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S E L E C T  T H E  S P E C I F I C AT I O N S  T H AT  R E L AT E  T O  Y O U R  

S P E C I F I C  N E E D

Base Specification 

• Contains all the 

system knowledge 

• Can directly be 

applied to Chip 

Test

Card Electromechanical (CEM) Spec

• Applies to Add-In Cards and 

Mother Boards

• Mitigates card manufacturer’s 

need to study the base 

specification 

• Increases reproducibility through 

PCI-SIG supplied test tools CBB 

and CLB (compliance base and 

load board)

Phy Test Specification

• Defines compliance 

tests of CEM spec in 

detail

1.0 final in May 2019
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• BER target is 10e-12

• TX Presets P0-P10 to remain the same

• Backward compatibility with previous PCIe Gen1/2/3/4

• Same approach for TX and RX testing used for Gen4

• Similar method for TX testing via de-embedding of breakout board traces

• Similar method for calibrating the eye width and eye height as used with PCIe 4.0 (ISI based, fixed RJ)

• Same TX Voltage and Jitter parameters as Gen4

G O A L S
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R E T I M E R  R E Q U I R E D  W H E N  L O S S  E X C E E D S  - 3 6 D B  O R  > 1  C O N N E C T O R

• Estimated allowable loss: ~= -36dB @ 16GHz

• Root complex pkg loss allowance ~= -9dB @ 16GHz

• Add-in Card pkg loss allowance ~= -4dB @ 16 GHz

• Total AIC loss budget estimate = ~9dB @ 16GHz

• PCIe 5.0 CEM Connector loss budget ~= 1.5dB @ 16 GHz
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H I G H E R  S P E E D S  =  T I G H T E R  P H A S E  J I T T E R  L I M I T S

Data Rate CC Jitter 

Limit

2.5GT/s 86ps (pk-

pk)

5GT/s 3.1ps 

(RMS)

8GT/s 1.0ps 

(RMS)

16GT/s 0.5ps 

(RMS)

32GT/s 0.15ps 

(RMS)

• PCIe 5.0 specifies a short channel and a 50 ohm termination 

(100 ohm differential termination) for reference clock phase jitter 

measurements only.

• Lower PLL bandwidth limit for 8.0 and 16.0 GT/s reduced to 0.5 

MHz

• Revised model CDR at 16GT/s for backward compatibility

• Reduced TX UTJ limit at 8GT/s for backward compatibility
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K E Y S I G H T  T O O L S  F O R  T R A N S M I T T E R  VA L I D AT I O N



9

B R E A K  O U T  C H A N N E L  F O R  A S I C  R E Q U I R E D

PCIe 5.0 ASIC/IC Custom 

Breakout Board

Keysight UXR-Series Real Time Oscilloscope

S-Parameters of Replica Ch.

Used to de-embed to pin or

Ref CTLE can be used (12dB).
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▪ Supports PCIe 5.0 BASE TX Testing at 32GT/s as well as 2.5G, 5G, 8G and 16GT/s (v0.9 BASE)

▪ Supports PCIe 5.0 Reference Clock tests (2.5G, 5G, 8G, 16G)

▪ Will Support CEM tests for endpoints and root complexes (2.5G, 5G, 8G, 16G, 32G).

▪ Integrated De-embedding of break-out channel with optional InfiniiSim

▪ Automated DUT control using an 81150/60A Pulse Generator ARB.

▪ Enhanced Switch Matrix supporting arbitrary lane mapping

▪ Minimum oscilloscope BW: 50GHz

M A S T E R  Y O U R  B E S T  D E S I G N
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5 0 G H Z  S C O P E  B A N D W I D T H  R E Q U I R E D

Operate on “live” or 

saved data 

waveforms

Choose Test 

Reference Point

Define Test Setup

Select Speeds of 

Gen5 Device to 

Test
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5 . 0  B A S E  S P E C  T E S T S

PCIe 5.0 BASE 

Spec Tests
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O R D E R I N G  I N F O R M AT I O N

Oscilloscope Bandwidth Requirements

Recommended Test Accessories
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110 GHz maximum bandwidth with 

extremely high signal integrity

• 13, 16, 20, 25, 33/40, 50, 70, 80, 100, 

and 110 GHz models

(on all channels)

• 128/256 GSa/s on all channels

• 2G max memory per channel

• 10-bit ADC and superior ENOB with 

extremely low noise

• Vertical sensitivity from 10 mV  to 500 mV 

per division

• 2 or 4 channels

• Full self-calibration

E N A B L E S  1 - T E R A B I T / S  M E A S U R E M E N T S

Introducing UXR-Series Ultra-High Performance Infiniium Oscilloscopes
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• Lowest noise 

