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Revision History

Revision Jpate |

Draft 2015/02/06 * Initial release
* Spec 1.0 and compliance document draft

TECHNOLOGIES

01.00 2015/11/24 * Spec 1.1. and compliance document 1.0
*  Minor corrections
01.01 2016/4/19 * Added M937X PXle Multiport vector network analyzer (VNA)
*  Minor corrections
USB Type-C
KEYSIGHT CabCon
Compliance Test Page 2



Purpose

* This slide will show how to make measurements of USB Type-C™
Cable & Connector Assemblies Compliance Tests by using the
Keysight E5071C ENA Option TDR & M937XA PXle VNA.
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Keysight Digital Standards Program

Our solutions are driven and supported by Keysight
experts involved in international standards committees:

Joint Electronic Devices Engineering Council (JEDEC)
PCI Special Interest Group (PCI-SIG®)

Video Electronics Standards Association (VESA)
Serial ATA International Organization (SATA-IO)
USB-Implementers Forum (USB-IF)

Mobile Industry Processor Interface (MIPI) Alliance
Optical Internetworking Forum (OIF)

We're active in standards meetings, workshops, plugfests,
and seminars

Our customers test with highest confidence and achieve
compliance faster
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USB 3.1 - Keysight Total Solution Coverage

(http://literature.cdn.keysight.com/litweb/pdf/5990-4640EN.pdf)
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Keysight Solutions to Enable the Type-C Revolution

Create a faster path to done

Keysight’s Type-C solution set is ready for complete testing of
the standards converging on this universal interface.

Whether you're focused on design or validation, our solution
will accelerate you from debug to characterization to
compliance to done.
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Reference Document

» 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 Revision 1.0 (October 6, 2015)
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USB Type-C Cable/Connector Compliance Test

Functional Signal Plan

Figure 2-1 USB Type-C Receptacle Interface (Front View)

Al A2 A3 A4 A5 Ab A7 AB A9 Al0 All Al12
GND X1+ TX1- VBUS CcC1 D+ D- SBU1 VBUS RX2- RX2+ GND
GND RX1+ RX1- VBUS SBU2 D- D+ cc2z VBUS TX2- TX2+ GND
B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1
- Figure 2-2 USB Full-Featured Type-C Plug Interface (Front View)
(7 /’ N
N _ . Al12 All A10 A9 AB A7 A6 A5 Ad A3 A2 Al
: GND RX2+ RX2- VBus | 5BU1 D- D+ CC VBUS TX1- TX1+ GND
GND | TX2+ | TX2- | VBUS | VCONN SBU2 [ VBUS | RX1- | RX1+ | GND
B1 B2 B3 B4 BS B6 B7 B8 B9 B10 B11 B12
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USB Type-C Cable/Connector Compliance Test
Cable Assembly

Type-C to Type-C Cable Assemblies

Two cables are defined:

« USB3.1 Type-C to Type-C (5 Gbps or 10 Gbps)

- USBZ2.0 Type-C to Type-C 15 wires (USB 3.1)

5 wires (USB 2.0)

. 94 l

PLUG OVERMOLD CABLE OVERMOLD PLUG
Type-C Legacy Cable Assemblies Type-C Legacy Adapters
USB Type-C to USB3.1  USB Type-C to USB2.0 TN
(10 Gbps only) « Standard-A %
- Standard-A « Standard-B
« Standard-B * Micro-B
* Micro-B  Mini-B

USB Type-C to Std-A USB Type-C to USB2.0
Micro-B
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KEYSIGHT

CabCon
Compliance Test

TECHNOLOGIES Page 9



USB Type-C Cable/Connector Compliance Test

Cable Assembly
Host CabC Device . .
o8 P mon N SuperSpeed signal pairs
A —> *Coaxial wires, twin-axial or shielded twisted pairs.
““peé‘z’lﬁ’geig]ggxpa“ +Shielding is needed for signal integrity and EMC performance.
2
< y 4
SuperSpeea (Rx Pair D+/D- Slg nal pair
Full Simp'gx Typically unshielded twisted pair (UTP).

Vi

S e Intended to transmit the USB 2.0 low-Speed, full-Speed and
uperspee X Palr . . .
b Fulﬁ)SimpIex high-speed signaling.

2

w

Vi

7
uperSpeed (Rx Pair
Full Simplex
« , 2
7

< >

CC —Blue Power — Red

Power Return — Tin FPlated Power Return — Tin Plated

AY AY AY
VAAYV AV

D+/D- Pair (USB 2.0

SBU Red & Black SBU Red & Black

Half-Duplex

P _ USB 2.0 White & Green WVCONN = Yellow
) cc1 1 ] G
: SBU1 : .\.‘l\.""“--,_h___ ____,--""'
) SBU2 §

. VBUS ) Full-featured Type-C cable (coax are SS pairs)

USB Type-C
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USB Type-C Cable/Connector Compliance Test

Measurement Parameters (Type-C to Type-C Passive Cable Assemblies)

USB Type-C connectors and cable assemblies must meet or exceed the requirements specified by
the most current version of Chapter 3 of the USB Type-C Specification and applicable Supplements.

Host CabCon Device
( ;& ) R Time Domain Measurements
d 7 e *D+/D- Impedance (USB 2.0)
S uperSpegd (Tx Pair «D+/D- Propagation Delay (USB 2.0)
Full Simplex «D+/D- Intra-pair Skew (USB 2.0)
B 2 *[Raw Cable] Characteristic Impedance (Informative)
‘c 7 ] *[Raw Cable] Intra-Pair Skew (Informative)
SuperSpeed (Rx Pair «[Mated Connector] Differential Impedance (Informative)
Full S'mp|29X +[Low Speed Signal] Characteristic Impedance

Vi

7
uperSpeed (Tx Pair)

S Frequency Domain Measurements
Full Simplex *D+/D- Pair Attenuation (USB 2.0)
2 eILfitatNg, IMR, IXT, IRL, Differential to Common Mode Conversion
+ «Shielding Effectiveness
uperSpeed (Rx Pair sInsertion Loss (Informative)

Full Simplex *Return Loss (Informative)

- n2 *NEXT/FEXT between Gen2 Pairs (Informative)

< 4 » *NEXT/FEXT between D+/D- and Gen2 Pairs (Informative)

*[Raw Cable] Insertion Loss (Informative)

*[Mated Connector] Insertion Loss (Informative)

*[Mated Connector] Return Loss (Informative)

D+/D- Pair (USB 2.0 «[Mated Connector] NEXT/FEXT between Gen2 Pairs (Informative)
Half-Duplex *[Mated Connector] NEXT/FEXT between D+/D- and Gen2 Pairs (Informative)
*[Mated Connector] Differential to Common Mode Conversion (Informative)
*[Low Speed Signal] Coupling between CC and Differential D+/D-

AY AY AY
VAAYV AV

a
v

< CCl . *[Low Speed Signal] Single-ended Coupling between CC and USB D-
b SBU1 g +[Low Speed Signal] Coupling between VBUS and Differential D+/D-
< > *[Low Speed Signal] VBUS Loop Inductance, Coupling Factor, VBUS Capacitance
SBU2 [Low Speed Signal] Single-ended Coupling between SBU_A and SBU_B
< > *[Low Speed Signal] Single-ended Coupling between SBU_A/SBU_B and CC
L VBUS ) +[Low Speed Signal] Coupling between SBU_A/SBU_B and Differential D+/D-
USB Type-C
KEYSIG HT CabCon
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USB Type-C Cable/Connector Compliance Test

Measurement Parameters (Type-C to Legacy Cable Assemblies)

USB Type-C connectors and cable assemblies must meet or exceed the requirements specified by
Host CabCon Device the most current version of Chapter 3 of the USB Type-C Specification and applicable Supplements.

4 N\
; 2 >

7
uperSpeed (Tx Pair

(@s)

Time Domain Measurements

FEing -D+/D- Impedance (USB 2.0)
< + *D+/D- Propagation Delay (USB 2.0)
SuperSpeed (Rx Pair *D+/D- Intra-pair Skew (USB 2.0)
Full Simplex Differential Impedance
2

s[Raw Cable] Characteristic Impedance (Informative)
*[Raw Cable] Intra-Pair Skew (Informative)

Vi

7
uperSpeed (Tx Pair)

w

Full Simplex *[Mated Connector] Differential Impedance (Informative)
2
II ) Frequency Domain Measurements
uperSpeed (Rx Pair «D+/D- Pair Attenuation (USB 2.0)
Full S'mplgx «ILfitatNq, IMR, IXT, IRL, Differential to Common Mode Conversion
< + > -Shielding Effectiveness

sInsertion Loss (Informative)
*NEXT between Gen2 Pairs (Informative)
‘NEXT/FEXT between D+/D- and Gen2 Pairs (Informative)
*[Raw Cabile] Insertion Loss (Informative)
*[Mated Connector] Insertion Loss (Informative)
*[Mated Connector] Return Loss (Informative)
CCl *[Mated Connector] NEXT/FEXT between Gen2 Pairs (Informative)
SBU1 *[Mated Connector] NEXT/FEXT between D+/D- and Gen2 Pairs (Informative)
*[Mated Connector] Differential to Common Mode Conversion (Informative)

AY AY AY
VAAYV AV

D+/D- Pair (USB 2.0
Half-Duplex

a
v

a
v

a
v

. SBU2 R
L VBUS )
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USB Type-C Cable/Connector Compliance Test

Measurement Parameters (Type-C to Legacy Adapter Assemblies)

USB Type-C connectors and cable assemblies must meet or exceed the requirements specified by

Host CabCon Device the most current version of Chapter 3 of the USB Type-C Specification and applicable Supplements.
4 N\
II 2 >
. Upeésﬁ’e;d (ITX PRI Time Domain Measurements
ufl SImp gx -D+/D- Impedance (USB 2.0)
< + *D+/D- Intra-pair Skew (USB 2.0)
SuperSpeed (Rx Pair *[Raw Cable] Characteristic Impedance (Informative)
Full Simplex *[Raw Cable] Intra-Pair Skew (Informative)
2

s *[Mated Connector] Differential Impedance (Informative)

7
uperSpeed (Tx Pair)

w

Full Simplex Frequency Domain Measurements
, 2 *D+/D- Pair Attenuation (USB 2.0)
7 i eILfitatNg, IMR, IXT, IRL, Differential to Common Mode Conversion
uperSpeed (Rx Pair sInsertion Loss (Informative)
Full S'mplgx *Return Loss (Informative)
< + > *NEXT between Gen2 Pairs (Informative)

*NEXT/FEXT between D+/D- and Gen2 Pairs (Informative)
*[Raw Cable] Insertion Loss (Informative)

*[Mated Connector] Insertion Loss (Informative)

*[Mated Connector] Return Loss (Informative)

AY AY AY
VAAYV AV

D+/D- Pair (USB 2.0

Half-Duplex *[Mated Connector] NEXT/FEXT between Gen2 Pairs (Informative)
< > *[Mated Connector] NEXT/FEXT between D+/D- and Gen2 Pairs (Informative)
< coL ) *[Mated Connector] Differential to Common Mode Conversion (Informative)
) SBU1 R
) SBU2 R
S VBUS )
USB Type-C
KEYSIG HT CabCon
TECHNOLOGIES Compliance Test Page 13

Note: Normative parameters for the USB Type-C cable assembly are highlighted in blue



USB Type-C Cable/Connector Compliance Test

Solution Overview

ALL normative and informative parameters specified for USB Type-C
cable/connector compliance testing can be measured with the ENA Option TDR.

