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Multi-channel high speed solution

Signal Quality Analyzer
MP1800A Series

32G Solutions (NRZ / PAM4)
64G Solutions (NRZ / PAMA4)
High speed serial bus solutions



Multi-channel SQA Solution

Product Overview
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Technology trends
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« Multichannel 20 to 30 Gbit/s is key technology for high-end computers, servers, and 100G /
400G network communications.

- 28 GBaud PAM4 is major technology for 100G / 400G communications.
53G NZR / 53GBaud PAM4 development has started toward the realization of 400 GbE.



NRZ / PAMA4 standards

25G / 50G / 200GDbE / 400GbE standardization are on going.

PAM4 becomes major technology for various standards.

Most of PAM4 actual baud-rate is 26.6G.

To assure PAM4 signal Integrity, PAM4 BER measurement is key factors.

Optical Interface Electrical Interface
Standard Distance |Format |Baud-rate Electrical Interface (OIF-CEI) Format Baud-rate
400G BASE-SR16 100m NRZ 26.6G CDAUI-16 NRZ 25.8G
i00G 400G BASE-DR4 500m PAM4 __ [53.1G 400G -pAULS PAMA 26.6G
400G BASE-FR8 2km PAM4 26.6G CCAULS NRZ 258G
400G BASE-LR8 10km PAM4 _ |26.6G 200G [ccAUL4 PAMA 26.6G
200G BASE-SR8" 100m” NRZ 26.6G CAUL-10 NRZ 103G
J00c 290G BASE-SR4" 100m* PAM4  [26.6G 100G CAULA NRZ 258G
200G BASE-FR4" 2km” PAM4 26.6G 50G 50GAUI PAM4 26.6G
200G BASE-LR4" 10km” PAM4 26.6G 25G 25GAUI NRZ 25.8G
100G BASE-SR10 100m/150m|NRZ 10.3G
100G BASE-SR2" 100m" PAM4 26.6G
100G BASE-SR4 70/100m _ |NRZ 25.8G *: Under discussion
100G SWDM 400m NRZ 25.8G
100G PSM4 500m NRZ 25.8G
100G |CWDM4/CLR4 2km NRZ 25.8G
100G BASE-LR4 10km NRZ 25.8G
100G BASE-ER4 40km NRZ 25.8G
100G BASE-CR4 NRZ 25.8G
100G BASE-KR4 NRZ 25.8G
100G BASE-KP4 PAM4 13.6G
50G BASE-SR" 100m PAM4 26.6G
50G 50G BASE-FR" 2km PAM4 26.6G
50G BASE-LR 10km PAM4 26.6G
25G BASE-SR 100m NRZ 25.8G
25G 25G BASE-FR 2km NRZ 25.8G
25G BASE-LR 10km NRZ 25.8G




Feature of Anritsu high speed PAM4 / NRZ solutions

— Multi-channel NRZ solutions —

Flexible upgradability: Singe channel to Multi channels, PAM4 (Up to 64Gbit/s)
High quality waveform: Low intrinsic jitter (300 fs @ 28.1Gbps with clock pattern).

High input sensitivity: 56G/64G DEMUX MP1862A (Typ.25 mV@56.2 Gbps)
28G/32G ED MU18304xB

(Typ.10 mV@28.1 Gbps)

Jitter transparent NRZ / PAMA4 solutions with various types of jitters

~ Multi-channel PAM4 solutions ~

8 channels
; ach 32 Gbit/s PPG
7 channels 32 Gbit/s PPG/ED + PAM Converter
6 channels .
5 channels 3¢h -
4 channels 3 —— 2Ch 32 Gbit/s PPG
Schamets R 64 Gbits MUKDEMUX & = & = PER L IS
2chamnels  PPG/ED
1 Ch
1 channel
* » 24 32 64
0.1 10 20 30 40 50 60
\ Gbit's Gbit's Gbit's Gbit's Gbit's Gbi's TAC Gbaud Gbaud Gbaud y
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Features of 32G All-in-One Jitter BERT

v Wideband bit rates from 2.4 to 32.1 Gbit/s
v 1 Tbit/s synchronous BERT : 8ch PPG in one box and 4 boxes

synchronization

v High-input-sensitivity ED at 10 mV (typical, single-end, Eye Height)
v Integrated Clock Recovery option with complete jitter tolerance test
v" PAM4 generation and BER measurement

Various Signal Integrity
Analysis Functions

* TJ/DJ/R}/J2/)9/Bathtub Jitter,
Eye Diagram, Eye Margin auto-
measurement

* Jitter Tolerance (with MX183000A)
S)=1UI @ fm: 250 MHz

* 4Tap Emphasis with MP1825B

* Crosstalk testing with individual
variable delay

Excellent
Signal Quality
and Rx Sensitivity

* Low intrinsic jitter: 300 fs
Fast Tr/ Tf: 12 ps

* Wide output amplitude range
0.5to 3.5V p-p

* High input sensitivity: 10 mV

* PAM4 / PAM8 generation
(MZ1834A/MZ1838A)

* PAM4 BER Measurement

g 32 Gbit/s x 4ch Tx

32 Gbit/s x 4ch Rx

Supports Data Patterns for
Various Applications

* PAM4 PRBS, Gray code etc.
* Burst signal test

+ 256 Mbits / ch max. user
programmable pattern CJTPAT,
CJPAT, K28.5 etc.

* Pre-coding, de-coding
DQPSK, DP-QPSK
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Features of 56G / 64G All-in-One jitter BERT

> Low intrinsic Jitter:  R] =200 fs rms(typical)

» Variable amplitude: 0.5 to 3.5 Vp-p

> Full jitter components generation RJ, BUJ, Dual tone S}, SSC.
S) generation 0.55 UI @ fm 250 MHz

High Input sensitivity: 25 mV (typical, single-end, EYE height)
Bathtub Analysis as well as Eye Margin, Eye Diagram auto measurement
Automatic jitter tolerance test with MX181500A software

Y V V

» PAM4 signal generation up to 64GBaud with DAC Box (G0374A)
> 56 Gbaud PAM4 BER measurement up to PRBS15

> 56 Gbit/s signal EYE opening recovery by J1646A (6 dB passive equalizer)

MP1861A

56G/64Gbit/s MUX
MP1800A 6 Data s GO374A
ignal Quality Anal —
stonal Quality Analyzer  oxsa6pata | crcpmm. 64Gbaud PAM4 DAC
_ = aa-
| ——h [ : ,,f;‘ \ - | 32GClock
P — mg q 32GClock <4 =
=l | 166 Clock e
it - ] v 4G Data +
= &1 ™ | 64GData- - . J1646A
g P Passive Equalizer

- Synthesizer
- 2ch PPG MP1862A
-2ch ED 56G/64Gbit/s DEMUX

6 dB(V connector)
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Multi-channel SQA Solution

28G / 32G Solution
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Module Lineup

m 28G/32G PPG/ED Module

MU183040B 28G/32G bit/s High Sensitivity ED
(1ch or 2ch)

MU183020A 28G/32G bit/s PPG (1ch or 2ch)

MP1800A

28G/32 G Jitter BERT

| 32G PPG 1ch or 2ch |

28G/32 G 4ch BERT

Do 2 D= «Ow
w-vAT s AT beas

28G/32G 8ch Jitter BERT (2 Box)

32G PPG 4ch 32G PPG 4ch 32G ED 4ch
[ 32GED1chor2ch | (2 Slots) (2 Slots) (2 Slots)
Synthesizer 32G ED 4ch 32G PPG 4ch 32G ED 4ch
(2 Slots) (2 Slots) (2 Slots) (2 Slots)
Jitter Generator Synthesizer Jitter Synthesizer
Max. 6 Slots (2 Slots) (2 Slots) (2 Slots) (2 Slots)

O e |
B e = - =il
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Features (1) Waveform Quality

- Low-jitter, High-Quality Waveforms with Output <3.5 Vp-p

ol o ST GETE e ome g

Rlﬁ 1) 10.10 ps 1010:!3 1041 ps 30
Fail ti 1010N 1010N 101096 ] l'alllln(l 10.10ps  9.78 ps 10.2%ps 30

Output waveform at 28 Gbit/s, 2.0 Vp-p Output waveform at 28 Gbit/s, 3.5 Vp-p
(MU183020A-012) (MU183020A-013)

TJ (1.0E-12) 45ps| D) (3 - 8): 8ps RJ(mS) P} (3-3): s DD) (p-p):
DCD: 2015 PJ (rms) ) (p-p):

28 Gbit/s, PPG Intrinsic R} rms
Using sampling oscilloscope with 50 GHz bandwidth and <100 fs rms intrinsic jitter
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Features (2) Rx Input Sensitivity

-  World’s Best Input Sensitivity Error Detector (MU183040B/MU183041B)

