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Note 1: Meeting 5D#59 will additionally organize a workshop involving the Proponents and registered IEGs to support the evaluation process
Note 2: While not expected to change, details may be adjusted if warranted. Content of deliverables to be defined by responsible WP 5D groups

https://www.itu.int/dms_pub/itu-r/oth/0a/06/R0A060000C80001PDFE.pdf
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FR1 / Sub-10 GHz Sub-THz Policy Emphasis

United States 7-16 GHz 24-71 GHz 95-325 GHz Technology-first, early Sub-THz access
Japan 7-15 GHz 26-90 GHz 100-300 GHz  Practical deployment, coexistence
China 6-15 GHz 24-52 GHz 92-300 GHz State-driven, aggressive Sub-THz
Europe (EU) 7-20 GHz 26-70 GHz 100-300 GHz  Harmonization, industrial focus

United States (2025):« FCC, 6G Notice of Inquiry (2024—-2025) ( https://www.fcc.gov/document/fcc-launches-inquiry-toward-next-generation-6g-wireless )
Japan (2025):+« MIC, Beyond 5G / 6G Promotion Strategy 2.0 (2025) ( https://www.soumu.go.jp/main_sosiki/joho_tsusin/eng/beyond5g.html )

China (2025):+ IMT-2030 (6G) Promotion Group White Paper (2025) ( http://www.imt-2030.org.cn/ )

Europe (EU, 2025):« RSPG, 6G Spectrum Roadmap (2025) ( https://radio-spectrum-policy-group.ec.europa.eu/ )

Global:* ITU-R, IMT-2030 Framework (2024—-2025) ( https://www.itu.int/en/ITU-R/study-groups/rsg5/rwp5d/Pages/imt-2030.aspx)
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Open Chiplet: Platform on a Package

High-Speed Standardized
Chip-to-Chip Interface (LICle)
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K
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Figure 6. Advanced Package interface: Example 3
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Figure 4. Advanced Package interface: Example 1

CXL/PCle DDR
Figure 1. A Package comprising of CPU dies,

Accelerator die(s), and I/0 Tile die connected
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Applications

Chiplets types

gn perio d C

Cloud Al inference

Silicon interposer

NEE

High speed
High capacity

(RDL interposer)
Cloud CPU RDL interposer
EMIB
Cloud SW RDL interpose
(Router) Silicon interposer
Enterprise Silicon interposer
Al (RDL interposer)
MEC/Base Station RDL interpose
Al

PC desktop / Al

RDL interposer

PC note / Al

RDL interposer

+ Edge devices
' High RF performance

Automotive

RDL interposer

: Integrated form factor

Gaming/Industrial

RDL interposer

Generative Al =~ i (@) Virtual
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TV |/ Game
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System Level Primary Use Case Typical Chiplet Interconnect Packaging Representativ

Composition e Examples
DC Al Server LLM Training / Large | GPU Compute Die x | NVLink / 2.5D / 3D AMD MI300,
Inference N, HBM Stacks x M, | Infinity Fabric | (CoWoS) NVIDIA B200
|/0O Die
CPU Server Inference, Control, | CPU Core Die x 8- Infinity Fabric | 2.5D Organic | AMD EPYC
Pre/Post Processing | 12,1/0 Die Substrate (Genoa / Turin)
MEC Server Edge Al, Low- CPU Core Die x 2-4 | Infinity Fabric / | Compact 2.5 | AMD EPYC 8004
Latency Control Al Accel Die, I/0 UCle D Nvidia Rubin CPX
Die
Walking Robot / | Perception, SLAM, CPU Die,GPU Die, On-die Fabric Monolithic / | AMD Ryzen 8000
Embedded Motion Control NPU Die (small) Light Chiplet | Nvidia Rubin CPX
B AMD MI300 Chiplet Architectur: https://www.amd.com/en/products/accelerators/instinct/mi300
®m  NVIDIA Blackwell / B200 Platform: https://www.nvidia.com/en-us/data-center/blackwell/
m  AMD EPYC Chiplet Design (Genoa / Turin): https://www.amd.com/en/processors/epyc
m AMD EPYC 8004 (Siena) for Edge Servers: https://www.amd.com/en/products/processors/server/epyc/8004-series
B AMD Ryzen Embedded 8000 Series: https://www.amd.com/en/products/embedded/ryzen-embedded-8000-series
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MEC Al Server

Category

DC Al Server

CPU Server

Walking Robot / Embedded

System Level

DC Al

DC CPU

Edge / MEC

Edge / Robot

Typical Chiplet

GPU Compute Die x N

CPU Core Die x 8-12

CPU Core Die x 2-4

CPU + GPU + NPU Die

Composition HBM Stacks x M I/0 Die (Optional Al Accel Die) (small)

|/0 Die |/0 Die
Packaging 2.5D / 3D (CoWoS) 2.5D Organic Substrate | Compact 2.5D / FC-BGA | Compact 2.5D / FC-BGA
Representative AMD MI300 AMD EPYC AMD EPYC 8004 AMD Ryzen Embedded 8000
Examples NVIDIA B200 (Genoa / Turin) + Nvidia Rubin CPX + Tenstorrent Garyskull

