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1. Revision History

Revision | Date Remarks
01.00 2016/04/14 e Initial release
e Spec 1.1 and compliance document 1.0
01.01 2017/02/24 e Updated required equipment
2. Purpose

This test procedure is provided for USB Type-C cable testing using the Keysight
M937XA PXle VNA per USB Type-C Cable and Connector Specification Revision 1.1
and Connectors and Cable Assemblies Compliance Document 1.0.

The test procedure is applied for Type-C to Type-C passive cable assemblies (High
Speed Signal), Type-C to legacy cable assemblies and Type-C to legacy adapter
assemblies.

3. References

Universal Serial Bus Type-C Cable and Connector Specification Revision 1.1
(April 3, 2015)

» Universal Serial Bus Type-C Connectors and Cable Assemblies Compliance
Document 1.0 (October 6, 2015)

4. Required Equipment

Description \ Test Equipment QTY

Network Analyzer Keysight M937XA PXle Vector Network Analyzer

> Either M9374A (20 GHz) or M9375A (26.5 GHz)
Note: The firmware of the M937XA with revision
A.03.00 or later is required for operation.

6 ea.

» Option M04 (4 GB Memory)

Network Analyzer » Option 010 (Time-domain Analysis) 1 ea.
Software » Option 551 (N-port Calibrated Measurements)
Note: Only QTY 1 of these options needs to be
ordered for one of the six M937xA modules when
using a multiport configuration.
PXI Chassis Keysight M9018A or M9019A PXle 18-slot chassis 1ea
PXI Controller Keysight M9037A High-performance embedded 1ea
controller
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» Option WE3 or WE6 (Windows Embedded
Standard 7 (32 bit) or (64 bit)

Cable kits for multiport | Keysight Y1242A Cable kits for multiport 5 ea.

configuration configuration

Accessory and tool kit | Keysight Y1281A accessory and tool kit for connector 1 ea.
removal.

4-port ECal Keysight N4433A (4-port, 20 GHz) 1 ea.
» Option 010 (3.5 mm female connectors on all

ports)

Test Fixture USB Type-C official test fixtures and calibration 1 ea.
standards

RF cable 3.5 mm or SMA cables of 20 GHz bandwidth or more 12 ea.

Note: Refer to Configuration Guide of Digital
Interconnect Test System Reference Solution
(5992-1447EN) for cable examples.

50 ohm Terminator Termination for unused differential pairs (ex. Keysight | 8 ea.
909D-301, 3.5 mm male termination)

Compliance Tool USB Type-C cable assembly compliance tool provided | 1 ea.
by USB-IF

Note: Refer to the M937XA Configuration Guide (5991-4885EN) for more detail at:
http://www.keysight.com/find/pxivna.

Note: Fixtures for testing USB 3.1/Type-C connectors and cable assemblies are available
for purchase through Luxshare-ICT.
http://web.luxshare-ict.com/en/ProductList.php?id1=22&id2=92



http://www.keysight.com/find/pxivna
http://web.luxshare-ict.com/en/ProductList.php?id1=22&id2=92

Keysight MOI for USB Type-C Cable Assemblies Compliance Tests Using Keysight
M937XA Multiport PXle VNA

5. Test Procedure

5.1. Outline of Test Procedure
1. Test System Setup
- Launch a 12-port VNA
- Automatic setup by recalling a state file
2. Calibration
- ECal Calibration and De-embedding
- Adjusting Effective Rise Time
3. Measurements
1. Time-domain Measurements
- D+/D- Impedance
- D+/D- Intra-Pair Skew
- D+/D- Propagation Delay
- Differential Impedance (Informative)
2. Frequency-domain Measurements
-  D+/D- Pair Attenuation
- ILfitatNg, IMR, IXT, IRL, Differential to Common-Mode Conversion
- Shielding Effectiveness
- Differential Insertion Loss (Informative)
- Differential Return Loss (Informative)
- Differential NEXT & FEXT between SS Signal Pairs (Informative)
- Differential NEXT & FEXT between D+/D- Pair and SS Signal Pairs
(Informative)

- D+/D- .
Tiine Bareis D+/D- Impedance D+/D- Intra-Pair e EEn D+/D- P.alr
(normative) Skew Belay Attenuation

Frequency Domain
(normative)
ILfitatNg, IMR, IXT, IRL, Diff. to common-mode

etc. (*.512p) e oTon Shielding Effectiveness

Time Domain

(Informative) Differential Impedance Diff. RL & IL SS Pair #1 Diff. RL & IL SS Pair #2

Frequency Domain
(Informative)

Diff. NEXT between
D+/D- Pair and SS
Pairs

Diff. NEXT & FEXT
between S8 Pairs

Diff. FEXT between
D+/D- Pair and SS Pairs

LCL  2016-03-17 19:42
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5.2. Test System Setup

This section describes how to set up parameters by recalling a state file of the 12-port
M937XA that includes all the measurement settings necessary for USB Type-C cable
assemblies (Type-C to Type-C cable assemblies, Type-C to legacy cable assemblies and
Type-C to legacy adapter assemblies) compliance tests. The state file for the M937XA
can be downloaded at: http:// www.keysight.com/find/pxivna_usbtype-c-cabcon

5.2.1. Launcha12-port VNA

1. Double-click a shortcut icon “Network Analyzer” on desktop of the PXI controller
For more details about installing the M937XA firmware, refer to the M937XA
Startup Guide at: http://literature.cdn.keysight.com/litweb/pdf/M9370-90001.pdf

2. Select 6x PXI VNA modules to configure a 12-port VNA

3. Click “Run”

Select Instrument:

Slot  Visa Address Description
4  PXI12:0:0:INSTR
5  PXI13:0:0:INSTR
6  PXI14:0:0:INSTR
7  PX115:0:0:INSTR
8
9
1
1

m

PX111:0:0:INSTR
PX110:0:0:INSTR
0 PXI121:0:0:INSTR
1 PX125:0:0:INSTR

Waie VI WL X

STD

Selected Module(s): 12 port VNA at slot 4

PX112:0:0=INSTR;PXI13::0:0:INSTR; PX114::0::0zINSTR; PXI15::0:0:INSTR; PXI11:0::0:INSTR: PXI1
0:0:0:INSTR

' | Help ‘ ‘ Refresh Run | Cancel |

5.2.2. Save De-embedding Files
De-embedding Touchstone files of test fixtures (*.s2p) should be saved in the directory
of the PXI controller in advance of recalling a state file. The file paths are pre-defined in
the state file for all the measurements. The procedure of creating de-embedding files
using the PLTS software is described in Appendix “Creating Fixture De-embedding
Files using PLTS AFR”.
1. Rename 2-port Touchstone files of test fixtures (*.s2p) as:
“Test_Fixture_1.s2p” (Test Fixture - Side A)

- “Test_Fixtures 2.s2p” (Test Fixture - Side B)
2. Save the two  files under  “C:/Users/Public/Documents/Network

Analyzer/lUSB_Type-C/Test_Fixture x.s2p” of the PXI controller


http://www.keysight.com/find/pxivna_usbtype-c-cabcon
http://literature.cdn.keysight.com/litweb/pdf/M9370-90001.pdf
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» Libraries » Documents » Network Analyzer » USB_type-C

.| Recent Places

~a Libraries

Test_Fixture_1.s2p
Test_Fodure_2.52p

Organize v Share with New folder = v i @&
¢ Favorites Documents library
B Desktop B_type
& Downloads

«| Documents
@' Music

b/ Pictures

B videos

W Comni ter
2 items

Note: In the following sections, steps using keys in Toolbar of the PXI firmware (on
right screen) are highlighted in blue and bold, and softkeys are highlighted in bold.

