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100G/400G TRX

IN DATACENTERS

10 to
120 km

< 2km

< 500m

<50m

<5m
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Core

Spine

Leaf

EERIX400GES EEEH

*

IEEE

** OIF

Fe B EE 2R AIG AT &S

100G DCO
100G-ER4*
100G-LR4*
4WDM

PSM4
CwDM4

100G-SR4*
100G AOC

25G AOC
25G-CR*
100G CR4*

400G-ZR**
400G DBCO
400G-ER8*
400G-LR8*

400G-DR4*
400G-FR4

400G SR8*
400G-SR16*
400G AOC

100G SR4*
50-CR*
400G CR8*



100G/400G TRX

OPTICAL INTERFACE

Fiber pair /
| |
SM I MM

KEYSIGHT

TECHNOLOGIES

.
v

TRX

\

100GBASE DR

200GBASE FR4/LR4

400G FR4/-LR4*

400GBASE-FR8/LR8/ERS
100GBASE LR4/ER4

100G CLR4*
100GFC CWDM4*
100G 4WDM*

400GBASE DR4
200GBASE DR4
64/256GFC
100G PSM4*

100GBASE SR2

400GBASE SR4.2
200GBASE SR4
100GBASE SR4
128GFC SWM4*

400GBASE SR8
100GBASE SR10

TRX

400GBASE-SR16

EEMIRA00GES EEWME S BW R AEMT S

-(’O)

< . )
O NS
<§
NG Y )
O O D Q

S FE L
PAM4 ez oA
PAM4 2656 -4
PAM4 26.56 4
PAM4 2656 8
NRZ 25.78 4
NRZ 2578 4
NRZ 2578 .4
NRZ 25.78 4
PAM4 53.12 4
PAM4 2656 4
PAM4 28.9 4
NRZ 2578 4
PAM4 26.56 2
PAM4 26.56 4
PAM4 26.56 4
NRZ 2578 4
NRZ 28.05 4
PAM4 2656 8
NRZ 10.3125 10
NRZ 26.56 16

: A 5
* Multi Source Agreement (MSA)



100G/400G TRX

S

N

ELECTRICAL INTERFACE > %0{\6”
& O

SN >

Elec
T CPPI-4/CAUI-4 NRZ 25.78 4
CEI-28G-VSR NRZ 25.78 4
200GAUI-4 PAM4 26.56 4
64/256GFC PAM4 2902 4
I I I I I I I CEI-112G PAM 53.1 2-4
200GAUI-8 NRZ 2656 8
400GAUI-8 PAM4 2656 8
CEI-56G-VSR-NRZ NRZ 53.1 1-8
CEI-56G-VSR-PAM4 PAM 26.56 1-8
CAUI-10 NRZ 10.31 .10
W 400GAUI-16 NRZ 2656 16
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IEEE Flavor Flber Carriers Flber Wavel. Wavelength-Range Symbol Rate Mod.- Reach
Clause pairs | Fiber -Grid Gbaud format

802.3 100GBASE -LR4 1 1294.5nm to 1310.2nm 25.78125 10km

802.3 88 100GBASE -ER4 1 4 SM 5nm 1294.5nm to 1310.2nm 25.78125 NRZ 40km

802.3 95 100GBASE -SR4 4 1 MM - 850nm 25.78125 NRZ 100m
CwDM4  88* 100G 1 4 SM 20nm 1264.5nm to 1337.5nm 25.78125 NRZ 2km

CLR4 88* 100G w/(o) FEC 1 4 SM 20nm 1264.5nm to 1337.5nm 25.78125 NRZ 2km

4WDM 88* 100G 20/40 1 4 SM 5nm 1294.5nm to 1310.2nm 25.78125 NRZ 20/40km
4WDM 88* 100G 10 1 4 SM 20nm 1264.5nm to 1337.5nm 25.78125 NRZ 10km
PSM4 52* 100G 4 1 SM - 1310nm 25.78125 NRZ 500m
SWDM4  95* 100G 1 4 MM 30nm 844-948nm 25.78125 NRZ 150m (OM5)
SWDM4  95* 100G e 1 4 MM 30nm 844-948nm 25.78125 NRZ 400m (OM5)
100G/A 140* 100G -FR 1 1 SM - 1304.5nm to 1317.5nm PAM4  2km
100G/A 140* 100G -LR 1 1 SM - 1304.5nm to 1317.5nm PAM4  10km
802.3cd 140 100GBASE -DR 1 1 SM - 1304.5nm to 1317.5nm PAM4  500m
802.3cd 138 100GBASE -SR2 2 1 MM - 850nm PAM4  100m

