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1. Modification Record

Revision Comments Issue Date
1.00 Initial release Jun 01, 2011
1.01 Minor modification for errata Jul 13, 2011
1.10 Added Data Eye Diagram Jan 16, 2012
1.11 Updated Resource Requirements on N1080B HDM I fixtures | Jul 19, 2012
1.12 Minor modifications Apr 24, 2013
2. Purpose

This document is intended to provide the measurement procedures for High-Definition
Multimedia Interface (HDMI) cable assemblies with Agilent E5071C ENA Option TDR.

The procedures are designed to perform tests equivalent to the methodologies defined in the

HDMI Compliance Test Specification Version 1.4b (CTS). Devices under test are supposed

to be passive HDMI cables. Active cables are out of the scope of this document.

3. References
High-Definition Multimedia Interface Specification Version 1.4b

High-Definition Multimedia Interface Compliance Test Specification Version 1.4b
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Resource Requirements
E5071C ENA Series Network Analyzer with Enhanced Time Domain Analysis Option

Note: Ensure that

- Test set option is any one of 480/485/4D5/4K5

- E5071C firmware revision A.10.05 or above is installed.

- E5071C-TDR application software revision A.01.50 or above is installed.
Electronic Calibration Module N4431B (for 480/485) or N4433A (for 4D5/4K5)
3.5 mm cables 8 GHz bandwidth or equivalent x4

Certified HDMI receptacle fixtures (ex. Agilent N1080B-HO05) x2

Certified HDMI plug fixtures (ex. Agilent N1080B-H04) x1

Note: The plug fixture is used for the jitter adjustment in the eye diagram test. It should
have similar characteristics to the receptacle fixtures.

50 Ohm terminators to terminate unused fixture connectors x12

Female to female adaptors to connect fixture and test cables (if necessary)
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5. Test Procedure
5.1. Outline of Test Procedure

1.
2.

Instrument Setup
Calibration and Adjustment
- Time domain calibration with the setup wizard in TDR application software
- Frequency domain calibration with the VBA macro program
Measurements and Data Analysis
Time Domain Measurements
- Data Eye Diagram
- Intra-pair Skew Measurements
- Inter-pair Skew Measurements
- Differential Impedance Measurements
Frequency Domain Measurements
- Far End Crosstalk Measurements

- Attenuation and Phase Measurements

Note: Hard Keys (Keys located on the Front panel of E5071C) are displayed in Blue color

and Bold. (Example: Avg, Analysis)

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

Note: Buttons (in the TDR or VBA) are displayed in Green color and Bold. (Example: Trace,

Rise Time)

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

Control)
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5.2. Instrument Setup
This section describes procedures for recalling the state file and VBA macro that support
the instrument setup. Download “HDMI cable assembly test package” from

http://www.agilent.com/find/ena-tdr hdmi-cabcon.

Extract the zip file and transfer the extracted files to the instrument with a USB flash
memory.
5.2.1. Recalling State File
1. If TDR setup wizard appears, click Close button on the wizard.
2. Open Setup tab (item1).
3. Click More Function (item2).
4. Click Advanced Mode (item3).

TOR/TDT i g Deskew&Loss Dielestric Gonst > |©
—
2liere m Welocity Factor

Eve/Mask F‘reset {Cable Length = 4 523ns) Savren ey

5. Adialog box appears requesting for confirmation. Then click Yes. (Clear the check box
for “Use Advanced Calibration Methods™)

Advanced Mode

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

(X)

[] Use &dvanced Calibration Methods

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

l Yes l I Mo l

6. Click File (item4) and select Recall State to open the Recall State dialog box.

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

For manual measurement setup, refer to 6 Appendix.


http://www.agilent.com/find/ena-tdr_hdmi-cabcon
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5.2.2. Running VBA macro program

1. Installing the VBA macro program

INSTR STATE

[Macro ] [Macro ] [Macro ]
=3

v

Obtain the VBA macro program from

Agilent and install it on the E5071C.

‘ Save/Recall

Save Channel | :

® Press Save/Recall on the front

Recall Channel |

—_— panel, then press the Explorer soft
Save Type |

State & Cal | |

key.
ChannelfTrace y

Disp Only

Save
Trace Data...

® Using Explorer, copy the file to
| the “D:¥VBA” folder.

Save SnP | |

Return

oo
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2. Running the VBA macro program

INSTR STATE

Macro Macro Macro
Setu Bun Ereak
Saves

Load & Run

New Project

Project...

Close Editor
]

Select Macro |

Stop

® Press Macro Setup button from
the front panel, then click the
Load & Run soft key.

® Seclect “HDMI1l.4a_Cab...”
from the soft key menu and click

on it.

(o]
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5.3. Screen Area and Cable Connection

This section explains the screen area of ENA Option TDR and the test cable connections.
ENA Option TDR screen area consists of two channels as shown in Figure 5-1. Channell
dedicated to time domain measurements is controlled by the TDR application software
located at the bottom of the screen, and Channel2 dedicated to frequency domain
measurements is controlled by the VBA macro program located at the upper right of the

screen.

