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Notice: This document contains information on products in the design phase of development. The
information here is subject to change without notice. Do not finalize a design with this information.

Intel technologies may require enabled hardware, software or service activation.

You may not use or facilitate the use of this document in connection with any infringement or other legal analysis
concerning Intel products described herein. You agree to grant Intel a non-exclusive, royalty-free license to any
patent claim thereafter drafted which includes subject matter disclosed herein.

No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this
document.

The products described may contain design defects or errors known as errata which may cause the product to
deviate from published specifications. Current characterized errata are available on request.

Performance results are based on testing as of dates shown in configurations and may not reflect all publicly
available updates. See backup for configuration details. No product or component can be absolutely secure.

Performance varies by use, configuration, and other factors. Learn more on the Performance Index site.
Your costs and results may vary.

“Conflict-free” refers to products, suppliers, supply chains, smelters, and refiners that, based on our due diligence,
do not contain or source tantalum, tin, tungsten or gold (referred to as “conflict minerals” by the U.S. Securities
and Exchange Commission) that directly or indirectly finance or benefit armed groups in the Democratic Republic of
the Congo or adjoining countries.

All product plans and roadmaps are subject to change without notice.

Code names are used by Intel to identify products, technologies, or services that are in development and not
publicly available. These are not “commercial” names and not intended to function as trademarks.

Intel disclaims all express and implied warranties, including without limitation, the implied warranties of
merchantability, fithess for a particular purpose, and non-infringement, as well as any warranty arising from course
of performance, course of dealing, or usage in trade.

Altering clock frequency or voltage may void any product warranties and reduce stability, security, performance,
and life of the processor and other components. Check with system and component manufacturers for details.

Results have been estimated or simulated.
Intel does not control or audit third-party data. You should consult other sources to evaluate accuracy.

Copies of documents which have an order number and are referenced in this document may be obtained by calling
1-800-548-4725 or visiting the Resource and Document Center.

© 2025 Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its
subsidiaries. Other names and brands may be claimed as the property of others.
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1 Introduction and Quick Start

1.1 Introduction

The Clock Jitter Tool is a jitter analysis tool for PCI Express* (PCle*) reference
clock (“refclk”).

1.2 Quick Start

1.2.1 Tooltips

Tooltips can show a brief introduction to each function and configuration. If this
is the first time using this version of the Clock Jitter Tool, enable Tooltips as
shown in Figure 1-1.

Figure 1-1. Tooltips in the Edit Menu

Edit Help
Tooltips Ctri+T

Simplify Test Log  Cfrl+L
Batch Maode Ctri+B

1.2.2 Simplify Test Log

The test log can be simplified by selecting the checkbox shown in Figure 1-2.
After enabling this option, only key parameters (without a step description) are
kept in the test log. Figure 1-3 shows an example.

Figure 1-2. Simplify Test Log in the Edit Menu

Edit Help
Toaoltips Ctrl+T

Simplify Test Log  Ctrl+L

Batch Mode Ctri+B

6 Document Number: 803838, Revision: 6.0.2
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Figure 1-3. Example as Simplified Test Log

Test Log

Ready
Configuring...

combinations

Result is Pass

Sampling step is 12.500 ps

Base frequency is 99.835 MHz

Max cycle to cycle jitter (from original clock
waveform) is 11.024 ps

Additional FIR Low Pass Filter is enabled;
Bandwidth is 1.890 GHz

Swing is 0.860 V

Mumber of rising edges is 99763

Transfer Functions Generated; Total 16

SSC frequency is 33.024 KHz

Low frequency phase jitter of clock inputis Pass
Jitter table is delivered; after CDR, Max Phase
Jitter (at row 3 column 3) is 7.906%9e-14 RMS

in this test Scenario

Analysis is done; Check result tabs for details

1.2.3 Save Report

After a successful simulation, a
details, can be generated. After

.pdf or HTML report, including all the analysis
clicking the Save button, wait for a while

(about 20 seconds) until the .pdf report pops out automatically. While the
Clock Jitter Tool saves the report, the user should not attempt any other
operations, to avoid potential tool crashes.

Figure 1-4. Save Report in the File Menu

File Edit Help
Save Report

Exit

Document Number: 803838, Revision: 6.0.2
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2 Clock Jitter Tool Settings in
the Main Window

As the default interface, the main window includes the complete Clock Jitter
Tool configurations.

