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400G-SR16 16*26.5Gbps NRZ ~ 100m MM 802.3bs 16%26.5Gbps NRZ CDFP/CFP8
400G-FRS 8\*53Gbps PAM4  2km SM 802.3bs 8*53Gbps PAM4 QSFP DD / OSFP
400G-LRS 8A\*53Gbps PAM4  10km SM 802.3bs 8*53Gbps PAM4 QSFP DD / OSFP
400G-SRS 8*53Gbps PAM4 100m? MM 802.cm? 8*53Gbps PAM4 QSFP DD / OSFP
400G-SR4.2  4*2\*53Gbps PAM4  100m? MM(2\)  802.3cm?  8*53Gbps PAM4 QSFP DD / OSFP
400G-DR4 4*106Gbps PAM4  500m SM 802.3bs 8*53Gbps PAM4 QSFP DD / OSFP
400G-FR4 4\*106Gbps PAM4  2km SM 100G/A MSA  8*53Gbps PAM4 QSFP DD / OSFP
400G-LR4 4\*106Gbps PAM4  10km SM TBD 8*53Gbps PAM4 QSFP DD / OSFP
400G-ZR DWDM +59.8Gbd ~ >80km DWDM  OIF QSFP DD ??
DP-16QAM
KEYSIGHT

TECHNOLOGIES

Page



200G/100G/50G JEFEERFRZE ( PAMEQ g Lssma

Open Data Center Commities

fOiEE | SWA | HhE | mOEEm | s

200G-SR4 4+53Gbps PAM4 100m MM 802.3cd 4+53Gbps PAM4 QSFP56
8+26.5Gbps NRZ IQSFP DD
200G-DR4 4+53Gbps PAM4 500m SM 802.3bs 4*53Gbps PAM4 QSFP56
8+26.5Gbps NRZ IQSFP DD
200G-FR4 4N53Gbps PAM4  2km SM 802.3bs 4*53Gbps PAM4 QSFP56
8+26.5Gbps NRZ /QSFP DD
200G-LR4 4N*53Gbps PAM4  10km SM 802.3bs 4*53Gbps PAM4 QSFP56
8+26.5Gbps NRZ /QSFP DD
100G-SR2 2*53Ghps PAM4 100m? MM 802.3cd 2*53Ghps PAM4 SFP DD
4+26.5Gbps NRZ IQSFP28
100G-DR 1*106Gbps PAM4  500m SM 802.3cd 2*53Gbps PAM4 SFP DD
4+26.5Gbps NRZ IQSFP28
50G-SR 1*53Gbps PAM4 100m MM 802.3cd 1*53Gbps PAM4 SFP56
50G-FR 1*53Gbps PAM4 2km SM 802.3cd 1*53Ghps PAM4 SFP56
50G-LR 1*53Gbps PAM4 10km SM 802.3cd 1*53Gbps PAM4 SFP56
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Open Data Center Commities

Optical PMD for Parallel Fiber: 400G SR8

OSFP COMMECTOR PIM MAMES
: R
Rx2
RX3
Rixd

- Ciptical receiver 1 -

Single
8 x 50G
PAM4 CDR

5
AAdid Adaoa

- Optical receiver 8 -

Or

Dual
4x506
PAM4 CDR

—p| Opticaltransmitter 8 —»

B —ow—~oO00n OTS

—»| Optical transmitter 1 [—»

2
YYYVYYYYVYY

Source : OSFP MSA Specification for OSFP OCTAL SMALL FORM

FACTOR PLUGGABLE MODULE
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Open Data Center Commitiee

Optical PMD for 400G-FR8/LRS8

| OSFPCONNECTORPINNAMES

' A1
Fil - 4 Optical recener 1 i—\
RiZ -
RS 4 : Pl
Rt E : § A1..8
RIE o Single : |2 \
RIG o 8 x 506 : N ol R
R o PAM4 CDR . . AB .
R 4 Optical receier 8 PR / ri
| o 36 i
T » _‘| Crtical transmitter 8 |———
TH7 > Dual L
: {05 T AP
iy " P |2 —
T > : ’ T%
T2 = 1
T . —b| Optical transmitier 1 ;..,/

