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ّٝءؙتزٗٝ؎
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ّٝءؙتزٗٝ؎
§岣湡أ؎ؑؿةٝ؎ך

§넝鸞⻉ָ衼ְ׃僴➙剑׮⸇鸞ה׷ְג׃鎉ג׏麓鎉أ؎ؑؿةٝ؎ְזךPCI�Express
§ LSI꟦؎̤ٝأ٦ؑؿة�如⚅➿穈鴥׫䪮遭ך⚥呌

§䎢ָ׷䋐㜥
§ AI؟حإٗفꟼ鸬
غ٦؟٥سؙؐٓ§ (10G/40G�Network)
(NVMe,�SATA,�SD,�CF)آ٦ٖزأ§
§鮦鯹ٌغ؎ٕIoT؎ً؟ٝإآ٦(MIPI)

կׅתֹ׌׋ְד׿ַא׾嚊銲כ湡涸➙㔐ך٦شىإ
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湡如
§ PCI�Express�䪮遭涸ז暴䗙
ؙحلأvs.�CEMؙحلأأ٦ك§
㹀纏ךؙٔٝٖ٦ٝزٝطهٝ؝§
٦آٗهزٍثؙذ٦ؗ،§
ٖ؎َ圓鸡ٍثؙذ٦ؗ،§
㾴暟椚㾴ؙٝٔة٦ر㾴ّٝءؙؠٝٓز§
§鷏⥋⥋〾ؙٝٔהزحإٔفך然甧䩛갫
鑐꿀嚊銲أٝ،؎ٓفٝ؝§
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䪮遭涸暴ꞿ
§ PCדيذأءךأ٦ك剑넝ة٦رך鯄鷏鸞䏝
§䭁䓸㺁僒䚍㢳ٖ٦ٝ⻉如⚅➿獳遤

䳔䚍✼،ؑؐزؿا§
PCI�̔�PCI-X�̔�PCI�Express

§ IC꟦鸐⥋如⚅➿ך穈鴥׫䗳갭䪮遭
Revision 1.0 2.0 3.0/3.1 4.0 5.0 6.0 7.0
أ٦ٔٔ 2003 2007 2010 2017 2019 2021 (2025)
㢌锃倯䒭 NRZ NRZ NRZ NRZ NRZ PAM4 PAM4
ٖ٦ٝ鸞䏝 2.5�GT/s 5 GT/s 8 GT/s 16 GT/s 32�GT/s 64�GT/s 128 GT/s
痗〾⻉ 8b/10b 8b/10b 128b/130b 128b/130b 128b/130b 128b/130b 128b/ 130b

x1ز٦ٖزحؽ 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
x16ز؎غ鸞䏝 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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չאպؙحلأأ٦كؙحلأךvs.�CEMؙحلأ
n CEMؙحلأ

n CEMכةؙط؝ךس٦ن٦ؠو
n 剑穄醡ㅷ׶תאزٝط٦هٝ؝،س٦ؕٝ؎سيذأءزأمך堣唒涸銲⟝ꨵ孡涸׾أٝ،؎ٓفٝ؝ז㹀纏
n PCI-SIGָ⣘窌׷֮ד鋉㹀,㔚⡤ֹב㛇ח鑐꿀➬圫(CTS)أٝ،؎ٓفٝ؝כ٦ٕخزأذװٍثأؙ؍ؿزأذ

n ؙحلأأ٦ك
n ג׃׉ؙٔٝ㾴暟椚㾴ٕ؝زٗفٍثؙذ٦ؗ، أ؎ؑؿةٝ؎،ؑؐزؿا 䪮遭➬圫Ⰻ菙׋׏ְה
n 㛇彊ָ㹀纏أٝ،؎ٓفٝ؝ךٕكٖفحث
n 劤➬圫ךדⰕ钠ך钠鏾ְזכٍثأؙ؍ؿزأذװيؚٓٗف