X E5071C Network Analyzer
1 Active ChiTrace 2Response 3Stmulus 4 Mia/Analysis S Instr Rate

T31 volt 50.00mU/ Ref Tr2 Tddel volt 100.0mu/ R4
r> T42 volt 50.00mu/ Ref Tré Sdd22 Log Mag 10.00ds,

350.0m 700. 0m Trl: Pass

300, om PeIta Time (TrS)d 600, om | = | o0 00 03 @ Calbration
250.0m 500, Om Auto Port

ECal

00. Om 400. 0m | Eaae
150. 0m 00. Om (& b |5 =

100. Omp: @E 200. Om t ¥ 4] 21 Phase 20.00°/ Ref 0.000° [F4]

50.00m i 100, 0m f 0,8 15 - yen T

U\)Ou + 0.000 : 1 T =
-50. 00m ~100. Om A
-100. Om 200. Om

woo =~ Time:Domain: = ;:o equency Domain me |

13 Tddll Impedance 10.00L Tr4 Tdd22 Impedance 10.00UM Tr3 sdd2l Log ag 5e ooods/ rRef 0.000d8 [F4]

Tr7 Tddll Impedance 10.00L Tr8 Tdd22 Impedance 10.00 §§§ . e
150.0 ¢ 150.0 R - Tr3:Fa
“‘i [TTATEPE]  110.0 | 350574 :05a B 0

0.0 121 0.0069: Sphis S 12434405, =13
130.0 }3--224.03 ps (1 130.0 °35 Bsite ooy
120.0 | +49.ps (8, 120.0 R
.54 ps (1
110.0 | 23 ps @ 1100 ryedls
100.0 | Z 100.0 21 Ex Pliase 5.000k*/ ref 0.000° (F4)
90.00 {8 & ———  90.00

80.00 80.00
70.00 70.00
60.00
50.00

gamm\

F’-"“ o0t T neeizre ) [ ot | P2 [ [ v |
Setup . RO
TOR/TOT | Wizard | Stim Anol _ Owiecvic Coret. [N
oreren (o) RN [—] ity et I
Eye/Mask Preset (Cable Length = 1.386ns) ECa [ Aversging i ~ A

Figure 5-1 Screen area of ENA Option TDR
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The cables and fixtures are connected to the instrument as shown in Figure 5-2, but do not

connect fixtures and Cable DUT vyet.

Fixture A Cable DUT Fixture B

TPAR TPAR . 50 ohm
terminations terminations

50 ohm

Figure 5-2 Measurement setup example

Table 5-1 and Figure 5-3 show the cable connections and corresponding measurement areas
on the screen, respectively. The measurement items of the same background color can be

measured with the same cable connections.
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Table 5-1 Cable and Fixture Connection

ENA Port Number Portl Port2 Port3 Port4
Data Eye Diagram
A DO+ A DO- B DO+ B DO-
Intra-Pair Skew
A D1+ A D1- B D1+ B D1-
Inter-Pair Skew
A D2+ A D2- B D2+ B D2-
5 | Attenuation and Phase
-g ACLK+ | ACLK- | BCLK+ | BCLK-
£l Differential Impedance
= ADO+ | ADO- | BD1+ | BDI-
[¢b]
=i A DO+ A DO- B D2+ B D2-
s
L A DO+ ADO- | BCLK+ | BCLK-
Far End Crosstalk
A D1+ A D1- B D2+ B D2-
A D1+ A D1- B CLK+ | B CLK-
A D2+ A D2- B CLK+ | B CLK-

Note: A and B represent each one of the test fixtures.

Channel1l Time Domain

Channel 2 Frequency Domain

Tr3: Tdd11
Tr7: Tdd11

Tr4: Tdd22
Trs: Tdd22

Intra-Pair Skew Inter-Pair Skew Attenuation
Tri: T31 Tr2: Tdd21 Tri: Sdd2l
Trs: T42 Tré: Reserved
Phase
Tr2: Sdd21
Impedance (Port 1,2) Impedance (Port 3, 4) FarEnd Crosstalk
Tr3: Sdd21

Used For Calculation
Tr4: Sdd21l

Figure 5-3 Measurement areas when Channel 1 is in TDR/TDT mode.

12
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5.4. Calibration and Adjustment
5.4.1. Time Domain Calibration

1. Connect the cables and ECal module to the E5071C.

2. Press Channel Next key to select Channell.

3. Open Setup tab (item1).

4. Click ECal (item2) to launch the Full Calibration (ECal) and Fixture Compensation

wizard.

gretDR (feelv)(Snlv] (maa| S | [ Iv) foi(y] Gemaly] e [v]($](2)(X%]

e DUT Topology | SingieEnced 2Put |+ -m ::me ame_ e

- son v T I
= AT vekocity Factor ([N

Eye/Mask Freset {Cable Largth = 0) () ecd || sarce Pomer I

5. Connect all cables to the ECal module.

6. Click Calibrate (item3), then it will start the full calibration. Wait until the check-mark
appears on the right of Calibrate button.

7. Click Next (item4).

TDR Setup Wizard

Full Calibration (ECal)

Bl s @i Calibrate using Electranic Calibration
- (ECal) module.
e T2 2 ) (o

1. Connect ECal module to cables.

2. Presg Calibrate button.

Calibrate

®)

ECal

13
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8. Connect all cables to the test fixtures in accordance with the table below.

ENA Port Number Portl Port2 Port3 Port4

Fixture PIN Number A DO+ A DO- B DO+ B DO-

Note: A and B represent each one of the test fixtures.

9. Click Fixture Comp (item5), then it will start the fixture compensation. Wait until the
check-mark appears on the right of Fixture Comp button.

10. Click Finish (item6).

TDR Setup Wizard

Fixture Compensation (optional)

=) = -1 Automatically compensates the electrical
- length of the cables and fixtures.
il G

1. Connect all cables and fidures to ERO71C.

2. Disconnect DUT from cables and fixtures.

3. Press Fixture Comp button.

Fixture Comp @'

OPEN

Mote:

Since the loss of the cables is not removed from the
measurement, cables should be low loss and

Fi}(tu re az short as possible.

s J[ o)

14
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5.4.2. Measure DUT Length
1. Click Auto (item1) to measure the DUT Length.

bl I;‘l-DR rr:.:' Y ;.:I:?u 'l E g:::h | Mum I H#kﬂf I Srd;rk::'L'J File 'l 1' ? IEI
Mote Funchons Avesage Ak Warvefomm ALK

Set
y DUT Topology| SigleEnded 2ot w0 -
Setup ey : _ Basic Mode
i Amp _ T »
TOR/TDT Wizard m Dislectric Gonst

out ety vetocity Focor |
Eyo/ Mok S ] | e —

2. Connect the DUT.
3. Click Measure (item2), then it will measure the DUT length. Wait until the

check-mark appears on the right of Measure button.
4. Click Finish (item3).

