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PCle to PCle 3.0 ALLION

1. 2003%F - PCle B— R - FRES2.5GT/s ° Pol >>
2.2007%F - 2.0/ BEL - REH]EF5.0GT/s - EXPRESS"
3.2010%F - PCle 3.0, BENE2110GT/s, MaE2K 2! £ 8GT/s : Source: Wikipedia

> [RITHIENncoding( LECable AR ADCEE 1a1 2715 F3 47 15 ) A [R 2R B 8b/10b & N &

128b/130b - FHEHURES / —EBHZZ - g T —

> 128b/1aob7§$§a¥a@;\ﬁ%ﬁzsw%rgmtmb/mb%o [ —

> 3.0LA8GT/sBE10GT/s - BN ERISIERI LT £ 4_

Bridge

> 3.0 EMBINFEER GELE -

CPU
Legacy PCI - Shared Bus Topology

Source: Wikipedia
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PCle 4.0 ALLEN

1.20175FPCled.0ZR =R 23 16GT/s -
2 (BINFEEBART 2 RISER - | ) gl w2
3. BRI FIAZ R PCBRYY) EE?IVH#H M garee: WKpEt
BRI
a. FHERVNWERNR - B Magtrond X 6 3= Rogers RO4350B
b. )R E (Physical Layer)3& JNRe-timer
4. MABARNERAZIEINAEE - IB5R 1 RAS --- O] SEM (Reliability) ~ T4
(Availability) 2 O] 4 & 14 (Serviceability)
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i#APCle 5.0
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PCle 5.0 G- =l

3. 32GT/s*
'§. 24 -
(7]
£
g
5 16- 16 GT/s
=
L
1
3
L
£ -

5GT/s*
25GT/s*
0- - *speed per lane
PCleGenl PCle Gen2 PCleGen3 PCle Gen4 PCle Gen5
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PCle 5.0 gt

1.20197EPCle5.0 BRI - R BIL16GT/sEN S E32GT/s °
2. EA F B RERNS —EEZE
a. %23 AB2&E (Machine Learning)

b. Z[F3EE (Edge Computing)
c. ANTEE

d. E s
e. HAth
3. rEERRE S  HMESsBEFEIUESEHEKIREE L -
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PCle 5.0 ALLION

PCle 4.0 PCle 5.0

Data Rate 16 GT/s 32 GTis

Modulation Scheme NRZ

Bit Encoding Scheme 128B/130B

Channel Loss 27 ~ -30dB -34 ~ -37dB

lock |
Eﬁ?sﬁmgrﬂc {RefCi) =0.5ps rms =0.15ps
ms
Transmitter Equalization 3-Tap FFE

2-pole, 1-zero, adjustable gainin 1 dB 4-pole, 2-zeros, adjustable gain in 1
Ref. Receiver CTLE

steps from -1 to -9 dB dB steps from -5 to -15 dB
Ref. Receiver DFE 2-Tap DFE 3-Tap DFE
Minimum Post Eq EH12 15 mVv 15 mV
Minimum Post Eq EW12 18.75ps 9375 ps
BER <2 5x10"

Eye at Receiver Input Closed
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PCle 5.0 g S

5.0 &P E

> ZEHE (architecture)

> O EtEM AR E (interconnect attributes)
> LB EIE (fabric management)
> #ARIZ7TH (programming interface)

Source: Wikipedia
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PCle 5.0 G- =l
% 1/0 BANDWIDTH DOUBLES

Every 3 Years
128 (x16) 128
120 lesy
— 100
< 64 (x16)
(48] 80 *Cleae;
o .
e
64
£ o 32010
=
16 (x1
'8 40 fxg‘:g’
© 08 213 oo
© 20 (();303 ;&530: (':‘.' 0 b 97 3 i /
/ ///‘ . \ \ \ 4 -// 16
013 / .~ 026 0.5 \ 1\ N e
1992 1995 1998 2001 2004 2007 2010 2013 2016 2019 2022
Time
PCI-SIG BANDWIDTH 1992-2019
— Actual Bandwidth (GB/S)  —— VO Bandwidth Doubles Every Three Years I‘LCI’
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Internal Cable Assemblies
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Internal CableZEKiBEAIZAR d-r s