SBR Technology
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2 Reticle RDL Interposer 4 Reticle ABFO 8 Reticle interposer by ABFO
1 die on the interposer 2 dies on the interposer 4 dies on the interposer
900GB/s*! — Package to Package 24750 GB/s*2— Die to Die with the bridge 27450 GB/s*2— Die to Die with the bridge
3 directions: 2700GB/s 900GB/s"1- Package to Package 172800 GB/s"3— Die to Die with RDL
3 directions: 23400 GB/s 3 directions: 43200 GB/s
Base bandwidth 8.7 times bandwidth 16 times bandwidth
- *4
Plating area yielded (1.0) Plating area yielded (x2.4) Plating area (x5.5)
900GB/s 1.8TB/s CPO CPO 3.6TB/s
' » 625xClusters GB/s

1350xClustersGB/s

1350xClusteres GB/s__|

*1: NVLink gen 4.0

*2: UCle: 1350GB/s/mm?2/cluster(64bits) x 16 clusters
*3: UCle: 625GB/s/mm/cluster(64bits) x 16 clusters
*4: Typical specifications for examples
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Thermal
= Cooling Lid
= Vaper Chamber _ TIM(Thermal Interface Material)
» Heat pipe —

Chiplets

Cooling Lid ?
RDL

Mold
= Dielectric Polymer
=  Process materials
v :
Interposer / . gr&o;?a:iens;t
Bridge ~  \ %*S®% B8RS} SNSE88 1 v Cleaning

Packaging process
=  Spatter
=  Cupillar
= Adhesive
= Hybrid bonding S 7, T - b 2 -
= Chip bonding : Substrate materials
Underfill Interconnect = Build up film
= Solder = Core CCL Glass
= Cupillar = Process materials
= Adhesive v" Photo resist
* Hybrid bonding v" Cu Plating
*=  Chip bonding v' Etching
v" Cleaning (Desmear)
v' + Many other
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Nvidia NVLY—/\— - Supper Pod

Nvlink CHE#i T& %

Training
Training Cluster(3576GPGPU — GB200 NVL72
GB200 Server &7 v) . H100 D Rack server

B200 (Al) x 2 256 DFELL LIS ) & ) B200 (Al) x 72
+ Grace (CPU) R Ry P D— 2 EHEHNNER + Grace (CPU) x 36
|
HBM i L

Interposer A
Bridge

GB200 NVLT2

=X

-\\\\\"’\\ \
Training Grace(CPU):- L
Nvidia B-200 - * = \
3.3 Reticles s Sl il
> il
A \

&

i o 1

T WDARIO | WiDAEZN | pEreesesemmpmm——
Package Size_(mm) (est) T

i e PO B200x2 £ Grace & ML =7 -7k~
eticles (est. . ¢ ==
18 ORIt G LD
DL e g Bl

INTS FLOPS (TFLOPS) 2000 3000 S RT L
TDP (W) - 1200

NvidiaZgt EHRRIZE L YSBRTY / O O—4ERK
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Local 6G x MEC - AMD EPYC™ 8004 JOtwY H—/I\—T5vy kDJ24+—L

vH—){—Z&IC“RAN "D AI" DS E) %= )25
vEgERICRUEZI U049

AZTU
Processor: (1) Socket SP6
Rackmount: 1U
M5 F—#4ZbL—&—pEE%HE Storage Bay: 12 SFF
F—=T AL —=%=0 AIERANZNZENDOT 7 Ur—> 3 > OFMEB F 2 TohX PSU: 1+1 CRPS
My Ea—T 4 v T )Y — REBNICEST Do 1ADY —— (Al L RANDTH Others: Up to 12 NVMe U.2; 12 DIMM: 2 PCle
DT7—rA—REEYYHTEZEHAEE (WAT: V7 kv ) 50 x16

https://xtech.nikkei.com/atcl/nxt/mag/ne/18/00123/00003/ Segment: Cloud Computing

https://www.mitaccomputing.com/jp/page/a
md_epyc_8004
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MEC (Multi-access Edge Computing)
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Dore router =~
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building)

AN

== =1 SpinelL3SW
I md Router
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Al

CPU
Server

Server
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GbE GbE GbE E TbE TbE
Gateway>»
Core routdr 100 200 400 800 1600 3200
- Leaf *»
=== Spine 100 200 400 800 1600 3200
ToR
ToR 25 - 50 - 100 - 200 - 400 - 800 -
e CPU server 50 100 200 400 800 1600
-,
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CPU Server
Al Server

GPU

GPU
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DC Power Utilization

-I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|

Network Traffic

2012 2020

@ Network Other @ IT Other
® Machine-to-User

® Machine-to-Machine

»  Networking is consuming a higher proportion of the data center power budget
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2022F KR CORE (5%)
2024EOFC: MS, MetaE A B2 1) (*1)
CPO JDF(Co-Packaged Optics Joint Development

Foundation)(d Facebook & Microsofth*OCP (Open (*1) :
Compute Project) DB EfA & L TiLb Eif7z. 20 772 202345 FEK
2055R 2R D Co-Packaged A #kE & 121 L 7=, Al —N—BAAR Ty T

CPO (Co-Packaged Optics) assembly guide

»

.