/Frequency Domain

*D+/D- Pair Attenuation (USB 2.0)

«ILfitatNg, IMR, IXT, IRL, Differential to Common Mode
Conversion

*Shielding Effectiveness

eInsertion Loss (Informative)

*Return Loss (Informative)

*NEXT/FEXT between Gen2 Pairs (Informative)
*NEXT/FEXT between D+/D- and Gen2 Pairs (Informative)
*[Raw Cable] Insertion Loss (Informative)

*[Mated Connector] Insertion Loss (Informative)

*[Mated Connector] Return Loss (Informative)

*[Mated Connector] NEXT/FEXT between Gen2 Pairs
(Informative)

*[Mated Connector] NEXT/FEXT between D+/D- and Gen2 Pairs
(Informative)

*[Mated Connector] Differential to Common Mode Conversion

(Informative)
QLOW Speed Signal] Crosstalk, VBUS Loop L/C, Coupling Factm/

N

9

/Time Domain

*D+/D- Impedance (USB 2.0)

*D+/D- Propagation Delay (USB 2.0)

*D+/D- Intra-pair Skew (USB 2.0)

+Differential Impedance

*[Raw Cable] Characteristic Impedance (Informative)
+[Raw Cable] Intra-Pair Skew (Informative)

+[Mated Connector] Diff. Impedance (Informative)
k-[Low Speed Signal] Characteristic Impedance

\

»

J

* Note: Compliance standard tool from USB-IF is required for pass/fail judgment of high-speed and low-speed signal tests
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e N
Vector
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N Y,
e B
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Scope
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*ALL parameters can
be measured with
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ENA Option TDR Compliance Test Solution
Certified Test Centers using ENA Option TDR

Test Centers Support ENA Option TDR \
ENA Option TDR is used world wide by certified test centers of USB, HDMI,
DisplayPort, MHL, Thunderbolt and SATA.

o R L
GRANITE RIVER LaBS | ALLI@NG
ALLIGN’
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USB Type-C Cable/Connector Compliance Test

Configuration
*ENA Mainframe e»
—— *E5071C-4K5: 4-port, 300 kHz to 20 GHz
J == °Enhanced Time Domain Analysis Option (E5071C-TDR)
e = *ECal Module (N4433A)

s )

*1: Type-C cable/connector requires measurements up to 15 GHz.
*2: The list above includes the major equipment required. Please contact our sales representative for configuration details.

(" USB Type-C Test Fixtures )
Fixtures for testing USB 3.1/Type-C

*Method of Implementation (MOI) connectors and cable assemblies are
documents and state files (4K5) p— i\ﬁ!ﬁglgffcr ﬁurchase through
available for download on MOI R http://web Juxshare-

: ethod of Implementation ict.com/en/ProductList.php?id1=22&id2=92
KeyS|g ht CO m (S'\:Ie;]byqst;[; pfolcedur(te (t)n )

how to measure the specified
parameters in the specification
document using ENA Option
TDR.

www.keysight.com/find/ena-tdr compliance
www.kevsight.com/find/ena-tdr usbtype-c-cabcon
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USB Type-C Cable/Connector Compliance Test

[High Speed] Measurement Parameters (Normative & Informative)

Time Domain Frequency Domain
120.0 —— ‘ i | ILfitatNg, IMR, IXT,
D+/D- Impedance ( = D+/D' P‘?"r L IRLq Mode
(Tdd11, Tdd22) Attenuation Con\,/ersion -
o5 an LI L 1IN :50.  D+/D- Intra- . (Sdd21) 11 . (sapfies) Compliance
., D+/D- 0.0 Pair Skew Tr‘u sdd11 LGg wag 10. 0632 PO Tool
. 0.0 (T31,T42) S ’ b
=« Propagation | h|eId|ng Effectlveness o InSLF:fi“(’)"an‘:S";](dem
D9|ay (Tdd21) l HE 1] (Sds21, Scs21) [Mated Connector]

2n 6n 10r 4n 12r WU, UL Mode Conversion (Scd21)
e s g ey e

Tr7 udu Arpot‘av ce 5.000L Tr8 u.u“ Impedance 5.000Ul Tril3 sddll Log mag 5.000de Tris Sdd21 Log M \g 5. 000dE
.5 . -~ i 2

120.0 ¢ — 115 r " o 0
115.0 } ‘ 110.0 ‘ [Mated Connector] 12 [Mated Connector] 5
 § 105.0 ] - Diff. Insertion Loss (Sdd21) Sd Diff. Crosstalk
[Raw Cable] 1 [RaW Cab|e] : [Mated Connector] -0 (SS) (Sdd21)
Intra-Pai '’ . [Mated Connector] - Diff. Return Loss (Sdd11) ~ -30  [Mated Connector]
ntra-Pair ' Characteristic : ’ Diff. Crosstalk
3 lef |mpedance Tr7 Sdd21 Log mag 2.000d8/ Tr8
Skew g Impedance (Tddll Tdd22) Tris sddll Log Mag 5.000de Tri¢ (D+/D-& SS)(Sdd2l) e
(T31’ T42) \ (Tddll Tdd22) 75. ’ E:;r- ~ 7 pass] ‘D;f;uc‘rosstalk (SS) (deZl)
o ‘ 70 5, i, -5 Diff. Insertion Loss (Sdd21) Diff. Crosstalk
3 -1 lef Return Loss (Sdd11)
0. uoyw ol 65000 4 = - (D+/D & SS) (Sdd21)
ir 2n 6n 10n 16 00¢ 0 100p 300p \1 l ....
1 Start-200ps  IFBW 70 kHz  Stop 300 ps Sm| C? || TOR [Ful] 12 Start 1 MH: IFBW 1 KH2 0 15 GHz ECu) Le);
ESO 1© Traee Auto Stbp Data [ Marker | Marker
“TDR 'J 'J Pa J Single |_Mem 'l off \'J Search,'] } File 'I 3 ] Y/ ] XJ
St Honzorta Veca Parameters Gang | Trace Control
W 4 s 28 N Y A 5507 Tan2 Tdci1 Tdci2 |Messire [Tme Doma =) [Dfiswrta +)

| I
TDR/TDT ‘ . '. . ]’ | Toad2t [FORR2 Tdc21 Td22 |Format  [impadance « || Pesing

— o5 W &5/ W Ted!! Tod12 Tect! Teol2 |Stimuks [Lowpass S v)

Eye/Mask Tod2! Tod22 Toc2! Toc22 |Rise Time 2020%  ~| [EEEEN
Hold ExtRef Svc

KEYSIG HT CabCon
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USB Type-C Cable/Connector Compliance Test

[Low Speed Signal] Measurement Parameters (Normative & Informative)

Trl T11 Impedance 5.000U/ ref Tr2 T22 Impedance 5.000u/ Ref

Time Domain

70.00

10.00 1

70.00

65.00

60.00

55.00
50.00
45.00
40.00
35.00
30.00

25.00

65.00

60.00

S5 N0 yfﬂ\

[Low Speed Signal]
Characteristic Impedance
(T11, T22)

40.00
35.00
.00

.00

4 .00

[Low Speed Signal]
Crosstalk, Vgyg Loop L/C,
Coupling Factor (s4p files)

-90. 00 ¢
Tr3 521 Log Mag 10.00dB/
10 NN

[Low Speed Signal]

SE Coupling between CC
and D- (S21)

-55: 0 | !
Tr5 5ds21 Lo Mag 10.00de/
[Low Speed Signal]
Coupling between Vg g
and Diff. D+/D- (Sdle)

r— ———

[Low Speed Slgnal]
- SE Coupling between
- SBU_A/B and CC (S21)

20.00p
'—Sn

len 32n 48n .72n‘ ’—Sn len 232n 48n

|
72n

ST |

Frequency Domain

b 521 Log Mag 10.00dB/ Ref - Tr2 sds21 Log Mag 10.00dB/ Ref]

ref Tré 521 Loa Mao 10.00de/ ref -

10000

[Low Speed Signal]
Coupling between CC and

~50: 00
ref - Tr4 521 Log Mag 10.00dB/ Ref Tool
10.00

[Low Speed Signal]
SE Coupling between CC
and D- (S21)
-50.00 ¢ |

[Low Speed Signal]
SE Coupling between
SBU_A and SBU_B
(S21)

[Low Speed Signal]
Coupling between
SBU_A/SBU_B and
differential D+/D-
(Sds21)

1|Start 8 ns IFBW 70 kHz Stop 72 ns Sim| C? || TDR [Full] 2 Start 300 kHz TFBW 1 kHz Stop & GHz I IE
ES0TIC Trace Auto Stop Data harker harker f ] -
QPT. TDR vl Scale '] l Run ] l Single ] hiern vI Oift v] Search v] n @ x
Set Horizontal Vertical Parameters | Gating | Trace Contral |
‘i n €« » ~ N ¥ A
- T12 T3 T{4 |Messwe [TineDomain  +|[SingeEnded  ~|
I .
TDR/TDT ® | T T22 T3 T24  |Formst [mpedance ][] Feelng
e’ | T3 T32 T33 T34 |Stimulus

Eve/Mask 5 Ohmidiv | T4t T42 T43 T44  |Rise Time [10-90% -

KEYSIGHT
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USB Type-C Cable/Connector Compliance Test

Measurement Parameters (Normative & Informative)

