec |' 82 942 52560 i 282 I o
; ‘ - T : i
——————————— /Infitsu LSB ER | 9.531 300E-04 | | 2.564 100E-05 | | I 1.499 00DE-03 | |
rSymbul Bit I — J
ER | 2.834 100E02 || 1.256 aooE-o4|I i 60 700 | [ 605 [ 60 095 ]
EC | 116 708” 1&3 542|, ______________ — — ey
Ve : Level 0 Level 1 Level 2 Level2 N Symbol E
SEF| | 50.000 000 |
' 1 to Level 3 5788 786 435
El | 10|
== to Level 2 6 445 9 467 6 447
Clock Loss [ 123/ @@
EC| tolevell 345 76 008 778
sync Loss | 234| @@ o e
e o0 to Level 0 g 987 786 456
—_—————— = Total 12558 19 240 77 229 76813 116 708
clock Count | 1.078 100E+00 | Frequency(kHz] | 22000
s —— ER Total‘ 1.239 800E-02| 1.887 100E-02| 7.167 000E-02| 7.620 700E-03/ 2.334 100E-02
Middle Data Threshold| ——|v Middle xData Threshold| PN > __ —
Clock Loss | 122 @@ | Sync Loss 234\| (= | | Error i &
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I Error Analysis Function (2/2) /mntsu

The Diagnostics Mode is useful for troubleshooting logic errors, such as inverted logic
and MSB/LSB bit skew, etc. When these types of logic errors prevent synchronization,

the cause can be determined using the separate MSB and LSB error results and the bit
skew result between MSB and LSB

| Eas Diagnostics Mode button
WL Threshold Sync
l z
|Date&T|me v | | 2018/10/20 18:42:32 |
” ___%t;___la;____m?____s_cms
Anitsy meee\ | _—~ Separate MSB and LSB error results
I wmse ER | 7.685700E05| 1.857 800E-D4| 6.017 900E-07| | 345|‘|_
I @ & cc | 82 942|| B2 560|| 82 @ @& |
: LSB ER | 9.531300E-04|( 2.564 100E-05|( 1.499 000E-03| [  456] |
| @ & cc | 60 700|| 605|| 60095 & & |
I MSB+1SB ER | 1.256 B00E-04|| 1.777 000E-04|[ 8.961400E-05| [ 777 |
8 & cc | 143 642 || 83 165/ 50477 @ @ | . .
I 1P MSB/LSB bit skew detection
| ClockLoss [ 123 @ @
\ FreguencylkHz) | 32 000 | MSB/LSB Diff | —lff
- g s s
MSE LSE MSE + LSB
Clock Count [ 1.079 100E+08 || 6.368 400E+07 || 1.142 800E+03 |
Middle Data Threshold | ——|V Middle ¥Data Threshold|' —|V
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I PAM4 Symbol Capture Function

/nritsu

Advancing beyond

Capture function supports identification of PAM4 error symbols and cuts

verification time.

61PaMa ED = [IVEIRG  C

_Capture Mode

Capture Mode {Sync Mode Capture |v| State I

|

_Capture Result Display

Aute Launch |Capture Data

_Condition

Number of Blocks {1 |v|

Capture Area |A&er The Trigger |Y|

Trigger |Error Detect |v|

Match Pattern [ Mask

Match Pattern

00 00

Mask

00 oo
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Can specify error symbol position and

Capture

W | Cursor Addr 0 Position 0

2
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ke
(=]
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WHHOOOWONOFFNHFOOWOR W &
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level change of captured signal

+
L]
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X
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\ Start capturing
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Measurement Result Logging Function Zinntsy

Periodic saving of BER/SER, etc., measurement results can evaluate
changes and stability of DUT time-dependent performance.

