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Universal Chiplet Interconnect Express (UCle):

An Open Standard for Chiplets '@"UCIe“

Guiding principles of UCle

Universal Chiplet

Interconnect Express

1. Open Ecosystem with Plug-and-play

2. Backward compatible evolution when appropriate to ensure investment protection

3. Best power, performance, and cost metrics across the industry applicable across
the entire compute continuum

4. Continuously innovate to meet the needs of evolving compute landscape

(Leveraging decades of experience driving successful industry standards at the
board level: PCIe, CXL, USB, etc.)

Key ingredient of an open chiplet ecosystem to enable multi-chiplet architectures from different
vendors to create application-specific System-in-Package (SiP) designs
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UCle Technology

" SoC Die

Protocol Layer
(PCle or CXL)

t Flit Aware D2D Intf. (FDI)

D2D Adapter

(ARB/MUX, CRC/Retry, Link State Mgmt.)

t Raw D2D Intf. (RDI)

Physical Layer

(Link Training, Repair, Lane Reversal, Scrambling)

[ETUCle

Universal Chiplet

Intarconnact Fynraca
Bump Pitch:
100 um to 130 um

Standard Package

oHoNoNoNoNoNe

OHONONONONONS O 0O 0O 0O 0O 000 0O 000 ()

Channel Reach:
10 mm (short reach)
25 mm (long reach)

Package Substrate

Multiple Advanced Package Choices

B siicon bridee
Package Substrate (e.g. EMIB)

Bump Pitch:
25 umto 55 um

== |nterposer e.g. CoWoS ===
I0I0ICICICNOICICICICICICIOICICICICICIOIOXSIOXOIOIOICXOXIOIOX

PHY PHY PHY PHY Package Substrate Channel ReaCh:
Module Module Module Module 2 mm
_—— _—— _—— _—— -_—— J OO0 0000000000 O 000000
Silicon Bridge === Il Fanout interposer (e.g. FOC0S-B) [ Lsed Il  Silicon Bridge
0000000000000 0000 000000000000 (
Package Substrate
UCle UCle UCle UCle

Supported Lane Speeds: 4 GT/s, 8 GT/s, 12 GT/s, 16 GT/s, 24 GT/S, 32 GT/s
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First UCle Interop Demonstrated at Intel Innovation

Sept 19, 2023

lenlpss_CONFIG_T% 0¥
oxa¢B1a800 for 8217500 B8
7 Loop timer ¥a:

G,
8217500 1S
emipss_CONFIG_95 Loop timer wait to
2c00 for 8217500 ns
:ﬁgz:fcousm_m'l Loop timer wait to change value £Z]
0x16349000 for 8217500 ns
mipss_CONFIG_104 Loop timer W&
0%00002c00 for 8217500 ns

Inte_rop between independently
designed Intel and TSMC chiplets

blpss_CONFIG_124 Loop
0 ns

Intel SYHODSYS UCIe |nterop 0xb£80e800 for 3844000
Test Ch D blpss_CONFIG_124 Loop timer wait to change value £z0
Ip Lemo 0xb£63e800 for 46657500 ns
Run Dipss. CONPIG_7 Loop tiner wait to change value £Xom
e I 00002260 for 46657500 ns
Pipse. CONFIG_141 Loop timer wait to change value £rof
| 0x02071200 for 46657500 ns
blpss_CONFIG_138 Loop timer wai
0x00000080 for 46657500 ns
blpss_CONFIG_148 Loop timer wait to change value £zon
0x00054480 for 46657500 ns
blpls_CONFtG_l‘S Loop timer wait to change value fro
0x000000e0 for 46657500 ns
BLPSS BRING UP COMPLETE
ood nevs for tap: Passed cltap idcods check!
cod news for tap: Passed slvidcode checks for all TAP:
ood news for tcp: Fini £ull boot flow!