FC 64GFC -LW 1 1 SM - 1304.5nm to 1317.5nm PAM4  10km

FC 64GFC -SW 1 1 MM - 850nm PAM4  100m

* with exceptions
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100G/200G/400G optical PMD

IEEE PHY Flavor
Clause

400G
400G
400GBASE

200GBASE
400GBASE
200GBASE

400GBASE

S50GBASE
100GBASE
200GBASE

400GBASE

400GBASE

* with exceptions

CWDM8 88*, 95*
100G/A 140*
802.3bs 123
802.3bs 121
802.3bs 124
802.3bs 122
802.3cd 138
802.3cm 138
150
802.3cn 122
KEYSIGHT
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CwWDM8
-FR4/LR4
-SR16

-DR4
-DR4

-FR4
-LR4

-FR8/-LR8

-SR
-SR2
-SR4

-SR8
-SR4.2

-ERS8

~ 0

Carriers
[ Fiber

[EEN

Fiber type

SM
SM

MM 50/125
-OM3, -OM4

SM
SM
SM

SM

MM 50/125
-OM3, -OM4

MM

SM

i BE

EERIX400GES EEEH

20nm
20nm

20nm
5nm

800GHz

Wavelength-Range

1264.5nm to 1417.5nm
1264.5nm to 1337.5nm
840.0nm to 860.0nm

1304.5nm to 1317.5nm
1304.5nm to 1317.5nm

1264.5nm to 1337.5nm
1294.5nm to 1310.2nm

1272.5nm to 1310.2nm

840.0nm to 860.0nm

1264.5nm to 1337.5nm

Fe B EE 2R AIG AT &S

Symbol Rate
Gbaud

26.5625

26.5625

26.5625

26.5625

26.5625

26.5625

NRZ
PAM4
NRZ

PAM4
PAM4
PAM4

PAM4

PAM4

PAM4

Reach

2/10km
2/ 10km

OM3: 70m
OM4: 100m

500m
500m

FRx: 2km
LRx: 10km

OM3: 70m
OM4: 100m

OM4: 100m

40km




Agenda

- 100G & 400G TRX ecosystem
- Keysight TRX test solutions
- Optical Receiver Stress Test

- DUT Test
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Optical Transceiver Modules Compliance Tests

100GBASE-LR4/-ER4/-SR4

25.78 Gb NRZ

= e

IEEE802.3 Annex 83E | i IEEE8B02.3 clause 88 & 95
=
Electrical Tx test  <—" Optical Rx test =
Eye width/height, VEC, rise/fall-time :: SRS, Jtol (BER)
waveform analysi : [
( ysis) — -
. ——Y = ] =
Electrical Rx test —— Optical Tx test i
SRS, Jtol (BER) = VECP, SEC, OMA, ER, Jitter
; - (waveform analysis)
CAUI-4 100GBASE-ER4/-LR4/-SR4

25.78 Gb NRZ

KEYSIGHT
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Optical Transceiver Modules Compliance Tests

400GBASE-LR8/-FRS8

IEEE802.3bs Annex 120E g + |IEEE802.3bs clause 122
Chip-to-module 200 Gb/s four-lane i Physical Medium Dependent (PMD) sublayer and
Attachment Unit Interface (200GAUI-4 C2M) | i medium, type 200GBASE-FR4, 200GBASE-LR4,
and 400 Gb/s eight-lane Attachment Unit { 400GBASE-FR8, and 400GBASE-LR8 266G baUd PAM4
26.6Gbaud PAM4 Interface (400GAUI-8 C2M) | , ——

@
Electrical Tx test  ¢="] Optical Rx test s

Linearity, ISI, Mask $= SRS, Jtol (BER)
. — B3
(Waveform analysis) $= L =
Electrical Rx test _?—ZF" = Optical Tx test =
SRS, Jtol (BER) == TDECQ,OMA, OER |
: (Waveform analysis) o

400GAUI-8 C2M 400GBASE-FR8/LRS

25.78125— 26.5625Gbd
enhanced RS FEC (528,514)— (544,514)
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Optical Transceiver Modules Compliance Tests