PCleE B R KRBERBREFLRABIIAENRE :
1. RAEBRABERIFRZEE -
2. EERENSEIEG 2 o (x1, x4, x8, x16, B ESHEHIEEGT/s)
3. A - BHREERXETEEMN -
4. BEIBTR ZAAAUEE
5. NVMe SSDF 1 PCletZ#E -

© Allion Labs, Inc. All rights reserved. 13



Internal CableZE K82 IR R : ALLIGN

6. f£PCle 4.0B8%% - — AR HIPCBEE X M & 4= FP B () (>25cm) IS
. HERFE375W (150W x 2 + 75W)

6-pin Power Connector (75W) 8-pin Power Connector (150W)

1 +12V 1 +12V
2 Non 2 +12V
3 +12V 3 +12V
4 GND 4 Sensel
5 Sense 5 GND
6 GND 6 Sense0
7 GND
8 GND
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Internal Cable Assemblies

 Internal CablefYForm Factor/h B 3 E LU M F M -
> Fti%ﬁ’]%‘*ﬁésﬁ%'ri

> MER - 88 - 587 « 218/

e Internal CablefJRaw Cable/A‘B)7¥ 2 LA N -
> mERREM
> ILEMI ~ Crosstalk
> ITERNREM
> AEERJUEENIE R FEBIRSEEMMTE
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Internal Cable Assemblies ALLION

- BRI PUEBIPCIeRIForm Factoril F:
PCle

M.2

U.2

SAS ( mini SAS/ Slim SAS)

OCulLink

MCIO

Gen-Z

o /NBUFStoragesAnarrow link(x 2 ~ x4 B=E) EHZFmEE - Flim.2 -
« ServerBlI{PCle x8 2 x161EA7TH - M LlCable Assemblies7? 5l 2
ZRAFBEFETHILIxA 2 x 84 -

VVVVVYVYY

Source: SNIA
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Riser Cable Assemblies 43 4& ALLION

- BEHAERTEN
— Impedance: 85+/-10% ER R
— FEXT & NEXT Power Sum: 40dB up to 25GHz
— TF&PCle to CEM Compliant

- EXERIEMAS S
- MRERTIEMERIR
- ZMESHRIBEERIR
- BeleREENSIERER
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Riser Cable Assemblies ALLION

Riser Cable PCle x 4 to U.2 NVMe SSD
Source: www.performance-pcs.com

Riser Cable PCle x 16 Riser Cable PCle x 4

Source: www.aliexpress.com

Source: www.aliexpress.com

Riser Cable PCle x 4 to M.2 NGFF NVMe M
Source: www.amazon.com
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Internal Cable Assemblies ALLION

e ServerfVfEFEIT - EREIMCIO(Mini Cool Edge 10) #2 Gen-Z &= -
MIIEMCIOEGen-ZHI R T

MCIO, 8i Gen-Z, (1C)
Pitch (mm) 0.6 0.6
Contacts 74 56
Wide(mm) 31.6 28

Gen-Z Plug 1C, Source: IAT,
www.iatconn.com
MCIO Plug 8i, Source: IAT,
www.iatconn.com
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Internal Cable Specification At

e {X#EPCle 5.0/6.0 v0.7 Internal Cable Specification X £
« 5 AS-Parameter(DC to 24GHz) :
» Insertion Loss
» Return Loss
» PSNEXT
» PSFEXT
» Effective Intra-Pair Skew (EIPS)
- SHIAET - B aE _EMTrace LI KX PCle Receptaclef M4 fiide-embedded.
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Insertion Loss ALLION

