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INTRODUCTION

QPHY-ENET is an automated test package that performs electrical tests for the three common networking
standards over unshielded twisted pair (UTP) cables normally referred to as CAT5 or CAT5E. The electrical tests
are performed on 10Base-T, 100Base-TX, and 1000Base-T signals as specified in the IEEE 802.3-2005 and
ANSI X3.263-1995 standards.

The QPHY-ENET option gives the user the ability to both automate compliance testing and debug devices, hosts
and hubs. Users may be specifically interested in the following capabilities:

e Users interested in compliance testing should begin by using QualiPHY.
e Users interested in debugging circuits, should begin by using the oscilloscope’s embedded test tools.

e Users that begin by using QualiPHY may detect failures on their device, and then have the option of
switching to the oscilloscope’s embedded test tools.

This manual covers the use of both QualiPHY (compliance testing) and the oscilloscope’s embedded test tools
(debugging).

The QualiPHY environment provides automated testing and report generation. For more information about
QualiPHY, see the QualiPHY Operator’s Manual (PDF document).

Compatibility
ENET is a software option compatible with the following LeCroy X-Stream™ oscilloscopes:

10/100/1000Base-T
o All WaveMaster series oscilloscopes
e All SDA series Serial Data Analyzers
e WavePro 7100, 7200, 7300, including “A” models
o WaveRunner 6100, 6200, including “A” models
o WaveRunner 104Xi, 204Xi

Oscilloscopes with a bandwidth of less than 1 GHz are not recommended for these standards.
10/100Base-T
e WaveRunner 62Xi, 64Xi, 44Xi

e WaveRunner 6050 including “A” models

Test Items

10Base-T [IEEE 802.3-2005]

Peak Differential Output Voltage [14.3.1.2.1]

Differential Output Voltage Harmonics [14.3.1.2.1]
Template - Internal MAU (Normal & Inverted) [14.3.1.2.1]
Template - External MAU (Normal & Inverted) [14.3.1.2.1]
TP_IDL 100 Q without TPM (Head & Tail) [14.3.1.2.1]
TP_IDL Load 1 without TPM (Head & Tail) [14.3.1.2.1]
TP_IDL Load 2 without TPM (Head & Tail) [14.3.1.2.1]
Link Pulse 100 Q without TPM (Head & Tail) [14.3.1.2.1]
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Link Pulse Load 1 without TPM (Head & Tail) [14.3.1.2.1]

Link Pulse Load 2 without TPM (Head & Tail) [14.3.1.2.1]

TP_IDL 100 Q with TPM (Head & Tail) [14.3.1.2.1]

TP_IDL Load 1 with TPM (Head & Tail) [14.3.1.2.1]

TP_IDL Load 2 with TPM (Head & Tail) [14.3.1.2.1]

Link Pulse 100 Q with TPM (Head & Tail) [14.3.1.2.1]

Link Pulse Load 1 with TPM (Head & Tail) [14.3.1.2.1]

Link Pulse Load 2 with TPM (Head & Tail) [14.3.1.2.1]

8BT Output Timing Jitter 100 Q without TPM Internal MAU [14.3.1.2.3]
8.5BT Output Timing Jitter 100 Q without TPM Internal MAU [14.3.1.2.3]
8BT Output Timing Jitter 100 Q with TPM Internal MAU [14.3.1.2.3]
8.5BT Output Timing Jitter 100 Q with TPM Internal MAU [14.3.1.2.3]
Common mode output voltage [14.3.1.2.5]

100Base-TX [ANSI X3.263-1995]

UTP DOV Base to Upper [ANSI 9.1.2.2]

UTP DOV Base to Lower [ANSI] 9.1.2.2]

Overshoot Positive [ANSI 9.1.3]

Overshoot Negative [ANSI 9.1.3]

Signal Amplitude Symmetry [ANSI 9.1.4]

Rise Base to Upper [ANSI 9.1.6]

Fall Upper to Base [ANSI 9.1.6]

Rise Lower to Base [ANSI 9.1.6]

Fall Base to Lower [ANSI 9.1.6]

Rise/Fall Symmetry [ANSI 9.1.6]

Duty Cycle Distortion [ANSI 9.1.8]

Jitter Base to Upper [ANSI 9.1.9]

Jitter Base to Lower [ANSI 9.1.9]

Twisted Pair Active Output Interface template [ANSI Appendix J]
1000Base-T [IEEE 802.3-2005] on pair A, B, Cand D

Peak Differential Output Voltage point A, B, Avs. B, C, D [40.6.1.2.1]
Maximum Output Droop FG, HJ [40.6.1.2.2]

Template Mask point A, B, C, D, F, H[40.6.1.2.3]

Transmitter Distortion - Mode 4 [40.6.1.2.4]

Transmitter timing jitter Master (UnFiltered & Filtered) - Mode 2 [40.6.1.2.5]
Transmitter timing jitter Slave (UnFiltered & Filtered) - Mode 3 [40.6.1.2.5]
MDI common-mode output voltage [40.8.3.3]
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TF-ENET-B Test Fixture Package
The TF-ENET-B package is delivered in a soft pouch with a foam insert.
TF-ENET-B Standard supplied items include:

Main Board

50 Q Terminator (6)

6” RJ45 short cable (1)

Jumpers (28)

18" SMA to SMA cables (2)

BNC to SMA adapters (2)

Figure 1. TF-ENET-B test fixture package
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Ethernet Test Fixture Sections

Figure 2. TF-ENET-B test fixture board sections

10BT w & w/o Model section (A)

1000Base-T Jitter section (B)

Common Mode Voltage Output section (C)

1000BT Template Disturbing Signal Tests section (D)
Return Loss Measurement section (E)

Jitter Master/Slave Test section (F) (for Differential Probe)

Differential Return Loss section (G)

QPHY-ENET Operator’s Manual Rev B 9
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TEST ITEM TF-ENET-B section Jitter Link

Test AWG
Cable

Partner

1000BASE-T

MODE 1, 4 with Disturber X X

MODE 1, 4 without Disturber X

MODE 2: MASTER JITTER with TX_TCLK X

MODE 3: SLAVE JITTER with TX_TCLK X X X

MODE 3: MASTER/SLAVE JITTER without TX_TCLK X

COMMON MODE OUTPUT VOLTAGE X
100BASE-TX

UTP DIFFERENTIAL OUTPUT VOLTAGE

OVERSHOOT

SIGNAL AMPLITUDE SYMMETRY

RISETIME BASE TO UPPER

FALLTIME UPPER TO BASE

RISETIME LOWER TO BASE

FALLTIME BASE TO LOWER

RISE/FALL TIME SYMMETRY

DUTY CYCLE DISTORTION

JITTER

TWISTED-PAIR ACTIVE OUTPUT INTERFACE TEMPLATE
10BASE-T

PEAK DIFFERENTIAL OUTPUT VOLTAGE

HARMONICS

INTERNAL/EXTERNAL MAU NORMAL

INTERNAL/EXTERNAL MAU INVERTED

100 Q: TP_IDL & LINK PULSE*

LOAD 1: TP_IDL & LINK PULSE*

LOAD 2: TP_IDL & LINK PULSE*

OUTPUT TIMING JITTER*

8BT OUTPUT TIMING JITTER*

8.5BT OUTPUT TIMING JITTER*

COMMON MODE OUTPUT VOLTAGE X

*WITH & WITHOUT TWISTED-PAIR MODEL

Table 1. Test Supported by TF-ENET-B Test Fixture

X X X X X X X X X X X

X X X X X X X X X X
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QualiPHY Compliance Test Platform

QualiPHY is LeCroy’s unique compliance test framework which leads the user through the compliance tests.
QualiPHY displays connection diagrams to ensure tests run properly, automates the oscilloscope setup, and
generates full compliance reports.

QPHY-ENET (DSO option) can be used without QualiPHY if each compliance test is executed manually.
However, QualiPHY makes QPHY-ENET easy and fast. QualiPHY is designed to use the TF-ENET-B test fixture
without using probes.

The LeCroy QPHY-ENET package displays all parameters for each measurement on the instrument screen along
with pass/fail indicators and the appropriate waveforms.

The QualiPHY software application automates the test and report generation.

QualiPHY: General Setup g]

Connection || Session Info Repaort Advanced Abaouk

Reporting behaviowr

(%) ek to generate a report after bests.

() Mever generate a repart after tests. Report

Generator

() Always generate a report after tests. [Ovenwrite)

Drefault

(%) Create #ML (") Create HTML (") Create PDF

Outpuit file name:
C:Program Files\LeCrov\Replay\ReportshLeCroyR eport. 2ml Browse. .

[itsllow stvle sheet selection in Beport Generator

Close

Figure 3. Report menu in QualiPHY General Setup
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See the QualiPHY Operator’ s Manual for more information on how to use the QualiPHY framework.
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Figure 4. The Test Report includes a summary table with links to the detailed test results
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INSTALLATION

Oscilloscope Option Key Installation

An option key must be purchased to enable the QPHY-ENET option. Call LeCroy Customer Support to place an
order and receive the code.

Enter the key and enable the purchased option as follows:
1. From the oscilloscope menu select Utilities > Utilities Setup...
2. Select the Options tab and click the Add Key button.
3. Enter the Key Code using the on-screen keyboard.
4

Restart the oscilloscope to activate the option after installation.

Typical (Recommended) Configuration

QualiPHY software can be executed from the oscilloscope or from a host computer. The first step is to install
QualiPHY, see the QualiPHY Operator’'s Manual for installation instructions.

LeCroy recommends running QualiPHY on an oscilloscope equipped with Dual Monitor Display capability (Option
DMD-1 for oscilloscopes where this is not standard). This allows the waveform and measurements to be shown
on the oscilloscope LCD display while the QualiPHY application and test results are displayed on a second
monitor.

By default, the oscilloscope appears as a local host when QualiPHY is executed in the oscilloscope. Follow the
steps under Oscilloscope Selection (as follows) and check that the IP address is 127.0.0.1.

Remote (Network) Configuration

It is also possible to install and run QualiPHY on a host computer, controlling the oscilloscope with a Network/LAN
Connection.

The oscilloscope must already be configured, and an IP address (fixed or network-assigned) must already be
established.

Oscilloscope Selection
Set up the oscilloscope using QualiPHY over a LAN (Local Area Network) by doing the following:

1. Make sure the host computer is connected to the same LAN as the oscilloscope. If unsure, contact
your system administrator.

From the oscilloscope menu, select Utilities > Utilities Setup...

Select the Remote tab.

Verify the oscilloscope has an IP address and the control is set to TCP/IP.
Run QualiPHY in the host computer and click the General Setup button.
Select the Connection tab.

Enter the IP address from step 4 (previous).

Click the Close button.

QualiPHY is now ready to control the oscilloscope.

®©® N o o bk 0D
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QualiPHY tests the oscilloscope connection after clicking the Start button. The system prompts you if there is a
connection problem. QualiPHY’s Scope Selector function can also be used to verify the connection. Please refer
to the QualiPHY Operator’s Manual for explanations on how to use Scope Selector and other QualiPHY

functions.

Connecting the oscilloscope to the Device Under Test (DUT)

The most accurate method of attaching the oscilloscope to the Device Under Test is by directly connecting the
fixture to the oscilloscope channels using a pair of SMA cables. The connections to the oscilloscope should be
made with good quality SMA cables of equal length. If the tests are being performed on a WavePro or
WaveRunner oscilloscope (which has only BNC connections) a SMA to BNC adaptor is required for each
channel. See the Cable Deskewing section of this manual for the calibration procedure.

Accessing the QPHY-ENET Software using QualiPHY

This section provides a basic overview of QualiPHY’s capabilities. Please refer to the QualiPHY Operator’s

Manual for detailed information.

