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1

Introduction

Siglent provides 2.5/ 5/ 10G Base-T Ethernet Compliance Test application to verify the Ethernet

transmitter device under test (DUT) compliance to specifications. The equipment required for

Ethernet conformance testing including Oscilloscope, Vector Network Analyzers, Arbitrary Waveform

Generator, spectrum analyzer, standard test fixture, balun (option), Power Divider, probe, and cable.

This user manual only introduces the test fixture, test methods and Connect for 2.5/ 5/ 10G Base-T

Ethernet Compliance Test.

The Ethernet Compliance Test Application:

® |Let's you select individual or multiple tests to run.

® Shows you how to connect the oscilloscope to the device under test (DUT).

® Automatically sets up the oscilloscope for every test project.

® Provides detailed information for every test that has been run, and lets you know the thresholds
at which marginal or critical warnings appear.

® Creates HTML, XML or PDF test reports of the tests that have been run.
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2 Test Iltems and Standards Reference

2.1 Testltems

2.1.1  2.5G BASE-T Test Items
2.5G BASE-T Ethernet Electrical Compliance Test items:
® Maximum Output Droop
»  Maximum Output Droop Positive
»  Maximum Output Droop Negative
® Transmitter Timing Jitter - Master
® Transmit Clock Frequency

® Transmitter Linearity

> Tone
» Tone?2
» Toned
> Tone4
» Toneb

® Transmitter Nonlinear Distortion

» Tonel
» Tone?2
» Toned
> Tone4
> Toneb

® Power Tests
> Power Spectral Density (PSD)
» Power Level

® MDI Return Loss

® Transmitter Timing Jitter - Slave

int.siglent.com /
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The IEEE 802.3 specification has clear requirements for every test waveform for the compliance test.
The DUT is required to provide corresponding waveforms for compliance test according to the test
items. The user can use a software tool that configure the device under test to send out specific test

packets according to the requirements.

For all kinds of mainstream NIC chips, you can control the DUT to send out corresponding test

waveforms for compliance test by modifying relevant registers or using the packet sending tool

provided by the chip manufacturer.

As defined in IEEE 802.3, configuring the registers of a 2.5G BASE-T chip allows the DUT to enter
seven different test modes, each corresponding to a specific compliance test item see Figure 2-1.

Among these, Test Mode 4 involves register configurations for dual-tone signal generation, as

illustrated in Figure 2-2.

Table 126—13—MDIO management register settings for test modes

L132.15 | 1.132.14 1.132.13 Mode

0 0 0 Normal operation.

0 0 1 Test mode 1—Setting of MASTER transmitter required by
SLAVE for transmt jitter test in SLAVE mode.

0 1 0 Test mode 2—Transmit jitter test in MASTER mode.

] 1 1 Test mode 3—Transmit jitter test in SLAVE mode.

1 0 0 Test mode 4—Transmit distortion test.

1 0 1 Test mode 5—Normal operation with no power backoff. This
is for the PSD mask and power level test.

1 1 0 Test mode 6—Transmitter droop test mode.

1 1 1 Test mode 7—Pseudo-random test mode for BER Monitor.

Figure 2-1 2.5/ 5G BASE-T Test mode setting

int.siglent.com
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Table 126-14—MDIO management register settings for transmit frequencies in Test mode 4

1.132.12 113211 1.132.10 Output waveform frequencies in MHz

Two tone frequency pairs

0 0 1] Reserved

0 1 1 Reserved

1 1 1 Reserved

] 1] 1 5 (400/1024) = 47, 8§ = (400/1024) = 53

] 1 1] 5w (400/1024) = 101, 5 = (400/1024) = 103
1 1] 5 x (400/1024) = 179, § = (400/1024) = 181

= | =

1 §oc (400/1024) = 277, 5 = (400/1024) = 251

1 1 1] 5 (400/1024) = 397, 5 = (400/1024) = 401

Figure 2-2 2.5/ 5G BASE-T Dual-Tone Signal setting

The correspondence between test modes and test items are as follows:

® Test Mode 1: Transmitter Timing Jitter - Slave (Master PHY);

® Test Mode 2: Transmitter Timing Jitter - Master, Transmit Clock Frequency
® Test Mode 3: Transmitter Timing Jitter - Slave (Slave PHY)

® Test Mode 4: Transmitter Linearity, Transmitter Nonlinear Distortion

® Test Mode 5: Power Spectral Density, Power Level, MDI Return Loss

® Test Mode 6: Maximum Output Droop

2.1.2 5GBASE-T Test ltems
5G BASE-T Ethernet Electrical Compliance Test items:
® Maximum Output Droop
> Maximum Output Droop Positive
»  Maximum Output Droop Negative
® Transmitter Timing Jitter - Master
® Transmit Clock Frequency
® Transmitter Linearity

> Tonel

int.siglent.com 9
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» Tone?2
» Toned
> Tone4
» Toneb

® Power Tests
> Power Spectral Density (PSD)
» Power Level

® MDI Return Loss

® Transmitter Timing Jitter - Slave

The IEEE 802.3 specification has clear requirements for every test waveform for the compliance test.
The DUT is required to provide corresponding waveforms for compliance test according to the test
items. The user can use a software tool that configure the device under test to send out specific test

packets according to the requirements.

For all kinds of mainstream NIC chips, you can control the DUT to send out corresponding test
waveforms for compliance test by modifying relevant registers or using the packet sending tool

provided by the chip manufacturer.

As defined in IEEE 802.3, configuring the registers of a 5G BASE-T chip allows the DUT to enter seven
different test modes, each corresponding to a specific compliance test item see Figure 2-1. Among
these, Test Mode 4 involves register configurations for dual-tone signal generation, as illustrated in

Figure 2-2.

The correspondence between test modes and test items are as follows:

® Test Mode 1: Transmitter Timing Jitter - Slave (Master PHY);

® Test Mode 2: Transmitter Timing Jitter - Master, Transmit Clock Frequency
® Test Mode 3: Transmitter Timing Jitter - Slave (Slave PHY)

® Test Mode 4: Transmitter Linearity

® Test Mode 5: Power Spectral Density, Power Level, MDI Return Loss

® Test Mode 6: Maximum OQutput Droop

10 int.siglent.com



2.5/ 5/ 10GBASE-T Ethernet Compliance Test Application User Manual

2.1.3 10G BASE-T Test Iltems
10G BASE-T Ethernet Electrical Compliance Test items:
® Maximum Output Droop
»  Maximum Output Droop Positive
»  Maximum Output Droop Negative
® Transmitter Timing Jitter - Master
® Transmit Clock Frequency

® Transmitter Linearity

> Tone1
» Tone?2
» Toned
> Tone4
» Toneb

® Power Test
> Power Spectral Density (PSD)
» Power Level

® MDI Return Loss

® Transmitter Timing Jitter - Slave

The IEEE 802.3 standard specifies clear requirements for test waveforms. It mandates that the Device
Under Test (DUT) generate corresponding waveforms based on the test items. A packet generation

tool is software used to instruct the DUT to transmit specific test packets as required.

For mainstream NIC chips, waveform control can be achieved by modifying relevant registers or
utilizing packet generation tools provided by the chip manufacturer. These tools enable the DUT to

emit the required waveforms for testing.

As defined in IEEE 802.3, configuring the registers of a 10G BASE-T chip allows the DUT to enter seven
different test modes, each corresponding to a specific compliance test item see Figure 2-3. Among
these, Test Mode 4 involves register configurations for dual-tone signal generation, as illustrated in

Figure 2-4.

int.siglent.com 11
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Table 55-12—MDIO management register settings for test modes

1.132.15 1.132.14 1.132.13 Muode

] ] 0 MNormal operation.

0 0 1 Test mode |—Setting of MASTER transmitter required by
SLAVE for transmit jitter test in SLAVE mode.

0 1 0 Test mode 2—Transmit jitter test in MASTER mode.

0 1 1 Test mode 3—Transmit jitter test in SLAVE maode (if loop
titning is supported).

1 ] 0 Test mode 4—Transmit distortion test.

1 0 1 Test mode 5—MNormal operation with no power backoff. This

is for the PSD mask and power level test.

1 1 0 Test mode 6—Transminer droop test mode.

1 1 1 Test mode 7—Psendo random test mode for BER Monitor.

Figure 2-3 10G BASE-T Test mode setting

Table 55-13—MDIO management register settings for transmit frequencies in Test mode 4

1.132.12 1.132.11 1.132.10 Output waveform frequencies in MHz
Two tone frequency pairs

0 1] 1] Reserved

0 | | Reserved

1 | | Reserved

] 0 1 (B0 1024) » 47, (B00S1024) = 53

] 1 0 (BOOV1024) » 101, (BOO/1024) = 103

1 0 0 (BOOV1024) » 179, (BOO/1024) = 18]

1 0 1 (B0 1024) » 277, (BOO/1024) = 28]

1 1 0 (B0 1024) » 397, (BOO/1024) » 401

Figure 2-4 10GBASE-T Dual-Tone Signal setting

The correspondence between test modes and test items are as follows:
® Test Mode 1: Transmitter Timing Jitter - Slave (Master PHY);

® Test Mode 2: Transmitter Timing Jitter - Master, Transmit Clock Frequency

Test Mode 3: Transmitter Timing Jitter - Slave (Slave PHY)

Test Mode 4: Transmitter Linearity

12 int.siglent.com
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® Test Mode 5: Power Spectral Density, Power Level, MDI Return Loss

® Test Mode 6: Maximum Output Droop

2.2

Standards Reference

Siglent provides the 2.5/ 5/ 10G Base-T Ethernet Compliance Test solution which follows the
IEEE802.3-2018 section 55 and section 126 standards, and Table 2-1 shows the standard for each

test item.

More information for the IEEE802.3 standards, please go to the website: www.ieee802.org.

Table 2-1 2.5/ 5/ 10G Base-T Test by Standard Reference

Subclause 126.5.3.2

Standard Reference Test Mode | Test ltems Test Description

IEEE 802.3-2018, , 2.5G BASE-T, Maximum
Test Mode 6 | Maximum Output Droop

Subclause 126.5.3.1 Output Droop

IEEE 802.3-2018, Transmitter Timing Jitter- | 2.5G BASE-T, Transmitter
Test Mode 2 o ]

Subclause 126.5.3.3 Master Timing Jitter-Master

IEEE 802.3-2018, Transmitter Clock 2.5G BASE-T, Transmitter
Test Mode 2

Subclause 126.5.3.5 Frequency Clock Frequency

IEEE 802.3-2018, , , _ 2.5G BASE-T, Transmitter
Test Mode 4 | Transmitter Linearity ) )

Subclause 126.5.3.2 Linearity

IEEE 802.3-2018, Transmitter Nonlinear 2.5G BASE-T, Transmitter
Test Mode 4 , , . . .

Subclause 126.5.3.2 Distortion Nonlinear Distortion

2.5G BASE-T, PSD (Power

|[EEE 802.3-2018, PSD (Power Spectral .
Test Mode 5 , Spectral Density), Power

Subclause 126.5.3.4 Density) , Power Level

Level

IEEE 802.3-2018, 2.5G BASE-T, MDI Return
Test Mode 5 | MDI Return Loss

Subclause 126.8.2.2 Loss

IEEE 802.3-2018, TestMode 1 | Transmitter Timing Jitter- | 2.5G BASE-T, Transmitter

Subclause 126.5.3.3 Test Mode 3 | Slave Timing Jitter-Slave

IEEE 802.3-2018, . 5G BASE-T, Maximum
Test Mode 6 | Maximum Output Droop

Subclause 126.5.3.1 Output Droop

IEEE 802.3-2018, Transmitter Timing Jitter- | 5G BASE-T, Transmitter
Test Mode 2 _ .

Subclause 126.5.3.3 Master Timing Jitter-Master

IEEE 802.3-2018, Transmitter Clock 5G BASE-T, Transmitter
Test Mode 2

Subclause 126.5.3.5 Frequency Clock Frequency

IEEE 802.3-2018, , , _ 5G BASE-T, Transmitter
Test Mode 4 | Transmitter Linearity

Linearity

int.siglent.com
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5G BASE-T, PSD (Power

|[EEE 802.3-2018, PSD (Power Spectral )
Test Mode 5 , Spectral Density) , Power
Subclause 126.5.3.4 Density) , Power Level
Level
IEEE 802.3-2018, 5G BASE-T, MDI Return
Test Mode 5 | MDI Return Loss
Subclause 126.8.2.2 Loss
IEEE 802.3-2018, TestMode 1 | Transmitter Timing Jitter- | 5G BASE-T Transmitter
Subclause 126.5.3.3 Test Mode 3 | Slave Timing Jitter-Slave
IEEE 802.3-2018, , 10G BASE-T, Maximum
Test Mode 6 | Maximum Output Droop
Subclause 55.5.3.1 Output Droop
IEEE 802.3-2018, Transmitter Timing Jitter- 10G BASE-T, Transmitter
Test Mode 2 _— .
Subclause 55.5.3.3 Master Timing Jitter-Master
IEEE 802.3-2018, Transmitter Clock 10G BASE-T, Transmitter
Test Mode 2
Subclause 55.5.3.5 Frequency Clock Frequency
IEEE 802.3-2018, ‘ , , 10G BASE-T, Transmitter
Test Mode 4 | Transmitter Linearity ) )
Subclause 55.5.3.2 Linearity
10G BASE-T, PSD (Power
|[EEE 802.3-2018, PSD (Power Spectral )
Test Mode 5 , Spectral Density) , Power
Subclause 55.5.3.4 Density) , Power Level
Level
IEEE 802.3-2018, 10GBASE-T, MDI Return
Test Mode 5 | MDI Return Loss
Subclause 55.8.2.1 Loss
IEEE 802.3-2018, TestMode 1 | Transmitter Timing Jitter- 10GBASE-T, Transmitter
Subclause 55.5.3.3 Test Mode 3 | Slave Timing Jitter-Slave
14 int.siglent.com
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3 Test Equipment

3.1

Required Equipment

2.5/ 5/ 10G Base-T Ethernet electrical compliance test measurements require the following

equipment:

Oscilloscope (SDS7000A): Oscilloscope’s bandwidth > 4 GHz, and with the Ethernet Compliance
Test Application software that has installed the option key (SDS7000A-CT-2.5/ 5/ T0GBASE-T

option).

FX-MGETH kit: FX-MGETH kit is 2.5/ 5/ 10G Base-T the Ethernet Electrical Compliance Test
Fixture from Siglent that provides the physical connection and test points after the DUT enters

the test mode.

Differential probe or SMA cables:

> Differential probe (e.g., SAP5000D) : Bandwidth greater than 4 GHz for probing signals;
» SMA cables: connects from the oscilloscope to the test fixture for probing signals.

Spectrum Analyzer: Used for power spectral density, power level, transmitter linearity, and

transmitter nonlinear distortion testing.
Vector Network Analyzer: VNA is used for MDI return loss test.

Arbitrary waveform generator: Dual channels arbitrary waveform generator which outputs the

required disturbing signals. For 2.5G BASE-T transmitter nonlinear distortion testing.

USB Cable: Used to connect the oscilloscope's USB Host interface to the USB Device interface of
either a network analyzer or spectrum analyzer, enabling the oscilloscope to control these

instruments and acquire test data.

Balun (Optional): A 2:1 impedance ratio balun is used to perform impedance transformation from
differential 100 Q to single-ended 50 Q. The spectrum analyzer and network analyzer utilize the

balun for compliance testing of the device under test (DUT).

Power Divider: In 2.5G BASE-T transmitter nonlinear distortion testing, the power divider is
required to connect the interference source signal to the DUT, route the DUT signal to either an

oscilloscope or spectrum analyzer for testing.

int.siglent.com 15
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3.2 Delivery Checklist

The FX-MGETH kit includes the items are placed inside the black suitcase and the contents of the

delivery are shown in the table below. To ensure your rights, please check whether the items in the

box are consistent with the list within 48 hours after signing. If you notice any omissions or damage,

please contact your nearest Siglent customer service center or distributor as soon as possible. If you

fail to contact us immediately in case of omissions or damage, we will not be responsible for

replacement. Please understand.