Insertion Loss Mask for 32 GT/s Mated Cable Assembly

o

IL (dB) = —2.5 — 0.3125 = f(GH2z),0 < f(GHz) < 16
2 IL (dB) = 1.5 — 0.5625 * f(GHz),16 < f(GHz) < 24

Differential Insertion Loss (dB)

] 4 8 12 16 20 24
Frequency (GHz)
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Return Loss ALLION

Return Loss Mask for 32 GT/s Mated Cable Assembly

RL (dB) = —20 + 0.625 * f(GHz),0 < f(GHz) < 16
5 RL (dB) = —10,16 < f(GHz) <24  _

-
e

-10 iRL=-22 dB

RL (dB) = —20 + 0.625 * f(GHz),0 < f(GHz) < 24

Differential Return Loss (dB)
N
o

0 4 8 12 16 20 24
Frequency (GHz)
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PSNEXT At

PSNEXT Mask for 32 GT/s Mated Cable Assembly

0
-10
20 cclCN =400 pv
) Post-channel loss = -6 dB at 16 GHz
S -30
- 40 PSNEXT (dB) = —60 + 0.625 * f(GHz),0 < f(GHz) < 24
E _M
B0 O\ mm—————mm o S S
- | i sl
-60 = \
70 PSNEXT (dB) = —55 + 0.4167 = f(GHz),0 < f(GHz) < 24
-80
0 4 8 12 16 20 24

Frequency (GHz)
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 PSFEXT ALUDN

PSFEXT Mask for 32 GT/s Mated Cable Assembly

cclCN =400 pv
-10 ' Ppost-channel loss = -6 dB at 16 GHz
-20 Pre-channel loss = -24 dB at 16 GHz

@ 39
= PSFEXT (dB) = —50 + 0.625 = f(GHz),0 < f(GHz) < S
40 |\ e —oooo o CIIISEESSSS
[ e ¥ T
& -50 \
a.

-60

PSNEXT(dB) = —45 + 0.4167 * f(GHz),0 < f(GHz) < 24
-70
-80
0 4 8 12 16 20 24

Frequency (GHz)
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Effective Intra-Pair Skew (EIPS) ALUGN

1. Frequency-domain Skew

(EIPS) < 4 ps
The modified mixed-mode insertion loss can be represented by the single-ended S-parameter equations:
S2d1 = 1/V2 - (Sdd21 + Scd21) = 1/V2 - (521 — §23)

S4d1 = 1/V2 - (Sdd21 — Scd21) = 1/V2 - (543 — 541) W) [m—— |
, . . Differential : Differential
The skew can be obtained by calculating the difference between the two phase delays Port 1 Port 2
At; = -unwrap (phase (52d1))/ (2nf) 3 @

At, = -unwrap (phase (S4d1))/ (2nf)
skew(f) = Aty (f) — Aty (f)

2. Integration of the magnitude of skew after multiplying weighting funciton

fmax

EIPS = W(f) - |skew (f)|df

= dszm“W(k -df) - |skew(k - df)]|
k=1

where

(== |db(Scaz1.ave skew) ~db(Scaz1.oskew)|"PSD
max
fmin 18b(Scdz1.ave skew)=db(Scdz1.0skew)|-PSDAS

[Scd21|gpsec skew = 1/2 - (S21 — 523 + S41 - exp(j2nf - skew(f)) — $43 - exp(j2nf - skew(f)))
[Scd21|qpe spow = 1/2 - (521 — 523 + 541 - exp(j2nf - (skew(f) — skewyy,)) — S43 - exp(j2nf - (skew (f) — skewqy,))
skewg,.= average(|skew(f)|)

1 1
14+(f/£)8 1+(f/f)*

PSD = sin(:(é)2 .