t to change value fro

« Intel3 chiplet using Intel IP
« TSMC chiplet using Synopsys IP
« Packaged by Intel using EMIB

oading uC FW... g
o MW directory provideSiNsing C:\pythonsv\hutchingsc

prod\23ww06.4_23064000]
oading IRAM on fblpss avephy0 using ave_fw prod.fimem

sv\hutchingscreek\avephy\ % \pzod\zzmsﬁ_ignnwn
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Introducing UCIe 1.1 Lglysaglpg

Interconnect Express

Enhancements for Automotive Segment Usage
New Usages: Streaming Protocols with Full Stack
Cost Optimization for Advanced Packaging

Enhancements for Compliance Testing

UCle 1.1 is Fully Backward Compatible with UCIe 1.0

—tll
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UCIe 1.1: Streaming Protocols on Full Stack L@]UCIe“‘

Universal Chiplet

Interconnect Express

« UCIe 1.0 supports Streaming Protocol (e.qg.,
AXI, CHI, SMP coherency protocols, SFI, CPI)
only in Raw Mode

PROTOCOL
LAYER

1L[PCIe/ CX1l/ Streaming]

« Two enhancements with UCIe 1.1 (raw mode Flit-Aware Dicto-mie ¥
still supported) o Interface (DD
1. Streaming Protocols can use the D2D adapter Stackv
— Enables them to reuse the CRC, Retry etc. DIE-TO-DIE ADAPTER
— Mechanism: map streaming to existing Flit Formats at
FDI interface
2. Streaming Protocols can multiplex with other protocols * ““““““““ *I tarface (RO
with on-demand interleaving
— Enables co-existence of multiple protocols (e.g.,
streaming for processing, PCle for discovery, DMA, PHYSICAL LAYER
TLB, error reporting, interrupt, etc.) for different use
cases
— Mechanism: Protocol muxing for Streaming protocol
with existing Flit Formats at FDI interface (IE(;:E/IS/FT;I?OM;D)
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UCIe-A x64 Bump Maps

« New bumpout configurations for maintaining optimized BW/mm?2 across

allowable bump pitch range

« 8 and 16-column bump maps added to original 10-column in specl.0

« Suggested usage guideline:

uBump Pitch

Max Data Rate by| # of Columns within
388.8um shoreline

16 16

10

txdatas
txdatal txdatas
txdata:

B G 7 B 5 o [ = e} 1 s 6

rxdataRDO
5

txdatald txdataze txdata3s txdataso txdatasa,

vecio vecio vecio vecio vecio dis‘adoe
=2

16Col

Recommended for
25-37um bump pitch

February 6-8, 20 :

Santa Clara Convention
ChipletSummit:com

xdatasbRD

IrxdataRD3

rxdata63

rxdata62

rxdata6l

rxdata60

rxdata59

vccio

txdata4

txdata3

txdata2

vecio

txdatal
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rxdata49
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rxdata4d3

rxdata42

txdata21
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rxcksb vecio rxdatash rxdatasbRL
vecio txcksb txcksbRD
rxdata35s rxdata29 rxdatals rxdataRDO
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rxdata36 rxdata30 rxdatal5
rxdata33 vecio rxdatal2
rxdata31l rxdata0
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die edge

10Col
Recommended for
38-50um bump pitch
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51-55um bump pitch

die edge
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UCIe-A x32 Bump Maps

 Newly added x32 bump maps for further Si area & package tech flexibility

« 8, 10 and 16-columns
« Suggested usage guideline:

uBump Pitch |Max Data Rate by| # of Columns within
(um) Spec (GT/s) 388.8um shoreline

31-37
38-44
51-55

Com0__Columnt__Colamn2__Column3__Colrd__Coluw__Colums__Column?__Column__ColunnS__Colomni0__Columnl1__Colunn12__Colunni3__Colimald__ Colrns