Figure 2-1. Clock Jitter Tool GUI Main Window

o1 Clock Jitter Tool 5.0.0 - O X
File Edit Help
Max
PCle50 ¥ Phase Jitter
L 1
12 ns Spec Default Low Pass Filter
+| Enable Enable
SSC Removal NF De-embed
Enable D Enable

Differential Clock Noise Floor

: . Run
Waveform Waveform

- Information Phase Jitter Clock Phase Spectrum Transfer Function >

Configuration Test Log

Generation: PCle 5.0 Ready
ClockMode: Common refclk
Phase Jitter Limitation: 0.2 ps
RMS

12ns Transport Delay Spec:
Enabled

Low Pass Filter: Enabled

SSC Removal: Enabled

Noise Floor Deembed:
Disabled

System Max Transport Delay:
12 ns

Clock waveform: waiting
Moise floor waveform: NA

8 Document Number: 803838, Revision: 6.0.2
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2.1 Generation

The Clock Jitter Tool can support a total of six PCle* generations in the
Generation dropdown menu. An example view of the dropdown menu can be
seen in Figure 2-2.

Figure 2-2. List of Generations

Max
PCle50 ¥ Phase Jitter
]

PCle 5.0 afault Low Pass Filter
PCle 4.0 Enable
PCle 3.0 val MF De-embed
PCle 2.0 |:| Enable
PCle 1.0

Differential Clock Noise Floor )

S Run
Waveform Waveform

2.2 Post-Process and New Algorithms

There are four post-process configurations in the Clock Jitter Tool: 12 ns Spec
Default (transport delay), Low Pass Filter, SSC Removal, and NF
De-embed, as shown in Figure 2-3.

Figure 2-3. Configurations of New Algorithms

12 ns Spec Default Low Pass Filter
| Enable Enable

S5C Remaoval NF De-embed
Enable |:| Enable

2.2.1 12 ns Spec Default (Transport Delay)

This function is designed for the PCle* compliance test: The system transport
delay is fixed as 12 ns in the specification, instead of the flight time calculation
for channels in the actual system. The status of this function can also be found
in the Configuration text, as shown in Figure 2-4. In the Clock Jitter Tool, this
configuration is fixed for the compliance test.

Document Number: 803838, Revision: 6.0.2 9
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Figure 2-4. 12 ns in Configuration Text

2.2.2

Figure 2

Configuration

Generation: PCle 5.0

ClockMode: Comman refclk

Phase Jitter Limitation: 0.2 ps

RMS

12ns Transport Delay Spec:
nabled

Low Pass Filter: Enabled

SSC Remaoval: Enabled

Noise Floor Deembed:

Disabled

System Max Transport Delay:

12 ns

Clock waveform: waiting

Noise floor waveform: NA

Low Pass Filter

This function is designed per the PCI Express* Base Specification 6.0, as the
purpose of “The first, edge filtering, minimizes the measurement-induced jitter
due to the finite sampling rate of the test equipment.” Since there is no specific
value for bandwidth in the PCIe* 6.0 specification, the Clock Jitter Tool uses a
dynamic low pass filter controlled by the effective 3 dB frequency of the clock
input waveforms. Figure 2-5 shows an example.

-5. Example for Bandwidth of Additional Finite Impulse Response (FIR)
Lowpass Filter

Test Log

Additional FIR lowpass filter Enabled; Bandwidth as 2.08 GHz &

2.2.3

2.2.4

Spread-Spectrum Clocking (SSC) Removal

SSC removal is requested for PCIe* 4.0 and onwards, as indicated in note 3 of
the “Jitter Limits for Common Clock Architecture” table in the PCI Express Base
Specification 6.0, version 1.0.

Noise Floor (NF) De-embed

This feature is an Intel new algorithm to remove the additional jitter brought by
an oscilloscope (and probes) NF. When enabled, as in Figure 2-6, the waveform
of the NF is a must (see the step-by-step NF measurement process in Capture
NF Waveform).

10
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Figure 2-6. NF Waveform Button when Function Enabled

12 ns Spec Default Low Pass Filter
Enable Enable
Post Process
55C Removal NF De-embed
Enable Enable
Differential Clock MNoise Floor -
Waveform Waveform

2.3 Waveform Import

As shown in Figure 2-7, four types of differential waveforms can be imported to
the Clock Jitter Tool: .bin, .wfm, .trc, and .csv.