— EYE amplitude sensitivity: 15 mVp-p (typ., 28.1 Gbit/s, single-end),
<25 mVp-p (28.1 Gbit/s, single-end)

— EYE Height sensitivity: 10 mVp-p (typ., 28.1 Gbit/s, single-end)

- Passive Equalizer

— Insertion before ED recovers EYE opening by correcting transmission-path losses
— Combination with MU183040B/MU183041B High Sensitivity ED supports Jitter Tolerance tests
of physical devices with narrow Eye Opening

« Jitter Tolerance Testing for Async SERDES by embedded Clock Recovery

— Loop bandwidth: Bit rate/1667, Bit rate/2578, 1 MHz to 17 MHz*
— Supports clock recovery and high input sensitivity

DUT PCB Trace

N e

Equalizer

MP1800A

*Opt-022

Internal
Clock
Recovery
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Features (3) Skew testing by synchronous PPGs

Individual Variable Data Skew for Each Channel

— Built-in PPG Data Delay option supports independent phase control for each

channel
Max. 8ch synchronization and individual variable delay

W PRBS7 ) PRBST X PRBS7 ¥
W FRBS7 ¥ FRBST ) FRBS7T )
W_PRBS7 ) PRBS7 ¥ PRBS7 X
¥ _PRBS? ) PREST # PRBST X
¥ PRBS7 ) PRES7 x PRBS7 X
W FRBS7 ¥ FRBST ) FRBS7T )
W PRBS7 M PRBS7 ¥ PRBS7 )
W _FRBS7 ) PRBS? ¥ PRBS7 N

v

P

1
SEas
Beaeg
ronac )
cepech

VVVVYYVYYY

Crosstalk Test

— High-accuracy control of data synchronized between channels in 1 mUI steps
supports accurate validation of DUT crosstalk characteristics

Victim signal © j
' >—wW —\W—y - ___O i
s nnasaneng RS SRS Aggressor signal "'P_V- - @J o
Input signal Output signal
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Features (4) Jitter generation capability

Jitter Tolerance Test up to 32.1 Gbit/s

— RJ/S)(2tone)/BUJ/SSC generation

— Automatic Jitter Tolerance test using MX183000A

B SJ: 2000UI max., 1UI @ fm = 250 MHz
B Shorten measurement time by estimating low error rate result

— Half-period Jitter (F/2 Jitter) generation using MU183020A PPG

- - D0 NSRS [ E N O
_ |
1)
SRE EEEH XX
- | ———
:

— _’41 | J _
= & (o

MU181500B Jitter Modulation
Source Setting Screen

Jitter Amp. [UI]
= 10000 — 4 ‘ . .
— E Enhanced MP1800A
1000 DN &7
] g
e ] 100 - ~
10 -
14 ]
,,,,,,, | Before Enhancement .
R 0.1 -
10k 100k 1M 10M  100M
MX183000A PL001 Jitter Tolerance ( . LCI’W '”Ff'”ss'(;CG{:ttbefd ;
measured vailue usin - Z band samplin
Test Software Result Screen oscill J P

Sine-Wave Jitter

Random Jitter

oscope with Residual Jitter of <100 fs)
1

Bounded Uncorrelated Jitter Half-Period Jitter (HPJ, F/2 Jitter)
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Features (5) Emphasis capability

4Tap Emphasis Signal Generator up to 32.1 Gbit/s (with MP1825B)
v" High quality Emphasis signal of Low Jitter and steep Tr/Tf
v Setting by Pre-emphasis, De-emphasis, Co-efficient

CH2 Interface

- Cutput

Emphasis Cutput |

Bit Rate Maniar [ 1000 shie

Emphasis Funlion [ o [coeticent =]
Waveform Format [ ] _oet
offeet AC OFF

Input

Data Input Unit1-Siot1 MLHEG0204 Datal =
Data/Clock Acjustment W adjust | [aut -
Clock Input Half Rete Clock | Seffin

- Delay

m &0 _‘?mul ¢ [oo0 b=
Relative o _‘::‘muw

Jitter Input OFF ™ Calbration

Waveform with FFOO Test Pattern
Fie | wiew Heln HER A EEE s AR

phasis Output on >
2510000 Ghitis
Pre-

ooooo

Data Input Unit -Slot3 MU 830204 Dated =
DataClock Adustment — m  Adust | [suto
Cloc Halt Rt Clock

~|| " Eettig

Clock Input Band Half Rate Clock -
77777 v

m o oo cfom e
Reltive [0 —Jmut
Jiter Input oFF = Calbration

U8 Connected
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Features (6) Various Analysis functions

Eye Contour Measurement EYE Margin Measurement PAM BER Measurement
:':::I"“"ml [T | e e ; ; :-b\n-n-l E.:]L"
:-—--. = W -
- ity ] ::.-:.—.-
o 'mr‘:m;:T (> p— | p—
LS =g | T pa— T YT G E—
TR ——ur T pae— =R T i —
—r
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Features (7) Supports various data patterns

« PAM4 Patterns

— PRBS13Q, GreyPRBS13Q, SSPR, JPO3A, JPO3B, Square wave

« DQPSK, DP-QPSK Pre-coding

— DQPSK, DPQPSK Pre-code signal generation

e Burst Signal Test

— Supports optical circulation loop test
— Burst disable time up to 1uS (Typical)

« Maximum 256 Mbit/ch Programmable Data Pattern

— Generates any pattern for applications, such as CJTPAT, CJPAT, K28.5

« Pseudo random Patterns (PRBS)

- 2"-1(n=7,9,10, 11, 15, 20, 23, 31)

e Zero-Substitution Pattern

— Suitable for clock recovery contiguous “0” / “1” tolerance test
— Incremental number of “0” / “1” inside of PRBS pattern up to PRBS23
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Features (8) Frequent used items on one screen

Customize screen
— For easy operation, you can select up to 18 items on one screen.
— Selected items can be saved / recall from internal memory.

<
User Customize Dia . .M

ga

18 w| Fie | = p(m

ia

i &

Close |

1:3:1 MM E30204 Bit
Rate Setting

I 32100000 3: Ghitfs

1:2:1 MU E1:5008
Svyrthesizer Clock
Source

IUn'rt'I slotE MU E 'l

1:31 MM E30204
Clock Source

IUni‘H ‘Slot2: MU E vI

1:2:1 MM E15008
S ORIOFF

1:2:1 MU 15008
Sd1 Freguency

e Hw

1:2:1 MM &15008
S Amplitude

0000 = upp

1:2:1 MM 815008 RJ
ONFOFF

1:2:1 MU 815008 R
Amplitucie

| 0.000 3: Ulp-p

1:2:1 MM 815008 R
Arnplitude Crms)

0.000000 Ulrmz

1:3:1 MM B30204
Datal DataliData
ORICFF

O hd

1:31 MU1 830204,
Datal Data Amplitude

I 1.000 3: Wi

1:31 MU B302048
Datal Data Delay

]

mUl

1:4:1 MM 830408
Datal ER: Total

1:4:1 MU E30408
Datal Sync Loss

1:4:1 MM 530408
Datal Clock Loss

1:4:1 MM E30408
Datarl EC Total

1:4:1 M1 G30408
Datal Frequency

kHz

tems
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PAM Features (1) PAM signal generation

PAM4/PAMS8 Generation (MZ1834A/MZ1838A 4/8 PAM

Converter)

— PAM4 Differential signal generation: MZ1834A + PPG 2ch
— PAMS Differential signal generation: MZ1838A + PPG 3ch
— Wideband 32.1 Gbaud rate
— High-quality EYE opening, high-speed Tr/Tf

— PAM Control GUI: Adjustable PPG Data Output for setting PAM signal levels

MP1800A
2ch PPG

NRZ Data CH1

NRZ Data CH2

MP1800A NRZ Data CH1
4ch PPG

NRZ Data CH3

MZ1834A
4PAM Converter

Y
/ i

MZ1838A
8PAM Converter

NRZ DataCH2 7 t
A y—
o & :
-

Differential 4PAM Signal o I

ey =

/inritsu

=5z |

Zinritsu
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PAM Features (2) Various PAM4 patterns

