Agilent MOI for 10GBASE-KR/40GBASE-KR4 Tx/Rx Tests

Revision 1.00
Apr-21, 2014

10GBASE-KR/40GBASE-KR4

Agilent Method of Implementation (MOI) for
10GBASE-KR/40GBASE-KR4 Backplane Ethernet
Transmitter/Receiver Using Agilent E5071C ENA Option
TDR



Agilent MOI for 10GBASE-KR/40GBASE-KR4 Tx/Rx Tests

Table of Contents

1.

2
3.
4
5

REVISION HISIOMY ...ttt sttt e e e reeneesneesneeee s 3
PUIPOSE ...t 3
RETEIBINCES ...ttt b et b 3
Required EQUIPMENT........ooiiieiee e 3
TESE PTOCEAUIE ...ttt 4
5.1.  Outlineg Of TESt PrOCEUUIE .......ccueieiiiiiiieieie et 4
5.2, INSTIUMENT SEIUP ..eiiutiiiiiii ettt srbe e sbre e s nbr e e e 6
5.2.1. Recalling a State File ... 6
5.2.2.  SaVING @ StALE FIlE ....ocveiieieie s 7
5.3 CalIDFALION ... 8
5.3.1. Frequency Domain Calibration ...........ccccceoveiieiiiiiiiese e 8
9.4, IMEBASUMBIMENT ...ttt 10
5.4.1. Differential Output REtUrn LOSS (TX) ....ccvveriiiiiiieiiieiesieesie e sie e 10
5.4.2. Common-mode Output REtUrn LOSS (TX) ...coververeriereriinieieienie e 11
5.4.3. Differential Input REtUIN LOSS (RX) ...cvveveieiiiieriiiiesiesieeeeeee e 12
[APPENdixX] ManUaL SETUD .......eoieieieeee e 14
6.1. Channel & Trace SELUP......cccueiiiie e 14
6.2. Differential Output/Input Return LSS (TX/RX)....c.covvevueiieiierieiiece e 15
6.3. Common-mode Output RetUrN LOSS (TX) .vevvveeieeiiiieiieiieesiee e 15
6.4. Defining Limit Line Tables ... 16



Agilent MOI for 10GBASE-KR/40GBASE-KR4 Tx/Rx Tests

1. Revision History

Revision Comments Issue Date
1.00 Initial Revision. Apr-21, 2014
2. Pu rpose

This test procedure was written to explain how to use the Agilent ENA Option TDR to
make the 10GBASE-KR/40GBASE-KR4 Backplane Ethernet transmitter/receiver (Tx/RX)

measurements.

3. References
> |EEE 802.3-2012 Section 5 (Jun. 2013)

> UNH-IOL Clause 72 10GBASE-KR PMD Test Suite Version 1.1

4. Required Equipment
1. E5071C ENA Series Network Analyzer

» Option 280/285/480/485/2D5/4D5/2K5/4K5 (one of port/freq. options)
» Option TDR (Enhanced time domain analysis)
2. Test Fixture
> nla
3. 2/4-port ECal Module
» N4431B (for E5071C-280/285/480/485)
» N4433A (for E5071C-2D5/4D5/2K5/4K5)
4. Coaxial RF cables
5. 50 Ohm terminators (if required)
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5. Test Procedure
5.1. Outline of Test Procedure
1. Instrument Setup
» Automatic setup by recalling a state file or manual setup.
2. Calibration
» ECal Calibration
3. Measurements
4-1. Time-domain Measurements
- n/a
4-2. Frequency-domain Measurements
- Differential Output Return Loss (Tx)
- Common-mode Output Return Loss (Tx)

- Differential Input Return Loss (Rx)

Frequency Domain (Ch 1)
Trl 5ddll Log Mag 10.00dE/ ref -30.00d8 [-sz] E £ccll Log Mag 10.00dB/ ref -30.00dB [F2]
) v Tri: Pass| .00 TrZ: Pass
10.00
Differential Output o T
| = 10. O [ ™y -, r)
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20. 01 (Sdd11) I FI Common-mode Output
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19. 960079 £.0119757106G 19. 9999901586 19. 96007 o8 801187571066 19, 9599991586
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_ setun DUT Topoloey [ Difarental -7t ~| | Deshen GRPEN i05i3Gbs |
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\ ) DUT Leneth | Aus | - S )
FPresat (Cable Length = O} ECal

Swic 2014-03-25 16:53
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Note: Hard Keys (Keys on the E5071C’s front panel) are displayed in Blue color and Bold.

(Example: Avg, Analysis)

Note: Soft keys (Keys on the E5071C’s screen) are displayed in Bold. (Example: S11, Real,

Transform)

Note: Buttons of the TDR software are displayed in Green color and Bold. (Example: Trace,
Rise Time)

Note: Tabs of the TDR software are displayed in Brown color and Bold. (Example: Setup,

Trace Control)
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5.2. Instrument Setup

5.2.1. Recalling a State File

This section describes how to recall a state file of the E5071C that includes all the
measurement settings for L0GBASE-KR/40GBASE-KR4 backplane Ethernet Tx/Rx tests.