5.2.3. Recall a State File

1. Click Recall > Recall...

2. Select “State (*.sta)” for Files of Type

3. Select a name of the state file
(“USB_Type-C_Cable_ HSS ComplianceTest_for_12-port M9474A_75A.sta”)

4. Click “Recall”

Tr 1 511 LogM 10.00dB/ 0.00dB

iz
Up Down

50.00
Recall... [1'2‘3|iJ
40.00 ——————
Trace ‘chamel
..... - b Date Type 1
= MOl 1/25/2016 5. Filef Meas ‘Format
Recent Places |

20.00 |

|| | Scale ‘Displar

Desktop
10.00 — ’ Avg Cal

Libraries [ i

0.00 k= e \ Marker || Search
- Compder |Memnt1 ‘Analysis
-10.00 Q \

] | —
~ = Freq ‘Power
-20.00 Fie USE_type L_sen - Recal

N = =
) = . . | Sweep ‘Trigger
30.00 (L Kesboxd o)
B Drag tems inFile List to mave. Right-click to copy, delete of rename. | save | Recall
More 4

-40.00 - = 1 i
Print | Macro
-50.00 Se——
| Ch1: Start 300.000 kHz— 0 GHz |3\vstem]‘ Preset]

Cont.# Ch1l Tri No Cor LCL = 2015-12-14 00:34

Note: When the number of ports in a multiport VNA is smaller than 12, an error
message is shown when recalling a state file for a 12-port VNA.

S11
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5.3. Calibration

The purpose of this step is to calibrate the RF effects such as delay, loss or mismatch of
RF cables and test fixture traces before measurements. The effect of test cables is
removed by full multiport calibration using the ECal module. The effect of test fixture is
removed by de-embedding 2-port S-parameter data (*.s2p) of each trace.

5.3.1. Perform Multiport Calibration using ECal
Full multiport calibration is performed by using the 4-port ECal Module (i.e. N4433A)
at the end of RF cables connected to test ports of the M937XA multiport VNA.

Click Cal > Start Cal > Cal All Wizard... to launch calibration wizard
Select Channel 3

Check all ports (Port 1 to Port 12) on right

Click “Next >”

A owbhE

Enable Channel  Measurement Class = v]Port 2

v Standard : gg: 2

Standard Y|Port 11
- T |@lPort 12

1
v 2 Standard 7Port 5
v 3 Standard v]Port 6
7 3 Standard IPort 7 L
v 5 Standard : zg: g 1 l‘
v 6 Standard 7Port 10
v ¥
= o

5. Click “Next >”

Pots  Power Limt Source Attenuator  Power Offsets SParameter Cal
Port Power
N/A lods B 00048 : 500dBm [%]
N/A 048 : 000d8 [§]  s00dBm [2
048 : 00048 |2 500d8m  [£]

2w N =
z

N/A 0dB 5 0.00d8B 5 -500dBm |+

IF Bandwicth: 1.000 kHz ‘:

|
|
: (o] (o] [
|

6. Select “APC 3.5 female” of DUT Connectors for all ports (Port 1 to Port 12)
7. Select “N4433A ECal xxx” of Cal Kits for all ports (Port 1 to Port 12)
8. Click “Next>”
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"Calibrate All: Select DUTG

I

| DUT Connectors | Cal Kits N

| Cal Method: 12-Pot
[|Port 1 [APC35female v | N4433A ECal 10414

Port 2 | APC 3.5 female ~ | N4433A ECal 10414

Port 3 | APC 3.5 female ~ | N4433A ECal 10414
Port 4 | APC 3 5female v | N4433A ECal 10414

4alalq

Modfy Cal: Change Cal Method. standards.

9. Click “Next>”

‘ Calbration Type Ports Frequency Points’
SParameter Cal 12345678 1.4985 MHz - 15.000 GHz 9958

<Back |[_Net> | [ Cencel | [ Hep

10. Connect port 1, port 11 and port 12 of the VNA to ECal ports.
11. Click “Measure” to start calibration measurements
12. Click “Next>" after the measurements are completed

Calibrate All: Step 1 of 4

— s s ﬂ
N4433A ECal 10414 | port 1, port 11, port 12

=

Connect N4433A ECAL 10414to ports 1, 11and 12

Select [Measure] when connections have been made.

13. Connect port 1, port 2, port 3 and port 4 of the VNA to ECal ports.
14. Click “Measure” to start calibration measurements
15. Click “Next>" after the measurements are completed
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..measuring calibration standard

N4433A ECal 10414 | port 1, port 2, port 3, port 4

Select [Measure] when connections have been made.

<Back [[Nea> ] [ Concs ] [ Hep ]

16. Connect port 1, port 5, port 6 and port 7 of the VNA to ECal ports.
17. Click “Measure” to start calibration measurements
18. Click “Next>" after the measurements are completed

N4433A ECal 10414 | port 1, port 5, port 6, port 7

..measuring calibration standard

Select [Measure] when connections have been made.

[ <Back | Net> | [ Cancel | [ Heb

19. Connect port 1, port 8, port 9 and port 10 of the VNA to ECal ports.
20. Click “Measure” to start calibration measurements
21. Click “Next>" after the measurements are completed

N4433A ECal 10414 | port 1, port 8, port 9, port 10

==

...measuring calibration standard

Select [Measure] when connections have been made.

(<Booc J[Te ] [ Comel ] [ e ]

22. Click “Save As User CalSet...”
23. Enter CalSet name

10
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24. Click “Save”

Calibration results will be saved in each channel's Cal Register when you exit the wizard.

Press Finish to exit, or

Press "Save As User CalSet .."

User calsets Gan be shared by multiple channels. Cal registers cannot
Cal registers are overwritten by new calibrations wthout waming. Lser calsets are not

In both cases. the calibration will be stored to the cal register. Save As User CalSet ...

<Back | Fmsn | [ Cancel | [ Hep

Note: It will take 3-4 minutes to save cal set data for all measureﬁent channels.

5.3.2. Save a State File including Cal Set Data

1. Click Save > Save As...

2. Select “State and Cal Set Data (*.csa)” of “Save as type”
3. Enter a file name

4. Click “Save”

Savein: Network Analyzer - @ e @
L Name . Date modified Type
&~ ECal User Characterizations 4/20/2015 5:17 PM File folder
Becentilaces PNACaIKits 4/20/20155:TPM File folder
! || default.csa 5/14/2015 1:51 AM  CSAFile
Desktop
W=
Libraries
Computer
=
w
< 1 )
MNetwork
File name: v Save
Save as type: State and Cal Set Data (*.csa) v | Cancel ]
Keyboard ¥ Help.
6 Drag items in File List to move. Right-click to copy, delete or rename.

5.3.3. Adjust Effective Rise Time

After performing multiport calibration, the effective rise time entering the USB Type-C
connector pins is adjusted for the specification in time-domain measurements.

1x Thru standard is connected to the VNA’s port 1 (for SuperSpeed, SS Signal Pairs)
and port 9 (for D+/D- Pair) with RF cables. Device under test (DUT) is disconnected

11
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during the adjustment procedure.