« 32GBaud PAM4 Patterns
i ) Outout  Pattern | Ervor addtion | Pre-Cade | tisct | hisc2 |
— Pattern files used for PAM4 signal e Sosefoss]
generation/BER measurement have { Lengih | 26343545 bis B Loeding... (£ fle— [1]
been added.
— Select Edit after setting Test Pattern
to Data. [1] [2]——>Fie(F)  Edit(E)
— The following PAM4 Data Patterns &| | 4
= Display Format Iarker
can be selected from the Pattern Morker o Bk [ = e =] o =] “
d. fl I Roww Length [ 3072 = Teblz [EigHex g il -
Editor file list.[2] R =
Number of Row |1 _|::‘ ’7Who|e| iy | Directl i
e
Pattern PPG1 PPG2 ED ED ED
Pattern file Pattern file Top EYE Pattern Middle EYE Pattern Bottom EYE Pattern
PRBS13Q PRQS13Q_TX1.txt PRQS13Q_TX2.txt PRBS13Q_Upper.txt PRBS13Q_Middle.txt PRBS13Q_Lower.txt
GrayPRBS13Q [ GrayPRBS13Q TX1.txt | GrayPRBS13Q TX2.txt [GrayPRBS13Q_Upper.txt [GrayPRBS13Q_Middle.txt [GraeyPRBS13Q_Lower.txt
PRQS10 PRQS10_TX1.txt PRQS10_TX2.txt PRQS10_Upper.txt PRQS10_Middle.txt PRQS10_Lower.txt
SSPR SSPR_TX1.txt SSPR _TX2.txt SSPR_Upper.txt SSPR_Middle.txt SSPR_Lower.txt
JPO3A JPO3A.txt JPO3A.txt JPO3A.txt JPO3A.txt JPO3A.txt
JPO3B JPO3B.txt JPO3B.txt JPO3B.txt JPO3B.txt JPO3B.txt
Squarewave | Squarewave.txt Squarewave.txt Squarewave.txt Squarewave.txt Squarewave.txt

Using Combination Mode for PPG_CH1 and PPG_CH2 to generate above PAM4 patterns.
Using Independent Mode for ED to measure above PAMA4 patterns.
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PAM Features (3) PAM4 BER Measurement
 PAM4 BER measurement with high input sensitivity ED

Two ways of BER measurement
- Sequential PAM4 respective sub eyes BER measurement with single ED

- Parallel PAM4 sub eyes BER measurement with 3 EDs.
- Auto Search function for each PAMA4 sub eyes

PAM BER Measuremeni

File

3 Eye Parallel 3 Eye Serial

Time

Pattern

Auto Search

Module

—Measurement Condition

%

|l Auto Search

Single - IDD 00:00:01 _I;
IPREIS1 5 - l
IPAM Coarse VI

Operation: Combinstion

Combination:  2ch

Change the PPG Combination setting to..

:

IUn'rt1 -Slotd-Data hd l

—Result

Data

Threshald

XData

v Top

W |- W |-

¥ Micicle

W |- W |-

¥ Bottom

W |- W |-

Error Rate

Error Court

» st |

Mode IPAM Fine VI

Stop I Close I

tem IThresh old&Phase ¥ I

setAl | Resetar |

Slot/CH

I Data Threshold | XData Threshold | Clock Delay(mUl) I Clock Delay(ps)

W Sot2-1ED [Midde |
Wsh2260 [Top =]
[ Shi3-1ED [Bottom +|
[so260 [fop  v]

|DsteTime

j I 2060624 155017

Differential 4PAM Signal

MZ1834A
NRZ Data CH1 4PAM Converter
o 4 Midde cye
—_— Middle Eye
MP1800A NRZ Data CH2 5’ ; \
Mo Lower Eye
3ch ED ; :

ED CH1 I ﬂl K240C + K241C
L

ED CH2 ¢
o) L
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PAM Features (4) PAM4 Analysis functions
« Analysis functions

— PAMA4 sub eyes analysis for Top, Measurement Target
Middle, and Bottom respectively. [Setat | Resetar] ok | Cancel |
— Auto-measurement functions are: Sit Seector
« Eye Contour = —= ]
« Eye Margin Sot42€D _[uode 7]
- Bathtub
* Q Analysis
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PAM Features (5) Typical waveforms

Conditions
Input: 3.5 Vp-p, 1.75 Vp-p, PRBS31
Output: 832 mVp-p, 170 mV/div, 10.0 ps/div

25.78125 Gbaud Rate 28.1 Gbaud Rate
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28G/32G PPG Specifications

Operating Bit Rate

Data Output
Number of Outputs

Amplitude

Offset
Crosspoint Adjust
Clock Output
Number of Outputs
Amplitude
Frequency
Data Delay
Range
Pattern Generation
PRBS
Programmable DATA
Aux Outputs

2.4 to 28.1 Gbit/s
2.4 to 32.1 Gbit/s (Option)

MU183020A

1ch 2 ports (Data/xDdata) (Option)

2ch 4 ports (Data1/xData1, Data2/xData2) (Option)
MU183021A

4ch 8 ports
Data4/xData4)
500 mV to 2.0 Vp-p/2 mV step (Option)
500 mV to 3.5 Vp-p/2 mV step (Option)
-2.0 to +3.3 Voh/1 mV step
20% to 80%/0.1% step @ 28 Gbit/s, 32 Gbit/s

(Data1/xData1, Data2/xData2, Data3/xData3,

1

0.3 Vp-p min. 1.0 Vp-p max.

Selectable clock of 1/1 or 1/2 of bit rate
Option

-1000 to +1000 mUI/2 mUI step

2"-1(n=7,9,10, 11, 15, 20, 23, 31), Mark Ratio 1/2, Logic POS/NEG
2 to 268,435,456 bits/1 bit step, Mark Ratio 1/2, Logic POS/NEG
Divided Clock, Pattern Sync.
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28G/32G ED Specifications (1/2)

Operating Bit Rate 2.4 to 28.1 Gbit/s, 2.4 to 32.1 Gbit/s (Option)
Data Input
Number of Inputs MU183040A/B

1ch 2 ports (Data/xData) (Option)
2ch 4 ports (Data1/xData1, Data2/xData2) (Option)
MU183041A/B

4ch 8 ports (Data1/xData1, Data2/xData2, Data3/xData3, Data4/xData4
Input Amplitude/

Sensitivity* MU183040B/MU183041B
Input Amplitude* 0.05 Vp-p to 1.0 Vp-p
Sensitivity* | EYE Amplitude 15 mVp-p (typ.), <25 mVp-p
EYE Height 10 mVp-p (typ.)
Clock Input
Number of Inputs 1
Amplitude 0.3 Vp-p min.,1.0 Vp-p max.
Frequency 1/2 of bit rate
Clock Delay
Range -1000 to +1000 mUI/2 mUI step
Pattern Detection
PRBS 2"-1(n=17,9,10, 11, 15, 20, 23, 31), Mark Ratio 1/2, Logic POS/NEG
Programmable DATA 2 to 268,435,456 bits/1 bit step, Mark Ratio 1/2, Logic POS/NEG
Aux Outputs Divided clock, Pattern Sync.
Analysis Functions Auto Search, Auto Adjust, Bathtub Jitter, EYE Diagram, EYE Margin, Auto Search PAM

Mode, Q-value measurement, Eye Contour, PAM BER Measurement

* Input amplitude is a range where Auto Adjust function operates. Input sensitivity is the minimum input amplitude which becomes error free.
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28G/32G ED Specifications (2/2)

Clock Recovery Clock Recovery from ch1 Data input, internal distribution to each
channel*

Options
Operating Bit Rate Opt-x22: 2.4 to 28.1 Gbit/s
Opt-x23: 25.5 to 32.1 Gbit/s (requires MU183040B/41B-001)

Maximum Number of 72 bits (Zero Substitution 215)

Consecutive Zeros
Lock Range for Opt-x22: £200 ppm

Data Clock Recovery Opt-x23: £100 ppm

Target Loop Band Opt-x22:
Selectable from bit rate/1667, bit rate/2578, Jitter Tolerance*?, and

variable
Variable: 3 MHz to 17 MHz/1 MHz steps™*3

Opt-x23:
Selectable from bit rate/1667, bit rate/2578 and Jitter Tolerance*?

*1: MU183041B-023 recovers Clock from ch1 Data input and distributes to ch1 and ch2. Also recovers

Clock from ch3 Data input and distributes to ch3 and ch4.
*2: Jitter Tolerance setting makes widest loop band and enables Jitter Tolerance measurement.