CEM׮ח➭ך⟃♴ָ濼ׅתְג׸׵
n COM�express,�
n M.2(NVMe)

CEM: Card�ElectroMechanicalCTS:�Compliance�Test�Specification
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㹀纏ךծؙٔٝծٖ٦ٝزٝطهٝ؝
醱侧鏣㹀〳腉׾⡘ծؙٔٝ⽃ך暟椚㾴׬ׁכ׾〾⥋כزٝطهٝ؝§
׬ろ׾٦ٖٝך醱侧鏣㹀〳腉ծ⿽倯ぢד꟦زٝطهٝ؝כؙٝٔ§
㹀纏גח⿽倯ぢ׾䊴⹛⥋〾简ז暟椚涸כ٦ٖٝ§

Component A

Component B
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٦آٗهزٍثؙذ٦ؗ،
§劤٦آٗهز㔳כPCI-eך䱸竲䕎䡾׾笨繎 أؙحٖفٝ؝ز٦ٕ

n زًٖٝؒيذأءزأم
n آحٔـ〳׮הֿ׬ろ׾וזزٝ؎هسٝؒװآحٔـ

n PCIװPCI-Xٕ؝زٗفךפ㢌䳔

ثح؎أ
n PCI-eز٦هך㟓鏣

زٝ؎هسٝؒ
n 堣腉ך⽃⡘⢽ؙؚٓح؍ؿⵖ䖴USBزأم

زٝ؎هس٦ؒٝءٖؖ
n PCI,�PCI-X✼䳔
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ٖ؎َ圓鸡΍ٍثؙذ٦ؗ،
§ 㾴ّٝءؙؠٝٓز

§ Ⳣ椚(TLP)زح؛ػ
§ Read,�Writeزٝك؎וז⽃⡘ך鸐⥋Ⳣ椚
§ ٦ⵖ䖴ٗؿأ٦كزحآؙٖ
§ ךא瑞꟦

§ ًٌٔ瑞꟦
§ 鸐䌢ך鸐⥋ة٦ر

§ 瑞꟦ّٝء٦ؚٖ؍ؿٝ؝
§ 鏣㹀ٖأإؙ،ךפةأآ

§ I/O瑞꟦
§ PCIךוז♴⡘✼䳔ة٦ر

§ 瑞꟦آ٦إحً
§ ⶴ鴥ꨵ⸂ⵖ䖴銲実

Transaction

Data�Link
Physical

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

Transaction

Data�Link
Physical

Logical�Sub-block
Electrical�Sub-block
RX TX
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ٖ؎َ圓鸡Ύٍثؙذ٦ؗ،
§ 㾴ؙٝٔة٦ر

§ 鷏麦ךة٦ر
§ 〾殢أٝ؛٦ء

§ 铎׶嗚濼הⱄ鷏
§ LCRC

§ ؙٔٝⵖ䖴
§ ꨵ⸂ⵖ䖴

Transaction

Data�Link
Physical

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

Transaction

Data�Link
Physical

Logical�Sub-block
Electrical�Sub-block
RX TX
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ٖ؎َ圓鸡Ώٍثؙذ٦ؗ،
Transaction

Data�Link
Physical

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

Transaction

Data�Link
Physical

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

§ 暟椚㾴 -锷椚ⶰ㾴-
§ 痗〾⻉

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

§ Clock�Data�Recovery

§ 暟椚㾴 -ꨵ孡ⶰ㾴-
§ 鷏⥋زحإٔف
§ ؠ؎ٓ؝؎⥋」

§ CLTE�and/or�DFE
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LTSSMLink�Training�and�Status�State�Machineٍثؙذ٦ؗ،
§ぐؙٔٝכLTSSM׶״ח朐䡾׾盖椚ׁ׷ְג׸կ
§ Detect:�「⥋堣ך嗚濼
§ Polling:ؙحٕٗنٝء�
§ Configuration:�鏣㹀ך然㹀
§ L0:�鸐䌢鸐⥋朐䡾
§ L0s/L1/L2:�満ꨵ⸂朐䡾
§ Recovery:�ⱄ圓䧭/ؙٔٝ䗁傊