Recommended for
25-37um bump pitch

Column0 Columnl Column2 Column3 Column4 ~ Column5 Columné Column? Columng Column9
vecio vecio
vecio vecio
Vecio vecio
rxcksbRD rxcksb vecio rxdatash rxdatashRD
txdatasbRD trdatash ticksb txcksbRD
txdata22 rxdata31 vecio vecio
txdata2l txckp rxdata30 rxdatal3
txdatas txdata23 rxdatal4 vecio
vecio txdata20 trckn rxdata29 rxdatal2
txdatab rxdataRD1 rxdatal5 rxdataRDO
txdatad txckRD rxdata28 rxdatall
txdata7 txdata2d rxvldRD
txdatal9 txtrk rxdata27 rxdatal0
txdata8 txdata25 rxvld rxdatalé rxdata0
txdata3 txdatal8 rxdata26
txdata26 rxdatal? rxdatal
txdata2 txdatal? tevld rxdata25 rxdatad
txdatad xtrk rxdatal8
vecio vecio vecio
txdatal0 txdata27 xckRD rxdatal9 rxdata2
txdatal txdatal6 twldRD rxdata24 rxdata8
txdatall txdata28 rxckn rxdata20 rxdata3
txdata0 rxdata7
txdatal2 txdata29 rxckp
txdatal5 txdataRD1 rxdata23 rxdataé
txdatal3 txdata30 rxdata2l rxdatad
txdataRDO txdatald txdata3l rxdata22 rxdatas
vecio vecio vecfwdio vecfwdio vecfwdio
VCCio vecio vecio vecfwdio vecfwdio
Die Edge

10Col
Recommended for

38-50um bump pitch

Column0 Columnl Column2 Column3 Column4 Column5 Column6 Column?

veeio veeio Veeio VCeio

rxcksbRD rxcksb rxdatasb rxdatasbRD

txdatasbRD txdatash txcksb txcksbRD
txdata5 txdata23 rxdata30 rxdatal3

txdata22 txckp rxdatald rxdataRDO
txdata6 - - rxdatal2

txdata21 txckn rxdatal5
txdata7 txdata24 rxdata31 rxdatall

txdata20 - - rxdata0
- txdata25 rxdataRD1 rxdatal0

txdatal9 txckRD rxdatal6 rxdatal
txdata4 _ - rxdata9

txdatal8 txtrk rxdata29
txdata3 txdata26 rxvIdRD rxdata8

txdatal? - rxdata28 rxdata2
- txdata27 nwid

txdata8 txvld rxdata27 rxdata3
vecio vecio

txdatad txvidRD rxdata26
txdata2 txdata28 xtrk rxdatal?

datal0 - . datad

- txdata29 rxckRD rxdatal8

txdatall txdataRD1 rxdata25 rxdata?

txdatal txdatal6 - rxdatal9

txdata31 rxdata24

txdata0 txdata15 rxckn rxdata20
txdata12 v v rxdata6

txdatal4 rxckp rxdata2l
txdatal3 txdata30 rxdata23 rxdata5

txdataRDO - rxdata22
vecio vecio vecfwdio vecfwdio

vecio vecio vecfwdio vecfwdio

Die Edge

8Col
Recommended for
51-55um bump pitch
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UCIe-A area/column type efficiency E'UCle

Universal Chiplet
110% Interconnect Express

100% * Points of overlap are the
optimal cross-over points
between recommended
8/10/16-column bump maps

90%

——8 Columns

80%

~+-10 Columns

70% At the lower bump pitch range,

>80% area efficiency is
acceptable given overall
magnitude of PHY depth is
lower

—=-16 Columns

60%

Area Efficiency

50%

40%

* As bump pitch increases, >90%
area efficiency is desired due to

20% the much bigger PHY depth
25 30 35 40 45 50 > (um)

in Pitch
in pch um) e Example: 10% of 1000um is

= 'Ql%‘l greater than 20% of 400um
il

30%

=i ® @ o : @ 4 —
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" E'UCle
U CIe 'A I n te FO p e I‘a b | I | ty CoWos or EMIB or Hg‘eir\éﬁrl;ﬁgltcEQipeleiz