Table 3-1 FX-MGETH Kit Checklist

ltem name Quantities
User Manual 1
Test Fixture Board 1
Calibration fixture Board 1
50 Q) Terminators (SMA) 8
SMA cables (length: 300 mm) 4
SMA cables (length: 300 mm, high performance phase matched cables, Blue) 2
BNC-SMA Adaptors 6
UTP RJ45 Cable (length: 150 mm) 2
Power Divider 2

Balun (Optional)

Figure 3-1 FX-MGETH Test Fixture

16
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3.3 Introduction to FX-MGETH Test Fixture

3.3.1 Ethernet Test Fixture Board

FX-MGETH kit is the Ethernet Electrical Compliance Test Fixture which cooperates with software for
2.5/ 5/ 10G BASE-T ethernet compliance validation on SDS7000A. The test fixture board shown in
Figure 3-2 which consists of 3 sections, each section has some specific functions, which are clearly

marked on the board to help user to use the test fixture.

N\
+0

AINIDIS G

S

o

®
N
A

g3LLr 3AVIS
uo 23
¢ NOILO3S
NIVA
¢ NOILO3S
{ HL3ION-X4

b s9qo1d ® spoo

Figure 3-2 Ethernet Electrical Compliance Test Fixture Board

Each section on the board is described as follows:

® Section 1: Supports the Ethernet Compliance test for 2.5/ 5/ 10G BASE-T transmitter timing

jitter-slave

® Section 2: Supports most of the Ethernet Compliance tests for 2.5/ 5/ 10G BASE-T by using two
SMA cables.

® Section 3: Supports most of the Ethernet Compliance tests for 2.5/ 5/ 10G BASE-T by using a

differential probe.

int.siglent.com 17
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3.3.2 Calibration Fixture Board

Calibration fixture board as shown in the Figure 3-3 .

SCIS

GSIGLENT
FX-MGETH

Figure 3-3 Calibration Fixture

The calibration fixture is marked as SECTION 4. Before using the VNA instrument to test the MDI return
loss of the device under test, it is necessary to use the calibration fixture to perform Open, Short, and

Load calibration on the test environment. After calibration, the MDI return loss test can be performed
on the device under test.
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4 Compliance Test Software Introduce

Siglent's 2.5/ 5/ 10G BASE-T Ethernet Compliance Test is a solution based on IEEE802.3-2018
specifications. The Ethernet Compliance analysis software controls the oscilloscope to automatically
perform the tests. The graphical operation guide simplifies the measurement process, the test items
can be flexibly configured, and the test report records the entire measurement results, including the

test values and the screenshots of the test waveforms.

SDS7000A provides 2.5/ 5/ 10G Base-T Compliance Test function, according to ~ Analysis ->
Compliance Test -> Protocol Type ,select 2.5/5/10GBASE-T andclick ON to activate
the Compliance Test function, which are shown in Figure 4-1. The Compliance Test function is divided

into three main parts: Test Config , Results ,and Report Setting

Figure 4-1 Launching 2.5/ 5/ 10G BASE-T Compliance Analysis Software

int.siglent.com 19
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4.1 Test Configuration

Clicking on Test Config will pop up the specific test configuration window, as shown in Figure 4-2,

which is divided into six steps based on the test process: Setup , TestSelect , Configure

)

Connect , RunTest ,and Result

» Setup:
€ Provide the functions of Recall , Last and Save for the configuration.

€ Provide the speed select options: 2.5G Base-T , 5GBase-T ,and 10G Base-T

SIGLEN T AULO
1(C1) < 2.0Hz

@ Utility 2 Display ™M Acquire ™ Trigger  # Cursors & Measure ™ Math & Analysis COMPLIANCE TES'

Compliance Test
off

Protocol Type
Setup Test Select Configure  Connect Run Test Result 2.5/5/10GBASE-T

Test Config

Test Flow

Setting @ Test Config
Setup
° " Recall Last

<> Results
Speed select:

@ Test Select #25GBase-T 5GBase-T 10GBase-T @ Report Setting

@ configure

Connect

Run Test

© Result

Figure 4-2 Test Configuration Window

» Test Select: Select the items to be tested in this column, as shown in Figure 4-3
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=~ Display T Acquire

Test Config

Test Flow

® setwp

@ Test Select

@ configure

Connect

Run Test

© Result

™ Trigger % Cursors & Measure ™ Math

Setup Test Select Configure Connect
v 2.5GBase-T

& Analysis

Run Test Result

Maximum Output Droop (IEEE802.3-2018 126.5.3.1, Al Pairs, Test Mode6)
Transmitter Timing Jitter—Master (IEEE802.3-2018 126.5.3.3, All Pairs, Test Mode2)
Transmit Clock Frequency (IEEE802.3-2018 126.5.3.5, All Pairs, Test Mode2)
Transmitter Linearity (IEEE802.3-2018 126.5.3.2, All Pairs, Test Moded)
Transmitter NonLinear Distortion (IEEE802.3-2018 126.5.3.2, All Pairs, Test Mode4)
Power Tests (IEEE802.3-2018 126.5.3 4, All Pairs, Test Mode5)

PSD
Power Level

MDI Return Loss (IEEE802.3-2018 126.8.2.1, All Pairs, Test ModeS)
Transmitter Timing Jitter-Slave (IEEE802.3-2018 126.5.3.3, Pair D Only, Test Mode1l and Test Mode3)

Figure 4-3 Test Item Selection Window

& COMPLIANCE TES

Compliance Test
off

Protocol Type
2.5/5/10GBASE-T

@ Test Config
<& Results

@ Report Setting

» Configure: The test items selected in  Test Select will be highlighted in this column, and you

can click the corresponding items to configure. You can set the input channels and probe type,
as shown in Figure 4-4.

~ Display T Acquire

Test Config

Test Flow

© sewp

@ Test Select

©® configure

Connect

Run Test

© Result

™ Trigger  # Cursors & Measure ™ Math

Setup Test Select  Configure Connect
~ Channel Setup
DUT Data Channel(All Pairs Without Disturber)
DUT Data Channel(All Pairs With Disturber)
DUT Data Channel(Pair D Only)
w Test Setup
Pair ID
Maximum Output Droop
Jitter-Master
Linearity
NonLinear Distortion
v Power Tests
PSD
Power Level
MDI Return Loss
Jitter-Slave

& Analysis

Run Test Result
DUT Data Channel(All Pairs Without Disturber)

# Differential Probe Single Ended

Please select the type of probe used to connect the DUT data

signal to the oscilloscope

DUT Data
C1

Please select the channel used for connecting the DUT data

signal to the oscilloscope. Please pay attention to the polarity of

the differential signal when connecting.

Figure 4-4 Test Item Selection Window

COMPLIANCE TES

Compliance Test
off

Protocol Type
2.5/5/10GBASE-T

@ Test Config

<> Res|

@ Report Setting

As shown in Figure 4-4, after click DUT Data Channel (All Pairs Without Disturber) , the

channel setting window for all testable signal pairs and test items whitout disturber will be

expanded. The available settings are:

int.siglent.com
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€ Probe type selection (differential probe/single-ended input): Set the probe type used by the

oscilloscope to connect to the signal to be measured;

€ Channel selection (C1/C2/C3/C4): Set the channel used by the oscilloscope to connect to

the signal to be measured.

As shown in Figure 4-5, after click DUT Data Channel (All Pairs With Disturber) , the channel
setting window for all testable signal pairs and test items with disturber will be expanded. The

available settings are:

€ Channel selection (C1/C2/C3/C4): Set the channel used by the oscilloscope to connect to

the signal to be measured.

Note: This configuration is only required for the nonlinear distortion test item of 2.5G BASE-T, and

the probe type is only support single-ended input.

8GHz-12Bit

@ Uity o Display M Acquire ™ Trigger % Cursors b Measure ™ Math & Analysis et

& COMPLIANCE TES

Compliance Test
off

Test Config Protocol Type

Test Flow Setup Test Select Configure  Connect Run Test Result 2.5/5/10GBASE-T

~ Channel Setup DUT Data Channel(All Pairs With Disturber) @ Test Config
Li T DUT Data Channel(All Pairs Without Disturber)

DUT Data Channel(All Pairs With Disturber) 0" 2
DUT Data Channel(Pair D Only) c1 c2 <> Results

~ Test Setup Please select the channel used for connecting the DUT data

@ Test Select Pair ID signal to the oscilloscope. Please pay attention to the polarity of © Report Setting
Maximum Output Droop the differential signal when connecting

Jitter-Master
Linearity
NonLinear Distortion
¥ Power Tests

PSD

Power Level
MDI Return Loss
Jitter-Slave

@ configure

Connect

Run Test

@ Result

Figure 4-5 DUT Data Channel (All Pairs With Disturber) Configuration Interface

As shown in Figure 4-6, after click DUT Data Channel (Pair D only) , the channel setting

window for pair D will be expanded, and the available settings are:

€ Channel selection (C1/C2/C3/C4): Set the channel used by the oscilloscope to connect to

the signal to be measured.

Note: Only the transmitter timing jitter-slave item needs to be configured, and the probe type is

only support single-ended input.

22
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@ Utility > Display Acquire ™ Trigger  # Cursors I Measure ™ Math & Analysis prsde || S COMPLIANCE TES'

Compliance Test

off
Test Config Protocol Type

Test Flow Setup Test Select Configure  Connect Run Test Result 2.5/5/10GBASE-T
w* Channel Setup
O sewp DUT Data Channel(All Pairs Without Disturber)  ~ )
DUT Data Channel(All Pairs With Disturber)
DUT Data Channel(Pair D Only) c1 c2 <> Results
= est Selup Please select the channel used for connecting the DUT data
Pair ID signal to the oscilloscope. Please pay attention to the polarity of ® Report Setting
Maximum Output Droop the differential signal when connecting.
Jitter-Master
Linearity
NonLinear Distortion
~ Power Tests
PSD
Power Level
MDI Return Loss
Jitter-Slave

DUT Data Channel(Pair D Only) @ Test Config

@ Test Select

@ configure

Connect

Run Test

© Result

Figure 4-6 DUT Data Channel (Pair D only) Configuration Interface

As shown in Figure 4-7, click Pair ID , the configuration window of the test pair ID will be

expanded to set the pair ID . The available settings are:

€ Test pair ID (Pair A/ Pair B/ Pair C/ Pair D/ Pair All): Select the serial number of the pair being
tested.

Note: Transmitter timing jitter-slave item only needs to test Pair D.

8 21 EEE =
@ Utility 7 Display M Acquire ™ Trigger 4 Cursors b Measure ™ Math & Analysis ?G?:iﬂiﬂ'w 1(C1) < & COMPLIANCE TES
Compliance Test

off
Test Config Protocol Type

Test Flow Setup  TestSelect Configure  Connect  Run Test Result 2.5/5/10GBASE-T

~ Channel Setup Pair ID

® sewp DUT Data Channel(All Pairs Without Disturber) D
DUT Data Channel(All Pairs With Disturber)

DUT Data Channel(Pair D Only) Pair A <& Results

wilEstSalp This configuration is applicable to all test items except for the
Pair ID Slave Jitter, use to record the Pair ID of the currently tested @ Report Setting
Maximum Output Droop twisted pair.
Jitter-Master
Linearity
NonLinear Distortion
~ Power Tests
PSD
Power Level
MDI Return Loss
Jitter-Slave

@ Test Config

@ Test Select

@ configure

Connect

Run Test

@ Result

Figure 4-7 Test Pair ID Configuration Interface

As shown in Figure 4-8, click Maximum Output Droop , expand the configuration window for
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the maximum output droop test, the available settings are:

€ Average num (1/ 4/ 16/ 32/ 64/ 128/ 256/ 512): Set the averaging times of the test waveform.
The more averaging times, the more stable the test waveform and results.

R o = T SIGLENT
@ Utility © Display M Acquire ™ Trigger % Cursors & Measure ™ Math & Analysis SCHzT25K

2Gpts Memory f(C1) < 2.0Hz Sl S

Compliance Test

Off
Test Config Protocol Type

Test Flow Setup  TestSelect Configure  Connect ~ Run Test Result 2.5/5/10GBASE-T

w Channel Setup
©® setup DUT Data Channel(All Pairs Without Disturber)
DUT Data Channel(All Pairs With Disturber) Average Num

Maximum Output Droop @ Test Config

DUT Data Channel(Pair D Only) 32 <> Results

v Test Setup This configuration is used to set the average number of

Pair ID transmission test mode 1 waveforms. Test items with disturbing @ Report Setting
Maximum Output Droop signals are not averaged.
Jitter-Master
Linearity
NonLinear Distortion

¥ Power Tests

PSD

@ Test Select

@ configure

Power Level
MDI Return Loss

Connect Jitter-Slave

Run Test

© Result

Figure 4-8 Maximum Output Droop Configuration Interface

As shown in Figure 4-9, click Jitter-Master , expand the configuration window for the

transmitter timing jitter-Master, the available settings are:
& Jitter type (TIE / Peroid): Set the jitter type for calculation.

€ Bandpass filter (False / True): Select whether to filter the waveform before calculating the
jitter. Generally, the jitter result after filtering will be better. The center frequency of the
bandpass filter used by 2.5G BASE-T is 50 MHz and the bandwidth is 2 MHz; the center
frequency of the bandpass filter used by 5G BASE-T is 100 MHz and the bandwidth is 2 MHz;
the center frequency of the bandpass filter used by 10G BASE-T is 200 MHz and the

bandwidth is 2 MHz.
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& Utility ~ Display T Acquire ™ Trigger # Cursors & Measure ™ Math & Analysis 25; ory HC1) < 2.0Hz 8 COMPLIANCE TES

Compliance Test
off

Test Config Protocol Type

Test Flow Setup  TestSelect Configure Connect  Run Test Result 2.5/5/10GBASE-T

 Channel Setup Jitter—Master ©® Test Config
® sewp DUT Data Channel(All Pairs Without Disturber)
DUT Data Channel(All Pairs With Disturber) ype
DUT Data Channel(Pair D Only) Period Jitter <> Results
w Test Setup
Pair ID
Maximum Output Droop
Jitter-Master
Linearity
NonLinear Distortion
~ Power Tests Please choose whether to use a bandpass filter.
PSD
Power Level
MDI Return Loss
Jitter—Slave

Please choose the display method for jitter results.

@ Test Select @ Report Setting

Bandpass Filter
False
@ configure

Connect

Run Test

@ Result

Figure 4-9 Transmitter Timing Jitter-Master Configuration Interface

As shown in Figure 4-10, click ~Linearity , expand the configuration window for the transmitter

linearity, the available settings are:

€ Test equipment selection (oscilloscope/spectrum analyzer): Select the test instrument used

for transmitter linearity.

€ Average num (1/ 10/ 20/ 30/ 40/ 50): Set the average number of test results. The more

average times, the more stable the results.

€ Connect test: Detect the connection status of the spectrum analyzer. The device name will

be displayed after the connection is successful.

€ Balun compensation (On / Off): Select whether to compensate for the insertion loss of the

balun.

€ Settings: Click Configure to enter the balun compensation interface, as shown in Figure
4-11. You can add/modify/delete insertion loss at different frequencies. Up to 50 points can
be added. Because the balun has its own insertion loss and return loss, which will affect the

test results, these losses need to be compensated.

Note: Test Connect, balun compensation, and settings are only effective when the test
instrument selects the spectrum analyzer, and the settings can only take effect after the balun

compensation is turned on.
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@ Utlity ~ Display Acquire

Test Config

Test Flow

® sewp

@ Test Select

™ Trigger  # Cursors k. Measure ™ Math

Setup Test Select  Configure Connect

w Channel Setup
DUT Data Channel(All Pairs Without Disturber)
DUT Data Channel(All Pairs With Disturber)
DUT Data Channel(Pair D Only)

w Test Setup
Pair ID
Maximum Output Droop
Jitter-Master

& Analysis

Run Test Result
Linearity
Oscilloscope » Spectrum Analyzer

Please select the test equipment for Linearity test.

Average Num

SIGLENT
f(C1) < 2.0Hz

COMPLIANCE TES

Compliance Test
off

Protocol Type

2.5/5/10GBASE-T

@ Test Config

<> Results

© Report Setting

Linearity
NonLinear Distortion
~ Power Tests
PSD
Power Level
MDI Return Loss
Jitter-Slave

20
@ configure
9 Please select the average number for Linearity test

Connect Connect Test  pevice

Please click to test the Spectrum Analyzer connection status.