L —% — 3 BAEDINPL —% — T E1E
L CBEMEAMNFHADT, THMAEE
LT PLENDHY), FHMRLLTHS
BT, Ny —U b S LB
ERELTWVS,

R

Switch Main Board
Power supply ‘
SW control o s o s 4

Socket: < 500 pins Silicon Photonics

http://docplayer.net/186751965-Co-Packagedd-optic-assembly-guidance-document.html
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SW — Pluggable transceiver {§&5&x=0 R

Losses (dB)

BGA Ball

' PCB

-10

-15

-20

-25

Bump Bump to BGA Ball PCB Connector Loss Paddle Card
Trace Loss Trace Loss l Trace Loss
- e : Paddle Card
Substrate T 1 .
uuuuuuuuuug_.c}uu? v I
: — 1
A t
" Vial Loss -
Via2 Loss .
.’ .
ol
—
® - = !
ASIC Through —— : EEORAMELT
Suhsn?t:g '“\@Tips EEAIEL {EET 2 TRILF—H1EM
. =R ERA ) TRBE & 45
PCB TraceLength fREE A DR R T D

Losses 212 G bpS
Via Losses Paddle Card

Losses

extension://elhekieabhbkpmcefcoobjddigjcaadp/https://docs.broadcom.com/doc/siph-chiplets-in-package-scip

SBR Technology
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CPO% B A9 2FETDSPA & &. JEZLH# % Silicon Photonics

CPOIZ Kk BHBEIRILX—HIR TAETABA T AL F—BIRICA S,

Co-Packaged Optics

Switch : =T
optics I
ASIC P :
w052 ose [ i
: / !
| v
PCB! 800G F5H T | 13-18 W #16-22 :
| (QSFP-DD / (ERB25W) pJ/bit I
: OSFP)’
Without DSP in Optics i ,,) 5 :
Lower power DSP in SW device | y VR I
Low loss energy in substrate/PCB : J : : =
i I 11
: ’ 11

\\ /I 2 : e
\ / I * ® N 51.21bps SW
L / 11 “ h f-
. : Voo 11 = e
Switch V¥ : : B
ASIC psp1  OPUCS o 1] : | ===
1] ' ; 8 -
i |
I S—— ) ' — = B
PCB 800G CPO 5-7 W #5-9 20224 0FCIZ TOIFA R L 1= " @&
(Co-Packaged (L—YRA#) | pJ/bit LTHELETERORES
Optics)

https://community.fs.com/article/[(po-vs-cpo-which-will-dominate-the-data-center-optical-interconnect.html
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Broadcom® Tomahawk 6 — Davisson 102.4TX 1 v F (Co-Packaged Opticsi&&k)

A i BAsE (ServeTheHome 2025.10.1218 %)

B CPOR A1 v FDOHABEE: Broadcomh Tomahawk 6 — Davisson (TH6-Davisson) O H % FZE L. Co-Packaged Optics
(CPO) AxttX=y b —F> T IZEA

B MEEE AFET P2 F L UWTH6E-Davisson(d102.4ThpsDEe = 5. Broadcom?®6.4Tbhps Davisson DRAFET > 2> %16
EHEE

B EEHtE~DEM: TSMCHCOUPE (Compact Universal
Photonic Engine) #/EFAL. XA v FICLELRBEEEH &
FIT70% 81

B SerDesa 7 MIRA: 64E DS & 1 tzCondor 3nm SerDes
A7 EEEH L., AT H8EN212.5-Gb/s PAM4 SerDes#
£18

B RTFEOME: SMERSSVLRELRE T Z A - e
BERL—Y—FEPa—ILe L THBET 22 & T, WIFTD
H—E X (FRU) %#®]gEICY %E%ET = IxH

BAJZRARRXR—TDHDEZEMN:AlIZ 7 AX—TExy b7 —F>
JHOHEEBEENNREE L >THY., CPOIZL 2KIERIESE
HALEAIT 225 L—&~D )V —REES & @ik d %
TKELF A

BEFOEE: CPOERAI vy FOERARAWICEEZHA D H
NDTHY ., ERICETDROKELREREN D

Broadcom TH6 Davisson Cover

H 8. https://www.servethehome.com/broadcom-tomahawk-6-davisson-102-4t-switch-with-co-packaged-optics-shipping/
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Optical and Electrical Characterization of a Compact Universal Photonic Engine,
K.H. Lo (Taiwan Semiconductor Manufacturing Company, Ltd.
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