Source . OSFP MSA Specification for OSFP OCTAL SMALL FORM
FACTOR PLUGGABLE MODULE
KEYSIGHT
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Open Data Center Commitiee

Optical PMD for 400G-FR4, Duplex Fiber

O3FF CONMECTOR PIN NAMES

Al

R - 4——  Optical receiver 1 b m—
R -«
G - < Opticalreceiver 2 | g Yz
R T
RX5 4 . . A3 =
— 8% 500 ¢ Optical receiver 3 < = RY 0
RAT ot PAM4 24 u
RXE to g Opticalreceivers g ;I:r

4 x 100G e

At
A g sl —®  Optical transmitter 4 —I"\ *
T > Gearbox L
ASIC

146 > || Opticaltransmitter 3 2 o~ | 41..4| &
THA L =
ey - 2 |z —
_— > —p  Opticaltransmiter 2 | | = o
T > 1 ;
%1 > —— Opticaltransmitter 1 | g /

Source : OSFP MSA Specification for OSFP OCTAL SMALL FORM
FACTOR PLUGGABLE MODULE
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400GFEIEIRTER G AREIEP LR =
A00CHEREBEENBUIT :

* 400G-SR16/FR8/LR8/DR4 : IEEE 802.3bs-2017; IEEE 802.3cd;
* 400G-SR8/SR4.2 : IEEE 802.3cm (TBD)

* 400G-FR4: 400G-FR4 Technical Specification

HRHIE

« CDFP MSA Releases Rev. 3.0 Specifications for 400 Gbps Interoperable Hot
Pluggable Modules

CFP8 Hardware Specification

OSFP OCTAL SMALL FORM FACTOR PLUGGABLE MODULE

QSFP-DD Hardware Specification for QSFP DOUBLE DENSITY 8X
PLUGGABLE TRANSCEIVER

SFF-8636 Specification for Management Interface
KEYSIGHT
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Open Data Center Commities

A00GY SRR MR B 53

FERII FEIhE
(dbm)

Yol | ERREE
( dbm )
FE AT LFrHgIE]
(ps)
min

RIS IE?Z%E)J%?

R PreFEC
SRS
Spec
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OMAouter TDECQ ER RIN
(dbm) ( db ) max (db) ( db/Hz )
min max
SEIESER
IMHRESMW  ImiwARS TTimESMW miniRS
(Ul) (mV) (Ul) (mV)
min min min min
FEBEIR
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Open Data Center Commities

[ FE253H(TOSA) ] > | SeOMMISM)
. _
i : S6/8
| ""L""‘I x4 Clock KRS
] FEREIHN(TOSA) I ﬁ%%ﬁ%g ..... >
-------- 1 A I ]
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N ST S ANSREDLERE
%EE = AZTD ECQ 7')_|\U1it (Transmitter and di i@weyeﬂel@sw!;)ee

« TDECAQ is a measure of each optical transmitter's vertical eye closure when transmitted
through a worst case optical channel (TDECQ units = dB) using SSPRQ pattern.

Reference Receiver: 4" order Bessel-Thomson low-pass filter
(Oscilloscope noise measured and mathematically ‘backed out’

per Standard). + MM: 12.6 GHz BW (26.56 GBd)
Generate SSPRQ o No Pol. controller, fiber
* SM: 19.34 GHz BW (26.56 GBd)
attern (~ 216 symbols )
g ( x / )Polarization SamplingScope * SM: 38.68 GHz BW (53 GBd)
Controll . X
e Signal In
Optical Optical |_| T_EST | Filter o -
Tx (DUT) Splitter Fiber 7 (wpm) A
t (TBD)
Variable Trigger In
reflector (pattern trigger)
\
CR PLL BW 4 MHz, Slope 20 dB/dec Equalizer
(18t Order, no peaking)

(5 tap, T/2 spaced, FFE)

1] 045 055 1

R = - T T 7
/ D‘F"f"in-urar - -“.\ ‘q‘ e T el ey e Y P
T.DECQ = 1{]1931&( * _“_"- ’ = Paye + OMAG /3
6 S A A o
‘h E Pi2=Pae =
Where: - Vs _ = : — (3verage opicalpower g’
Qt = 3.414 (target SER) : ‘ — Targeted samples on
R = noise term ] " P NG i~ Fae W | PAN-4 eye diagram.
[