Run Test

Balun Compensation
on

Please choose whether to compensate for the insertion loss of
© Result Balun

SIGLENT
C1) < 2.0Hz

@ Utility o Display M Acquire ™ Trigger  # Cursors & Measure ™ Math & Analysis COMPLIANCE TES

Compliance Test
2.5GBase-T Balun Compensation Parameter Setting off

a8 Number Frequency  Amplitude Protocol Type
T GO S 2.5/5/10GBASE-T
300.00kHz 1.50dB
3.00MHz 1.50d8
100.00MHz 1.50dB
200.00MHz  1.50d8
400.00MHz  1.50d8
3.00000GHz 1.50dB

@ Test Config
<> Results

@ Report Setting

iz 5GHz
-7 - 1000

Modify Delete
The test only compensates for the insertion loss of Balun, and the actual

compensation parameters can refer to the insertion loss item in Balun's data
manual. The accuracy of the input frequency here is 10kHz, and the accuracy of the
compensation coefficient is 0.01dB

off —

Please choose whether to compensate for the insertion loss of
© Result Balun

Figure 4-11 Balun Compensation Configuration Interface

As shown in Figure 4-12, click Nonlinear Distortion , expand the configuration window for the

transmitter nonlinear distortion, the available settings are:

& Test equipment selection (oscilloscope/spectrum analyzer): Select the test instrument used

for transmitter nonlinear distortion.

€ Average num (1/ 10/ 20/ 30/ 40/ 50): used to set the average number of test results. The

more average times, the more stable the results.
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€ Connect test for AWG: Detect the connection status of the arbitrary waveform generator.

The device name will be displayed after the connection is successful.

€ Connecttest for SA: Detect the connectionstatus of the spectrum analyzer. The device name

will be displayed after the connectionis successful.

€ Balun compensation (On/ Off): Select whether to compensate for the insertion loss of the

balun.

€ Settings: Click Configure to enter the balun compensation interface, as shown in Figure

4-11. You can add/modify/delete insertion loss at different frequencies. A maximum of 50

points can be added.

Note 1: This configuration only exists for 2.5G BASE-T.

Note 2: Test Connect (spectrum analyzer), balun compensation, and settings are only effective

when the test instrument selects the spectrum analyzer, and the settings can only take effect

after the balun compensation is turned on.

@ Utility ~ Display i Acquire

Test Config

Test Flow

® sewp

© Test Select

@ configure

Connect

Run Test

© Result

Figure 4-12 Transmitter Nonlinear Distortion Configuration Interface

® Trigger % Cursors b Measure ™ Math

Setup Test Select Configure Connect

 Channel Setup
DUT Data Channel(All Pairs Without Disturber)

DUT Data Channel(Pair D Only)
w Test Setup
Pair ID
Maximum Output Droop
Jitter-Master
Linearity
¥ Power Tests
PSD
Power Level
MDI Return Loss
Jitter-Slave

& Analysis

Run Test Result
NonLinear Distortion
Oscilloscope # Spectrum Analyzer

Please select the test equipment for NonLinear Distortion test.

Average Num

20

Please select the average number for NonLinear Distortion test.
Connect Test peyjice:

Please click to test the AWG connection status.

Connect Test  peyice:

Please click to test the Spectrum Analyzer connection status.

Balun Compensation
on

Please choose whether to compensate for the insertion loss of
Balun

8 COMPLIANCE TES

Compliance Test
off

Protocol Type

2.5/5/10GBASE-T

@ Test Config

<> Results

@ Report Setting

As shown in Figure 4-13, click PSD , expand the configuration window for the power spectral

density, the available settings are:

€ Test equipment selection (oscilloscope/spectrum analyzer): Select the test instrument used

for power spectrum density test.

€ Average num (1/ 10/ 20/ 30/ 40/ 50/ 100): used to set the average number of test results. The

more average times, the more stable the results.

int.siglent.com
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€ Connect test: used to detect the connectionstatus of the spectrum analyzer. The device

name will be displayed after the connectionis successful.

€ Balun compensation (On/ Off): used to select whether to compensate for the insertion loss

of the balun.

€ Settings: Click Configure to enter the balun compensation interface, as shown in Figure
4-11. You can add/modify/delete insertion loss at different frequencies. Up to 50 points can
be added.

Note: Test Connect, balun compensation, and settings are only effective when the test
instrument selects the spectrum analyzer, and the settings can only take effect after the balun

compensation is turned on.

@ Utility 2 Display Acquire ™ Trigger  # Cursors . Measure ™ Math @ Analysis - R Sane COMPLIANCE TES

Compliance Test

off

Test Config Protocol Type

Test Flow Setup  TestSelect Configure  Connect  Run Test Result 2.5/5/10GBASE-T

¥ Channel Setup PSD ® Test Config
@ seup DUT Data Channel(All Pairs Without Disturber)
Oscilloscope # Spectrum Analyzer
DUT Data Channel(Pair D Only) <> Results
v Test Setup
Pair ID
Maximum Output Droop
Jitter-Master
Linearity
NonLinear Distortion
¥ Power Tests Please select the average number for PSD test.
PSD
Power Level
MDI Return Loss
Jitter-Slave

Please select the test equipment for PSD test

@ Test Select © Report Setting

Average Num
100
@ Configure

Connect Connect Test  peyice

Please click to test the Spectrum Analyzer connection status.

Run Test

Balun Compensation
On

Please choose whether to compensate for the insertion loss of
© Result Balun

Figure 4-13 PSD Configuration Interface

As shown in Figure 4-14, click Power Level , expand the configuration window for the Power

Level, the available settings are:

€ Test equipment selection (oscilloscope/spectrum analyzer): Select the test instrument used

for power spectrum density.

€ Average num (1/ 10/ 20/ 30/ 40/ 50/ 100): Set the average number of test results. The more

average times, the more stable the results.

€ Connect test: Detect the connectionstatus of the spectrum analyzer. The device name will

be displayed after the connectionis successful.

€ Balun compensation (On/ Off): Select whether to compensate for the insertion loss of the

balun.

28
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€ Settings: Click Configure to enter the balun compensation interface, as shown in Figure
4-11. You can add/modify/delete insertion loss at different frequencies. Up to 50 points can
be added.

Note: Test Connect, balun compensation, and settings are only effective when the test
instrument selects the spectrum analyzer, and the settings can only take effect after the balun

compensation is turned on.

8GHz-12Bit  SIGLENT

& Utility = Display M Acquire ™ Trigger # Cursors B Measure ™ Math & Analysis 2Gpts Memon #c1) Hz

8 COMPLIANCE TES

Compliance Test
off

Test Config

Test Flow

Setup Test Select  Configure

w Channel Setup

Connect

Run Test Result

Protocol Type
2.5/5/10GBASE-T

Power Level @ Test Config

@ sewp DUT Data Channel(All Pairs Without Disturber)

[» > D # Oscilloscope Spectrum Analyzer
DUT Data Channel(Pair D Only) Pl = <> Results
lease select the test equipment for Power Level test.
v Test Setup
Pair ID
Maximum Output Droop
Jitter—Master
Linearity
NonLinear Distortion
¥ Power Tests Please select the average number for Power Level test.
PSD
Power Level
MDI Return Loss
Jitter-Slave

@ Test Select ©® Report Setting

Average Num
50
@ configure

Connect

Run Test

© Result

Figure 4-14 Power Level Configuration Interface

As shown in Figure 4-15, click MDI Return Loss , expand the configuration window for the MDI

Return Loss, the available settings are:

€ Connect test: Detect the connectionstatus of the spectrum analyzer. The device name will

be displayed after the connectionis successful.

€ VNA port selection (Port1/ Port2/ Port3/ Port4): Select the physical port for VNA to measure
return loss. The number of available ports will change dynamically according to the VNA

model used.

€ VNA calibration: After clicking Open/Short/Load, you can perform the corresponding

calibration.
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@ Utility > Display M Acquire ™ Trigger # Cursors & Measure ™ Math & Analysis

Test Config

Test Flow Setup Test Select  Configure Connect Run Test Result

w Channel Setup MDI Return Loss
O seup DUT Data Channel(All Pairs Without Disturber)

Connect Test pevice:
DUT Data Channel(Pair D Only)

~ Test Setup Please click to test the VNA connection status. If the connection is
Pair ID successful, the calibration configuration will be automatically

© Test Select completed

Maximum Output Droop
Jitter-Master

Linearity

NonLinear Distortion

VNA Port Select:
Portl

nfigur
@ configure ~ Power Tests Please select the physical port for VNA measurement of retum

PSD loss.
Power Level

. MDI Return Loss VNA Calibration
onnect Jitter-Slave

Open Short Load

Please click on "Open”, "Short", and “Load" respectively to
Run Test calibrate

© Result

Figure 4-15 MDI Return Loss Configuration Interface

COMPLIANCE TES

Compliance Test
off
Protocol Type
2.5/5/10GBASE-T

@ Test Config

<> Results

@ Report Setting

As shown in Figure 4-16, click Jitter-Slave , expand the configuration window for the

transmitter timing jitter-slave, and the available settings are:

& itter type (TIE / Peroid): Set the jitter type for calculation.

€ Bandpass filter (False / True): Select whether to filter the waveform before calculating the

jitter. Generally, the jitter result after filtering will be better. The center frequency of the
bandpass filter used by 2.5G BASE-T is 50 MHz and the bandwidth is 2 MHz; the center
frequency of the bandpass filter used by 5G BASE-T is 100 MHz and the bandwidth is 2 MHz;
the center frequency of the bandpass filter used by 10G BASE-T is 200 MHz and the

bandwidth is 2 MHz
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@ Utility ) Display M Acquire

Test Config

Test Flow

© sewp

@ Test Select

@ configure

™ Trigger  # Cursors b Measure ™ Math

Setup Test Select  Configure Connect

w Channel Setup
DUT Data Channel(All Pairs Without Disturber)
U ta Channel(All Pairs With Disturbe
DUT Data Channel(Pair D Only)
 Test Setup
Pair ID
Maximum Output Droop
Jitter-Master
Linearity
NonLinear Distortion

& Analysis

Run Test Result
Jitter-Slave

Jitter Type
Period Jitter

Please choose the display method for jitter results.

Bandpass Filter

False

COMPLIANCE TES'

Compliance Test
off

Protocol Type

2.5/5/10GBASE-T

@ Test Config

<> Results

©® Report Setting

~ Power Tests
PSD
Power Level
MDI Return Loss
Connect Jitter—Slave

Please choose whether to use a bandpass filter.

Run Test

@ Result

Figure 4-16 Transmitter Timing Jitter-Slave Configuration Interface

»  Connect: This column displays the connectiondiagram of the compliance test, as shown in Figure
4-17. If more than one item is selected simultaneous, only the connectiondiagram for the first
test item will be displayed. For the other test items, if the connectionis different then a new pop-

up window will appear at the end of the previous test.

SIGLENT

a0

we

Device Under Test

300

oo

SMA-BNC Cable
Short CAT6A Cable

30Q Terminator

oo

Figure 4-17 Connect Diagram in the Connect Menu

» Run test: The Run Test window is shown in Figure 4-18. Both Continue and Stop options

are supported when meets test failures.
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Setup Test Select Configure Connect Run Test Result

© sewp Continu Stop

@ configure

Run Test

Run Test

Figure 4-18 Run Test Window

In the following test process, according to the pop-up window prompts to complete the test. After all

test items are completed, the test result window will pop up.

4.2 Viewing of Results

Click ~Result to view the corresponding test results.

The upper half of the test results window contains the test items, outlining the results of every test

item, as well as the pass thresholds, as shown in Figure 4-19.

The lower half of the test result window displays the corresponding detail picture, click on the item you
are concerned about in the upper half of the test results window, and the corresponding details will be
displayed in the lower half of the window, click on the picture to view the details of the test waveform

in a larger display, as shown in Figure 4-20.
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2 Utility 2 Display M Acquire ™ Trigger # Cursors [ Measure ™ Math @ Analysis £ o COMPLIANCE TES

Compliance Test

off
Result Test name Value Margin Pass Limit

Protocol Type
2.5/5/10GBASE-T
2.5GBase-T, Maximum Output Droop NEG e i Value < 7.509 @ Test Config
smitter Timing Jitter Master 13.595ps 35.959 Value < 000ps

> e
itter Timing Clock Frequency 1.00003532Mppm 999985.32%  -50.00ppm <= Value < 0 < Results
Overall = P:

© Report Setting
2.5GBase-T, Power Level 6.530dBm 1.000dBm <= Value <= 3.000dBm

Details:2.5GBase-T, Maximum Output Droop POS
Current 9.69% y
Mean 9.6888%
Min

Max

Pk-PK

Stdev

Count
Average Num
Pass Limit <= 17.50%
Margin 44.64%
BI_DC

Result

18V X 144mVi 350mV/ s 5.00us/div Stop 0,00V 11:15:58)
5.90mV FULL 1.44mVv 0.00v 500kpts 10.0GSa/s Edge 202411011

Figure 4-19 List of Test Result Items

Hz-12Bit

@ Utility ~ Display T Acquire ™ Trigger # Cursors & Measure ™ Math @ Analysis 2Gpts Memory

COMPLIANCE TES'

Compliance Test
off

Protocol Type
2.5/5/10GBASE-T

@ Test Config
<> Results

@ Report Setting

.

Average 32/32

Timebase Triggor
0.00s

Stop
20.0kpts 10.0GSa/s Pulse

200ns/div. Stop 0,00V 11:17:38
20.0kpts 10.0GSa/s Pulse Posi 0/1

Figure 4-20 Waveform Details

4.3 Report Generation

Click Report Setting | fill in the test information, and select the HTML, XML or PDF report type.
Preview Report can view the generated report in advance. Click = File Management to select the

path to save. Click Save to save the test results, as shown in Figure 4-21.
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Note: When saved in HTML format, a folder and HTML files will be generated, if you need to copy to a

new directory, you need to copy both to the new directory.

File Manager
i All Files (*)
> Il local Name Al Sie = SRR
M SDS7404A_H12_Eth_--
B SDS7404A H12_Eth - 49.4 KB  html File

185.4G/195.9G } 2 items

Save As New Dir New File  More Options

Figure 4-21 Generation of Report Settings

The test report includes a summary table of all test results with hyperlinks to the details page, which

includes a screen shot of the associated test waveform, which is shown in Figure 4-22.
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Figure 4-22 Test Report
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5 Test Environment Connectivity

For different test items and configurations, the test environment can be categorized into five scenarios:
testing with an oscilloscope, testing with a spectrum analyzer, testing with a vector network analyzer,
testing for transmitter nonlinear distortion, and testing for slave jitter. The test items for the three rates

of 2.5G, 5G, and 10G are similar, and the following descriptions will not differentiate between them.

5.1 Test Environment Using an Oscilloscope

The test environments for maximum output droop, transmitter timing jitter- master, transmitter clock
frequency, transmitter linearity (tested with an oscilloscope), power spectral density (tested with an
oscilloscope), and power level (tested with an oscilloscope) are the same, utilizing area @ or area @ of
the test fixture. The DUT needs to output waveforms corresponding to the test mode for the
respective test item. The FX-MGETH test fixture supports signal detection using differential probes or

SMA cables. The connection procedures are as follows:

® Differential Probe: The connect method using an active differential probe is shown in Figure 5-1.

The steps are:

1) Connect one end of a short Ethernet cable to connector J21 in area @ of the test fixture and the
other end to the DUT.

2) Based on the DUT's signal pairs under test (DA, DB, DC, DD), connect the active differential
probe's detection points to the corresponding test points (J17, J18, J19, J20), and connect the

other end to an input channel of the oscilloscope.
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Device Under Test
— Ml —  Differential Probe

Short CAT6A Cable

Figure 5-1 Active Differential Probe Environment

® SMA Cable: The connect method using SMA cables is shown in Figure 5-2. The steps are:

1) Connect one end of a short Ethernet cable to connector J16 in area @ of the test fixture and the
other end to the DUT.

2) Based on the DUT's signal pairs under test, connect one end of two equal-length SMA cables to
the corresponding test points: DA (J1, J2), DB (J3, J4), DC (J5, J6), DD (J7, J8). Connect the other

ends of the two SMA cables to two input channels of the oscilloscope.

3) Install 50 Q termination matchers on the untested signals.