Access the QPHY-ENET software using the following steps:

1. Wait for the oscilloscope to start and to have its main application running.

Launch QualiPHY from the Analysis menu if installed on the oscilloscope or,

2
3. Launch QualiPHY from the desktop icon if installed on a host computer.
4

From the QualiPHY main window (as follows), select Standard, then ENET (IEEE 802) from the pop-up
menu (if not already selected). If you check the Pause on Failure box (circled) the system prompts to

retry the measure whenever it fails.

@ ENET, Demo 1000BASE-T - QualiPHY EOX

LeCroy

Configuration:

D) IEEE ‘ '@ﬂ Deme 1000BASE-T

R

General b Standard: b

Setup EMET

_\:}&9 E dit/iew Configuration ‘

o
b Start

Oscilloscope address: 127.0,0.1

Sysktem setup...

Mode ¢

Test 40.6.1.2.4 - Transmitker diskortion

Test 40.6,1.2.5 - Transmitker timing jitker Mode 2
Test 40.6,1.2.5 - Transmitker timing jitker Mode 3
Test carmpleted successFully,

Test completed successfully.

Report
Generator

E it

A
“
Fausze on Failure

(®)ENET

Figure 5. QualiPHY main menu and compliance test Standard selection menu
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5. Click the Configuration button in the QualiPHY main menu:

. Configuration:
-éﬁ 1041001 000BASE-T MAL
- Internal Mo Dist. Mo Te_TCLE,

6. Select a configuration from the pop-up menu:

7. Click Start.

G

el
Start

101001 000BASE-T MaL Intemal Dist. Mo T#_TCLK

10/1001000BA5E-T MAL Internal Dist. TE_TCLE

101001 000BASE-T MaL Intermal Mo D

101001 000BA5E-T MAL Internal Mo Dist. Te_TCLK

10/100BASE-T Al tests

1000BASE-T Disturber Na Tx_TCLK

1000BASE-T Disturber T=_TCLE

1000BASE-T Mo Disturber Mo Te_TCLK

1000BASE-T Mo Disturber T_TCLK

T00BASE-T Al tests

T0BASE-T All tests

SIIFFII SIS

¥

|

Figure 6. QualiPHY configuration selection menu

8. Follow the pop-up window prompts.

QPHY-ENET Operator’s Manual Rev B
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Customizing QualiPHY

The predefined configurations in the Configuration screen cannot be modified. However, you can create your
own test configurations by copying one of the standard test configurations and making modifications. A
description of the test is also shown in the description field when selected.

QualiPHY: Edit/View Configuration

Configuration

Test Selector || Yariable Setup Limits

1000BASE-T Ma Disturber Mo TX_TCLE

1000BASE-T Mo Disturber Te_TCLE

T00BASE-T All tests

10BASE-T &ll tests

10BASE-T Parametric

T0BASE-T Template

SIFISS

Q Copy of 10/100/1000BASE-T MAU Internal Mo Dist. Mo

il
Modified verzion of 10/100/1000BASE-T MAL Internal Mo Dist. Mo T#_TCLE

Start Edit

Copy

Rename

Delete

QualiPHY: Edit/View Configuration

Configuration | Test Selector

Wariable Setup Limits

Jitter

Kl K K KKK K]

25.4.5 Change to ANSI| INCITS 2631995 (R2000) 9.1.5, "Jitter"
The jitter measzurement specified in 9.1.9 of TP-PMD may be perfarmed using scrambled IDLE 5.

Peak to peak jitter shall be measured using scrambled HALT line state. T atal transmit jitter, including
contributions from duty cycle distortion and Bazeline ' ander, shall not exceed 1.4 ns peak-peak.

Cloze

Figure 7. QualiPHY test item selection menu
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Once a custom configuration is defined, script variables and the test limits can be changed by using the Variable
Setup and Limits Manager from the Edit/View Configuration window.

QualiPHY: Edit/View Configuration

“ariable Setup ‘ Limits |

f h
| Configur ation “ Test Selector

= L_:J Ethernet tests

Edit Yariable
% Demotode; Mo

-

o | MAUT ppe: Intermal Reset to Default

e f Disturber: ez
by ‘f To_CLK: Yes

Sn_lm::mnil_'mmthe list

Gigahbit Disturbing Sine Present

i'(-Eigal:uit Disturbing Sine Present

Close

QualiPHY: Limits Manager

Selected Limit Set:

@ Fename Set Delete Set

Thiz iz a parent Set!

List of awailable Limits for the selected setb:

Mame Set Comparizon Method | Reference Unit | Grain ke
4 10BT-DOV Default 22<n<28 W 1.000000e-002
4 10BT-Harmanics Drefault r= 27 dB 1.000000e-001
% Mask-Test Default rnatch AllPass -1.000000e+000
3 10BT-BBT-IntJitter Default <= 22e9 [ 1.000000e-012 —
7 10BT-858T-Int-Jitter Default <= 22e9 [ 1.000000e-012
7 100BT-Jitter Default <= 1.4e9 3 1.000000e-012
4 100BT-DCD Default -2A0e-12 < n< 25.. 3 1.000000e-013
4 100BT-DOV Default 0.950 < n < 1.050 W 1.000000e-004
7 100BT-545 Default 0.980 < n < 1.020 1.000000e-004
4 100BT-OverP Default <= 5 % 1.000000e-001
i 100BT-Overh Default <= 5 % 1.000000e-007
{4 100BT-URis Default +/-1e-3 4e-3 3 1.000000e-02 Z
R T [y I [ - PR PRt T T —
‘ Impart Limits ‘ ‘ E=port Limits Edit Lirnit

Close

Figure 8. Variable Setup and Limits Manager windows
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QualiPHY-ENET Operation

After pressing Start in the QualiPHY menu, a pop-up connection diagram and dialog box is shown to help set up
the test QualiPHY also instructs to change test signal mode (when necessary) with the QualiPHY pop-up
message box shown as follows.

Q)

el
Start

Figure 9. Start button
Message X

oet DUT to generate test mode 4 signal
(40.6.1.2.4 - Transmitter distartion)

k. ‘ FaAlL ‘ ‘ Abart Test ‘

Figure 10. Example of pop-up message box

Required connections: I'ZI
]
¢
1 2 3 4 IN ouTt
OHOOO® O
CH? CH3
TOBT w & w/o Mode|
DuT =— 13
ETHERMET
Ja4
Differential
Return Loss
Joe |8
Connect DUT toJ13 ~
Connect scope Channel 2 to J84
Connect scope Channel 3 to JBS
Flace jumpers on J7,J9, 8,010, J24_ 25 £V
Skip this test
s group

Figure 11. Example of pop-up connection diagram and dialog box
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1000Base-T A, B, C or D Pair Selection

In the 1000Base-T test, a pop-up menu asks if the user is testing all 4 pairs of transmission lines.

User choice requested X

Testallpars (8, B. C. 077

Yes ‘ Mo ‘

If selecting No, the user is then prompted for each pair individually. This allows the user to only test the selected
pairs.
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OSCILLOSCOPE OPERATION

This topic explains how to operate the oscilloscope manually. All of the following steps explained are automated
when using QualiPHY.

Although the oscilloscope settings can be changed at any time, it is not recommended to do so while a QualiPHY
script configuration is running. Doing so can modify the measurement and give erroneous report results.

The main menu (pictured as follows) is shown at the bottom of the oscilloscope screen. The four buttons on the
left (10Base-T, 100Base-TX, 1000Base-T, and OFF) provide choices for the test standard.

File  “edical Timebase Trigger Display C s Measure  Math is  Utilities Help

Select Standard to have the list of t

Figure 12. ENET Main Menu

If the Ethernet Tests dialog is closed, it can be redisplayed in its most recent state by selecting Ethernet Tests...
from the Analysis menu or by touching the ENET waveform descriptor label at the bottom-left of the screen:

The name in the title bar of the descriptor label indicates the measurement waveform. For the previous case, the
descriptor label is E10Dta.

Note: QualiPHY hides the dialog at the beginning of each script. This allows the best resolution for screen-shots to be incorporated on reports.
If the user chooses to redisplay the dialog, the screen—shots in the report are smaller.
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Source selection fields are displayed on the right side of the menu. The TF-ENET-B fixture is designed to use 2
SMA cables to ensure the best signal quality. The Differential Data on 2 Channels checkbox sets the
oscilloscope to use two channels to probe the differential pair.

Set C2 as Source for + Data and C3 as Source for -Data. Two controls for master TX_TCLK and slave
TX_TCLK are used for the 1000Base-T mode 2 and mode 3 jitter tests, and are grayed out otherwise.

When a differential probe is used, select the channel for the probe connection in the Source for + Data field.

The following topics describe the use of the ENET software option for testing 10Base-T, 100Base-TX, and
1000Base-T signal types.

QualiPHY automates most of the steps. Pop-up messages appear when specific actions must be done by the
user and a report is generated at the end of the compliance test.
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10Base-T Tests

The required tests for the 10Base-T signal type are pulse mask, voltage level, and jitter. The requirements are
given in the IEEE 802.3-2005 standard (clause 14). The mask test requires the use of a “Twisted Pair Model,”
which effectively is a low-pass filter modeling the effect of transmitting the signal over a standard CAT5 cable.
This Twisted Pair Model is available in section A of TF-ENET-B from LeCroy.

Please refer to the test list in the 10 Base-T IEEE 802.3-2005 section of this manual.
Run the full set of 10Base-T tests by choosing the 10BASE-T All tests configuration in QualiPHY.
If the test needs to be done manually, use the following procedure:

1. From the menu bar, select Analysis > Ethernet Tests...

2. Touch the 10Base-T button on the left side of the menu to select the 10Base-T test mode.

The TF-ENET-B fixture allows for connecting each wire in the pair to a separate channel. Use the fixture section A
in the TF-ENET-B fixture set (Figure 13, as follows) to probe the signal using two channels. The test loads are
embedded in TF-ENET-B Fixture. Installing and removing Jumpers allows you to change test loads. (Table 2).

The 10Base-T transmitter is tested at the output of the Media Access Unit (MAU). This connection is made using
an RJ45 twisted pair connector. The MAU can be internal or external to the transmitter; and there are different
requirements for each type of MAU. The ENET software provides separate masks for each type of MAU to
accommodate these different requirements.

The 10Base-T test area of the TF-ENET-B also allows for devices to be tested using a link partner. See the Link
Partner Testing for 10Base-T & 100Base-T section of this manual for more details.

Install Jumper Remove Jumper

D ' J1,J6, J14, J16 J7, J8, J9, J10

Y QualiPHY

' 914906-00/| ML J7,J8,J9,J10 U1, J6, J14, J16
J24, J25 J20, J21, J22, J23
J20, J21 J22, J23, J24, J25
J22, J23 J20, J21, J24, J25

Table 2. 10Base-T section A jumper setting

Figure 13. Section A 10Base-T test area
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10Base-T DOV Mask and Voltage Test

The differential output voltage (DOV) is defined as the absolute value of the peak differential voltage measured
into a 100 Q termination. The mask test evaluates the pulse shape.

The transmitter should be set to generate a Pseudo Random bit pattern of at least 511 bits in duration. This
type of pattern will repeat every 511 bits or more so that over a shorter measurement time, the data will appear to
be random.

Note: The method for setting the Device Under Test into transmit mode is device specific. Contact your PHY chip vendor for information on
how to do this.

ouT

ETHERMET

Differential
Return Loss

Figure 14. Fixture setup for 10Base-T mask test

1. Connect DUT to J13 at section A of TF-ENET-B by using a short RJ45 cable included with TF-ENET-B
package. Remove jumpers J7, J8, J9, J10, J20, J21, J22, J23, and install jumpers J1, J6, J14, J16, J24,
J25, to test for TPM 100 Q.

2. Connect oscilloscope channel 2 to J84, channel 3 to J85 (Figure 14, previous).
Touch the 10Base-T button under “Select Standard.”