TDR Setup Wizard

DUT Length
<) The length of the DUT is automatically
. ' ' ' measured and used to setthe time span for
= \I f time domain measurements.
90 @ ) \.f O
' 1. Connect DUT to cakles / fistures.
2. Press Measure button.
heasure (2)
1 _Single Ended 3
MNote:
2 4-Port 4 ‘when testing multiple DUT £ with different lengths,
measure the DUT length using the longest DUT
ta allaw for the uze of the zame instrument settings
for all measurements.

15



Agilent MOI for HDMI 1.4b Cable Assembly Test

5.4.3. Frequency Domain Calibration
1. Connect all cables to the ECal module.

2. Click ECal (iteml) to perform the Full Calibration (ECal).

HDMI Cable Me... 5]

Calibration

ke Port
Extention

Ecal

®

Cable Type

Cat? Equalized =

Stop
Single:

Run

5.4.4. Perform Auto Port Extension

1. Connect the test fixtures as follows. Make the fixture ends open.

ENA Port Number Portl Port2 Port3 Port4

Fixture PIN Number A DO+ A DO- B DO+ B DO-

Note: A and B represent each one of the test fixtures.

2. Click Auto Port Extention (item1) to perform the Auto Port Extention.

HDMI Cable Me... (]

Calibr ation

Auto Part

ECal Extention

&)

Cable Type

CakZ Equalized -

Stop
Single

Run

16
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5.5. Measurement and Data Analysis
5.5.1. Data Eye Diagram

Data Rate and Rise Time Adjustment

1. Press Channel Next key to select Channell.

2. Press Channel Max key to enlarge Channell.

3. Open Eye Mask tab (item1).

4. Input appropriate Data Rate and Rise Time (item2) in accordance with your device
category. Note that category 2 cables need to be tested with the two kinds of CLK

frequencies.

selpR (Tl e | Raa | S | = v %] 2] (%]

Trigget Resuks ScaleMask

Setup o 1 Tope [Stsmica | One Ly Rise Tne Def. | Rias Tame 0s ~
TDR/TDT Eye [ leneth ll:.:zw "‘ EE::TEES E
Eye/MagkL) s Expodt ot 0 v
Category CLK Frequency [MHZz] Data Rate [Mbps] Rise Time [ps]
1 74.25 7425 450
165 1650 200
g 340 3400 60

Jitter Adjustment

Ensure that the mask files included in “HDMI cable assembly test package” are copied to
the instrument.

1. Open Eye/Mask tab (item1l).

2. Open Scale/Mask tab (item2).

3. Click Mask Pattern (item3), then Mask Pattern Editor appears.

4

Click Load (item4) and select an appropriate mask file in accordance with the CDF

17
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field Cable_Configuration.

Category | Configuration Mask File

Home HDMI1.4b_TP1.msk

Automotive_EE HDMI1.4b_TP1.msk

1
Automotive_AA | HDMI1.4b_TP1.msk
Automotive EA | HDMI1.4b_TP5.msk
2 All HDMI1.4b_TP1.msk

5. Click Close (itemb).
6. Activate Mask Test checkbox (item6).

wepR (Telv) e | () 2% o =1ve2)X]

Setup
Tvpe | Statiical v el BTN O - :
o mmsen G o]
TORATOT Eye Leewth zeo v [ EEECAE O s
et o e X T
IhElED Advarced e Mask Pattem @
Eye = e Tie 1055 v RN -

ES)

Mask Pattern

‘ I Fie | Seals | E®

. L]
@ Lo

Filanarme
C-\Documents ard Setimgshagenshl
Tope

= » MASE_FILE 88130
Desonphon

- . “HOMI1.4_TF1"

L . [ Save As |

[ Clear l

‘ I EEJ Clags

{ 352ps, LW}

7. Connect the HDMI plug fixture (ex. N1080B Option H04) and receptacle fixture (ex.
N1080B Option HO5) to the test cables, and mate them as shown in Figure 5-4.

18
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Fixture A Fixture B

50 ohm . TPAF TRA-R . 50 ohm
terminations terminations

Figure 5-4 Instrument setup for jitter adjustment

8. Select Trace2 (item7).

9. Click Advanced Waveform (item8), then a dialog box apears.

10. Addjust Magnitude value (item9) and activate Enable checkbox (item10).

11. Click OK (item11) to close the dialog box.

12. Click Draw Eye (item12).

13. Repeat the previous three steps while adjusting the jitter magnitude until the edge of the
eye nearly touches both the left-most and right-most points of the eye mask but without

causing the eye mask violation (Figure 5-5).

sre10R [y Lom | EN =13 2])¥]

Trigge St Rty Scale/Mask

Set
® o] v e v ows NN | erreos | et o -
raw -
1080% = Fall Tirnay ['E
TDR..FTDT@ Eye Lergth Zero Lv. _ ittt FIMS 0s

Eve/Mask

gl oo e NN 20 weoo 0
Achvanced Coossing % 0%
it e T 1055 [N comeatato b

| £

19
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Advanced Wavefor m m@
W | A Differantial ] &
< 3 Jither /_ Emphasis HEE- = Emlualmf-
) View De-embedding | @ View
Jitter  ([]) Rardom Jiter
oot wos) I Jitr Uni Uit Teaval
Typs S Despley Limit 1E-8 -
L wrr—
© perd —

= -400mv, 3

[1 Start0s IFBW 70 kHz

Figure 5-5 The eye diagram of cable input signal with adjusted jitter.