0w

Device Under Test [~

e

SMA-BNC Cable
Short CAT6A Cable

Figure 5-2 Single-ended Input Connect
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5.2 Test Environment Using a Spectrum Analyzer

For transmitter linearity, power spectral density, and power level, when selecting a spectrum analyzer
for testing, the test environment is the same, utilizing area @ of the test fixture and a balun. The DUT
needs to output waveforms corresponding to the test mode for the respective test item. The

connection procedures are as follows:
The connect method is shown in Figure 5-3. The steps are:

1)  Connect one end of a short Ethernet cable to connector J16 in area @ of the test fixture and the
other end to the DUT.

2) Based on the DUT's signal pairs under test, connect one end of two equal-length SMA cables to
the corresponding test points: DA (J1, J2), DB (J3, J4), DC (J5, J6), DD (J7, J8). Connect the other
ends of the two SMA cables to the input of the balun, and connect the output of the balun to an

input channel of the spectrum analyzer.

3) Connect a USB cable between the oscilloscope's USB Host interface and the spectrum analyzer's

USB Device interface.

4) Install 50 Q termination matchers on the untested signals.

SMA-N Cable

USB Cable

SMA Cable

Short CAT6A Cable

a =0 -
S 500 Terminator

Device Under Test

Figure 5-3 Spectrum Analyzer Connect
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5.3

Test Environment Using a Vector Network Analyzer

For MDI return loss testing, a vector network analyzer (VNA) is required, utilizing area @ of the test

fixture and calibration components. The DUT needs to output waveforms of test mode 5. Additionally,

the VNA must be calibrated before MDI return loss testing. The calibration and connection procedures

are as follows:

1)

Calibration Connect: The connect method is shown in Figure 5-4. The steps are:

Connect two equal-length SMA cables to the input of the balun and the corresponding test points
in area @ of the test fixture: DA (J1, J2), DB (J3, J4), DC (J5, J6), DD (J7, J8).

Connect one end of an SMA cable to the VNA port selected under Configure > MDI Return

Loss , and the other end to the output of the balun.
Install 50 Q) termination matchers on the untested signals in area @ of the test fixture.

Connect a USB cable between the oscilloscope's USB Host interface and the VNA's USB Device

interface.

Connect one end of a short Ethernet cable to connector J16 in area @ of the test fixture and the

other end to the calibration component's J12 for Open calibration.

Click Test Connect on the Return Loss Configure page. Once the communication with the VNA is
successful, the oscilloscope will display the VNA model information and automatically set the VNA

calibration configuration (only supported for Siglent VNAS).
Click Configure > MDIReturnLoss > Open Circuit to perform Open calibration.

For Short and Load calibrations, change the short Ethernet cable Connect and click Short or Load
under Configure > MDIReturnLoss , Shortcircuit , loadcalibration toperformthe

respective calibrations.
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SMA-N Cable
USB Cable

SMA Cable
SMA-BNC Cable
Short CAT6A Cable

3 % ; 30Q Terminator
n 2:1

Figure 5-4 MDI Return Loss Calibrations Connect

® Test Connect: The Connect method is shown in Figure 5-5. The steps are:

1) Connect two equal-length SMA cables to the input of the balun and the corresponding test points
in area @ of the test fixture: DA (J1, J2), DB (J3, J4), DC (J5, J6), DD (J7, J8).

2) Connect one end of an SMA cable to the VNA port selected under Configure > MDI Return
Loss , and the other end to the output of the balun.

3) Install 50 Q termination matchers on the untested signals in area @ of the test fixture.

4) Connect a USB cable between the oscilloscope's USB Host interface and the VNA's USB Device
interface.

5) Connect one end of a short Ethernet cable to connector J16 in area @ of the test fixture and the
other end to the DUT.

6) Configure the DUT to enter test mode 5.

7)  Click on the start test in the run test page. When a pop-up window appears with a connection
prompt, click RunTest |, and the oscilloscope will retrieve the S11 data from the VNA, plot the
curve, and determine whether the test passes.
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e e SMA-N Cable

USB Cable

SMA Cable
SMA-BNC Cable
Short CAT6A Cable

-
3 g ; S0Q Terminator
m 2:1

Device Under Test

Figure 5-5 MDI Return Loss Test Connect

5.4 Test Environment for Transmitter Nonlinear Distortion

Only 2.5G BASE-T requires transmitter nonlinear distortion testing. This test can be performed using
either an oscilloscope or a spectrum analyzer, but both require an arbitrary waveform generator and
a power divider, utilizing area @ of the test fixture. The DUT needs to output waveforms of test mode

4. The connection procedures are as follows:
® Oscilloscope Testing: The connect method is shown in Figure 5-6. The steps are:

1)  Connect one end of a short Ethernet cable to connector J16 in area @ of the test fixture and the
other end to the DUT.

2) Connect one end of two equal-length SMA cables to the corresponding test points: DA (J1, J2),
DB (J3, J4), DC (J5, J6), DD (J7, J8). Connect the other ends to the S port of the power divider.

3) Connect two equal-length SMA cables from the arbitrary waveform generator's two output

channels to ports 1 of the power divider.

4) Connect two equal-length SMA cables from the oscilloscope's two input channels to ports 2 of
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the power divider.

5) Connect a Type A-Type B USB cable between the oscilloscope's USB Host interface and the
arbitrary waveform generator's USB Device interface.
6) Install 50 Q termination matchers on the untested signals.
USB Cable
SMA Cable
SMA-BNC Cable
Short CAT6A Cable
; 50Q Terminator
USB Host to USE Device Cable
U Hos Tt
—_— ok )
" 0 = .
- ' eeere SHO®
: : | |
{ ° T USB Device Part
Device Under Test s | Power
Divider |
1
< | Power
a —{ Divider
2
g {
Figure 5-6 Transmitter Nonlinear Distortion Test Using an Oscilloscope
® Spectrum Analyzer Testing: The Connect method is shown in Figure 5-7. The steps are:
1) Connect one end of a short Ethernet cable to connector J16 in area @ of the test fixture and the
other end to the DUT.
2) Connect one end of two equal-length SMA cables to the corresponding test points: DA (J1, J2),
DB (J3, J4), DC (J5, J6), DD (J7, J8).
42
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3) Connect an SMA cable from the output of the balun to the S port of the power divider.

4) Connect an SMA cable from one output channel of the arbitrary waveform generator to port 1 of

the power divider.

5) Connect an SMA cable from one input channel of the spectrum analyzer to port 2 of the power

divider.

6) Connect a Type A-Type B USB cable between the oscilloscope's USB Host interface and the

arbitrary waveform generator's USB Device interface.

7) Connect a Type A-Type B USB cable between the oscilloscope's USB Host interface and the

spectrum analyzer's USB Device interface.

8) Install 50 Q termination matchers on the untested signals.

Oscilloscope

SMA-N Cable
USB Cable

SMA Cable
SMA-BNC Cable
Short CAT6A Cable

; 30Q Terminator

| o= "PIWN

e
oo

Device Under Test [~

Figure 5-7 Transmitter Nonlinear Distortion Test Using an Spectrum Analyzer
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5.5 Test Environment for Slave Jitter Testing

Transmitter timing jitter -slave only requires testing Pair D, utilizing area D of the test fixture. Two
devices are needed: one as the DUT configured for test mode 3 (slave PHY) and one as the Link Partner

configured for test mode 1 (master PHY). The connection procedures are as follows:
The Connect method is shown in Figure 5-8. The steps are:

1) Configure the DUT (slave PHY) to enter test mode 3 and the Link Partner (master PHY) to enter

test mode 1.

2) Use two short Ethernet cables: one to connect the DUT (slave PHY) to connector J15 in area D
of the test fixture, and the other to connect the Link Partner (master PHY) to connector J14 in

area M of the test fixture.

3) Connect two equal-length SMA cables from test points J9 and J10 in area O of the test fixture to

two channels of the oscilloscope.

Device Under Test
(Slave PHY)

Link Parnter
(Master PHY)

- SMA-BNC Cable

Short CAT6A Cable

Figure 5-8 Slave Jitter Environment
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6 2.5G BASE-T Compliance Testing

6.1  Maximum Output Droop Test

6.1.1 Test Introduction
Reference standard: [EEE 802.3-2018, Subclause 126.5.3.1.

The maximum output droop test verifies whether the attenuation rate of the DUT's output signal
complies with the standard. During testing, the DUT must be configured in Test Mode 6, transmitting
a periodic signal consisting of 128 consecutive +16-level symbols and 128 consecutive -16-level

symbols, which can be regarded as an ideal square wave signal with a period of 1.28 ps.

6.1.2  Test Procedure
1. Select 2.5GBASE-T inthe Setup tab.
2. Selectthe testitem: TestSelect > Maximum Output Droop

3. Set the probe type, signal source, test pair ID (Pair A/B/C/D/All), and averaging number in the
Configure tab.

4. Set up the test environment refer to the Connect tab. Refer to Section 5.1 for connection

details.

5. Click Run Test . The system will display a test prompt and automatically configure the

oscilloscope's channels, triggers, and other settings.

6. Afterthe oscilloscope successfully captures the signal, click Run Test on the prompt interface.
If the waveform is incorrect, the application will return to the prompt, indicating an environment

check is needed.

7. The oscilloscope will complete all configurations automatically and output the results.

6.1.3  Calculation Method and Pass Criteria

According to IEEE 802.3, the test calculates positive and negative maximum output droop:

Positive droop: The voltage at 10 ns (V;,) and 330 ns (V5,) after the rising edge zero-crossing point.
Negative droop: The voltage at 10 ns (V;,) and 330 ns (V53,) after the falling edge zero-crossing point.

The formula and pass criteria for both are:

int.siglent.com 45



2.5/ 5/ 10GBASE-T Ethernet Compliance Test Application User Manual

(VIO - V330)
VlO

Droop = <17.5%

6.1.4 Test Result Reference

An example of the Positive droop result is shown in Figure 6-1.

2.5GBase-T, Maximum Output Droop POS

aile
Pair A
1.06
i ——
[P { T ——
e ——————— ———
350
200
7000
__.__—--‘-""-'_'_—d. -
10
Awernge 12002
1.400%
H pcso I e o Timebase Trgger 200
1X 1BOmW 1X 180mvY FS0mvr 0.00s 200naidry Stop 0.00v
FULL 0.00V FULL 000V 0.00V 20.0kpts  10.0GSa's Pulse

Figure 6-1 Positive Maximum Output Droop Result
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An example of the Negative droop result is shown in Figure 6-2.

2.5GBase-T, Maximum Output Droop NEG

[Current [o.74% 6.76% 0.77% o. 7054
Mean ;9.7#499! 9. TES1%: 9. TaSEw 9. 704 3%
[Mins 7 o0.79% 0.7% 9.70%
[Max (972% o 758 9. 77% o. 708
PPl L0.00% |0.00%% 0.00% j0.00%
[Srdtew 000 000 0.00% 00w
|Count 1 1 1 i
|Average Hum 184 = 64 o<
[Pass Limit [Value <= 17.50%
T 12,00 14200 5o
[Test Pair |81_0A 21 D8 B1_DC B1_DO
[Resui |
[
Pair A

1.08
- 00

0,350

——
s L_,..—-—-—"'"f_-—
1
Avernge 3232

La00v  O800us 0600, 001
H DCS0) 2-C3 Timebase Trigger €2 X
frs 1B0mV/ 1X 180mV/ 380mv/ 0,008 0.00v

0,00V FULL 00V 0.007 200kpts 10.0GSa/s Pulse  Positive

Figure 6-2 Negative Maximum Output Droop Result
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6.2  Transmitter Timing Jitter - Master

6.2.1 Test Introduction
Reference standard: IEEE 802.3-2018, Subclause 126.5.3.3.

This transmitter timing jitter-master is used to verify whether the jitter of the DUT output signal
complies the requirements of the standard. The DUT must be configured in Test Mode 2, transmitting
a periodic signal consisting of 2 consecutive +16-level symbols and 2 consecutive -16-level symbols,

which can be regarded as an ideal square wave signal with a period of 20 ns.

6.2.2  Test Procedure
1. Select 2.5GBASE-T inthe Setup tab.
2. Selectthe testitem: TestSelect > Transmitter Timing Jitter - Master

3. Set the probe type, signal source, test pair ID, jitter type (periodic/TIE), and bandpass filter in the
Configure tab.

4. Set up the test environment refer to the Connect tab. Refer to Section 5.1 for connection

details

5. Click Run Test . The system will display a test prompt and automatically configure the

oscilloscope's channels, triggers, and other settings.

6. Afterthe oscilloscope successfully captures the signal, click Run Test on the prompt interface.
If the waveform is incorrect, the application will return to the prompt, indicating an environment

check is needed.

7. The oscilloscope will complete all configurations automatically and output the results.

6.2.3 Calculation Method and Pass Criteria

According to the [IEEE802.3 standards, the jitter type calculated by the transmitter timing jitter-master
is periodic jitter, and the waveform to be calculated needs to reach 4ms+10%, which is about
200,000£20,000 cycles.

In the compliance test software, users can select the jitter type (periodic jitter/TIE) and whether to use
a bandpass filter to filter the waveform with a 50 MHz center frequency and 2 MHz bandwidth before

calculation. Generally, the jitter result will be more ideal after using the bandpass filter.

During the calculation, the oscilloscope will collect waveforms that meet the length requirements and
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calculate the period/TIE of each symbol bit, and finally calculate the RMS of all samples to determine
whether the jitter test has passed. The calculation formula and passing standard of the root mean
square are:

Z[(T - Tamg)2 ]

RMS =
v Sample Size

) < 10ps

6.2.4 Test Result Reference

An example of the Transmitter Timing Jitter - Master result is shown in Figure 6-3

2.5GBase-T, Transmitter Timing Jitter Master

Current 2458 24965 247 2608
Mean 199595617705 19.99956208ns 15.99956317ns 19 96956302,
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Max 2000069108 20, 00056605 2000062605 20.000624n5
PhePk 2.189ps [2.066ps 2.126ps 2.124p8
Stdev 2498 24963 25145 260
Count 200004 200004 200004 200004
Formula. RMS
Pass Limit Value <= 10.000ps

9751% 7.51% 07,5204 07.50%
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Resutt |

@
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¥ Histogram - TIE(F1)
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E o REE I

. i‘
T

T
500 00us 260 0008 noos 260 00m 00000 19.96841 1399520 19.99998 2000078

] ! i v

=1

VAUS  OApSON HI0P  auemy
0.00v 40.0Mpts 20.0GSafs Edge Rising

Figure 6-3 Transmitter Timing Jitter-Master Result
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6.3 Transmitter Clock Frequency

6.3.1 Test Introduction
Reference standard: IEEE 802.3-2018, Subclause 126.5.3.5.

The transmitter clock frequency test is used to verify whether the clock frequency of the DUT complies
with the value specified by the standard to verify the signal quality. The DUT must be configured in
Test Mode 2, transmitting a periodic signal consisting of 2 consecutive +16-level symbols and 2
consecutive -16-level symbols, which can be regarded as an ideal square wave signal with a period of
20 ns.

6.3.2  Test Procedure

1. Select 2.5GBASE-T inthe Setup tab.

2. Select the testitem: TestSelect > Transmitter Clock Frequency

3. Set the probe type, signal source, and test pair ID (Pair A/B/C/D/All) in the ~Configure tab.

4. Set up the test environment refer to the Connect tab. Refer to Section 5.1 for connection

details.

5. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

6. After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

7. During the test, the oscilloscope will automatically complete all configurations and output the test

results.

6.3.3 Calculation Method and Pass Criteria

The IEEE 802.3 standard does not specify the sample size requirement for this test. In actual testing,

the actual sample size calculated is the same as the transmitter timing jitter-master sample size,
which is about 200,000+20,000 cycles.

The oscilloscope will calculate the length of each cycle of the test mode 2 waveform and divide it by 4

to get the clock frequency. The passing criterion for the clock frequency is 200 MHz+50ppm.
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6.3.4  Test Result Reference

An example of the transmitter clock frequency result is shown in Figure 6-4.

