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Xt RIEEEES AT A : Beyond 5G/6GIcEIT 5HENHDIR
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6G-IA*
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ITU-T SG13ICEE.

- 2019654, B2 [Network 2030] =i,
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FSA L Willend-to-end3 A7 A DEEFETE
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EHAIT3XNS Y- INEIS320224F24% 1520245 44%L 818, UZP R4 A X
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- m TFLN and other m LiNbO3 bulk
$20,000 : L?:ci Photonics sl > :/Uj >77|' I\:ax -

| TFLNMWZRL W
- LIGHTCOUNTING -\’Djifﬁa)!f,b = j Swv |\

Sales ($ millions)

SUAYTA I~_97s

(1) Thin-film Lithium Niobate

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2023 (2) GaAs Directly Modulated Laser

JA—hELTIEND
L I I > UZFRSAIH :
' HESBHENE
GaAs DML)E&@

(Hi88) Lightwav n photonics is nigh: LightCounting (2023/06) 7
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ISHITNHANS O —-NOERMO—RIVD
TIHITINWHKITOS—NIE800G KRV 1.6 TALT
=P RSAITBREF NSO —NEAIES ORI GETE
ICP data center transceiver product roadmaps 1.6T+ OSFP-XD w/ LD
400/800G QSFP-DD, OSFP s (2024 ~)

OSFP-XD

100G (2018/2022) s

QSFP-DD or OSFP
8x100G PAM4

QSFP-28

QSFP-DD or OSFP 3
Z O 1 4 8x50G PAM4
Power: < 15W a
QSFP-28 B ,A.)’

4x25G NRZ 4 ; 3

3.21
/

Custom optical engines

Power: < 3.5W "'/, : /I/
800G -
iy y }y — CPO 64x400G optical engine

\

Power: <19?7?

Modules provided by Eoptolink

w\ ¢
8
o N
g ]
=y
\N
o
N
N

% 25.6T CPO
I % 1 (2024 ~)

Commercially available Sampling Future
Source: Module pictures provided by Coherent; CPO switch images provided by Cisco T
F »w (ii#) Omdia, Optical and Networks Market and Technology Update (2023/05); Arista Networks, Linear Drive Pluggable Optics (LPO) (2023/03) 9
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SHIT NN OS—INBXIRIS : 1.6T
F1TLYIR O/ -f ,“" - =i

1.25 mmig Duplex LC MDC SN
ITI—) (6.25) (3.2) (3.1) (3.1)

INFTFAN T g

MTZI)L-)L “MPO MMC SN-MT

*Physical Medium Dependent Sublayer

_____PMD" | Notes | Fiber_ Connector _Remarks |

1600G DR16 (1A SMF) 16 x 1A X 100G 32 (Dual) MPO/MMC/SN-MT 500 m
1600G DR8 (1A SMF) 8 x 1A X 200G 16 MPO, MMC, SN-MT, 8xMDC/SN 500 m
OSEP-X[) 16006 4FR2 (2A SMF) 4 x 2Ax 2006 8 MPO, MMC, SN-MT, Quad MDC/SN 2 km
1600G ZR2 (2A SMF) 1 x 2A x 800G 2 Duplex LC, Mini-LC, CS 80 km
(1.6T) 1600G 4FR4 (4A SMF) 4 x 4A X 100G 8 MPO, MMC, SN-MT, Quad MDC/SN 2 km
1600G 2FR4 (4A SMF) 2 x 4A X 200G 4 Dual CS/MDC/SN/Duplex LC 2 km
1600G 2FR8 (8A SMF) 2 x 8A x 100G 4 Dual CS/MDC/SN/Duplex LC 2 km
1600G FR8 (8A SMF) 1 x 8A x 200G 2 Duplex LC, Mini-LC, CS 2 km SABs FR1E, LR16, ER1G

r »w (iH88) OSFP-MSA, Specification for OSFP-XD, Octal Small Form Factor eXtra Dense Pluggable Module (2023/03) 10
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I5HTIH NS> —=)\RXI1J4 : 1.6T
OSFP-XD¥A > A—=JI—A - F71IULVIX #1/2