14. Open Scale/Mask tab (item2).
15. Click Mask Pattern (item3), then Mask Pattern Editor appears.
16. Click Load (item4) and select an appropriate mask file in accordance with the CDF

field Cable_Configuration.

20
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Category | Configuration Mask File

Home HDMI1.4b_TP2.msk

Automotive_EE HDMI1.4b_TP2.msk

Automotive_ AA | HDMI1.4b_TP5.msk

Automotive EA | HDMI1.4b_TP2.msk

2 All HDMI1.4b_TP2.msk

17. Click Close (itemb).

Equalizer
If the CLK frequency is 340 MHz, apply the reference cable equalizer. If CDF filed

Cable_Configuration is “Automotive_EE” or “Automotive_EA”, also apply the reference
equalizer. Ensure that the equalizer files included in “HDMI cable assembly test package”

are copied to the instrument.

Category | Configuration Equalizer File
Home N/A
Automotive_EE HDMI1.4b_Cable-Equalizer_Automotive.csv
. Automotive_ AA N/A
Automotive EA HDMI1.4b_Cable-Equalizer _Automotive.csv
2 CLK rate =340 MHz | HDMI1.4b_Cable-Equalizer.csv
1. Click Advanced Waveform (item1), then a dialog box appears.
2. Click Equalization (item2).
3. Select File under Type (item3).
4. Click Load (item4) and specify the equalizer file “HDMI1.4b_Cable-Equalizer.csv”.
5. Activate Enable checkbox (item5) and click OK (item6) to close the dialog.

21
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E:PH‘;”TDR Tr;c,,"I Ted1 | E g:f:h Ml]l]i]

— Trigoe: g Ht.’h" Scale/Mazk
o Tpe (Siicd v Onelv.  [EIGENNNNNEE | FocTieDe | fuetoe 0 -
Faw -
W, 1060w Fall T 03
TOR/TOT Eve | Leneth zero v T T [T

oo e [ Z O neps 0
Achvanced Cooszing % 0%
Eve/Mask o == e T 1050 | [N e g

Advanced Wavelorm EE|
Differantial
o — . — o + +
R ) :@:
) Views Da-embeddrg | @ &) View
Equalization Equation ICTLEY File
[#] Enable @ O Gain EEE - _ Kls+a) A Documents and Settoes¥agensiDesk

{5+ @y lis+a@g)

= zeorree |
) D oy
Otwan  piire: (NG <45

Q) pe:DC Gan =
[ Show TOR/TOT | @I L I
Measurement

1. Open Eye/Mask tab.
2. Connect the receptacle fixtures (N1080B Option HO5) as follows. Unused fixture pins

should be terminated.

ENA Port Number Portl Port2 Port3 Port4
A DO+ A DO- B DO+ B DO-
A D1+ A D1- B D1+ B D1-

Fixture PIN Number
A D2+ A D2- B D2+ B D2-

A CLK+ | ACLK- B CLK+ B CLK-

Note: A and B represent each one of the test fixtures.
3. Connect the DUT (HDMI cable) to the test fixture.
4. Click Stop Single.
5. Click Draw Eye.

22
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Tr2 Tdd2l, High = 400mv Low = -400mv, 3.4Ghps

400, 0m ‘

100. Om

¥ Jitter: 109.1ps

-100.0m

12p 147 4p 22 294.11

[1 Start0s IFBW 70 kHz Stop 10 ns ; I

Figure 5-6 The eye diagram of cable output signal

Data Analysis
Read the pass/fail sign on the eye diagram (item1 in Figure 5-6).

Note: After the measurements, turn off the equalizer function.

23
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5.5.2. Intra-Pair Skew

1. Press Channel Next key to select Channell.
2. Press Channel Max key to enlarge Channell.
3. Open TDR/TDT tab.
4. Connect the test fixtures as follows. Unused fixture pins should be terminated.
ENA Port Number Portl Port2 Port3 Port4
A DO+ A DO- B DO+ B DO-
A D1+ AD1- B D1+ B D1-
Fixture PIN Number
A D2+ A D2- B D2+ B D2-
ACLK+ | ACLK- B CLK+ B CLK-
Note: A and B represent each one of the test fixtures.
5. Connect the DUT (HDMI cable) to the test fixture.
6. Click Stop Single for Time Domain measurement.
7. Select Tracel.
8. Click Auto Scale and X to show the overall step response.
9. Record the time at the transition point.

10. Set the horizontal scale to 100 ps/div and adjust the horizontal position based on the
recorded time.
11. Apply the same horizontal scale settings to Trace5.

12. Click Stop Single for Time Domain measurement.

24
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T31 volt 50.00mus ref 100.0mu EEqu] Tr2 Tdd21l volt 100.0mu/ ref 200
T42 volt 50.00mu/ ref 100.0mu [Equ Tré de2‘2‘ Log Mag 10.00ds/ rRef 0. OOOdB [off]

350, 0m 200, Om
300.0m [Pelta Time (Trid: 2.6875 ps (805.68 um) |
250, 0m 5
200, 0m 1 4
150, Om 3

N |1 7. 5008 N5 L2.2602 mJ 200.00 m

100, 0mp . 2000m}

50. 00m o 00. Om

0. 000
-50.00m
=100, Om
-150. 0m 300. Om

7.2n 7.4n 7.6n 7.8n 8n 8.2n 7.2n 7.4n fﬁn 7.8n 8n 8.2n

Tr3 Tddll Impedance 10.00U/ ref 50.00U EZI“] Trd4 Tdd22 Impedance 10.00U/ ref 50.00U Ezr}
Tr7 Tddll Impedance 10.00U/ ref 50.00U [zr 2r

T|8 Tcld22 Impedance 10.000/ ref 50.00U

150. —

[ 1201.95 ps (30.272 mm) 104.31 @Wr3: pass s (0.0000 m) 93.897 Urra: pass
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Figure 5-7 Time Domain Measurement Example

Data Analysis
Read the delta time between Tracel and Trace5 (item1 in Figure 5-7). Check if the value is

within the limit below.