Figure 2-7. Four Types of Waveforms Supported by the Clock Jitter Tool

(*.bin, *wfm, *.trc, *.csv) w

Open Cancel

2.3.1 Differential Clock Waveform

The clock waveform for Clock Jitter Tool 6.0.1 should be a differential toggle
signal with a reasonable voltage swing. The number of clock cycles should be

at least 160K. Oscilloscope configuration details can be found in Capture the
Clock Waveform.

2.3.2 Differential NF Waveform

When the NF De-embed function is enabled, the differential NF waveform is
necessary for the measurement, as shown in Figure 2-6. See the step-by-step
NF measurement process in Capture NF Waveform.

Document Number: 803838, Revision: 6.0.2 11
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2.4 Information and Result Panel

2.4.1 Configuration and Log

The configuration includes all the in

formation from system-level clock

configurations, such as generation, clock mode (fixed as "Common refclk” for
the compliance test), function/status, transport delay, and waveform file paths.

After clicking the Run button, the Test Log area updates the information of
critical steps until the simulation is done.

To speed up the analysis, the Clock

Jitter Tool uses partial waveforms to

calculate some parameters that are not critical for the final phase jitter results.

Take the base frequency as an example: This parameter is selected as the

maximum spike from the spectrum of 3030 clock cycles (equals almost one
SSC cycle), so the value may have a tiny difference from the one shown by the

oscilloscope.

Figure 2-8. Example of Configuration and Log

Configuration

Generation: PCle 5.0
ClockMode: Common refclk
Phase Jitter Limitation: 0.2 ps
RMS

12ns Transport Delay Spec:
Enabled

Low Pass Filter: Enabled

55C Removal: Enabled

Noise Floor Deembed:
Disabled

System Max Transport Delay:
12 ns

Clock waveform:

S_5GBWbin h
Noise floor waveform: NA

Information Phase Jitter Clock Phase Spectrum Transfer Function >

Test Log

Ready

Configuring...

Configuration is done

System level information is delivered to
post-process algorithms

Clock waveform analysis start

Sampling step is 12.500 ps

Base frequency is 99.835 MHz

Max cycle to cycle jitter (from original clock
waveform) is 11.024 ps

Additional FIR Low Pass Filter is enabled;
Bandwidth is 1.890 GHz

Swing is 0.860 V

Number of rising edges is 99763

Period Jitter from Clock waveform has been
processed

Clock Period Jitter --> Phase Jitter is WIP...
Clock input Phase Jitter is delivered

Clock waveform analysis is done

Analyzing input Phase Jitter, then pass
through all combinations of Transfer
Functions...

Transfer Functions Generated; Total 16
combinations

FFT start; Phase spectrum is being hd

12
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2.4.2 Phase Jitter Table Tabs

In the Phase Jitter Clock tab, a table shows the phase jitter from the clock
waveform in Root-Mean-Square (RMS) (or in ps for PCIe* 1.0 peak-to-peak
jitter). The total number of combinations is relative to the generation in the
specification. For example, there are 16 combinations for PCle* 6.0 refclk, as
shown in Figure 2-9. The PCle* Base Specification provides more details about
the TX/RX PLL types and combinations.

Per the PCI Express* Card Electromechanical Specification 6.0, the Clock Jitter
Tool uses 200 fs RMS for PCIe* 6.0 refclk phase jitter pass/fail judgment.

Figure 2-9. Example of Phase Jitter Table

Information Phase Jitter Clock Phase Jitter Deembed Phase Spectrum Transfer Function >

BWOpSMHz_PKOp01dB | BWOp5MHz_PK2dB BW1pSMHz_PKOp01dB | BW1p8MHz_PK2dB

Delay+BWOp5MHz_PKO0p01dB 3.2346e-14 3.0215e-14 9.5832e-14 6.9870e-14
Delay+BWOp5MHz_PK2dB 3.1080e-14 2.2667e-14 9.7662e-14 7.2827e-14
Delay+BW1p3MHz_PK0p01dB 9.1801e-14 9.4111e-14 1.1585e-13 9.7932e-14
Delay+BW1p8MHz_PK2dB 6.0094e-14 7.1455e-14 1.0575e-13 8.1583e-14

Another table is attached in the Phase Jitter De-embed tab if the NF
De-embed function is enabled. It shows the phase jitter results after de-
embedding the impact from the oscilloscope NF. Figure 2-10 shows an
example.