E.G. 400G SOLUTIONS

WA - -

Optical
Tx Tests

Description RX TX RXx
elec elec. opt opt

N1010A FlexDCA

N1010100A R&D SW Package for the DCA X X X X
M8070B System SW for M8000 series X X X
N4917BSCB  Optical RX Test for IEEE 802.3bs/cd + MSAs X
M8091BSPA  Electrical RX Test for IEEE P802.3bs X

M809256PA  Electrical RX Test for OIF-CEI-4.0 (VSR) X

N1095BSCA  Optical TX Test for IEEE 802.3bs/cd X
N1091BSCB Electrical TX Test for IEEE 802.3bs/cd X

N109256CB  Electrical TX Test for OIF-CEI-4.0 (VSR/MR/LR) X
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Optical Transceiver Modules Compliance Tests

E.G. 400G SOLUTIONS
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BERT- based

performance analysis
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Optical Transceiver Modules Compliance Tests

E.G. 400G SOLUTIONS

- 888 068

E‘J -
£
55
@
.

BERT- based
RXx stress test
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Agenda

- 100G & 400G TRX ecosystem
- Keysight TRX test solutions

- Optical Receiver Stress Test
- DUT Test
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100G / 400G Optical Receiver Stress Test

STRESSED RECEIVER CONFORMANCE TEST BLOCK DIAGRAMS

e 1 100G 400G

FM input *

Clock 5
source Rﬁﬁz':fr
Sinusoida"}‘jﬂtered clock test Frequency Receiver
Test-pattern - synthesizer
generator | Test pattem25.7825G NRL% TP3 yT*IT rp— 26-5625G PAM4 unde*rtest
. Inp
r— Optical
y Stress conditioning attenuator | Clocksource | 531 25G PAM4 Optical
Fourth-order - - ._
™, | Bessel-Thomson filter * * Sinusoidally jittered clock attenuator
, sinusoidal amplitude Optical Test-pattem lg— Test pattern
— L/ - ! generator -
interferer 1 multiplexer Optical
Gaussian noise multiplexer
Limt Stress conditioning A
imiter
i 1 sinusoidal amplitude M:gtlllrg:sdff:erﬂ Y ' Sinusoidal amplitude
\tj 'IF\\J interferer 2 other lanes |.f+ * ~ e
__ [ Gaussian noise Mggﬂlrcagdffrm
\ Low-pass filter l generator other lanes
Y .
Tunable E/O CON | Low-passiiter
converter for N N -
lane under test Signal characterization measurement E
o | Reference - - Tunable E/O
receiver Oscilloscope converter for lane
o under test Signal charactenzation measurement
| Data in -
- = - Oscilloscope
BERT
Clean .
— = Clock in CRU or )
lock = [ o
= B clean clock [ P| T omern rigger

Figure 87-3—Stressed receiver conformance test block diagram
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Figure 122-5—Stressed receiver conformance test block diagram




M8020A-based ORST solution

* 100G ORST
100GBASE-LR4
100GBASE-ER4
100GBASE-SR4
100G CLR4
100G CWDM4
100G 4WDM

+ 10/40G ORST
10GBASE-LR
10GBASE-ER
40GBASE-LR4
40GBASE-ER4

KEYSIGHT
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N4917B 100G ORST SW
N4917CPCA 10G/40G/CPRI

gen
DCA-XIM

@)
S m
8\

@)
00)

o
2CL

Complete optical receiver stress test solution for
100GbE (IEEE, MSASs) & 400GbE optical transceivers
with automated stress eye calibration and performance compliance testing
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M8040A-based ORST solution

ONE SW, ONE HW ALL 100G/400G FLAVORS

« 100G ORST (NRZ2)

100GBASE-LR4
100GBASE-ER4
100GBASE-SR4
100G MSAs

- 400G ORST (SM)
200GBASE-DR4
400GBASE-FRS
200GBASE-FR4
400GBASE-LRS
200GBASE-LR4
400GBASE-DR4
100GBASE-DR
50GBASE-FR/-LR
400G-FR4
100G-FR/-LR

- 400G ORST (MM)
50GBASE-SR
100GBASE-
SR2200GBASE-SR4
400GBASE-SRS

KEYSIGHT
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N4917BACA 100G ORST SW
N4917BSCB 400G ORST SW

nl
S W
< —~ 1T
= O fijfne
= | 85

DCA-X/M

M819x AWG

Complete optical receiver stress test solution for
100GbE (IEEE, MSASs) & 400GbE optical transceivers |
with automated stress eye calibration and performance compliance testing