2.5GBase-T, Transmitter Timing Clock Frequency

I

Pair A

25 %gpm |25 53ppm 25.57ppm 25.87ppm
E 200.0052MHz |200.005 1Mz 200,005 1842 200.0052MHz
Min 20001MHz. |200.010012 2000102 200.01MH2
Max | 200.01MHz |200. 0102 2000102 200.01MH2
] Oz Jousez (e fowez
‘Sadev P‘lu el s OkcHz
{Count 20 20 20 20
(Average Num - 5
Pass Limit -50.00ppm <= Value <= 50.00ppm §
Margin 24.05% | [2s.23% [24.13%
81_0A |ece 6L 0C er00

Figure 6-4 Transmitter Clock Frequency Result
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6.4 Transmitter Linearity

6.4.1 Test Introduction
Reference standard: [EEE 802.3-2018, Subclause 126.5.3.2.

The transmitter linearity test is used to verify whether the spurious-free dynamic range (SFDR) of the
DUT's output signal complies with the value specified by the standard. During the test, the DUT must
be configured to test mode 4, which can be further divided into 5 sub-modes to send five sets of dual-

tone signals with different frequencies.

6.4.2  Test Procedure

6.4.2.1 Using an Oscilloscope

1. Select 2.5GBASE-T inthe Setup tab.

2. Select the testitem: TestSelect > Transmitter Linearity

3. Set the probe type, signal source, test pair ID (Pair A/B/C/D/All), test instrument (select

oscilloscope), and averaging number in the = Configure tab.

4. Set up the test environment refer to the Connect tab. Refer to Section 5.1 for connection

details.

5. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

6. After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

7. During the test, the oscilloscope will automatically complete all configurations and output the test

results.

6.4.2.2 Using a Spectrum Analyzer
1. Inthe Settings, select the rate as  2.5G BASE-T
2. Selectthe testitem: TestSelect > Transmitter Linearity

3. Inthe Configure , set the test pair ID (Pair A/B/C/D/All), test instrument (select spectrum

analyzer), averaging count, balun compensation (On/Off), etc.
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4. In the Configure |, click Connect Test to confirm whether the spectrum analyzer is
connected to the oscilloscope. If the connection is successful, the model of the spectrum analyzer
will be displayed. If balun compensation is required, click settings to enter the balun

compensation interface and configure the relevant parameters.

5. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to Section 5.2.

6. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope and spectrum analyzer.

7. After confirming that the spectrum analyzer has captured the signal under test, click Run Test
on the oscilloscope's test prompt interface to begin the test. If the oscilloscope does not receive
data from the spectrum analyzer for an extended period, the application will return to the test

prompt interface, prompting you to check the accuracy of the test environment.

8. During the test, the spectrum analyzer will measure the signal under test and transmit the results
back to the oscilloscope. The oscilloscope will process the received data and output the test

results.

6.4.3 Calculation Method and Pass Criteria

According to the IEEE 802.3 standard, the transmitter linearity test requires testing five sets of dual

tone signals. The frequencies and pass criteria for these signals are listed in the table below.

Dual Tone Signal Frequency (MHz) Pass Criteria (dBc)
Dual Tone 1 9.1796 & 10.3515 SFDR > 54.5

Dual Tone 2 19.7265 & 20.11725 SFDR = 545

Dual Tone 3 34.961 & 35.3515 SFDR = 545
Dual Tone 4 541015 & 54.88281 SFDR = 53.67
Dual Tone 5 77.539 & 78.32031 SFDR = 50.581

When using an oscilloscope for calculation, the oscilloscope will compute the amplitude spectrum of
the dual tone signals using the FFT algorithm. When using a spectrum analyzer, the oscilloscope will

directly read the amplitude spectrum measured by the spectrum analyzer.
The basic settings for calculating the amplitude spectrum are:

® Start frequency: 0.3 MHz;
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® End frequency: 100 MHz;
® Resolution bandwidth: 30 kHz.

After obtaining the amplitude spectrum, the oscilloscope will record the amplitude values
corresponding to the two frequency points of the dual-tone signals and select the highest value,
denoted as the Highest Peak. Next, the oscilloscope will record the amplitude values corresponding
to the harmonic and intermodulation components of the dual-tone signals and select the highest
value among them, denoted as the Third Highest Peak. The formula for calculating the spurious-free

dynamic range (SFDR) is:
SFDR = Highest Peak - Third Highest Peak

6.4.4 Test Result Reference

Examples of the transmitter linearity test results for the five sets of dual-tone signals are shown in the

following five figures.

2.5GBase-T, Linearity Tone-1
Current 54.741dBm 55 81508m 55 388dBm 5517 2dBm
Mean 54.741 38dBm 55, 61857 dBan 55.3879308m 55.17241dBm

Min 54.741dBm 55 81508m 55 388dBm 5517 2dBm

Max 54.741dBm 55 61008m 55.388dBm 5517 208m
Plak {OmclBim e omdBm OmdBm

Stdew {twlBim oendn omdim dBim
Count 50 50 50 50

Pass Limit Wialus 5= 46 500dBM

in 17.72%
Test Pair |Bi_oa
Result

Transmitter Linearity Tone1(Pair A)
10(ciBm)

-25

15

215

B50.5MHz 100MHz

Figure 6-5 Tone1 Example of Transmitter Linearity Results

54 int.siglent.com



2.5/ 5/ 10GBASE-T Ethernet Compliance Test Application User Manual

2.5GBase-T, Linearity Tone-2
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25
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40
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Figure 6-6 Tone2 Example of Transmitter Linearity Results

2.5GBase-T, Linearity Tone-3

Average hum |-
Pass Limit Value 5= 46.50008m
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W7 1000
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Figure 6-7 Tone3 Example of Transmitter Linearity Results
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2.5GBase-T, Linearity Tone-4
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Figure 6-8 Tone4 Example of Transmitter Linearity Results

2.5GBase-T, Linearity Tone-5
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Figure 6-9 Toneb Example of Transmitter Linearity Results
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6.5

6.5.

Transmitter Nonlinear Distortion

1 Test Introduction

Reference standard: IEEE 802.3-2018, Subclause 126.5.3.2.

The
the

transmitter nonlinear distortion test verifies whether the spurious-free dynamic range (SFDR) of

DUT's output signal meets the specified standard value under signal interference conditions.

During the test, the DUT must be configured in Test Mode 4, which is further divided into five sub-

modes to send five sets of dual-tone signals with different frequencies. Additionally, the test also

requires a power divider to couple the 45 MHz sinusoidal signal generated by the arbitrary waveform

generator to add interference.

6.5.

2  Test Procedure

6.5.2.1 Using an Oscilloscope

1.

2.

Select 2.5GBASE-T inthe Setup tab.
Select the test item: Test Select > Transmitter Nonlinear Distortion

In the Configure set the signal source, test pair ID (Pair A/B/C/D/Al)), test instrument (select

oscilloscope), and averaging count.

In the Configure click Connect Test for the signal source to confirm its Connect to the

oscilloscope. A successful Connect will display the signal source model.

Set up the test environment refer to the Connect tab. Refer to Section 5.4 for specific

connection methods.

Click Run Test . The system will display a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other settings.

After the oscilloscope successfully captures the test signal, click Run Test on the prompt
interface to begin testing. If the oscilloscope fails to capture the correct waveform, the application

will return to the prompt interface, prompting you to check the test environment.

During the test, the oscilloscope will automatically complete all configurations and adjust the

signal source settings, then output the test results.

6.5.2.2 Using a Spectrum Analyzer

1.

Select 2.5GBASE-T inthe Setup tab.
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Select the test item: Connect Test > Transmitter Nonlinear Distortion

In the Configure set the test pair ID (Pair A/B/C/D/All), test instrument (select spectrum

analyzer), averaging count, balun compensation (On/Off), etc.

In the Configure |, click Test Connect for the signal source to confirm its Connect to the

oscilloscope. A successful connect will display the signal source model.

In the Configure |, click Test Connect for the spectrum analyzer to confirm its Connect to
the oscilloscope. A successful connect will display the spectrum analyzer model. If balun
compensation is required, click setting to enter the compensation interface and configure the

parameters.

Set up the test environment refer to the Connect tab. Refer to Section 5.4 for specific

connection methods.

Click Run Test . The system will display a test prompt interface and automatically configure

the oscilloscope and spectrum analyzer settings.

After confirming that the spectrum analyzer has captured the test signal, click RunTest onthe
oscilloscope prompt interface. If the oscilloscope does not receive data from the spectrum
analyzer, the application will return to the prompt interface, prompting you to check the test

environment.

During the test, the spectrum analyzer will measure the signal and transmit the results to the

oscilloscope, which processes the data and outputs the final results.

6.5.3 Calculation Method and Pass Criteria

According to I[EEE 802.3, the transmitter nonlinear distortion test requires testing five sets of dual tone

signals. The frequencies and pass criteria are as follows:

Dual Tone Signals Frequency (MHz) Pass Criteria (dBc)
Dual Tone 1 9.1796 & 10.3515 SFDR > 46.5

Dual Tone 2 19.7265 & 20.11725 SFDR > 46.5

Dual Tone 3 34.961 & 35.3515 SFDR > 46.5
Dual Tone 4 54.1015 & 54.88281 SFDR > 45.67
Dual Tone 5 77.539 & 78.32031 SFDR > 42.58

When using an oscilloscope for calculation, the oscilloscope obtains the dual tone signal amplitude
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spectrum through FFT algorithm; when using a spectrum analyzer, the oscilloscope directly reads the

amplitude spectrum measured by the spectrum analyzer.

The basic settings for calculating the amplitude spectrum are:
® Start frequency: 0.3 MHz;

® End frequency: 100 MHz;

® Resolution bandwidth: 30 kHz.

After obtaining the amplitude spectrum, the oscilloscope records the amplitude values corresponding
to the two frequency points of the dual-tone signal and selects the maximum value, referred to as the
Highest Peak. Next, the oscilloscope records the amplitude value corresponding to the interference
signal (45 MHz sine wave), referred to as the Third Highest Peak. The oscilloscope then automatically

adjusts the amplitude of the interference signal from the arbitrary waveform generator to ensure:

Highest Peak - Third Highest Peak = 7dB

After adjustment, the oscilloscope records the amplitude values corresponding to the harmonic and
intermodulation components of the dual-tone signal and selects the maximum value, referred to as
the Fourth Highest Peak. Finally, the spurious-free dynamic range (SFDR) is calculated using the

formula:

SFDR = Highest Peak - Fourth Highest Peak

6.5.4 Test Result Reference

Examples of nonlinear distortion test results for five sets of dual tone signals are shown in the following

five figures.
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2.5GBase-T, Nonlinear Distortion Tone-1
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Figure 6-10 Tone1 Example of Nonlinear Distortion Results

2.5GBase-T, Nonlinear Distortion Tone-2
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Figure 6-11 Tone2 Example of Nonlinear Distortion Results
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2.5GBase-T, Nonlinear Distortion Tone-3
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Figure 6-12 Tone3 Example of Nonlinear Distortion Results

2.5GBase-T, Nonlinear Distortion Tone-4
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Figure 6-13 Tone4 Example of Nonlinear Distortion Results
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2.5GBase-T, Nonlinear Distortion Tone-5
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Figure 6-14 Toneb Example of Nonlinear Distortion Results
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6.6

6.6.

Power Spectral Density

1 Test Introduction

Reference standard: IEEE 802.3-2018, Subclause 126.5.3.4.

This

be ¢

6.6.

test verifies whether the power spectral density (PSD) complies with the standard. The DUT must
onfigured in Test Mode 5.

2  Test Procedure

6.6.2.1 Using an Oscilloscope

1.

2.

Select 2.5GBASE-T inthe Setup tab.
Select the testitem: TestSelect > Power Test > Power Spectral Density

In the Configure , set the probe type, signal source, test pair ID (Pair A/B/C/D/All), test

instrument (select oscilloscope), and averaging count.

Set up the test environment refer to the Connect tab. Refer to section 5.1 for specific

connection methods.

Click Run Test . The system will display a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other settings.

After the oscilloscope successfully captures the test signal, click Run Test on the prompt
interface. If the oscilloscope fails to capture the correct waveform, the application will return to

the prompt interface, prompting you to check the test environment.

During the test, the oscilloscope will automatically complete all configurations and output the

results.

6.6.2.2 Using a Spectrum Analyzer

1.

2.

Select 2.5GBASE-T inthe Setup tab.
Select the test item: TestSelect > Power Test > Power Spectral Density

In the Configure |, set the test pair ID (Pair A/B/C/D/All), test instrument (select spectrum

analyzer), averaging count, balun compensation (On/Off), etc.

In the Configure |, click Connect Test to confirm the spectrum analyzer's Connect to the

oscilloscope. A successful Connect will display the spectrum analyzer model. If balun
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compensation is required, click Settings to configure the parameters.

Set up the test environment refer to the Connect tab. Refer to Section 5.2 for specific

connection methods.

Click Run Test . The system will display a test prompt interface and automatically configure

the oscilloscope and spectrum analyzer settings.

After confirming that the spectrum analyzer has captured the test signal, click RunTest onthe
oscilloscope prompt interface. If the oscilloscope does not receive data from the spectrum
analyzer, the application will return to the prompt interface, prompting you to check the test

environment.

During the test, the spectrum analyzer will measure the signal and transmit the results to the

oscilloscope, which processes the data and outputs the final results.

6.6.3 Calculation Method and Pass Criteria

According to IEEE 802.3, the power spectral density judgment criteria for 2.6GBASE-T are shown in
Figure 6-15, where S=0.25 (One-quarter of the 10GBASE-T rate). Equation 55-9 refers to the upper

limit of the TOGBASE-T power spectral density, as shown in Figure 8-10. Based on these criteria, the

power spectral density template is derived, as shown in Figure 6-16.

64

int.siglent.com



2.5/ 5/ 10GBASE-T Ethernet Compliance Test Application User Manual

=77.7-10 x log (5)
—-77.7-10xlog S-
PSDI(f) =+

~78.7-10 x log  S—

—-78.7-10xlog S-

L =116

(2£-150)

58 &

dBm/Hz 0< zgs 70

(2£-70)

dBm/Hz 70 < zgg 150

dBm/Hz 150 <2L <730

(Zi -3 30]

dBm/Hz 730 < z%g 1822 - 400 x log  (S)

dBm/Hz §x (911 —200 = log, (5)) < < 3000

UpperPSD{/) = max({PSD1{/), (Equation 55-9)— 6 dB)

and

Lower PSD (f) =,

where

fis in MHz

—-822-10xlog, (5)
—822-10x ]DgluS—

—-852-10xlog, S-

(126-9)
dBm/Hz 5< zwg <50
(zf - su)
dBm/Hz 50 <2L <200 (126-10)
50 5
(zf - zuu)
dBm/Hz 200 < 2L < 400
75 5

Figure 6-15 2.5/5G BASE-T Power Spectral Density Judgment Standard
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Figure 126—36—Transmitter power spectral density mask

Figure 6-16 2.5/5G BASE-T Power Spectral Density Stencil

When using an oscilloscope for calculation, the oscilloscope obtains the amplitude spectrum through

FFT algorithm; when using a spectrum analyzer, the oscilloscope directly reads the amplitude

spectrum measured by the spectrum analyzer.
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The basic settings for calculating the amplitude spectrum are:
® Start frequency: 3 MHz;

® End frequency: 3 GHz;

® Resolution bandwidth: 300 kHz.

After obtaining the amplitude spectrum, the oscilloscope normalizes it based on the resolution
bandwidth to derive the power spectral density, which is then compared with the template to

determine the result.

6.6.4 Test Result Reference

An example of the power spectral density test result is shown in Figure 6-17.

2.5GBase-T, PSD

Current

Mean

Min
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Ph-Pk

| Stdew

Count 1 1 1 1
Average hum 50 Jso Jso Jso
Pass Limit Overall = Pass

n - - = =
Test Pair B_ba o e B_be B_oo
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Transmitier Power Spectral Density(Pair A)

-BO0(EBmiHz)

LSGHE 3GHz

Figure 6-17 Power Spectral Density Test Result
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6.7

6.7.

Power Level

1 Test Introduction

Reference standard: IEEE 802.3-2018, Subclause 126.5.3.4.

This

test is used to verify whether the power level complies with the standard specifications. During

the test, the device under test (DUT) must be configured to test mode 5.

6.7.

2  Test Procedure

6.7.2.1 Using an Oscilloscope

1.

2.