4. Select the appropriate mask from the “Select Test” field:
e DOV Mask MAU Ext for external MAU testing
o DOV Mask MAU Ext Inv for external MAU testing of the negative-going pulses
e DOV Mask MAU Int for internal MAU testing
e DOV Mask MAU Int Inv for internal MAU testing of the negative-going pulses

Only two of the four masks above will be used for any given device (either internal or external MAU). Both
positive and negative-going pulses must be tested.

5. Check the Differential Data on 2 Channels checkbox to enable probing with two separate channels and
enter C2 in Source for + Data, C3 in Source for - Data field.
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11.

Click the Set Up and Start Test button to start the test and display the pass/fail results.

Repeat the mask test for each of the test loads (100 Q, LOAD1, and LOADZ2) by changing jumpers setting
in Table 2, and for each pulse polarity (normal and inverted). There will be total 6 mask tests. Be sure to
touch the Set Up and Start Test button after each test is selected.

Remove jumpers J1, J6, J14, J16, and install jumpers J7, J8, J9, J10, to test without TPM.
Connect SMA cables from oscilloscope Channel 2 to fixture J84, Channel 3 to J85 (Figure 14).

. Select DOV Peak in the “Select Test” field, then touch the Set Up and Start Test button. The screen will

change and the peak differential output voltage (DOV) will be measured. Parameter P1 indicates the peak
voltage, and Q1 and Q2 test the upper and lower limits of this value.

Select DOV Harmonics in the “Select Test” field, then touch the Set Up and Start Test button. The
display will show the Ethernet signal trace, and P1 will display the peak harmonic level in the power
spectrum of the signal. The Device Under Test should be transmitting an “all ones” pattern, which will be
coded as alternating positive and negative going pulses. This waveform will give the worst-case power
spectrum with the highest-level harmonics.

File “erical Timebase Trigger Display Cursors Measure  Math  An: Utilities  Help [l.-Hult ”"j

Pass/Fail Q 1 True

Q1) = True

Figure 15. 10Base-T DOV Mask Test
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File ‘“erical Timebase Trigger Display Cursors  Measure Math  Analysis  Utilities  Help

Fy
Measure P1:(E10BTPeak)

value 2B6Y
status v
PassiFail Q1 True Q2:True
P1=28Y Ple22%
Q120Q2)= True Pazzed 2686 Of 266 sweeps
-5.00 p= | Triger
1.00 Yidiv 1.00 psidiv [Stop 500 mi
1.00 pefddiv 10 GS5iz |Edge Pozitive

Ethernet tests Close

Select Standard
SEtiEllsa Select Test Differential Data | Source for + Data

off Do on 2 Channels | C4 |
Peak
. Set Up and - : ;
Start Test

Measurement of peak amplitude on
1000Base-T the TD output. Defined in IEEE Std 802.3, sections 14.3.1.21

100Base-TH

4/5/2004 11:28:36 AM

Figure 16. DOV Peak Voltage Test

File ‘“edical Timebase Trigger Display Cursors Measure Math  Analysis  Utilities Help Default: US%°

TERRER AR RN R R T A AR R TR L R RN AT R AR TR A T A R AN RN N R R NS R PR AR R A TR RN AR ALY NR AR TN

A A I A A T A A R L R A A R A A TR A A A A s A nAm A a1 a2

Fy
Measure P1:(E10BTH...
value 331 dBm
status v
Pass/Fail Q1: True
P1=27 dBm
Q1= True Passed 10 Of 10 sweeps

1.00 Vidiv 1.00 psidiv |Stop 240 miy
1.00 psidiv 5.0 G5rs |[Edge FPositive

AN TI2007 4:35:42 P

Figure 17. 10Base-T DOV Harmonics
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10Base-T TP_IDL Mask Test

This test measures the wave shape of the TP_IDL signal at the output of the MAU. This signal is sent over the
interface to indicate that the Device Under Test is ready to receive data. In this configuration, the TP_IDL signal is
an end-of-packet indicator. The TP_IDL begins with a positive transition and must remain at a positive voltage
level for between 2.5 and 4.5 bit times before going negative. Once the signal goes negative (below -50 mV) it
may not exceed +50 mV. The signal may not exceed +/- 50 mV after 45 bit periods. These requirements are built
into the masks in the measurement software.

The masks are broken into two parts: head and tail. The head mask includes the limits from the first transition out
to 20 bit intervals. The tail mask contains the requirements beyond 20 bit intervals. The mask test must pass for
two different test loads (LOAD1 and LOAD2) and is performed with and without the Twisted Pair Model. The
configuration provided in QualiPHY also test with 100 Q load, although this is not required by the standard, it may
help debug faulty devices.

TOBT w & w/o Mode |

DuT J13
ETHERNET

Figure 18. Fixture setup for TP_IDL test

1. Connect DUT to J13 and oscilloscope to the section A of TF-ENET-B as shown in Figure 18.
2. Install jumpers in this section to test for Twisted Pair Model (TPM) LOAD1. Refer to Table 2 (previous).
3. Set the DUT to transmit Pseudo Random data.

Note: The method for setting the Device Under Test into transmit mode is device specific. Contact your PHY chip vendor for information on
how to do this.

4. Touch the 10Base-T button under “Select Standard.”

5. Select TP_IDL Head Mask in the “Select Test” field. You should check the Average Result checkbox so
that the test is performed on an averaged waveform. Averaging reduces the noise in the trace.

6. Touch the Set Up and Start Test button to begin testing. The software will search for the TP_IDL pulse
and center it within the mask automatically.

7. Select TP_IDL Tail Mask in the “Select Test” field.
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8. Touch the Set Up and Start Test button to begin testing.

9. Install jumpers to test for TPM LOADZ2; refer to Table 2 (previous).
10. Select TP_IDL Head Mask in the “Select Test” field.

11. Touch the Set Up and Start Test button to begin testing.

12. Select TP_IDL Tail Mask in the “Select Test” field.

13. Touch the Set Up and Start Test button to begin testing.

14. Install jumpers to test for no TPM LOAD1; refer to Table 2 (previous).
15. Select TP_IDL Head Mask in the “Select Test” field.

16. Touch the Set Up and Start Test button to begin testing.

17. Select TP_IDL Tail Mask in the “Select Test” field.

18. Touch the Set Up and Start Test button to begin testing.

19. Install jumpers to test without TPM LOADZ2; refer to Table 2 (previous).
20. Select TP_IDL Head Mask in the “Select Test” field.

21. Touch the Set Up and Start Test button to begin testing.

22. Select TP_IDL Tail Mask in the “Select Test” field.

23. Touch the Set Up and Start Test button to begin testing.

File Vertical Timehase Trigwer Display Cursors Measure Math  Analy Utilities  Help Default; | 552

Pass/Fail a1 True

Q1) = True

Figure 19. TP_IDL head mask test

QPHY-ENET Operator’s Manual Rev B 27



(e
QualiPHY’

Pass/Fail

100 Of 100

Figure 20. TP_IDL tail mask test
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10Base-T Link Test Pulse Mask

The link test pulse is a single-bit positive-going pulse that is transmitted by the MAU whenever it is active, and
before any ftraffic is present. This pulse is generated by a 10Base-T interface with no external connections. The
link test pulse mask is similar to the TP_IDL mask except for its duration. The mask test is performed using the
Twisted Pair Model jumpers setting in section A of TF-ENET-B (Table 2, Figure 19) and the test must pass for all
conditions. The mask test must pass for two different test loads (LOAD1 and LOAD2) and is performed with and
without the Twisted Pair Model. The configuration provided in QualiPHY also tests with a 100 Q load. This is not
required by the standard, but it may help debug faulty devices.

»

5.
6.
7
8

9.

TO0BT w & w/'o Mode |

DuT J13
ETHERNET

Differential
Return Loss

Figure 21. Fixture setup for Link Pulse mask test

Connect DUT to J13 and oscilloscope to the SMA connector in the section A as shown in Figure 21.
Install jumpers to test with Twisted Pair Model (TPM) LOAD1. Refer to Table 2 (previous).

Apply power to the Device Under Test. The link test pulse should appear on the oscilloscope screen.
Touch the 10Base-T button in the “Select Standard” field.

Select Link Test Pulse Head Mask in the “Select Test” field. You should check the Average Result
checkbox so that the test is performed on an averaged waveform. Averaging reduces the noise in the
trace.

Touch the Set Up and Start Test button to begin testing.

Select Link Test Pulse Tail Mask in the “Select Test” field.

Touch the Set Up and Start Test button to begin testing.

Install jumpers to test with TPM LOAD2. Refer to Table 2 (previous).
Select Link Test Pulse Head Mask in the “Select Test” field.

10. Touch the Set Up and Start Test button to begin testing.

1.

Select Link Test Pulse Tail Mask in the “Select Test” field.

12. Touch the Set Up and Start Test button to begin testing.
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14.
15.
16.
17.
18.
19.
20.
21.
22.

. Install jumpers to test without TPM LOAD1. Refer to Table 2 (previous).
Select Link Test Pulse Head Mask in the “Select Test” field.

Touch the Set Up and Start Test button to begin testing.

Select Link Test Pulse Tail Mask in the “Select Test” field.

Touch the Set Up and Start Test button to begin testing.

Install jumpers to test without TPM LOADZ2. Refer to Table 2 (previous).
Select Link Test Pulse Head Mask in the “Select Test” field.

Touch the Set Up and Start Test button to begin testing.

Select Link Test Pulse Tail Mask in the “Select Test” field.

Touch the Set Up and Start Test button to begin testing.

File “erical Tim

Pass/Fail

{Q1)= True

far + Data

‘ 101

‘ 1000Base-T

Figure 22. Link pulse mask test (head portion)
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tath

Passi/Fail

Tinchase 250 uskrigger @)

Figure 23. Link pulse mask test (tail portion)
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10-Base-T Output Timing Jitter

The timing jitter at the output of the MAU is determined by measuring the timing of the zero crossings at 8 bits and
8.5 bits from the triggering zero crossing. The jitter is measured and reported in parameter P1 below the grid on
the oscilloscope display.

A random bit stream from the device is used for this test, and two jitter measurements are made: one on the
transition at 8 bits from the trigger and the other at the transition at 8.5 bits from the trigger. The transitions
represent TD1 and TDO values and are indicated in the user interface as 8 BT and 8.5 BT, respectively. In either
case (TD1 or TDO) the jitter, as indicated in parameter P1, shall be less than 22 ns for an internal MAU and 11 ns
for an external MAU. The output jitter is measured with and without the Twisted Pair Model and terminated into a
100 Q resistive load.

TOBT w & w/o Mode |

puT 3
ETHERNET

Differential
Return Loss

Figure 24. Fixture setup for jitter test

1. Connect DUT to J13 at section A of TF-ENET-B by using a short RJ45 cable included with TF-ENET-B
package. Install jumpers for the test with TPM 100 Q. Refer to Table 2 (previous).

Connect oscilloscope channel 2 to J84, channel 3 to J85 (Figure 24).

Set the DUT to transmit Pseudo-Random bit stream.

Note: The DUT can be set to transmit random data by connecting the DUT to a Link Partner and transmitting a large file to the partner.
Please see the Link Partner Testing For 10BASE-T & 100BASE-T Devices section of this manual for details on using a Link Partner.

4. Touch the 10Base-T button under “Select Standard.”

5. Select Output Timing Jitter 8 BT in the “Select Test” field.

6. Select external or integrated MAU as appropriate in the “MAU Type” field.
7

8

Touch the Set Up and Start Test button to begin testing.

The measurement displayed in P1 is the peak-to-peak value of the variation in the location of the
transition.
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10.
1.
12.

13.
14.
15.
16.

Select Output Timing Jitter 8.5 BT in the “Select Test Field.”
Select external or integrated MAU as appropriate in the “MAU Type” field.
Touch the Set Up and Start Test button to begin testing.

The measurement displayed in P1 is the peak-to-peak value of the variation in the location of the
transition.