Reference: |IEEE P802.3bs™
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FeA &SNS ARMEDLERS

— Extinction ratio and
OMA are derived from
the O and 3 levels of the
transmitter output

» Specific bit
sequences are used

— TDECQ derived from
the equalized waveform

« Uses OMA from the
unequalized
waveform (may
change to equalized
waveform)

KEYSIGHT
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Measurement Current Minimum Maximum
e TDECQ [F6) 1.40 dB 1.40 dB 1.41dB 7
Outer ER i 9.665 dB 9.665 dB 9.704 dB 7
Outer OMA i 990.0 yW 990.0 yW 9922 yW

§
s

ol i E B R OE E

Page



SImpliawa)

=

VAN

ANSEPLERE

Open Data Center Commities

TP1
Il R ey Crosstalk generator
[ ]
: MCB
. Reference receiver
L-fb------ =1—» »
== TP1a : rpa | . N
calibration 158— \ : Scope CTLE
blocks HCB i WINA or
Terminations —— . sCcope Reference
4 . CRLu
TP4a pEmmssEm=
e
<« —|— : —» Amow showing signal flow
Module under test . : — s> Amow shﬂwing mge-:hanical insertion
e | I ' i . , -
: Electrical signals shown single ended for clarty |

Figure 120E—10—Example module output test configuration

A test system with a fourth-order Bessel-Thomson low-pass response with 33 GHz 3 dB bandwidth 15 to be
used for all output signal measurements, unless otherwise specified.

KEYSIGHT
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Open Data Center Commitiee

120E.3.2.1 Module output eye width and eye height

* Measure EW/EH of all 3 PAM-4 eyes @ 1E-5
using methodology outlined in 120E.4.2

o Measure Near-end EW5/EH5 (with Max 3dB CTLE peaking)

o Measure Far-end after convolving with loss channel
(~ 6.4 dB loss at Nyquist defined in 92.10.7.1.1,
use any CTLE per Table 120E-2 (max 9dB)

* Measurement Setup:

o Reference Rcvr: 4% order BT, 33 GHz BW
o CR: 4 MHz BW, 20dB/dec

o Use CTLE (3 p0|e) / Measure here (TP4) MCE ,_____Midlie_______\
defined in 120E.3.1.7

o PRBS13Q pattern

Loss channel

______________

5 ), el
Input N Hiw) - . ’L_é Calculate \ Y Figure 120E-6—Module CCAUI-4 or CDAUI-8 compliance points
(TP4)5|3 LT ol EW5/EH5 Post process
> Kspec here /

KEYSIGHT
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400G ErEER ZE S 2H /A ARSEPLERS

Open Data Center Commitiee
QSFP DD#z[] e ]
/ : I |
-« E I
e < il ————— & 4 T T '
ME <« 82 | ! St 17 I
Y Yy <—> - 1 =N \
A 5 kiR < —me== < R |
— | R l
: . |
a L oomeee |
s Future )
— s T
—> s
[ =
[ maws
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Open Data Center Commitiee

124.1.1 Bit error ratio

The 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 i a frame loss ratio (see 1.4.223) of less than
1.7 x 10712 for 64-octet frames with minimum mterpacket gap when processed according to Clause 120 and
then Clause 119. For a complete Physical Layer, the frame loss ratio may be degraded to 6.2 = 1071 for 64-
octet frames with minimum mterpacket gap due to additional errors from the electrical interfaces.