*3: Upper setting band depends on bit rate: 17 MHz at 28.1 Gbit/s
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Main Applications (Interconnects) (1/2)

- 28G Ultra high speed Interconnect evaluation

High Speed Interconnect Device/Back Plane

2ch PPG MP1825B
1ch ED 4Tap Emphasis
Synthesizer Data #1 o Differential
Jitter Modulator e Victim Signal Data #1
y Clock ;g —_’
Y —
- et
1 &% Aggressor Signal

MP1800A

— Jitter Tolerance Testing >
— Compensate for PCB trace losses -
— Crosstalk effect testing >

Dual tone S)/R)/BUJ/SSC Jitter Tolerance
Measuring small amplitude with high-sensitivity

ED SERDES measurement with clock recovery
Emphasis generation

Timing control and skew control between
channels
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Main Applications (Interconnects) (2/2) 0

yows
« Infiniband FDR(14G) / EDR(26G) AOC Evaluation !_rqr_;ﬂ_l_El_grjm'

14 Gbit/s x 8, 26 Gbit/s x 8 Jittered Data

Data #1 Data #1
4ch PPG Quad 4ch ED
4ch PPG Data #2 TX CDR Data #2 4ch ED
Jitter Modulator Data #3 Data #3 Synthesizer

Data #5 Data #5

MP1800A MP1800A

Clock

— 8ch (4ch end-to-end) BER -  8ch simultaneous testing

Measuring small swing signal with high-
sensitivity ED

Timing control and skew control between channels
SJ/R)/BUJ/SSC Jitter Tolerance

T)/DJ/R]/Bathtub Jitter,
EYE Contour (BER contour mask) analysis

— Crosstalk effect test
— Jitter Tolerance test for CDR
— Output waveform test

N 2\ %
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Main Applications (CFP2/CFP4)

« CFP2/CFP4 Evaluation

4ch 28 Gbit/s Data Streams with Jitter

4ch 28G PPG
4ch 28G ED
Synthesizer (SJ)

Jitter Modulator - -
for Dual-tone-SJ/RJ/BUJ/SSC

 Crosstalk effect test
« 25x4A BER

- EAM Direct drive
- Jitter Tolerance test for CDR

PPG 3.5Vpp Output

EAM Direct Drive

Quad

Laser >
),
()
=
IS
><

Quad
Laser
Driver

Quad
HCECBR

1222
1222

) 25Gx4

Quad
Rx CDR

Quad
TIA

Quad
PD

1114
1114

High-sensitivity ED CFP2
ROSA output Module
direct measurement

Dual-tone-SJ/RJ/BUJ/SSC are available with using MU181500B Jitter Modulation Unit.

20 2\ 7

Timing control and skew control between channels
All-in-one 4ch simultaneous testing

Measuring small swing signal with high-sensitivity ED
3.5 Vp-p Data out, variable Crosspoint

S) Jitter Tolerance (MU181000 with jitter option can
generate S))
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Main Applications (DP-QPSK, DQPSK)

« 32G DP-QPSK Evaluation

32Gbit/s x4
Pre-Coding Signal
4ch PPG
Synthesizer X_l
S—————) X_Q
[ | . gj A
~ LI Y_Q
MP1800A

DP-QPSK

100 Gbit/s

« DQPSK Evaluation

2ch PPG
2ch ED 28Gbitsx2
Synthesizer Pre-Coding Signal
SRE——
¥ pm— ™ | Channel
! =¥  Clock
MP1800A I

RZ-DQPSK
Modulator

Pt

)

I Channel

Q Channel

RZ-DQPSK
Demodulator

RZ-DQPSK
" :
40 Gbit/s

- Pre-coding signal generation

- Optical output waveform optimization

- Timing control between channels
- Modulator input level tolerance

N2 2\ 4

Synchronized DP-QPSK, DQPSK signal
Crosspoint adjustment

Precision data delay

3.5 Vp-p Data out, variable Amplitude
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Multi-channel SQA Solution

56G / 64G Solution

-

=7

INFINIBAND"
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Module Lineup

J1646A

MP1861A Passive Equalizer 6dB

56G/64G bit/s MUX

MP1862A
56G/64G bit/s DEMUX

@ /INCLSU MP1861A scoicnisiis D /INCIESU MP1862A ssosiooss enae (V connecto r)
EXChnput Ok Outout
2@ 2@ o 2@ 2® o
_(u;n%ﬁm,_. o 0 [Eeeibioessicbl .
Data Outpt Data Output Data lgut Dt Ioput
21 @1 @ e OO "
DDDDD Vp-p = = 012501 (Vppilad =
@ 10 e @ ¥
O ) ® | ®
. - - &

Standard Configurations

MP1800A Max. 6 slot /

56G/64G Jitter BERT

56G/64G 2ch BERT

56G/64G 4ch BERT (2 box)

32G PPG 2ch

32G ED 2ch

32G PPG 4ch
or
32G PPG 2ch x 2

32G PPG 4ch
or
32G PPG 2ch x 2

32G ED 4ch
or
32G ED 2ch x 2

Synthesizer

32G ED 4ch

32G PPG 4ch

32G ED 4ch

(2 Slots) or or or
32G ED 2ch x 2 32GPPG 2ch x 2 32G ED 2ch x 2
Jitter Generator 4Port 4Port
(2 Slots) Synthesizer Synthesizer
(2 Slots) (2 Slots)
64G MUX 64G MUX 64G MUX 64G DEMUX
64G DEMUX 64G MUX 64G MUX 64G DEMUX
64G DEMUX 64G MUX 64G DEMUX
64G DEMUX 64G MUX 64G DEMUX
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Features (1) Waveform Quality

- Low-Jitter, High-quality Waveform MUX

50 Gbit/s, 3.5 Vp-p Output Waveform (MP1861A-013)

/\nritsu 3



Features (2) Rx Sensitivity and Equalizer

High-sensitivity DEMUX
v Sensitivity: 25 mV (typ.) (56.2 Gbit/s, single-end, EYE Height, PRBS31)
<40 mV (56.2 Gbit/s, single-end, EYE Height, PRBS31)
30 mV (typ.) (64.2 Gbit/s, single-end, EYE Height, PRBS31)
Passive equalizer
v' Put passive equalizer upstream of MP1862A 56/64G bit/s DEMUX
v' Compensate transmission path losses, recovery of EYE Opening then possible to
measure BER and execute jitter tolerance

Before %70 mV/div

-5 ///_/\\
After g . —T |
50 mV/div o v
| R | & [\ ——J1646A
-15 \ I
-20
0 10 20 30 40 50

Frequency[GHz]
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Features (3) Jitter generation and tolerance test

« Full jitter components generation: Dual tone SJ, R, BUJ, SSC, Half Period Jitter
« Automatic jitter tolerance measurements

v' S up to 2000 UI or 0.55 UI high-frequency S) at 250 MHz (at 56.2Gbps).

v Low intrinsic jitter: 275 fs rms. (typical).

- v - DOOOAEERLRBC RREOOE Eb A
pr——— ]
| = 2 ; 2000
wr— — 5 & % New Jovtws ‘ll :;n-yw ey Jeage T.-
= J o .--':; 5. — 20dB/decade
; + —— N . A |$ o o
e L 56 -  — ‘ (T T SN e,
1B g L i B P
o E : . :
B ey EE== o U .
il == | [k B : : T
i Cadeate Sk = 1 t -
e z:: BT Es 0.00001 0.0075 10 150 2507
[ e e e a— Modulation Frequency [MHz]
Generate Various types of jitters MX181500A Jitter/Noise Tolerance

Test Software Jitter Generation Mask

Bounded Uncorrelated
Jitter (BUJ) (Even/0Odd Jitter)

Half Period Jitter

Sine Wave Jitter (S)) Random Jitter (R))
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Features (4) Synchronous operation

* 4ch Synchronization in one mainframe
v Ultra high speed synchronized data streams up to 4ch MP1861A 56G /
64G MUX by one MP1800A.

Differential 4ch

X pras7 ) pres7 ) pres7 X
X pres7 ) pres7 X pres7 X
X pres7 ) pres7 ) pres7 X
X pres7 )_pras7 )} pres7 X

» Crosstalk Tests
v Installing MUX Data Delay option offers independent phase control for
each channel.
v" High accurate phase delay setting in 4mUI steps.

Victim signal O )
>—A— —\W— — O’ |
»E _ . T
o I T A, b ) Aggressor signal — N I o
Input signal Output signal
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Features (5) Various analysis functions

Bathtub Jitter Measurement

e Okoiy
b ] e Yomm| o] e
Soade | M) 083 M 081D 3 ;——-l
oo =]
Tos [ e [
Tivestoks Autn S
772V [oesesves =
Frace Psnson
O
Fradowss
{ I sl
i e [0 2 e 'ﬁ';'—':.]
* e [0 SIR G e e Current
L o B
j-ﬁ-."wﬂ ____]J n::n 1 o :....."'"‘.':.".‘&"- :
:o:lnn- [Optimese| jabkieo |tuow ‘
Lo R — B mem vao-: ' ‘
:g_];J = =¥ el ;::mm wa |
§ Vot o e (1) | e |Neen SECTE S
EYE Diagram Measurement
W ——— ﬂ
Fae Cipley i
Condtin Carwe | ek £ | ’_-'_] L]
e Dmmn
- s
L (oo 2y .mrl' E e
S | R s |l
S g P T W o] or] Owesen
e (O [0 et
.. 10r ol or
/£ =|u Fdii-“ # - o |
we o] oar|
; RS E e
A 1eq ol ar
3 : W o) o) >
R
P e
Varter : @
AT Zeedt Oure free *|  [Govwarerg
or o l — _‘ [;-—-—m
cer ‘;’ :: ::_l __ll o [Ouestae v | WA 2N