Install jumpers for the test without TPM 100 Q. Refer to Table 2 (previous).
Select external or integrated MAU as appropriate in the “MAU Type” field.
Touch the Set Up and Start Test button to begin testing.

The measurement displayed in P1 is the peak-to-peak value of the variation in the location of the
transition.

Uni |_j [=]
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Figure 25. Output Timing Jitter for 8BT
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Figure 26. Output Timing Jitter for 8.5BT
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10Base-T Common Mode Output Voltage Test

This test ensures that the zero to peak common mode output voltage at the MDI is within conformance limits. The
zero to peak common mode output voltage is measured as the worst-case minimum to worst-case maximum
common mode output voltage. This test does not use a high-pass filter. This measurement is made for pair A

only.
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Figure 27. Fixture setup for Common Mode Output Voltage

1. Connect DUT to J67 and connect oscilloscope channel 2 to J2 as shown in Figure 27.
2. Measure pair A by setting jumper J35.
3. The common mode signal must be less than 50 mV to pass the test.
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100Base-TX Tests

The 100Base-TX signal is an MLT-3 signal, that is, symbols are encoded into one of three voltage levels on the
twisted pair (+1, 0, and -1 V). The electrical requirements for this signal are defined in the ANSI X3.263-1995
standard for FDDI interfaces. The tests required by the standard are listed in the 100Base-TX [ANSI X3.263-
1995] section (previous).

To run the full set of 100Base-T tests, choose the 100BASE-T All tests configuration in QualiPHY.
If the test needs to be run manually, use the following procedure:
1. From the menu bar, select Analysis &> Ethernet Tests...
2. Touch the 100Base-TX button on the left side of the menu to select the 100Base-TX test mode.

The 10Base-T test area of the TF-ENET-B also allows for devices to be tested using a link partner. See the Link
Partner Testing for 10Base-T & 100Base-T topic of this manual.
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100Base-TX compliance test patterns

100Base-TX testing requires special patterns that need to be generated from DUT port. DUT makers supply the
software to generate these testing patterns.

CHZ CH3 10BT w & w/o Model

Differential
ouT Raturn Loss

— NECR | o

164
S 51 " ]

ETHERNET | ‘

Figure 28. Fixture setup for 100Base-TX mask test

1. Connect the Device Under Test to the RJ45 jack J64 on the section G of TF-ENET-B using the short
cable supplied in the fixture kit.

2. Connect SMA cables to the oscilloscope for the pair you want to test using section G of the TF-ENET-B
test fixture. Refer to Table 3..

Pair CH2 ‘ CH3
A J51 J30
B J52 J31
C J32 J53
D J54 J33

Table 3. Pair and Jumpers configurations
3. Using the Vertical menu of the oscilloscope, set the coupling to “DC50Q” and the offsetto 0 V.
4. Set the Device Under Test to transmit a 100Base-TX Halt Line State (Jitter 9.1.9) signal.

Note: The test pattern needed depends on the test performed. Also, how to make a device generate the pattern is implementation specific.
Please consult your Ethernet PHY device manufacturer for information on setting the device to transmit the specific test patterns The ENET
software will also perform measurements on any arbitrary data pattern from the Device Under Test. Specific patterns are called out in this
procedure where they are required by the standard.

5. Adjust the level of the signal on channel 2 until it completely fills the grid on the oscilloscope screen
(about 7.5 divisions). Select “Variable Gain” in the Volts/Div control in the vertical menu. This provides
the maximum dynamic range to the measurement.
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6. Set the vertical scale on channel 3 to the same value as that in channel 2 after the signal in channel 2 has
been set in previous step.

tath

Prohe Atten. Invert
=1 | . |

0411

Figure 29. Adjustment of vertical scale and coupling

The signal should be adjusted using the Volts/div control to fill the grid. Note the green checkmark in the Variable
Gain control, which allows settings to be adjusted in 1 mV steps.
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100Base-TX Mask Test

Mask testing of 100Base-TX signals is a useful and quick method to determine the signal quality. While the 802.3
and ANSI specifications do not strictly require it, it is commonly used because a compliant signal will not have any
mask failures. More detailed analysis is required for compliance, however, because non-compliant signals may
not exhibit mask failures.

1.

N o o kw0

Set the Device Under Test to transmit the IDLE 100Base-TX data pattern. This pattern is transmitted by
the interface whenever there is no communication to a Link Partner.

Touch the 100Base-TX button under “Select Standard.”

Check Differential Data on 2 Channels.

Enter C2 in the Source for + Data field and C3 in the Source for - Data field (Figure 30).
Select Mask Test in the “Select Test” field.

Touch the Set Up and Start Test button to begin mask testing.

The position of the signal relative to the mask can be adjusted by the Alignment Adj. control if the mask
does not line up properly in the horizontal direction.

Q1 indicates the pass/fail condition, and a running count of the number of passed sweeps out of the total.
Utilities  Help

PEPEY Y PrTT—

Pass/Fail o

Al out ma

Q)= True

Timebasze -484 ns

100 kS

1smitting station.”

_._1_
Figure 30. 100Base-TX Mask Test
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100Base-TX Jitter Test

Jitter in 100Base-TX signals is defined as the time interval error between an ideal clock at the 125 MHz symbol
rate and the measured timing of the rising and falling edges of the positive and negative pulses. The reference
clock is recovered from the data signal under test using a numerical PLL computed from the threshold crossings
of the signal under test. The jitter test is performed on a scrambled IDLE stream. The IDLE stream is generated
by a 100Base-TX interface when it is terminated with no Link Partner.

1.

N o a bk owbd

Apply power to the Device Under Test. An MLT3 signal trace should be displayed on the oscilloscope
screen at this point.

Touch the 100Base-TX button under “Select Standard.”

Select Jitter in the “Select Test” field.

Check Differential Data on 2 Channels.

Enter C2 in the Source for + Data field and C3 in the Source for - Data field.
Touch the Set Up and Start Test button to begin testing.

P1 indicates the total jitter (peak-to-peak), and the number of passing sweeps (acquisitions) out of the
total.

The nominal bit rate is shown in the Base Frequency field. Click the Find Frequency field if the bit rate
is significantly different from 125 MHz or if the jitter number is excessively large.

The Average Result checkbox, when checked, averages the measured value of p-p jitter over the
number of acquisitions selected in the Avg Weight field.

Note: The results continue to be tested against the specified limit on each acquisition. The average is a moving window: for each acquisition
up to the specified weight, the average includes one additional measurement. After the weight count is reached, the oldest value is dropped
from the average and the latest measurement is added in.

File  Verical Timebase Trigger Dis ors  Measure  Math Liilities  Help

[Timehase 0.0 psfTri

Figure 31. 100Base-TX Jitter Test
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100Base-TX Duty cycle distortion

The duty cycle distortion measurement determines the timing error on four consecutive transitions of the
transmitter signal, consisting of consecutive positive and negative pulses. This MLT-3 code is generated by a
10101010... sequence. Duty cycle distortion is measured as the maximum deviation from the nominal 16 ns
spacing between all of the transitions at their 50% amplitudes.

1.

© ® N o o kM w0 N

Apply power to the Device Under Test. An MLT-3 signal trace should be displayed on the oscilloscope
screen at this point.

Set the Device Under Test to transmit a 1010... pattern.

Touch the 100Base-TX button under “Select Standard.”

Select Duty Cycle Distortion in the “Select Test” field.

Check Differential Data on 2 Channels.

Enter C2 in the Source for + Data field and C3 in the Source for - Data field.

Touch the Set Up and Start Test button to begin testing.

P1 indicates the duty cycle distortion and the number of passing sweeps (acquisitions) out of the total.

The Average Result checkbox, when checked, averages measurements over the number of sweeps
(acquisitions) specified in the Avg Weight field.

Undo
s}

s Measure  Math tilities  Help Default:

Measure

Figure 32. 100Base-TX duty cycle distortion
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100Base-TX Amplitude, Symmetry, and Overshoot

The peak differential voltage of the MLT-3 signal should be +/-1 V, and the overshoot of transitions must be
limited to 5 %. Additionally, the symmetry between the positive and negative pulses must be within 2 % of each

other.

The overshoot value is measured by capturing the peak voltage at a transition from 0V to 1V (or 0V to-1V)and
comparing this level to the mean voltage of the signal when no transitions are occurring. The waveform for this
test must consist of a transition followed by 14 bit times during which the signal has no transitions.

The signal amplitude symmetry (SAS) is determined from the positive and negative peak voltage values using the
following equation:

® N o o bk w

|+V0ut|
0.98 <17 <1.02

Apply power to the Device Under Test. An MLT3 signal trace should be displayed on the oscilloscope
screen at this point.

Set the Device Under Test to transmit the appropriate waveform, containing transitions between 0 V and
alternately +1 V and -1 V, with each state followed by 14 bit times during which no transition takes place.

Select 100Base-TX in the “Select Standard” field.

Select Amplitude Measurements in the “Select Test” field.

Check Differential Data on 2 Channels.

Enter C2 in the Source for + Data field and C3 in the Source for - Data field.
Touch the Set Up and Start Test button to begin testing.

Parameter P1 indicates the differential output voltage (DOV), P2 indicates the signal amplitude symmetry
(SAS), P3 indicates the overshoot for positive-going pulses, and P4 indicates the overshoot for negative-
going pulses.

The Average Result checkbox, when checked, averages measurements over the number of sweeps
(acquisitions) specified in the Avg Weight field.

PLEASE NOTE THE FOLLOWING:

Maximizing the signal on the oscilloscope screen gives the best measurement results. Failure to adjust the signal to its highest level
may result in false failures being reported for the test.

If you use a Random Pattern instead of the DCD (01010 NRZ bit) pattern, you may have a different test result.
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Figure 33. 100Base-TX differential output voltage and overshoot
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100Base-TX Rise and Fall Time

The rise time of the MLT-3 signal is defined as the transition time from the baseline (0 V) to either the positive or
negative going peak, while the fall time is the time for the transition from either the positive or negative pulse to
the baseline. The times are measured from the 10 to 90 % levels. They are also measured for all transitions in the
waveform, and must be between 3 and 5 ns. In addition, all measured values for a given transmitter must be
within 0.5 ns of each other.

1.

N o gk~ oo DN

Apply power to the Device Under Test. An MLT3 signal trace should be displayed on the oscilloscope
screen at this point.

Select 100Base-TX in the “Select Standard” field.

Select Rise/Fall Measurements in the “Select Test” field.

Check Differential Data on 2 Channels.

Enter C2 in the Source for + Data field and C3 in the Source for - Data field.
Touch the Set Up and Start Test button to begin testing.

Parameters P1 through P7 display the results of this test. P1 and P2 give the rise and fall times for
positive-going pulses and P3 and P4 are the rise and fall times for negative-going pulses. Parameters P5
and P6 give the minimum and maximum rise/fall measurements and P7 gives the range between these
values.

The Average Result checkbox is grayed out in this mode, since averaging is not applicable to this
measurement.

L ._:I o

2 Trigger Display Cursors  Measure Math  Analy Utilities  Help Default:

Measure

Pass/Fail
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Figure 34. 100Base-TX Rise and Fall Time
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1000Base-T Measurements

Transmitter measurements for gigabit Ethernet over copper (1000Base-T) are defined in the IEEE 802.3-2005
standard in clause 40.6. Four test modes are required in the physical layer device. A disturbing sine wave is
required for modes 1 and 4. The frequency and amplitude of this sine wave for each mode is listed in Table 4.
Section D of TF-ENET-B fixture is used for mode 1 and mode 4 tests with Disturbing Signal, section G is used for
the same tests without disturbing signal. Mode 2 and mode 3 tests are using section G of TF-ENET-B fixture.

2

1.5

1

0.5

Volts

0

-0.5

-1.5

8
Time (us)

Figure 35. Transmitter test signal in IEEE 802.3-2005 standard in clause 40.6

The tests required by the standard are listed in the 1000Base-T [IEEE 802.3-2005] on pair A, B, C and D topic
on page 7.