© Allion Labs, Inc. All rights reserved.



lLane-to-Lane Skew ALLION

Lane-to-Lane Skew for PCle 5.0 32 GT/s:
Mated Cable Assembly

e Lane-to-Lane Skew < 200 ps for max cable length of 1000mm

© Allion Labs, Inc. All rights reserved. 27



Test Fixture ALLION

-« {&x#EPCI Express Card Electromechanical Specification Revision 5.0
HCEMELIE -

- T Receptacle 5F#HEE -

- WERPlugeFHRE -

. HEH{ReceptaclefyS2pfER = HICable Assemblydy de-embeddedig 2 -

« PCle 5.0 CEMBINEXT=H|FAE1PCle 4.0AE - HEZZNVAIFEXT -

© Allion Labs, Inc. All rights reserved. 28



Insertion Loss ALLION'

AloT EXPERT

Acceptable Region

Insertion Loss dB
~N

-1.5dB at 16 GHz

0 4 8 12 16 20 24
Frequency, GHz

Figure 6-12. Differential Insertion Loss Limits for 32.0 GT/s Operation
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Return Loss ALLIGN'

AloT EXPERT

-10 dB at 16 GHz

Return Loss dB

Acceptable Region

-30
0 4 8 12 16 20 24

Frequency, GHz

Figure 6-13. Differential Return Loss Limits for 32.0 GT /s Operation

© Allion Labs, Inc. All rights reserved. 30



Cross Talk - NEXT, FEXT £ ;8% FE[E

ALLIGN

OPEN

PETn3 ¥

PERn3 PERN3 A30
GND GND A3l
OPEN OPEN A32

Figure 6-11. Differential Far End Crosstalk Victim-Aggressor Pattern
for 32.0 GT /s Operation

© Allion Labs, Inc. All rights reserved.

AloT EXPERT
Baseboard Add-in Card Add-in Card Baseboard Baseboard Add-in Card Add-in Card Baseboard
B1 FWR FWR OPEN OPEN AL B1 PWR PWR OPEN OPEN Al
B2 PWR PWR PWR PWR A2 B2 PWR PWR PWR PWR A2
a3 PWR PWR PWR PWR re) B3 PWR PWR PWR PWR a3
B4 GND GND GND GND v Bd GND GND GND GND [
85 OPEN OPEN OPEN OPEN s BS OPEN OPEN OPEN OPEN 25
86 OPEN OPEN OPEN OPEN 6 B6 OPEN OPEN OPEN OPEN a6
87 GND GND OPEN OPEN A7 B7 GND GND OPEN OPEN AT
B8 PWR PWR OPEN OPEN AR B8 PWR PWR OPEN OPEN AB
89 OPEN OPEN PWR PWR A9 B3 OPEN OPEN PWR PWR A9
B10 PWR PWR PWR PWR ap  B10 PWR PWR PWR PWR AL0
AL OPEN

Figure 6-10. Differential Near End Crosstalk Victim-Aggressor Pattern for 32.0 GT/s
Operation

31



Cross Talk - NEXT, FEXT ALLION

-45 dB at 10 GHz

Crosstalk dB

Acceptable Region

0 < 8 12 16 20 24
Frequency, GHz

Figure 6-14. Differential Near/Far End Crosstalk Limits for 32.0 GT /s Operation

© Allion Labs, Inc. All rights reserved. 32
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Cross Talk - cclCNnexT, cclCNFext ALLION

= Power Sum crosstalkART S+ B LA ccINNexT, ceINFext - ATV RIERD

1 A k . d 1Ly ost—channet(K) 1 1 MDNEXT!I{!
ccICNyexr = Edf Z( NT )sincz(—f)lt](2 10 ) T df o dr 10~ 10
=L fo L+ D [+ e
Nmax
ILpre—channe (k) ILpost—channel(K) 1 i MDFEXT (k)
CCICNpexr = —df Z( ’ )smcz( f)lO | PSS TEE) K df K df 100 10
L 1+ | |1+ e

25
‘ ILpre—channel(k)= _(m)' i - df, ILpost—channel(k) (m) "k -df
* fmax = 24 GHz, fmin=10 MHz, df = 10 MHz, fp = 32 GHz
* Apr=800 mVpp, Aynr=800 mVpp
* ft=31.53 GHz, fr=24 GHz