Trace # Test Items Rise Time % | Target Rise Time
Tr1&2 D+/D- Impedance 20-80% 400 ps
Tr3&4 D+/D- Intra Pair Skew 20-80 % 400 ps
Tr5 D+/D- Propagation Delay 20-80 % 400 ps
Tr 14 -17 Differential Impedance of SS Pairs 20-80 % 40 ps
(Type-C to Legacy Cable Assemblies only)

For time-domain measurements of D+/D- Pair (Trace 1 to Trace 5), 1x Thru standard is
connected to the VNA’s port 9 with the RF cable.
Activate Trace 3

Click Trace > Trace Max and turn on to maximize trace
Click Analysis > Equation Editor

Uncheck “Enabled” to turn off equation editor
Click “OK”

a s~ wDN e

ey Tr 3

Equation:
$10_9-510_11|
No known errors

Enabled

built-in

acos()
asin()

Use Short Names
Enable MATLAB

$10_9 0.200U/ 500mU
4T Intra Pair

Functions/Constants:

Active Trace 3 : Annlysls

[Trace Max On] ‘
Sl =1 -1.000 ns 146.11 ol Limits

<- Backspace <- -> Store Equation Delete Equation
Operators: Trace Data: Ch Param Data:
™ s
T2 512 U g 2
£ " Tr4 S13
/ TS 514 4 5 6
( S15 : 4
) 516 1 2 3
. 3517
= 518
-l [E 519 - g2 : *f-

LJ‘ Recall
ke
-1.0000 ns Stop 1.5000 ns \ ‘

HE
Al IJJJ

‘ !JF'*_""*J

| :'J\_J

e e

=

e

!'J@J

oo

LCL 2016-03-22

19:29

6. Click Meas >
7. Click “OK”

S-Parameters... and check S99

12
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["Measure S|

S-Parameter ‘ Balanced ‘ Receivers l

S56 S57 $58 $59 $5:100 |
S66 S67 S68 S69 S6_10
S76 S77 S78 §79 S7_10

586 S87 S8s 589 $8_10

596 597 598 $9.10

Channel Number

| OK | | Apply Cancel Help

8. Click Trigger > Continuous to continue measurement sweeps

Markers should be enabled on the trace to calculate the effective rise time at 20 to 80%.
Click Marker to activate Marker 1

Click Search > Target and enter “0.8 U” as a target value

Click Search > Target

Click Marker > Marker 2 to activate Marker 2

Click Search > Target and enter “0.2 U” as s target value

Click Search > Tracking and turn on tracking

No g~

191.834 ps

Dist.(Refl)
83127 ps  200.00 mU [§
Dist(Refl)  -12.46 mm

8. Click Analysis > Transform > More > Transform Window...
9. Enter Step Rise Time until the measured delta in psec is close to the specified value
(400 psec @ 20 to 80 %)

13
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Stimulus_Usiity_Help

Start Time  -1.000 nsec 5 More P
Transform

|E\oisvlay
[ o | ca |
] ]
| 0
form Tool |F'_“JMJ
e
I

.\

Category: |Window "' Coupling Settings... ]

Minimum Maximum

Kaiser Beta 4905 B

htep Rise Time $594.000 psec HI = 250781 pS 80000 mU

Dist(Refj  37.59 mm
psumel | : 148625 ps  200.00 mU
"o S o Dist(Refl)  -22.28 mm

Note: Since step rise time with the PXI VNA firmware is defined as 10 to 90 %
points, step rise time with the firmware should be larger than the targeted rise time
specified at 20 to 80 % points (ex. 400 us).

10. Click “OK”

11. Click Marker and activate Marker 1

12. Click Search > Target and enter “0.5 U” as a target value

13. Click Marker and click the green button on left of Marker 2 to turn off marker 2

14. Click Analysis > Equation Editor

15. Check “Enabled” to turn on equation editor

16. Click “OK”

17. Click Trigger > Hold to stop measurement sweeps

18. Activate Trace 1, 2, 4, and 5 of Channel 1 and apply obtained “Step Rise Time” of
Step 10 for all traces

For differential impedance measurements of SS Pairs (Trace 14 to Trace 17), 1x Thru
standard is connected to the VNA’s port 1 with the RF cable. The adjustment of rise
time is done for USB Type-C to legacy cable assemblies only. For USB Type-C to
Type-C cable assemblies or USB Type-C to legacy adapter assemblies, skip the
following steps.

Activate Trace 14

Click Trace > Trace Max and turn on to maximize trace

Click Meas > S11

Click Trigger > Continuous to continue measurement sweeps

Click Marker to activate Marker 1

Click Search > Target and enter 0.8 U” as a target value

Click Search > Tracking and turn on tracking

Click Marker > Marker 2 to activate Marker 2

Click Search > Target and enter “0.2 U” as s target value

© oo N kWD

14
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10. Click Search > Tracking and turn on tracking
11. Calculate delta of markerl and marker 2 in time domain (20 to 80 %, in psec)

rkeAnalysis  Somulus Uty Help

Target 0.200 dB

=

= nemn
v Min . ‘L:J@J
________ A2
[ E——
e B3N
85.195ps  800.00 mU
Dist.(Refl) 12.77 mm
56.496 ps  200.00 mU
Dist.(Refl) 8.47 mm

= Eac=
1 e

‘ Preset}

tart -1.0000 ns— Stop s | [ ‘Srslem

511 C d4-Port Sim | Transform Lo 1
— e —

12. Click Analysis > Transform > More > Transform Window...

13. Enter Step Rise Time until the measured delta is close to the specified value for
impedance measurements (40 psec @ 20 to 80 %)

14. Click “OK”

b
StanTime -1.000 nsec : s | s
[Trace Max On) J‘"’j %""‘%
- ® [ Dieren 1 89.063ps  800. o U_JU_J
e —— ol
z : e R
Category: | Window - | Coupling Settings... Dist(Ref)  7.38 mm| |ERTAR
) L [ Dist. Marker ‘ teae | Format
Settings... ‘ Scale | Display
Minimum Maximum ‘ —
Kaiser Beta 4.446 ] - !
) —
$tep Rise Time [56.500 psec 2l Y . 29.063 ps
Dist.(Refl)
o] [ omen : 49.249 ps

Dist.(Refl)

Sm | Transform
—

15. Click Marker and click the green button on left of Marker 2 to turn off marker 2

16. Click Meas > Balanced > Sdd11

17. Click “OK”

18. Click Trigger > Hold to stop measurement sweeps

19. Activate Trace 15, 16, and 17 of Channel 8 and apply obtained “Step Rise Time” for
all traces

15
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5.4. Measurement

54.1. Select DUT

The setup macro is provided for selecting the USB Type-C DUT for compliance tests
including USB Type-C to Type-C cable assemblies, USB Type-C to legacy cable
assemblies and USB Type-C to legacy adapter assemblies. This macro automatically
updates required test parameters such as limit values or port impedance depending on
the specification of selected DUT.

Normative and informative test parameters for each DUT are listed below.