Figure 2-10. Example of Phase Jitter Table after De-embedding

Infermation Phase Jitter Clock Phase Jitter Deembed Phase Spectrum Transfer Function >
BWOpSMHz_PKOp01dB | BWOp5MHz_PK2dB BW1pSMHz_PKOp01dE | BW1p8MHz_PK2dB
Delay+BW0p5MHz_PKOp01dB 3.0295e-14 2.8596e-14 9.0569e-14 6.6152e-14
Delay+BW0p5MHz_PK2dB 2.9453e-14 2.1225e-14 9.2616e-14 6.9392e-14
Delay+BW1pBMHz_PK0p01dB 8.6668e-14 8.9187e-14 1.0848e-13 9.1728e-14
Delay+BW1pBMHz_PK2dB 6.5384e-14 6.8047e-14 9.9330e-14 7.6412e-14

Document Number: 803838, Revision: 6.0.2 13
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2.4.3 Figure Tabs

2.4.3.1

Phase Spectrum of Worst Jitter Combination

Figure 2-11. NF De-embed Disabled and SSC Removal Disabled

£ Phase Spectrum Transfer Function | Clock Waveform | Eye Closure | TIE | Period |

Phase Jitter Spectrum for Max Jitter Case S E Q0
10- |k
2
3
3 105 |
=
=}
@
=
1020 |
Spectrum of Clock input Phase jitter (at X)
Clock Spectrum after Transfer Function (at Y)
10° 10* 10° 10° 107

Frequency (Hz)

Figure 2-12. NF De-embed Enabled and SSC Removal Enabled

€ Phase Spectrum Transfer Function | Clock Waveform ‘ NF Waveform | Eye Closure

1010

_ 1018

102

Magnitude (S

Spectrum of Clock input Phase jitter (at X)
1025 | Spectrum of Noise Floor input Phase jitter (at X)

Clock Spectrum after Transfer Function (at Y)
Noise Spectrum after Transfer Function (at Y)
I M L

10° 10* 10° 108 107
Frequency (Hz)

14
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2.4.3.2 Transfer Function of Worst Jitter Combination

The figure in this tab shows the set of HIH2H3 transfer functions for the
maximum phase jitter combination. Figure 2-13 shows an example.

Figure 2-13. H1, H2, H3, and Ht

< Phase Jitter Clock Phase Jitter Deembed | Phase Spectrum | Transfer Function Clock Wavefor >

Magnitude of Transfer Function for Max Jitter Case

-10}

BW1: 1.8M PK1: 0.01dB
BW2: 1.8M PK2: 0.01dB

Mag (dB)

2015 3: CDR for PCle 32, both GC and SRIS
a0k —a—H1 /
H2 7
H3 /
Ht
_40 1 1 /- 1
10% 10° 10° 107
Frequency (Hz)

2.4.3.3 Clock Waveform of First 100 ps

Ten clock cycles are shown in this tab, with crossing points between rising
edges and the 0V threshold voltage. Figure 2-14 shows an example.

Figure 2-14. Clock Waveform

< Phase Jitter Deembed ‘ Phase Spectrum ‘ Transfer Function | Clock Waveform Eye Closure | >

First 100ps Clock Waveform

HANTTT

0.1

Volts
o

-0.1R

A WA W WU

-4 -3.9999 -3.9998 39997 -39996 -39995 -39994 39993 39992 -3.9991
time (s) x10*

Document Number: 803838, Revision: 6.0.2 15
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2.4.3.4 NF Waveform

When NF De-embed is enabled, a new tab is generated to show the waveform
of the NF. This figure can also be used to double-check the quality of the NF
when debugging.