The state file can be downloaded at: www.agilent.com/find/ena-tdr ethernet-txrx

Copy the state file into the E5071C’s directory via USB mass storage device and recall the
state file using the TDR software. Necessary parameters for testing are automatically set up
in the E5071C. Refer to Appendix for the details about manual setup.

If TDR setup wizard is shown, click Close button in the TDR setup wizard main window.

1. Open Setup tab.
2. Click Advanced Mode to show the dialog box.

ESOTIC Trace | Auto I Stop I Data | Marker I Marker I 2
1GFT TDR L1 v | Scale v E Single | hdem h A | Od A .Scarc:h‘ 4“ t [ )(
Setup Basc ) ) ) More Functions Average | Adv Wavefom | Hot TOR

DUT Topology | Difersntial 1-Post - Deskew Ref.Z 50 Ohm

Setup ) —_— | | . 50 Oh o[ avences

TDR/TOT Wizard | Stim. Amel pesention | | Oectric const. NN Mode >>

DUT Leneth | ato | [T ; | vekeity Fector TR
Eve/Mask [ Preset {Gable Length = 0s) ECal I e

3. Adialog box appears requesting for confirmation. Then click Yes. (Uncheck “Use
Advanced Calibration Methods™)

Advanced Mode @

Do you want to enter the advanced mode?
! 5 Advanced features such as de-embedding and limit testing is available in this mode.
[[] Use Advanced Calibration Methods

By selecting this checkbox, calibration methods such as TRL calibration is available.
Note: Selecting this checkbox clears any previously acquired calibration data from
the ENA Option TDR.

[ Yes I] [ No ]

4. Click File and select Recall State to open the Recall State dialog box.

5. Specify a folder and a file name, and click Open.

The E5071C’s channel 1 is used for frequency domain measurements by using the TDR

software at the bottom of the E5071C’s screen.
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~
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5.2.2. Saving a State File

All the measurement settings including calibration information can be saved in a state file

(*.tdr). After performing calibration, all necessary calibration coefficients are saved in a

state file and can be recalled for the next measurements.

1. Press Save/Recall > Save Type and select State & Cal as a state file type.

2. Click File of the TDR software.

ESOTIC Tra:.c Auto Stop Ciata hdarker Marker .
1 S U [ s..;.,l 'I i [t 2] = v][3]2]X]
ot Basic - More: Functions Average | Adv Waveiom | Hot TDR

ouT Tuun:hlm-e,sr Differential 1-Port = Deskaw Ref 7 [ 1

Setup A | J Blasic Mode
TDR/TDT Wizard ! : e Dielectric Const. |
| ot et [ o) [N - |

Eye/Mask [ Preset (Gable Length = 0s) ECal Source Power -5 dBm

3. Select “Save State”.

4. Enter file name and save the state file with calibration information
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5.3. Calibration

5.3.1. Frequency Domain Calibration

The purpose of this step is to calibrate the delay and loss of the RF cables and test fixtures
by following the wizard of the E5071C TDR software. Full calibration is performed by
using the ECal Module at the end of RF cables connected to the E5071C’s test ports. After
connecting the test fixture to the cables, the effect of the fixture can be removed by the

fixture compensation function of the TDR software if required.

5.3.1.1. ECal Calibration & Fixture Compensation
Calibration for frequency domain measurements is performed by the TDR software. The
ECal Module (i.e. N4431B/N4433A) connected to the USB port of the E5071C is

necessary for the calibration procedure.

1. Open Setup tab of the TDR software.

2. Click ECal to launch calibration wizard.

ESOTIC Trace Auto Stop Data Marker arker . I I I I
qoer. TDR 2 'I Seals ‘I i I Single Mem 'J Off 'J Search 'I | Fie |V I 2| X
Setup Base Mare Functions Average | AdvWavefom |  Hot TOR
DUT Topology | Diferential 1-Port - Deskew Ret. Z 50 O -+
Setup ) | : 50 Ohen o
TDR/TDT Wizard | Stmave. ESENNE | Ok cooct RN »
: © DUT Length [ Ao | Velcity Factor _
Eye/Mask Preset (Cable Length = 0s) 2 Source Power -5 dBm

3. Connect all test cables to the ECal Module and click Calibrate. Once green check

mark appears, click Next>.
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— . |9l

Full Calibration (ECal)

-
TOR Setup Wizard

Calibrate using Electronic Calibration
(ECal) module

H
K
ﬁ
0
ole)
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B'

1. Connect ECal module to cables.

2. Press Calibrate button.

Calibrate /

ECal

4. If it is not required to perform the fixture compensation, click Finish. If required to

compensate the fixture effects, disconnect the ECal Module and connect the test
fixtures to the RF cables. Click Fixture Comp to perform fixture compensation. Once

green check mark appears, click Finish to complete the compensation.