Category | Configuration Limit
Home If the delta time <= 151 ps, then pass. Otherwise fail.
Automotive_EE | If the delta time <= 336 ps, then pass. Otherwise fail.
. Automotive_AA | If the delta time <= 101 ps, then pass. Otherwise fail.
Automotive_EA | If the delta time <= 235 ps, then pass. Otherwise fail.
2 All If the delta time <= 112 ps, then pass. Otherwise fail.
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5.5.3. Inter-Pair Skew

Measurement

1. Press Channel Next key to activate Channell.

2. Press Channel Max key to enlarge Channell.

3. Open TDR/TDT tab.

4. Connect the test fixtures as follows. Unused fixture pins should be terminated.
ENA Port Number Portl Port2 Port3 Port4
Fixture PIN Number A DO+ A DO- B DO+ B DO-

Note: A and B represent each one of the test fixtures.

5. Click Stop Single for Time Domain measurement.

6. Select Trace2.

7. Click Auto Scale and X to show the overall step response.

8. Record the time at the transition point.

9. Set the horizontal scale to 100 ps/div and adjust the horizontal position based on the

recorded time.

10. Click Stop Single for Time Domain measurement.

11. Record the Marker 1 value on trace 2 (item2 in Figure 5-7).

12. Connect the test fixtures as follows. Unused fixture pins should be terminated.
ENA Port Number Portl Port2 Port3 Port4
Fixture PIN Number A D1+ A D1- B D1+ B D1-

13. Click Stop Single for Time Domain measurement.

14. Record the Marker 1 value on trace 2 (item2 in Figure 5-7).

15. Connect the test fixtures as follows. Unused fixture pins should be terminated.
ENA Port Number Portl Port2 Port3 Port4
Fixture PIN Number A D2+ A D2- B D2+ B D2-

16. Click Stop Single for Time Domain measurement.

17. Record the Marker 1 value on trace 2 (item2 in Figure 5-7).
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18. Connect the test fixtures as follows. Unused fixture pins should be terminated.

ENA Port Number

Portl

Port2

Port3

Port4

Fixture PIN Number

A D3+

A D3-

B D3+

B DS-

19. Click Stop Single for Time Domain measurement.

20. Record the Marker 1 value on trace 2 (item2 in Figure 5-7).

21. Connect the test fixtures as follows. Unused fixture pins should be terminated.

ENA Port Number

Portl

Port2

Port3

Port4

Fixture PIN Number

A CLK+

A CLK-

B CLK+

B CLK-

22. Click Stop Single for Time Domain measurement.

23. Record the Marker 1 value on trace 2 (item2 in Figure 5-7).

Data Analysis

1. Find the maximum and minimum value from 4 recorded data.

2. Inter-pair Skew = Absolute(maximum value — minimum value)

3. Check if the Inter-pair Skew is within the limit below.

Category | Configuration Limit
Home If the delta time <= 2.42 ns, then pass. Otherwise fail.
Automotive_EE If the delta time <= 5.38 ns, then pass. Otherwise fail.
. Automotive_ AA | If the delta time <= 1.61 ns, then pass. Otherwise fail.
Automotive_EA | If the delta time <= 3.77 ns, then pass. Otherwise fail.
2 All If the delta time <= 1.78 ns, then pass. Otherwise fail.
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5.5.4. Far End Crosstalk
Measurement
1. Press Channel Next key to activate Channel2.
2. Press Channel Max key to enlarge Channel?2.
3. Connect the test fixtures as follows. Unused fixture pins should be terminated.

Table 5-2 Port Connection

ENA Port Number Portl Port2 Port3 Port4
A DO+ A DO- B D1+ B D1-
A DO+ A DO- B D2+ B D2-

A DO+ A DO- B CLK+ B CLK-
Fixture PIN Number
A D1+ A D1- B D2+ B D2-

A D1+ A D1- B CLK+ B CLK-

A D2+ A D2- B CLK+ B CLK-

Note: A and B represent each one of the test fixtures.
4. Connect the DUT (HDMI cable) to the test fixture.

5. Click Stop Single for Frequency Domain measurement.
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Figure 5-8 Far End Crosstalk Measurement Example

w9

tart 300 kHz IFEYY 70 kHz Stop 5.1 GHz

Data Analysis
Read the pass/fail sign on Trace3 (item1 in Figure 5-8).
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5.5.5. Attenuation and Phase

Measurement

1. Press Channel Next key to activate Channel2.

2. Press Channel Max key to enlarge Channel?2.

3. Connect the test fixtures as follows. Unused fixture pins should be terminated.

ENA Port Number Portl Port2 Port3 Port4
A DO+ A DO- B DO+ B DO-
A D1+ A D1- B D1+ B D1-
Fixture PIN Number
A D2+ A D2- B D2+ B D2-
A CLK+ A CLK- B CLK+ B CLK-

Note: A and B represent each one of the test fixtures.

Connect the DUT (HDMI) cable to the test fixture.

Select cable type in accordance with the DUT (item 1).