Time Domain Frequency Domain
R ' oo om PR Tikd {rfe o008 : ILfitatNg, IMR, IXT
00, om PelEa Time (Tre) = _ - | ) [} 1 -
D+/D- Impedance 5o on T ‘ : A'?:/D Pt‘_"‘" IRL, Mode
(Tdd11, Tdd22) 00~ = enuation Conversion
.50. +/D- - o ;
g5.00 |11l 100. D /,D Intra o (deZl) Jde, 1 (s4p files) Compllance
a0 -0.n Pair Skew Tril sddll Log Mag 10.00dE 1 Tool
s _ DD 00 (T31,T42) 400 N s
N opagatony | oo || | [prietding Effectivenesq Lt o
o Delay (Tdd21) | — .- Sds21, Scs21 '
r 0 —tsn_:l'l 12n L 51 0. om -8n 4n 12n 1 _vu_su ' ) Moézﬂactsgvi?:ir;ﬁc(tgé]dzl)
Tr/ Tdd2Z2z Impedance 10.00L Tr8 T 22 Impe ance 5.000L Tr‘r:LSN‘S:L:L Log Mag 5.000de T'r":lu.4H’:S:cdl-d_El_[3g' 'ﬁég‘é.’ééaa
ﬁ!g g ‘ ‘ | '12? ? l l l - [Mated Connector] E E [Mated Connector]
17 [Mated Connector] f Diff. Insertion Loss (Sdd21) —1¢ Diff. Crosstalk
[Raw Cable] |11 [Raw Cable] . - [Mated Connector] 8¢ (SS) (Sdd21)
Intra-Pair 1c Ch teristi Diff. Impedance - Diff. Return Loss (Sdd11) - £ [Mated Connector]
ac aracteristic (Tdd]_l, Tdd22) Tr7 sdd21 Log Mag 2.000ds/ Tr8 Diff. Crosstalk
Skew 80 |mpedance IR ~f| Tr15 sdd21 Log mMag 2.000de Trit (D+/D- & SS)(Sdd21) )d
7C . - “4C-mm S IR R
(T31’ T42) 60 (Tddll’ Tdd22) Diff. Impedance fg' ﬁag P | Diff. Crosstalk (SS) (Sdd21)
Tdd11. Tdd22 = Diff. Insertion Loss (Sdd21)
453' gg. ‘ ’ y Eu ! ) - Diff. Insertion Loss (de21) (D+|/3||3ff&cggs(§(;lézl)
"""Z4n 2n 6n 10n 16n o “8n 4n 12n 32n ‘jﬁ it e oo
8 ns [FEW /70 kHz G AEER Sim| C7 | TDR |Full 2 | STt 1 MHz IFBW 1 KHZ Stop 15 GHz S5im| Cor

harker
Off 'l

viely] [ ce [v](3]( 2] X]

Data vl

hlerm

Auto Stop
b J R
Scale l [ b ] Sinzle I

£TOR =1y

Setup Horzontal Vertical Parameters | Gating | Trace Control |
~ : n, ¥V A -Tdd12 Tde11 Tdcl2 | Measure [Time Doma + | [Diferentia ~ |
TDR/TDT |Tdd21 Tod22 | Tdo2! Tdc22 |Format  [Impedance =[] Peeling
|Todl1 Ted12 Tool! Too12 | Stimubus
Eye/Mask Ted2! | Too22 Toc2! Too22 |Rise Time [2080% =

KEYSIG HT CabCon -
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USB Type-C Cable/Connector Compliance Test

Measurement Parameters (Normative & Informative)
Time Domain

Frequency Domain

Compliance
Tool

120.0 350. Om . . — - 000 ILfitatNg. IMR. IXT
Delra Time (Tra) - -
115.0 300. 0m Tr6, = D+/D- Pair ItatNg, , ,
110.0 250.0m = ; IRL, Mode
105.0 Pl . 200, = = Attenuation Conversion
.50. - - - -
D+/D- Impedance - D#/D-Intra o (Sdd2l) ot (s4p files)
(Tdd11, Tdd22) oo Pair Skew Tr1l sdd1l Log Mag 10.00de 1
) 0
0.0 (T31, T42) 9o
80.00 -50.0__ Zad: _ [Raw Cable]
75.00 ~100. Om ‘ | —ER-aRTTT—— = N Diff. Insertion Loss (Sdd21)
70.00p q -150.0m -2n: [Mated Connector]
7 —Sn_:l'l 12n - 31 7 3 -Bn 12n ) 1 ~g8g: Mode Conversion (Scd21)
Tr/ TddZ2Z2z Impedance 10.00L Tr& Tdd2Z Impedance 5.000Lf Trl3 Sddll Log Mag 5.000dE Ti"]u.4uga-d_§l_[3g' 'ﬁég‘é.’ééaa
140.0 120.0 onnn -1z "
130.0 ‘ ‘ | 115.0 [Mated Connector] - E [Mated Connector]
127~ 110.0 Diff. Insertion Loss (Sdd21) - ¢ Diff. Crosstalk
[Raw Cable] |11 [RaW Cab|e] [Mated Connector] “5¢ (SS) (Sdd21)
Intra-Pai 1c . [Mated Connector] Diff. Return Loss (Sdd1l)  -8C  [Mated Connector]
ntra-Fair Characteristic : % Diff. Crosstalk
ag Diff |mpedance Tr7 sdd2l Log Mag 2.000dE/ Tr8
Skew ac Impedance (Td.dll Tdd22) Trl5 sdd21 Log mag 2.000dE Trit (D+/D-& SS)(Sdd21) IdE
7C _Y. & mm A P B
(T31, T42) 50 (Tddll, Tdd22) £0.00 ' ~F- ggg H | Diff. Cr
. - ) . . Crosstalk (SS) (Sdd21)
50. 00 ‘ 7500 ‘ -] Diff. Insertion Loss (Sdd21) Diff. C talk
’ o - iff. Return Loss (Sdd11) M. Lrossta
40.00)p 4 70.00p 7 S (D+/D- & SS) (Sdd21)
-4n 2n 6n 10n 16n -8n 4n 12n 32n Zab oy L | R _
3 8 ns IFEVY 70 Khz AP AEl Sim| C? | TDR [Full 2| STart 1 MHz IFBW 1 kHZ Stop 15 GHz Sim| Cor
ES0T1C Trace Auto Stop Data harker harker . | | |
CPT. TDR l 1 vl Scale ‘l [ e ] Single I e vl Off 'I Search '] l Fil= vl I ? x
Set Horizontal Vertical Parameters | Gating I Trace Control |
etup
W n = | > I n v | A FEEAN Toon2 [ Toct1 Tdot2 | Measure [Time Doma ~ | [Dfferentia |
TDRATDT o . ® |Tdd21 Tod22 | Tdo2! Tdc22 |Format  [Impedance =[] Peeling
p—— N |Todl1 Ted12 Tool! Too12 | Stimubus
Eve/Mask 5 Ohmidiv |Tc;:i21 Tod22 | Tor2l Toc22 |Rise Time 20800 ~ | [T

KEYSIGHT
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USB Type-C Cable/Connector Compliance Test

Measurement Procedure

Step 1: Setup

3

Step 2: Calibration

Time-domain Cal Frequency-domain Cal

ECal + De-embedding or In-fixture TRL Cal

Adjustment of Effective

Rise Time

Step 3: Measurement

KEYSIGHT

TECHNOLOGIES

IJU””

*Manual or automatic setup by recalling a state
file.

+State files for the ENA Option TDR will be
provided for fast setup. Operators’ error can be
minimized.

Calibration for frequency-domain measurements
shall be performed to remove the unwanted test
fixture trace effect.

*ECal + De-embedding or TRL calibration are
available with ENA Option TDR.

*Adjustment of effective rise time step is required
for time-domain measurements.

*The ENA Option TDR can be used to perform all
measurements.

*Compliance standard tool is required for pass/fail
judgment of ILfitatNq, IMR, IXT, IRL, differential
to common mode conversion.

USB Type-C

CabCon

Compliance Test Page 21




USB Type-C Cable/Connector Compliance Test

Calibration

«Calibration shall be performed to remove the unwanted test fixture trace effect.

*The procedures of 2x Thru de-embedding and In-fixture TRL calibration are the official

procedure introduced in the USB Type-C Compliance Specification.

TP1 TP3 TP4 TP2
S T
" " | |
@ I I ®
@ O]
" Cable Assembl (ID
$ I | 0)
I I | |
| | | |
| |
Test Fixture 1 Test Fixture 2
USB Type-C

KEYSIGHT

TECHNOLOGIES

CabCon
Compliance Test
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USB Type-C Cable/Connector Compliance Test

Calibration
1. ECal + De-embedding
1. Full calibration with ECal 2. De-embedding S-parameters of fixture traces
s2p or s2p or
s4p s4p

Test Test [[i ! ?

Fixture 1 Fixture 2 o'
. (e)
ECal (i.e. N4433A) _
*Full 4-port calibration is performed using the 4-port *S-parameter Touchstone files (*.s2p or .s4p) of fixture
ECal module (i.e. N4433A). traces are excluded from total performance in frequency-
*The reference plane is established at the end of RF domain by using the de-embedding function of the ENA.
cables connected to the ENA's test ports. *The reference plane is moved to the edge of USB

connectors on the test fixtures (TP1->TP3 & TP2->TP4).

USB Type-C

KEYSIG HT CabCon
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USB Type-C Cable/Connector Compliance Test

Calibration Creating de-embedding files with PLTS

1. Full calibration with ECal

=t 74 AR =
e

ECal (i.e.
N4433A)

*Perform full 4-port calibration using
the ECal module (i.e. N4433A).

=

2. Measure 2x Thru standards

(

1

2

O

2x Thru \

3

4

*Perform 4-port measurement and

save 4-port S-parameter file (*.s4p).

3. Create de-embedding files by AFR with PLTS

2x Thru (*.s4p)

(=
O

/

\:I

/

C
C

1x (*.s4p)

m
u)

1x (*.s4p)

sLaunch PLTS software on PC
sImport measured 4-port file (*.s4p)
*Create two de-embedding files (*.s4p)

*Change port configuration (pptional)

MpKEY IGHT
TECHNOLOGIES

CabCon
Compliance Test
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USB Type-C Cable/Connector Compliance Test

Calibration

2. TRL Calibration

Cal Standard

Thru CI: 2x Thru (Zero Length)
Reflection =3 short
. qd b Line 1 (delay 1)
Line
q P Line 2 (delay 2)

P Line3(delay3)

G Load (for lower frequency)

*TRL (Thru, Reflection, Line) calibration is performed by
using the USB Type-C official TRL calibration standards
for three combinations between the ENA’s test ports
(Port 1&2, Port 1&3, Port 3&4).

KEYSIGHT

TECHNOLOGIES

2X Thru

A/ E \ P
\g Test Test (
6 Fixture 1 Fixture 2 ()
Q . E Q

*The electrical length of 2x Thru is equal to the length of
the trace between TP1 and TP3 plus the length of the
trace between TP2 and TP4.
*Reference plane is set at the edge of USB connectors
on the test fixtures (TP3 & TP4).
USB Type-C
CabCon
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USB Type-C Cable/Connector Compliance Test

Calibration (Adjustment of Effective Rise Time in Time Domain)

Test Items Rise Time (%) | Target Rise Time

[D+/D-]
Impedance, Propagation
Delay, Intra-Pair Skew

20-80 % 400 ps

[Raw Cable]

Characteristic Impedance 10-90% 200 ps

[Mated Connector]
Differential Impedance
[Type-C to Legacy Cable]
Differential Impedance

20 — 80 % 40 ps

*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 E5071C port with
RF cables. DUT is disconnected during the adjustment
procedure.