< 1.0 mV rms*

• Lowest intrinsic jitter

< 25 fs rms*

• Lowest inter-channel jitter 

< 35 fs rms*

• Highest ENOB 

> 4.5 bits @ 110 GHz*

> 5 bits @ 100 GHz*

• Flattest frequency response 

(magnitude and phase)

*Typical performance measured on prototype units
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R X  S T R E S S  S I G N A L  C A L I B R AT I O N  S E T U P F O R  8  G T / s

• In case SIGTEST is used the RX reference package model embedding is not done on the oscilloscope but by SIGTEST. 

This applies to 8 GT/s only 

8 GT/s 

Data Generator

SJ

RJ
EH/EW 

adjust

Combiner

CM-

SI

DM-SI
EH/EW 

adjust

Replica Channel
Oscilloscope

RX reference package 

model embedding

Reference Receiver
RX reference CTLE / DFE

RX reference CDR

TP1 TP3 TP2

TP2P
EH/EW 

measurement

Calibration Channel

Vd
EH/EW 

adjust
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R X  S T R E S S  S I G N A L  C A L I B R AT I O N  S E T U P F O R  1 6  G T / s &  3 2  G T / s

16 GT/s or 32 GT/s 

Data Generator

RJ

SJ
EH/EW 

adjust 

fine

Combiner

CM-

SI

DM-SI
EH/EW 

adjust 

fine

Replica Channel
Oscilloscope

RX reference package 

model embedding

Reference Receiver
RX reference CTLE / DFE

RX reference CDR

TP1 TP3 TP2

Calibration Channel
Incl. CEM connector

EH/EW adjust coarse

Vd
EH/EW 

adjust

TP2P
EH/EW 

measurement

• For 16 GT/s and 32 GT/s RJ is no longer used as a primary adjustment parameter to achieve target 

EH / EW. 

• Instead the channel itself is manipulated for a coarse adjustment and the fine tuning is achieved by 

manipulating SJ and DM-SI

• The intention was to achieve a more realistic stress signal

• RX reference package model embedding is no longer done in SIGTEST for 16 GT/s and 32 GT/s but 

on the scope itself
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1 5 M V  E Y E  H E I G H T  P O S T  E Q  ( 0 . 3 U I  E Y E  W I D T H )  TA R G E T

Constrained 

Impairments

Heavily dependent upon 

physical ISI channel

Very tight eye height 

margin.

15
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R X  T E S T  S E T U P F O R  1 6  G T / s &  3 2  G T / s

16 GT/s or 32 GT/s 

Data Generator

RJ

SJ
EH/EW 

adjust 

fine

Combiner

CM-

SI

DM-SI
EH/EW 

adjust 

fine

Breakout Channel DUT

TP1 TP3 TP2

Calibration Channel
Incl. CEM connector

EH/EW adjust coarse

Vd
EH/EW 

adjust
DUT on characterization fixture



21

2012

PCIe 4.0 8G / 16G Base Specification
Calibration and Test Setup for ASICs

2016 2019

PCIe 5.0 8G/16G/32G Base Specification 
Calibration and Test Setup for ASICs

TP1

TP3

TP2P

50 GHz DSA for 

calibration

25 GHz DSA for 

calibration

PCIe 3.0 8G Base Specification
Calibration and Test Setup for ASICs
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TA R G E T  T E S T  C H A N N E L  B O A R D  W /  N E W  C E M  S M T   C O N N E C T O R

PCIe 5.0 Variable ISI BASE 

Spec Channel Board w/ 

MMPX connectors

PCIe 5.0 Variable ISI 

BASE Spec Riser Card

PCIe 5.0 SMT CEM 

connector

Keysight M8040A JBERT

PCIe 5.0 Improved CEM 

Edge Fingers

Keysight 50GHz UXR 

Scope
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Master your next generation PCIe design

‒ Highly integrated for simplified RX test setup for 400G and PCIe5

‒ Upgrade paths towards 64 Gbaud PAM4/ NRZ

‒ Most complete solution with test automation 

‒ PCI-SIG gold-suite approved vendor 
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Key Capabilities:

- Highly integrated BERT, AXIe based

- Accurate physical layer characterization and 

compliance test of next generation digital high-

speed I/Os with NRZ and PAM4 data formats

- Control via M8070B system software for M8000 

Pattern Generator (M8045A)

‒ Single or dual 32/64 Gbaud NRZ/PAM4 

‒ Built-in de-emphasis (5 taps)