(7.23)

N
B
2

Dﬂﬂﬂﬂﬂﬂ@_’
VA

LTx 7w J L \TX1 \RXQ Txk{ R)é Txg

Duplex LC (2) Dual Duplex LC (4) Dual CS (4)

'©
I

<

J=
JC
ha

F »w (Hi82) OSFP-MSA, Specification for OSFP-XD, Octal Small Form Factor eXtra Dense Pluggable Module (2023/03) 11
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HAYI-II-ZABARIFL4> (K) :

7°5 1—,7 } ll% |\5 >:/_ }\Fﬂ 5'6] *ag o 1.6T %%EE;{D:E;;.‘5“2%882’)1%%%?%*’:}?
OSFP-XDXAH—=JI—A - F1IVYIR #2/2

'_Dmmmmmm@_‘ ’_Dmmmmmm@_‘ DI‘II‘II‘II‘II‘II‘IQ Dmmmmmm@

-8 | (& -8 =

Connector 1 Connector 2 / \ / \

Connector 1 Connector 2 Connecto: 1 Connectar 1 Connector 2

Dual MDC Dual MDC Dual SN Dual SN
(Ganged, 4) (Stacked, 4) (Ganged 4) (Stacked, 4)

Paminxy (o o e
[pREnEEEEy) [JHAO000[] | '5‘_\ iﬂf '
heee | aemn 28
RX1 RX4 R RX4 (D(1 d RX1} (17(8 d RXS} fl'}ﬂ dRX1} m:s I:tﬂ F—g(B}
Quad MDC (8) Quad SN (8) 8 x MDC (16) 8 X SN (16)
F Fujikura (ii#8) OSFP-MSA, Specification for OSFP-XD, Octal Small Form Factor eXtra Dense Pluggable Module (2023/03) 12
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HAYI-II-ZABARIFL4> (K) :

7°5 1—,7 } ll% I\E\J > }\m 5'6 ] *a g - 1.6T ) i%i}gx%;ﬁg’l.‘S“Zﬁéﬁg‘éél%‘é%ﬁéﬁ}?
OSFP-XDXA>9—J1—A - XIWFI7A }\

_D/ﬂﬂﬂﬂﬂﬂ\@_ _Dﬂﬂﬂﬂﬂﬂ\@_ _D/ﬂﬂﬂﬂﬂﬂ
- J//\ ..... ) ()
/ N\ AN / \

| | | | | | A )\
>1 7 / N X A \RX8 SRX1 RXT RXE / \

TX4 RX4 X8

Connec tor 1 Connec tor 2

M PO' 1 2 M PO- 1 6 M PO' 1 2 (TX1~4 and RX1~4) (TX5~8 and RX5~8)

T R 1600G DR16 —— |
'_Dﬂmmmﬂﬂ@_’ _DW\HMHH@_ Dﬂﬂﬂﬂﬂﬂ@_’ Dﬂmm\ﬂmﬂ@_’
/

TXs TXs
RXs RXs
. d L_\
nnnnn tor 1 Connector 2

| Connec t[{ 1 Co}nector 2 | | / \ |
Dual MMC Dual MMC Dual SN-MT Dual SN-MT
(Ganged, 32) (Stacked, 32) (Ganged, 32) (Stacked, 32)

r »w (iH88) OSFP-MSA, Specification for OSFP-XD, Octal Small Form Factor eXtra Dense Pluggable Module (2023/03) 13
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NERSHUIT (Co-packaged Optics) &XIRIFAE

Top View

iber

2

: S - (o}
ics C’ sE 2 pComponcrt=
Faceplate = S v, ',
Pluggable Optics PN PEr\;lnr: % ‘ ’ “w
(OSFP/QSFP-DD) . 5 5 7 t
> \ L
% > Electrical Interface