1. Normative

Test Parameters Type-C to Type-C cable Type-C to Legacy Type-C to Legacy
Assemblies cable Assemblies Adapter Assemblies

D+/D- Impedance Yes Yes Yes
D+/D- Intra-Pair Skew Yes Yes Yes
D+/D- Propagation Delay Yes Yes No
D+/D- Pair Attenuation Yes Yes Yes
ILfitatNg, IMR, IXT, IRL, Differential to Yes Yes Yes
Common-Mode Conversion

Differential to common-mode conversion Yes Yes Yes
Shielding Effectiveness Yes Yes No

2. Informative

Test Parameters Type-C to Type-C cable Type-C to Legacy Type-C to Legacy
Assemblies cable Assemblies Adapter Assemblies

Differential Impedance of SS Pairs No Yes No
Differential Insertion Loss of SS Pairs Yes Yes Yes
Differential Return Loss of SS Pairs Yes No Yes
Differential NEXT & FEXT between SS Yes Yes (NEXT only) Yes (NEXT only)
Pairs
Differential NEXT & FEXT between Yes Yes Yes
D+/D- Pair and SS Pairs

The macro requires communication with the VNA using the Hislip. For more
information, refer to Keysight application note, “Programming with the M937XA PXle
Vector Network Analyzers” (product number 5992-0742EN).

Click System > Configure > SICL./ GPIB...

1.
2. Check “HiSlip Enabled”
3. Click “OK”
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SICL / GPIB / SCP)

HiSlip
UHiSlip Enabled ~ Address 0 [%]

SCPI Monitor/Input

! SCPI Command Processor Console

| ok | [ Ganoel | [ Help ]

The setup macro should be saved in the directory of PXI controller. You can launch the
macro by the PXI firmware by registering the file path.

1. Download macro “USB_Type-C_Select DUT_xxxx.exe”
2. Save the file in the directory of PXI controller
3. Select Macro > Macro Setup...
4. Click “Edit...”
5. Enter “USB Type-C select DUT” as a Macro Title
6. Click “Browse...” and select file path
7. Click “Open”
8. Click “OK”
9. Click “OK”
Macro runstring parameters: —
[ ]
[ ]
Lol I —
} } C1) Define Macro
{ } Down | Macro Title Macro Executable
! ! USB Type-C select DUT C:\Users\Public\Documents\Network A &m
! ! Macro run string parameters
To modify an entry, select it, then press EDIT. -
To change the order of entries use the UP and DOWN keys. | oK Cancel Help
‘ OK Cancel | Help

10. Activate Trace 37 of Channel 23
11. Select Macro > “USB_Type-C_Select DUT xxxx.exe” to launch the setup macro

Enter VNA resource name
TCPIPO::localhost::hislip0::INSTR

Select DUT type

[

[ Connect VNA ] [Sel Parameters ] [ Close

12. Enter the resource name of multiport VNA (ex. TCPIPO::localhost::hislip0::INSTR)
13. Click “Connect VNA”
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14. If the VNA is successfully connected by the macro, the message is shown. Then
click “OK”
15. Select DUT type
1. USB Type-C to Type-C Cable Assembly
2. USB Type-C to Legacy Cable Assembly
3. USB Type-C to Legacy Adapter Assembly
16. Click “Set Parameters”
17. Click “Close” after all the parameters are set up for the M937XA firmware

Enter VNA resource name Enter VNA resource name
TCPIPO:localhost::hislip0:INSTR TCPIPO::localhost::hislip0:INSTR

Select DUT type PXIVNA has been connected. Select DUT type
[USB Type-C to Legacy Cable Assembly v]

I Connect VNA ] [Sel Parameters ] [ Close [Set Parameters ] [ Close ]

Enter VNA resource name Enter VNA resource name
TCPIPO::localhost::hislip0:INSTR TCPIPO::localhost::hislip0::INSTR

Select DUT type Select DUT type
[USB Type-C to Legacy Cable Assembly '] [USB Type-C to Legacy Cable Assembly v]

rSel Parameters | [ Close ] ! [Sel Parameters ] | Close |

5.4.2. Connect VNA and test fixtures

All RF test cables from the 12-port VNA should be connected to the ports of test
fixtures. Since multiport calibration is performed for all test items in the previous
section, further connection & disconnection of test cables are not needed. Connection of
the VNA’s ports and fixture ports are listed below. Note that unused ports of test fixtures
should be terminated with 50-ohm terminations.

1. Type-C to Type-C Cable Assembly

To cover all test items for USB Type-C to Type-C cable assemblies with five
differential data lanes, it is necessary to perform two sets of 12-port measurements
for: A) Tx1+/Tx1-, Rx1+/Rx1- and D+/D- differential pairs, and B) Tx2+/Tx2-,
Rx2+/Rx2- and D+/D- differential pairs of cable under test.

When the measurement for one set of pairs is completed, flip the DUT's connectors
on both sides, connect to the test fixtures and perform measurements for the other
set. Since the VNA's test cables remain connected to the test fixtures, re-calibration
IS not required.
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A. Measurements of Tx1+/Tx1-, Rx1+/Rx1-, and D+/D- differential pairs

VNA Ports Test Fixture Cable Assembly Test Fixture | VNA Ports
A Side B Side
Type-C Type-C Type-C Type-C
(Receptacle) (Plug) (Plug) (Receptacle)

Port 1/3 Tx1+/Tx1- | Tx1+/Tx1- Rx1+/Rx1-| Rx1+/Rx1- Port 2/4
Port 5/7 Rx1+/Rx1- Rx1+/Rx1- | Tx1+/Tx1-| Tx1+/Tx1- Port 6/8

Port 9/11 D+/D- D+/D- D+/D- D+/D- Port 10/12
- Tx2+/Tx2- Rx2+/Rx2- -
- Rx2+/Rx2- TX2+/Tx2- -

B. Measurements of Tx2+/Tx2-, Rx2+/Rx2-, and D+/D- differential pairs

VNA Ports| Test Fixture Cable Assembly Test Fixture | VNA Ports
A Side B Side
Type-C Type-C Type-C Type-C
(Receptacle) (Plug) (Plug) (Receptacle)

Port 1/3 Tx1+/Tx1- | Tx2+/Tx2- |[Rx2+/Rx2-| Rx1+/Rx1- Port 2/4
Port 5/7 Rx1+/Rx1- Rx2+/Rx2- | Tx2+/Tx2-| Tx1+/Tx1- Port 6/8

Port 9/11 D+/D- D+/D- D+/D- D+/D- Port 10/12
- Tx2+/Tx2- Rx2+/Rx2- -
- Rx2+/Rx2- Tx2+/Tx2- -

2. Type-C to Legacy Cable Assembly
VNA Ports | Test Fixture Cable Assembly Test Fixture | VNA Ports
A Side B Side

Type-C Type-C | Type-A/B/  Type-A/B/
(Receptacle) (Plug) Micro-B/ Micro-B/
Mini-B Mini-B
(Plug) (Receptacle)

Port 1/3 Tx1+/Tx1- S Rx1+/Rx1- Port 2/4
Port 5/7 Rx1+/Rx1- = Tx1+/Tx1- Port 6/8
Port 9/11 D+/D- =3 D+/D- Port 10/12
- Tx2+/Tx2- n/a n/a -
- Rx2+/Rx2- n/a n/a -

3. Type-C to Legacy Adapter Assembly
VNA Ports | Test Fixture Adapter Assembly Test Fixture | VNA Ports
A Side B Side
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Type-C Type-C | Type-A/B/ Type-A/
(Receptacle) (Plug) Micro-B/ Micro-B
Mini-B (Receptacle)

(Plug)
Port 1/3 Tx1+/Tx1- S Rx1+/Rx1- Port 2/4
Port 5/7 Rx1+/Rx1- S Tx1+/Tx1- Port 6/8
Port 9/11 D+/D- S D+/D- Port 10/12
- Tx2+/Tx2- n/a n/a -
- Rx2+/Rx2- n/a n/a -

5.4.3. D+/D- Impedance
Multiple reflections from impedance mismatches cause noise at the receiver. Therefore,
the impedance profile provides an indication of multiple reflection induced noise.