similar tight-pitch tech

Fixed
beachfront
Advanced package planning of key parameters up front \chiplet 1
for interop across IDMs/OSATSs:
um bumps 55um bumps
« PHY beachfront must be defined to balance BW/mm 5-5.°b, F: S
capability and mechanical compatibility f rll. I H I
]
« Inter-generational compatibility across bump pitch range 'r' PU [eel%ede
- Fixed beachfront (388.8um) per PHY module & 5'5-°b['- #0um bumps
um bumps
« Signal ordering rules
. Comprehensive PHY placement & rotation/mirroring rules [ "2

/

With the reduction of bump pitch, the
number of rows decrease while the

number of columns increase
Interop is enabled by a fixed beachfront &

following signal ordering rules

February 6:§l 202
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Compliance & Interop

* Spec 1.1 enhanced with compliance setup & tests
 Standard package & advance package
* Inter-connectivity setup & testing — active in FFCWG now

» Two options for compliance setup

1. Reference package with Golden Die and DUT
2. Custom package with Golden Die and DUT

* Compliance types

1. Up to RDI: Electrical & Channel only
2. Up to FDI: Electrical, Channel & protocol/streaming

' Februarv-6=8i2024 3
?A\\ | y II; 'H'V " > ‘\
NN Santa Clara Conv. l ion|Cente |

11k
A S ChipletSummit:com ’
SUMMIT 1
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UCIe Compliance: Setup

Ingredients

« Known goocd
package with
Reference Channels

« Golden Die

« DUT

< ///

|~
O

Golden Die

Golden Die

OO0 00
=] Interposer

Reference Known Good Package
(Standard Laminate)

UCle PHY Modules

DUT Die o
Reference
DUT logic channels
embedded
\

Golden Die

Golden Die

Reference Known Good Package
(Si Interposer, Si Bridge, FO/RDL, etc..)

Si interposer

.

DUT Die Golden Die

ﬂ/ olden Die

DUT logic

UCle PHY \Reference
Modules channels
embedded

i 1

EhuCle

Universal Chiplet

Interconnect Express
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UCIe 1.1: Automotive Enhancements

Automotive compute workloads are growing into what used
to be supercomputer level.

Automotive SoCs challenges:
= Cost

= Flexibility

" Time-to-Market

Industry is looking to chiplets. Safety Integrity is critical.
System reliability requirement translates into additional 1/0
features.

» Preventive Monitoring
» Run-time Testability of Link Health
» Field Repairability

NIE

February 6-8, 2024
Santa Clara Convention
ChipletSummit:com
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. . E'UCle
Stages of Chiplet Evolution Unhers Chipe

Standard

Standard

Proprietary Physical Protocols

Interface

February 6-8, 2024
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UCle Workgroups and Key Initiatives ErucCle

Universal Chiplet
Interconnect Express

Workgroups Key Initiatives

= UCle 3D
» |nteroperability & Compliance

Electrical

Form Factor & Compliance

Manageability & Security " Manageability & Security

Marketing * Management Transport

Memory Access Protocol
MCTP
Test and Debug

Protocol
Systems and Software

= Automotive Power Management

Santa Clara Conventlor-l-!c.erm"
ChipletSummit:com ’
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FhuCle

FENon e e 130+ Member Companies and growing!

Board #£2. AMDQ1  arm 3 asecroup
M e m be rS Alibaba Group

[ VF
Leaders in semiconductors, GO gle Cloud I Microsoft

packaging, IP suppliers,
foundries, and cloud service
providers are joining

together to drive
The open chiplet ecosystem. @Z QUCIICO/WV\ SI\M s u N G
NVIDIA.

JOIN US!

ChipletSummit-com




Thank You

www.UClIexpress.org

Santa Clara Convention Cent‘éF'; Universal Chiplet
ChipletSummit.com ' Interconnect Express
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