M8040A-based ORST solution

Keysight HW configuration IEEE stress signal generation procedure

Frequency Receiver

synthesizer under test

E , = Y FMinput i
. dus i [ Clock source | Optical
' : N Jeanl . — - * Sinusoidally jittered clock attenuator
LE . - Test-pattem lag— Test pattern f
b generator Optical
multiplexer

Stress conditioning A
Sinusoidal amplitude
,,T e ﬁ'u" interferer
N roamsantos Modulated test
l |  generator sources for
other lanes
_\ Low-pass filter
- Y
TargetS e. g 5 Tunable E/D
converter for lane
33 dB SECQ ' 3 e under test Signal charactenzation measurement
35 dB OER . : - | = - Oscilloscope
(3'6 dBm OMA Reference Rx —
— BW- Signal Nyquist freq. T ek e g
— 5 Taps T-spaced FIR.

Figure 122-5—Stressed receiver conformance test block diagram
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200/400GBASE Stressed Rx Test Setups

Contribution to SECQ: {ISI*, GN**, SI***}.

3D surface with 3.3dB SECQ

she—p | S|

S| No specific operating point recommended
2
* At least % SECQ due to IS| by the standard. Use anyone~

** Broadband GN (>signal Nyquist freq.)
*** Large frequency range

KEYSIGHT
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200/400GBASE Stressed Rx Test Setups

Freguency Receiver . :
| s BER vs ROP (PIN fir 11 T/2 FIR filter) - 3.4dB SECQ
Gt -
Sinusoid#ly]ﬂemd clock Aa 12 -10 8 5 i =5 1OOE 02 )
Test-patt
Sfang?atg;n leg— Test pattemn Spica
multiplexer
Stress conditioning A A A 1.00E-03
Y | ol Sk i
A S interferer
T I e
generator other lanes 1 OOE 04
_\ ' Low-pass filter ' =
Y
Tunable E/O
con\ljgritie{e;orlane _._1 43dB |SECQ
under test Signal characterization measurement ' 1 OOE_OS
- Oscill .
= oF o --1.93dB ISECQ SI/GN=0dB
| CRU - attern trigger H B
= cleancg::k B Fan ag +213dB |SECQ lOOE'O6
Figure 122-5—Stressed receiver conformance test block diagram . -
—-2.35dB iSECQ
} sien=10dB P

H

[Same SECQ but different performance = Stress mix must be controlled accurately!
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200/400GBASE Stressed Rx Test Setups

USING AN AWG AS STRESS SOURCE

Frequency
synthesizer
FM input

Clock source

Sinusoidally jittered clock
Test-pattern Test pattern
generator

Stress conditioning
I Sinusoidal amplitude
— S interferer
.| Gaussian noise
generator

Y
+

Y

Low-pass filier
L]

Tunable E/O

Receiver
under test

Optical
attenuator

Optical
muliiplexer

'y

A 'y

Modulated test
sources for
other lanes

converter for lane
under test

Signal characterization measurement

——
-

o/E - Oscilloscope
CRU or - .
Patt iy
clean clock = amem ingger

Figure 122-5—Stressed receiver conformance test block diagram

Same SECQ but different performance =
Stress mix must be controlled accurately!

1.E-01

1.E-02

1.E-03

1L.E-04

1.E-05

1.E-06

1.E-07

1.E-08

1.E-09

1.E-10

LE11

1.E-12

LE-13

Optical SRS tests for 26GBd ROSA+ PAM4 Receiver

—a— KP Specs

—a—Full Stress (SECQ=3.4dB) GN Case |
—a— Full Stress (SECQ=3.4dB) Sl Case li
—o— No stress either Case

-14

-12 -10 -8 -6 -d

~1dB SECQ from GN

~0.65dB SECQ fromGN  /

Error free (<1E-12) ,//

—— 9o —90—90—0—0—0—0—

-2 0 2 4 6

OMA (dBm)
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From Frank Chang et al, Optical PAM4 RX SRS Results Update

Download full study here:

http://grouper.ieee.org/groups/802/3/cd/public/Nov17/



http://grouper.ieee.org/groups/802/3/cd/public/Nov17/

Keysight Optical Receiver Stress Test

CHALLENGES & AUTOMATION SW

interferences
ER & jitter
Challenges
« Calibration repeatiblity Complex
(accurate control of stress-mix) _ dependencies!
« Stable stress signal calibration g '
(Reference transmitter) S
« Measurement accuracy ©
(TDECQ algorithm) -
» Tedious signal calibration Automated (Targets e.g. N\
(SW automation) calibration and 3.3dB SECQ
Rx performance [ EE T 3.5dB OER
test SW g = (3.6 dBm OMA