Sy RR—R |
Pluggable - OBO — CPO

= .igqﬂ

v

& B o

Micro Board MT Board
Mount Connector Mount Connector Connector
o Faceplate Optical Connectors
ASIC  Optical Engine pyg  Blind Mate IJI—AJIL— |\ — EEEEEEEEEEEEEEEE
| ] Connector ~~ EEEEEEEEEEEEEEEN
EEEEEEEEEEEEEEEREELS

NEBXIRELSFP*

*External Laser Small Form Factor Pluggable

91.2 Tbps switch CPO layout example

r »w (ii#) COBO, Whitepaper Progress Update: Design Considerations of Optical Connectivity in a Co-Packaged or On-Board Optics Switch (2022/07) 15
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CPORMYFII—RIL—MBENIT7AINDEEENZ
KR9I5 XA VSFFXXI1 945

ELSFPERIZEANR—AHERDA. 51.2T CPO FR/DRAMYFIRUII—-AT L —MIESD

DAN—AT256:i00/1,024:0 2%

36 FR FR DR DR
100% 50% 100% 50%
256 512 1,024 2,048

W
N

Ia]gE R AVSFFXJ% Y4 : Ex. MDC/MMC-16

-

- MMC-32

"y I I SEEEEEE |
g 28 o | ! MPO-24 x 43 = 1,032 | (6,912)
3P I I (1,920) MMC-24
5 20 I | I | (5,184)
[ I -
R £ ’: - RERVSFREIRISBALLS
- &’ o
; 12 b APO-IZ : (3,456) ELSFP"‘-’ITjD—éZ’\—ZﬁEﬁ
A Duplex LC (960) : ’ B —
r\ 8 (1 4 4) | )1 0000 0000 | 0000 | 0000 {0000 0000 | 00008
=R . |
4 T MDC : MMC-16 x 64 = 1,024
‘J | (432) I 16:0:ES=] () 1IRUTNEERT7A D
0 ®
1,728 2,592 3,456 4,320 5,184 6,048 6,912 7,776
- HXIT71 N/ 1RU .
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YA DA M AER(E K DEEL LW AIAEITDIEL

SV IAMZHARBFEIR I FSHE :
7T—H1A-FLIAAFERLER > AT MNILIMIZIR - EREIREE R ER

Standard Optical Thermal Cycling Damp Heat / Primary Durability
Connector Humidity Aging Mechanicals (# mates)

GR-1435 CE MPO, EBC ;‘_gjb

GR-1435 UCE — j ’~
GR-326 LC -40 to 85degC 75-85degC TIA + TwWAL Tl/ Aé
(21 cycles, 168hrs) 95-100%RH
IEC Extreme LC, MPO

GR-468 CE LC, MPO 40 to 85degC 200 0
e | e ATH
GR-468 UCE LC, MPO 40 to 85degC 85"?&{ f‘S%RH Wiggle - ILO7MOZIR
(500 cycles) ( rs)
= 5§ o ] i

T I

* Connector manufacturers typically test to 500 mate TIA level EECE C‘L“"“"fd IEI“:iE"“'[“e“t .
= uncontrolie nvironmen

. . . TwAL: Transmission with Applied Load
Color indicates stress level (green = low, red = high) JEDEC: JEDEC JESD47

(i5#) US Conec, Reliability Considerations for CPO Fiber Optic Connectors - Initial Thoughts (2021/02) 17
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RIARVSFFXIRIF(CROEN DA

>REE (GIEEE)

>RIEEDHB7 1M A MEE

>RV FEIRLZ S

>IECIBAIBRKREMBS VY MMEHFERIFIE (0.25 dB @ > 97%) HEHL
> RETR=RESE (APCHHE)

>TelcordiaSFMERDFE IR FFRIgAENL

>R STHT IS S—INMSAKA>H—-T1—R
>EIFEIATLARY RS AT LAEDO TR

>EENRET I NEBGNEEFROTI R S{nz it A EE

& BRI (R TF T BRIV A VKRS 5 — B BRI AR D EE

. 19
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RIBARVSFFYEIRI I iTEN A -
F1ILYI R : ELIMENT™ MDCYJx%94 (i)