‒ Clean and jittered data patterns and clocks

‒ Remote head M8057B: 1.8 Vpp diff. and close 

connection to DUT

‒ NRZ and PAM4 is switchable by software 

‒ FEC encoding on 1 lane

‒ ISI channels and interference source

Error Analyzer (M8046A)

‒ 32/58Gbaud error detector for PAM4* and NRZ 

‒ Built-in equalization

‒ Built-in clock recovery

‒ Supports up to 64Gb/s NRZ, 30GBd PAM4

‒ Burst error distribution and FLR extrapolation

‒ Filtering of SKP OS symbols

‒ Interactive link training 8&16/32 GT/s PCIe

* PAM4 58G 

Where used:

- 400GbE, 200GbE, CEI-56G

- New: PCI Express 5.0, TBT 3  

- Input (RX) characterization and 

compliance test

- For PAM4 and NRZ signals up to 64 

Gbaud

DUT

Loopback 

to error 

analyzer

PAM4 and NRZ

1 and 2 channel pattern generator

with remote heads, de-emphasis, jitter 

injection and FEC
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T H E  F O U R  P H A S E S  O F  T H E  L I N K  E Q U A L I Z AT I O N  P R O T O C O L

Blub
AIC Test

System Test

RcvrLock RcvrLock

EQTS2

PV = P1

Phase 0

TS1, [P2]

EC = 00b, PV = P2

Phase 1

TS1, [P1]

EC = 01b, PV = P1, Use_Preset = 0

Phase 1

TS1, [P2]

EC = 01b, PV = P2, Use_Preset = 0

Phase 2

TS1, [P1]

EC = 10b, PV = P1, Use_Preset = 0

Phase 2

TS1, [P2]

EC = 10b, PV = P3, Use_Preset = 1

TS1, [P3]

EC = 10b, PV = P3, Use_Preset = 0

TS1, [P2]

EC = 10b, PV = P4, Use_Preset = 1

TS1, [P4]

EC = 10b, PV = P4, Use_Preset = 0

BER < 10-12

Phase 3

TS1, [P2]

EC = 11b, PV = P2, Use_Preset = 0

Phase 3

TS1, [P4]

EC = 11b, PV = P6, Use_Preset = 1

TS1, [P6]

EC = 11b, PV = P6, Use_Preset = 0

TS1, [P4]

EC = 11b, PV = P7, Use_Preset = 1

TS1, [P7]

EC = 11b, PV = P7, Use_Preset = 0

BER < 10-12

RcvrLock

TS1, [P4]

EC = 00b, PV = P4, Use_Preset = 0

RcvrLock

TS1, [P7]

EC = 00b, PV = P7

PV Preset Value

EC Equalization Control

EQ starts

EQ complete

UPSTREAM PORT
Add-In Card

J-BERT M8020A

DOWNSTREAM PORT
J-BERT M8020A

System
Phase 0:

• 2.5 Gb/s

• Downstream port tells 

upstream port which initial 

preset to use after the speed 
change will have been done.

Phase 1:

• 8 Gb/s

• Link partners settle on 8 GT/s 

speed.

• Exchange FS/LF values.
Phase 2:

• 8 Gb/s

• Add-in Card sets up the de-

emphasis of the System 

Board’s transmitter.

Phase 3:

• 8 Gb/s

• System Board sets up the de-

emphasis of the Add-in Card’s 

transmitter.

Phase 0:

• 8 Gb/s

• Downstream port tells 

upstream port which initial 

preset to use after the speed 
change will have been done.

Phase 2:

• 16 Gb/s

• Add-in Card sets up the de-

emphasis of the System 

Board’s transmitter.

Phase 3:

• 16 Gb/s

• System Board sets up the de-

emphasis of the Add-in Card’s 

transmitter.

IF SUCCESSFUL

Phase 1:

• 16 Gb/s

• Link partners settle on 16 GT/s 

speed.

• Exchange FS/LF values.

Phase 0:

• 16 Gb/s

• Downstream port tells 

upstream port which initial 

preset to use after the speed 
change will have been done.

Phase 2:

• 32 Gb/s

• Add-in Card sets up the de-

emphasis of the System 

Board’s transmitter.

Phase 3:

• 32 Gb/s

• System Board sets up the de-

emphasis of the Add-in Card’s 

transmitter.

Phase 1:

• 32 Gb/s

• Link partners settle on 16 GT/s 

speed.

• Exchange FS/LF values.