HDMI Cable Me... [X]

Calibration

Auka Port

ECal Extention

@

Cable Type

CatZ Equalized

Stop
Single

Run

Cable Type

Description

Cat2 Equalized

Category?2 Passive Equalizer Cable

Cat2 Passive

Category2 Non Equalized Cable

Catl Passive

Categoryl Non Equalized Cable

Click Stop Single for Frequency Domain measurement.
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Figure 5-9 Attenuation and Phase Measurement Example

Data Analysis
Attenuation

Read Pass/Fail sign on Tracel (iteml in Figure 5-9).

Phase (Equalized cable only)

Read Pass/Fail sign on Trace2 (item2 in Figure 5-9).

Expand Phase (Not used in the pass/fail test)
This measurement is only used for the phase measurement calculation (item3 in Figure

5-9).
Description of Phase Measurement

The phase characteristic is plotted as the difference between the linear expanded phase line

and the calculated linear approximated value by using “Ordinary least Squares”.
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In general, phase response is measured as a linear response shown in Figure 5-10. The
phase tolerance is defined as a difference value of measured linear expanded phase and
calculated approximated first order line.

The approximation model is “Ordinary Least Squares” of y=mx. (Here, “y” is the linear
expanded phase value, “x” is frequency corresponding, and “m” is an incline parameter to

be calculated. The frequency range used for calculation of “m” is from 300 kHz to 1.7

GHz).

540 oo
1o J S S S S I B
180
0
-180
-360
-540

v 825 MHz 2.475GHz 4.125GHz

Figure 5-10 Cat2 equalized cable phase measurement method (explanation)
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Figure 5-11 Cat2 equalized cable phase limits
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5.5.6. Differential Impedance
Measurement

1. Press Channel Next key to select Channell.

2. Press Channel Max key to enlarge Channell.
3. Open TDR/TDT tab.
4. Connect the test fixtures as follows. Unused fixture pins should be terminated.
ENA Port Number Portl Port2 Port3 Port4
A DO+ A DO- B DO+ B DO-
A D1+ AD1- B D1+ B D1-

Fixture PIN Number
A D2+ A D2- B D2+ B D2-

ACLK+ | ACLK- B CLK+ B CLK-

Note: A and B represent each one of the test fixtures.
5. Connect the DUT (HDMI) cable to the test fixture.

6. Click Stop Single for Time Domain measurement.

Data Analysis
The result must meet following criteria.

Cable: If (Cable_Low < 90 ohm) or (Cable_Hi > 110 ohm) then Fail.

Connector: If (Connl_Low < 75 ohm) or (Connl_Hi > 125 ohm) then Fail.
If(Conn2_Low < 85 ohm) or (Conn2_Hi > 115 ohm) then
if the duration of violation (t) is 250 psec or longer or there is more than
one excursion then Fail.

6. Read Pass/Fail sign on Trace3 and Trace7, and find an overall result from the table in

the next page.
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Trace3 (Trace4) Trace7 (Trace8) Overall Result

Pass Pass Pass

Pass Fail Check the duration of violation.
Fail Fail Fail

7. If Trace3 is pass and Trace? is fail (item3 in Figure 5-7), confirm if the excursion is

only one time and the duration of violation is within 250 psec.

Duration of violation = (Marker4 - Marker3) or (Marker6 — Marker5).

8. Repeat the same test with Trace4 and Trace8 (item4in Figure 5-7).

140 |

- -

120 | Mk3_iMk4

100

60

1.0n

2.5n

Figure 5-12 Connector and Cable limits for Differential Impedance
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Pass Fail Fail
1> 180ps e——>1320ps <> 190ps
! 90ps
Pass Fail Fail

Figure 5-13 Example for Impedance Judgment
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6. Appendix
6.1. Manual Setup for Time Domain Measurement
6.1.1. Starting Setup
If TDR setup wizard was appeared, click Close button in the TDR setup wizard.
Open Setup tab (item1).
Click Preset (item2).
A dialog box appears requesting for confirmation. Then click OK.
Set DUT Topology (item3) to “Differential 2-port™.
Open More Functions tab (item4).
Click Advanced Mode (item5).
geTR (Tl g@g B | on | (2a [v) (i ]v] ealv) e v](3]12] (%]

@l Woee furcanns | Averoge Acde Warvedom Hot TOR

Bamc

Sut

| m® DUT Topalogy | Single£ nded 2-Post vI ) el ?

Setup _ Advanced @

TorR/ToT | Wizard | Stim drel ST [oetensios ] | Dot cont N L >
ouTener [ _aso ) [EETEN veiocy Foct |

Cru I BN P ———

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

for “Use Advanced Calibration Methods”)

Advanced Mode @

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

N o a kNP

[] Use &dvanced Calibration Methods

By zelecting thiz checkbox, calibration methods such as TRL calibration iz available.
Mote: Selecting thiz checkbox clears any previously acquired calibration data from
the EMA DOption TDR.

Yes ] I Nao

6.1.2. Eye Diagram
Click Stop Single.
Open Eye/Mask tab.
Set Stimulus Type to “Statistical”.
Set One Lv. to 200 mV
Set Zero Lv. to -200 mV.

o M WD oE

37



Agilent MOI for HDMI 1.4b Cable Assembly Test

6. Set Data Rate to 3.4 Gb/s

7. Set Rise Time to 60 ps (10-90%)

8. Click Advanced Waveform, then a dialog box appears.
9. Activate Enable checkbox.

10. Set Frequency to 500 kHz.

11. Click OK to close the dialog box.

Advanced Wavetorm EE'
1 :E Emphasis :: :: Ewlmm}li
2 Viewr Dgmbesddirsg I &) View
Jitter {D Rardorn Juber
7] Enable Magritude: (RMS} o | Jitter Unit Unit bterval
= Periodic Jitter Display Limit 16-8 2
e s ETT—
] ro—m—
[ Show TORSTOT | @I o "

6.1.3. Intra-Pair Skew
6.1.3.1. Measurement Setup

Open TDR/TDT tab.
Select Tracel.
Open Parameters tab.
Set Measure to “Time Domain” and “Single-Ended”.
Set Format to Volt.
Set Rise Time to 200 psec (10-90%).
Click T31 in the table.