EYE Margin Measurement

i
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Features (6) Various data patterns

Burst Signal Tests
v" Supports application evaluation using burst signals, such as optical
circulation loop test
v" Burst disable time up to 1uS (Typical)

- Max 512 Mbit/ch Programmable Data Pattern
v' Generates any pattern for applications, such as CJTPAT, CJPAT, K28.5

« Pseudorandom Patterns (PRBS)
v 2rn-1n=7,9,10, 11,15, 20, 23, 31)

- Zero Substitution Patterns
v Suitable for clock recovery contiguous 1s and 0s tolerance testing

e Mixed Patterns
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56G/64G bit/s MUX/DEMUX specifications

Bit Rate

No. of Channels
Amplitude

Intrinsic
Random Jitter

Half Period Jitter

Bit Rate

No. of Channels
Amplitude
Sensitivity

8 to 56.2 Gbit/s
8 to 64.2 Gbit/s (MP1861A-001)

1ch, Up to 4ch parallel synchronization by connecting to MP1800A

0.5t0 2.5 Vp-p (<56.2 Gbit/s, MP1861A-011)
1.0to 2.5 Vp-p (>56.2 Gbit/s, MP1861A-011)
0.5 to 3.5 Vp-p (<56.2 Gbit/s, MP1861A-013)
1.0t0 3.5 Vp-p (>56.2 Gbit/s, MP1861A-013)

RJ =200 fs rms (typ.)

20 Steps

8 to 56.2 Gbit/s
8 to 64.2 Gbit/s (MP1861A-001)

1ch, Up to 4ch parallel synchronization by connecting to MP1800A
0.125 to 1.0 Vp-p
25 mV (typ.), <40 mV (EYE height, PRBS31, single-ended)
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Main Applications (Interconnect)

- 56 Gbit/s Band High Speed Semiconductor Chip Measurements

High Speed

High Speed Interconnect
Device/Back Plane

MPISE1A Differential
56G/64G bit/s .
MP1800A L ‘ 56G Data + e
Signal Quality Analyzer 5B iy —= ::':i_‘ 7 (O —
- V : ! ’Yfi ﬁ i.p.g -’c 56G D t»
o P—— | ‘ 28G Clock ‘
= ':HE_A . ‘ <14GCI0ck
: - E i -JL<ZX 28G Data p Ii'1 <56G Data +
- Jitter Modulator <& I &8 - 56G Data - )
_JS;:\th,Z‘sijerl ' _,_n o _O 4_5?
-2ch PP ualizer
e S66/64G bt q
DEMUX
-56 / 64 Gbit/s BER Measurements - For SERDES, Clock Data Recovery(CDR), etc.
- Jitter Tolerance Tests > Supports dual tone SJ, RJ, BUJ, SSC, etc.,
Jitter Tolerance tests for CEI-56G
- Input Sensitivity Tests > Wide variable amplitude range
0.5 to 3.5 Vpp (56G, with installed MP1861A-013 option)
- Bathtub Jitter Measurements > T) / R} / D) separation
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Main Applications (Transmitter)

4 x 2ch PPG
Synthesizer

MP1800A #1

4 x 2ch ED

MP1800A #2

- 200 GbE, 56G x 4 lane evaluation

- EML evaluation

MP1861A

56G/64G bit/s MUX

e

56 Gbit/s x 4 or Split to 8 channels

MP1862A

—_— .;- - , Data #1
— i Data #2 > 200 Gbitis ]
— 400 Gbit/s
= ~ ]
oy Data #3 . e
— 5 & -
— Data #4 PSM4 -
—_ > x =
— s WDM
—
e — ;--.- 5 Data #1
= -
S — g <Data #2
== Data #3
— =l
p— / Data #4
pe——
poum—— |
——

56G/64G bit/s DEMUX

->

->

- Confirming skew and crosstalk effects ->

- Auto search functions

->

Supports EML and optical module evaluations for
200G / 400GbE

Direct EML driving using variable output function
up to 3.5 Vp-p

Pattern Sync and Variable Phase functions
support easy verification of Rx device skew
tolerance, crosstalk effects

Data and Clock phase auto alignment
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Multi-channel SQA Solution

56G / 64GBaud PAMA4 Solution

INFINIBAND"
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64Gbaud PAM4 DAC features

G0374A 64Gbaud PAM4 DAC

- Wide Operating Range: DC to 64 Gbaud
- Generates 64 Gbaud PAM4 signal using half rate 32 Gbit/s x 4 input signals
- 1.4 Vp-p (differential, Typ.) output
- Amplitude, duty and Upper / Lower / Middle amplitude ratio control by manual
- Low output Jitter performance of only 300 fs (rms)
- NRZ, PAM4 signal control and jitter addition

HK-64GDAC

— OUTPUT POAT e—

our out
... 7 (@@

.nnZMi. DIJTYM.L

AC100-240V
50/60Hz

64Gbaud 2-bit DAG with MUX

Front View Rear View
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64Gbaud PAM4 generation block diagram

MP1800A
Signal Quality Analyzer _ GO0374A
it 32Gbit/s DatalA,B(MSB) 64Gbaud PAM4 DAC

1
4ch 32G PPG!
MU183020A 32G 2ch PPG x2|

MU181000A/B Synthesizeri R =

64 Gbaud PAM4
Data output

32 Gbit/s DataOA,B(LSB)

AL ELEL SUEL B

2

Y@ R | QFT | YU | SAR, | e SEE
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Typical waveform from 64Gbaud PAM4 DAC

» PAMA4 OUtp ut Waveforms (41 V-6 ATT +3 4 V V50 Adapter + 70-GHz Band Oscilloscope)
28 Gbaud

Eye/Mask Mode.

BitRate

{El

Ampﬁliide

Control

Sefp  Measure

Calbrate  Utilities  Help 165ep 2015 1721

£

vy
Precigion Timekbage... 200 m'/div 100 mvrdiv | Time:5.0 pe/div Tiig: Free Run | Pattaim
Y@ Refererce: moocic: | @ uoamy | Yoo Delay: 240773 n =R @

Iisk Test™:

56 Gbaud

2 File Control
EyesMask Made

Sefup  Measure  Calbrate  Utilities  Help 16 8ep 2015 1715

L

=\

Nﬂpﬁﬁde v

Precision Timebase, 200 m/diy 100 myAdiv Time:5.0 psdiy Trig: Free Run  Pattem
Y@ Refcrance: 1400005 6Hz | 23 Soonmy | Yoov Delay:24.0743 s gl BH1ED

» NRZ Output Waveforms (41v-6 ATT +3 4 v V50 Adapter + 70-GHz Band Oscilloscope)

64 Gbaud

[

Eye/Mask Mode:

Contral  Setup  Measure  Calbrate  Utlties  Help 05 0ct 2015 1621

4

Amilie

Precision Timebase.
Y Reterence: 16 0000 Gz

./ Measure ¢

current mininum naxinum total meas
Eye fap(s) BG4 0l 665 1 BEE i 0 Setwp
Jitter RHS(:) 367 Ts 358 15 33 15 i Bl
Jitter p-p(s) 2.000 ps 1.889 ps  2.000 ps ]
Rise tine(h 7.28 ps .78 ps 522 p5 0

4

Time:5.00 ps/div
Delay-24.0738 ng

200 mv/civ 100 mt/7div
23 aogmy | Yooy

Trig: Free Run | Palfem
- J 28l L ock J

ve

- File  Control
Eye/Mask Mode

v

Precision Timehase. .
Reference: 14.00000 GHz

Sefup  Measure

3 200 myAdiv
-400.0 Y

Calibrate

200 v/l
Yoy

Ltilities

Help 15 0ct2015 1536

Time=10.0 ps /i
Delay:24.1714 ns

Wi

Thig: Free Run  Patem
freemn | i )

56 Gbaud

Eile Contral
EyeiMask Mode:

Setp  Measure Calbrate  Utilities  Help 05 0ct 2015 16:28

Distortion

B

./ Measure 4

BitRate current wininum maxinum total mess
Eye Ama(s) 694 U 634 694 il 0 Setup
Jitter RHS(2) 23 13 375 fs 13 15 il e
XiX ditter ppis) 1.5% ps  1.333ps  1.E6ps 20
Rise tine(:) 7T.78 ps  7.67 ps 7.78 ps a0

Ampmde v

Time 5.0 ps/div Trig: Free Run | Paffem
Delay 24 0B5E ns - 28 | ocic l

Precision Timebase.
Y& Reference: 14 00001 GHz

200 m'v/div 100 mirdiv
23 Sonome | Yooy
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Block diagram for jitter injection

G0374A 64Gbaud PAM4 DAC has jitter transparency.
So jitter stress test is possible on top of PAM4 signal.