No gk~

8.
9.

Select Trace 1 (Sdd11) of Channel 1 in Window 1

Click Trace > Trace Max and turn on to maximize the trace

Click Trigger > Single to trigger measurement sweep once

Click Scale > Autoscale

Click Search > Search...

Select “User 1” for Search Domain

Enter the span range in time domain depending on DUT’s cable length (ex. Start = 0
ns, Stop = 10 ns)

Select “Maximum”

Check “Tracking”

10. Click “Execute” to search for the max impedance value in the range
11. Click “OK”

=
Marker Search Type
Marker 1 'J Naximum - ‘l | Execute |
Tracki Cancel
Search Domain: )
User Span
[Start Ofs & Stop 10000000 ns |

12. Click Search > Min to search for the minimum impedance value
13. Confirm measured characteristic impedance is within 75 to 105 ohm
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0.00 0 I
Dist (Ref) 127m
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0.00H
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0.00H 0.00 Q|
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W

[ C 4Pt Sm | Trarskorm

0 not represent impedance values in ohms.

e

Note: Y-axis values on left of the screen d
14. Repeat above steps for Trace 2 (Sdd22) of Channel 1 in Window 1

5.4.4. D+/D- Intra-Pair Skew
The intra-pair skew measurement ensures that the signal on both the D+ and D- lines of

cable assembly arrive at the receiver at the same time.

1. Select Trace 3 (Eq=S10_9-S10 11) of Channel 1 in Window 2

2. Click Display > Windows > More > Maximize to maximize the window
3. Click Trigger > Single to trigger measurement sweep once

4. Calculate the delta between Trace 3 and Trace 4

B
b =L A
mu | u ﬂ 113
( Trace |Channel
Single
. |-
| bl Scale DI;p\ayJ
Continuous Avg | cal
[ Marker | Search
Restart |

4871ns| 500,00 mU
Dist(Refl) | 730.16 mm
489 ns| 500,00 mU
Dist(Refl) | 733.82 mm

EEE ch1 T3 Eq=S10_5-510_11 C 4-Port Sm | Transform L

5. Confirm the measured skew of D+/D- pair is lower than 100 psec

5.4.5. D+/D- Propagation Delay
The propagation delay measurement is to verify the end-to-end propagation of the

D+/D- lines of the cable/adapter assembly.
1. Select Trace 5 (Sdd21) of Channel 1 in Window 3
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2. Click Trace > Trace Max and turn on to maximize the trace
3. Click Trigger > Single to trigger measurement sweep once
4. Confirm the measured delay is less than 20 nsec.

T 12 pot

- : ns  500.00 mJ ‘iﬂﬁ]
.00 mU 1

734.83 mm

4902 ns
Dist.(Refl)

5.4.6. D+/D- Pair Attenuation

1. Select Trace 6 (Sdd21) of Channel 2 in Window 4

2. Click Trace > Trace Max and turn on to maximize the trace

3. Click Trigger > Single to trigger measurement sweep once

4. Confirm the measured Sdd21 (attenuation of D+/D- pair) is within the specification
1. USB Type-C to Type-C cable assembly:
2. USB Type-C to legacy cable assembly:

Start Frequency | Stop Frequency Start Limit Stop Limit
50 MHz 100 MHz -1.02 dB -1.43dB
100 MHz 200 MHz -1.43dB -2.40 dB
200 MHz 400 MHz -2.40 dB -4.35dB

3. USB Type-C to legacy adapter assembly:
Greater or equal to -0.7 dB at 400 MHz

5.4.7. ILfitatNq,
Conversion
ILfitatNg, IMR, IXT, IRL, Differential to Common-Mode Conversion performance are
checked with the standard tool (CableComp Tool) provided by USB-IF. One 12-port
Touchstone file (*.s12p) is created and saved with the PXI VNA firmware, and then
imported to the compliance tool for pass/fail judgement.

Note: The port Z conversion is turned off so the measurement is performed based on 50
ohm port impedance required by the standard tool.

1. Select Trace 7 of Channel 3 in Window 5

IMR, IXT, IRL, Differential to Common-Mode

22



Keysight MOI for USB Type-C Cable Assemblies Compliance Tests Using Keysight
M937XA Multiport PXle VNA

Click Trigger > Single to trigger measurement sweep once

Click Save > Save Data As...

Select “Snp File (*.s*p)” for “Save as type”

Enter File name with the file extension of “*.s12p” (ex. touchstone.s12p) to
represent a 12-port Touchstone file.

6. Click “Save”

Ok~ wn

Savein: Metwork Analyzer - @ ? » '
P Marme : Date rnodified Type
sl ECal User Characterizations 472072015 5:17 P File folder
el e PNACaIKits 42072015517 PM  File folder
! Type-C_DP 3/3/2016 9:56 Ph File folder
USE_type-C 1/25/2016 8:59 AN File folder
Desktop
— |
Libraries
P 1
|
Cornputer

“
L 4 | i 3

MNetuvork
- Save

Save as type: [Snp File [*.5°p] v] [ Cancel ]

Scope: | Auto Format:[HeaI.-"Imaginary v] [ Help ]

@ Drag items in File List to move.  Right-click to copy, delete or rename.

File name:

7. Launch USB Type-C Cable Assembly Compliance Tool
8. Select Cable Type (ex. “1. Type-C to Type-C, Gen 2 (High Speed)”)
9. Check “12-Port VNA”

[-) pr ol® =
T TR R R | Raw S-Paramets
Load Config Spreadsheet | Config Spreadsheet - ool siucents Stloct Shec fams tobidt
Empty vil v Empty =
Soect Cable Tipe Snd N8 Type e fmin 1MHz fmax 15GHz fstep: 93744
Select Cable Type a;;m
.Port VNA
1. Type- T -
e Clo Typect, Son (oh Spee) 4-Port VNA Type-CSide Type-C Side or Legacy Side
— Load/Show S-Parameters File N: 1 2
S-Parameter File Name Port Defintion Tx(L) 14 3 & 2 Tx(R)
155 | L), Tx(R), Rx(L), Rx(R), D+D-(L), D+0-(R) 11.23456789401142)
— 5 6
Rx(L) 3 +4 Rx(R
O] - s (R)
9 10
D+/D- (L) 54 +6 D+/D- (R)
11 12
Value Criteria PassfFa |
1L£it@2.5GHz, dB
1L£it@®5.06Hz, dB
1Lfit®10.06Hz, dB
IMR, dB
IRL, dB
INEXT, dB
IFEXT, dB
SCD12/5C021, B
D+/D- L@SOMHz, dB
D+/D- L@100MHz, dB
USB Type-C Cable Assembly Compliance Tool
Rev 1.0RC, June, 2015 el o)
Yun Ling#Xiang Li, Intel Corporation mport eck Compla A lotee ]| B |

23



Keysight MOI for USB Type-C Cable Assemblies Compliance Tests Using Keysight

M937XA Multiport PXle VNA

10. Click “1>>" to load 12-port Touchstone file (*.s12p)

11. Select a file name of 12-port Touchstone file and click “Open”

12. Click “Import”

B intePar

Load/Show S-Parameters File Names
S-Parameter File Name Tell)