_
TOR Setup Wizard -

|9 S |

Fixture Compensation (optional)

O@-‘:‘“::""f,

m 005600,

\

\: QI

L

OPEN

Fixture

Automatically compensates the electrical
length of the cables and fixtures.

1. Connect all cables and fixtures to ES071C
2. Disconnect DUT from cables and fixtures.

3. Press Fixture Comp button.

Fixture Comp /

MNote:
Since the loss of the cables is not removed from the

measurement, cables should be low loss and
as short as possible.

< Back ] l Finish l
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5.4. Measurement

The procedures for frequency-domain measurements are introduced in this section.

5.4.1. Differential Output Return Loss (Tx)
1. Configure the DUT so that it is sourcing normal IDLE signaling such as PRBS 31, 1010
data patterns. 1010 periodical data pattern is recommended to be used as the worst case
measurement condition.
2. Connect the DUT’s transmitter to the E5071C with the RF cables (Figure 5-1).
E5071C Port 1 Port 2
Test Point TP1 + TP1 -

PMD
Service
Interface
|

l [SL<p>i
tx_bit g
| Transmitter

| SL<n>|

| |

| |
PMD |

| |

Figure 5-1 Differential/Common-mode Output Return Loss (Tx) Test Setup
Note: Unused fixture ports should be terminated with 50 ohm terminators if required.
Select Trace 1 (Sdd11).
Open Setup tab.
Open Hot TDR tab.
Click Data Rate and set “10.3125 Gb/s” in a dialog box.
Click Avoid Spurious. Click OK in a dialog box.

N o gk~ ow

10
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8. Click Stop Single.

4c;oT1cTDR3ITm:e 'I Auto vI l Stop 8 Data ‘vl ﬂ _‘_J Mi‘l ll i‘

Setup = . ““!ﬁ'm[ Average [6MvW3ve_iom = _]5

DUT Topoloey | Déferential 1ot -] ‘ Deskew \ Data Rate

p
TDR/TDT Wizard Stim. Ampl. B8
J ouTLeneth [ Ao | BB

Preset (Cable Length = 0s) ‘
L J

9. Left-click and hold the mouse button then drag the area you would like to zoom and

release the mouse button.
10. Click Display Zoom.

5071C Network Analyz

1 Active Ch/Trace 2 Response 3 Stimulus & Mkr/Analysis 5 Instr State Resize
MIIEY Sdil Log Mag 10.00d8, Ref -30.00d8 [F2]
20.00
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10.00
0.000

0,00 m N
-20.00

-30.00 «q
Display Zoom i
-40.00
-50.00
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-70.00
-80.00
19.960079M 4.01596789486G 8.0119757106G 12.0079835264G 16.00399134226G 19.999999158G
1 Start 19.960079 MHz IFBW 10 kHz Stop 19.999999158 GHz ToR? [Full |l
Esmc Tra Data Marker . 2 .
TR v eilv] Leo IG5 | Lo 6] ] e lv(3)(2])x
- zortal Vettical Parameters | Gaing | Trace Control |
B cooe | sdott | Sdofo |Messue [SPemnder <] [Dffeenta
TDR/TDT EEZREAEEREEA
| St Sce Seotl Socl2 [Stimike [LowpassSies ][] Smesing

Sel | Se22 | Sec2l | Goe22 |ResTime[0s0n - [T

Sve| 2014-03-25 17:08

11. Confirm the measured differential output return loss meets the limit shown below.

ReturnLoss(f) 29

for 50 MHz < f< 2500 MHz

ReturnLoss(f) 29-12 logwlf #:I

for 2500 MHz < f< 7500 MHz

5.4.2. Common-mode Output Return Loss (Tx)
1. Select Trace 2 (Scc21).
2. Click Stop Single.

11
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3. Left-click and hold the mouse button then drag the area you would like to zoom and
release the mouse button.
4. Click Display Zoom.

5. Confirm the measured common-mode output return loss meets the limit shown below.

ReturnLoss(f) 26

for 50 MHz < f< 2500 MHz

(—1 )

PU— S

ReturnLoss(f) 2 6 —12log,,| 3500 Miz/

for 2500 MHz < f< 7500 MHz

5.4.3. Differential Input Return Loss (Rx)
1. Connect the DUT’s receiver to the E5071C with the RF cables (Figure 5-2).

E5071C Port 1 Port 2
Test Point TP4 + TP4 -

D @ ruxxnn B
.

