
graniteriverlabs.com

PCI�Express
/



Copyright © 2023 Granite River Labs. All rights reserved 4



Copyright © 2023 Granite River Labs. All rights reserved 5

§
§ PCI�Express
§ LSI �

§
§ AI
§ (10G/40G�Network)
§ (NVMe,�SATA,�SD,�CF)
§ IoT (MIPI)



Copyright © 2023 Granite River Labs. All rights reserved 6

§ PCI�Express�
§ vs.�CEM
§
§
§
§
§
§



Copyright © 2023 Granite River Labs. All rights reserved 7

§ PC
§

§
PCI� �PCI-X� �PCI�Express

§ IC
Revision 1.0 2.0 3.0/3.1 4.0 5.0 6.0 7.0

2003 2007 2010 2017 2019 2021 (2025)
NRZ NRZ NRZ NRZ NRZ PAM4 PAM4
2.5�GT/s 5 GT/s 8 GT/s 16 GT/s 32�GT/s 64�GT/s 128 GT/s
8b/10b 8b/10b 128b/130b 128b/130b 128b/130b 128b/130b 128b/ 130b

x1 2�Gb/s 4�Gb/s 7.9�Gb/s 15.8�Gb/s 31.5�Gb/s 63.0�Gb/s 126 Gb/s
x16 4�GB/s 8�GB/s 15.8�GB/s 31.5�GB/s 63�GB/s 126�GB/s 262 GB/s
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vs.�CEM
n CEM

n CEM
n

n

(CTS) ,PCI-SIG

n

n

n

n

CEM
n COM�express,�
n M.2(NVMe)

CEM: Card�ElectroMechanicalCTS:�Compliance�Test�Specification
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Component A

Component B
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§ PCI-e
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n PCI PCI-X

n PCI-e
n

USB

n PCI,�PCI-X
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§
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§ Read,�Write
§
§

§
§

§
§

§ I/O
§ PCI

§
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Transaction

Data�Link
Physical
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RX TX

Transaction

Data�Link
Physical
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Electrical�Sub-block
RX TX
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§
§

§
§

§ LCRC
§
§

Transaction

Data�Link
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Transaction
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Transaction

Data�Link
Physical

Logical�Sub-block
Electrical�Sub-block
RX TX

Transaction

Data�Link
Physical

Logical�Sub-block
Electrical�Sub-block
RX TX

§ - -
§

§ 8b/10b�(Gen1&2)
§ 128b/130b�(Gen3�&�later)

§ Clock�Data�Recovery

§ - -
§
§

§ CLTE�and/or�DFE
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LTSSM Link�Training�and�Status�State�Machine

§ LTSSM
§ Detect:�
§ Polling:�
§ Configuration:�
§ L0:�
§ L0s/L1/L2:�
§ Recovery:� /
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§
§ De-emphasis Preshoot 8GT/sP0 P10
§ De-emphasis:�
§ Preshoot:�
§ Boost:�
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§ TS1 TS2
(2.5GT/s)

EQ�TS2�Ordered�Sets�(2.5GT/s)EC=00�(Phase�0)
EQ�TS1�Ordered�Sets�(8GT/s)EC=01�(Phase�1)
EQ�TS1�Ordered�Sets�(8GT/s)EC=10�(Phase�2)
EQ�TS1�Ordered�Sets�(8GT/s)EC=11�(Phase�3)
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§ PCI�Express

CEM CBB/ CLB
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PCI�Express�Architecture�PHY�Test�Specification�Revision�5.0,�Version�1.0
Test�name

Generation�(Data�rate)
Gen1(2.5Gb/s) Gen2(5Gb/s) Gen3(8Gb/s) Gen4(16Gb/s) Gen5(32Gb/s)

Add
-in�
Car
d

2.1�Add-in�Card�Transmitter�Signal�Quality
2.2�Add-in�Card�Transmitter�Pulse�Width�Jitter�Test�at�16�GT/s ---- ---- ----
2.3�Add-in�Card�Transmitter�Jitter�Test�at�32�GT/s ---- ---- ---- ----
2.4�Add-in�Card�Transmitter�Preset�Test ---- ----
2.5�Add-in�Card�Transmitter�Initial�TX�EQ�Test ---- ----
2.6�Add-in�Card�Transmitter�Link�Equalization�Response�Test ---- ----
2.15�Add-in�Card�Receiver�Link�Equalization�Test ---- ----
2.18�Add-in�Card�PLL�Bandwidth

Sys
tem

2.9�System�Board�Transmitter�Signal�Quality
2.10�System�Board�Transmitter�Jitter�Test�at�32�GT/s ---- ---- ---- ----
2.11�System�Board�Transmitter�Preset�Test ---- ----
2.12�System�Board�Transmitter�Link�Equalization�Response�Test ---- ----
2.16�System�Receiver�Link�Equalization�Test ---- ----
2.17�System�Board�Reference�Clock�(100�MHz)�Jitter�Test
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Gen4�M.2

Gen4�CBB

Gen4�CLB Gen4�ISI

Gen3�CBB

Gen3�CLB

CF-ExpressType-B CF-ExpressType-A SD-Express

SD-ExpressMicro
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§ CLB/CBB
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§
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/�Gen4�&�Gen5
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Gen4�&�Gen5
System
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Gen4�&�Gen5
Add-In-Card
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Pass

Pass/Fail=>�

=>�

Failٝآ٦و
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/

PCI�Express Gen3 orLater 100MHz SJ
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§
§ 5Gbps 200[ps]
§ LSI
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PCI-SIG
§ PCI-Express 4 PCI-SIG
§ SW
§



Copyright © 2023 Granite River Labs. All rights reserved 29

PCI-SIG
§ 4
§



https://graniteriverlabs.com/

ご参加いただき、ありがとうございました！

https://graniteriverlabs.com/