-

[o] @ =

1 Losd Config Spreadsheet. | Raw S-Parameters ’ =
| Lood Contig Spreadsheet. | config Spreadsheet = Select Spec Rems o Pit
Empty vi1 - Empty =
RLR D i 7112-Port VNA fmin. 1 MHz fmax 15GHz fstep: 93744
Select Cable Type =t
8-Port VNA
1. Type-C to Type-C, Gen 2 (Hi eed) -
S e 4-port VNA Type-CSide Type-C Side or Legacy Side

1
Port Defintion
L‘;; (C:WUsersWobeDeskophish_evalsse_TYPE_C.512([1 234567891011 12] | 4\ Import S-parameters
2»> Look in: usb_eval
Name

-
&7 de-emb_file
|_|USB_TYPE_C.s12p

Recent Places

Desktop
W
Libraries
Computer
‘x.
G.L-
Network

T

2 Tw(R)
[
BRI
Date modified Type
7/1/2015 1:42 AM File folder

6/30/2015 10:02 AM  S12P File

»

File name:

[

Open

USB Type-C Cable Assembly Compiance Tool
Rev 1.0RC, June, 2015
Yun LingfXiang Li, Intel Corporation

Files of type: I (*s12p)

4

Lol Ll

Cancel

]

13. Click “Check Compliance”
14. Measurement results (pass/fail judgment) are shown.

B intepar
| Load Config Spreadishest | contig Spreadshest

Select Cable Type and VA Type

Raw S-Parameters

USB_TVPE_C i1

SSIL SuperSpeed L
fmine 1 MHZ fmax 15GHZ fetep: 93744

Select Spec fems to

Plot

Select Cable Type BT 0
1. Type-C to Type-C, Gen 2 (High Speed) Keidiide — L
4-Port VNA L
2 h—
LoadiShav S-Parameters File Names R
S-Parameter File Name Port Definion < :

133 | ClsersicobeDesktopiush_evallss_TYPE_C 12 [1234 56789101113

IL Fit, dB

o

Val Crit
LLfit®2.5GHz, dB B -4
LLfit@5.0GHz, dB “ 6
| Lit@10.0GHz, B 4 -11
IMR, d& 7 a76
IRL, d8 8 204
INEXT, dB 3 -40
30012 IFEXT, dB 5 -40
oo SCD12/5CD21, dB 9 1]
— D+/D- IL@S0MHz, dB 5 102
D +/D- L@100MHz, dB 83 -143

USE Type-C Cable Assenibly Compliance Tool
Rev 1.0RC, June, 2015
YunLingidang U, itel Corporatin [

Import

) ] (s ]

i
_evalC2C_HSgen2_Vendorame [ Heip

=)

5.4.8. Differential to Common-Mode Conversion
1. Select Trace 8 (Scd21) of Channel 4 in Window 6

2. Click Trace > Trace Max to maximize the trace

3. Click Trigger > Single to trigger measurement sweep once
4

specification
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1.
2.

USB Type-C to Type-C cable assembly:
USB Type-C to legacy cable assembly:
Start Frequency | Stop Frequency Start Limit Stop Limit
100 MHz 10 GHz -20dB -20dB
3. USB Type-C to legacy adapter assembly:
Start Frequency | Stop Frequency Start Limit Stop Limit
100 MHz 7.5 GHz -15dB -15dB

5. Repeat above steps for Trace 9 (Scd21) of Channel 5 in the same Window 6.

5.4.9. Shielding Effectiveness
Shielding effectiveness is checked with the standard tool (CableComp Tool) provided by
USB-IF after make the measurement using the shielding effectiveness (RFI) test fixture.
4-port Touchstone files (*.s4p) are saved with the PXI VNA firmware, and then
imported to the compliance tool for pass/fail judgement. Shielding effectiveness test is
performed for cable assemblies such as USB Type-C to Type-C cable assemblies and
USB Type-C to legacy cable assemblies.
Note: Port Z conversion is turned off so the measurement is performed based on 50 ohm
port impedance setting required by the standard tool. De-embedding function to remove
effect of test fixtures is also turned off.

o gk wd

Connect the VNA’s port 10 to a single-ended port of RFI test fixture, port 1 & 3 to
balanced ports of the test fixture.

Test Fixture

SE Bal+

Bal-

VNA ports

Port 10 (SE)

Port 1 (Tx1+)

Port 3 (Tx1-)

Select Trace 10 (Sds21) of Channel 6 in Window 7

Click Trace > Trace Max to maximize the trace

Click Trigger > Single to trigger measurement sweep once
Confirm the measured differential model (Sds21) is within the specification

Repeat step 2 to step 3 for Trace 11 (Scs21) of Channel 6 in Window 7 and confirm
the measured common model is within the specification

1. USB Type-C to Type-C cable assembly:
Type Start Stop Start Limit Stop Limit
Frequency Frequency
Differential Model 10 MHz 1.6 GHz -55dB -55dB
1.6 GHz 4 GHz -50 dB -50 dB
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5 GHz 6 GHz -50 dB -50 dB

Common Model 10 MHz 1.6 GHz -40 dB -40 dB
1.6 GHz 4 GHz -35dB -35dB

5 GHz 6 GHz -35dB -35dB

2. USB Type-C to legacy cable assembly:

Type Start Stop Start Limit Stop Limit
Frequency Frequency

Differential Model 10 MHz 1.6 GHz -49 dB -49 dB
1.6 GHz 4 GHz -44 dB -44 dB
5 GHz 6 GHz -44 dB -44 dB
Common Model 10 MHz 1.6 GHz -34 dB -34 dB
1.6 GHz 4 GHz -29dB -29 dB
5 GHz 6 GHz -29dB -29 dB

3. USB Type-C to legacy adapter assembly: n/a

7. Click Save > Save Data As...

8. Select “Trace (*.s4p)” as data type
9. Enter File name (ex. data.s4p)

10. Click “Save”

11. Select Number of ports “4”

12. Check “Normal”

13. Chose VNA ports “1, 3, 10, 127
14. Click “OK”

s [
Savein: )| Metwork Ansiyzer - @ o =
3 Number of ports 4] D
. Narne Date modified Type
= ECal User Characterizations Y20/2015 S1TPM  File folder .
REcenciisces PHACaIKits Y272015 S1TRM  File folder Available Ports Chosen Ports
w Type-C_DP W HSEPM  File folder 2 1
USB_type-C L5016 6:59 AM  File folder
Desktop 4 3
5 Mixed Mod 10
- 8 ixed Mode 12
7
A 8
a 1
A
Network S
File name: data - Save
Saveaspe  [Tiace[.sdp) - | Cancel L |
[ Kepboud | Scope: (4o Format: [Fealimaginary < [ hem ]
OK Cancel Help
B Dragitems in File List to move. Right-click to copy, delete of rename. J

15. Launch the compliance tool
16. Select Cable Type (ex. “6. Shielding Effectiveness (Type-C to Type-C” or “7.
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Shielding Effectiveness (Type-C to Legacy)”)
17. Check “4-port VNA”
18. Click “1>>" and load the saved 4-port Touchstone file (*.s4p)
19. Click “Import”
20. Click “Check Compliance” for pass/fail judgement

21. Connect the VNA'’s ports to the RFI test fixture’s ports and repeat the above steps
for trace 12 and trace 13 (Scs21) of Channel 7 in Window 7.
Test Fixture SE Bal+ Bal-
VNA ports Port 10 (SE) | Port5 (Rx1+) | Port 7 (Rx1-)
Note: Select VNA'’s port 5, 7, 10, and 12 when saving a Touchstone file (*.s4p) at
Step 13.