GO0374A
64Gbaud PAM4 DAC

Clock Cable

MU18302xA

Jitter generation B " T .G

MU181000A/B

Recommended cables: Data Cables 80 cm (J1612A x4)
Clock Cable 130 cm (J1611A)
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56Gbhaud PAM4 BER measurement
» Support 56Gbaud PAM4 BER measurement with PRBS15

28 Gbit/s
Data1A,B(MSB)

GO0374A

64Gbaud PAM4 DAC

MU183020A
32G 2ch PPG x2

MU181000B
Synthesizer

MP1800A
Signal
Quality
Analyzer

28 Gbit/s

DataOA,B(LSB) T

T [ 7 s [ [

MP1862A
64G DEMUX

FC T —

1

1

i
MU183040B | '
326G 2ch ED :-‘TT >

i

1

L

- - MP1862A measures 3 sub
s & - cyes BER respectively.
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Multi-channel SQA Solution

High Speed Serial Bus Solution
- Thunderbolt Gen3

- USB3.1 Gen1 / Gen2
- PCle Gen4

INFINIBAND"
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Agenda

1. TBT solution
2. USB solution
3. PCle solution
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Thunderbolt Overview

What is Thunderbolt (TBT)?
- 10.3125 Gbps for Gen1 & Gen2, 2 x 20.625 Gbps for Gen3.

- Integrated multiple applications through ALT mode (TBT, USB, DP)
- Power delivery up to 100 W

Anritsu Solution

- MP1800A SQA is the first authorized BERT by Intel.

- MS46322A VNA is also authorized by Intel.

- Anritsu collaborate with GRL (Granite River Labs Inc.) to provide
automated solution.

- GRL is one of the authorized test house for TBT by Intel.

GRL: HQ in Santa Clara US.

- High repeatability one button calibration and Rx test based on

Thunderbolt CTS (Compliance Test Specification).
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MP1800A #1 Recommended Test Equipment

(intel
Thunderbolt Specification Compliance

Thunderbolt Electrical — HOST [ Device CTS

2.2.3 Pattern Generator
Generate Thunderbolt signal with a variety of patterns, clock jitter, data waveform (eye
diagram) and amplitude characteristics.
Required Test Equipment Capabilities
- Data rates = 20.625 Gbps
- Data patterns: PRBS15, PRBS31. Square wave
- Differential swing range: 0 — 2Vp-p in 10mV steps
- Rise Time > 10 ps (20%-80%)
- Intrinsic jitter < 400 fS RMS

(Recommended Test Equipment #1 h
- Anritsu MP1800A
o MPI1800A Signal Quality Analyzer
o MPI1800A-002  Ethernet
o MPI1800A-007  OS Upgrade to Windows7
o MP1800A-014  2-Slot for PPG and/or ED
o MPI1800A-032  32Gbit/s PPG and/or ED support 2.2.4 Network Analyzer
o MU181000A 12.5GHz Synthesizer Bequired Test Equipment Capabilities
o MUIS1000A-001 Jitter modulation - 2 le’t& used 51'111111’[3,11,:(}1151}?
o MUIS1500B Jitter Modulation Source - Atleast IMHz — 13GHz bandwidth
o MUI183020A 28G/32G bat/s PPG - Dynamic range > 50db
o MUI183020A-012 1ch 2V Data Output
o MU183020A-030 1ch Data Delay Recommended Test Equipment #3
© MPI825B 4Tap Emphasis - Anritsu MS46322A VNA
o MP1825B-002  28Ghit/s operation : _
o JI551A Coaxial Skew match cable (0.8m, K connector) B Dptmu: MS46322A-020
o J1439A Coaxial Cable 0.8m, K connector
9 o J1611A Coaxial Cable 1.3m, K connector )
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Thunderbolt Receiver tolerance test setup

Crosstalk source S] R} SSC
Host/Device RX Emphasis H
(DUT)
TP2: Case1 .M
|nject|on

TP3EQ: Case2 Crosstalk source S)] R} SSC

(DUT) -12dB@5GHz 3.5dB@5GHz , T MPhasis 'ﬁ

Host/Device RX Cable (2m) PCB

CM
injection
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Thunderbolt Receiver tolerance calibration setup
Test case 1 (TP2)

MG3710A

' Synthesizer MP1800A

I MU181000A

Jitter Modulator
MU1815008 g

2008 - WW
41KC-20 /- 41KC-20
™

&

’

2 ea. J1510A
RF Combiners AV >y

Phase Matched
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Thunderbolt Receiver tolerance calibration setup
Test case 2 (TP3EQ)

: Synthesizer
MU181000A

: Jitter Modulator
MU1815008 g -

1
]
1
1
)
I
1
1
|
1
1
)
)
1
.

K-K80cm ~— — 7
2 ea. LS-ICT L
TFU-23R2R i
Fixtures i
' \\ H
’ \ :
BSA12500IS! JaMuse o,

Board

¥ Type-C Cable N

20d8 b
41KC 6 41KC-6

SMA
Phase
Matched

Short SMA

Phase =) ﬁ‘;

SMA Phase

T Matched
2 ea llSlOA

Matched

-12d8
@ 5GHz
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Thunderbolt calibration procedure (1/2)

1. Set inner eye amplitude (700 mVpp differential)

2. Find minimum DDJ from 16 presets
for emphasis

L
! It -&memww—»wmw { I i s i s s b e W i
| i , _‘ m LWWWMMWM* d

4 mmwwwqu-m e o e T T—— i wmwwwq ‘T"“""W“' *’V“"‘""‘?"

3. CM noise phase adjustment
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Thunderbolt calibration procedure (2/2)

400.000 000 00, 2000.. |EEES

4. CM noise .
During CM calibration, MP1825B output set to off. p——.
After calibrated CM, CM should be turn off. |

5. R] calibration
Only R] set to on during R] calibration.

6. S)calibration
Calibrate at 5 different S) frequencies
Only S) set to on during S) calibration.

7. T]j calibration
Set calibrated CM, R} and S] value on.
Final value should be adjusted by R] value.
Adjusted T) values should be saved respectively.
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TBT3 Rx test configuration at TP3EQ

Moszaon | Control PC
F %; 117 Kaac Including Alpine R|I-|dge
LE= e I = ost
Type-C
1510A K261 Cable 7
S MP1825B J
4tap emphasis V¥ /
2 Jittered =/ 0 s N Data
ol t [ - [tz
Data : :I"W ( ) > Receptacle
(o gee Fixture
e L T
J1510A K261 |
- Type-C Cable
Skew Matched 10G: 1.8 m
Pair Cables 20G: 0.5 m .
Aggressor AIpine
1/8 Clock K-SMP Rid.ge
800 mVp-p, Diff. Adapter DP Device
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Thunderbolt automated test solution by GRL

Test point settings

Lane | Test Point | Data Rate | €

(=

| Lane |Test Point |; Data Rate |5 F

TP2 (Case 1) | —
TP3 (Case 2)

Target values for each settings

10 Gbi's
20 Ghv's

Case 2, Total Jitter Calibration | Case 2, Eye Height Calihratinn|

Calibration & Test item

=-C14€ All Tests
=-[C14 Calibrations

----- [C]./ Initial Eye Height Calibration

----- [C[l./ Optimized Pre-set Look Up

----- [T/ CM Source Phase Calibration

----- [/ ACCM Calibration

----- [[]./ Random Jitter Calibration

----- [/ Sinusoidal Jitter Calibration

=14 Case 1, Tj and Eye Height Calibration
DJ Case 1, Total Jitter Calibration
t..[]f Case 1, Eye Height Calibration
B---|:|(> Case 2, T] and Eye Height Calibration
e[l Dptimized EQ Look Up

[ Use Default Value

Initial Eye Height Calibration | ACCM Calibration | Random Jitter Calibration | Case 1, Total Jitter Calibration | Case 1, Eye Height Calibration

Rate_10G | Rate 20G
Initial Cal G50
Target 0.72
Min Limit: 07
Max Limit: 0 756
PID Control 400

=
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Agenda

1. TBT solution
2. USB solution
3. PCle solution
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USB 3.1 Gen1 & Gen2 Solution

What is USB3.1?

- New connector: Type C

- Two speed (Gen1: 5Gbps, Gen2: 10Gbps)
- Part of Intel TBT chip (Alpine Ridge)

Anritsu solution

- Link Generation (MX183000A)

- Automated calibration and JTOL (GRL)

- USB Adaptor with BER measurement function

Features =
Simple, easy Go / No Go test
Support USB3.1 Gen1 & Gen2 Host / Device receiver test

Full automatic calibration and test in loopback mode
Receiver test with compliance test pattern
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Test procedure

1. Calibrating stressed waveform by GRL software
2. Setting DUT in loopback mode by MX183000A software
LFPS (Low Frequency Periodic Signaling)
Low Freq (10M-20Mbps) communication between USB devices.