ⴱ劍朐䡾
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鷏⥋⥋〾ך鏣㹀زحإٔف
زحإٔف§

§ 鷏⥋⥋〾חDe-emphasisהPreshoot׾倵ׅ׭׋鋉呓8ךGT/s⟃꣬ד㹀纏ׁ׋׸鏣㹀⦼ך穈P0։P10
§ De-emphasis:زحؽ�噰䚍㢌⻉䖓׾չ䓼锃պ
§ Preshoot:�㛇匢⥋〾简ךչ鹼䒀酡姻պ
§ Boost:�⽃杝ךزحؽչ䓼锃պչ鹼䒀酡姻պ
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ؙٔٝ然甧䩛갫ךزحإٔف鏣㹀
§ TS1הTS2׾欽ְزحإٔف׋鏣㹀

ⴱ劍ؙٔٝ然甧 (2.5GT/s)
EQ�TS2�Ordered�Sets�(2.5GT/s)EC=00�(Phase�0)
EQ�TS1�Ordered�Sets�(8GT/s)EC=01�(Phase�1)

鷏⥋岚䕎ⴱ劍鏣㹀⦼

EQ�TS1�Ordered�Sets�(8GT/s)EC=10�(Phase�2)
EQ�TS1�Ordered�Sets�(8GT/s)EC=11�(Phase�3)

⥂ㅷ颵然ך鏣㹀ةًٓػ
鸐⥋ㅷ颵锃侭ךؙٝٔٝؐت

鸐⥋ㅷ颵锃侭ךؙٝٔفح،
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鑐꿀嚊銲أٝ،؎ٓفٝ؝
§ PCI�Express

CEMٍثأؙ؍ؿ♳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 մ մ մ մ մ
2.2�Add-in�Card�Transmitter�Pulse�Width�Jitter�Test�at�16�GT/s ---- ---- ---- մ մ
2.3�Add-in�Card�Transmitter�Jitter�Test�at�32�GT/s ---- ---- ---- ---- մ
2.4�Add-in�Card�Transmitter�Preset�Test ---- ---- մ մ մ
2.5�Add-in�Card�Transmitter�Initial�TX�EQ�Test ---- ---- մ մ մ
2.6�Add-in�Card�Transmitter�Link�Equalization�Response�Test ---- ---- մ մ մ
2.15�Add-in�Card�Receiver�Link�Equalization�Test ---- ---- մ մ մ
2.18�Add-in�Card�PLL�Bandwidth մ մ մ մ մ

Sys
tem

2.9�System�Board�Transmitter�Signal�Quality մ մ մ մ մ
2.10�System�Board�Transmitter�Jitter�Test�at�32�GT/s ---- ---- ---- ---- մ
2.11�System�Board�Transmitter�Preset�Test ---- ---- մ մ մ
2.12�System�Board�Transmitter�Link�Equalization�Response�Test ---- ---- մ մ մ
2.16�System�Receiver�Link�Equalization�Test ---- ---- մ մ մ
2.17�System�Board�Reference�Clock�(100�MHz)�Jitter�Test մ մ մ մ մ
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ٍثأؙ؍ؿ鑐꿀أٝ،؎ٓفٝ؝
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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鑐꿀鷏⥋鑐꿀أٝ،؎ٓفٝ؝
§ CLB/CBB׾〾⥋٦ٝةػأٝ،؎ٓفٝ؝ג׃➜׾鎘庠
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鑐꿀「⥋鑐꿀أٝ،؎ٓفٝ؝
§「꿀堣גׇׁחس٦ٌؙحغف٦ٕ׾ծ鐰⣣ׅ׷կ
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鑐꿀أٝ،؎ٓفٝ؝ /�Gen4�&�Gen5
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鑐꿀Gen4�&�Gen5أٝ،؎ٓفٝ؝
System⩎ؚٝ؍ذحإّٝء٦ٖـٍٔؗך
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鑐꿀Gen4�&�Gen5أٝ،؎ٓفٝ؝
Add-In-Card⩎ؚٝ؍ذحإّٝء٦ٖـٍٔؗך
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罋ִ倯ך罣䚍鑐꿀ةحآ
䮶䌴ةحآ Passؒٔ،׶״أٝ،؎ٓفٝ؝㣐ְֹةحآ

