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PCle 4.0FrERVEEIR JNJE 7 X PCle 5.089 3

Innovationis L 3.0
Accelerating! 64GT/s 2021

2019 2021
2017
. PCle 6.0
. 64.0 GT/s

22 PCcle4.0 PCleb.0
2006 ® 16.0 GT/s 92.0GT/s
CHLTE 1.1/2.0
g%'é%g 32GT/s 2019/2020
° .
2003 PCle 2.0
50GT/s
@
PCle 1.0
2.5GT/s

\ T 1 T
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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PCle 5.0# LR #HE ) |, KRR
4OOGbEr_FH**E/JI'ﬂEA

BEEIR A ZIFPCle 5.0% 7

PCle 5.0 i1t #£2021F K&
ETCPUNH

1“Accelerating Al And ML Applications With PCle 5”, Semiconductor Engineering, Jan 2020
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" X _. 32G and 36 dB
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35 dB .
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C
2
15dB [§ R-XAUI USXGMII
3 PCle10  PCle 20 -
] . I CAUI
= o CEI28G-VSR
= SGMII  XAUI il
.

5dB

5G 10G 15G 20G 25G 30G
Data Rate in Gbps
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EERBBIARDELRBREMEE
16 Lanes @ 32GT/s Per LanetZi\ T: M B RE AR IR R

PCle 5.0 x16 Theoretical Max Peformance vs. Payload Size

70.00
60.00 -
~96% of Max —————— At R
50.00
% //f 1. Max = 32GT/s x 16 lanes = 512e9 T/s
@ o / 2. Change to Gbytes/Sec =
E a0 / 512,000,000,000 /(8*10243%) = 59.605GB/s
5 30
~9 / 3. Account for Header, LCRC, Seq & Framing=
% 2000 59.605 * ~0.985 (@ 508 Bytes) = 58.688GB/s
1000 4. Account for 128b/130b Encoding =
' 58.688 *(128/130) =[57.785GB/S
0.00

0 16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 256 272 288 304 320 336 352 368 384 400 416 432 448 464 480 496

Data Payload Size (Bytes)
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128 5 35 89 Bt & 5] &
B ERNIREKREN FPCle 5.0 (32GT/s ) ENEE

Number of Tags Needed to Achieve Max Throughput
128 byte payload, 32b min read req

1800
1600

W Gen4 (16GT/s)
1400

Gen5 (32GT/s)
1200
1000
e —— 768 Max Tags allowed in PCle 5.0
600 (reducing RTT to 455 ns = 768 tags)
400 I
200
500 1000 500 1000 500 1000 —*> Round trip time (ns)
1 Lane 4 Lane 16 Lane

I 2O 2 BRI R 58 BOR RCAT BRI K o
EIER S, R IR R, R R PR = OR R e TN R B 2 B R
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. . . Total Transfer Average Traffic Data B/W Linkldeal Link Loss Coreldeal Core Loss
Direction Link . Transfer

Size (bytes) Sioa (bytas) breakdown (%) (GBIs) (GBIs) (%) (GBIs) (%)

UPDATE_FC_NP: 2.740; Replays: 0
“ GEN5 x16 32768 28600 EoE e Echc e o o 41.444 41.444 93.070
GEN5 x16 0 0 Replays: 0 0 0 0 0 0

PCle 5.0 Link Bandwidth with 32 Tags

Link Total Transfer "I}r‘:f::g; Traffic Data B/W Linkldeal Link Loss Coreldeal Core Loss
Size (bytes) Sizn (byles) breakdown (%) (GBIs) (GBIs) (%) (GBIs) (%)
UPDATE_FC_NP: 0.604; Replays: 0
GENb5 x16 32768 256.00 CPL_D/3DWINO_ECRC: 98.792: ACK: 0.604 38.058 43.307 43.307 42520
GEN5 x16 0 0 Replays: 0 0 0 0 0 0
PCle 5.0 Link Bandwidth with 128 Tags
Link Total Transfer .?r‘:::%? Traffic Data B/W Linkldeal Link Loss Coreldeal Core Loss
Size (bytes) Size (bytes) breakdown (%) (GBIs) (GBIs) (%) (GBIs) (%)
UPDATE_FC_NP: 0.382 ; Replays: 0 . gy
GENS5 x16 32768 256.00 CPL_D/3DWINO_ECRC: 99.147; ACK: 0.471 55.351 55.351 0.000 55.351 0.000
GENS x16 0 0 Replays: 0 0 0 0 0 0

Data from Synopsys coreConsultant tool

Synopsys Confidential Information © 2020 Synopsys, Inc.

