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USB Type C Connector and
USB3.1 Test Solution




Agenda

* Introduction to the USB Type C Connector
« USB3.1 Type C Test challenge

« USB3.1 Transmitter Test solution

« USB3.1 Receiver Test Solution
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What is the USB C-Connector?

“One connector to rule them all”
GND | TX1+ | TX1- VBus | €CC1 = D+ - [SBUT vBus RX2- RX2+ GND

GND RX1+ RX1- vBus [JSBUZN D- €C2 | VBus | TX2- | TX2+ GND

Ethernet, DisplayPort, Power, SATA, VGA, USB2 replaced by C type connector. Computers
and tablets will have only one connector for data transport and that will be the USB Type C

| o v' Reversible (can be flipped)
B — v' Can handle 5 Amps at 20Volts

- v Broad application in standards

g = v Low Profile
USB Type-C

v' 10Gbs with way to TlOGbs
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The Communications Ecosystem
Where does USB-C fit?

Handsets &
Devices

Chipsets &
Components

Type-C

KEYSIGHT
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., /
L

Network
| Infrastructure

Base Stations
& Broadband

AL 2G/3G/4G
Base Stations

Cells |

Switches/
Routers

Data & Cloud
Computing

Enterprises

Long-haul
Optical
Networks

Data l

Centers
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USB Type-C Cable and Connector

Key Features:

GND | TH1e | THl= | Veus | 1

USB 2.0 (HS, FS, LS)
USB 3.1 (Genl, Gen2)
Reversible plug orientation and direction
Smaller size
Extra pins for VBUS to achieve higher power
(up to 100W)
Display standards are looking at this as the
next Gen display connector

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

D+ | b= I“Ullmlﬂi-lll]*[ﬁﬂﬂ

GND RX1+ | RX1= | Veus | SBUZ

p- | o |ccz[m[m—|mz+[enn

Bir Bi1 Bi0 B% ha BT B6 b5 LE b3 B2

Figure 2-2 USE Full-Featured Type-C Plug Interface [Front View)

Al2 All AN0 a9 aE AT o] A% A a3 a2 Al
= GND | RXZ+ | ANZ- | Vous | SBUI | o- | D+ [ € | Vous | THI- | ™1+ | GND
GND | THZ+ I m™2- | veus |'u'mn] ] [suu: | weus | Rxi- | AN1+ ] GND

L3l B Bl B4 b5 L BT UL LL] Bia B11 B1z

KEYSIGHT
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13.35mmx2.4mm 8.3mmx2.5mm

Artist renderings cowrtesy of Foxconn, final design subject to change

Source: IDF14 (NETS002), Intel
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USB Type C-Signal Plan

7

High Speed Data Path (TX for USB 2.0 High Speed Data Path
USB, or for DP Alt Mode Interface (RX for USB, or TX for DP Alt Mode)

Al l-AZ A3

Al A5 A6 A7 A8 A9 rAlO All I Al2
GND | ™1+ | Txa-

Veus | cc1 | D+ D- | sBu1l | Vsus |Inxz— Rx2+i GND

GND | Rx1+ | Rx1- | veus | sBU2 | D- | D+ | cc2 | vaus “rxz- X2+ | GND
B12 , B11 Bl | B9 B8 B7 B6 BS B4 B3 B2 | B1
— ) — )
Cable Cable Secondary Plug Configuration Detection
Ground Bus Power Bus * One becomes Vconn,
cable power

* (CCis used for USB-PD
communication

Keysight
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Alt Mode

A port could wake up as USB 3.1, then get configured to DisplayPort 1.3

N A T AN e .

R

|

— J A A k ML

sssssssss USB
. 10Gbps .

7.

KEVSIGHT THUNDERBOLT.  [®) DisplayPort 1.3
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Alternate Mode

— An operational mode of devices on a link that dynamically reassigns USB
Type-C pin functionality by communication via the Power Delivery channel

to change the character of the link.

Example: a ‘device’ can wake up USB3.1 and change to DP1.3

[ ——

D

ownstream Facing Port

Upstream Facing Port

USB3.1

KEYSIGHT
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DisplayPort 1.3, MHL, & Thunderbolt

=

Downstream Facing Port

DP1.3

Upstream Facing Port

Keysight
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Why Does It Matter?