Table 4. Gigabit Ethernet tests, modes and fixtures

Test Test mode | Fixture location Disturbing Sine Wave
w/Dist | wo/Dist | Frequency | Amplitude

Peak differential output voltage 1 D G 31.25 MHz 2.8 Vpp

Maximum output droop 1 D G 31.25 MHz 2.8 Vyp

Differential output templates 1 D G 31.25 MHz 2.8 Vyp

Transmitter distortion 4 D G 20.833 MHz 54 Vy,
Jitter in master mode 2 G N/A N/A
Jitter in slave mode 3 G N/A N/A
Common Mode Output Voltage 4 C N/A N/A

These tests require calibration of the setup using TF-ENET-B, refer to the corresponding Signal Path Calibration
Procedure topic on page 72.

To run the full set of 1000Base-T tests, choose the 1000BASE-T All tests configuration in QualiPHY.
If the test needs to be run manually, use the following procedure:

1. From the menu bar, select Analysis > Ethernet Tests...

2. Touch the 1000Base-T button on the left side of the menu to select the 1000Base-T test mode.
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1000Base-T Peak Differential Voltage, Droop, Template - Mode 1 with Disturbing Signal

This test is defined in 40.6.1.2.1 as: The absolute value of the peak of the waveform at point A and B, as defined
in Figure 35, shall fall within the range of 0.67V to 0.82V (0.75V +/-0.83 dB). These measurements are to be
made for each pair while operating in test mode 1 and observing the differential signal output at the MDI using the
transmitter test fixture with no intervening cable.

This test is performed on a physical interface transmitting the mode 1 waveform. Test section D is used to
perform the peak voltage and template tests. The disturbing sine wave is required for these tests. If you test mode
1 and 4 without disturbing sine wave, please refer to the Mode 1 and Mode 4 without Disturbing Signal topic
on page 52. When a disturbing signal is not used, the measurement should be made with the device terminated
into a 100 Q resistive load. The difference of the peak absolute value at the points A and B should be less than
1 %. Ideally, the peak voltage at points C and D is 0.5 times the average of the peak voltage at points A and B.
The absolute value of the peak voltage at point C and D difference should be less than 2 % from the ideal voltage.

Note: The method for putting a particular PHY device into this and the other test modes required for 1000Base-T tests is unique to the
manufacturer. Contact the manufacturer of your PHY device for information on how to do this.

L
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1000BT Template Tests
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Figure 36. Fixture setup for Mode 1 and Mode 4 test with Disturbing Signal
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Figure 37. Block diagram of TF-ENET-B fixture section D

1. Calibrate data path (see the Signal Path Calibration Procedure topic on page 72).
2. Calibrate disturber sine wave (see the Disturber Calibration Procedure topic on page 75).
3. Connect AWG to J3 and J4.
4. Connect DUT to J68.
5. Install jumpers on J17/J19, J99/J100, J91/J92 and select Pair for your test.
Install Remove

A J39, J40 J61, J60, J62

B J43, J44 J59, J60, J62

C Ja1, J42 J59, J61, J62

D J45, J46 J59, J61, J60

Table 5. Section D test pair jumper configurations

6. Transmit signal with disturbing sine wave should look like the picture shown in Figure 41. Select
1000Base-T under “Select Standard.”

Select Mode 1 Transmit Wform in the “Select Test” field.

8. Check Differential Data on 2 Channels box and enter C2 for Source for + Data and C3 for Source for
— Data.

9. Touch the Set Up and Start Test button to begin testing. The test automatically attempts to position each
pulse, so that it passes its template.
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10.

The Average Result checkbox is checked by default. Entering a number in the Avg Weight field causes
the selected number of waveforms to be averaged for each pulse (A, B, C, D, E and F).

Note: The templates used in this test have a very tight tolerance so even a small amount of noise in the measurement setup can cause mask
failures. It is recommended that averaging be used to reduce the measurement noise. The waveform looks distorted and may fail the mask
while the averaging accumulates.

11.

12.

13.

14.

Parameters P1 through P4 indicate the peak differential voltages at points A, B, C, and D. P5 indicates
the average absolute value of the peak voltages at A and B. P6 and P7 are the droop values.

The pass/fail qualifiers in Q1 through Q8 test the measurements against the standard requirements. The
criteria are listed below each qualifier. More detail on each of the criteria can be viewed by clicking on the
qualifier.

The Mask Tests tab shows the test results for the 6 masks defined by the standard. The Mask Tests
table lists the test result (OK/FAIL) for each mask. Clicking on any one of the tests in the list displays the
corresponding pulse with its compliance mask. A red circle highlights points where the curve touches the
mask.

Check the Show all Masks checkbox to view an octal grid displaying all of the mask tests on one screen.
The two grids on the top left of the display are reserved for the oscilloscope trace and the trace filtered by
the measurement filter (labeled EnetDta).

Note: The octal grid appears very small on the screen. Click the Close button at the top right of the menu to close it and expand the view. The
menu can be re-displayed by clicking on any one of the waveform descriptor boxes at the bottom left of the display or by selecting “Ethernet
tests” in the Analysis menu.

15. Repeat steps 9 through 14 for the other three pairs on the device by changing jumpers according to the
table in step 5.
Trigger Dis e Math £ Utilities  Help
Measure
lue
Figure 38. 1000Base-T mode 1 test showing all masks
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Figure 40. 1000Base-T mode 1 test main menu
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1000Base-T Transmitter Distortion - Mode 4 with Disturbing Signal

The distortion test measures the error in the signal under test relative to an ideal waveform generated by a
mathematical model of the PAM-5 coded signal. TF-ENET-B section D, which contains the disturbing signal, is
used for this test. The disturbing signal is set to a frequency of 20.833 MHz (125 MHz / 6) at a peak-to-peak
amplitude of 2.7 V at the input to the DUT. This is set using the Fixture Calibration procedure. The test requires
that the absolute maximum peak error be less than 10 mV.

The fixture used for this test allows the DUT to be subjected to the 2.7 V disturbing sine wave, but allows very
little of the disturbing sine wave to reach the oscilloscope. This allows the distortion measurement to be made on
an 8 bit oscilloscope. Due to the presence of the remnant of the disturbing sine wave, plus any noise, averaging is
required to be able to read <10 mV distortion. Our implementation averages Ethernet symbols in the vertical
domain only so that low-frequency wandering of the clock between acquisitions does not degrade the distortion
measurements. It takes a substantial number of sweeps for the “distortion” result to fall to below 10 mV and
remain stable; expect to average at least 100 sweeps. Clear sweeps clears this average. For automated test
support, the software sets a variable, which is available via automation, indicating when it believes the result
value, should be read. The variable is:

App.Ethernet.Dstr.GBM4ProducedGoodResult

This variable becomes set when the result is <8 mV after the first sweep, or is <9 mV after more than 30 sweeps
(this is the usual good case), or after 150 sweeps.

WARNING: The fixture requires the disturbing sine wave. Each side (0 degrees and 180 degrees) must
come from a 50 Q source. If the disturbing sine wave is not present the BNC inputs must be terminated
with 50 Q. Otherwise, reflections of the DUT’s signal from the un-terminated connections increase
distortion.

Calibrate data path (see the Signal Path Calibration Procedure topic on page 72).
Calibrate Disturber sine wave (see the Disturber Calibration Procedure topic on page 75).
Connect AWG to J3 and J4.

Connect DUT to J68.

Install jumpers on J17/J19, J99/J100, J91/J92 and select Pair for your test (refer to Table 5. Section D test
pair jumper configurations).

o b~ wpnd =

Transmit signal with disturbing sine wave should look like the picture shown in Figure 41.
Set the Device Under Test to transmit the mode 4 waveform.

8. Adjust the Volts/div control in the Vertical menu to maximize the signal plus disturber on the oscilloscope
screen.

9. Select 1000Base-T under “Select Standard”.
10. Select Mode 4 Distortion in the “Select Test” field.

11. Enter the channels to which the SMA cables are connected: C2 for the Source for + Data field and C3 for the
Source for - Data field.

12. Click the Set Up and Start Test button to begin the test.

13. The initial distortion values may be above 30 mV but quickly drops as the averaging process proceeds. The
measurement reaches a minimum value and then varies around this level.

50 QPHY-ENET Operator's Manual Rev B




QPHY-ENET Software Option

hath

Measure

[~ l (C2-C3)
2.071 ¥idiy
10.0 pe/di

Etherni

mplitude

Measure

Pass/Fail

(Timebass s

004

Figure 42. Mode 4 distortion measurement
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Mode 1 and Mode 4 without Disturbing Signal

These tests are performed on a physical interface transmitting the mode 1 and mode 4 waveform. Test section G
is used to perform the peak voltage and template tests. When a disturbing signal is not used, the measurement
should be made with the device terminated by a 100 Q resistive load. The test procedure is identical to
1000Base-T Peak Differential Voltage, Droop, Template - Mode 1 with Disturbing Signal (page 46) except
for not changing jumpers but changing a connection of SMA cable location in section G (Figure 43), when each
pair is measured, according to the table shown in Table 6. Mode 1 test uses Mode 1 signal and Mode 4 test uses
Mode 4 signal for the tests.

Pair CH2 CH3

A J51 J30
B J52 J31
Cc J32 J53
D J54 J33

Table 6. Section G connector configuration and pair

_:
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Figure 43. Fixture setup for Mode 1 and Mode 4 test without Disturbing Signal
1. On the oscilloscope’s Ethernet menu, Disturber present checkbox MUST be unchecked.

Figure 44. Menu setting for making the measurements without disturber present
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2. Use Differential Return Loss section of the board (G: recommended), for SMA cable connection (differential
probe can be used for section F).

3. Alternately, use the 1000BT template section as follows. Install jumpers on J77/J71 (the oscilloscope
connects to the DUT input signal) and install jumpers according to Table 7:

Pair Install Remove
A J39, J40 J61, J60, J62
B J43, J44 J59, J60, J62
C J41, J42 J59, J61, J62
D J45, J46 J59, J61, J60

Table 7. Mode 1 and 4 test Without Disturbing Signal

WARNING: Since J99 and J100 are not installed the input signal pair is not connected to the splitters. J77
and J71 connect the input signal pair to J86 and J87 (outputs to the oscilloscope) directly. So, this jumper
configuration makes this section of the board a straight through connection just like the Differential
Return Loss section of the board, but with multiple jumpers in the signal path.

Note: The Mode 1 and Mode 4 tests as defined in 802.3-2005 require the disturbing sine wave. Running the test without the
disturbing sine wave can be informative but it is not a required test.

1000BaseT jitter tests — with and without TX_TCLK

IEEE 802.3-2005 edition states at the end of section 40.6.1.1.3 (Test Fixtures): “Additionally, to allow for
measurement of transmitted jitter in master and slave modes, the PHY shall provide access to the 125MHz
symbol clock, TX TCLK, that times the transmitted symbols ... The PHY shall provide a means to enable this
clock output if it is not normally enabled.” (Emphasis is ours.) This statement is reflected by two items in the
protocol implementation conformance statement (PICS) proforma for Clause 40, in 40.12.7 (PMA Electrical
Specifications), PME42 and PME43. The same text appeared in previous versions of the 802.3 specification back
to IEEE 802.3-2000.

Nonetheless it has become clear that most devices do not provide access to TX _TCLK in production models.

If your DUT does provide access to TX_TCLK please use the “Mode 2 Master Jitter” and “Mode 3 Slave Jitter”
1000BaseT tests. These follow the 802.3 standard.

If your DUT does not provide access to TX_TCLK, then use the “Mode 2 w/o clk Master Jitter” and “Mode 3 w/o
clk Slave Jitter” selections. They are discussed as follows.