$m

PMD
Service
Interface
|

|
DLPY Receiver | bit

‘ (including —|->
|
|

|DL<n AC-coupling)

\ j'
PMD signal_detect

Figure 5-2 Differential Input Return Loss (Rx) Test Setup

Note: Unused fixture ports should be terminated with 50 ohm terminators if required.

12



Agilent MOI for 10GBASE-KR/40GBASE-KR4 Tx/Rx Tests

. Select Trace 1 (Sdd11).
. Click Stop Single.

Left-click and hold the mouse button then drag the area you would like to zoom and
release the mouse button.

. Click Display Zoom.

. Confirm the measured differential input return loss meets the limit shown below.
ReturnLoss(f) =29

for 50 MHz < f< 2500 MHz

h1

. (_f
ReturnLoss(f) 29— lﬁlogwk 3500 MG/

for 2500 MHz < f< 7500 MHz

13
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6. [Appendix] Manual Setup

The procedures of manual setup for frequency-domain measurements are introduced in the

section. All the following parameters are saved in the E5071C’s state file, which is

available at: www.agilent.com/find/ena-tdr ethernet-txrx

6.1. Channel & Trace Setup

If TDR setup wizard is shown when launching the TDR software, click Close button in the

TDR setup wizard main window.

1. Open Setup tab in the TDR software.
2. Click Preset to preset the instrument. Click OK in a dialog box to continue.
3. Set DUT Topology to “Differential 1-Port”. Click OK in a dialog box.
4. Click Advanced Mode>>.
1SR lv) (2] (maad (33 | L Y] S]] sv) = v(3]2]x]

» Basic 3 Mare Functions Averoge | Adv Waveform | Het TOR

> ' DUT Topoloey [Dismmtm tPon ] | pesken ot 2
Setup ) : . : —— 4 Advenced
TOR/TOT Wizard | Smvel. ETUNNEENEEE | oeior cone NN | Vo>
L L DUT Leneth | Ao | [ L )| Velocity Factor

S g B |

5. Adialog box appears requesting for confirmation. Then click Yes (Clear the check box

for “Use Advanced Calibration Methods”).

Advanced Mode g

Do pou want to enter the advanced mode?
! Advanced features such as de-embedding and limit testing iz available in this mode.

[] Use &dvanced Calibration Methods

By zelecting thiz checkbox, calibration methods such as TRL calibration is available.
MHate: Selecting this checkbox clears any previously acquired calibration data from
the EMa, Option TOR.

[ ez ] [ Nao

Click Stop Single.
Press Display > Num of Traces > 2.

Press Display > Allocate Traces > x2 (1 column by 2 rows).

14
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6.2. Differential Output/Input Return Loss (Tx/RX)
Select Trace 1.
Open TDR/TDT tab.

Open Parameters tab.

1.
2
3
4. Select “S-Parameter” and “Differential” for Measure.
5. Select Format to “Log Mag”

6. Click Sdd11.

7. Click the box below the left knob under Vertical. Set the vertical scale to “10 dB/div”
in a dialog box.

8. Click the box below the right knob under Vertical. Set the vertical position to “-30 dB”

in a dialog box.
ESOT1C Trace Auto | Stop Data Marker Marker g
o TOR 1 Scale 'l B Single | e Y] |0t LY |SearchlY ok Vl 1' 2 I XI
= = 3 oy | Tncs

~Setup A -

4 6l E T dc12 "'—"S"aﬁ-Pm« ~ || Diferentia -1
ToR Tor SRR ALY —

-~ Scell Scel Stimulus Lowpass Step | Smocthing

o2t 22 |Rise Time [1090% -

6.3. Common-mode Output Return Loss (Tx)

9. Select Trace 2.

10. Open TDR/TDT tab.

11. Open Parameters tab.

12. Select “S-Parameter” and “Differential” for Measure.

13. Select Format to “Log Mag”

14. Click Sccll.

15. Click the box below the left knob under Vertical. Set the vertical scale to “10 dB/div”
in a dialog box.

16. Click the box below the right knob under Vertical. Set the vertical position to “-30 dB”

in a dialog box.

15
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6.4. Defining Limit Line Tables

1. Press Trace Next to select trace to set the limit line table.

2. Press Analysis > Limit Test > Limit Line and turn it ON to display limit lines.

3. Press Analysis > Limit Test > Edit Limit Line to edit the limit line table.

Type [ Begin stimulus | end stimulus | eBegin Response [ End Response

i M 0s 600 ps 105 U 105 U

2 MIN Qs 600 ps 75U 75U
£l

4. Press Analysis > Limit Test > Limit Test and turn it ON.

5. Press Analysis > Limit Test > Limit Test > Fail Sign to switch the fail sign ON/OFF.
When turned on, the Fail sign is displayed on the E5071C’s screen, if one or more failed
traces are within the channel.

6. Press System > Misc Setup > Beeper > Beep Warning to turn ON/OFF the warning

beeper.
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