18



PHY 5 12 &l 25 #Y

Al
Y

- SYNoPSys Synopsys Confidential Information ©2020 Synopsys, Inc. 19



PIPE # 0% #-PIPE 5.1.1/5.2.1
PHY 542 &85 ) B1Z 0z B A 520

=20 é:éf SerD BAR
+ PIPE 5.1.1/5.2.1 RIGPIPESH erDes
— {K#EOS|HE (LPC) : MEPIPEE S EH
B R%F1F28
— EINTXIPCle 5.0 ( 32GT/s) , BEI0F]
DisplayPort[’] >

Application Application

Controller
Controller

— N7 XY SerDes " ZRt@AIS$F ( 1043 , 20137 ,
401% , 80{i/EIR )

PHY

— #6440 PIPE (801 ) (3 &A TSerDes#
1)

1T PCle P BIGHIRERTS 22 BB RIGPIPESRIARYPIPE 5.1.1/5.2.1
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S2UEEA512b I ISCXLFMPCle 5.0 < EE

- HPCEU B ER AW E
— 161@iE[1PCle 5.0
— 16iHEHICXL 1.18{CXL 2.0
« 1GHz TR BY RS B IR ig S A 324 R X (32GT/s +~ 1GHz = 32b)
» 32b PIPE x 16 lanes =512b datapath interface
- EELNEFRIUERYS5124 12 H 235 38 1

_ PCle 5.0 5 CXL @ 32GT/s PCle 4.0 16GT/s

19 (CXLM A ) x18
S 512GT/s 256GT/s 256GT/s
512bBt FrUsTE 1GHz 500MHz 500MHz
256b B UL @ 1GHz 1GHz
FEH R |
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- L EZEEANTATZHMELE ENAE
- ESDEFEERAEPHYA , FIEPHYRYI/O Bump
« ZIMFAITRAN-S ( RAF0EE: ) ; WLUFIPHK

IEEPCS-PCSEIEF RIME-Wid% L

« MRZE ALK IEERBEZER , L5 ESoCHt
Ei%it

Y synopsys

_g Sicag @ Sitoie g Sadoae g Sadoe
& I 1 & I & 1
v 1 rY &

" connection to
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connectlon to
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TER
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1521 GHzZRY RISy S 5210
iﬁi’fﬁ? BEEEA 1 GHZA TSR A TR EAEP & RSN RS

First inclination to spread controller across wide Clumping controller at one end or the other
PHY may prevent needed clustering of logic creates extremely long runs for some lanes

Gen5 x4 | Gen5 x4 | Gen5 x4 | Gen5 x4
PHY PHY PHY PHY

Controller

Gen5 x4 | Gen5 x4 | Gen5 x4 | Gen5 x4
PHY PHY PHY PHY

Controller

Best results come from balanced approaches, depending on N-S, E-W placement

Gen5 x4 | Gen5 x4 | Gen5 x4 | Gen5 x4 Gen5 x4 | Genb x4
PHY PHY PHY PHY PHY PHY
| Controller | Good approach for E-W
Good approach for mmp S

Gen5 x4 | Gen5s x4 Macro placement
N-S Macro placement PHY PHY
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K FASynopsyshiFiR 5 Z= R IN5eRk 1 GHzAT RIS a5 R

1GHz Timing for N-S Macro Placement 1GHz Timing for E-W Macro Placement

Red = Controller hierarchy
Yellow = UPCS hierarchy
Green = Raw PCS hierarchy

Yellow = Controller hierarchy
Purple = UPCS hierarchy
Orange = Raw PCS hierarchy
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32GT/sif K T Y H R IR TT TRV IR A8
MEBES RII16GHz , 7 RIHAMZHR AR

Meeting differential insertion loss specification Meeting differential crosstalk specification
Example specification for 32G: -1.5 dB up to 16GHz Example specification for 32G: -55 dB up 16 GHz

:' q,;\ Package design and modeling
\ « Trace length and routing must be carefully
; \c _ managed within the specific package form factor

Synopsys Confidential Information © 2020 Synopsys, Inc.
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Connector

=4 A
- RERBEXNRAHE  MEERFNERL &
X it 2 p bt =

« HHELPTXMRXEE 2 BB ILimEL ( Near-end- .
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IBIS AMI 1% 5PCI5.05CXL ( 32GT/s ) &
IFHENFERATLUGTRIIEFEEBNER  HXFTENRSFEREL

TX IBIS Model RX IBIS Model
100110
TX AMI - TX backend RX Analog | RCAMIAFE+ | .

________ > FFE TTTTTTTTTTo + Package Channel + PaCkage - DFE+CDR :
clock ticks

\ J
' AL

Impulse response

-0.16 -

-0.27 — .

-0.36 ; = = - e
| [ I | I I | 3 ps 250ps 188 ps 125 ps 625 ps
0.00 625 1250 1875 2500 3125 3750 4375 50.00 56.25 G2 oout RIS i

IBIS AMI Simulation Measured Data
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Compute Express Link (CXL)
CXLZ T A?