Figure 2-15. NF Waveform

2.4.3.5

< Phase Spectrum Transfer Function Clock Waveform NF Waveform Eye Closure >

X107 Noise Floor Waveform R

Noise Floor Peak to Peak 12.00 mV
RMS 143203

Volts

_a 1 1 1 1 1 1 L L L J
0 1 2 3 4 5 6 7 8 9 10
Order of noise floor x104

Eye Closure of Each Cycle

Figure 2-16. Eye Closure Figure and Key Information

< Phase Jitter Deembed Phase Spectrum Transfer Function Clock Waveform Eye Closure >

%1012 Eye Closure and Phase Jitter for Clock for Max Jitter Case =~

In RMS: 7.317e-09

Out RMS: 1.724e-13

Eye Closure: 8.578e-13

BW1: 1.8M PK1:0.01dB

BW2: 1.8M PK2: 0.01dB

BW3: CDR for PCle 32G, both CC and SRIS

Eye closure (S)

1 1 1 1 L L L
1 2 3 4 5 6 T
Time (S) X104

16
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2.4.3.6 Time Interval Error (TIE)

Figure 2-17. TIE of Clock Input

< bed | Phase Spectrum ‘ Transfer Function ‘ Clock Waveform | Eye Closure ‘ HE Period |

DT

[ —————

TR

1 1 L 1 1 1
7| 2 3 4 5 6 W
Order of clock cycle x10%

2.4.3.7 Period Jitter

Figure 2-18. Period Jitter of Clock Input

< bed | Phase Spectrum | Transfer Function ‘ Clock Waveform Eye Closure | TIE | Period

%101 Period Jitter of Clock input

Period Jtter per Cyde (S)

1 1 1 L 1 L
1 2 3 4 o 6 7
Order of clock cycle x10*

Document Number: 803838, Revision: 6.0.2 17
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2.4.3.8 Cycle-to-Cycle Jitter

Figure 2-19. Cycle-to-Cycle Jitter of Clock Input

<n

Cyde to Cyde Jitter [S)

Transfer Function Clock Waveform Eye Closure TIE Period Cycle2Cycle

™

Cycle to Cycle Jitter of Clock input without Low Pass -, 3 %

DO 7%
A X 1l

X101

108

2.4.3.9 Low Frequency Phase Jitter
Figure 2-20. Low Frequency Phase Jitter and Limitation in the Specification
105 Low Frequency Jitter & Limits
2 I Clock Input Low Frequency Phase Jitter
Spec
104 L .
| & ]
8 102l "'x, e
102 | .
101 L
104 10°
Frequency (HZ)

18
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3 Batch Mode for High Volume
Test

The batch mode can be switched into by enabling the Batch Mode in the Edit
menu or Ctrl + B.

Figure 3-1. Enabled Batch Mode

Edit Help
Tooltips Ctrl+T
Simplify Test Log Ctri+L
| [¥] Batch Mode Ctri+B

3.1 Batch Mode Table

By default, there is a one-row table shown in the batch mode GUI after this
mode is enabled. All the information and configurations in this one-row table
are generated automatically from the configuration in the main GUI. It can be
used as a demo to check the variables.

Figure 3-2. One-Row Table after Batch Mode Selected

Batch Mode by Table

BMReady JitterLimitation ~ MaxPhaseJitter  PassFail i Le SSCR | NFDeembed ClockWaveform NFWaveform CJTversion CJTsimDate

TBD 0.2 psRMS PCle 5.0 Enabled Enabled Disabled Ci\Users\liweizha\OneDrive - Intel Corporation\Docu... NA

The batch mode table has three operation modes: Import Table, Save Table,
and Clear Table. The following figure shows the buttons:

Figure 3-3. Table Operation: Import, Save, and Clear

Import Table ‘ ‘ Save Table ‘ ‘ Clear Table

3.1.1 Import Table

The batch mode uses an Excel* table (.xIs) to define the system configurations
and waveform paths. A demo .xls table can be checked in the Help menu, as
shown in Figure 3-4. Copy the demo table into a new .xls file before changing
it. Update the waveform paths (path for clock waveform, or paths for both
clock and NF when the NF De-embed feature is enabled).

Document Number: 803838, Revision: 6.0.2 19
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Figure 3-4. Demo Table for Batch Mode

Help
User Manual
Batch Mode Table
About

3.1.2 Save Table

3.1.3

3.2

The .xls table can be saved from the Clock Jitter Tool to an Excel* file. After
the batch run, the final table with simulation results can be restored for a later
check.

Clear Table

If a wrong table is imported, it can be cleared by clicking the Clear Table
button. The default one-row table will appear again automatically instead of the
previous imported table.