Y5E]

> KRN =T VR 1T LY ALC i conector accss v
HIZIIDIET, 7 1ILYIAKIZTY DrectCone™ il
21 6%*/43 2".1"& 1RU ((-.;%EJ HE Rugged components built to

> %j*a?;ﬁiﬁh\“ﬁzﬁﬁmDi rectConecTM withstand GR-326 requirements
Jv31I9 NI —-VeiRB
IECRZEHUREBARREFMBI VI ocor apcpoish
EHRERTHE (F13{E0.12 dB, I=XfE
0.25dB @ > 97%KIRIFIER) Ll

Telcordia GR-326 U TIA-568(cHEHL
¥r—J IR ERXK2.0 mmEFTHHAIEE
INVFE—R&I I IE—RPCHE. 329
— RAPCHREEM [T 0] 6E

Simple polarity verification :
- > 3.1 mm
%4>9_7I_Z Highest duplex connector _

SFP-DD/QSFP-DD/OSFP MSA
density with 432F per 1RU Du|'3|eu)l( LC MD&

A\

Low profile design increases
fiber density by 3x

YV VY VY

ELIMENT™, DirectConec™|(3KEUS Conec Ltd.DERTI,
20

| A J
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XIEAVSFRXEIR I 9hEN F) :
NIWFI7AIN : MMCHXIRI45 ()

L Rugged components buit o DirectConeen ol bt
> XT—=TJ IEESR— MEEIIMPOYXIRIID3E withstand GR-326 requirements

> IRV IIERDERE L DirectConec™ v 100 —V&IRA

> EREDOHAIMT-16AD=hIROFKI7LINT S5 A> MBEEEA

> #2250 umAERVEYFHI7INT=T D HEIREZHELR APC polish for SM and MM

> (RIEXIECKAFEHRFEERABRKRSFRBERYFE (0.25 dB

@ > 97%3 VA LhiEH) ZiFEE

SO NE- RRUNIFE— RBEICAPCIREZ IR
Telcordia GR-1435(C#EHL

XT-J WA ERXR2.5mmETHILBIEE
%ﬁﬂ@%b’ —j‘»?ﬂ%gﬁ%ﬁo)]:ﬁ' %ﬁﬁ (One-CIick® Proven MTP®-16 elliptical

JIBC™EIARIHIU—F, KR TREN, HIRIHEREALR  aliement guide pins -
AIEsR) ZiATIHE

> MT-167I1)L—-)IK1'250/200/165 um¥I7AINEETMT
JIN—IEGHRAIC L FBIF /RS AT AL D H T MPO-16 MMC-16
> OSFP MSA (OSFP-XD) X145 —J1—2X

Low profile design increases
fiber density by 3x over MPO

YV V VYV V

DirectConec™RU'IBC™(IKEUS Conec Ltd.DEZETY .
One-Click®3#XE&TISISDEREIETT .

f -e 21
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RIAVSFFXIR I FMENm : 15

MMCX3J+94 ()

REE (3REE)
IR SHHRLBE

o] Bond Do D) Do s i ol Ui ','j,
ﬁﬁjfﬂ[‘j Nl i o i
IR

1U Panel Max Density
with (66) 4-port MMC Adapters

16F MMC 4,224 Fibers

24F MMC 6,336 Fibers
MMC-16/MMC-24: 3,456/5,184 Fibers — 4,224/6,336 Fibers

KFRTE
IECIEAIEASHRB (0.25 dB)
RETHEEIE (APCHIE)

Angle End-Face
Mating

- N Ferrule

" Fujikura

srra T PhLEAsIE

~ Keys
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KRIRDHBITV 14 A MBIE
BI7/ RIS AT AEE

IEC 61755 and 61754 precision alignment structure
for MT and MT-16 Ferrules (250 pm pitch)

Compatible with 250, 200 and 165 pm OD fibers

RUNHSVRICLIREE
SOVNFYFICE B - R<FHIE

Ferrule

22
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X AVSFRYSIR I F3iTEh )
BF/ RS AT AR#RE : MMCYXII45 (H1)