KEYSIGHT
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Keysight Optical Receiver Stress Test

SELECT TEST

i 5

v Optical Recerver Str st Applicatio New Devicel

File View Tools Help
Set Up [ Select Tests | Configure | Connect | Run | Automate | Results | HTML Report

D Optical Recelver Stress Testing
O 2o00GBase-FR4
D Stressed signal calibration
Auto-calibration of stressed eye signal

u Measure outer ext) on ratio (OER)

n Measure stress eye re (TDECQ)
2 Measure outer extinction ratio (OER)
. Recall last calibration sett

/er conforman ests

EREL

Perform recetver armance test

. Perform jitt Of mance test
B receiver performance measurements

S15131

Messages

2017-04-07 05:31:44:096 PM Device information SG
2017-04-07 05:31:44:122 PM Connecting to TLS
2017-04-07 05:31:44:474 PM Connected to TLS
2017-04-07 05: 45:273 PM No TLS found

2017-04-07 03 4 3 PM Connecting to REFTX
2017-04-07 05:31:45:949 PM Connected to REFTX
2017-04-07 05:31:46:931 PM Device information REFTX -
2017-04-07 05:31:47:040 PM Connecting to ATT
2017-04-07 05:31:47:332 PM Connected 1o ATT
2017-04-07 05:01:45:095 PM No ATT found

Unsaved Changes 4 Tests

KEYSIGHT
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Keysight Optical Receiver Stress Test

CALIBRATION: INITIAL SECQ AND OER

New Devieel

Remutts | 1rrMe

Base FR4

O stressed sigeal mdbrotion

TR Auto-cabbention o strwssed wpy Mgne

u Measure suter eating ) (O

B Measure stress sy dosure (TDE

B3 Messure outer extmeson rno (

B Recal last cotlvabon settings v . |
. Necover € J ‘

W veciorm ¢ new test

Messages
017-04-07 05:31:47:040 PM Commecting to ATY
2017-04-07 05 2 PM Connected to ATT
2017 0407 D5 3148095 I'M NO ATT Tound
2017-04-07 0602175064 Run Startnd
2017-01-07 D6 9 Conmection Changing
20170407 060 B2 793 Conmection Changed
20170407 06:03: 397 I Gilithvation stastesd
2017-04-07 U6 15: 3496 M Cirdigurng Dert
07 06:04; 3 PM Comfiguneg RefTX
07 06:04:08:658 PM Configuring Mtanuator
07 D6:04; 10321 PM Settling Time
07 06.04:12-321 M Genernle eam syn
S 2017-04-07 06:04:12:462 PM Comfigurng OCA
2017-C4-07 DGO 17.967 PM Initd measurement
2ULT-04-0F DHIOL 0 04 PM NIt resuls

Urssavid Charsges 4 Testy  Connection; ORST CAL [

TOECD
Ouster ER

KEYSIGHT
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Keysight Optical Receiver Stress Test

CALIBRATION RUN: OER OPTIMIZATION

R % | HTML Report

B 2610003337 15634176110 ) < servics mnde
suHon o0 lmMUuGcHEW

(OER)

%R -
Fyr/ Mask

wyw osure (TOE
B Mosswro o CxnNCI0N (Al
B Recad last calitration sett
B Recsiver contormance tests &
nance lest

B refiwom e cond

OL4  oun Star
649 Coonecdtion Changying
Connection Changed
'

M Calitwation started
5 P Configunng et

S P No ATT Tound

1irg L
321 ™ Generote dean eye
62 MM Conhigunng DCA
L2067 MW Ineial messiiremeant
J9.704 P aneiad Pty
Pl 0407 06 46182 M Oplimizing OER
20070407 06:07:26:737 I CER cesults
v

Unsovert Changes 4 Tests  Connection: ORST cAl  EIER

- TOECQ

Ouser ER

KEYSIGHT
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Keysight Optical Receiver Stress Tes