© Allion Labs, Inc. All rights reserved. 33



ABERFRNEREIR R

* Add-in Card R /Z: 1.57 mm

o MREEFRFERFRIFINF - BEEBERERERKRFERHEEMERE
AJRogers %51/ EMagtron R 5 R M B 1E -

* Layoutsm Z1FAXSingle-End Trace °

* LayoutREAiELE48mm -

* Trace EAZAVia, BRIFFHR TR BEAVZN R F SN HIRUR -

« 2XThru W BZ2EE—ERF L -

© Allion Labs, Inc. All rights reserved. 34



ABERFRNEREIR R

« Add-in Card (Form Factor)#5 R, F 2518
- PlugEFEalow ARl IR Econnectort FERYFR I 2
HAEVLE - GRISMEIER PEBStubRIWELIR - IS SR
ERAERENRS -
— JERNEXT 8 FEXTHFERERE - FIENNFH -
« Add-in CardEFENR T HEERTEREANT SERA
ka0 ~—EERHR)

© Allion Labs, Inc. All rights reserved. 35



EWNERT R R

) |
391
I'—3.20

with the ground bar on Metal 2 extend South to 3.91 mm

\\\&\\N ‘

CHAMFER REGlON

Full deepest/inner ground plane
\ South vias’ pad boundaries align - esg Metal5 &6 outof10.

1.30

l Bare laminate (no metal) |

Figure 11-17: Detail of the Core Shielding Ground Plane beneath the
Add-in Card Edge-Fingers

© Allion Labs, Inc. All rights reserved. 36



E&IMNERTEHIE - FRA T

Non-grounded fingers
measure 3.0x 0.6 mm

© ®© © ® @®© ©® @®© @0 0 © 6 @

PRESENT

CLK REQUEST

1.30

\ CHAMFER REGION ]

/
0.50 0.50

Via pad boundary lies at the 3.20 mm position,
0.2 mm beyond the signal edge fingers’ lower edge

All vias lie exactly 0.5 mm offset from
the adjacent edge fingers’ centerlines

Figure 11-18: Add-in Card Edge-Finger Region, South Edge Ground Vias Indicated.
A portion of the N-1 plane (e.g. Metal 2) is shown for reference

© Allion Labs, Inc. All rights reserved.
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F_EBHEEN-1EMNHEEA I ALLION

AloT EXPERT

millimeters Inches
~ ’ AR ESE -
o L e oy, (/ D ) @ 9
< o
~ S
- — Q
(=] .
, ) =
9 o
o / CHAMFER REGION / — o
‘ o
l L
Via pad boundary is tangent to No other metal features
the ground bar’s upper edge on this plane layer

Figure 11-19: Detail of the N-1 Layer Geometry, Highlighting the Lateral South Ground Bar

© Allion Labs, Inc. All rights reserved.
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PCle Gen5 #li/aE ALLION
E{E ISI Board Differential Structure of IS| Board
-  AEZDifferential & 1#Ea3ISI

Board -

« ISl board EEWIR= R _ &2
BUBE R ITH - TERE LR
S91E9%F -

- ELOHEE

- EEEEUWTEER?
HIRERPIREIZIZ R/ - Fail
- REEEHRME?
SRS > Fail
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N\ '
e\

= -+
B4

SEREREN - BEERAVNASH -
BB E - BEIZKREELSERT
P

RABZERVTE16~17GHZLL R #E
25GHzZEmMERSENTR - FE
#16GHZzE25GHZIEE A &

It ISI Board + 25T RY -

ALLIGN'

AloT EXPERT

Measurement Results by VNA

Tral dBMag 1.5dB/Ref0dB Cal

-0dB -

10 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4 Stop 40 GHz
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PCle Genb5 Iz ;aE ALLION
EBCSTEA thAEERAARIRE g I 1
S B 4 S S e BT N ——
CSTrsSrEEeth -
ERERNBNENER . 7 & &
16GHZIE IR 2B, - 5
Sh—{E Drop B 2A R 25GHZ M - A B