The “w/o clk” jitter tests are based on “Appendix 40. B — Transmitter Timing Jitter, No TX_TCLK access”, version
1.1 dated March 25, 2002, which is part of the Gigabit Ethernet Consortium Clause 40 PMA Test Suite, version
2.4. The Gigabit Ethernet Consortium is based at the University of New Hampshire Interoperability Lab. This
document can be found at: ftp://fip.iol.unh.edu/pub/ethernet/test suites/CL40 _PMA/PMA_Test Suite v2.4.pdf

This procedure was not proposed for inclusion in 802.3-2005, almost certainly because, as it says, “this procedure
deviates from the specifications outlined in Clause 40.6.1.2.5, it is not intended to serve as a legitimate substitute
for that clause, but rather as an informal test that may provide some useful insight...” Nonetheless tests based on
this appendix have become the accepted way to measure jitter on devices that do not provide access to
TX_TCLK, as reflected in the GEC’s PMA Test Suite.
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1000Base-T Master Jitter - Mode 2 without TX_TCLK

Clause 40.6.1.2.5 of IEEE 802.3-2005 says to measure the jitter between the TX_TCLK and the data at the MDI
(Medium Dependent Interface) that is Jtxout - apply a 5 kHz high-pass filter to the TX_TCLK jitter, measure the
peak-to-peak remaining jitter, and add Jtxout, the result must be less than 0.3 ns. Also, the result of measuring
the peak-to-peak jitter on the TX_TCLK relative to an un-jittered reference must be less than 1.4 ns.

We can assume the Jtxout is small. So, it proposes the following measurements when TX_TCLK is unavailable:
the unfiltered peak-to-peak jitter at the MDI and the peak-to-peak remaining jitter when the unfiltered jitter is
filtered by a 5 kHz high-pass filter.

Since unfiltered jitter measured at the MDI is the sum of TX _TCLK jitter, plus Jtxout, if the result is less than
1.4 ns peak-to-peak then we can be sure that the TX_TCLK jitter is also less than 1.4 ns —in this case we can say
that this measurement “passes.” Keep in mind, this test is more difficult to pass than the test of unfiltered jitter on
TX_TCLK test specified in IEEE 802.3-2005 because the signal on the MDI includes Jtxout. It is not possible to
say with certainty that the DUT should fail this test if the result is more than 1.4ns because it is not possible to
know how much of the measured jitter was Jtxout.

Appendix 40.B-1 (Page 43 of the Gigabit Ethernet Consortium, Clause 40, PMA Version 2,.4:16, June 2006) also
measures the signal at the MDI to approximate the filtered jitter on the TX_TCLK test because the signal on the
MDI is the only signal available.

In the filtered master jitter test in IEEE 802.3-2005 Jtxout is not filtered. The peak-to-peak value of Jtxout
(remember, that is the jitter between TX_TCLK and the signal at the MDI) is added to the filtered TX_TCLK jitter.
In this test, the signal on the MDI (with the TX_ TCLK jitter plus Jtxout) is high-pass filtered. Therefore, this test is
easier to pass than the test in 802.3 (because Jtxout is filtered). So, if a device produces a value greater than
0.3 ns, we can say with certainty that it has failed the filtered TX_TCLK test. However, it is not possible to say with
certainty that a DUT passed this test if the filtered jitter at the MDI is less than 0.3 ns. This (like 802.3) is also
because it is not possible to know how much of the measured jitter was due to Jtxout.

So, the larger the contribution from Jtxout, the more this test underestimates the filtered jitter test result, since the
standard test would add the peak-to-peak unfiltered Jtxout to the filtered TX_TCLK peak-to-peak jitter. Appendix
40.B-1 summarizes this in the following Table 8:

Parameter Conformance Limit Result < Limit Result > Limit
Unfiltered TM2 jitter 1.4 ns PASS Inconclusive
Filtered TM2 jitter 0.3 ns Inconclusive FAIL

Table 8. Jitter Test Mode Limits
Perform the test by doing the following:
1. Make the DUT generate the Test Mode 2 signal.
2. Connect the MDI of the DUT to J64 of the TF-ENET text fixture.

3. Connect oscilloscope channel 2 and channel 3 as described in Table 9. Jumper configuration for each
pair measurements (as follows) to test a given pair (A, B, C, D). See Figure 45 for an example
connection diagram.

4. On the oscilloscope menu, select Analysis > Ethernet tests. Set up the test and press the Set Up and
Start Test button. Both filtered and unfiltered measurements are made on the same data.
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1000Base-T Slave Jitter - Mode 3 without TX_TCLK

Note : The following test must only be done after the Mode 2 without clock test (previous) is done on each pair. This is because the two results
from the Mode 2 without clock test are remembered and used for this one.

Approximating the slave jitter tests with only the MDI port available is harder than approximating the master jitter
tests. Slave jitter measurements are meant to be made with both devices connected to each other using their MDI
ports and operating normally. However, since a slave device must receive a signal at the MDI from which it
recovers the TX_TCLK, it's not possible to measure the slave’s output jitter because each pair is bi-directional.

This procedure assumes that a device with one MDI port is put into Test Mode 3, recovers the clock from its own
master clock, and generates the Test Mode 3 signal without requiring an incoming signal at its MDI. The
procedure then proposes the following measurements:

1. Measure the unfiltered peak-to-peak jitter on the Test Mode 3 signal from the DUT, relative to an un-
jittered reference. Now, subtract the unfiltered TM2 peak-to-peak jitter.

2. Filter the Test Mode 3 jitter with the 32 kHz high-pass filter (specified in 802.3 section 40.6.1.2.5) and
measure the remaining peak-to-peak jitter. Now, subtract the Filtered TM2 peak-to-peak jitter.

3. This differs from the tests specified in 802.3, section 40.6.1.2.5 in two significant ways:

o First, it is not possible to insert the jitter test channel (802.3, section 40.6.1.1.1) between whatever the
DUT is using as its timing reference and its recovered clock.

e Second, in the 802.3 specified procedure the jitter between the TX_TCLK and the signal at the MDI
Jitxout is also sent into the jitter test channel by the master. Some different (and probably lower) jitter
is present if the DUT is using an internal reference as the source from which it “recovers” the clock.

Both of differences make it easier for the DUT to recover a clock. So, the limits from the test specified in
the 802.3 standard (1.4 ns and 0.4 ns, respectively) cannot be used as conformance limits. This
procedure suggests the numerical results of these slave mode tests should be reported “for purely
informational purposes without judging them on a pass/fail basis.” LeCroy follows this suggestion.

Perform the test by doing the following:

[Note: Remember, you should have already run the Master jitter test on the pair you intend to measure slave jitter.
1. Make the DUT generate the Test Mode 3 signal.
2. Connect the MDI of the DUT to J64 of the TF-ENET text fixture.

3. Connect to oscilloscope channel 2 and channel 3 as described in Table 9. Jumper configuration for
each pair measurements (as follows) to test a given pair (A, B, C, D). See Figure 45 for an example
connection diagram.

4. On the oscilloscope menu, select Analysis - Ethernet tests. Set up the test and press the Set Up and
Start Test button. Both filtered and unfiltered measurements are made on the same data.
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1000Base-T Master and Slave Jitter - with TX_TCLK

For devices exposing TX_TCLK, as required by 802.3-2005, jitter can be measured as specified in the 802.3-
2005 standard. This process involves three steps.

1. Measure Jtxout, defined as the peak-to-peak jitter on the MDI output signal (data) relative to the
TX_TCLK, while the DUT is in test mode 2 (Master timing mode) or test mode 3 (Slave timing mode). This
measurement is made on each of the four MDI pairs (both the master and the slave).

2. Measure both the unfiltered and filtered TX_TCLK relative to an “unjittered reference,” while the DUT is
configured for normal operation as a master (requiring linkage to the Link Partner using a short cable). In
our implementation, the “unjittered reference” is the mean frequency of each acquisition and phase-
aligned with the data on each acquisition.

The jitter is the difference between an actual observed zero crossing time and the corresponding “ideal”
crossing time.

3. Now, measure the unfiltered and filtered TX_TCLK jitter with the DUT operating as a SLAVE. The slave
jitter is defined with respect to the Master's TX_TCLK. Therefore, both the DUT (slave) and Link Partner
(master) TX_TCLK must be acquired simultaneously. Also, the DUT must be connected to the Link
Partner through a Jitter Test Channel (which is a cable made of different impedance sections, defined in
the 802.3-2005 standard).

The following topics explain the three steps in greater detail.

Note: This process is documented and detailed in the “Test 40.1.5” section of the Gigabit Ethernet Consortium Clause 40 PMA Test Suite,
version 2.4. We'd like to thank the Gigabit Ethernet Consortium for agreeing to let us refer to this document. The Gigabit Ethernet Consortium
is based at the University of New Hampshire Interoperability Lab.

The document can be found at:
ftp://ftp.iol.unh.edu/pub/ethernet/test suites/CL40 PMA/PMA Test Suite v2.4.pdf

Step 1: Master and Slave Jtxout Measurements

Jtxout in the master mode is measured with the transmitter under test and terminated into a 100 Q resistive load.
The transmitter under test is set to transmit an alternating +0.5/-0.5 V pattern during configuration for test mode 2.

Connect the TX_TCLK and one pair of the MDI output to the oscilloscope, as shown in Figure 47 (as follows).
Capture 100ms to 1s worth of edge data (requires multiple acquisitions). The peak-to-peak jitter of the output
signal (on the signal output lines) relative to the corresponding transition of the transmit clock (TX TCLK) is
measured. Write this value down, and repeat the process for the other three pairs.

Jtxout in the slave mode is measured similarly, except the DUT is configured for test mode 3.

The result should be 8 values — one for each pair in master mode, and one for each pair in slave mode. These
values are combined with results from steps 2 and 3 (as follows). There are no pass/fail criteria on Jtxout values
themselves.

1. Attach an active or differential probe (Minimum Bandwidth 1.5GHz) to the TX_TCLK signal of the DUT.
On the oscilloscope’s Ethernet Tests menu, enter the channel to which this probe is connected as
“Master TX_TCLK.”

2. Apply power to the Device Under Test and set it to mode 2 (or mode 3). A clock signal should appear on
the channel to which the probe is attached

Select 1000Base-T from the Select Standard field choices.
Select Master and Slave Jtxout from the Select Test field choices.

Connect one pair of the MDI output to the oscilloscope, using SMA cables. Use the menu to enter the
channel to which the SMA cables are attached: C2 for the Source for + Data field and C3 for the Source
for — Data field.

6. Click the Set Up and Start Test control to begin the test.

7. Parameter P1 is Jtxout, the p-p jitter on the MDI output pair relative to the TX_TCLK. Write down this
value for later use.
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Repeat this process for each of the four MDI pairs in both the master timing mode (test mode 2) and the
slave timing mode (test mode 3).

The menu item labeled “Master TX_TCLK” is always named this way and should be used as such for test
modes 2 and 3.

When all 8 values have been measured, enter the worst Master Jtxout and the worst Slave Jtxout values on
the oscilloscope, on the “Jtxout values” tab of the Ethernet Tests dialog. These values will be used in steps 2
and 3.
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Figure 48. Master Jitter with TX_TCLK and Link Partner
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Step 2: Master TX_TCLK Jitter
This step measures both unfiltered and filtered TX_TCLK jitter in Master mode.

Note: This measurement requires access to the master TX_TCLK signal. This clock can be probed on one of the pins of the PHY chip using
an active probe. Contact your PHY chip vendor for information on the location of this signal.

1.

Attach an active or differential probe (Minimum Bandwidth 1.5GHz) to the TX_TCLK signal to the DUT.
On the oscilloscope’s Ethernet Tests menu, enter the channel to which this probe is connected as
“Master TX_TCLK".

Apply power to the Device Under Test and configure it for normal operation in the Master mode. A clock
signal should appear on the channel to which the probe is attached.

Configure the Link Partner for normal operation in the Slave mode.

Connect the DUT to the Link Partner using a short UTP patch cable to verify a valid link exists between
the two devices.