Change USB internal state (LTSSM) to loopback

For Rx tolerance test, DUT must be in loopback state.
MX183000A can control state transition automatically.

3. BER measurement by external USB adaptor
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USB 3.1 Gen1&Gen2 loop back link generation

MX183000A

r Selector ——

2]

File Setup License Help

Application Selector

itter Tolerance Test

Link Sequence for PCle

Link Sequence for USB
Jitter Tolerance Test
I

.
Sequence for USB X
File Setup Help
| Equipment Setup‘ Sequence ‘
5 | . Genl ’5ummaryl ” Reset l ‘ Sequence Start ‘
eSS.Inactive R
Rx.Detect.Reset(Warm Reset) 100000 | s setidl
et Idle
Rx.Detect.Active(ldle) ps
Warm Reset Specification
Polling.LFPS = Ty
.0{5. 5 -
B e Polling.RxEQ 524283@ Hs M
Polling. Active(TS1) Tz-ﬂiipo-ft GT/s) |
est Pattern
Rx Term. : Polling.Configuration(TS2) 16 ; -
Detected Timeout E [Compllance l
Polling.ldle 200005 s [CPCI D0.0 v]
Polli ng Loopback.Active Send Test Pattern DUT
Continuously
Directed [DEV'{:E v]
Loopback ‘ : ‘
Option
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USB 3.1 Gen1&Gen2 Calibration software (GRL)

Conditions Data Rate | S) Frequency
5J1 (Gen2=500 kHz, Gen1=500 kHz)
SJ2 (Gen2=1 MHz, Gen1=1 MHz})
5J3 (Gen2=2 MHz, Gen1=2 MHz)
S (Gen2=4 MHz, Gen1=4.9 Mhz)
5J5 (Gen2=7.5 MHz, Gen1=10 MHz)
5.J6 (Gen2=50 MHz, Gen1=20 MHz)
SJ7 (Gen2=100 MHz, Gen1=33 MHz)

[¥] 8J8 (Gen1=50 MHz)

 Data Rate || §j Frequencﬂ

Gen2 (10 Gbps)
Gen1 (5 Gbps)

Setup =14 USB 3.1 Rx Calibrations and Tests
=-[C] € Calibrations

-] € Swing and EQ Calibrations
Device Type: Host o T R ["14 PG Delay Calibration
----- [ 4> De-Emphasis Calibration
----- ["14 Pre-shoot Calibration
----- [C14€ Launch Amplitude Calibration
=[] € Gen2 Calibrations
=149 Gen2 Sj and Rj Calibration
--[C14 Rj Calibration(Gen2)
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USB compliance test block diagram

J1510A

MP1800A, MX183000A : :
1 MP1825B Emphasis Pick OFF Tee
MU183020A 32G PPG P
J1615A 5
Data out + (Pair Cable Data In Dataout + > >
0.8m for Data, J1551A
Clock 1.3m for clock) Clock In Dataout - |—> —
Connection) Phase
matched
ARTEK USB TEST ADAPTOR Pair)
LFPS TX+ |
AUX out+ J343A0.0m) ux J1349A(0.3m)
LFPS TX-
J1349A(0.3m)
Gatina out J1343A(1.0m)
g > GATING J1551A
(for LPFS (0.8m Phase matched Pair)
detection) LFPS RX+ |€
i LFPS RX
AUXin €= a.om) LFPS RX- le
Analyzing
BER

Ethernet

Test
Fixture
for
DUT
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Test points

Gen2 Test points
Confirm error free at 1E-10 (Tentative)
SJ: 17 ps +/-10% at 50 MHz

17 ps +/- 10% at 7.5 MHz MX183000A
37 ps +/- 10% at 4.0 MHz - BER measurement
87 ps +/- 5% at 2.0 MHz - Pass / Fail display
203 ps +/- 5% at 1.0 MHz i
476 ps +/- 5% at 500 MHz

Gen1 Test points -
Confirm error free at 1E-10 3 - S
SJ: 40 ps +/- 10% at 33 MHz oy
40 ps +/- 10% at 20 MHz | oo -
40 ps +/- 10% at 10 MHz e
40 ps +/-10% at 4.9 MHz || o= :
100 ps +/- 5% at 2.0 MHz

200 ps +/- 5% at 1.0 MHz
400 ps +/- 5% at 500 kHz
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Agenda

1. TBT solution
2. USB solution
3. PCle solution

/l n ri tSU envision:ensure

65



PCI Express Solution

Anritsu target market for PCle
- Multi application interface high speed semiconductor

PCIe + 100GbE,
PCle + Thunderbolt,

PCle + Thunderbolt + USB3.1

Inter equipment
- Ethernet
- InfiniBand
10Gbps
v
100Gbps
(4x25G)

Chip

B Add-in Card

BUS/Backplane : PCIe-Gen3 to Gen4

Anritsu solution

- Based on PCle Gen4 Base specification revision 0.5
- Link capability (MX183000A) and Automated Cal & JTOL (GRL)
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Different PCle architecture

PCle PCle
Device A Device B

Device A Device B

clock #1 clock #2

Case 3: Separate Ref Clock Architecture
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Two improvements will be implemented (1/2)

SKP ordered set
m Different frequency clock between two PCle devices

Device A Device B

clock #1 clock #2

Data Clocked Architecture
Separate Ref Clock Architecture

B PCIe TX generates SKP ordered set randomly / automatically

Also in loopback mode, TX generates SKP into transmitting data.
- ED incoming data is different from PPG transmitted data

= Future Anritsu solution will support “SKP ordered set ”.
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Two improvements will be implemented (2/2)
SSC (Spread Spectrum Clocking)

SSC: Change carrier frequency slowly to save EMI
PCIe: 5000 ppm, 33 kHz, Triangle waveform

Carrier frequency deviation

Without 55C

Allowed Laval
of Emission

=» Future Anritsu solution will support SSC data Error Detection
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Current Anritsu PCle Solution

«Current Anritsu Solution
without SSC condition

Common Clock Architecture

Znritsu

Anritsu+GRL-PCIE4-BASE-RXA Key Features

Totally Automated PCle 4.0 Rx Base Spec Test using Anritsu equipment
Perform Receiver Jitter Tolerance test at the push of a button

Reduce technical risk using an industry-accepted calibration methodology
Achieve consistent results with rapid test execution
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PCIe Gen4 Calibration points

Fixed TX EQ

Calibration Channel
| EH or EW Adjust _—7

16 GT/s PRBS ) | Replica | _
Combiner P Test Equipment
Generator | Channel |
- CEM Connector |
TP1 TP2
' . Post Processing Scripts:
Interf Interfer L
Source Source nterfer Behav!onal CTLE/DFE
Y / ence ence Behavioral CDR
Small EW Small EH
Adjust Adjust TP2P
! Table 9-8: Stressed Jitter Eye Parameters }:
Symbol Parameter 2.5GTis 5.0 GT/s 8.0GT/s 16.0 GT/s Units
Vo | Generatoriaunch 8001200 (8001200 |800-1200  |800-1200 |mvPP | 15mV /.3 Ul at E-12 BER
voltage
TRX—UI Unit Interval 400 200 125 62.5 ps
st Eye width at TP2P | <0.4 <0.32 0.30 030 ul
TRX—ST—SJ Swept Sj 33 KHz 33 KHz Figure 9-29, |Figure 9-29, (Ul PP
spuronly |spuronly Figure 9-30 |Figure 9-30
AXSTRY Random Jitter TBD TBD 3.0 (max) ~1.0 (max) |[ps RMS
VRX-DIFF-\NT Differential noise TBD TBD TBD TBD mV PP
VRX-CM-INT Common mode noise | 150 150 150 150 mV PP
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PCIe base spec calibration test setup for TP1

MP1800A

MU181000A
Synthesizer

Jitter Modulator

MU183020A

I

I

I

I

I

| MU1815008
I

I

I

I

| PPG

Emphasis ~ B
MP18258{
Pick OFF Tees:
Direct connection
to Data/XData Output
N SMA
SMA
w
f—'- El sd ] ) '
» ey - s
- s =
g l
Q
[ 1)
A K-K Skew
| PEE— Match Pair g 1 1
L
11

I
B
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PCle base spec calibration test setup for TP2

MP1800A

. ~ ~
MU181000A o e o Sy
Synthesizer

MG3710A SG2 for CM

Jitter Modulator

SMA 30cm
i

MU183020A

I
I

I

I

I

: MU1815008
I

I

I

| PPG

Pick OFF Tees:
Direct connection
to Data/XData Output

ﬁ]

SMA

SMA

§ CLE-1000A2
- e Variable ISI KK Skew
* Match Pair Match Pair
N n
\ ! i ¥
™~ -
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PCIe Gen4 Base spec calibration procedure