Batch Run Operation

The batch simulation has three operation modes: Readiness Check, Batch
Run, and Pause. The following figure shows the buttons:

Figure 3-5. Simulation Operation: Readiness Check, Batch Run, and Pause

3.2.1

Readiness Check

Readiness Check

Readiness Check is a must step before the batch simulation. In this step, the
tool checks the configurations of each row to ensure the configurations are
correct for the simulation. After doing the Readiness Check, the buttons Batch
Run and Pause will be enabled.

If the configurations are correct, the status of BMReady is updated to Yes. If
the configurations are not correct, the relative error is shown for debugging.
Figure 3-6 shows examples of the BMReady status.
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Figure 3-6. Batch Mode Readiness Status
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BMReady

Yes

Yes

Wrong NF setting

Yes
Yes
Yes

Cannot find NF waveform

Wrong 55C setting

3.2.2 Batch Run

After the Readiness Check, the tool will run simulations one by one for the
correct configured decks.

3.2.3

3.3

Pause

While analyzing in the batch mode, the Pause button can be used to pause for
a while. Click this button again to continue.

Batch Run Result

After doing the Batch simulation, the results are shown in the table, including
the maximum phase jitter number, pass/fail, Clock Jitter Tool version, and
simulation date and time.

Figure 3-7. Batch Mode Result

BMReady
ves
Yes

Yes

JitterLimitation  MaxPhasedJiter  PassFail

02 ps RMS
0.5 ps RMS
1ps RMS

3.1 psRMS
86 ps pkpk
0.2 psRMS
0.2 ps RMS

7.9069e-14 Pass
23414e-13 Pass
4.7337e-13 Pass
6.2039e-13 Pass
3.0325e-12 Fass
7.9060e-14 Pass
7.0060e-14 Pass

Generation
PCle 5.0
PCle 40
PCle 3.0
PCle 2.0
PCle 1.0
PCle 5.0
PCle 5.0

LowPassFilter
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled
Enabled

Batch Mode by Table

$SCRemoval
Enabled
Enabled
Disabled
Disabled
Disabled
Enabled

Enabled

NFDeembed ClockWaveform
Disabled
Disabled
Disabled
Disabled
Disabled
Disabled
Disabled

NFWaveform
NA
NA
NA
NA

CJTversion
T 500
cT500
CJT500
CIT500
cJT500
CIT500
CIT500

CJTsimDate
15-May-2021 0006

15-May-2021 0006

15-May-2021 00:06-..
15-May-2021 00:06:
15-May-2021 DO:06:
15-May-2021 00:06:.
15-May-2021 00:07:
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4 Command Line

4.1 Open Command Prompt

To open the Command Prompt, click the Windows* OS button, type in “cmg”
and then press Enter. Then, navigate to the directory where the Clock Jitter
Tool is installed.

Figure 4-1. Command Prompt and Folder of Application

Command Prompt - O X

\application"

4.2 Clock Jitter Tool Help

Use “ClockJitterTool -h” Or “ClockJitterTool /h” to check the help and some
examples for this tool.

Figure 4-2. Command Line Usages and Examples

bin" 51111

4.3 Clock Jitter Tool Version

Use “clockJitterTool -v” Or “ClockJitterTool /v" to show the tool version
without running a simulation.

Figure 4-3. Clock Jitter Tool Version
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4.4 Clock Jitter Tool Arguments

A total of seven arguments are used for the clockJitterTool command.
Arguments must be in the following sequence:

1.

Figure 4-4.

FileClk: File of clock waveform (path included). This argument is a must
to run the command.

FileNF: File of NF waveform (path included). This argument is a must
when the NF De-embed feature is enabled.

Generation: Type the order of PCle* generation to call the specific
transfer functions, for example “5” means PCle* 5.0.

LowPassFilterEn: When this argument is set as 1, an additional low pass
filter is enabled. “0” stands for disable.

SSCRemoveEn: When this argument is set as “1”, SSC spikes will be
removed from the phase jitter spectrum. Per the PCI Express Base
Specification 6.0, this feature must be enabled for PCIe* 4.0 and onwards.
“0"” stands for disable.

NoiseFloorDeembedEn: When this argument is set as “1”, the NF
waveform will be analyzed to remove the phase jitter impacts from the
test environment. “0” stands for disable.