Select 1000Base-T in the Select Standard field.
Select Master TX_TCLK Jitter in the Select Test field.

Click the Set Up and Start Test control to begin the test. Acquire between 100ms and 1s worth of data
(in multiple acquisitions).

Parameter P1 is the peak-peak jitter on the TX_TCLK relative to an un-jittered reference. The reference
for this measurement is computed on each acquisition. Parameter P2 is a constant; it is the “worst Jtxout”
for the master, from the Jtxout values tab, that was present when “Setup and Start Test” was pressed. P3
is the filtered peak-peak jitter the track of P1 and P4 is the sum of P2 and P3.

The result in P1 passes if it is less than 1.4ns. The result in P4 passes if it is less than 0.3ns.
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Step 3: Slave TX_TCLK Jitter

Jitter in slave mode is designed to measure the jitter in the recovered clock in the Device Under Test relative to
the reference clock in a second 1000Base-T transmitter (also known as the Link Partner in this test). The Link
Partner is connected to the Device Under Test using a section of specially-configured CAT5 cable as described in

IEEE 802.3-2005 in clause 40.6.1.1.1.

The test channel description from the specification is reproduced in figure 52 (as follows). Four sections of cable
with different lengths and impedances build up the channel (as shown in the figure). The test channel shows a

worst-case connection between the master (Link Partner) and slave (Device Under Test).

CH1 CH4

ouT

ETHERNET

Figure 50. Slave Jitter setup with TX_TCLK and Link Partner

LINK PARTNER

TEST CHANNEL

1000BT Jitter
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TX_TCLK jitter test in SLAVE mode (as described in IEEE Std 802.3, 40.6.1.2.5).
Please connect the D30 to the MASTER and SLAVE TX_TCLK, and connect the slave to the
LPthrough Ethernet Jitter Test cable. Uses worst Mode 3 Jixout value, enter that on next tab.

Figure 51. Example Slave with TX_TCLK Jitter display.

The trace shows the filtered track of the timing jitter between the master and slave clock signals (TX_TCLK)
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Set the Device Under Test for normal operation in Slave mode.

Use an active or differential probe (Minimum Bandwidth 1.5GHz) to probe the TX_TCLK on the Device
Under Test (slave).

Connect a second active or differential probe (Minimum Bandwidth 1.5GHz) to the TX_TCLK on the Link
Partner (master).

On the oscilloscope’s Ethernet Menu, enter which channels are connected to which signals.

Ensure that the DUT is receiving valid data by verifying the DUT GMII management register bit 10.13 is
setto 1.

Select 1000Base-T in the Select Standard field.
Select Slave TX_TCLK Jitter in the Select Test field.

Click the Set Up and Start Test button to begin the test. Acquire between 100ms and 1s of data (in
multiple acquisitions).

The parameter P1 shows the p-p jitter of the slave TX_TCLK relative to the master TX_TCLK. P2 is the
jitter in P1 filtered through a 32 kHz high-pass filter. P3 is a constant, it is the “worst Slave Jtxout”
measured during Step 1 (previous) that was entered on the “Jtxout values” tab of the oscilloscope’s
Ethernet Tests menu. P4 is the sum of P2 and P3. P5 is the simultaneously measured peak-to-peak
value of the MASTER jitter filtered by a 5kHz high-pass filter. P6 is P4-P5.

P1 must be less than 1.4 ns and the parameter P6 must be less than 400ps (which means, P4 must be no
more than 400ps greater than the simultaneously measured peak to peak Master jitter filtered by a 5KHz high
pass filter).

Note: The TX_TCLK signal is normally probed on one of the pins of the Ethernet PHY chip. Contact the PHY chip vendor to determine the
appropriate pin to probe. In many cases, this clock is not externally available.
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Ci G Csy Cy
A BSOSO OS> M B

D T R R

Identical for each of the four pairs.

Characteristic A .
. Attenuation
Cable segment Length Impedance (per 100 meters
i (meters) (at frequencies at 31.25 MHz)
>1 MHz) o
1 L=1.20 120Q=:5Q 7.8t0 88 dB
2 Ls=x 100Q=5Q 10.8to 11.8 dB
3 L,=1.48 120Q2=5Q 7.8t0 8.8 dB
4 L=y 10092 =5Q 10.8to 11.8 dB

NOTE—=x is chosen so that the total delay of segments C1, C2, and C3, averaged across all pairs, is equal to 570 ns at
31.25 MHz; however, if this would cause the total attenuation of segments C1, C2, and C3, averaged across all pairs, to
exceed the worst case insertion loss specified in 40.7.2.1 then x is chosen so that the total attenuation of segments C1,
C2, and C3, averaged across all pairs, does not violate 40.7.2.1 at any frequencies. The value of v is chosen so that the
total attenuation of segments Cl, C2, C3, and C4, averaged across all pairs, does not violate 40.7.2.1 at any frequency
(y may be 0).

Figure 49. Jitter test channel definition, this cable connects the Device Under Test to the Link Partner

1000Base-T Common Mode Output Voltage Test

This test ensures that the peak-to-peak common mode output voltage at the MDI is within conformance limits.
The peak-to-peak common mode output voltage is measured as the worst-case minimum to worst-case maximum
common mode output voltage. This test does not use a high-pass filter. This measurement is made for 4 pairs
(A,B,C,D) by changing J35, J36, J37, J38 jumper pins.
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Figure 50. Fixture setup for Common Mode Output Voltage

1. Connect DUT to J67 and connect oscilloscope Channel 2 to J2.
2. Measure each Pair by changing Jumpers (A: J35, B: J36, C: J37, D: J38).

3. The transmitter signal must be less than 50 mV to pass the test.
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TF-ENET-B JUMPER PIN CONFIGURATION GENERAL INFORMATION

This section provides a quick reference to TF-ENET-B test fixture along with the LeCroy QPHY-ENET Ethernet
compliance test software.

L=1
o
\
w
(=3
£
-
-4

Figure 52. TF-ENET-B with jumpers and connections highlighted in yellow and labeled accordingly
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Jumpers and Connectors

Section A: With TPM; J1/J6/J14/J16, Without TPM; J7/J8/J9/J10,
100 Q:J24/J25, Load1: J20/J21, Load2: J22/J23, Link Partner termination: J98.

Section B: Pair A; J15/J58, B; J18/J66, C; J56/J69, D; J57/J70

Section C: Pair A; J35, B; J36, C; J37, D; J38.
Signal termination when using differential probe: J55.

Section D: Pair A; J39/J40/J60/J61/J62, Pair B; J43/J44/J59/J60/J62, Pair C; J41/J42/J59/J61/J62, Pair D;
J45/J46/J59/J60/J61

Connect Splitter to Waveform Generator across J3/J4: J17/J19,
Connect DUT input to oscilloscope J86/J87: J71/J77,

Connect Splitter to oscilloscope across J86/J87: J91/J92,
Connect DUT input to Splitter: J99/J100.

Section F: Pair A; TP2, Pair B; TP3, Pair C; TP4, Pair D; TP5
Section G: SMA output to oscilloscope: Pair A; J30/J51, Pair B; J31/J52, Pair C; J53/J32, Pair D; J33/J54
10BT w & w/o Twisted Pair Model section (A)

o Use the Twisted Pair Model by installing the jumpers on J1, J6, J14 and J16 and removing the jumpers
from J7, J8, J9 and J10.

e Use the No Twisted Pair Model by installing the jumpers on J7, J8, J9 and J10 and removing the jumpers
from J1, J6, J14 and J16.

e Use the 100 Ohm load by installing the jumpers on J24 and J25 and removing the jumpers from J20, J21,
J22 and J23.

e Use Load 1 by installing the jumpers on J20 and J21 and removing the jumpers from J22, J23, J24 and J25.
e Use Load 2 by installing the jumpers on J22 and J23 and removing the jumpers from J20, J21, J24 and J25.

¢ Installing jumper J98 terminates pair A with 100 Q. If no link partner is being used, this configuration is
required. Removing jumper J98 uses the link partner’s termination of pair A. If a link partner is being used,
this configuration is required. Refer to the Link Partner Testing For 10BASE-T & 100BASE-T Devices
section of this manual for more details.

e The output is from J84 and J85, or from J95 using a differential probe. The TPM input signal is available for
a differential probe at J97.

1000BT Jitter section (B)

This section of the board is used for the Master & Slave, Jtxout, Master TX TCLK Jitter, and Slave TX TCLK
Jitter tests as specified in IEEE 802.3-2005. To use these tests you must have access to TX TCLK from the
master (Mode 2) and from the slave (Mode 3); and for Mode 3 you must be able to connect the master to the
slave (through a Gigabit Ethernet Test cable) and still be able to measure both the master's and slave’s output
signals and TX_TCLK’s. As described previously in this manual, it has been found that almost all devices do not
support these tests. Therefore, we have implemented a form of the test that requires only the data signal, as used
by the Gigabit Ethernet Consortium. If you are using the “Mode 2 w/o TX_TCLK” or “Mode 3 w/o TX_TCLK” tests
please use the Differential Return Loss section (G) of the board; see the description of that section (as follows).

If you have a master and slave with access to TX_TCLK, you need a Gigabit Ethernet Jitter Test cable.

The jumpers on this section of the board are J15, J18, J56, J57 and J58, J66, J69 and J70. The first four connect
to one side of an Ethernet signal pair to J88 through a 453 Q resistor. The second four connect to the other side
of an Ethernet signal pair to J89 through a 453 Q resistor. The oscilloscope is connected to J88 and J89. The
signal seen by the oscilloscope is 1/10 the amplitude of the Ethernet signal.

66 QPHY-ENET Operator's Manual Rev B



QPHY-ENET Software Option

As shown on the board, J15 and J58 connect pair A to the oscilloscope; J18 and J66 connect pair B to the
oscilloscope; J56 and J69 connect pair C to the oscilloscope and J57 and J70 connect pair D to the oscilloscope.
Install jumpers only on one of these pairs.

Common Mode Output Voltage section (C)

In this section, each side of an Ethernet signal pair is connected to a common point through a 47.5 Q resistor.
J35, J36, J37 and J38 connect one of those common points to the two available measurement points: SMA
connector J2, and differential probe connector J79 (TP10). If the measurement is made using a high-impedance
probe at J79, then please place a jumper across J55, to provide a 50 Q load for the common mode voltage. If
measurement is made using J2, then please remove the jumper from J55.

1000BT Template Tests section (D)

Use this section for Gigabit Ethernet Mode 1 and Mode 4 (Distortion) measurements. Both of these tests subject
the DUT to a disturbing sine wave. This section of the board is meant to allow the oscilloscope to make the
required measurements by attenuating the disturbing sine wave seen by the oscilloscope.

Pair Install \ Remove Install Remove

A J39, J40 J43, J44, J41, J42, J45, J46 A J60, J61, J62 J59
B J43, J44 J39, J40, J41, J42, J45, J46 B J59, J60, J62 J61
C J41, J42 J39, J40, J43, J44, J45, J46 C J59, J61, J62 J60
D J45, J46 J39, J40, J41, J42, J43, J44 D J59, J60, J61 J62

Table 9. Jumper configuration for each pair measurements (connection & termination)
Connect the oscilloscope to J86 (+) and J87 (-)
Connect Disturbing Signal to J3 and J4

After establishing the above jumper configurations, you can perform the Data Path calibration, or skip to the
Disturber calibration, or skip directly to making measurements if the calibrations were previously performed. The
Disturber calibration requires a slightly different jumper configuration, which is specified in the Disturber
Calibration Procedure section of this manual.

Load & Probes section (F)

There are no jumpers in this section. The Test Points are connected to each Ethernet signal pair across a 100 Q
resistive load. This section can be use for direct connection to a high impedance differential probe. We
recommend using the “Differential Return Loss” section instead, which provides a direct connection of each side
of each Ethernet signal pair to the 50 Q termination in an oscilloscope channel via SMA cables.