Bt 2 LGRS RREBEA
REfEFIRY -
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PCle Genb5 Az 8E

FRACST BEHERE ()

- 4%ElLayout Pattern DUKAHEA 4
1B

« BRERIGHZWZERBAR 1 -

«  RNIBHHE -

© Allion Labs, Inc. All rights reserved.
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S-Parameters [Magnitude]
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PCle Genb5 Az 8E

MACST E/AUERZE (D)
-  BERXR#ELayout Pattern LIKAE
BAAETE
- HWAHZEERA BERLR
B = L Z B A/ MR -
- ERANEZER -

© Allion Labs, Inc. All rights reserved.
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PCle Gen5 #HlFaE ALLION
a1 EER New Differential ISI Board

. HEMSSUHEFHEERIZEET -
- SEEREER -
- OJPIERAA ISI BoardfEHA -
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Trcl EGPIN dB Mag 3 dB/ Ref 0 dB Trcl EliPAN dB Mag 2 dBfRef0OdB Calint

""\»f'“l—\,n,_

10MHz ~ 40GHz i 10MHz ™~ 24GHz

Ch1 Start 100 kHz Pwr -10dBm Bw kHz = UOSM P1,P2,P3,P4 Stop 40 GHz Ch1 Start Bw kHz UOSM P1,P2,P3,P4 Stop 24 GHz
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PCle Gen5

46
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PCle Gen5 Al E ALLION

AloT EXPERT

MCIO X8
85 ohm MCB

For VT 8iG42V12312HR Connctor

vZEVe3vs

BP PM-1 £186014
94v-0 ® N

ZE1008L1E0} 2
LTITTITIN
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PCle Gen5 ,ﬂan“‘* | ALUGN

AloT EXPERT

«  OCPNIC3.0

«  EDSFF (Enterprise and Data
Center SSD Form Factor)
4C/AC+

« PCle Gen4/Genb5 Test Fixture
Set for Tx/Rx

« @M EDSFF #81& TA-1002
4C/4C+ ~ OCP NIC3.0 ~ GEN-Z ~
PECFF - SNIA Native NVME of
Drive Tx & Rx.

«  B{ESMPMZEE RS - &
£240GHz

« MNRTEERER
M S AL LEAR
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PCle Gen5 ,EJ.:I““

All rights reserved.

-

-
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AloT EXPERT

EDSFF(Enterprise and Data
Center SSD Form Factor) E1 PCle
CLB5.0 Test Fixture Set for Tx/Rx

#EARELS / E1.L(TA-1006/TA-
1007)

B{ESMPMiBHEERAEE - O ER
40GHz

MNRTEBREN
mEFEAL  ZEGEL

M SR LEAR
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PCle Gen5 /EJEI“ =J= N

« U.2 PCle Gen5 & SAS 4
Compliance Test for Tx/Rx

« U.3 PCle Gen5 & SAS 4
Compliance Test for Tx/Rx

« FAHRU.2 & U.3 F8:& I

o IRAEFSAS EizeR - olim/aeSAS4
PIK PCle GenS5HIIRE

« B{ESMPMERZRAE - X E

40GHz
. EAHER(  ZREB(E
T GEGCED . AERER
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PCle Gen5 AlEt a8

© Allion Labs, Inc. All ri
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-
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PCl Express Gen4 & Gen5
Compliance Test for Tx/Rx

@A PCle M.2 Gen4 / Gen5
Electrical Test for Tx & Rx

sB{ESMPMiBHEER AR - oI ER
40GHz

mMEALE - ZEBEL
SR IE4R
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Allion is the premier resource for all of your
third party testing needs. Our services bring

products to market more quickly, reliably,
and cost effectively to protect your brand
quality and that of your suppliers.

Thank you 4 &

No text, logo, or graphic from this document may be copied or
retransmitted unless expressly permitted by Allion Labs, Inc. and their respective owners.