ワ岚侧ةحآ

䊨侧ךPass/Fail然钠=>�䗳銲剑㼭ꣲךגְאח侧ָ鋉㹀⦼⟃♴ַزحؽ٦ٓؒגחةحآךワ岚侧׋׸ל鼅ך♳筮简׋׸׵׭寸ד圫➬כה鑐꿀أٝ،؎ٓفٝ؝

鵤ׅ䊨侧ָ䗳銲׶粸׾�鑐遤<=׷庠׾⸃㹋ך堣⥋」׷鋔׾ぢ⫘ן穠ד简׾ワ岚侧嫣然钠ぐ挿׾眔㔲ׅ׋弫׾鋉㹀כ鑐꿀ٝآ٦و罣䚍ةحآכה鑐꿀ٝآ٦و

ةحآ㼭ְׁ׶״أٝ،؎ٓفٝ؝،Failؒٔٝآ٦و
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罣䚍鑐꿀ةحآ/أٝ،؎ٓفٝ؝

PCI�ExpressכדGen3 orLater100גחMHzךSJגחةحآ鑐꿀׾遤ְׅת
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䠐纏ך鑐꿀أٝ،؎ٓفٝ؝
կׅת׶ז䓲ֻח٦ةحآוק׷ׅל׸鸐⥋ָչ넝鸞⻉պׅٕ،ٔء§

§ ⢽ִל5Gbpsכדךزحؽ儗꟦䌴200כ[ps]׶זהך׉٦ָةحآ⼱ⴓ׶״㣐ֹֻל׸ז铎ָ׶涪欰ׅת׃կ
§ կׅתֹג׏׻銲㔓ָ㣐ֹֻꟼך♴⟄ך堣㐻鏣鎘׆׵תוהחֽ׌LSI׷䬐䔲ׅ׾⥋」鷏כ٦ةحآ

㛇匢ꂁ简ծةؙط؝ծꨵ彁鿇
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PCI-SIGٙفحّء٦ؙ
§ PCI-Expressכדծ㔊⼱劍חה׀䎃4㔐Ꟛ⪵ׁ׷׸ծPCI-SIGָٙفحّء٦ؙ㈓♧ך姻䒭ז钠鏾鑐꿀ך㜥ׅת׶זהկ
§鎘庠㐻ծ鎘庠欽SW׾٦ةأذ٦ָتٝكך⹡ׅת׭կ
կׅת׸׵ג䔲׶鿇㾊ָⶴפ٦ծ「꿀罏ةأذ顡ⴖぐ׾،ٗؿծٙٝ׶זה⠓㜥ָٕذم§
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PCI-SIGٙفحّء٦ؙ
§ 4傈꟦ח床׶Ꟛ⪵ׁ׸ծぐ⿫⸇罏٦ָُٕآ؛أפⶴ׶䔲ׅת׸׵גկ
§「꿀罏ך٦ةأذכ鿇㾊פ遤ֹぐ珏鑐꿀׾㹋倵ׅת׃կ㈓♧ך钠鏾ך㜥׭׋׷֮ד「꿀罏כ⳿勻׷ꣲ׶鑐꿀׾遤ְׅתկ



https://graniteriverlabs.com/

ご参加いただき、ありがとうございました！
䖓傈ծ،ֶٝד٦ًٕ׾ز٦؛鷏ׅת׃׶կֶֻ׃׹״וקך⸃⼿׀격ְׅת׃կ

https://graniteriverlabs.com/