Differential Return Loss section (G)

Use this section for 100Base-T template, 100Base-T distortion, Gigabit Ethernet “Mode 2 without TX-TCLK” and
“Mode 3 without TX-TCLK” tests. This section provides a direct connection of each side of each Ethernet signal
pair to the 50 Q termination in an oscilloscope channel via SMA cables. To minimize cross talk when measuring
one signal pair, the signals of the other pairs should be terminated, each with a 50 Q SMA terminator. There are
no jumpers in this section.

QPHY-ENET Operator’s Manual Rev B 67



@
QualiPHY'

LINK PARTNER TESTING FOR 10BASE-T & 100BASE-T DEVICES

| Note: Link Partner testing is for informational purposes only. The required compliant test patterns are not available in Link Partner Mode.

The second RJ45 connector (J27) in the 10BT w & w/o TPM section is used for link partner testing for both
10BASE-T and 100BASE-T Devices. Remove jumper J98 to use the link partner’s termination of pair A.

Device Under Test \

Link Partner

Figure 53. TF-ENET-B with connectors used for Link Partner testing

To perform tests using a link partner, the user must have control over the device used as a link partner. The link
partner device must be set to operate in Half Duplex Mode (either 10Mbps or 100Mbps). Use the following steps
to set the Ethernet Card on a Windows-Based PC to 10Mbps Half Duplex Mode:

1. Select Start > Control Panel. Double-click on System. Click the Hardware tab on the System
Properties screen. Click the Device Manager button and find Network Adapters.

2. Expand the Network Adapters and double-click yours from the ones shown.

3. On the Properties screen for the adapter, click the Advanced tab, select Link Speed & Duplex from the
Property field, and 10Mbps/Half Duplex from the Value drop-down.

4. Click the OK button.
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Figure 54. Example of setting the Ethernet Card on a Windows-Based PC to 10Mbps/Half Duplex Mode
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The DUT should be providing data output instead of just the link pulse. When this occurs, the DUT is ready to be
tested.

Note: When performing 10BASE-T testing with a link partner, the signal output from the previous procedure is used for all tests except the
Link Test Pulse Head and Tail Tests. Be sure to disconnect the link partner from the test fixture for these tests.

When performing 100BASE-T testing with a link partner, make sure the test fixture is set to No Twisted Pair and
the load is set to 100 Ohms. Remember, the probe attenuation for the 2 differential channels being used must
be manually set to +10. Lastly, the 2 differential channels must have their Coupling set to 50Q.

The Probe Attenuation and the Coupling are set at different times based on whether or not the user is using

QualiPHY or the Menu-Based Ethernet Test Package as follows:

¢ Using QualiPHY — After clicking OK to the connection dialog window, the Set DUT to generate scrambled
Halt Line State screen is shown. Before clicking the OK button on this prompt, manually set channels 2 and
3 to +10 probe attenuation. Click the OK button only with the probe attenuation set for channels 2 and 3 first.

e Using the Menu-Based Ethernet Test Package — The process must begin by running any test. Once the
test has started, manually set the on-screen probe attenuation to +10. The probe attenuation remains as set
for the selected channels — even when re-running the selected test or running other test.
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TF-ENET-B TEST AND CALIBRATION PROCEDURES

This topic describes the procedures to calibrate the TF-ENET-B connection cables and signal path and the
Disturbing Signal for 1000Base-T Mode 1 and Mode 4 tests.

Cable Deskewing

The following procedure demonstrates how to deskew two oscilloscope channels and cables using the differential
data signal of the DUT - with no need for any T connector or adapters.

This can be done once the temperature of the oscilloscope is stable. The oscilloscope must be warmed up for at
least a half-hour before proceeding. This procedure should be run again if the temperature of the oscilloscope
changes by more than a few degrees.

1.

wn

©

Connect the differential data signal to C2 and C3 using two approximately matching cables. Set up the
oscilloscope as you plan to use it (e.g. for SDA13000/SDA11000: two 11GHz channels, C2 and C3; on
the Smart Memory menu set Fixed Sample Rate 40GS/s). Set the timebase for a few repetitions of the
compliance test pattern, at least a few dozen edges.

Data Cables Channel
+@ ®cC2

-® @cC3

On the C3 menu, check Invert. Now C2 and C3 should look the same.

Using the Measure Setup, set P1 to measure the Skew of C2, C3. Turn on Statistics (Measure menu).
Write down the mean skew value after it stabilizes. This mean skew value is the addition of Data skew +
cable skew + channel skew.

Swap the cable connections on the Data source side (on the test fixture), and then press the Clear
Sweeps button on the oscilloscope (to clear the accumulated statistics; since we changed the input).

Data Cables Channel
+ C2

- C3

Write down the mean skew value after it stabilizes. This mean skew value is the addition of (-Data skew)
+ cable skew + channel skew.
Add the two mean skew values and divide the sum in half:

[Data skew + cable skew + channel skew] + [(-Data skew) + cable skew + channel skew]
2

The above formula simplifies to:

[cable skew + channel skew]

Set the resulting value as the Deskew value in C2 menu.

Restore the cable connections to their Step 1 settings (previous). Press the Clear Sweeps button on the
oscilloscope. The mean skew value should be approximately zero - that is the data skew. Typically,
results are <1ps given a test fixture meant to minimize skew on the differential pair.

10. On the C3 menu, un-check the Invert checkbox and turn off the parameters.
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In the previous procedure, we used the default setup of the Skew parameter (which is detecting positive edges on
both signals at 50%). We also inverted C3 in order to make C2 and C3 both have positive edges at the same
time.

Alternately, we clearly could have not inverted C3 and instead selected the Skew clock 2 tab in the P1 parameter
menu and set the oscilloscope to look for negative edges on the second input (C3). However, it is somewhat
agreed that the previous procedure looks much more aesthetically pleasing from the display as it shows C2 and
C3 with the same polarity.

Skew Clock 2 Wore Close

Levelis ~ Percentlevel |

Percent 50 % | ‘ Find level

0 Hysteresis
Pos 500 mdiv |

Figure 55. The Skew parameter right side dialog, Skew clock 2 tab, showing default setup
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Signal Path Calibration Procedure

Even the highest quality differential probes will be non-linear and have noise levels that may be unacceptable for
measuring 1000Base-T Ethernet signals. The noise and distortion in the probe will add to the signal being
measured and may result in mask or distortion failures. One way to eliminate probing effects is to connect the
signal under test directly to the oscilloscope inputs. By using the 50 Q impedance of the oscilloscope channels
between each signal wire and ground, a 100 Q differential impedance across the wire pair is achieved. This
configuration gives the ideal compliance load and eliminates the probe and its distortions.

This procedure measures the attenuation of the signal due to the fixture. The procedure is very important for
1000Base-T Mode 1 and 4 tests. Follow the procedure to set correct attenuation ratio of the fixture. The disturbing
signal adjustment, which is described in the next section, should be done, in order to set right amplitude at the
signal path. This procedure is using section D on the TF-ENET-B test fixture.

Figure 56. Ethernet test menu for Differential Data connection confirmation

Before proceeding with the calibration, please make sure that you have correct settings shown above. TF-ENET-
B uses 2 same length SMA cables connected to Channel 2 and Channel 3.

Differential Data on 2 Channels check box should be checked.
Source for + Data is C2.

Source for — Data is C3.

| Note: When you check the Disturber Present box, the Fixture Calibration tab is shown.
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1. Connect DUT to J68.
2. Install jumpers on J71 and J77, and remove jumpers from J91, J92, J99 and J100.

Connect the oscilloscope channel 2 to J86, channel 3 to J87. The 50 Q termination of the oscilloscope inputs
will terminate the signal pair with 100 Q.

o : l@ J91, J92 connect oscilloscope
. ﬂ < to output of the power divider.

J77, J71 connect oscilloscope
to input signal pair.

o -

- QualiPHY

/ "_cCro.

J17 and J19 connect the output
of the splitters to J3 and J4.

Connect to
Device
. Under Test

Disturbing

Signal
J99 and J100 connect signal pair
to the inputs of the splitters.
AE:
To Scope (=)
CH?

Ja6

Figure 57. TF-ENET-B fixture Disturbing Signal section block diagram

4. Generate Mode 4 signal.
5.  On the Fixture Calibration menu press Measure (Data Amplitude), and wait for it to finish.
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Measure Measure

Data amplitude  Afttenuated Data Disturher Amplitude

Figure 58. Data Amplitude measurement for Splitter calibration
Connect AWG to J3 and J4.
Set AWG outputto O V.
Remove jumpers from J71, J77, and install jumpers on J17, J19, J91, J92, J99 and J100.

On the Fixture Calibration dialog, press Measure (Attenuated Data), wait for it to finish.

= © ©® N o

0. Press Apply to apply the calibration settings.

Fixture Calibration

Measure leasure Setto Defaults

Data amplitude  Attenuated Data Disturber Amplitude

| rseteny |

Aftenuation
1 dB

Figure 59. Attenuated data measurement for Splitter calibration

Note: The TF-ENET-B fixture attenuation is close to 3.00 dB. This is the default value. You can enter this value on the menu without doing the
calibration.
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Disturber Calibration Procedure

This procedure measures the amplitude of the disturbing sine wave being applied to the DUT. The calibration is
required to adjust the amplitude of the disturbing sine wave, which is generated by a dual-channel waveform
generator with 180-degree phase shift. See Table 4. Gigabit Ethernet tests, modes and fixtures for the various
signal frequency and amplitude settings used throughout the tests.

Note: All harmonics of the sine wave must be >40dB below fundamental. The TF-ENET-B embedded power splitter divides the signal
between the oscilloscope and the disturbing signal source.

1
2
3.
4

Disconnect DUT from J68.
Connect waveform generator to J3 and J4.
Remove jumpers from J91 and J92, and install jumpers on J17, J19, J99, J100, J71 and J77.

Connect the oscilloscope channel 2 to J86, channel 3 to J87. The 50 Q termination of the oscilloscope inputs
will terminate the signal pair with 100 Q.

Set the waveform generator (AWG) to output the Mode 1 disturbing sine wave. The two output signals must
have the same amplitude but a 180 degree phase shift.

On Fixture Calibration dialog, press Measure (Disturber Amplitude) and adjust both AWG outputs until
reading is 1.4 V (Frequency is 31.25 MHz) for the Mode 1 test. Since the fixture splitter divides the value in
half, the entered value is half the standard voltage. Press Measure after each AWG adjustment.

Record the value of the AWG voltage setting for Mode 1 testing.

On the Fixture Calibration dialog, press Measure (Disturber Amplitude). Adjust both AWG outputs until
reading is 2.7 V for the Mode 4 test (Frequency is 20.833 MHz). Since the fixture splitter divides the value in
half, the entered value is half the standard voltage. Press Measure after each AWG adjustment.

Record the value of the AWG voltage setting for Mode 4 testing.

‘ Measure ‘ Measure

| 10Base-T

a3 amplitude

|1DDEE

Figure 60. Disturbing Signal Amplitude measurement
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Disturbing Signal Source

The signal generator used as the disturbing signal source must be set as follows. The exact amplitude of the
signal depends on the result from the calibration. See the Disturber Calibration Procedure (previous).

Mode 1 Disturbing Signal
CH1 : Waveform: SINE, Frequency: 31.25 MHz, Phase 0 degree
CH2 : Waveform: SINE, Frequency: 31.25 MHz, Phase 180 degree

Mode 4 Disturbing Signal
CH1 : Waveform: SINE, Frequency: 20.833 MHz, Phase 0 degree
CH2 : Waveform: SINE, Frequency: 20.833 MHz, Phase 180 degree

Recommended Generator

This type of test requires an Arbitrary Waveform Generator with dual-channel 250 MS/s waveform generation
capability. One such AWG is the TABOR Electronics Ltd. Model WW2572A. For more information on this AWG,
visit http://www.taborelec.com
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