CALIBRATION RUN: OPTIMIZE LINEARITY >96%

Maomote | Resuts | WTNL Repo

WOCH] Hiscmeemr Sress Trsting
pPOOCEIse Hng
£ soed stgnad caliteation
B3 Mtn-<abibration of stiessed nye sotal
i ey ) £261000-50337 [ 156 341 76.110 ) < saricn mnde

stress eye dosire (TDECO)
ter extanction mabo (OFR) a u O =~ 1 00 LI L) L]
GBI Settings - )
c Fye/ Mask
B Ferform recerver confarmance tess -

Warveform

Meszages

201704 3 645 Coonsction Charging
3 20 [~ 3 793 Connecy u d
201204 17 Py Ca WM Tat
2017-04 156 BM Cimfigaritg et
1 201704 -08:085 PN Configuring RefTX
201704 5.658 PN Configuring Atter
0740 221 MM Sentiing time
12017 2:321 PN Geporate dean eyw
2017 112:462 PN Configuring T
12017 G04: 967 MM Initial measuroment
0 { 6. Y2704 PN It results
2017 06:46: 182 PN Optwsnng OCR
2007 D7 06 737 PN OER resuits
320474 0608 58 PM Optiminng lecanty
(0170407 0% 0U 110100 PN LInawty Temdts

Unsaved Changes 4 Tests  Comnwechion: ORST (.

Linearity {RUM]

KEYSIGHT
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Keysight Optical Receiver Stress Test

CALIBRATION RUN: OPTIMIZE SECQ

Cormect | Bun | Mftomple | Resdts | NTHL Regort

D oetscs ecetver Stress
0 200G8seFia

@ et 00D
o N 9o

Fye/ Mask
<

nformancs e

Warveform

[ ST e

2017-04-07 . Coohigaring Bert
2704 0% P Cooliguring RefTX
11704 455 MM Conhgueing Altesssator
2017-04 PN Satiing time
M Generate clean eye
! P Configuring DCA
967 P Ivtial measaoment
JO4 P lestial resadtn
182 PM Optimitoeng OER
737 PM DER resuts
Optimizng hneanty
037-04.07 156 PM LineaeRty resadts
20170407 06 D45 M Gormrske #11ews oyw
2017-04-07 D& 120 PM Optimicing TDECT)
201704417 0611125265 P TDECD resilts

insavest Canges 4 Tests Connmection: ORST CAL

Resuls

TOEC)

Custer ER

KEYSIGHT
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Keysight Optical Receiver Stress Test

CALIBRATION COMPLETED

Tet Nama

Auto-ciatitation of Svessed ryn wgr Fass

B £261000-50337 [ 16.J4176.110 ) < sarvics mnde e
sEDZ2U 00 MUTEN 156.141.76.119-54 | g

Fye/ Mask
<

Caliteation Ninkhed Pass

N Opormunng TDE

PN TOECQ resuits

PH Opbrminng OER

N OER resuts

Fre Catibwotiom Rnished

U19 PM Fruject Saving
45 PM Project Saved

Unsaved Changes 1 Yest Connectun: ORST CAL PASS

TOECD

oater ER

KEYSIGHT
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Agenda

- 100G & 400G TRX ecosystem
- Keysight TRX test solutions

- Optical Receiver Stress Test

- DUT Test
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Optical Receiver Stress Test

HW SETUP FOR DR4

Optical switch

(M8195 AWG )

Optical stressed signal

(53Gbd PAM4) ( M8046A ED)

| ( M8045A PG )

aggressor lines
(optical loopback)

T
e el X< i
=

((N1092A/B/C/DIE )

[ Mandatory ]

Optional

KEYSIGHT EERN400GES R BB E B =AM E : : 31
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Optical Receiver Stress Test

MODULE PERFORMANCE MEASUREMENT

I
l
(.

4-lane WDM SMF Tx-0 § Lanes 0, 1,

Tx-1 § 2, active
e Tx-2
xou Tx-3 3
Optical . e

DUT inactive
attenuator B Rx-0
Rx-1
Rx-2
TP3 Rx-3

b

J8)dnoo
1eando

pneds Gz95'9Z ® saue| yINVd ¥
pnego G295'92 @ saue| ZyN 8
S

> Stress optical signal

Loopback to error detector (differential)

N

KEYSIGHT
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Optical Receiver Stress Test

4-lane WDM SMF

>

Lanes 0, 1,

)

2, active

: _',: Tx out 1Lane 3
2 at?eprﬂ:ilor 80 DUT active
c= Rx-0
= Rx In
> 2’: 8- Rx-1
Rx-2
TP3 Rx-3 b=