KEYSIGHT

TECHNOLOGIES

*The effective rise time for test items is specified as
shown in the table.

IMMCP\"‘H« 2Response  3Stmulus 4 Mkr/Anahysis  § Instr State

PIEE T11 volt 50.00mu/ Ref 100.0mu [F4] System
50.0m i
j Rise Time: 300.45 ps (50.877 mm)] .
rink
00, O
,M
50. O ON
Dump
200. Om (_ 1 Screen Image...
150. Om (3%E] Muliport Test Set |
. Setup
—
100. om 4 Misc Setup |
). OO
o
0. 000 —————) Firmware
Revision
50. 001
Service Menu |
-10
-150.0m
-&n 4n 4n &n 12n
1 Start 8 ns TFBW 70 kHz
!5:' Dula
TDRD-M hea] &5 | Sl
s = ¢ =] m

Setup

LRI R ¥ EEENC o o]
TOR/TOT o me. ® ® T T2 T28 T4 |Fedmat D :
o v & O W@ w1 |simee (eeesas) s
Be/bck T EDNEN EXETE ETTEE | Y TR 7O T [Re (o - XN

Meas ExtRef| Svc| 2014-12-08 17:15

USB Type-C
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USB Type-C Cable/Connector Compliance Test

Normative Parameters

[Type-C to Type-C Passive Cable Assemblies]
High Speed Measurement Parameters

Time Domain Frequency Domain ‘
hD-+ID- impedance ; - | W’E‘HD' F:.air ss. ILﬁtT;T_?i\:‘:SéIXT’
(Tdd "1, Tdd22) smmeTen Conversion

(s4p files) Compliance

oy Nonnanve e

. Delay (Tdd21) l ff. Insertion Loss (Sdd21)

[Mated Connector]
nfl -vo. Mode Conversion (Scd21)
dd2. edance 5.000L Tr8 Tdd22 Impedance 5.000Uf Tri3 Sddll Log Mag 5.00008 Trid Sdd2l Log Mag 5.0000E
. I 110.0 | ] [MatedConnector] [Mated Connector] =6
3 - Diff. Insertion Loss(Sdd21) Diff. Crosstalk
[Raw Cable] [Raw Cable]  |uii ;e | MeesComeson Gz
Intra-Pair Characteristic I Crossmik
Skew Impedance E: L& SS) (Sdd21) St
o
(T31, T42) (Tdd11, Tdd22) weniie ca
ff. Crosstalk
- $9) (S4021)
TOR [Ful] = 5 =
Stop. DI\I Illlkur Marker
=T v| v] v Fio |V |
Paramaters | Trace Cortral
L Y

Todl1 Toct2 Tdel! Tdci2 |Messue [Time Doma = |(Dffererta ~|
Todz R Tocx1 Tdce2 |Fermst  [impedance =[] Pesing
Tedll T2 Tecl! Tecl2 |Stimis [Lowpsss s =

|
[ ]
N’
EEDE o Toi2 Tocd Tock? |Ree Teee[2000n - ENESEEE

Hold ExtRef Svc 3

KEYSIGHT

TECHNOLOGIES

[Type-C to Type-C Passive Cable Assemblies]
Low Speed Signal Measurement Parameters

Time Domain

Tri T11 Impedance 5.000U/ Re

Frequency Domain

—
Tr2 122 impedance 5.000u/ het [PIEBY 521 Log Mag 10.00d8/ Ref -

Tr2 Sds21 Log Mag 10.0008, Reff | ™

[Low Speed Signal]

' Normative T e

521 Log mag 10,00de/ Ref Tool

LLuw opEeu ayuar
SE Coupling between CC
and D- (821)

[Low Speed Signal
SE Coupling betweenCC ||
and D- (521)

[Low Speed Signal]
Characteristic Inpedance B
15.00 (T11, T22) .

TS

21 Loa maa 10.00d8/ Ref Tré s21 Loa Maa 10.00ds/ Ref -
[Low Speed Signal] [Low Speed Signal]
Coupling between Vays SE Coupling between
and Diff. D+/D- (Sds21) SBU_A and SBU_B

| NN 520

[Low Speed Signal]
Coupling between
SBU_A/SBU_B and
differential D+/D-

40.00 40.00 |

[

[Low Speed S\gnal]
SE Coupling between
SElJ_AJ'B and CC (321)

- ; T (Sds21)
1/ Start -8 ns Stop 72 oW T = _w
T A I [ A | [P AT J_I_J
. Horzortal Vesical Famee ] Trace Contral.

i W 4|' ] "IA - TMossire (Bmbomon o] (ot e
TOR/TOT . ® . ® T2 T2z T24  |Formst [impedence =] Pedeg

A R v N’ T3 T3 T Stimuks |Lowpam Sep

bl -~ M- Mo Paon | T

Hold ExtRef| Svc| 2015-06-29 16:38
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USB Type-C Cable/Connector Compliance Test

Normative Parameters

[Type-C to Legacy Cable Assemblies] [Type-C to Legacy Adapter Assemblies]

Time Domain I Frequency Domain Time Domain I Frequency Domain
120.0 T . 350 I 1.000 — — | ~— 120.0 - 3,000 - p— | ~ ~
A | ILfitatNg, IMR, IXT, | | ~ 1150 | I . | ILfitatNg, IMR, IXT, | |
D+/D- Impedance 1 pep.par ! IRL, Mode | 110.0 | ‘ i | 1 D+D- Pair IRL, Mode |
(Tdd11, Tdd22) Conversion - ot e Conversion -
a5 on |11 . . (s4pfiles) Compliance D+/D- Impedanc: . (s4p files) Compliance
“  DaD. O r l I l a I V e : Tool (Tdd11, Tdd22) O r r ' I a I V e - | Tool
8s — 7
so  Propagation [Raw Cable] 80.00 | [Raw Cable]
5 Diff. 1 rtion L (Sdd21) 5.00 | Diff. Insertion Loss (Sdd21)
jo Delay (Tdd21) || . .0 {5ds21, Scs21) ™ ated Connestor] [MatedConnestor]
Bnoan en 3zn -8n 4n 12n 2n gy Mode Conversion (Scd21) Mode Conversion (Scd21)
r13 5011 Log Mag or "5dd217(3g Mg 5. o0odH Tr-]_ﬂn;.. Impedance 20,0 3 5ddll Log Mag 5. 1a”58d21 L3g Wig 5.0004H
[ [MatedConnector] Eéi [MatedConnector] 130.0 | ] iisie _ IMatedConnector] [MatedConnector]
17 4 Diff. Crosstalk 1 Diff. Crosstalk
[Raw Cable] |.. [Raw Cable] 4 " :tSSJ ésuds;cpt [Raw Cab_le] 11 [Raw Cable] m ;(sésg ((:so«:‘dnz;; o
Intra-Pair  |*° Characteristic : [MatecConnector] Intra-Pair | Characteristic Diff. Crosstalk
Skew b Impedance L [D+ID-8 §5) (Sdd21) et Skew s Impedance i ﬂ:lwu.& 55) (Sdd21) s
(131, 742) | (Tdd1, Tdd22) ot Crossiallc(58) (54627, (T31,T42) | (Tdd11, Tdd22 it Crosstalk(58) (54627,
50.00 | 50.00 | . - . Diff. Crossialk
QS,EJV ‘ e J' . “,.lmi‘ I' L‘f“’u E\ﬂ'?"f Insertion Loss (s¢dz21) (D8 59 53k21) :S,EJV:"LV e J| 76.00 _:”‘_" L] U“ { Dﬁw} (D55 (sde2n)
s = o er = s Trms Aut Marker| e W) 2
SCTOR |Zalv] (Sl | | | L] vl ilv] e o] #)(2] X BCTOR | Zalv] (Sl | | S | L Y] 25| leSS)Y] | me v]( 812 ] X]
Honzental Paramatans : Gating | Trace Contral Hanzental Paamaters | Gating | Trace Contral
Ser W | n <> e | n v a -Tudwz Tdcl1 Tdol2 |Messue [Tme Doma | [Déferentia =) S W | n < i > "5 | n v i A -Tﬂd‘z TAc11 Tdo1 2 |Meosre [Time Doma ~ | [Dffersrta =)
| | . Format  [inpedance =[] Pecing
TOR/TDT = Tod2i | Ted2? | Tde2! Tdeo2 |Formst  [mpedance =[] Pecing TOR/TDT . ) . ) Tdd21 Tdd22 Tdet Tdc22
\.\?/ .\?/ \\9/ \?/ Todll T2 Tocll Teol2 [Stimuks [Lowpess 5 =) R N Y Temt Tonz Tecl! Tool2 |Stimuks [Lowpesss v
Eve/ock  ETTTNN SN EEITTN EIEENE (e T e T R oo - Senes ENENEN NN CHEENN SN [Tt T2 |Ten Tocz2 e oo () ERREEN

Hold ExtRef| Svc Hold ExtRef | Svc
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USB Type-C Cable/Connector Compliance Test

D+/D- Impedance (Normative)

Host

CabCon

4 N\
, 2

Device

A

7
uperSpeed (Tx Pair
Full Simplex

5 2

(@s)

o
>

y

()

7
uperSpeed (Rx Pair
Full Simplex

5 2

3

7
uperSpeed (Tx Pair)
Full Simplex

s

\ 4

V AV

A

AY AY

wn

7
uperSpeed (Rx Pair
Ll Siminlas

2

< 4 >
< >

7

D+/D- Pair (USB 2.0

1\ A

Tdd 11 Hal-buplex Tl d 22
—_—
) SBU1 §
) SBU2 §
L wveus
KEYSIGHT

TECHNOLOGIES

*Multiple reflections from impedance mismatches
cause noise at the receiver. Therefore, the impedance
profile provides an indication of multiple reflection
induced noise.

sImpedance is the most used parameter, but is an
indirect measure of the signal arriving at the receiver.

D+/D- Impedance - Specification

75 ohms min and
105 ohms max.

Type-C to Type-C passive cable assembly
Type-C to legacy cable assembly
Type-C to legacy adapter assembly

Note: Should be measured with a TDR in a differential mode using a 400 ps (20%-80%) rise time.