|Result|Measurement|B Pattern IIB Input ICaptureILogginglMisc1|
 BERJSER Logging M
e Sets measurement cycle and starts logging
— 1. e
Saves results to file
Set ALL = Remaining Time: 2 day 21:25:50
ER{Symbol) ER(Bit) ER(MSB) 5 ER(LSB) 5
cctsymoon (NGRRN) ecan  [NGRR) ecivse) (NGRR) ecuse)  (NGREN) Measurement item selection
gg —————ooTmmmmmmmmmmmmmmmmmm T i
2019/10f10 15:57:53 ER(Symbel} 2.0915E-11 :
2019/10/10 15:57:53 ER(Bit) 1.0457E-11 1
2019/10f10 15:57:58 ER{Symbeol} 4.1830E-11 1
2019/10f10 15:57:58 ER(Bit) 2.0915E-11 :
2019/10f10 15:58:03 ER(Symbel] 0.0000E-10 1
201%/10/10 15:58:03 ER(Eit) 0.0000E-10 : T- . d . | | d t It
2019/10f10 15:58:08 ER(Symbel} 5.6470E-11 -
2019/10/10 15:58:08 ER(Bit) 2 8235E-11 : |~ / Imes perlo Ica y Save measu remen resu S
2015/10/10 15:58:13 ER(Symbol]  0.0000E-10 i
2015/10f10 15:58:13 ER(Bit) 0.0000E-11 i/
2019/10f10 15:58:18 ER(Symbel} £.2745E-11
2019/10/10 15:58:18 ER(Bit) 3.1372E-11 1
2019/10f10 15:558:23 ER({Symbecl) 2.0915E-11 :
2019/10/10 15:58:23 ER(Bit) 1.0457E-11 1
2019/10/10 15:58:25 ER(Symbel} 0.0000E-10 1
2019/10/10 15:58:25 ER(Bit) 0.000DE-10 :
2019/10/10 15:58:33 ER{Symbel} 1.8823E-11 1
2019/10f10 15:58:33 ER(Bit) 94117E-12 1
2019/10/10 15:58:35 ER(Symbel] 0.0000E-10 :
2019/10/10 15:58:35 ER(Bit) 0.0000E-11 1
i
1
——————————————————————————————————————— 4
[
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I Typical Configuration of 64 G PPG/58 G ED /nritsu

Advancing beyond

-m-—m—mm

MP1900A Signal Quality Analyzer-R -

MU181000B 12.5GHz 4 port Synthesizer - 1

MU181500B Jitter Modulation Source - 1 For jitter injection
MU196020A PAM4 PPG 002, 011, 040, 042 1

MU196040B PAM4 ED 002, 011, 021, 023, 041, 042 1

Software for jitter tolerance test

MX183000A-PLO01  Jitter Tolerance Test
MX183000A-PLO31  DUT Error Counts Import

Optional parts

J1789A Electrical Length Specified cable (04m, V connector)
J1790A Electrical Length Specified cable (0.8m, V connector)
J1800A ISI Board V

J1793A Pick OFF Tee (V)
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I 64 G PPG/58 G ED Module Option Zinntsu

MU196020A-042

MU196020A-050

ANRITSU CORPORATION

FEC Pattern Generation
Intel-Module

Synchronization

MU196040B-022

MU196040B-023

MU196040B-041
MU196040B-042

MU196020A PAM4 PPG MU196040B PAM4 ED
MU196020A-001 32G baud MU196040B-001 32G baud
MU196020A-002 58G baud MU196040B-002 58G bau'd
MU196020A-003 64G baud (max. 64.2Gbit/s NRZ/58 2Gbaud PAMA4)
MU196020A-011  4Tap Emphasis MU1960408-011 SgéachléecL ecovery
MU196020A-030 Data Delay MU196040B-021 T —
MU196020A-040 AdJustabIe [SI 32G Clock Recovery

(2.4 G to 32.1 Gbaud)
58G Clock Recovery Extension

(51 G to 58 Gbaud)
SER Measurement
Jitter Analysis




I PAM4 PPG MU196020A Specifications /Inritsu
. ftem | Specification | Remarks _

Operation Rate 2.4 Gbaud to 32.1/58.2/64.2 Gbaud Option selection
Signal format NRZ, PAM4
Number of Outputs 2 (Data, xData)

70 mVp-p to 800 mVp-p (Single-end)

Output Amplitude 140 mVp-p to 1600 mVp-p (Differential)

Offset -2Vto+33V

Emphasis 4 Tap, —20 to +20 dB Option
Generates waveform with insertion loss and simulates

Channel Emulator waveform with corrected insertion loss Option

Set by loading S-Parameter file (S2P, S4P)
Simulates ISI generation waveform

IS Set using loss (-8.00 to 8.00 dB) at CEl-specified Nyquist frequency Option
Used in combination with channel board, such as J1800A/J1758A (optional
accessories parts), or Noise Module MU195050A

Independently Variable

PAM4 3 Eye 20% to 50% (PAM4 Amplitude 0/3 level = 100%)

PAM4 Pattern SSPRQ, PRBS13Q, PRBS31Q, RS-FEC, etc. Option for RS-FEC
PAM4 Pattern Error Addition ~ MSB Error, LSB Error, LSB&MSB Error, RS-FEC Symbol Error Option for RS-FEC
Tr/Tf (20% to 80%) 8.5 ps (typ., NRZ)