Select 2.5GBASE-T inthe Setup tab.
Select the test item: Test Select > PowerTest > Power Level

In the Configure , set the probe type, signal source, test pair ID (Pair A/B/C/D/All), test

instrument (select oscilloscope), and averaging count.

Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.1.

Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

During the test, the oscilloscope will automatically complete all configurations and output the test

results.

6.7.2.2 Using a Spectrum Analyzer

1.

2.

Select 2.5GBASE-T inthe Setup tab.
Select the test item: Test Select > Power Test > Power Level

In the Configure |, set the test pair ID (Pair A/B/C/D/All), test instrument (select spectrum

analyzer), averaging count, balun compensation (On/Off), etc.

In the Configure , click Connect Test to confirm whether the spectrum analyzer is
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connected to the oscilloscope. If the connection is successful, the model of the spectrum analyzer
will be displayed. If balun compensation is required, click settings to enter the balun

compensation interface and configure the relevant parameters.

5. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to Section 5.2.

6. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope and spectrum analyzer.

7.  After confirming that the spectrum analyzer has captured the signal under test, click Run Test
on the oscilloscope's test prompt interface to begin the test. If the oscilloscope does not receive
data from the spectrum analyzer for an extended period, the application will return to the test

prompt interface, prompting you to check the accuracy of the test environment.

8. During the test, the spectrum analyzer will measure the signal under test and transmit the results
back to the oscilloscope. The oscilloscope will process the received data and output the test

results.

6.7.3 Calculation Method and Pass Criteria

According to the IEEE 802.3 standard, the power level is calculated within the frequency range of 3
MHz to 400 MHz, and the result must be between 1 dBm and 3 dBm.

When using an oscilloscope for calculation, the oscilloscope computes the amplitude spectrum of the
signal under test using the FFT algorithm. When using a spectrum analyzer, the oscilloscope directly

reads the amplitude spectrum measured by the spectrum analyzer.
The basic settings for calculating the amplitude spectrum are:

® Start frequency: 3 MHz;

® End frequency: 400 MHz;

® Resolution bandwidth: 300 kHz.

After obtaining the amplitude spectrum, the oscilloscope calculates the power within the 3 MHz to

400 MHz bandwidth and converts it to the power level.

6.7.4 Test Result Reference

The power level test result is shown in Figure 6-18.
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2.5GBase-T, Power Level
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Figure 6-18 Example of Power Level Test Results
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6.8 MDI Return Loss

6.8.1 Test Introduction
Reference standard: [EEE 802.3-2018, Subclause 126.8.2.2.

The MDI return loss test is used to verify whether the return loss of the DUT's interface complies with

the value specified by the standard. During the test, the DUT must be configured to test mode 5.

6.8.2  Test Procedure

1. Select 2.5GBASE-T inthe Setup tab.

2. Selectthe testitem: TestSelect > MDI Return Loss

3. Inthe Configure ,setthe VNA portand confirm the VNA connection is successful.

4. Inthe Configure ,click Open , Short ,and Load to calibrate the VNA. A calibration
prompt interface will appear. Follow the instructions to verify the calibration environment setup,

then click start calibration to begin calibration. For calibration wiring methods, refer to section 5.3.

5. After confirming successful calibration, set up the test environment refer to the Connect tab.

For specific test connection methods, refer to section 5.3.

6. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope and VNA.

7. After confirming that the VNA has captured the signal under test, click Run Test on the test

prompt interface.

8. After the VNA test completes, the oscilloscope will read the VNA results and output them.

6.8.3 Calculation Method and Pass Criteria

This test is performed using the VNA, and the oscilloscope reads the data and compares it with the

standard to output the results.

According to the |[EEE 802.3 standard, the pass criteria for return loss are shown in Figure 6-19.
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Return Iuss"-z{ 16 I<f<40  (dB) (126-38)
16 — 10log (/7 40) 40 <f<f..  (dB)

where

¥ is in MHz
Jmax 15 125 MHz for 2.5GBASE-T and 250 MHz for 5GBASE-T

Figure 6-19 MDI return loss passes the standard

6.8.4 Test Result Reference

Examples of the MDI return loss test results are shown in Figure 6-19 and Figure 6-20.
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Figure 6-20 Examples of the MDI Return Loss Test Results
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6.9 Transmitter Timing Jitter - Slave Test

6.9.1 Test Introduction
Reference standard: IEEE 802.3-2018, Subclause 126.5.3.3.

The transmitter timing jitter - slave mode test is used to verify whether the jitter of the DUT's output
signal complies with the value specified by the standard, thereby validating signal quality. During the
test, the DUT must be configured to test mode 3 (slave mode), and the Link Partner must be
configured to test mode 1 (master mode). The DUT will transmit a periodic signal consisting of 2
consecutive +16-level symbols and 2 consecutive -16-level symbols, which can be regarded as an

ideal square wave signal with a period of 20 ns.

Additionally, due to the connection method between the master PHY and slave PHY, only Pair D is

tested for slave jitter.

6.9.2  Test Procedure

1. Select 2.5GBASE-T inthe Setup tab.

2. Selectthe testitem: TestSelect > Transmitter Timing Jitter - Slave
3. Inthe Configure |, set the signal source, jitter type, and bandpass filter.

4. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section5.5.

5. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

6. After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

7. During the test, the oscilloscope will automatically complete all configurations and output the test

results.

6.9.3 Calculation Method and Pass Criteria

According to the IEEE 802.3 standard, the jitter type calculated for the transmitter timing jitter - slave

mode is periodic jitter. The sample size must cover a waveform length of 4 ms £10%, i.e., 200,000
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+20,000 cycles. Before calculation, the waveform must be filtered using a bandpass filter with a center
frequency of 50 MHz and a bandwidth of 2 MHz.

In practice, on the Siglent compliance test software, users can select the jitter type (periodic jitter/TIE)
and choose whether to apply the bandpass filter. Generally, using the bandpass filter yields more ideal

jitter results.

During calculation, the oscilloscope captures a waveform of 4 ms £10% lengths, measures the
period/TIE for each symbol, and calculates the root mean square (RMS) of all samples to determine

whether the jitter test passes.
The RMS calculation formula and pass criteria are:

Z[(T - Tavg)z ]

RMS =
v Sample Size

) < 10ps

6.9.4 Test Result Reference

An example of the transmitter timing jitter - slave test result is shown in Figure 6-21.

2.5GBase-T, Transmitter Timing Jitter Slave
476t

16.9971081 108
Min 19.995244ns
™~ 19.090113ns
3.869ps

Fn_-n 476ts
200028
— s
Limit Value <= 1000005
195.24%
fest Pair 81_DD
Result

v Histogram - TIE(F1)

* Percent Count

) 917 19998736.60fs | ‘
| | ¥ I
1999623680t FObal g R 5 i X
! 'y | 1t i | [ ! | “l Aldld
1999773660 { [ Il | g | ]|
" 1009726 Y VP 1 9 e ! l.‘.,... i | i
19996736, } I ! I
<60, 1,19996236 WL R i ‘1 "t f 4R by
! I | N
199957366068 | | | / | , [
500 00us 260 00us 000 250 00us S00 00
H pcso lEEN C2.C3
X 210mV/ 1X 215mV/ 300mV/ VS ampson SOp  3usmv
FULL 27.3mV FULL 20.1mv 0.00V | 400Mpts 20.0GSa/s Edge  Rising

Figure 6-21 Transmitter Timing Jitter - Slave Test Result
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7 5G BASE-T Compliance Testing

7.1 Maximum Output Droop Test

7.1.1 Test Introduction
Reference standard: [EEE 802.3-2018, Subclause 126.5.3.1.

The maximum output droop test verifies whether the attenuation rate of the DUT's output signal
complies with the standard. During testing, the DUT must be configured in Test Mode 6, transmitting
a periodic signal consisting of 128 consecutive +16-level symbols and 128 consecutive -16-level

symbols, which can be regarded as an ideal square wave signal with a period of 0.64 ps.

7.1.2  Test Procedure
1. Select 5GBASE-T inthe Setup tab.
2. Selectthe testitem: TestSelect > Maximum Output Droop

3. In the Configure , set the probe type, signal source, test pair ID (Pair A/B/C/D/All), and

averaging count.

4. Set up the test environment refer to the Connect tab. Refer to section 5.1 for connection

details.

5. Click Run Test . The system will display a test prompt and automatically configure the

oscilloscope's channels, triggers, and other settings.

6. Afterthe oscilloscope successfully captures the signal, click Run Test on the prompt interface.
If the waveform is incorrect, the application will return to the prompt, indicating an environment

check is needed.

7. The oscilloscope will complete all configurations automatically and output the results.

7.1.3  Calculation Method and Pass Criteria

Per IEEE 802.3, the test calculates positive and negative maximum output droop:

Positive droop: The voltage at 10 ns (V;,) and 170 ns (V;,) after the rising edge zero-crossing point.
Negative droop: The voltage at 10 ns (V;,) and 170 ns (V;,,) after the falling edge zero-crossing point.

The formula and pass criteria for both are:
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Vio— VW,
Droop = (10V—170) <12.5%
10

7.1.4 Test Result Reference

An example of the positive maximum output droop result is shown in Figure 7-1
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Figure 7-1 Positive Maximum Output Droop

Timebase

R ——

Avernge 3232

Trigger  C2DC

000V

0008 100nsde Stop
10.0kpts  10.0GSwe Pulse  Negative

76

int.siglent.com



2.5/ 5/ 10GBASE-T Ethernet Compliance Test Application User Manual

An example of the negative maximum output droop result is shown in Figure 7-2.
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Figure 7-2 Negative Maximum Output Droop
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7.2 Transmitter Timing Jitter - Master Test

7.2.1 Test Introduction
Reference standard: IEEE 802.3-2018, Subclause 126.5.3.3.

This transmitter timing jitter - master test validates the DUT'’s output signal jitter compliance. The
DUT must be configured in Test Mode 2, transmitting a periodic signal consisting of 2 consecutive
+16-level symbols and 2 consecutive -16-level symbols, which can be regarded as an ideal square

wave signal with a period of 10 ns.

7.2.2  Test Procedure
1. Select 5GBASE-T inthe Setup tab.
2. Selectthe testitem: TestSelect > Transmitter Timing Jitter - Master

3. Inthe Configure set the probe type, signal source, test pair ID, jitter type (periodic/TIE), and
bandpass filter.

4. Set up the test environment refer to the Connect tab. Refer to section 5.1 for specific

connection methods.
5. Click RunTest .The oscilloscope will auto-configure.

6. After signal capture, click Run Test . If the waveform is invalid, the system will prompt an

environment check.

7. Results are output automatically.

7.2.3 Calculation Method and Pass Criteria

According to the IEEE802.3 standards, the jitter type calculated by the transmitter timing jitter-main
mode is periodic jitter, and the sample size needs to reach 2ms+10% of the waveform length, that is,
200000£20000 cycles. At the same time, the waveform needs to be filtered using a bandpass filter

with a 100 MHz center frequency and a 2 MHz bandwidth before calculation.

In fact, on the consistency test software, users can select the jitter type (periodic jitter/TIE) and
whether to use a bandpass filter to filter the waveform. In general, the jitter result will be more ideal

after using a bandpass filter.

During the calculation, the oscilloscope will collect a waveform with a length of 2ms+10%, calculate

the period/TIE of each symbol bit, and finally calculate the root mean square of all samples to
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determine whether the jitter test has passed.

The calculation formula and passing standard of the root mean square are:

Z[(T - Tavg)2 ]

RMS =
Ve Sample Size

) < 7.2ps

7.2.4 Test Result Reference

An example of the Transmitter Timing Jitter - Master result is shown in Figure 7-3
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Figure 7-3 Transmitter Timing Jitter - Master Result
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7.3  Transmitter Clock Frequency

7.3.1 Test Introduction
Reference standard: IEEE 802.3-2018, Subclause 126.5.3.5.

The transmitter clock frequency test is used to verify whether the clock frequency of the DUT complies
with the value specified by the standard, thereby validating signal quality. During the test, the device
under test (DUT) must be configured to test mode 2, where it transmits a periodic signal composed
of two consecutive +16-level symbols followed by two consecutive -16-level symbols, i.e., an ideal

square wave signal with a period of 10 ns.

7.3.2  Test Procedure

1. Select 5GBASE-T inthe Setup tab.

2. Select the testitem: TestSelect > Transmitter Clock Frequency

3. Inthe Configure |, set the probe type, signal source, and test pair ID (Pair A/B/C/D/All).

4. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to Section 5.1.

5. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

6. After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

7. During the test, the oscilloscope will automatically complete all configurations and output the test

results.

7.3.3  Calculation Method and Pass Criteria

The IEEE 802.3 standard does not specify the sample size requirement for this test. Therefore, during
actual testing, the sample size for the transmitter timing jitter—master mode test is referenced for
collection and calculation, i.e., capturing a waveform length of 2 ms +10%, which corresponds to
200,000 +20,000 cycles.

During calculation, the oscilloscope measures the length of each cycle in the test mode 2 waveform
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and divides it by 4 to obtain the clock frequency. The pass criterion for the clock frequency is: 400 MHz

+50 ppm.

7.3.4  Test Result Reference

An example of the transmitter clock frequency result is shown in Figure 7-4
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Figure 7-4 Transmitter Clock Frequency Result
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7.4  Transmitter Linearity

7.4.1 Test Introduction

Reference standard: IEEE 802.3-2018, Subclause 126.5.3.2.

The transmitter linearity test is used to verify whether the spurious-free dynamic range (SFDR) of the
DUT's output signal complies with the value specified by the standard. During the test, the DUT must
be configured to test mode 4, which can be further divided into 5 modes, each transmitting a set of

dual-tone signals with different frequencies.

7.4.2  Test Procedure

7.4.2.1 Using an Oscilloscope

1. Select 5GBASE-T inthe Setup tab.

2. Select the testitem: TestSelect > Transmitter Linearity

3. In the Configure , set the probe type, signal source, test pair ID (Pair A/B/C/D/All), test

instrument (select oscilloscope), and averaging count.

4. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.1.

5. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

6. After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

7. During the test, the oscilloscope will automatically complete all configurations and output the test

results.

7.4.2.2 Using a Spectrum Analyzer
1. Select 5GBASE-T inthe Setup tab.
2. Selectthe testitem: TestItem Selection > Transmitter Linearity

3. Inthe Configure , set the test pair ID (Pair A/B/C/D/All), test instrument (select spectrum

analyzer), averaging count, balun compensation (On/Off), etc.
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4. In the Configure |, click Connect Test to confirm whether the spectrum analyzer is
connected to the oscilloscope. If the connection is successful, the model of the spectrum analyzer
will be displayed. If balun compensation is required, click settings to enter the balun

compensation interface and configure the relevant parameters.

5. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.2.

6. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope and spectrum analyzer.

7. After confirming that the spectrum analyzer has captured the signal under test, click Run Test
on the oscilloscope's test prompt interface to begin the test. If the oscilloscope does not receive
data from the spectrum analyzer for an extended period, the application will return to the test

prompt interface, prompting you to check the accuracy of the test environment.

8. During the test, the spectrum analyzer will measure the signal under test and transmit the results
back to the oscilloscope. The oscilloscope will process the received data and output the test

results.

7.4.3 Calculation Method and Pass Criteria

According to the IEEE 802.3 standard, the transmitter linearity test requires testing five sets of dual

tone signals. The frequencies and pass criteria for these signals are listed in the table below.

Dual Tone Signal Frequency (MHz) Pass Criteria (dBc)
Dual Tone 1 18.359 & 20.703 SFDR > 54.5

Dual Tone 2 39.453 & 40.2343 SFDR > 54.5

Dual Tone 3 69.922 & 70.703 SFDR = 51.47
Dual Tone 4 108.203 & 109.7656 SFDR > 47.649
Dual Tone 5 155.078 & 156.6406 SFDR = 44.561

When using an oscilloscope for calculation, the oscilloscope will compute the amplitude spectrum of
the dual tone signals using the FFT algorithm. When using a spectrum analyzer, the oscilloscope will

directly read the amplitude spectrum measured by the spectrum analyzer.
The basic settings for calculating the amplitude spectrum are:
® Start frequency: 0.3 MHz;

® End frequency: 200 MHz;
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® Resolution bandwidth: 30 kHz.