USB Type-C
CabCon
Compliance Test
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USB Type-C Cable/Connector Compliance Test

D+/D- Intra-Pair Skew (Normative)

Host

CabCon

4 )
, 2

Device

y

(@s)

7
uperSpeed (Tx Pair
Full Simplex

5 2

A

S

()

7
uperSpeed (Rx Pair
Full Simplex

s &

w

7
uperSpeed (Tx Pair)
Full Simplex

s

7
uperSpeed (Rx Pair

A;Z;

AYVIAY &Y

D+/D- Pair (USB 2.0

VAA YV AV

lhy(2)

Skew =dRebay(1)-De
—
) SBU1 §
) SBU2 §
L wveus
KEYSIGHT

TECHNOLOGIES

*Intra-pair skew measurement ensures the signal on
both the D+ and D- lines of a cable assembly arrive at
the receiver at the same time.

D+/D- Intra-Pair Skew - Specification

Type-C to Type-C passive cable assembly <100 ps
Type-C to legacy cable assembly

Type-C to legacy adapter assembly <20 ps

Note: Should be measured with a TDR in a differential mode using a 400 ps (20%-80%) rise.

USB Type-C
CabCon
Compliance Test
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USB Type-C Cable/Connector Compliance Test
D+/D- Propagation Delay (Normative)

Host

CabCon Device

4 )
, 2

o

(@s)

7
uperSpeed (Tx Pair
Full Simplex

5 2

>

S

()

7
uperSpeed (Rx Pair
Full Simplex

s &

w

7
uperSpeed (Tx Pair)
Full Simplex

s

wn

7
uperSpeed (Rx Pair

A;Z;

ANANYIAY A Y

Del ay
D+/D- Pair (USB 2.0
Half-Duplex

VAA YV AV

CC1

SBU1

a a a a

SBU2

v v v v

L VBUS )

KEYSIGHT

TECHNOLOGIES

*Propagation delay measurement verifies the end-to-
end propagation of the D+/D- lines of the cable
assembly.

D+/D- Propagation Delay - Specification

Type-C to Type-C passive cable assembly <20 ns
Type-C to legacy cable assembly

Type-C to legacy cable assembly <10 ns
(Type-C to Micro-B cable assembly)

Note: Should be measured with a TDR in a differential mode using a 400 ps (20%-80%) rise time.

USB Type-C
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USB Type-C Cable/Connector Compliance Test

D+/D- Pair Attenuation (Normative)

Host

CabCon

4 )
, 2

Device

o

7
uperSpeed (Tx Pair
Full Simplex

2

(@s)

Vi

>

S

7
uperSpeed (Rx Pair
Full Simplex

2

()

Vi

w

7
uperSpeed (Tx Pair)
Full Simplex

s

wn

7
uperSpeed (Rx Pair

A;Z;

AV A Y AV

D+/D- Pair (USB 2.0
Half-Duplex

VAA YV AV

CC1

SBU1

SBU2

a a a a

L VBUS )

v v v v

KEYSIGHT

TECHNOLOGIES

*Ensures the D+/D- pair of a cable assembly can
provides adequate signal strength to the receiver to
maintain a low error rate.

D+/D- Pair Attenuation - Specification

Type-C to Type-C passive cable assembly =-1.02 dB @50 MHz

Type-C to legacy cable assembly =-1.43 dB @100 MHz
=-2.40 dB @200 MHz
=-4.35 dB @400 MHz

Type-C to legacy adapter assembly =-0.7 dB @400 MHz
USB Type-C
CabCon
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USB Type-C Cable/Connector Compliance Test
ILfitatNg, IMR, IXT, IRL, Differential to Common-Mode Conversion (Normative)

Host

(@s)

Vi

2

CabCon Device
4 N\
—b>
uperSpeed (Tx Pair
Full Simplex
2 4

7
uperSpeed (Rx Pair
Full Simplex

2

(@)

de s4p fil

D+/D- Pair (USB 2.0
Half-Duplex

CC1

SBU1

Y
A A A 4 4‘ M

SBU2

‘
Q
vy VvV V Vv ;05\

L VBUS )

KEYSIGHT

TECHNOLOGIES

*Five parameters (ILfitatNq, IMR, IXT, IRL and
Differential to Common-Mode Conversion) are
calculated for SS+ pairs and D+/D- pair.

*USB Type-C standard tool provided by USB-IF will do
the pass/fail judgment for five parameters based on
measured Touchstone files. (15x s4p or 3x s8p or 1x
s12p file)

ILfitatNg, IMR, IXT, IRL, Mode Conversion - Specification

ILfitatNq [Gen2]
2-4 dB @2.5 GHz, 2-6 dB @5 GHz, =-11 dB @10 GHz
[Gen1l only]
2-7dB @2.5 GHz, 2-12 dB @5 GHz
IMR <0.126 * ILfitatNg? + 3.024 * ILfitatNq - 23.392 dB (f,, = 12.5 GHz)
ISSXT INEXT <-40 dB, IFEXT <-40 dB
IDDXT 2NEXT =-33 dB, INEXT + 1FEXT <-34.5 dB (Informative)
IRL <0.046 * ILfitatNg2 + 1.812 * ILfitatNg - 10.784 dB
Mode Conversion <-20 dB from 100 MHz to 10 GHz

Note: USB 2.0-only Type-C to Type-C cable assembly
includes only the D+/D- pair, VBUS and CC lines. Only the
signal integrity requirement applicable to those signals shall
be tested for such cable assemblies.

USB Type-C
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USB Type-C Cable/Connector Compliance Test
ILfitatNg, IMR, IXT, IRL, Differential to Common-Mode Conversion (Normative)

Vi

Host CabCon Device
4 N\
et
SuperSpeed (Tx Pair
Full Simplex
< <

S

7
uperSpeed (Rx Pair
Full Simplex

()

de s4p fil

(@)

D+/D- Pair (USB 2.0
Half-Duplex

CC1

SBU1

Y
A A A 4 4‘ M

SBU2

‘
Q
vy VvV V Vv soé\

L VBUS )

KEYSIGHT

TECHNOLOGIES

*Five parameters (ILfitatNq, IMR, IXT, IRL and
Differential to Common-Mode Conversion) are
calculated for SS+ pairs and D+/D- pair.

*USB Type-C standard tool provided by USB-IF will do
the pass/fail judgment for five parameters based on
measured Touchstone files. (15x s4p or 3x s8p or 1x
s12p file)

ILfitatNg, IMR, IXT, IRL, Mode Conversion - Specification

ILfitatNg 2-4 dB @2.5 GHz, 2-3.5 dB @2.5 GHz (USB Type-C plug to USB
3.1 Standard-A plug cable assembly)
2-6 dB @5 GHz

IMR <0.126 * ILfitatNg? + 3.024 * ILfitatNg - 21.392 dB

ISSXT <-37 dB

IDDXT <-28.5dB

IRL <0.046 * ILfitatNg? + 1.812 * ILfitatNg - 9.748 dB

Mode Conversion <-20 dB from 100 MHz to 10 GHz

Note: SS pairs is only applicable to Type-C to legacy USB 3.1 (Gen 2) cable assembly.
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USB Type-C Cable/Connector Compliance Test
ILfitatNg, IMR, IXT, IRL, Differential to Common-Mode Conversion (Normative)
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Host CabCon Device
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et
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7
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KEYSIGHT

TECHNOLOGIES

*Five parameters (ILfitatNq, IMR, IXT, IRL and
Differential to Common-Mode Conversion) are
calculated for SS+ pairs and D+/D- pair.

*USB Type-C standard tool provided by USB-IF will do
the pass/fail judgment for five parameters based on
measured Touchstone files. (15x s4p or 3x s8p or 1x
s12p file)

ILfitatNg, IMR, IXT, IRL, Mode Conversion - Specification

ILfitatNq 2-2.4dB @2.5 GHz, 2-3.5 dB @5 GHz

IMR <-34 dB for Th = 200 ps, <-27 dB for Th = 100 ps
ISSXT <-37 dB

IDDXT <-30dB

IRL <-14.5 dB for Tb = 200 ps, <-12 dB for Tb = 100 ps
Mode Conversion <-15 dB from 100 MHz to 7.5 GHz

Note: SS pair requirements are only applicable to the USB Type-C to USB Standard-A
receptacle adaptor assembly. Tb is the unit interval - Tb=200 ps is for USB 3.1 Gen 1 and
Tbh=100 ps is for USB 3.1 Gen 2.

USB Type-C
CabCon
Compliance Test
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USB Type-C Cable/Connector Compliance Test
ILfitatNg, IMR, IXT, IRL, Differential to Common-Mode Conversion (Normative)

ENA Option TDR USB Type-C Standard Tool

T

ost CabCon Device

2

¥

Full Simplex
2

L4
uperSpeed (Rx Pair
Full Simplex

¥

7
SuperSpeed (Tx Pair
q

>
<

B

ere
o 3 10 15

1J5x s4p fiIE
q_Dh’D— Pair (USB 2.0$

Half-Duplex y

ILft @2 56Hz
ILfit@35.0 GHz 8 Expori

cC
SBU1
SBUZ een

VBUS
S —

v o
rrrrrrrr

Import 15x Touchstone files (*.s4p) to do

Perform frequency-domain (S-parameter
d Y (Sp ) pass/fail judgment.

measurements to save 15x 4-port Touchstone
files (*.s4p) for SS signal pairs and D+/D-

signal pair. 8B Tvpe.c
ype-
KEYSIG HT CabCon ‘
TECHNOLOGIES Compliance Test Page 36




USB Type-C Cable/Connector Compliance Test
ILfitatNg, IMR, IXT, IRL, Differential to Common-Mode Conversion (Normative)

o el {Lﬁf (a)Nqut o =]

uperS pleg O Pair
2 : -a0
* " .’ =30 |"| "I
X sdp fllk_sl T\l I“um“
+/D- Pair (USB 2.0 ' . J
Half-Duplex = ALY

15x S4p files B LR IMR:% EMR( FYdr IXTzé jJZXT( Ydr
15x 4-port Touchstone S- DIFREmIEL ISEEn (o8 Integrated crosstalk (IXT), integrated
parameter files (*.s4p) are fitted with a smooth function to multi-reflection (IMR) etc response
saved and imported to the tool. E@?&?sﬂ?elgjg;tlc?/nolfgsGa;z are calculated from S-parameter
(ILfitatNq). files.

osiissn

The tool performs pass/fail judgment based on
the previous calculation.

USB Type-C

KEYSIG HT CabCon

TECHNOLOGIES Compliance Test
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USB Type-C Cable Compliance Test
Obtaining Multiport Touchstone Files (*s12p) with Multiport VNA

« USB Type-C standard tool requires multiport Touchstone file(s) for the pass/fail judgment
of cable assemblies with 6x differential (=12x single-ended) ports.

« To improve throughput of total characterization, the 12-port VNA can create an *.s12p file
with a single measurement.