@ hExplorer - 8.42.1410.12 EA - Untitled.cfg

N A : ERe
File Edit View Transmit Capture Collisions Latency Statistics Multiuser Tools Window Help ’. . e ‘ ® ’ » ' Il ’I ‘ -+ E | ‘H m
SH|xme (g B0E o6l e b @z|> rer | Drmumn|E uu ....,
e s R ¥ \ HHE SRS ﬂ

(== =] StatView - 400G
Name S5 W rée D BN~ T W l | C |
8 Capture View A B < L d
Bl T W | R L T 10-36-69-36-01-01 103669.360201
L2 ;‘:S:Z::]G’_":‘;‘OSE(ES:ESL:_‘xGE FlItEvs, Sttitics, Receive || [3—|Line Spexd oot an:\ % Link State
H y B Advanced Streams
88 Card 02 - UPG-QSFP-DD-RA00GE~ 200G+ 1006+50G | 2 5 ) [ P
ource Group 01 (RGOT)- 1x ADOGE %P"“P”PE’““ G ec 0 0 3 Line sDeed
w8 Port01 - 400GE LAN QSFP-DD PCS Lane Statistics 7 Valid Frames Received Rate G [ S b
3 Chassis ; 22 pCS Capture View T |Byies sent ) 0 4 FramesSent o | -
© Chassis 01 B Bytes Sent Rate 0 0 g 0
(3 Global Views 10 e o ; g . !
Do i : : 6 [100.000,000,000 ] ~['100,000,000,000
20 Packet Group St Views D 0 i 7 Valid Frames Received Rate 0 0
t..[1] Stream Statistic Vi 16 Owversize and CRC Err 0 0
3 am i : os me B |BylesSent 6.400,000,000,000 | §,400,000,000,000
£ teyouts B 145 53558 9 Byles Sent Rate 0 i 0
20 1575515640 71585 624,008 - cuned
21 0.00-000 0.002+000 10 Byles Received 6 400 000 000, 000 6.400,000,000,000 H
= 3212008 3520009 00 i s s s e A At
23 FEC Codes wDrd with n rror 575,505,057 | 1,585 600 841 11 Byles Recewed Rate 0 g i
24| FEC Codeword with 1 error 11,881 50338 e ————— e ———————=— s
25 FEC Codeword with 2,684 2945
< z 26 FEC Codeword with 41 [ 12 Fragments JE o
27| FEC Codeword with 7 5 H
28 | FEC Codeword with 0 0 13 U nderSIze 0 i
29| FEC Codeword with ] [ "1
S|t Coaswiord win § i 14 Oversize 0 i
il FEC Codeword with 8 errors o 0 T g |
32| FEC Codeword with S err 0 0 15 CRC Errors 0 i
33| FEC Codeword wih 10 & 0 [ i 4
34 FEC Codewiord with 11 & ) [ H i
35 | FEC Codeword with 12 errors 0 [ 16 Vian Tagged Frames 0 H 3
3| FEC Codeword wih 13 0 [ 3 H i
STt Codmord with 14 sors o [ 17 Flow Control Frames Received o: 0
35| FEC Codeword wih 15 0 0 > :
3 |Fic unt:::;a:a cm:vr:::s ) [ 18 Oversize and CRC Errors 0 0

KEYSIGHT Source : |IEEE 802.3bs
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45.2.3.47h PCS FEC symbol error counter lane 0 (Register 3.600, 3.601)

The assigmment of bits in the PCS FEC symbol emror counter lane 0 register is shown in Table 45—160h.
Symbol errors detected in PCS lane 0 are counted and shown in register 3.600.15:0 and 3.601.15:0. These
bits shall be reset to all zeros when the register is read by the management function or upon PHY reset.
These bits shall be held at all ones in the case of overflow. Registers 3.600, 3.601 are used to read the value
of a 32-bit counter. When registers 3.600 and 3.601 are used to read the 32-bit counter value. the register
3.600 is read first. the value of the register 3.601 is latched when (and only when) register 3.600 is read. and
reads of register 3.601 return the latched value rather than the current value of the counter.

Table 45—160h—PCS FEC symbol error counter lane 0 register bit definitions

Bit(s) Name Description W2
3.600.15:0 PCS FEC symbol errors, lane 0 lower FEC symbol error counter O[15:0] RO, INER
3.601.15:0 PCS FEC symbol errors, lane 0 upper FEC symbol error counter O[31:16] RO, INER

A RO = Read only, WR = Won Roll-over

45.2.3.47i PCS FEC symbol error counter lane 1 through 15 (Registers 3.602 through 3.631)

The behavior of the PCS FEC syvmbol error counters, lane 1 through 15 is identical to that described for PCS
lane 0 in 45.2.3.47h. Errors detected in each PCS lane are counted and shown in the cormresponding register.
PCS lane 1. lower 16 bits are shown in register 3.602; PCS lane 1. upper 16 bits are shown in register 3.603;
PCS lane 2. lower 16 bits are shown in register 3.604; through register 3.631 for PCS lane 15, upper 16 bits.