Stress optical signal

Loopback to error detector (differential)
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ORST demo with 400G-FR4 DUT
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ORST demo setup

M8040A BERT
+

M8196A AWG

(uses ch.1 + ch.2)
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Optical Receiver Stress Test

GENERATING AGGRESSOR LANES

4-lane WDM SMF Tx-0 <

TX-1
R Optical )\1 Tx-2
d Attenuator — Tx Out 5

Tx-3

v

8 :.2 > Optical A > DUT

23 Attenuator s

S 2 A — Rx In X

23  Optical N 4-lane WDM R

o= d Attenuator g SME RX-2 ——
)\3 Rx-3 =

Optical

Attenuator

_|—> — —_—

<

PRBS31Q source
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Part 2
400G Forward Error Correction
400G FEC gByojzl 558 5

Joe Lin
Project Manager / Keysight Technologies
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Agenda

Introducing N4891A

Use-case #1. 400G functional test & manufacturing

Use-case #2: 400G FEC-aware Rx test (R&D and validation)
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Introducing N4891A

With M8040A

Standalone

KEYSIGHT N4891A

Affordable 400G interop. and
manufacturing solution with
uncompromised performance

Industry’s first 400G FEC-aware

RX test solution for bullet-proofed
design and modules qualification

KEYSIGHT
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Specifications

4 x QSFP-DD

Per port BERT & FEC modes
* PRBS: 8 x 26.5625 Gbaud PAM4 lanes per QSFP-DD port

- KP4 FEC RS(544,514) KEYSIGHT N4891A
* 400GE

PHY characteristics

» User-controlled Tx de-emphasis

* Rx Auto-adaptive (CTLE, FFE, DFE)

* Baud rate 26.5625 GBaud +/- 100 ppm

* PRBS mode: PRBS31Q, PRBS23Q, PRBS20Q, PRBS13Q, PRBS9Q, PRBS7Q, SSPRQ (Tx only)

Measurements

 BERT mode: per lane Raw BER

* FEC mode: pre FEC BER, FLR, error distribution across FEC code word, error density across all lanes
« Common management Interface Spec (QSFP-DD MSA)

KEYSIGHT
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N4891A - Functional & Interop Testing A

N7762A

/Key Measurements per QDD poD Optical attenuator
- BERT mode (PRBS) P T e
* Per lane raw BER oo
* Rx sensitivity A400GE-QDD o o
- FEC mode w/ FEC option

» pre FEC BER, FLR,
 error distribution across FEC code word,

\ error density across all lanes /

QSFP.DD

KEYSIGHT N4891A

SR &
400GBASE-DR4 n 1o ¥ bya00G-FRa
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N4891A - 400G Manufacturing

E.G. PILOT MANUFACTURING FOR 400G-FR4
N1092A-40 """ T
Sampling scope with 56Gbaud integrated CDR

n 2
——
e &
=

N4891A )

KEYSIGHT N4891A

400G-FR4 i q
'R
N77xxB

Optical switch and attenuator

KEYSIGHT
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/Key Measurements \
* Tx test

- TDECQ (SSPRQ), OMA
functional test w/ reference Rx
* Rx test

Rx sensitivity (PRBS & FEC)
\  Loopback or golden DUT /

Test Automation
Platform

KS8400A
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Characterizing Error Mechanisms

IEEE 802.3bs/cd

121.1.1 Bit error ratio

I'he bit error ratio (BER) when processed according to Clause 120 shall be less than 2.4 « 107" provided that
]

the error statistics are sufficiently random that this results m a frame loss ratio (see | 4 225) of less than
1.7 » 107"+ for 64-octet frames with minimum interpacket gap when processed according to Clause 120 and

OIF-CEI 4.0
Capable of achieving a raw Bit Error Ratio (BER) of 10°° or better per lane. FEC is
assumed to be used to achieve a corrected BER of 107" or better per lane. The
baud rate includes the overhead required for FEC. The definition of FEC is

outside the scope of this |A (see Appendix 16.D).