Click the box below the left knob under Horizontal.

© oo N o g A~ w N PEF

Input 1 nsec/div with the Entry dialog box.
10. Click the box below the right knob under Horizontal.
11. Input O sec with the Entry dialog box.
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25.
26.
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28.
29.
30.
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Click the box below the left knob under Vertical.

Input 50 mV/div with the Entry dialog box

Click the box below the right knob under Vertical.

Input 100 mV with the Entry dialog box

Open Trace Control tab.

Clear Time and Marker check box under Coupling.

Click Trace Settings Copy button. Then Trace Settings Copy dialog box appears.
Select Tracel in the From list.

Select Trace5 in the To list.

Click Copy.

Click Close.

Select Trace5.

Open Parameters tab.

Click T42 in the table.

Select Tracel.

Click Marker Search and select A Time. Then Delta Time dialog box appears.
Check the A Time check box.

Select Trace5 (T42) for Target (Stop).

Input Position (%) to 50.

Click OK,

6.1.3.2. Crosstalk Compensation
Select Tracel.
Press Display > Equation Editor... > Enter an equation “Intra+= S31-S32”.
Check Equation Enabled check box.
Click Apply.
Click Close.

Select Traceb.

39



Agilent MOI for HDMI 1.4b Cable Assembly Test

7. Press Display > Equation Editor... > Enter an equation “Intra-= S42-S41”.
8. Check Equation Enabled check box.

9. Click Apply.

10. Click Close.

6.1.4. Inter-Pair Skew
Select Trace2.
Open Parameters tab.
Set Measure to “Time Domain”.
Set Format to Volt.
Set Rise Time to 10-90 % and input value to 200 psec.
Click Tdd21 in the table.
Click the box below the left knob under Horizontal.

Input 1 nsec/div with the Entry dialog box.

© ©o N o g A~ w b=

Click the box below the right knob under Horizontal.

[EEN
o

. Input 0 sec with the Entry dialog box.

[EEY
[EEN

. Click the box below the left knob under Vertical.

[EEN
N

. Input 100 mV/div with the Entry dialog box.

[HEN
w

. Click the box below the right knob under Vertical.

[EEN
IS

. Input 200 mV with the Entry dialog box.

[EEN
o1

. Press Marker Search > Target, and set Target Value to 200 m.

[EEN
(o2}

. Select Trace6.

[HEN
\I

. Click Data Mem and select Off.

6.1.5. Differential Impedance
1. Open TDR/TDT tab.
2. Open Parameters tab.

3. Select Traces.
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29.
30.
31.
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Set Format to Impedance.

Set Rise Time to 200 psec (10-90%).

Click Tdd11 in the table.

Click the box below the left knob under Horizontal.
Input 250 psec/div with the Entry dialog box.

Click the box below the right knob under Horizontal.
Input O nsec with the Entry dialog box.

Click the box below the left knob under Vertical.
Input 10 Ohm/div with the Entry dialog box

Click the box below the right knob under Vertical.
Input 50 Ohm with the Entry dialog box.

Open Trace Control tab.

Click Trace Settings Copy button. Then Trace Settings Copy dialog box appears.

Select Trace3 in the From list.

Select Trace4, Trace7 and Trace8 in the To list.
Click Copy.

Click Close.

Open Parameters tab.

Select Trace4.

Click Tdd22 in the table.

Select Trace8.

Click Tdd22 in the table.

Select Trace?.

Press Marker Search > Search Range, and set Start to 0 and Stop to 1n.

Click Search Range to turn it ON.
Click Couple to turn it OFF.
Click Return.

Click Maker menu and select 1.
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32. Press Marker Search > Max.

33. Click Maker menu and select 2.

34. Press Marker Search > Min.

35. Click Maker menu and select 3.

36. Press Marker Search > Target, and set Target Value to 115.
37. Click Target Transition > Positive.

38. Click Return.

39. Click Maker menu and select 4.

40. Press Marker Search > Target, and set Target Value to 115.
41. Click Target Transition > Negative.

42. Click Return.

43. Click Maker menu and select 5.

44. Press Marker Search > Target, and set Target Value to 85.
45. Click Target Transition > Negative.

46. Click Return.

47. Click Maker menu and select 6.

48. Press Marker Search > Target, and set Target Value to 85.
49. Click Target Transition > Positive.

50. Click Return.

51. Click Tracking to turn it ON.

52. Select Trace8.

53. Press Marker Search > Search Range, and set Start to 0 and Stop to 1n.
54. Click Search Range to turn it ON.

55. Click Couple to turn it OFF.

56. Click Return.

57. Click Maker menu and select 1.

! Ignore the Target value not found message.
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Click Marker Search > Max.

Click Maker menu and select 2.

Click Marker Search >Min.

Click Maker menu and select 3.

Press Marker Search > Target, and set Target Value to 115.
Click Target Transition > Positive.

Click Return.

Click Maker menu and select 4.

Press Marker Search > Target, and set Target Value to 115.*
Click Target Transition > Negative.

Click Return.

Click Maker menu and select 5.

Press Marker Search > Target, and set Target Value to 85.
Click Target Transition > Negative.

Click Return.

Click Maker menu and select 6.

Press Marker Search > Target, and set Target Value to 85.
Click Target Transition > Positive.

Click Return.