IF SUCCESSFUL
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M 8 0 4 6 A - 0 S 1  I N T E R A C T I V E  L I N K  T R A I N I N G  F O R  P C I E  3 2 G / 1 6 G / 8 G



28

S E T U P U S I N G  M 8 0 4 0 A  6 4 G  H I G H - P E R F O R M A N C E  B E R T

TP3

TP2P

Substitute PCIe 5 

Base Channel 

Boards by new ISI 

traces M8049A-003 

& M8049A-001

M8049A-001 offers 

traces from 

approximately 1.5dB 

to 3.5dB in 0.5dB 

steps.

M8049A-003 offers 

traces from 10dB to 

22dB in 2dB steps.

IL @ 16GHz

New matched 

broadband coupler pair 

M8045A-803 for DM-SI 

& CM-SI

N9398F DC blocks 

used coupler outputs 

M8046A with integrated CDR option 0A4 / 0A5 and 

equalization with new option 0S2 SKP OS Filtering PCIe 

8G/16G/32G and CCIX 20G/25G and option 0S1 

Interactive Link Training PCIe 8G/16G/32G

New Interference 

Source module 

M8054A for DM-

SI & CM-SI



29

S E T U P U S I N G  M 8 0 4 0 A  6 4 G  H I G H - P E R F O R M A N C E  B E R T

TP3

TP2P

1x M8045A-803 Matched          

Coupler Pair, 40 GHz, 12dB

2x N9398F DC blocks  

1x M8046A-802 

Matched Cable 

Pair 2.4mm

2x 85138A 50 Ohm 

Termination

Substitute PCIe 5 

Base Channel 

Boards by new ISI 

traces M8049A-003 

& M8049A-001

M8049A-001 offers 

traces from 

approximately 1.5dB 

to 3.5dB in 0.5dB 

steps.

M8049A-003 offers 

traces from 10dB to 

22dB in 2dB steps.

IL @ 16GHz

1x 50 Ohm Termination 

3.5mm if se ref clk

1x Matched Cable Pair 2.4mm / 1.85mm towards ED1)

1x Matched Cable Pair 2.4mm / 1.85mm towards PG1)

1x Matched Cable Pair1)

1) Type of cable depends on connectors of ISI fixtures and test boards

1x Matched Cable Pair if diff ref clk or single cable if se ref clk, 3.5mm towards PG1)
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TP3 Calibration Steps

• Launch voltage, preshoot and de-emphasis

• RJ

• using EZJIT

• SJ

• using EZJIT

TP2P Calibration Steps

• Insertion loss calibration

• VNA

• Initial optimal preset selection 

• using SEASIM

• Test channel loss selection 

• using SEASIM

• DM-SI calibration for selected channel

• CM-SI calibration for selected channel

• Final optimal preset selection

• using SEASIM

• Compliance eye calibration

• using SEASIM

C A L I B R AT I O N  S T E P S  3 2  G T / s R X  S T R E S S  S I G N A L
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B A S E  S P E C I F I C AT I O N  – T P 3  C A L I B R AT I O N  S E T U P

Coupler 

M8045A-803

DC-block 

N9398F

TP3 Calibration Steps

• Launch voltage, preshoot and de-emphasis

• RJ

• using EZJIT

• SJ

• using EZJIT

Connection

• BERT Data Output ➔ Power Couplers ➔ DC Blocks ➔ high quality 

matched pair 2.4 mm cables ➔ scope

Comment: The actual cabling after the DC blocks and the scope is 

dependent on the connectors used for the ISI traces

Scope BW

• At least 50 GHz of scope BW are required
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C A L I B R AT I O N  3 2  G T / s R X  S T R E S S  S I G N A L  – T P 3  C A L I B R AT I O N  S E T T I N G S

Parameter Min Max Unit Oscilloscope Settings

Q-Series  / Z-Series UXR

Launch Amplitude 800 mV 796 804 mVpp BW: 50 GHz M8040A

Sampling rate: 160 GSa/s

Memory depth: 4.096 kpts

Averaging: 128

BW: 50 GHz M8040A

Sampling rate: 256 GSa/s

Memory depth: 6.554 kpts

Averaging: 256Launch Amplitude 720 mV 716 724 mVpp

Preshoot and de-emphasis for P0 through P9

P5 and P6 are the only presets used for the 

calibration of the stress signal

BW: 50 GHz M8040A

Sampling rate: 160 GSa/s

Memory depth: 4.096 kpts

Averaging: 128

BW: 50 GHz M8040A

Sampling rate: 256 GSa/s

Memory depth: 6.554 kpts

Averaging: 256

RJ 0.5 0.6 psrms BW: 33 GHz

Sampling rate: 160 GSa/s

Memory depth: 10 Mpts

Averaging: off

BW: 33 GHz

Sampling rate: 256 GSa/s

Memory depth: 16 Mpts

Averaging: off

SJ @ 100 MHz 1 ps 0.8 1.0 pspp BW: 33 GHz

Sampling rate: 160 GSa/s

Memory depth: 10 Mpts

Averaging: off

BW: 33 GHz

Sampling rate: 256 GSa/s

Memory depth: 16 Mpts

Averaging: off
SJ @ 100 MHz 5 ps 5.0 5.5 pspp
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B A S E  S P E C I F I C AT I O N  T P 2 P C A L I B R AT I O N  S E T U P