4-port VNA 8-port VNA 12-port VNA
Receiver Port (Diff.) Receiver Port (Diff.) Receiver Port (Diff.)
1|12|3|4]|5]|6 112|3|4|5]|6

|t 213415 |t 5

12 67|89 =2 | E

K 10 (11 {2 1E B

£ g g

v | 4 13 14 . >

3 o 3 2

2= 15 ik 3

6 6

Port combinations (# of tests): Port combinations (# of tests): Port combinations (# of tests):
182, 1&3, 184, ... 186 (5) 1,2,3,4(1) 1,2, 3,4,5,6 (1)
283, 2&4, 285, 286 (4) 1,2,5,6 (1) _ .
384, 385, 386 (3) 3,4,5,6 (1) => 1X SlZp file
485, 486, (2) — :
526 (1) => 3x s8p files

=>15x s4p files

KEYSIGHT ‘

TECHNOLOGIES

Page 38



USB Type-C Cable Compliance Test
M937XA PXle VNA Multiport Configuration

Keysight PXI VNA (M937XA)
 Full two-port VNA that fits in just one slot.

« Performs fast, accurate measurements and
reduces cost-of-test by simultaneously
characterizing many devices using a single PXI
chassis.

Choice of six frequency ranges, and the ability to Pay only for the frequency range you need with the
upgrade the frequency range (Six frequency models: 4, widest choice of frequency ranges from 300 kHz up to
6.5, 9, 14, 20, 26.5 GHz) 26.5 GHz.

Cascade multiple PXI modules to address multiport Up to 16 modules (32-port) can be added to a single
applications chassis to configure multiport test solutions with a

smaller form factor

True multiport VNA with N-port correction capability A receiver for each test port provides no degradation in
performance up to 32-ports (i.e. dynamic range, trace
noise, stability)

Electronic calibration (ECal) control Perform fast, easy and accurate multiport calibrations



USB Type-C Cable Compliance Test
M937XA PXle VNA Multiport Configuration

Recommended Configuration of Multiport VNA

Model / Option Description ea
M9374A 300 k to 20 GHz, 2-port, PXle Vector 2 (for 4-port VNA)
............ R T Network Analyzer 4 (for 8-port VNA)
- .'m" i idid ggpgg-'r' — 6 (for 12-port VNA)
I.I ‘ M9374A-010 Time domain analysis 1(*1)
' Ll M9374A-551 Full N-port calibrated measurement 1(*1)
N4433A ECal module, 300 k to 20 GHz, 4-port. 1
M9018A 18-slot PXle chassis 1
buT M9037A High-performance embedded controller 1

*1: At least one PXI VNA module must have option 010 or 551 to enable the capabilities
in a multiport configuration.

*2: The list above includes the major equipment required. Please contact our sales
representative for configuration details.

For more information of M937X PXI VNA:

[MOI page] www.keysight.com/find/pxivna_usbtype-c-cabcon

[Product page] www.keysight.com/find/pxivnha

[Configuration Guide] http://literature.cdn.keysight.com/litweb/pdf/5991-4885EN. pdf
[Data Sheet] http://literature.cdn.keysight.com/litweb/pdf/M9370-90002.pdf

USB Type-C
KEYSIG HT CabCon

TECHNOLOGIES Compliance Test Page 40
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USB Type-C Cable Compliance Test
M937XA PXle VNA Multiport Configuration

« All measurement parameters of compliance tests can be obtained with a
single cable connection using a 12-port PXI VNA.
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USB Type-C Cable/Connector Compliance Test

Shielding Effectiveness (Normative)

I
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ﬂ
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7
uperSpeed (Tx Pair

Full Simplex

5 2

Full Simplex
dle/écle q
uperSpeed (Rx Pair
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3

7
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Full Simplex

s

A
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7
uperSpeed (Rx Pair

e

< 2.2

7 >

NY|ADY

D+/D- Pair (USB 2.0
Half-Duplex

VAIA YV

CC1

SBU1

a a a a

SBU2

v v v v

L VBUS )

KEYSIGHT

TECHNOLOGIES

*Measures the radio frequency interference (RFI) level
from the cable assembly

*The coupling factor from differential Tx / Rx pairs to
single-ended cable shield (i.e. Sds21/Scs21) is
calculated.

*USB Type-C standard tool provided by USB-IF will do
the pass/fail judgment based on Touchstone files.

Shielding Effectiveness - Specification

Type-C to Type-C Differential model
passive cable <-55 dB (=1.6 GHz), =-50dB (1.6 GHz to 4 GHz / 5 GHz to 6 GHz)
assembly Common mode

<-40 dB (<1.6 GHz), =-35 dB (1.6 GHz to 4 GHz / 5 GHz to 6 GHz)

Differential model

<-49 dB (<1.6 GHz), <-44 dB (1.6 GHz to 4 GHz / 5 GHz to 6 GHz)
Common mode

<-34 dB (<1.6 GHz), =-29 dB (1.6 GHz to 4 GHz / 5 GHz to 6 GHz)

Type-C to legacy
cable assembly

USB Type-C
CabCon
Compliance Test

RF absorber 4 Page 42

SMA
Shielding effectiveness test fixture



USB Type-C Cable/Connector Compliance Test

[Low Speed Signal] Characteristic Impedance (Normative)

Host  CabCon  Device *Multiple reflections from impedance mismatches

D ( 22 0, cause noise at the receiver. Therefore, the impedance
SuperSpeed (Tx Pair profile provides an indication of multiple reflection

Full Simplex : .

2 induced noise.

sImpedance is the most used parameter, but is an

indirect measure of the signal arriving at the receiver.

Vi

Full Simplex

5 2

\ 4

7
uperSpeed (Tx Pair)

w

Full Simplex

s

-
<

< 7
SuperSpeed (Rx Pair
S

7
uperSpeed (Rx Pair
Full Simplex

[Low-Speed Signal] Characteristic Impedance - Specification

2 VAAV AV

<
>
<
<
#

D+/D- Pair (USB 2.0 CC unshielded or shielded wires 32 ohm to 93 ohm
Half-Duplex
- - SBU unshielded or shielded wires 32 to 53 ohm
) cc1 §
) SBU1 §
T11 SBU2 !
USB Type-C

KEYSIGHT

TECHNOLOGIES

CabCon
Compliance Test
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USB Type-C Cable/Connector Compliance Test
[Low Speed Signal] Crosstalk, V5 Loop L/C, Coupling Factor (Normative)

Host

CabCon

4 N\
, 2

Device

y

7
uperSpeed (Tx Pair
Full Simplex

2

(@s)

Vi

A

S

()

7
uperSpeed (Rx Pair
Full Simplex

5 2

w

7
uperSpeed (Tx Pair)
Full Simplex

s

7
uperSpeed (Rx Pair

wn

FOn SInpiex
y 2

-
< 7 >

AVIA Y AV

D+/D- Pair (USB 2.0

VAIA V A V

Half,Dupl
10x S4p files
) cc1 §
) SBU1 §
) SBU2 §
. vBus
KEYSIGHT

TECHNOLOGIES

Crosstalk, Vg 5 loop inductance, Vg5 capacitance
and coupling factor are calculated for low speed signal
and D+/D- pair.

*USB Type-C standard tool provided by USB-IF will do
the pass/fail judgment based on measured Touchstone
files. (11x s4p or 3x s8p or 1x s12p file)

Crosstalk, Vg5 Loop L/C, Coupling Factor - Specification

Coupling between CC and Differential D+/D1

Single-ended Coupling between CC and D-

Coupling between Vg 5 and Differential D+/D-
Refer to the slide for each

Vgus Loop Inductance, Coupling Factor, Vg5 Capacitance test parameter

Single-ended Coupling between SBU_A and SBU_B
Single-ended Coupling between SBU_A/SBU_B and CC
Coupling between SBU_A/SBU_B and Differential D+/D-

CabCon

USB Type-C
Compliance Test
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USB Type-C Cable/Connector Compliance Test
[Low Speed Signal] Crosstalk, Vg5 Loop L/C, Coupling Factor (Normative)

CabCon

P 2 \
7
uperSpeed (Tx Pair
Full Simplex
L
L
uperSpeed (Rx Pair
Full Simplex

2

¥ i

L4
uperSpeed (Tx Pair)
Full Simplex

e

L4
uperSpeed (Rx Pair
=T SITpTER
g 2

J‘ ' ’I.
D+/D- Pair (USBE 2.0

Mx'$ ﬁp'ﬁles’

VAIAV A VE

cCl g
SBU1 -
SBU2 -
| veus i

Perform frequency-domain (S-parameter)
measurements to save 11x 4-port Touchstone
files (*.s4p) for low speed signal and D+/D-
signal pair.

KEYSIGHT

TECHNOLOGIES
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LISB Type-C Cable Assembly Complianca Tool
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faag
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EEY]
(1284
12s4)
(EEY]
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f23g
HEED]
EEY]

Vs Live/Mar L Il vporation It

Raw 5-Parameters

1100 LD~ LRV .1

friv 0AMHz fmax 1GHz  fetep DODITR2
10— T

CC to D+/D- Goupling, 48

Select Spec e 1o Pt
CC to USB De/D-

— ezt i coupling
e Far o] coripling

1t w*
Value | Margin/Criteria | Pass/Fail
CC to D+/D- 8.4d8 Pass
CcCtoD-, FF | 38 Pass
VBUS to D+/D- 31.168 Pass
SBU_A/SEU_B to CC | 15 8dB Fail
SBU_A/SBU_B to D+/D- 3148 Fail
SBU_A to SBU_B 6.9dB Pass
VBUS Licop 1862 nH <=900nH  Pass
VBUS Cap |8 nF 8~5000F Pass
VRIS P AIAITE R i nen o c=na Dace
Ci¥lnoFa v pWMaasurem Y] Bat |

Import 11x Touchstone files (*.s4p) to do

pass/fail judgment.

USB Type-C
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USB Type-C Cable/Connector Compliance Test
[Low Speed Signal] Coupling between CC and Differential D+/D- (Normative)

Host  CabCon  Device *Measure of coupling between CC and differential
D ( £ 2 ) :D D+/D-.
JuperSpeed Sexxpa" *Coupling or crosstalk, both near-end and far-end,
<}4 2 4 among the low speed signals shall be controlled.
- 7
SuperSpeed (Rx Pair Coupling Matrix for Low Speed Signals
Full Simplex
, 2 Coupling Matrix D+/D- (DF) VeuUS SBU_B/SBU_A
D 7 . :D cc FF, CT FF, CT FF
SuperSpeed (Tx Pair)
Full Simplex D+/D- (DF) N/A FF, CT FF
Q‘ " 2 SBU_A/SBU_B FF FF FF
‘SuperSpee{d (Rx Pair 4 DF: Differential; FF: Full-featured cable; CT: Charged-through cable (including USB 2.0 function)
FOn SIpex .
D q [Low-Speed Signal] CC and D+/D- - Specification
. N
\ Full-featured cable, charged-through cable -60.5dB @0.3 MHz
B} -50 dB @1 MHz
2 - - -30 dB @10 MHz
2 -26 dB @16 MHz
) = > H -26 dB @100 MHz
. SBU2 R T 40
. VBUS 350
E: -60 USB Type-C
KEYSIGHT %, 100 10! 102 CabCon
TECHNOLOGIES Compliance Test Page 46
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USB Type-C Cable/Connector Compliance Test
[Low Speed Signal] Single-ended Coupling between CC and D- (Normative)

Host  CabCon  Device *Measure of single-ended coupling between CC and D-.
( 22 AR *Coupling or crosstalk, both near-end and far-end,
SuperSpeed (Tx Pair among the low speed signals shall be controlled.