After obtaining the amplitude spectrum, the oscilloscope will record the amplitude values
corresponding to the two frequency points of the dual-tone signals and select the highest value,
denoted as the Highest Peak. Next, the oscilloscope will record the amplitude values corresponding
to the harmonic and intermodulation components of the dual-tone signals and select the highest
value among them, denoted as the Third Highest Peak. The formula for calculating the spurious-free
dynamic range (SFDR) is:

SFDR = Highest Peak - Third Highest Peak

7.4.4 Test Result Reference

Examples of the transmitter linearity test results for the five sets of dual-tone signals are shown in the

following five figures.
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Figure 7-5 Tone1 Example of Transmitter Linearity Results
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Figure 7-6 Tone2 Example of Transmitter Linearity Results
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Figure 7-7 Tone3 Example of Transmitter Linearity Results
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Base-T, Linearity Tone-4
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Figure 7-8 Tone4 Example of Transmitter Linearity Results
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Figure 7-9 Tone1 Example of Transmitter Linearity Results
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7.5

7.5.

Power Spectral Density

1 Test Introduction

Reference standard: IEEE 802.3-2018, Subclause 126.5.3.4.

This

test verifies whether the power spectral density (PSD) complies with the standard. The DUT must

be configured in Test Mode 5.

7.5.

2  Test Procedure

7.5.2.1 Using an Oscilloscope

1.

2.

Select 5GBASE-T inthe Setup tab.
Select the testitem: TestSelect > Power Test > Power Spectral Density

In the Configure , set the probe type, signal source, test pair ID (Pair A/B/C/D/All), test

instrument (select oscilloscope), and averaging count.

Set up the test environment refer to the Connect tab. Refer to section 5.1 for specific

connection methods.

Click Run Test . The system will display a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other settings.

After the oscilloscope successfully captures the test signal, click Run Test on the prompt
interface. If the oscilloscope fails to capture the correct waveform, the application will return to

the prompt interface, prompting you to check the test environment.

During the test, the oscilloscope will automatically complete all configurations and output the

results.

7.5.2.2 Using a Spectrum Analyzer

1.

2.

Select 5GBASE-T inthe Setup tab.
Select the test item: TestSelect > Power Test > Power Spectral Density

In the Configure |, set the test pair ID (Pair A/B/C/D/All), test instrument (select spectrum

analyzer), averaging count, balun compensation (On/Off), etc.

In the Configure |, click Connect Test to confirm the spectrum analyzer's Connect to the

oscilloscope. A successful connect will display the spectrum analyzer model. If balun
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compensation is required, click settings to configure the parameters.

Set up the test environment refer to the Connect tab. Refer to section 5.2 for specific

connection methods.

Click Run Test . The system will display a test prompt interface and automatically configure

the oscilloscope and spectrum analyzer settings.

After confirming that the spectrum analyzer has captured the test signal, click RunTest onthe
oscilloscope prompt interface. If the oscilloscope does not receive data from the spectrum
analyzer, the application will return to the prompt interface, prompting you to check the test

environment.

During the test, the spectrum analyzer will measure the signal and transmit the results to the

oscilloscope, which processes the data and outputs the final results.

7.5.3 Calculation Method and Pass Criteria

According to IEEE 802.3, the power spectral density judgment criteria for 5GBASE-T are shown in
Figure 6-15, where S=0.5 (One-half of the T0GBASE-T rate). Equation 55-9 refers to the upper limit

of the T0GBASE-T power spectral density, as shown in Figure 8-10. Based on these criteria, the power

spectral density template is derived, as shown in Figure 6-16.

When using an oscilloscope for calculation, the oscilloscope obtains the amplitude spectrum through

FFT algorithm; when using a spectrum analyzer, the oscilloscope directly reads the amplitude

spectrum measured by the spectrum analyzer.

The basic settings for calculating the amplitude spectrum are:

Start frequency: 3 MHz;
End frequency: 3 GHz;

Resolution bandwidth: 300 kHz.

After obtaining the amplitude spectrum, the oscilloscope normalizes it based on the resolution

bandwidth to derive the power spectral density, which is then compared with the template to

determine the result.
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7.5.4 Test Result Reference

An example of the power spectral density test result is shown in Figure 7-10
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Figure 7-10 Power Spectral Density Test Result
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7.6

7.6.

Power Level

1 Test Introduction

Reference standard: IEEE 802.3-2018, Subclause 126.5.3.4.

This

test is used to verify whether the power level complies with the standard specifications. During

the test, the device under test (DUT) must be configured to test mode 5.

7.6.

2  Test Procedure

7.6.2.1 Using an Oscilloscope

1.

2.

Select 5GBASE-T inthe Setup tab.
Select the test item: Test Select > PowerTest > Power Level

In the Configure , set the probe type, signal source, test pair ID (Pair A/B/C/D/All), test

instrument (select oscilloscope), and averaging count.

Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.1.

Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

During the test, the oscilloscope will automatically complete all configurations and output the test

results.

7.6.2.2 Using a Spectrum Analyzer

1.

2.

Select 5GBASE-T inthe Setup tab.
Select the test item: Test Select > Power Test > Power Level

In the Configure |, set the test pair ID (Pair A/B/C/D/All), test instrument (select spectrum

analyzer), averaging count, balun compensation (On/Off), etc.

In the Configure , click Connect Test to confirm whether the spectrum analyzer is
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connected to the oscilloscope. If the connection is successful, the model of the spectrum analyzer
will be displayed. If balun compensation is required, click settings to enter the balun

compensation interface and configure the relevant parameters.

5. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.2.

6. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope and spectrum analyzer.

7.  After confirming that the spectrum analyzer has captured the signal under test, click Run Test
on the oscilloscope's test prompt interface to begin the test. If the oscilloscope does not receive
data from the spectrum analyzer for an extended period, the application will return to the test

prompt interface, prompting you to check the accuracy of the test environment.

8. During the test, the spectrum analyzer will measure the signal under test and transmit the results
back to the oscilloscope. The oscilloscope will process the received data and output the test

results.

7.6.3 Calculation Method and Pass Criteria

According to the IEEE 802.3 standard, the power level is calculated within the frequency range of 3
MHz to 400 MHz, and the result must be between 1 dBm and 3 dBm.

When using an oscilloscope for calculation, the oscilloscope computes the amplitude spectrum of the
signal under test using the FFT algorithm. When using a spectrum analyzer, the oscilloscope directly

reads the amplitude spectrum measured by the spectrum analyzer.
The basic settings for calculating the amplitude spectrum are:

® Start frequency: 3 MHz;

® End frequency: 400 MHz;

® Resolution bandwidth: 300 kHz.

After obtaining the amplitude spectrum, the oscilloscope calculates the power within the 3 MHz to

400 MHz bandwidth and converts it to the power level.

7.6.4 Test Result Reference

The power level test result is shown in Figure 7-11
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5GBase-T, Power Level
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Figure 7-11 Power Level Test Result
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7.7 MDI Return Loss

7.7.1 Test Introduction

Reference standard: [EEE 802.3-2018, Subclause 126.8.2.2.

The MDI return loss test is used to verify whether the return loss of the DUT's interface complies with

the value specified by the standard. During the test, the DUT must be configured to test mode 5.

7.7.2  Test Procedure

1. Select 5GBASE-T inthe Setup tab.

2. Selectthe testitem: TestSelect > MDI Return Loss

3. Inthe Configure ,setthe VNA portand confirm the VNA connection is successful.

4. Inthe Configure ,click Open , Short ,and Load to calibrate the VNA. A calibration
prompt interface will appear. Follow the instructions to verify the calibration environment setup,

then click start calibration to begin calibration. For calibration wiring methods, refer to section 5.3.

5. After confirming successful calibration, Set up the test environment refer to the Connect tab.

For specific test connection methods, refer to section 5.3.

6. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope and VNA.

7. After confirming that the VNA has captured the signal under test, click Run Test on the test

prompt interface.

8. After the VNA test completes, the oscilloscope will read the VNA results and output them.

7.7.3  Calculation Method and Pass Criteria

This test is performed using the VNA, and the oscilloscope reads the data and compares it with the

standard to output the results.

According to the |[EEE 802.3 standard, the pass criteria for return loss are shown in Figure 6-19.

7.7.4 Test Result Reference

The MDI return loss test results are shown in Figure 7-12.
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5GBase-T, MDI Return Loss
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7.8  Transmitter Timing Jitter - Slave Test

7.8.1 Test Introduction
Reference standard: IEEE 802.3-2018, Subclause 126.5.3.3.

The transmitter timing jitter - slave mode test is used to verify whether the jitter of the DUT's output
signal complies with the value specified by the standard, thereby validating signal quality. During the
test, the DUT must be configured to test mode 3 (slave mode), and the Link Partner must be
configured to test mode 1 (master mode). The DUT will transmit a periodic signal consisting of 2
consecutive +16-level symbols and 2 consecutive -16-level symbols, which can be regarded as an

ideal square wave signal with a period of 10 ns.

Additionally, due to the connection method between the master PHY and slave PHY, only Pair D is

tested for slave jitter.

7.8.2  Test Procedure

1. Select 5GBASE-T inthe Setup tab.

2. Selectthe testitem: TestSelect > Transmitter Timing Jitter - Slave
3. Inthe Configure |, set the signal source, jitter type, and bandpass filter.

4. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section5.5.

5. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

6. After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

7. During the test, the oscilloscope will automatically complete all configurations and output the test

results.

7.8.3  Calculation Method and Pass Criteria

According to the IEEE 802.3 standard, the jitter type calculated for the transmitter timing jitter - slave

mode is periodic jitter. The sample size must cover a waveform length of 2 ms £10%, i.e., 200,000
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+20,000 cycles. Before calculation, the waveform must be filtered using a bandpass filter with a center
frequency of 100 MHz and a bandwidth of 2 MHz.

In practice, on the Siglent compliance test software, users can select the jitter type (periodic jitter/TIE)
and choose whether to apply the bandpass filter. Generally, using the bandpass filter yields more ideal

jitter results.

During calculation, the oscilloscope captures a waveform of 2 ms £10% lengths, measures the
period/TIE for each symbol, and calculates the root mean square (RMS) of all samples to determine

whether the jitter test passes.
The RMS calculation formula and pass criteria are:

Z[(T - Tavg)z ]

RMS =
v Sample Size

) < 10ps

7.8.4  Test Result Reference

An example of the transmitter timing jitter - slave test result is shown in Figure 7-13

92245
9.99637228r
9.99430805
1999844905
4.141ps

|a21ts

200072

RS

Value <= 7.200p
87,199

IR

i
£
&
g

I

Pair D

¥ Histogram - TIE(F1)

Track - TIE(F1) * Percent Count

ol }lj‘“‘ “H \‘ i ‘ll

500 00us 250 00us 000 250 00 500 00

H ocso IEEN [ C2-C3
1X 210mv/ 1X 215mv/ 300mv/ VWUS  AUNON SWOp  ~svamy
FULL 252mV FULL 280mv 0.00V 40.0Mpts 20.0GSa/s Edge

Figure 7-13 Transmitter Timing Jitter - Slave Test Result
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8 10GBASE-T Compliance Testing

8.1  Maximum Output Droop Test

8.1.1 Test Introduction
Reference standard: IEEE 802.3-2018, Subclause 55.5.3.1.

The maximum output droop test verifies whether the attenuation rate of the DUT's output signal
complies with the standard. During testing, the DUT must be configured in Test Mode 6, transmitting
a periodic signal consisting of 128 consecutive +16-level symbols and 128 consecutive -16-level

symbols, which can be regarded as an ideal square wave signal with a period of 0.32 ps.

8.1.2  Test Procedure
1. Select 10GBASE-T inthe Setup tab.
2. Selectthe testitem: TestSelect > Maximum Output Droop

3. In the Configure , set the probe type, signal source, test pair ID (Pair A/B/C/D/All), and

averaging count.
4. Setup the test environment refer to the Connect tab. Refer to section 5.1 for connect details.

5. Click Run Test . The system will display a test prompt and automatically configure the

oscilloscope's channels, triggers, and other settings.

6. Afterthe oscilloscope successfully captures the signal, click RunTest on the prompt interface.
If the waveform is incorrect, the application will return to the prompt, indicating an environment

check is needed.

7. The oscilloscope will complete all configurations automatically and output the results.

8.1.3 Calculation Method and Pass Criteria

Per IEEE 802.3, the test calculates positive and negative maximum output droop:
Positive droop: The voltage at 10 ns (V;,) and 90 ns (V,,) after the rising edge zero-crossing point.

Negative droop: The voltage at 10 ns (V;,) and 90 ns (V5,) after the falling edge zero-crossing point.

The formula and pass criteria for both are:
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8.1.4

Test Result Reference

Droop =

(V1o — V&

90)

V10

<10%

An example of the positive maximum output droop result is shown in Figure 8-1.
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Figure 8-1 Positive Maximum Output Droop Result
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An example of the negative maximum output droop result is shown in Figure 8-2.
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8.2  Transmitter Timing Jitter - Master Test

8.2.1 Test Introduction

Reference standard: IEEE 802.3-2018, Subclause 55.5.3.3.

This transmitter timing jitter - master test validates the DUT'’s output signal jitter compliance. The
DUT must be configured in Test Mode 2, transmitting a periodic signal consisting of 2 consecutive
+16-level symbols and 2 consecutive -16-level symbols, which can be regarded as an ideal square

wave signal with a period of 50 ns.

8.2.2  Test Procedure
1. Select 10GBASE-T inthe Setup tab.
2. Selectthe testitem: TestSelect > Transmitter Timing Jitter - Master

3. Inthe Configure set the probe type, signal source, test pair ID, jitter type (periodic/TIE), and
bandpass filter.

4. Set up the test environment refer to the Connect tab. Refer to section 5.1 for specific

connection methods.
5. Click RunTest .The oscilloscope will auto-configure.

6. After signal capture, click Run Test . If the waveform is invalid, the system will prompt an

environment check.

7. Results are output automatically.

8.2.3 Calculation Method and Pass Criteria

According to the IEEE802.3 standards, the jitter type calculated by the transmitter timing jitter-main
mode is periodic jitter, and the sample size needs to reach Tms+10% of the waveform length, that is,
200000£20000 cycles. At the same time, the waveform needs to be filtered using a bandpass filter

with a 200 MHz center frequency and a 2 MHz bandwidth before calculation.

In fact, on the consistency test software, users can select the jitter type (periodic jitter/TIE) and
whether to use a bandpass filter to filter the waveform. In general, the jitter result will be more ideal

after using a bandpass filter.

During the calculation, the oscilloscope will collect a waveform with a length of 1ms+10%, calculate

the period/TIE of each symbol bit, and finally calculate the root mean square of all samples to

100 int.siglent.com



2.5/ 5/ 10GBASE-T Ethernet Compliance Test Application User Manual

determine whether the jitter test has passed.

The calculation formula and passing standard of the root mean square are:

2
avg) ]
\/( Sample Size ) < 5.5ps

8.2.4 Test Result Reference

An example of the Transmitter Timing Jitter - Master result is shown in Figure 8-3.
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Figure 8-3 Transmitter Timing Jitter - Master Result
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8.3 Transmitter Clock Frequency

8.3.1 Test Introduction
Reference standard: IEEE 802.3-2018, Subclause 55.5.3.5.

The transmitter clock frequency test is used to verify whether the clock frequency of the DUT complies
with the value specified by the standard, thereby validating signal quality. During the test, the device
under test (DUT) must be configured to test mode 2, where it transmits a periodic signal composed
of two consecutive +16-level symbols followed by two consecutive -16-level symbols, i.e., an ideal

square wave signal with a period of 5 ns.

8.3.2  Test Procedure

1. Select 10GBASE-T inthe Setup tab.

2. Select the testitem: TestSelect > Transmitter Clock Frequency

3. Inthe Configure |, set the probe type, signal source, and test pair ID (Pair A/B/C/D/All).

4. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.1.

5. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

6. After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

7. During the test, the oscilloscope will automatically complete all configurations and output the test

results.

8.3.3 Calculation Method and Pass Criteria

The IEEE 802.3 standard does not specify the sample size requirement for this test. Therefore, during
actual testing, the sample size for the transmitter timing jitter—master mode test is referenced for
collection and calculation, i.e., capturing a waveform length of 1 ms £10%, which corresponds to
200,000 +20,000 cycles.