Random Jitter 170 fs rms (typ., NRZ)

I/O Connector V ()

Jitter Addition Function SJ, RJ, BUJ, SSC (with MU181500B)
Noise Addition Function CMI, DMI, White Noise (with MU195050A (32.1G max.) and J1792A)
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I PAM4 ED MU196040B Specifications /nritsu

Advancing beyond

_____item | Specification | Remarks |

Baud rate 2.4 Gbaud to 32.1 / 64.2 Gbaud (NRZ) Selgct upper limit as
2.4 Gbaud to 32.1 / 58.2 Gbaud (PAM4) option

Input Signal format NRZ, PAM4

Number of Inputs 2 (Data, xData)

Input Amplitude 1.0 Vp-p (max.)

- 36 mV (typ. at 53.125 G),
Input Sensitivity 23 mV (typ. at 26.5625 G) (Eye Height of each PAMA Eye)
, BER < 1 E-8 (When inputting minimum eye signal defined in CEI-

Stressed Margin 112G-VSR)

Analog Band >40 GHz (nominal)

Clock Recovery 2.4 Gbaud to 29 Gbaud or 2.4 Gbaud to 32.1 Gbaud Option

Operation Range 51 Gbaud to 58.2 Gbaud Extension

Equalizer DFE (1.4 dB) + Low-frequency-Equalizer (2 dB) Option

BER/SER Total BER, MSB/LSB BER, SER Option for SER

Measurement Logging, Capture (8 M bits/4 M PAM4 symbols)

FEC Symbol Error Uncorrectable Codeword Error, FEC Symbol Error, Option

TR E RS-FEC Error Distribution
PRBS, Data (max. 268 Mbit (symbol)), Option for RS-FEC

Patterns PAM4 Pattern (PRBS13Q, PRBS31Q, SSPRQ, QPRBS13-CE|, pattern
QPRBS31-CEl), Gray Code/PAM4 Pre-Code, RS-FEC pattern

Connector V (f)
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I Typical 100G x 4 Multichannel Configuration /nritsu

| Model | Neme |y

| Model | Neme ____|ay

| Model | Neme |y

Unit1

MP1900A Signal Quality Analyzer-R 1

MU181000B 12.5GHz 4 port Synthesizer 1

MU181500B Jitter Modulation Source 1

MU196020A PAM4 PPG (Opt. 002,011, 030, 040, 4
042, 050)

J1748A Power Splitter (1.5G-18GHz) 2

J1728A Electrical Length Specified Coaxial 6

Cable(0.4m, K)

MP1900A Signal Quality Analyzer-R 1
MU196040B PAM4 ED (Opt. 002, 011, 021, 023, 4
041, 042)
Test cable

J1789A or Electrical Length Specified cable 16
J1790A 04 mor 08 m (V connector)
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I PAM4 Test Patterns Zinntsu

PRBS13Q, PRBS31Q, SSPRQ:
PAMA4 patterns defined by IEEE802.3bs, 802.3cd 200 GbE, and 400 GbE standards

QPRBS13-CEl:
Pattern for Tx output measurement and Rx input calibration defined by CEI-56G PAM4 standard

JPO3A:
“0303..." pattern string for evaluating transmitter RJ

JPO3B:
Pattern (shown below) of 62 symbols composed of string of 15 contiguous “03" followed by 16 contiguous “30" for evaluating
transmitter Even-Odd jitter
03030303030303030303030303030330303030303030303030303030303030

Square:
“3333333300000000" pattern string for OMA evaluation of optical interfaces (OMA: Optical Modulation Amplitude)

Transmitter Linearity Test Pattern:
Pattern of 160 symbols with following sequence of 10 PAM4 symbols repeated in 16Ul lengths

{0,1,2,3,0,30,3,2 1}

The newest specification for the Linearity Test uses a PRBS13Q pattern.
Rim = min((3 x EST1), (3 x ES2), (2 -3 x ES1), (2 - 3 x ES2)) (120D-5)
Vinia = (Vo + V3)/2, EST = (V4 = Viial/ (Vo = Vinia), ES2 = (V5 = Viiig)/(V3 = Vigia)

Gray-xxxx:
PAM4 signals use four levels to express 2-bit pairs, but sometimes a 2-bit change such as 01->10 may be detected incorrectly for
one level. To prevent this, a Gray code (0000, 01->01, 10>11, 11->10) is used as the pattern at the Tx side.
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/inritsu

Advancing beyond
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