Simplicity and Capability to consumer....
...... Complexity to Designers, Integrators, and Validators

Speed
Speeds of the Future and
Backwards Compatibility

Power

Up to 100 W

Power direction no longer fixed

Standards Integration
\I/\ M H L D DisplayPort

SUPERSPEED + ‘)
- USB™ )
N TUNDERBQLTw

KEYSIGHT
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Implications of Type C for Compliance Testing

Orientation Independence

_> Test time DOUBLES !

Test USB3.1 Twice !,

5 Tx0 [ e | |$TestDispIayPort!
Bz

Downstream Facing Port Upstream Facing Port

DP1.3
N

Keysight
Measurement
Forum
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Test System Changes

1% Application
i T Software
gg RX Test
Type C connector

Pattern Generator,
BERT

5
g
G
g
>
I — . [
% ) | -..T:ﬁ. ;.u;; ;huV|a«mvms Confiuee | Conect Rnu'ms‘lmmmim‘m\ls‘mmll&pf'l‘
Power Delivery oo e o
Controller Application
Software
Power Supply S TX Test
Keysight
KEYSIG HT Measurement



Type-C Implementation Challenges

Implementation without Full-Featured Cable 1 ntatio ite

g i |3 — ssTX1 —
3 o B MUX
g {3~ sSRX1 =
. | |Device
l
8 g |§|— ceca | usB
B A |
Host s " Ek uss D+/ —
usB ? 3 [al4 9
i 4] |
CC Logic i sl [l _ .
— & Vconn rccz = 3! = Ces CC Logic —{ :
Switch I l I
ssTx2 — &l |8 & Bl — sst2 ———
=l & = B MUX
SSRx2 — &/ |§ § |@ — ssSRx2 ———]
: i

* = Flipped twisted through — Position @ < Position @

Keysight
KEYSIG HT Measurement
TECHNOLOGIES Forum Page 14



Sink monitors for
orientation

Source monitors
for connection

USB-PD CC Challenges

Source monitors
for connection

Sink monitors for
orientation

...........................................

Full-Featured Cable
[showing CC and power only)

DRP as a Source (Host)

Veus 5°"'"°°_.ITL_

DRP as a Sink (Device)

ﬁTL—‘ Vaus Source

Cold-Socket,

————————
Connecti Veus Sink .._.|.|.L -er- Veus Sink e tion
and Marked and Marked
Mux o ? h:. ; ViooNN Voonn sV Detact Mux
CNTL bon : ' CNTL

& Viconn Rp 1 . ~ Rp & Vconn
PD =—e Control - —A— :¢—C_3 o or— e - Control  [w—s= PO
Device or Host [ | ;;" > ";; Device or Host
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« USB3.1 Type C Test challenges
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USB 3.1 Gen1 vs Gen2
. Jeem  Gem2

Data rate 5 Gbl/s 10 Gb/s
Encoding 8b/10b 128b/132b
(20% additional bandwidth over 8b/10b)
Tx REF EQ Normative [nformative
Post: -3 dB Pre: 2.2 dB
Post. -3.1dB
Rx REF EQ CTLE CTLE (6 level) + 1 tap DFE
CDR (JTF BW) 4.9 MHz 7.5 MHz
Eye Height / '
Mask
TJ 132 psec (0.66 UI) 71.4 psec (0.714 UI)
Target Channel 3 meter (-17 dB @ 2.5 GHz) 1 meter -23dB @ 5 GHz

Keysight
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KEYSIGHT

TECHNOLOGIES Page 17




USB 3.1 Requires Tx and Rx Equalization
It's all about creating clean eyes

Eye at end of channel

l

— Tx Equalization
* Pre-shoot

* De-emphasis — Rx Equalization
* Pre-emphasis « CTLE
 DFE

1~ nlm /) ‘nfj

] 'f “\\f | { : W! m)j "I /‘/ — " FFE

1 Va —Vb —V d

RN NN

i f \ iy \ 1 N 1 N

J‘ ' . f W, “!y’u

Keysight
Measurement
Forum
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USB3.1 Channel Budget

|Device routin

Cable c@aracteristics

Host Routing ‘

Connector Device

s . ¢-B 2.5dB 0 e
LOSS at Nyq u |St |S 5G 10dB | StdA 3.5dB  MicroB 6.5dB m\*
i . 5G 6.5dB | C 7dB c 6.5dB
identified here. 56 10dB | StdA 3548 C 6.50B
5G 6.5dB | C 4dB Std B 2.5dB d ol
Channel Models 5G 6508 | C 4dB MicroB 6.5dB ‘, | i “
(s-param ete I’S) 10G 8.5dB | StdA 6dB Std B 8.5dB o
. 10G 8.5dB | StdA 6dB Micro B 8.5dB ol
requi red. 10G 8.5dB | StdA 6dB c 8.5dB
10G 8.5dB | C 6dB Std B 8.5dB o -
10G 8.5dB | C 6dB Micro B 8.5dB
10G 8.5dB | C 6dB c 8.5dB
KEYSIGHT oo
Measurement