Full Simplex

< ;2 4 Coupling Matrix for Low Speed Signals

7
SuperSpeed (Rx Pair Coupling Matrix | D+/D- (DF) VBUS SBU_B/SBU_A

Full Simplex cc EF, CT FF, CT FF

D+/D- (DF) N/A FF, CT FF

SBU_A/SBU_B FF FF FF
DF: Differential; FF: Full-featured cable; CT: Charged-through cable (including USB 2.0 function)

Full Simplex

< g 2

7
SuperSpeed (Rx Pair

[Low-Speed Signal] CC and USB D- - Specification

USB 2.0 Type-C cable -48.5 dB @0.3 MHz
-38dB @1 MHz
-18 dB @10 MHz
-18 dB @100 MHz

-58 dB @0.3 MHz

/ 26 dB @11.8 MHz

FOn SInpiex

D ; 2 R
SuperSpee(lj (Tx Pair)

Full-featured cable

SBU1
« > -27.5dB @10 MHz
. SBU2 R
L VBUS ) -26 dB @100 MHz
USB Type-C
KEYSIGHT CabCon
TECHNOLOGIES Compliance Test Page 47




USB Type-C Cable/Connector Compliance Test
[Low Speed Signal] Coupling between Vg, and Differential D+/D- (Normative)

Host CabCon Device

4 )
—b>
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& Vi
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Full Simplex

>
< <
D e g
<

7
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< , 2

7
SuperSpeed (Rx Pair

e

KEYSIGHT

TECHNOLOGIES

*Measure of coupling between Vg5 and differential
D+/D-.

*Coupling or crosstalk, both near-end and far-end,
among the low speed signals shall be controlled.

Coupling Matrix for Low Speed Signals

Coupling Matrix D+/D- (DF) VeuUS SBU_B/SBU_A
ccC FF, CT FF, CT FF
D+/D- (DF) N/A FF, CT FF
SBU_A/SBU_B FF FF FF

DF: Differential; FF: Full-featured cable; CT: Charged-through cable (including USB 2.0 function)

[Low-Speed Signal] Vg s and D+/D- - Specification

Full-featured cable, charged-through cable -40 dB @0.3 MHz

-40 dB @1 MHz

-40 dB @30 MHz
-30 dB @100 MHz
I1 o ‘10 l ‘ 100
Frequency [MHz]

n
(=]

n
[+

w
(=]

A
S

A
@

USB Type-C
CabCon
Compliance Test

Differential Coupling Requirement, dB
& . ) |
(4,

&
o8
w
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USB Type-C Cable/Connector Compliance Test

[Low Speed Signal] Vg5 Loop Inductance, Coupling Factor, Vg5 Capacitance (Normative)
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7
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v v v v
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KEYSIGHT

TECHNOLOGIES

*The loop inductance of Vg5 and its coupling factor to
low speed lines (CC, SBU_A/B, D+/D-) is controlled to
limit noise induced on low speed signaling lines.

For fully featured cables, the range of Vg5 bypass
capacitance shall be 8 nF up to 500 nF for high-speed
return-path bypassing.

[Low-Speed Signal] Vg Loop L, Coupling Factor, Vg5 C - Specification

Vgys loop inductance <900 nH
Mutual inductance coupling factor <0.3
Vgus Capacitance 8 nF to 500 nF
Portl === ="=-=-=-=-===--===-mmommmee- ' Port2
: L R :
L Moo
1 1
| 7= Cy C, 7 1
- - USB Type-C
CabCon
Compliance Test Page 49




USB Type-C Cable/Connector Compliance Test

[Low Speed Signal] Single-ended Coupling between SBU_A and SBU_B (Normative)

Host

CabCon

4 )
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Device

7
uperSpeed (Tx Pair
Full Simplex

5 2

7
uperSpeed (Rx Pair
Full Simplex

5 2

7
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7
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KEYSIGHT

TECHNOLOGIES

*Measure of single-ended coupling between SBU A
and SBU_B.

*Coupling or crosstalk, both near-end and far-end,
among the low speed signals shall be controlled.

Coupling Matrix for Low Speed Signals

Coupling Matrix D+/D- (DF) VeuUS SBU_B/SBU_A
ccC FF, CT FF, CT FF
D+/D- (DF) N/A FF, CT FF
SBU_A/SBU_B FF FF FF

DF: Differential; FF: Full-featured cable; CT: Charged-through cable (including USB 2.0 function)

[Low-Speed Signal] SBU_A and SBU_B - Specification

Full-featured cable -56.5 dB @0.3 MHz
-46 dB @1 MHz
- | -26 dB @10 MHz
| -25 dB @11.2 MHz

-25 dB @100 MHz

40 b

-50

S USB Type-C

CabCon
Compliance Test

-60

Single-Ended Coupling Requirement, dB

10' 10
Frequency [MHz]

10°
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USB Type-C Cable/Connector Compliance Test

[Low Speed Signal] Single-ended Coupling between SBU_A/SBU_B and CC (Normative)

AY AY
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TECHNOLOGIES

<
521 SBU2 '
VBUS
KEYSIGHT

*Measure of single-ended coupling between SBU A

and CC, and between SBU_B and CC.

*Coupling or crosstalk, both near-end and far-end,

among the low speed signals shall be controlled.
Coupling Matrix for Low Speed Signals

Coupling Matrix D+/D- (DF) VeuUS SBU_B/SBU_A
ccC FF, CT FF, CT FF
D+/D- (DF) N/A FF, CT FF
SBU_A/SBU_B FF FF FF

DF: Differential; FF: Full-featured cable; CT: Charged-through cable (including USB 2.0 function)

[Low-Speed Signal] SBU_A/SBU_B and CC - Specification

Full-featured cable -65 dB @0.3 MHz
-55dB @1 MHz
-30 dB @18 MHz
-30 D> -30 dB @100 MHz

-20

-40 ¢

-50 -

o USB Type-C

CabCon
Compliance Test

Single-Ended Coupling Requirement, dB

10° 10! 107
Frequency [MHz]
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USB Type-C Cable/Connector Compliance Test

[Low Speed Signal] Coupling between SBU_A/SBU_B and Differential D+/D- (Normative)

Host  CabCon  Device *Measure of coupling between SBU_A and differential
D ( L2000 {> D+/D-, and between SBU B and differential D+/D-.
l . i -

g FerEhEE éITeXXPa" *Coupling or crosstalk, both near-end and far-end,
<}4 2 4 among the low speed signals shall be controlled.

« y .

S Upeéiﬁeseirigfe);%" Coupling Matrix for Low Speed Signals
D , 2 ‘D Coupling Matrix D+/D- (DF) VBUS SBU_B/SBU_A

SuperSpee(lj (Tx Pair) . cc FF, CT FF, CT FF

Full Simplex D+/D- (DF) N/A FF, CT FF

q: y 2 SBU_A/SBU_B FF FF FF

SuperSpee{d (Rx Pair

DF: Differential; FF: Full-featured cable; CT: Charged-through cable (including USB 2.0 function)

FOn SInpiex

[Low-Speed Signal] SBU_A/SBU_B and D+/D- - Specification

Full-featured cable -80 dB @0.3 MHz
-40 dB @30 MHz
-40 dB @100 MHz

&
S

N

=}
T
©

&
3
.

o
3
T

Differential Coupling Requirement, dB
&
o

USB Type-C
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USB Type-C Cable/Connector Compliance Test

Informative Parameters

[Type-C to Type-C Passive Cable Assemblies]

[Type-C to Type-C Passive Cable Assemblies]
High Speed Measurement Parameters

Low Speed Signal Measurement Parameters

Time Domain Frequency Domain ‘ Time Domain l Frequency Domain
y — y
120, . 50. - . ~. e MOBE S TIaY =T Log Mog 10.0000) Ref = Tr2 cisil too vag 10.com ref] | ~.
D+/D- Impedance ... D+D- Pair ILfiarthiq, IMR, DX, 0.00 70.00 1 I 10,90 ;
P 000 Atbarmiatinm IRL, Mode \ [Low Speed Signal] [Low Speed Signal]
(Tddﬂ, Tdd22) Conversion " i Conp!mg CC and
: IR 15 (4p fles) Compliance /)  Diff. D+D- (Sds21) Compliance
D+’D' N : S _ S TOOI ag lO ODCR El' TOOl
Propagation s [Raw Cable]
. y N [Low Speed S\gna\
: Delay (Tdd21) | oS ety . [Low Spe SE Coupling between CC |
4n 2n 6n 10n 16 an 12 s2n ) MndaCowers\m(BndZﬂ, . Characteristic Inpedance - and D-(521) and D- (521)
dd2. edance 5. 000L r-‘sl 7ad2z impedance 5.000(8 Tr13 SGOLL Log Mag 5-0000E T 14 5da31 T8 mig 5. D004 45.00 (T11, T22) 21 Log Maa 1000007 Ref T oL Lon wan 20.00087 aef -
) 11 [Mated Connector] [Mated Connector] =% . 40.00 | [Low Speed Signal] [Low Speed Signal]
" - Diff. Insertion Loss (Sdd21) D‘"-Cmss‘ﬂjk o Coupling between Vays SE Coupling between |
[Raw Cable] [Raw Cable] [MatedConnestor] . 55} (sda2n) and Diff, D+D- (S0s21) SBU_A and SBU_B
A v [M?aa,l P ammantar .. . *~ted Connector] L |
Intra-Pair Characteristic I, Crosstik 7 S (s21)
Skew Impedance -835) (3d21) G [Low Speed S\gnal] [Low Speed Signal]
m ——— Coupling betw
0, 2 (Taat, Tadz2) I n O r at I V e sslk(SS) (54621} SE Coupling between sgﬂp.e:]gauea Z?nr:i
I . Crosstalk SBU_AB and CC (S21) i
differential D+/D-
-8 85) (3¢d21) (Sds21)
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USB Type-C Cable/Connector Compliance Test

Informative Parameters

[Type-C to Legacy Cable Assemblies] [Type-C to Legacy Adapter Assemblies]
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USB Type-C Cable/Connector Compliance Test

[Raw Cable] Characteristic Impedance (Informative)
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TECHNOLOGIES

*Multiple reflections from impedance mismatches
cause noise at the receiver. Therefore, the impedance
profile provides an indication of multiple reflection
induced noise.

sImpedance is the most used parameter, but is an
indirect measure of the signal arriving at the receiver.