But different jitter types have different effects on TDECQ, BER and FEC

Protocol

| 8 lanes

decode

Physical stress

KEYSIGHT
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Simulate BER 1E-003

Symbol Errors per Frame

Error Position
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FIRST & ONLY FEC-Aware Electrical / Optical Stress Testing

400G Ethernet
signal from A400

J

A400

8 lanes @/ gﬁg\?vde&

Stats

|\ sync

Physical stress from
M8040 BERT

Synchronizes FEC lanes from 2 sources (N4891A
& M8040A) seamlessly

Loki injects analog stress onto (1) 50G PAM4
lane | |

See real-time impact on FEC performance with
N4891A Receive Stats (Port 4)

KEYSIGHT
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400GAUI-8 - Characterizing Error Mechanisms

Error Map

T AT |
3000 4000 5000

Error Position

+ Randomly distrusted errors (noise)
* Bursterrors (Equalizer, CDR)
errors (ISl from TROSA)

PAM4 lang

7 PAMA4 lanes

[
o
o
E
5
Z
)
E
o
e

QSFP-DD
module
compliance
board

(un-modified)

8 PAM4 lanes (with FEC stats)
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= ] 5 —|'[ /gﬁamc Loss P.:aho 9.96:-3“
: - : pre FEC Bit Error Rate - 1.75e-005
Phygical PCS Lgne : FEC . FEC Codeword with O error - 11,222,349,
e | Sekariock SOredied P . FEC Codeword with 1 error - - - - - - . 724,583,051
— FEC Codeword with 2 errors - 125,727,391
@ < . FEC Codeword with 3 errors - 26,741,564
0 @ 1.02e-004 FEC Codeword with 4 errors 6,356,835
1 Q 8.81e-00S FEC Codeword with 5 errors -+ 1,627,784
i 2 : - @ i~ . IC6c~COS FEC Codeword with 6 errors a4
3 Q@ 6.83e-009 * FEC Codeword with Tertors * = * © 125802
4 @ 1.09e-009 FEC Codeword with 8 errors : 36,891
E Q 3.52e-010 ( ‘ FEC Codeword with 9 errors 57
6 @ 1.81e-008 FEC Codeword with 10 errors T 3,496
1 @ ~2.84e-008 FEC Codeword with 11 erors © 1,030
g @ ' 5.68e-010 FEC Codeword with 12 errors 3m
& o) 11e-010 " FEC Codeword with 13 emors ™~ 7 |
10 Q 6.06e-009 FEC Codeword with 14 errors . 3¢
1 @ 1.2%e-009 <EEC Codeword with 15 esrors )
12 @ . 8.40e-009 . FEC Uncorrectable Codewords -6
[3 @ 8.27e-008 FEC Transcoding ?Jncorrcctab!e Evmtg 6
e 1.68¢-009 Phioaiclathodon . ORI, AERE
@ 3 20e_cy wsn\ll Arp Reverse -0 /

FEC has no margin!
FLR target failed



N4891A - FEC-aware Compliance Testing

400GAUI-8 // PHY CHIP OR GEARBOX

Multi-lane analysis

(
Tx & Rx test

 Post FEC (FLR)
e Pre-FEC BER on all lanes
(KP4 or PRBS mode)

\

:
I Default - M80708

Flle Application System Clock Generator

[
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Analyzer Patterns Measurements Utilities Window Help

ribut

ysis 1 X

Error Map

Frame Number

Lane Under Test



N4891A - FEC-aware Compliance Testing

400GAUI-8 // OPTICAL TRANSCEIVER MODULE

KEYSIGHT N4891A

~ -

QSFP-DD
OSFP

DUT

QOLVOROVLVOLVLVLVLVLVOVOY
900000000 OCOOS

400GAUI-8 MCB

i
@

Lane Under Test
(Striped FEC)

KEYSIGHT
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ﬁ Jtol measurements \

* Post FEC (FLR)
* Pre-FEC
v' Sensitivity measurement
v Rx (FEC) and Tx test (PRBS)
v" PMDs agnostic
v" Compliance testing for
* OIF-CEI 56G-VSR
* |EEE 802.3bs
v' configuration w/ internal loopback

possible




N4891A - FEC-aware Compliance Testing

Synched
FEC engines

KEYSIGHT N4891A

x|

1. WEoE]

(Optical Receiver Stress Test N
- Receiver sensitivity
- Jitter tolerance
- BER, FLR, FEC margin

S , : C margi y
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N4891A — FEC-aware Compliance Testing |

Unique combination of

» Error analysis with stripped FEC BERT platform & protocol tester

* one stress lane

« seven aggressor lanes

KEYSIGHT N4891A

« Compliant with
IEEE 400GAUI-8 specifications

IEEE 400GBASE-FR8/-LR8/(-SR8) specifications

Detect design issues affecting FEC performance
early in the design or qualification process
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