Note: Informative electrical performance targets are provided for each Type-C
cable/adapter assembly. These targets are not part of the USB Type-C compliance
requirements, but provided for the purpose of design guidelines and manufacturing
control.

5.4.10. Differential Impedance (Informative)

Differential impedance is measured for SS Signal pairs of USB Type-C to legacy cable
assembly only.

Select Trace 14 (Sdd11 of SS Pair #1) of Channel 8 in Window 8

Click Trace > Trace Max and turn on to maximize the trace

Click Trigger > Single to trigger measurement sweep once

Click Scale > Autoscale

Click Search > Search...

Select “User 17 for Search Domain

No gk wdE

Enter the span range in time domain depending on DUT’s cable length (ex. Start = 0
ns, Stop = 10 ns)
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8. Select “Maximum”

9. Check “Tracking”

10. Click “Execute” to search for the max impedance value in the range
11. Click “OK”

e | -
Marker Search Type
Marker 1 vJ Maximum -| | Execute |
7 Tracki Cancel
Search Domain: )
User Span
[Start Ofs S Stop 10.000000 ns S

12. Click Search > Min to search for the minimum impedance value

13. Confirm measured impedance is between 76 to 96 ohm

14. Repeat above steps for Trace 15 (Sdd22 of SS Pair #1) of Channel 8, Trace 16
(Sdd11 of SS Pair #2) and Tr17 (Sdd22 of SS Pair #2) of Channel 9 in Window 8

5.4.11. Differential Insertion Loss of SS Pairs (Informative)

1. Select Trace 18 (Sdd21 of SS Pair #1) of Channel 10 in Window 9

2. Click Trace > Trace Max to maximize the trace

3. Click Trigger > Single to trigger measurement sweep once

4. Confirm measured Sdd21 (differential insertion loss) is within the specification
1. USB Type-C to Type-C cable assembly:

Start Frequency | Stop Frequency Start Limit Stop Limit
100 MHz 2.5GHz -2dB -4 dB
2.5GHz 5 GHz -4 dB -6 dB

5 GHz 10 GHz -6 dB -11dB
10 GHz 15 GHz -11dB -20 dB
2. USB Type-C to legacy cable assembly:
1) Except for USB Type-C to USB 3.1 Standard-A

Start Frequency | Stop Frequency Start Limit Stop Limit
100 MHz 2.5GHz -2dB -4 dB
2.5GHz 5 GHz -4 dB -6 dB

2) USB Type-C to USB 3.1 Standard-A

Start Frequency | Stop Frequency Start Limit Stop Limit

100 MHz 2.5 GHz -2dB -3.5dB
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2.5 GHz 5GHz -3.5dB -6 dB
Note: It is necessary to update the limit table for USB Type-C to USB 3.1
Standard-A. Click Analysis > Limits > Limit Table to show the limit table and
update limit values.

3. USB Type-C to legacy adapter assembly:

Start Frequency | Stop Frequency Start Limit Stop Limit
10 MHz 2.5 GHz -2.4dB -2.4dB
2.5 GHz 5 GHz -2.4dB -3.5dB

Repeat above steps for Trace 19 (Sdd12 of SS Pair #1) of Channel 10 in Window 9,
Trace 22 (Sdd21 of SS Pair #2) and Trace 23 (Sdd12 of SS Pair #2) of Channel 11 in
Window 10

5.4.12. Differential Return Loss of SS Pairs (Informative)
Differential return loss is measured for SS Signal pairs of USB Type-C to Type-C cable
assembly and USB Type-C to legacy adapter assembly only.

Mo d e

Select Trace 20 (Sdd11 of SS Pair #1) of Channel 10 in Window 9

Click Trace > Trace Max to maximize the trace

Click Trigger > Single to trigger measurement sweep once

Confirm measured Sdd11 (differential return loss) is within the specification
1. USB Type-C to Type-C cable assembly:

Start Frequency | Stop Frequency Start Limit Stop Limit
100 MHz 5GHz -18 dB -18dB
5 GHz 10 GHz -18 dB -12dB
10 GHz 15 GHz -12dB -5dB
2. USB Type-C to legacy cable assembly: n/a
3. USB Type-C to legacy adapter assembly:
Start Frequency | Stop Frequency Start Limit Stop Limit
10 MHz 5 GHz -15dB -15dB

Repeat above steps for Trace 21 (Sdd22 of SS Pair #1) of Channel 10, Trace 24
(Sdd11 of SS Pair #2) and Trace 25 (Sdd22 of SS Pair #2) of Channel 11 in Window
10
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5.4.13. Differential NEXT between SS Signal Pairs (Informative)

1. Select Trace 26 (NEXT, Sdd31) of Channel 12 in Window 11

2. Click Trace > Trace Max to maximize the trace

3. Click Trigger > Single to trigger measurement sweep once

4. Confirm measured differential crosstalk (NEXT) is within the specification
1. USB Type-C to Type-C cable assembly:

Start Frequency | Stop Frequency Start Limit Stop Limit
100 MHz 5 GHz -37dB -37 dB
5 GHz 10 GHz -37dB -32dB
10 GHz 15 GHz -32dB -25dB
2. USB Type-C to legacy cable assembly:
Start Frequency | Stop Frequency Start Limit Stop Limit
10 MHz 5 GHz -34 dB -34 dB
3. USB Type-C to legacy adapter assembly:
Start Frequency | Stop Frequency Start Limit Stop Limit
10 MHz 2.5 GHz -40 dB -40 dB
2.5 MHz 5 GHz -40 dB -34 dB

5. Repeat above steps for Trace 27 (NEXT, Sdd24) of Channel 13 in Window 11

5.4.14. Differential FEXT between SS Signal Pairs (Informative)
Differential FEXT is measured for SS Signal pairs of USB Type-C to Type-C cable
assembly only.

Select Trace 28 (FEXT, Sdd41) of Channel 12 in Window 11
Click Trace > Trace Max to maximize the trace
Click Trigger > Single to trigger measurement sweep once

Mo e

Confirm measured differential crosstalk (FEXT) is within the specification

1. USB Type-C to Type-C cable assembly:

Start Frequency | Stop Frequency Start Limit Stop Limit
100 MHz 5GHz -37.dB -37.dB
5GHz 10 GHz -37.dB -32dB
10 GHz 15 GHz -32dB -25dB

2. USB Type-C to legacy cable assembly: n/a
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3. USB Type-C to legacy adapter assembly: n/a

Keysight MOI for USB Type-C Cable Assemblies Compliance Tests Using Keysight

5. Repeat above steps for Trace 29 (FEXT, Sdd23) of Channel 15 in Window11

5.4.15. Differential NEXT & FEXT between D+/D- Pair and SS Signal

Hw e

Pairs (Informative)
Select Trace 30 (NEXT, Sdd15) of Channel 16 in Window 12
Click Trace > Trace Max to maximize the trace
Click Trigger > Single to trigger measurement sweep once

Confirm measured differential crosstalk is within the specification
1. USB Type-C to Type-C cable assembly:

Start Frequency | Stop Frequency Start Limit Stop Limit
100 MHz 5GHz -35dB -35dB
5GHz 7.5 GHz -35dB -30dB
2. USB Type-C to legacy cable assembly:
Start Frequency | Stop Frequency Start Limit Stop Limit
10 MHz 5 GHz -30dB -30dB
3. USB Type-C to legacy adapter assembly:
Start Frequency | Stop Frequency Start Limit Stop Limit
10 MHz 2.5 GHz -30dB -30dB

Repeat above steps for the following traces in Window 12 and 13.