SaveCSVEN: When this argument is set as “1”, a .csv file is generated to
record the results. This file is saved with the same name as FileClk and in
the same folder of FileClk. “0” stands for no .csv saved. Figure 4-4 shows
an example of .csv.

ClocklJitterTool Command .csv Report

A B

1 |FileClk |C:‘\Users\ \Dc
2 |FileNF 0
3 |Interface PCIE

4 | Generation 5
5 |LowPassFilterEn 1
6 |SSCRemoveEn 1
7 |NoiseFloorDeembedEn 0
8 |JitterSpec 2.00E-13
9 |PassFail Pass

10 [rmsMax 7.91E-14
11 |ToolVersion CJT5.0.1 Command
12 |Date 8/6/2021 11:12
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4.5 Clock Jitter Tool Command and Information

With the corrected configuration, the result and information are shown in
Figure 4-5.

Figure 4-5. Command Line Usages and Examples

Command Prompt — O x

iginal cl
is enabled;

; Total 16 combinations

fter CDR, hase Jit
me & same ith clock

\application>
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Tips for Measurement with
Real-Time Oscilloscopes

A.1

Recommended Test Probes and Fixtures for
Phase Jitter Measurement

Table A-1. Recommended Test Cables

Notes:

REFCLK SubMiniature Push-on (SMP) Cables %3
PCle* 6.0 # Yes
PCle* 5.0 4 Yes
PCle* 4.0 Yes
PCle* 3.0 Yes
PCIe* 2.0 Yes
PCIe* 1.0 Yes

In this connection, the clock swing will be almost half of the values
measured by active probes, which is caused by the 50-ohm termination in
the oscilloscope.

. The Clock Jitter Tool 6.0.1 is mainly to validate the PCle* 6.0 REFCLK.

SMP cables are recommended for all generation testing.

See “System Board Reference Clock (100 MHz) Jitter Test” in the PCI
Express Architecture PHY Test Specification Revision 6.0 for low-loss cable
requirements (https://members.pcisig.com/wg/PCI-
SIG/document/16189).

Low-loss cables are recommended for REFCLK tests for these versions.
The active probe is strongly not recommended for clock tests for these
versions.

a. The jitter of the active probe itself increases the measurement error,
which may cause the result to fail.

b. When the jitter from the active probe is significant (compared with
the jitter from the clock source), the process of the de-embedding NF
would not be feasible mathematically, which may cause invalid test
results.

Table A-2. Recommended Fixture

PCIe* Interface Fixture

PClIe* Card Electromechanical (CEM) Slot PCIe* CEM Compliance Load Board (CLB)
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A.2 Oscilloscope Requirements and Setting

Keep the same oscilloscope setting for clock phase jitter and NF waveform
measurement.

Here are the supported formats:

e .bin
o .wfm
o .trc
. .CSV

PCIe* 6.0 clock waveforms are applicable to PCIe* 6.0, 5.0, 4.0, 3.0, 2.0, or
1.0 phase jitter analysis.

Table A-3. Recommended Measurement Settings

Oscilloscope Setting Requirement Notes

Bandwidth 5 GHz Both oscilloscope and
probes/cables need to meet
the bandwidth limit.

Waveform length 80K clock cycles A longer waveform will
provide more accurate
frequency steps after fast-
Fourier transformations, and
result in a better jitter

resolution.
Minimum sampling rate > 20 GSa/s (<50 ps per Keep enough sampling points
(Maximum sampling step) step) on the rising edge for the
accurate crossing points.
Sampling mode Real-time N/A
Vertical scale 80 to 90% of the Enable analog-digital
oscilloscope screen converter precision with as

many bits as possible.

No Clock-Data Recovery (CDR), Disable all post-processing Decrease the additional jitter
interpolation, or other post- of the oscilloscope impact from the oscilloscope.
processes in the oscilloscope

A.3 Capture the Clock Waveform

Follow these steps:
1. Install the CLB to the PCle* slot on Unit under Test (UUT).
2. Connect the SMP cable from the oscilloscope to the CLB clock channels.

3. Capture the clock waveforms.
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Figure A-1. Clock - SMP Cable Connected to the CEM CLB Fixture

B4 Capture NF Waveform

Follow these steps:
1. Detach the SMP cables from the CLB.
2. Terminate the SMP cables with 50 ohms.

3. Capture the NF waveform.
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Figure A-2. NF - SMP Cable Terminated with 50 ohms
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