. Emphasis eye amplitude calibration
. De-emphasis and Pre-shoot calibration

1
2
3. RJ, S calibration

4. 1SI loss calibration

5. CMI, DMI calibration

6. Stressed eye calibration

0201 0

2lolo/+ |8l

St
step=newStepResponse
=TestSG

UI=125.0ps adapt_FOM=None RxBw=8.0GHz
txc=[1] DC=-10.0d8 fp=2.00GHz

w054
34210123 456 7 8 910111213141
u

EEEEEEER B

De-emphasis = 20log,, Vb/Va
Preshoot = 20log,, Vc/Vb
Boost = 20log, Vd/Vb

0.03 MH; 100 MH;
< Sj Sweep Range =

gg 1.0 Ul — 2048
[t Decade
et 1 5
g 01UI— i

Rj
~30PSRMS —f---rrmmmcrmnr e ———

T T T T
0.01MHz 0.1MHz 1.0MHz 10MHz 100 MHz 1000 MHz
Ad83
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PCIe base spec receiver tolerance test setup

MU181000A
Synthesizer

MU181500B
Jitter Modulator

MU183020A
PPG

Pick OFF Tees:
Direct connection

MP1800A

MG3710A SG2 for CM

= — W T

Data / Ydata
to Data/XData Output Output
% : SMA
SMA
w \\
n ~
{01] \
= MP1800A
" Il edB ; MU183040B Error Detector
= = [ s |
'é § CLE-1000A2 ‘
(7] o Variable ISI
* T K-K Skew
t Match Pair
n n
0 > ! K-K Skew
T > T Match Pair
J v
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PCIe Gen4 base spec automated solution (GRL)

Windows

License

Application Options Setup Help

Select Tests

=-[_]€ PCle 4.0 Base Sink Test
=[] € RX Calibration
----- []4€ Pre-shoot Calibration
----- [[] € De-emphasis Calibration
----- [C14€ Launch Amplitude Calibration
----- [T14€> Rj Calibration
~~~~~ [C]€ Sj Calibration
----- [14€> DM Phase Calibration
~~~~~ [14€ CM Phase Calibration
@[] € Downstream
=-C] € Upstream
w- | € Receiver Tests

Test List (Calibration) for PCIe Gen4
including Upstream and Downstream for All
TP2 channel type (Short, Medium, Long)
calibration

® 5 ||

=[] © Downstream
=-["| € Breakout + Short Channel
- -[[1® Insertion Loss Calibration (Short) (Downstream)
--[”]4® DM Sinusoidal Interference Calibration (Short) (Downstream)
~~~~~~ ["]€® CM Sinusoidal Interference Calibration (Short) (Downstream)
=-[C] @ Stress Cal
.["]® Stress Jitter Voltage Calibration (Short) (Downstream)
=-["] €© Breakout + Medium Channel
- .[C]® Insertion Loss Calibration (Medium) (Downstream)
-[Z]49 CM Sinusoidal Interference Calibration (Medium) (Downstream)
["|©® DM Sinusoidal Interference Calibration (Medium) (Downstream)
=-[_] € Stress Cal

----- 1€ Stressed Jitter Voltage Calibration (Medium) (Downstream)
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PCIe Gen4 base spec automated solution (GRL)

%1 Anritsu PCle 4.0 Bas

Application  Options  Setup License Windows Help

Select Tests

-[C1€> DM Sinusoidal Interference Calibration (Long) (Upstream) &
=[] @ Stress Cal
! ..[] @ Stress Jitter Voltage Calibration (Long) (Upstream)
=-[C1 € Receiver Tests
& [C]€© Downstream 1 ) SEIECt Rx Test
. @-[1€ Breakout + Short Channel
- @-[C]© Breakout + Medium Channel
. @-[[]€© Breakout + Long Channel

ﬂDO Breakou Application Options Setup License Windows Help
-1 € Breako

Run Tests

o 2) Run Tests (Go / No Go at test points)

Run Tests ‘ il

@ Skip Test If Result Exists ‘

() Replace f Result Exists

— -
~nu_PC[e 408E

Application  Options  Setup  License Windows Help

Report

Resuit |

| Generate report
No Test Name Result Limits Value SJ “7' enerale1epo ’

‘[g‘ Delete ‘

3) Generate Report \@ Delete Al ]

Plot Calibration Data
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PCIe Gen1 to 4 loop back link generation (Anritsu)
MX183000A

- Sequence for PCle = [
[ Mx1830004 - selector 28| Fle Sewp Heb
T -
. . _ Sequence | Run Test | Result
File Setup License Help e
- Gen3 Through Config.Linkw.Start | summary || Reset Sequence Start
P Detect
e .
PCle Link Sequence - _—
] Polling.Active Specification
PCle Link Sequence | Polling
. i i 1.0/1.1(2.5 GT,
USB Link Sequence PollingConfiguration 2_0{5_0(@5) el
Jitter Tolerance Test - 3.0/3.1(8.0 GI/s)
Configu ration Config.Linkwidth.Start 4.0(16.0 GT/s)
— i Loopback.Entry.Change 10005 us Test Pattern
Loopback.Enti 20
Recovery ? v B MCP M
' -
Sequence for POl s et Loopback.Active Send Test Pattern [i=sit{DelayjSymbol
Eqqui Setup | 5 Run Test | Result :
|Eaupmersfeen | Sepamnes @) | Loopback
[— Data —— TesterLimi MinCimE  —— WMask WaxLimit__ | Anritsu
10°
T q0?
E' N
=)
g 10! .
g |
| - Sets DUT in loop back mode
=4
T 41
g - PCle Gen 1 to Gen4
10 T : i e/
Si=== - Jitter tolerance “margin” test
10 10° 10° 10t 10° 108 107 108
Mod. Frequency [Hz]
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Anritsu PCle Solution operation procedure

Application  Options  Setup License  Windows  Help
Select Tests O] & E] > + B (>]

[7]© DM Sinusoidal Interference Calibration (Long) (Upstream)
=@ Stress Cal
[/ Stress Jitter Voltage Calibration (Long) (Upstream)
Tests

1. Calibrate waveform by GRL SW

4
=Rl 2

]
-
1

o|V

]

m
ut + Short Channel

ut + Medium Channel
ut + Long Channel
ut

P
Qm

feosi

.

ut + Short Channel
+ Medium Channel
ut + Long Channel

reakor
reakot
reakor
tream
reakor
reakor
reakor

6665 &
oo o

= N
MX183000A - Selector - ==

File Setup License Help

2. Set DUT in loop back mode

Application Selector

PCle Link Sequence -
PCle Link Sequence |
USB Link Sequence
Jitter Tolerance Test

T = E“

3. Jitter tolerance test for two option; =
AAA) Anritsu margin test
BBB) GRL Go / No Go test m
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Anritsu / GRL PCle Solution features
GRL-PCIE4-BASE-RXA Key Features

Automate PCle 4.0 Rx Base Spec Test using Anritsu equipment

Perform Receiver Jitter Tolerance test at the push of a button

Reduce technical risk using an industry-accepted calibration methodology
Achieve consistent results with rapid test execution

MX183000A Key Features

Establish loop back mode for PCle Gen1 to Gen4
Jitter tolerance margin test
Supporting also USB3.1 Gen1 (5Gbps) & Gen2 (10Gbps)

Application Specifications
« Data Rates: 16 GT/s
« Supported Receiver Test: Common Clock Architecture without SSC

» This application is compatible with: jg
— Keysight 32 GHz Oscilloscope (DSAX or newer series) [os
— Anritsu MP1800A Signal Quality Analyzer ‘ %gﬁm
— Artek CLE-1000 A2 Variable ISI Channel -
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AppendiXx
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Keep evolving !

>43.5 Gbit/s
<43.5 Gbit/s

Small Remote BOX
56 Gbit/s MUX/DEMUX

iy
|
Z

I .
=
A'-.. -

- P'S -
43.5 Ghit/s e 43.5 Ghit/s ————
BERT System _ MUX/DEMUX [ — "’;ﬂi
: — [oa
<12.5 Gbhit/s M=)
, _ _ o MP1800A
—=——=— 12.5 Gbit/s x 4ch PPG/1995 nd™ g Flexible
"= ¢
" £12.5 Gbit/s/1994 = ==
= -n_L -
et " - GaewEs 3

.10 Gbit/s/1990 12.5 Gbit/s x 4ch/2001 Jitter
Analysis
il 3.2 Gbit/s/1998
1600+ Sal
: —] = |3 Gbit/s/
- 2 Gbit/s/1977
1977 ~ 1999 2000 - 2005 2005 - 2010 Today to future
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Anritsu Product Lineup

R&D
Cutting
Edge

Design
Verification
Test

Manufacturin
g
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