120E.3.1.1 Signaling rate and range

The 200GAUI-4 and 400GAUI-8 C2M signaling rate is 26.5625 GBd = 100 ppm per lane. This translates to
a nominal unit interval of 37.647059 ps.

KEYSIGHT Source : |IEEE 802.3bs
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Z_wire Serdial aAaddress T0000L OO0
Lower FPadoge ol
O Tdentifier

a — 2 Status

Z— 21 ITnterrupt Flaogos

22— 23 Free Side Device Monitors

24— 81 Chamnnel Monitors

B2 - 85 Reserwved

BH— 98 Control

D Resaerwed
A0 -1 Hardware Tniterruptc Pin Masks
A0S —108 Wwendor Specd o
107 Reserwed
10— 1310 Free SbHde Dewice Properties
110 —112F aAassdigned FTor use by PLCI Expraess
i = Free SGide Dewice FProperiiss
114138 Resaerwed
119 —122 Password Change EnTry Area
Coprcionall)
A1Z2=T—126 Password Entry Area (Oprcional)
aA=27 Pagse Select Bwite

Crpr i dioraa i Crp i dormaa 1 e G eoana 1
Uprpv-er~  Paoge okl Page Ol Paoge OZh Paoge Xk

128 ITdentiftier

A28 CC_APPS

1LZ2E—-—2553 User
EEFFROM Data

AZ2Z9-—191 Base ID Fields

29 A<ST Table Lenmath
CoL

A0 -1 =1 Applidcation
Code Entry O

A=Z2-132=2 ~Applicacion
Code Entray o

19222232 Extended TD

224255 wWendor Spechidi Ao

rrr

1=24— 253 other entries

254 255 ApplicaTcion
Code EnTmryw T

1Z28—1 75 Free Siade
Dewice Thresholds

A1 Fs—222 ChammneTl
Thresholds

224 T= EO & FRx
Emphasis Maagmniocuds
rcr

225 RMM outTput
aump 11 tude
Andidcators

2265 —2471 Chammel
Controls

242 2532 Chamne1
Monitor Masks

254255 Reserrwed

FILCGURE &— 1

COEMIMION. MEMO RS MUAF

7

A management interface, as

and CDFP, is
OEFP-DD specification is
module, and as such is

regulirements

Management Interface

are critical,

not directly backwards
especial ly

already Ccommonly
specified in order to enable
based on

used in other
Flexible use of
SFF-B63& but

the

compatible

Form factor
modul e
with modifications
with SFF-8&36.
for a mualti—-channel dewvice,

= like QSFFP, SFF,

by the user. This
support an 8-channel
Some timing

=0 the i1nterface speed
may optionally be increased. Byte 00 on the Lower Page or Address 128 Page 00 i= used
to indicate the use of the QSFP-DD memory map rather than the QSFP memory map. When a
legacy QS8FFPZ8 module is i1nserted into a QSFP-DD port the legacy QSFFP memory map (L.e.
SFF-8636) mu=st be used. This case is outside the scope of this document.
KEYSIGHT Source : SFF Committee SFF-8636 Specification for
TECHNOLOGIES Page
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400G YRR ERIE R

A s MRE - b
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EBSE 0400G-SR8  0400G-FR8 [m400G-LR8
AR 0400G-DR4 0O400G-FR4 0O400G-LR4
SerEth 0200G-SR4 [0200G-DR4 [200G-FR4 0200G-LR4
{%_,%\ DEE(%J&_iﬁﬁLA) :
YIRS OQSFP-DD  OOSFP

DEHEFEH—THA):

Bl - BRIRSGEUAI R (NETXJQSFP-DDHIMNM4E.
MCBXE&E ORJLARME  OAFRERE(MEEoBESNAIR)
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CWSG“;%@% ORJLARMEE  OFRERE (Mo ESNAIE)

1Bl EBSININ B BRI S E S 4R FC/IPCIR OGRS,