Click Tracking to turn it ON.

6.2. Manual Setup for Frequency Domain Measurement
6.2.1. Channel and Trace Settings
Press Display.
Click Allocate Channels > 1] :
Press Channel Next.

Click Num of Traces > 4.
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Click Allocate Traces > = )

6.2.2. Attenuation
Press Trace Next to select Tracel.
Press Sweep Setup > Sweep Type > Lin Freq.
Set Points to 1601.
Press Start > Set start value to 300 kHz.
Press Stop > Set stop value to 5.1 GHz.
Press Avg > Set IF Bandwidth to 70 kHz.
Press Analysis > Fixture Simulator > Fixture Simulator to turn it ON.
Click Topology > Device > Bal-Bal.
Click Portl (bal) > 1-2.

. Click Port2 (bal) > 3-4.

. Click Return.

. Click Balun ON All Traces.

. Click Measurement > Sdd21.

. Press Format > Log Mag.

. Press Marker > Markerl > Set marker value to 825 MHz.
. Press Scale.

. Set Scale/Div to 5 dB/div.

. Set Reference position to 9 Div.

6.2.3. Phase
Press Trace Next to select Trace2.
Press Meas > Sdd21.
Press Format > Phase.
Press Scale.

Set Scale/Div to 20 °/div.
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6. Set Reference position to 5 Div.

6.2.4. Far End Crosstalk
Press Trace Next to select Trace3.
Press Meas > Sdd21.

Press Format > Log Mag.
Press Scale.
Set Scale/Div to 5 dB/div.

© a0k~ w D

Set Reference position to 9 Div.

6.2.5. Expand Phase
This measurement is used for the phase measurement calculation.
Press Trace Next to select Trace4.
Press Meas > Sdd21.
Press Format > Expand Phase.

1
2
3
4. Press Scale.
5. Set Scale/Div to 5 °/div.
6

. Set Reference position to 9 Div.

6.3. Limit Test Settings
The E5071C-TDR provides a capability of setting limit lines to perform pass/fail test on
each measurement.
6.3.1. Turning On/Off Fail Sign
If this option is turned on, a fail sign appears when one or more measurement items violate
the limit lines. It is useful to check overall test result.

1. Press Analysis > Limit Test > Fail Sign to switch the fail sign ON/OFF.
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6.3.2. Setting the Warning Beeper
If this option is turned on, a beep is generated when one or more measurement items violate
the limit lines.
1. Press System > Misc Setup > Beeper > Beep Warning to switch the warning beeper

ON/OFF.

6.3.3. Defining the Limit Line
Set limit lines to perform pass/fail tests on the following measurement items.
- Differential Impedance (Trace3, 4, 7, 8 in Channell)
- Attenuation (Tracel in Channel2)
- Phase (Trace2 in Channel2)
- Far End Crosstalk (Trace2 in Channel2)
Note: If using the VBA, appropriate limit lines are automatically selected for Attenuation

and Phase in accordance with the DUT cable type.

1. Press Channel Next key and Trace Next key to activate the trace on which limit lines
should be set.
2. Press Analysis > Limit Test > Edit Limit Line to display the limit table shown below

(Initially, no segments are entered in the limit table). Using the limit table, create/edit a

segment.
Type| Begin Stimulus End stimulus Eegin Response End Response
1| Max 0= 600 p= 105 0 105 u
2 | MIN 0= 600 ps iU 7iu
s

3. Enter the limit line data following the tables below.

4. Click Return.
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5. Click Limit Line and turn it ON.
6. Click Limit Test and turn it ON.

7. Repeat 1 to 6 for each Measurement items.

Differential Impedance

Type Begin Stimulus End Stimulus | Begin Response | End Response
Max Os 1ns 125 Ohm 125 Ohm
Max 1ns 2.5ns 110 Ohm 110 Ohm
Min Os 1ns 75 Ohm 75 Ohm
Min 1ns 2.5ns 90 Ohm 90 Ohm
Type Begin Stimulus End Stimulus | Begin Response | End Response
Max 0s 1ns 115 Ohm 115 Ohm
Min Os 1ns 85 Ohm 85 Ohm
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Attenuation (Cat2 Equalized)

Type Begin Stimulus End Stimulus | Begin Response | End Response
Min 300 kHz 825 MHz -10 mdB -10 mdB
Min 825 MHz 2.475 GHz -10 mdB -12 dB
Min 2.475 GHz 4.125 GHz -12dB -20 dB
Max 125 MHz 825 MHz -5dB -5dB

Note: The limit value depends on the value of at 825 MHz.

Attenuation (Cat2 Passive)

Type Begin Stimulus End Stimulus | Begin Response | End Response
Min 300 kHz 825 MHz -5dB -5dB
Min 825 MHz 2.475 GHz -5dB -12 dB
Min 2.475 GHz 4.125 GHz -12dB -20dB
Min 4.125 GHz 5.1 GHz -20 dB -25dB
Attenuation (Catl Passive)
Type Begin Stimulus End Stimulus | Begin Response | End Response
Min 300 kHz 825 MHz -8 dB -8 dB
Min 825 MHz 2.475 GHz -21dB -21dB
Min 2.475 GHz 4.125 GHz -30dB -30dB
Phase (Only for Cat2 Equalized)
Type Begin Stimulus End Stimulus | Begin Response | End Response
Max 300 kHz 1.7 GHz 18° 18°
Max 1.7 GHz 2.72 GHz 18° 28.8°
Min 300 kHz 1.7 GHz -18° -18°
Min 1.7 GHz 2.72 GHz -18° -28.8°
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Far End Crosstalk

Type Begin Stimulus End Stimulus | Begin Response | End Response

Max 300 kHz 5 GHz -20dB -20dB
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