[Raw Cable] Characteristic Impedance - Design Target

Shielded Differential Pair (SDP) 90 +- 5 ohm.
Single-ended coaxial SS+ signal wires 45 +- 3 ohm.

Note: Should be measured with a TDR in a differential mode using a 200 ps (10%-90%) rise time.

USB Type-C
CabCon
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USB Type-C Cable/Connector Compliance Test

[Raw Cable] Intra-Pair Skew (Informative)
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TECHNOLOGIES

*Intra-pair skew measurement ensures the signal on
both SS+ Tx+ and Tx- lines (or Rx+ and Rx- lines) of a
cable assembly arrive at the receiver at the same time.
*If Delta Time < 10 ps/m: Pass, else: Falil

E5071C Network Analyzer
1Actvedl s §inst State
T

eeeeee

24n 28n 32n
ECEERLE smipext] ¢ | ToR [l [

EU[E [ [ES

3

Note: Should be measured with a TDR in a differential mode using a 200 ps (10%-90%)
rise time with a crossing at 50% of the input voltage.
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USB Type-C Cable/Connector Compliance Test

[Raw Cable] Differential Insertion Loss (Informative)

Host CabCon Device
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*Measure of frequency response that the differential
signal sees as it propagates through the interconnect.
*Cable loss depends on wire gauges, plating and
dielectric materials.

[Raw Cable] Differential Insertion Loss - Design Target

Differential Insertion Loss Examples with Twisted Pair Construction

Frequency 34AWG 32AWG 30AWG 2BAWG
0.625 GHz -1.8 dB/m -1.4dB/m -1.2 dB/m -1.0 dB/m
1.25 GHz -2.5 dB/m -2.0 dB/m -1.7 dB/m -1.4 dB/m
2.50 GHz -3.7 dB/m -2.9dB/m -2.5 dB/m -2.1dB/m
‘ 5.00 GHz -5.5 dB/m -4.5 dB/m -3.9 dB/m -3.1 dB/m
7.50 GHz -7.0 dB/m -5.9 dB/m -5.0 dB/m -4.1dB/m
10.00 GHz -8.4 dB/m -7.2dB/m -6.1 dB/m -4.8 dB/m
12.50 GHz -9.5 dB/m -8.2dB/m -7.3 dB/m -5.5 dB/m
15.00 GHz ~11.0 dBfm -9.5 dB/m -8.7 dB/m -6.5 dB/m

Differential Insertion Loss

Example with Coaxial Construction

KEYSIGHT

TECHNOLOGIES

Frequency J4AWG IZAWG J0AWG 2BAWG
0.625 GHz -1.8 dB/m -1.5 dB/m -1.2 dB/m -1.0 dB/m
1.25 GHz -2.8 dB/m -2.2 dB/m -1.8 dB/m -1.3dB/m
2.50 GHz -4.2 dB/m -3.4 dB/m -2.7 dB/m -1.9 dB/m
5.00 GHz -6.1 dB/m -4.9 dB/m -4.0 dB/m -3.1dB/m
7.50 GHz -7.6 dB/m -6.5 dB/m -5.2 dB/m -4.2 dB/m
10.0 GHz -8.8 dB/m -7.6 dB/m -6.1 dB/m -4.9 dB/m
12.5 GHz -9.9 dB/m -8.6 dB/m -7.1 dB/m -5.7 dB/m
15.0 GHz -12.1 dB/m -10.9 dB/m -9.0 dB/m -6.5 dB/m
USB Type-C
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USB Type-C Cable/Connector Compliance Test

[Mated Connector] Differential Impedance (Informative)
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TECHNOLOGIES

*Multiple reflections from impedance mismatches
cause noise at the receiver. Therefore, the impedance
profile provides an indication of multiple reflection
induced noise.

sImpedance is the most used parameter, but is an
indirect measure of the signal arriving at the receiver.

[Mated Connector] Differential Impedance - Design Target

Mated connector 85 +- 9 ohm.

Note: Should be measured with a TDR in a differential mode using a 40 ps (20%-80%) rise time.

USB Type-C
CabCon
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USB Type-C Cable/Connector Compliance Test

[Mated Connector] Differential Insertion Loss (Informative)
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TECHNOLOGIES

*Measure of frequency response that the differential
signal sees as it propagates through the interconnect.

[Mated Connector] Differential Insertion Loss - Design Target

Mated connector =>-0.25dB @100 MHz
>-0.35dB @2.5 GHz
>-0.45 dB @5 GHz
2-0.75dB @10 GHz
>-1.85dB @15 GHz
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USB Type-C Cable/Connector Compliance Test

[Mated Connector] Differential Return Loss (Informative)
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TECHNOLOGIES

*Measure of frequency response that the differential

signal sees as it

is reflected through the interconnect.

[Mated Connector] Differential Return Loss - Design Target

Mated connector

Differential Return Loss, dB

25k
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USB Type-C Cable/Connector Compliance Test
[Mated Connector] Differential NEXT & FEXT between SS Signal Pairs (Informative)

Host  CabCon  Device *Measure of coupling between the SS differential pairs
(Tx/Rx pair).

é}(\. 4 [Mated Connector] Differential Crosstalk - Design Target

FEXE
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USB Type-C Cable/Connector Compliance Test

[Mated Connector] Differential NEXT & FEXT between D+/D- Pair and SS Signal Pairs (Informative)
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TECHNOLOGIES

*Measure of coupling between D+/D- pair and the SS
differential pairs (Tx/Rx pair).

[Mated Connector] Differential Crosstalk - Design Target

Mated connector <-40 dB @100 MHz
<-40 dB @5 GHz
<-36 dB @7.5 GHz
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USB Type-C Cable/Connector Compliance Test

[Mated Connector] Differential to Common-Mode Conversion (Informative)
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TECHNOLOGIES

Common-mode current is directly responsible for EMI
and Scd21 is a measure of EMI generation.
*Main purpose of this requirement is to limit EMI
emission.

[Mated Connector] Mode Conversion - Design Target

Mated connector <-30 dB @100 MHz
<-30 dB @6 GHz
<-25dB @10 GHz
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USB Type-C Cable/Connector Compliance Test

Differential Impedance (Informative)
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TECHNOLOGIES

*Multiple reflections from impedance mismatches
cause noise at the receiver. Therefore, the impedance
profile provides an indication of multiple reflection
induced noise.

sImpedance is the most used parameter, but is an
indirect measure of the signal arriving at the receiver.

Differential Impedance - Specification

Type-C to legacy cable assembly 76 ohms min and
96 ohms max.

Note: Should be measured with a TDR in a differential mode using a 40 ps (20%-80%) rise time.

USB Type-C
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USB Type-C Cable/Connector Compliance Test

Differential Insertion Loss (Informative)
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*Measure of frequency response that the differential
signal sees as it propagates through the interconnect.

Differential Insertion Loss - Design Target

Type-C to Type-C
passive cable

assembly

Type-C to legacy
cable assembly

Type-C to legacy
adapter assembly
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USB Type-C Cable/Connector Compliance Test

Differential Return Loss (Informative)
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*Measure of frequency response that the differential
signal sees as it is reflected through the interconnect.

Differential Return Loss - Design Target

Type-C to Type-C passive cable assembly  <-18 dB @100 MHz
<-18 dB @5 GHz
<-12 dB @10 GHz
<-5dB @15 GHz

Type-C to legacy adapter assembly <-15dBto 5 GHz
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USB Type-C Cable/Connector Compliance Test
Differential NEXT & FEXT between SS Signal Pairs (Informative)

Host  CabCon  Device *Measure of coupling between the SS differential pairs
(Tx/Rx pair).

M\’ Differential Crosstalk - Design Target

uperSpeed (Rx Pair
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USB Type-C Cable/Connector Compliance Test
Differential NEXT & FEXT between D+/D- Pair and SS Signal Pairs (Informative)
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*Measure of coupling between D+/D- pair and the SS

differential pairs (Tx/Rx pair).

Differential Crosstalk - Design Target

Type-C to Type-C passive cable assembly

Type-C to legacy cable assembly
Type-C to legacy adapter assembly
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ENA Option TDR Compliance Test Solution

Certified MOls available at www.keysi

Cable/Connector/Interconnect
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* For more detail about the compliance test solution with * mark ,
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USB Type-C Cable/Connector Compliance Test Solution

Summary

ENA Option TDR Cable/Connector Compliance Testing Solution is ....
*One-box solution which provides complete characterization of high speed digital
interconnects (time domain, frequency domain, eye diagram)

*Similar look-and-feel to traditional TDR scopes, providing simple and intuitive
operation even for users unfamiliar to VNAs and S-parameters

*Adopted by test labs worldwide

USB Type-C
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Questions?

USB Type-C
CabCon
Compliance Test

KEYSIGHT

TECHNOLOGIES

Page 71



What is ENA Option TDR?

o I |
} i{‘\lr\‘“ v -y‘\ AW ;;«rm\‘ I;’“"‘v-. y P
ST

KEYSIGHT

TECHNOLOGIES

The ENA Option TDR is an application software embedded on the
ENA, which provides an one-box solution for high speed serial

interconnect analysis.

3 Breakthroughs

for Signal Integrity Design and Verification

3’.1\

: ‘ Simple and Intuitive Operation

EREHE
SRS

Fast and Accurate Measurements

—_— ESD Robustness
SD protection inside
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What is ENA Option TDR?

[Video]
Keysight ENA Option TDR
Changing the world of Time Domain Reflectometry (TDR) Measurements

*https://www.youtube.com/watch?v=uBHXkzk4lzk
*www.keysight.com/find/ena-tdr
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Additional Resources

*ENA Option TDR Reference Material
www.keysight.com/find/ena-tdr

*Technical Overview (5990-5237EN)

*Application Notes
*Correlation between TDR oscilloscope and VNA generated time domain waveform (5990-5238EN)

«Comparison of Measurement Performance between Vector Network Analyzer and TDR
Oscilloscope (5990-5446EN)

Effective Hot TDR Measurements of Active Devices Using ENA Option TDR (5990-9676EN)
*Measurement Uncertainty of VNA Based TDR/TDT Measurement (5990-8406EN)

*Accuracy Verification of Keysight's ENA Option TDR Time Domain Measurement using a NIST
Traceable Standard (5990-5728EN)

Method of Implementation (MOI) for High Speed Digital Standards

www.keysight.com/find/ena-tdr compliance
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