Coupler 

M8045A-803

DC-block 

N9398F
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C A L I B R AT I O N  3 2  G T / s R X  S T R E S S  S I G N A L  – T P 2 P C A L I B R AT I O N  S E T T I N G S

Parameter Min Max Unit Oscilloscope Settings

X-Series / Q-Series 

V-Series / Z-Series

UXR

Insertion Loss @ 16 

GHz

-37 -34 dB VNA measurements; root and end point reference package models need to be taken into account

DM-SI @ 2.1 GHz 25 mV 28 30 mVpp BW: 5 GHz

Sampling rate: 160 GSa/s

Memory depth: 2 Mpts

Averaging: off

Reference package model embedding required

BW: 5 GHz

Sampling rate: ? GSa/s

Memory depth: ? Mpts

Averaging: off

Reference package model embedding required

DM-SI @ 2.1 GHz 14 mV 8 10 mVpp

CM-SI @ 120 MHz 148 150 mVpp BW: 5 GHz

Sampling rate: 160 GSa/s

Memory depth: 2 Mpts

Averaging: off

Reference package model embedding required

BW: 5 GHz

Sampling rate: ? GSa/s

Memory depth: ? kpts

Averaging: off

Reference package model embedding required

TxEQ Preset selection Largest eye height * eye width mVps BW: 33 GHz

Sampling rate: 160 GSa/s

Memory depth: 2.05 kpts

Averaging: 1024

Reference package model embedding required

BW: 33 GHz

Sampling rate: 256 GSa/s

Memory depth: 3.278 kpts

Averaging: 1024

Reference package model embedding required

VRX-EH-8G Eye Height AIC & System:

13.5 to 15.5

mV BW: 33 GHz

Sampling rate: 160 GSa/s

Memory depth: 2.05 kpts

Averaging: 1024

Reference package model embedding required

BW: 33 GHz

Sampling rate: 256 GSa/s

Memory depth: 3.278 kpts

Averaging: 1024

Reference package model embedding required

TRX-EW-8G Eye Width AIC & System:

18.25 to 19.25

ps
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• EQ Coefficient Matrix Scan

• Measures the BER per cell of the coefficient matrix dependent on

• User can definably coefficient resolution

• User limits for the matrix search

• User setting for target BER

• Jitter Tolerance Test

• Measures the jitter tolerance of the DUT and compares against Swept SJ mask

• User setting for target ber

• User definable start / stop frequencies and frequency steps

• Selection of search algorithms

• Compliance Test

• Performs RX compliance test with 100 MHz SJ frequency point

• Receiver Setup Impairments

• Setup of M8000 BERT systems to user defined impairments by using the calibration 

tables of the test automation

3 2  G T / s B A S E  S P E C I F I C AT I O N  – R X  T E S T S
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Physical layer-

transmitter test

UXR-Series, Z-Series Real-

Time Oscilloscopes

D9050PCIC PCI Express 5.0 

TX Electrical compliance 

software

86100CU-400 PLL and Jitter 

Spectrum Measurement SW

Physical layer –

interconnect design

ADS design software

86100D DCA-X/TDR

N5227B PNA w/ PLTS

Physical layer-

receiver test

M8046A J-BERT High 

Performance BERT w/ 

integrated CDR + M80454A 

Interference Source

M8049A-1 Substitute PCIe 5 

BASE Channel board

N5991PB5A

PCIe 5.0 32GT/s RX Test 

software

Verify PCIe 5.0 Compliant Channels

Verify Return Loss Compliance
Capture break-out channel S-Params

DSA UXR-Series & Z-Series

Real-Time Oscilloscopes

Automated RX Test software 

- Accurate, Efficient

- Comprehensive RX Testing

3

6

Physical Layer –

System Simulation

ADS Design Software

SIPro/PIPro

Simulation to Measurement 

Correlation

Complete System Simulation 

From Pre-layout analysis to Post-

layout extraction
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