Window # | Channel # Trace # Trace Name
12 17 31 NEXT (Sdd35)
12 18 32 NEXT (Sdd26)
12 19 33 NEXT (Sdd46)
13 20 34 FEXT (Sdd25)
13 21 35 FEXT (Sdd35)
13 22 36 FEXT (Sdd16)
13 23 37 FEXT (Sdd36)
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6. [Appendix] Creating Fixture De-embedding Files using

PLTS AFR

The procedure to create de-embedding Touchstone files (*.s2p) of test fixtures is
introduced in the section using the Automatic Fixture Removal (AFR) function of
Keysight Physical Layer Test System (PLTS).

6.1. 2x Thru Standard Measurement

1.

Recall the state file for the PXI VNA (*.sta) as described in Test System Setup
section.

Perform multiport calibration using the ECal Module as described in Calibration
section.

Select Channel 10 and maximize the Window 9.

Connect the PXI VNA’s port (port 1 to 2) to 2x Thru standard with RF test cables.

Port 1 Port 2

2X Thru

1
1 ! 2
|

Click Cal > Fixtures > More > Port Z Convers’n... and uncheck “Enable Port Z
Conversion (all ports)” to turn off port Z conversion

["Port Z Conver

I Enable Port Z Conversion (all ports) |

[Purt1 ~| R: 42,500 ohms X 0.000 ohms

i Close ‘ Help

Click Cal > Fixtures > 2-Port Deembed... and uncheck “Enable De-embedding
(all ports)” to turn off de-embedding
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2 Port

Enable De-embedding (all ports)

Select De-embedding

[Port1  -|[User Defined (S2P File) -] [Reverse adapter ports

U $9p Ci\Users'PubliciDocuments\MNetwork
Sl_EIL alyzer\USB_type-C\Test_Fixture_1.s2p

NA Port MNetwork 1

1 1 2 DuT

Min Frequency Max Frequency
Port Range: 10. MHz 15. GHz

52F Range: 0.3 MHz 15. GHz

! Enable Extrapolation

Close Help

7. Click Trigger > Single

8. Click Save > Save Data As...

9. Select “Trace (*.s2p)” for “Save as type”
10. Enter a file name

11. Click “Save”

Save in: Network Analyzer - @2 Er
B Name . Date modified Type
~r ECal User Characterizations 4/20/2015 5:17PM  File folder
RecentElaces PNACalKits 4/20/20155:1TPM  File folder
- Type-C_DP 3/3/2016 9:56 PM File folder
USB_type-C 4/1/2016 1:25 AM File folder
Desktop
=
Libraries
A
A
Computer
w
~ < m »
Network
File name: test_fixture. s2p v Save
Save as type: [Tlace (".s2p) v] Cancel
Keyboard Scope: | Auto Format: [Rea!/lmagha(y v] [ Help ]
6‘ Drag items in File List to move. Right-click to copy, delete or rename.

12. Check “Normal”
13. Chose port 1 and port 2 (Number of ports is “2”)
14. Click “OK”
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Number of ports .
Awvailable Ports Chosen Ports
3 1
4 2
5
6 © Mixed Mode
7
8
:
10
:
12
| oK | [ Cancel | | Help

15. Click Cal > Fixtures > More > Port Z Convers’n... and check “Enable Port Z
Conversion (all ports)” to turn on port Z conversion

16. Click Cal > Fixtures > 2-Port Deembed... and check “Enable De-embedding (all
ports)” to turn on de-embedding

6.2. Creating De-embedding files with AFR
1. Launch Keysight PLTS Software
2. Click Utilities > Automatic Fixture Removal > Wizard

% File Calibration Measure View | Utilities | Tools Help
1
R 2= B =1 Characterize Adapter... Y] ;[ Measure |v]

| Data Browser Edit Cal Kits...

“_.2‘ Data Analysis 4 Port Reference Plane Adjustment...
" ./ RLCG El N Port Reference Plane Adjustment...
[ L. Calibration

./ Template View

Batched Reference Plane Adjustment

Gating

Automatic Fixture Removal Wizard...

Single Ended...
Differential...
Verify 2X Thru...

Continuity Check
System 20 ...

|# Data Browser Marker Math Deﬁmt‘..| Limit Mask Definition |
| Parameter Format Selection 2 x|

\ |
3. Select “Single Ended” and “2 Ports”
4. Click “Next”
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Automatic Fixture Removal (AFR V2014.7.14.1) @

1. Describe Fixture I2. Specify Standards | 3. Measure Standards | 4. Remove Fixture | 5. Save Fixture | A~

This 5 step wizard characterizes and removes the fixture effects from your measurement.

My fixture inputs are:

@ Single Ended

Differential
My measurement is: Current Fixture and DUT Assumptions
1 Port Fixture Match: A 2 B
Fixture Length: A = B
DUT Z0: will be set to System Z0
Multiport |4

v Advanced Settings

5. Check “2X Thru”
6. Click “Next”

utomatic Fatre
1. Describe Fixture | 2. Specify Standards | 3. Measure Standards | 4. Remove Fixture | 5. Save Fixture A
For my calibration standards I have:
= [T Open
v 2X Thru
Short
[ Open
[T Short
¥ Advanced Settings
I
f
Back i I Next I ‘ Exit ‘ ‘ Help

7. Click “Load...”

8. Select the measured Touchstone file (*.s2p) and click “Open”
9. Click “Load”

10. Click “Next
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| 1. Describe Fixture | 2. Specify Standards | 3. Measure Standards ‘4. Remove Fixture l 5. Save Fixture | s

Measure or Load Cal Standards:

C:\Users\Public\Documents\Network
2X Thru | ce O Load. || Measure|
Analyzer\test_Fixture.s2p

Load AFR Standard B

Remap 2X Thru ports topology:

Single-Ended Port Single-Ended Port

iy = | )

ittty - [Rocan ] | Load | l Cancel
cesi] fp11
| Back ‘ | Next I [ Exit | [ Help

11. Select “5.Save Fixture” tab

12. Select “Touchstone” and “PNA Format”

13. Enter “Test Fixture”

14. Click “Browse...” and enter directory (ex. “C:/Users/Public/Documents/Network
Analyzer/USB_type-C”)

15. Enter a base file name, “Test_Fixture”

16. Click “Save Fixture Files” to save the two generated Touchstone files (*.s2p).

17. Click “Exit”

1. Describe Fixture | 2. Specify Standards | 3. Measure Standards | 4. Remove Fixture | 5. Save Fixture A

Select File format to save fixture data:

Touchstone 2

Citifile

Choose port assignment for saved fixture files:

PLTS Format

@ PNA Format 1 2 2 1

ADS Format
Choose the directory and base names for saved files:
C:\Users\Public\Documents\Network
Save fixture files to directory: Analyze\USB.type-C Browse...

with a base file name: ITEE-[_Fixture I { =5 |

Mote: Suffix '1" and 2" will be appended to the base file name for the two fixtures.

I Save Fixture Files ||
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