During calculation, the oscilloscope measures the length of each cycle in the test mode 2 waveform
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and divides it by 4 to obtain the clock frequency. The pass criterion for the clock frequency is: 800 MHz
=50 ppm.

8.3.4 Test Result Reference

An example of the transmitter clock frequency result is shown in Figure 8-4.

0GBase

28 Sippm %.60ppm A5Tppm. _288ipm

900.0213MHz 0213MHz 300.0213MHz 800.0213Mz
Min 800 02AHz 900.02MHz 800,020z 800,020z
900 02z 02MHz 00,0204z 800,020z
ootz N Hz oKz
Stdev aed 13 Mz Ok
20 20 0 20
m [ -
Pass Limit -50.00ppen <= Ve <= 50.00ppm
23429 J22.00m 243% 23,300
est Pair 81 DA lai_oa F_m t&_?o
@a
-
Pair A

1400V 5.0 5.0 ! 20 2000 00 8
M DCso N C2C3 Timobase Trigger C20C
1X 1280V 1X 186aV/ 350mvE 000s  100psicv Stop  -3.04mV
FuLL 1.28mV FULL 00OV 000V 20.0Mpts 20.0GSa/s Edge Rising

Figure 8-4 Transmitter Clock Frequency Result
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8.4  Transmitter Linearity

8.4.1 Test Introduction

Reference standard: IEEE 802.3-2018, Subclause 55.5.3.2.

The transmitter linearity test is used to verify whether the spurious-free dynamic range (SFDR) of the
DUT's output signal complies with the value specified by the standard. During the test, the DUT must
be configured to test mode 4, which can be further divided into 5 modes, each transmitting a set of

dual-tone signals with different frequencies.

8.4.2  Test Procedure

8.4.2.1 Using an Oscilloscope

1. Select 10GBASE-T inthe Setup tab.

2. Select the testitem: TestSelect > Transmitter Linearity

3. In the Configure , set the probe type, signal source, test pair ID (Pair A/B/C/D/All), test

instrument (select oscilloscope), and averaging count.

4. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.1.

5. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

6. After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

7. During the test, the oscilloscope will automatically complete all configurations and output the test

results.

8.4.2.2 Using a Spectrum Analyzer
1. Select 10GBASE-T inthe Setup tab.
2. Selectthe testitem: TestSelect > Transmitter Linearity

3. Inthe Configure , set the test pair ID (Pair A/B/C/D/All), test instrument (select spectrum

analyzer), averaging count, balun compensation (On/Off), etc.
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4. In the Configure |, click Connect Test to confirm whether the spectrum analyzer is
connected to the oscilloscope. If the connection is successful, the model of the spectrum analyzer
will be displayed. If balun compensation is required, click settings to enter the balun

compensation interface and configure the relevant parameters.

5. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.2.

6. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope and spectrum analyzer.

7. After confirming that the spectrum analyzer has captured the signal under test, click Run Test
on the oscilloscope's test prompt interface to begin the test. If the oscilloscope does not receive
data from the spectrum analyzer for an extended period, the application will return to the test

prompt interface, prompting you to check the accuracy of the test environment.

8. During the test, the spectrum analyzer will measure the signal under test and transmit the results
back to the oscilloscope. The oscilloscope will process the received data and output the test

results.

8.4.3 Calculation Method and Pass Criteria

According to the IEEE 802.3 standard, the transmitter linearity test requires testing five sets of dual

tone signals. The frequencies and pass criteria for these signals are listed in the table below.

Dual Tone Signal Frequency (MHz) Pass Criteria (dBc)
Dual Tone 1 36.718 & 41.406 SFDR > 54.5

Dual Tone 2 78.906 & 80.469 SFDR = 50.346
Dual Tone 3 139.844 & 141.406 SFDR = 45.449
Dual Tone 4 216.406 & 219.531 SFDR = 41.629
Dual Tone 5 310.156 & 313.281 SFDR = 38.540

When using an oscilloscope for calculation, the oscilloscope will compute the amplitude spectrum of
the dual tone signals using the FFT algorithm. When using a spectrum analyzer, the oscilloscope will

directly read the amplitude spectrum measured by the spectrum analyzer.
The basic settings for calculating the amplitude spectrum are:

® Start frequency: 0.3 MHz;
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® End frequency: 400 MHz;

® Resolution bandwidth: 100 kHz.

After obtaining the amplitude spectrum, the oscilloscope will record the amplitude values
corresponding to the two frequency points of the dual-tone signals and select the highest value,
denoted as the Highest Peak. Next, the oscilloscope will record the amplitude values corresponding
to the harmonic and intermodulation components of the dual-tone signals and select the highest
value among them, denoted as the Third Highest Peak. The formula for calculating the spurious-free

dynamic range (SFDR) is:

SFDR = Highest Peak - Third Highest Peak

8.4.4 Test Result Reference

Examples of the transmitter linearity test results for the five sets of dual-tone signals are shown in the

following five figures.
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Figure 8-5 Tone1 Example of Transmitter Linearity Results
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10GBase-T, Linearity Tone-2
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Figure 8-6 Tone2 Example of Transmitter Linearity Results
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Figure 8-7 Tone3 Example of Transmitter Linearity Results

int.siglent.com 107



2.5/ 5/ 10GBASE-T Ethernet Compliance Test Application User Manual

10GBase-T, Linearity Tone-4
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Figure 8-8 Tone4 Example of Transmitter Linearity Results
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Figure 8-9 Tone5 Example of Transmitter Linearity Results
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8.5

8.5.

Power Spectral Density

1 Test Introduction

Reference standard: IEEE 802.3-2018, Subclause 55.5.3.4.

This

test verifies whether the power spectral density (PSD) complies with the standard. The DUT must

be configured in Test Mode 5.

8.5.

2  Test Procedure

8.5.2.1 Using an Oscilloscope

1.

2.

Select 10GBASE-T inthe Setup tab.
Select the testitem: TestSelect > Power Test > Power Spectral Density

In the Configure , set the probe type, signal source, test pair ID (Pair A/B/C/D/All), test

instrument (select oscilloscope), and averaging count.

Set up the test environment refer to the Connect tab. Refer to section 5.1 for specific

connection methods.

Click Run Test . The system will display a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other settings.

After the oscilloscope successfully captures the test signal, click Run Test on the prompt
interface. If the oscilloscope fails to capture the correct waveform, the application will return to

the prompt interface, prompting you to check the test environment.

During the test, the oscilloscope will automatically complete all configurations and output the

results.

8.5.2.2 Using a Spectrum Analyzer

1.

2.

Select 10GBASE-T inthe Setup tab.
Select the test item: TestSelect > Power Test > Power Spectral Density

In the Configure |, set the test pair ID (Pair A/B/C/D/All), test instrument (select spectrum

analyzer), averaging count, balun compensation (On/Off), etc.

In the Configure , click Connect Test to confirm the spectrum analyzer's connect to the

oscilloscope. A successful connect will display the spectrum analyzer model. If balun
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compensation is required, click Settings to configure the parameters.

5. Set up the test environment refer to the Connect tab. Refer to section 5.2 for specific
connection methods.

6. Click Run Test . The system will display a test prompt interface and automatically configure
the oscilloscope and spectrum analyzer settings.

7. After confirming that the spectrum analyzer has captured the test signal, click RunTest onthe
oscilloscope prompt interface. If the oscilloscope does not receive data from the spectrum
analyzer, the application will return to the prompt interface, prompting you to check the test
environment.

8. During the test, the spectrum analyzer will measure the signal and transmit the results to the
oscilloscope, which processes the data and outputs the final results.

8.5.3  Calculation Method and Pass Criteria

According to IEEE 802.3, the power spectral density judgment criteria for T0GBASE-T are shown in

Figure 8-10. Based on these criteria, the power spectral density template is derived, as shown in

Figure 8-11.
—78.5 dBm/Hz 0<f<70
_785- (=0 dBmHz 70 << 150
U Q | - (f—150) : o s B
pper PSD (f) < 1= 79.5 - = |dBm/Hz 150 < /<730 (55-9)
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o (f=330). o,
—-795 - |"—=—|dBm/Hz 730</<1790
\ 40 / -
116 dBm/Hz 1790 < <3000
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| 83 - (=20%dBmmz - 50<f<200
Lower PSD (f) > ¢ ' ' : (55-10)

{

Figure 23
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Equations for PSD Masks applicable to 10GBase-T DUT

Figure 8-10 10G Base-T Power Spectral Density Judgment Criteria
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-TE

Power spectral density (dBm/Hz)
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Frequaency [MHZ)

Figure 55-37—Transmitter power spectral density mask

Figure 8-11 10G Base-T Power Spectral Density Template

When using an oscilloscope for calculation, the oscilloscope obtains the amplitude spectrum through
FFT algorithm; when using a spectrum analyzer, the oscilloscope directly reads the amplitude

spectrum measured by the spectrum analyzer.

The basic settings for calculating the amplitude spectrum are:
® Start frequency: 3 MHz;

® End frequency: 3 GHz;

® Resolution bandwidth: 300 kHz.

After obtaining the amplitude spectrum, the oscilloscope normalizes it based on the resolution
bandwidth to derive the power spectral density, which is then compared with the template to

determine the result.

8.5.4 Test Result Reference

An example of the power spectral density test result is shown in Figure 8-12.
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Figure 8-12 Power Spectral Density Test Result

112 int.siglent.com



2.5/ 5/ 10GBASE-T Ethernet Compliance Test Application User Manual

8.6 Power Level

8.6.1 Test Introduction

Reference standard: IEEE 802.3-2018, Subclause 55.5.3.4.

This test is used to verify whether the power level complies with the standard specifications. During

the test, the device under test (DUT) must be configured to test mode 5.

8.6.2  Test Procedure

8.6.2.1 Using an Oscilloscope

1. Select 10GBASE-T inthe Setup tab.

2. Selectthetestitem: TestSelect > PowerTest > Power Level

3. In the Configure , set the probe type, signal source, test pair ID (Pair A/B/C/D/All), test

instrument (select oscilloscope), and averaging count.

4. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.1.

5. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

6. After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

7. During the test, the oscilloscope will automatically complete all configurations and output the test

results.

8.6.2.2 Using a Spectrum Analyzer
1. Select 10GBASE-T inthe Setup tab.
2. Select the testitem: TestSelect > Power Test > Power Level

3. Inthe Configure , set the test pair ID (Pair A/B/C/D/All), test instrument (select spectrum

analyzer), averaging count, balun compensation (On/Off), etc.

4. In the Configure |, click Connect Test to confirm whether the spectrum analyzer is
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connected to the oscilloscope. If the connection is successful, the model of the spectrum analyzer
will be displayed. If balun compensation is required, click settings to enter the balun

compensation interface and configure the relevant parameters.

Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.2.

Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope and spectrum analyzer.

After confirming that the spectrum analyzer has captured the signal under test, click Run Test
on the oscilloscope's test prompt interface to begin the test. If the oscilloscope does not receive
data from the spectrum analyzer for an extended period, the application will return to the test

prompt interface, prompting you to check the accuracy of the test environment.

During the test, the spectrum analyzer will measure the signal under test and transmit the results
back to the oscilloscope. The oscilloscope will process the received data and output the test

results.

8.6.3 Calculation Method and Pass Criteria

According to the IEEE 802.3 standard, the power level is calculated within the frequency range of 3
MHz to 400 MHz, and the result must be between 3.2 dBm and 5.2 dBm.

When using an oscilloscope for calculation, the oscilloscope computes the amplitude spectrum of the

signal under test using the FFT algorithm. When using a spectrum analyzer, the oscilloscope directly

reads the amplitude spectrum measured by the spectrum analyzer.

The basic settings for calculating the amplitude spectrum are:

Start frequency: 3 MHz;
End frequency: 400 MHz;

Resolution bandwidth: 300 kHz.

After obtaining the amplitude spectrum, the oscilloscope calculates the power within the 3 MHz to

400 MHz bandwidth and converts it to the power level.

8.6.4 Test Result Reference

The power level test result is shown in Figure 8-13
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Figure 8-13 Power Level Test Result
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8.7 MDI Return Loss

8.7.1 Test Introduction
Reference standard: IEEE 802.3-2018, Subclause 55.8.2.2.

The MDI return loss test is used to verify whether the return loss of the DUT's interface complies with

the value specified by the standard. During the test, the DUT must be configured to test mode 5.

8.7.2  Test Procedure

1. Select 10GBASE-T inthe Setup tab.

2. Selectthe testitem: TestSelect > MDI Return Loss

3. Inthe Configure |, setthe VNA portand confirm the VNA connection is successful.

4. Inthe Configure ,click Open , Short ,and Load to calibrate the VNA. A calibration
prompt interface will appear. Follow the instructions to verify the calibration environment setup,

then click start calibration to begin calibration. For calibration wiring methods, refer to section 5.3.

5. After confirming successful calibration, set up the test environment refer to the Connect tab.

For specific test connection methods, refer to section 5.3.

6. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope and VNA.

7. After confirming that the VNA has captured the signal under test, click Run Test on the test

prompt interface.

8. After the VNA test completes, the oscilloscope will read the VNA results and output them.

8.7.3 Calculation Method and Pass Criteria

This test is performed using the VNA, and the oscilloscope reads the data and compares it with the

standard to output the results.

According to the |[EEE 802.3 standard, the pass criteria for return loss are shown in Figure 8-14.
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Figure 8-14 Pass Criteria for MDI Return Loss

8.7.4 Test Result Reference

The MDlI return loss test results are shown in Figure 8-15
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Figure 8-15 MDI Return Loss Test Results

int.siglent.com 117



2.5/ 5/ 10GBASE-T Ethernet Compliance Test Application User Manual

8.8  Transmitter Timing Jitter - Slave Test

8.8.1 Test Introduction
Reference standard: IEEE 802.3-2018, Subclause 55.5.3.3.

The transmitter timing jitter - slave mode test is used to verify whether the jitter of the DUT's output
signal complies with the value specified by the standard, thereby validating signal quality. During the
test, the DUT must be configured to test mode 3 (slave mode), and the Link Partner must be
configured to test mode 1 (master mode). The DUT will transmit a periodic signal consisting of 2
consecutive +16-level symbols and 2 consecutive -16-level symbols, which can be regarded as an

ideal square wave signal with a period of 5 ns.

Additionally, due to the connection method between the master PHY and slave PHY, only Pair D is

tested for slave jitter.

8.8.2  Test Procedure

1. Select 10GBASE-T inthe Setup tab.

2. Selectthe testitem: TestSelect > Transmitter Timing Jitter - Slave
3. Inthe Configure |, set the signal source, jitter type, and bandpass filter.

4. Set up the test environment refer to the Connect tab. For specific test connection methods,

refer to section 5.5.

5. Click Run Test . The system will pop up a test prompt interface and automatically configure

the oscilloscope's channels, triggers, and other related settings.

6. After the oscilloscope correctly captures the signal under test, click Run Test on the test
prompt interface to begin the test. If the oscilloscope fails to capture the correct waveform for
testing, the application will return to the test prompt interface, prompting you to check the

accuracy of the test environment.

7. During the test, the oscilloscope will automatically complete all configurations and output the test

results.

8.8.3 Calculation Method and Pass Criteria

According to the IEEE 802.3 standard, the jitter type calculated for the transmitter timing jitter - slave

mode is periodic jitter. The sample size must cover a waveform length of 1 ms £10%, i.e., 200,000
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+20,000 cycles. Before calculation, the waveform must be filtered using a bandpass filter with a center
frequency of 200 MHz and a bandwidth of 2 MHz.

In practice, on the Siglent compliance test software, users can select the jitter type (periodic jitter/TIE)
and choose whether to apply the bandpass filter. Generally, using the bandpass filter yields more ideal
jitter results.

During calculation, the oscilloscope captures a waveform of 1 ms £10% length, measures the
period/TIE for each symbol, and calculates the root mean square (RMS) of all samples to determine

whether the jitter test passes.

The RMS calculation formula and pass criteria are:

Z[(T - Tavg)2 ]

RMS =
V( Sample Size

) < 5.5ps

8.8.4 Test Result Reference

An example of the transmitter timing jitter - slave mode test result is shown in

10GBase-T, Transmitter Timing Jitter Slave
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Figure 8-16 Transmitter Timing Jitter - Slave Test Result
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