« CXLR—MiL , BITEREPCIeERE L
« CXLAT LA B 3h 17076 R R AP Cle M 31 & A CXL MY

Card Card
« CXLAFCPUMINESZH R NTF |, IREIFIHIL - \ /

— 1/0 ( CXLio ) EXR LECXLIENX TEAZHHPClIeRE ( &K _
4KB ) #hi%k* X16 Connector

— Cache ( CXLcache ) A TZ&F EHAFRYIRE R — PN
A k&
— Memory ( CXL.mem ) A Fi&&AFEN/NR ( HFK64B ) 1K
HEIR MY AI%E*
« CXLEEFPCle 5.0 BSFEO4EH , MPClen] LAEFEEM
O ERE Processor

« M2021/2022FF %8 , Intel Sapphire Rapids CPUX #
PCle 5.081CXL

PCle channel

SERDES
Connector
etc.
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CXLAEFEHRE
CAXLXEFENMIERZ Z2ENREARNF

CXL Link dynamically multiplexes 10, Cache, and
Memory Protocols in Flit Format on PCle PHY Layer

Discovery Memory Flows Memory Flows

Register Access Coherent Requests
Configuration
Initialization
Interrupts
DMA

ATS

v

Accelerator Logic QUL nterna
Device Memory P . :
IO Devices

Accelerator Converged Host Processor
Memory

— PR S IR & Y £ —, BRI A 714 255
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CXLA 3%

Type 1 Device Type 2 Device

R

fY 1%

A3

4

=¥i

\

U5 Y T A4 R

Host |@geasssnsas HoSt  |@ueueass
bSO, e Memory e,
A %, A %,
\ 4 "_ v S
Memory H Memory 2
Controller Root Complex_: Controller Root complex:
Home Coherent 3 10 Bridge Home Coherenty| 10 Bridge
Agent Bridge » Agent Bridge
. 9 5 IOMMU 2 - D IOMMU
o x b ’
CXL.cache . CXL.io CXL.mem % CXL.cache . CXL.io
v V v y - v Vv v
Coherent DTLB Memory | Optional DTLB
Cache Controller| Coherent Cache
A .
CXL Device w/o Memory ﬂ + CXL Device with Memory
‘ L]
Device
Memory

Caching Devices and Accelerators:
Accelerators, Smart NICs

(NIC Atomics & shared address space)

CXL.io + CXL.cache

Device coherently accesses Host memory

Y synorsys

CXL.io + CXL.cache + CXL.mem

Device coherently accesses Host memory
Host accesses Device memory

Synopsys Confidential Information

Device with attached memory
GPU, Dense computation

PEd5z

Host
Memory
A
A 4
Memory
Controller Root Complex
Home IO Bridge
Agent
9 IOMMU
y > 4
CXL.mem A CXL.io
\ 4 . v
Memory
Controller:]
A .
[ + CXL Memory Expander
vy
Device
Memory

Memory expander devices

Memory BW and/or capacity expansion
Persistent memory

CXL.io + CXL.mem

Host accesses and manages attached
Device memory

© 2020 Synopsys, Inc.
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Rl _ SR
- REEREWRERS .
oyl we — BN
— EEHIRGIE| & o CXLEEY|#BHE TS T A8t A A CXL

- BAhBEREERERTE
- BEMAERR

. W'T?_rj:rh?&lﬁ% CXL Early Adopter Applications
— LMEEes
— FAF U (vsIR ) SSDIEEREF
- EZRMEHEIFET R
— NVDIMM, MRAM%Z
- TANEY R .
— GDDR?, 1HE&FM? HMAREKNA? HPCiSevers AWML Accolorators  Smart NI Swoge  SmanRetimer

Based on actual Synopsys customer data
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Original PIPE Architecture SerDes Architecture Application to CXL
l' l CXL.cache/.mem
 SerDes R4 =2XE Application Application Application
— BIFECXLEEE TIXMEER (10, 20, 40, 3 .
8O LT ) £ [
” 8
« CXL#ZH28 R 1T R 1% =2 .cache  .memHAy &t
%it
~ fELIXLERE =

— EE40nsERIERAE B S
CXL. 247/ WA I e HE
F 1R H 5t AMCXL. 107t

Lane s Bk,
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Synopsysf#yDesignWare CXLiZ#I25+PHY R T R

40ns write pull latency budget with
Synopsys DW CXL Solution

SynopsysiEiR-{E{LER TR

« X APIPE5.1.1/5.2.2 SerDesZR#j

« 1L T32G PHY , B4 TPMAFIPCHY
HER

- NBHMNBEFRERHEITENS0%
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Synopsys PCle F1CXL{L E #8EiR

—

PCle Gen4, Gen5FICXLIV4iS & , X &
545

T XSOCH T , EEFEHMME
AE

St BWRAS-DESTE{E 7 81 FE 4T+
X

BT ZEFEREYT , 1GHzE F K E
ETAUE

238 £ = IIERI 51205843

FEENN N R EIRREENE
BEEBRME T I IhEE

A BIOVIRH R EHISRIOVX I

RIEHFEO X HF

32G PHY , &I &KL Wik, 58
At

EMPCle B {EMBEHET

Y synorsys

 SynopsysBELZHIEF, Ht (tapeout) FAEFHE
« 200%/NGendiFm[iE, 100%1NGen5¥FAME, #H+CXLIFRE
Synopsysf" PCle £/ B 5 F#H1LX22 N H %

=SEtE GEIEIRENSY%) , ERER
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