Conven tional 125 pm Cladding Reduced 80 pm Cladding
250 pm Pitch 250 pm Pitch

MMC-16

MMC-24

MMC-32

% -
BIESAT L : 250 umEXIT7AIN/EVFHT7A INUR (SR FR]
TS AT A 1 200/165 pmENST7AIN/EVYFHIT7A INURI IS G
80/165 um¥I7ANEAICLD. 1x24FP2x24F#:&E 66X itn]

’ »e 23
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RIAVSFFXIR I FMEnF : BBl
MMCx3J+274 ()

HasADAN— AR, B E2iSEIREE, SEREICERIGEEIRDOS AT AESEIEP
R5F 2 YR— NI BB KT

MMC Jr. and Adapter/Receptacle

Ganged MMC Connector MMC Connector Cleaner

r T 24
l' Funkura OPTICALCOMPONENTS@JP.FUJIKURA.COM | WWW.OPTICALCOMPONENT.FUJIKURA.COM | ©2023 FUJIKURA LTD. JSAA-12-2-



https://www.opticalcomponent.fujikura.com/

Y I714 INFAZEE. XT7AN
KEYFE. ¥ %N T7A IR

" Fujikura



https://www.opticalcomponent.fujikura.com/

FT7AIHEZRAE, XI71IIREYFAE, RN T7 A INRE

R RS

JEECHRALUS

>U1>)A I~_07\(‘.

RIBR I T7A N ERERETERIEIRTINBE
Ex. MMC%]*OG’E?TEE_J

'y —
: ;I . ‘

BRER30% T

XIPANE

250 pm 200 pm 160 pm 200 pm
NNFIF (4 core)

3,456/ =7 WS AZLLER

Need MT ferrule with PM or combination of PM and SMF fibers

Ribbon

1x16 MT ferrule

Clockingto +/-3deg

PM (laserinput)- :

SMF (I/O){

# PM fibers (4-16)

" Fujikura

ER >20dB

* |deally Integrated connector to be solder reflow compatible

KIT74 IVHIEAE : [pm]
#HEE : 250 - 200 — 160
J5YREFE: 125 > 80

| KT ISEEYFAE : [um])

125/250 — 80/127 (CPO)
RN T7AINRE :

MCF: 117 - 437 —» 717

PMFEF (L—Y—XANFRIE)

What is needed from fiber component suppliers

Disruptive innovation to reduce connector size (integrated version)
Solder reflow compatible ferrules

Low loss SM 1x16 .. 2x16 ? 1x24?

SM with 80pm fiber on reduced pitch

PM arrays and Combination of PM / SMF fibers

Efficient shipping and expedition of fiber component and photonic module

Vv VY VY VY

(iH88) IBM, Efficient Manufacturing for Photonics/Electronics Co-packaging (2020/09) 26
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=3d)

> IERERMEFCLBIEHEEN. Ke=E -mEmE. {KEIEEBeyond 5G/6GXRIit{
Y MNI—IRBCAEF BB BRI
PUZF RSAT BRI SHINKNS DS — RO ABRSHHITCPON YIS IA I AZEMU
> RRTSHIT KRS S - N RO ABHSEIMTCPORE T RIERVSFFAIRIIV B E
> NERMSEMCPORNIRIIERMLERE, 7—H] L - TLUILAFERMLERDS
AT MILYPOZIR - EEEIEERARABITDILL
> IXRBARVSFRXIR IS RIERBEBENERV VIS TA NI AICRER TN\
SRIETNJHET, 3EREBE. IFYATA (250 ymEXI7AIN/EVFHI7ANUKRY) B
RIS ZATA (200/165 pmBEXIT7AIN/EVFHI7ANURY) LOE#MEZEER,

XI74IVHIZEIE (125/250 pm — 125/200 um — 80/165 pm) P¥kEYFE (250
HM — 200 um — 165 pm) [CEMEIEE

1
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