Polling

USB 3.1 State Machine
LFPSI , l JMHLX:D%

B SC Dl SCDLLFHL,NM Bolling LFPS - i
¥ wret ROy timeoit

Polling. LFPSPIL !

\ -

¥

Polling. PortMatch 1 |

LBPM )ﬁ

-
y

I
pability LBAM handshake
¥

I
" e LPPS Timeout
(D5 Port, or )
Hub US Port) Polling. RxEQ ected Ibﬁmﬁm i
| (DS Port oMLY ™

T!-Eﬂms:hﬁw

Polling. Active 4.

! Timeout [Peripheral
¥ (D5 Port, T51 handshake Device ONLY)

Directed "
m:\\‘ orMubUSPan) | + R 1NMONL\'JJ,-""__

- T Exit to
Polling. Configuration e
|

T52 Handshake

¥

R Detect v
D'r-n:l:nd— Polling. Idle
|

TECHNOLOGIES




USB 3.1 Compliance Patterns

Table 6-13. Compliance Pattern Sequences

KEYSIGHT

TECHNOLOGIES

Compliance Pattern

Value

Description

CFO

D0.0 scrambled

A pseudo-random data pattern that is exactly the same as
logical idle (refer to Chapter 7) buf does not include SKP
Sequences.

CP1 D10.2 Myquist frequency

CP2 D243 MNyquisti2

CP3 K285 COM pattern

CP4 LFPS The low frequency periodic signaling pattemn

CP5 K28.7 With de-emphasis

CP6 K28.7 Without de-emphasis

CP7Y h0-250 1's and 0's With de-emphasis. Repeating 50-250 1's and then 50-250
0's.

CP8 50-250 1's and 0's With w\Without de-emphasis. Repeating 50-250 1's and then
50-250 0's.

CP9 Pseudo-random data patiemn (see section 6.4 .4.1)

CP10 AAR Myquist pattern at 10Gh/s. This is not 128b132b encoded.

CP11 CCh Myquist/2 at 10Gh/s, This is not 128b132b encoded.

CP12 LFSR15 Uncoded LFSR15 for PHY level testing and fault isolation.
This is not 128b132b encoded. The polynomial is
XM 5+xM4+1.

CP13 64 1's and 0's With pre-shoot defined in section 6.7.5.2 (no de-emphasis).
Repeating 64 1's and then 64 0°s at 10Gbfs. This is not
128b132b encoded.

CP14 64 1's and 0's With de-emphasis defined in section 6.7.5.2 (no pre-shoot).
Repeating 64 1's and then 64 0°s at 10Gb/s. This is not
128b132b encoded.

CP15 64 1's and 0's With pre-shoot and de-emphasis defined in secfion 6.7.5.2.
Repeating 64 1's and then 64 0°s at 10Gbfs. This is not
128b132b encoded.

CP16 64 1's and 0's Mo de-emphasis or pre-shoot. Repeating 64 1's and then 64

0’s at 10Gb/s. This is not 128b132b encoded.

Keysight

Measurement

Forum
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USB 3.1 Link Turn-on Sequence
LTSSM states:

Rx. RX. Polling. Polling. Polling. Polling.

Pol\J/ver- —> Detect. —> Detect. —> EI(:)::I)Igg > LFPS > Port- - Port > Eiggg > Z(c)tl:l?eg. - Config- > :?;I)éllng. > IB(;?:?(_
P Reset Active Plus match Config uration
PHY PHY
warm reset | termination | SCD1 LFPS | SCD2 LFPS Capability Ready TSEQ TS1 TS2 it directed
de-assert detected handshake | handshake LBPM LBPM transmitted received received E—
warm handshake | handshake
reset = Ry, RX. : Polling. Polling. Polling. : ) Polling. :
(I:igr?::pe- —> Detect. > Detect. —> EI(:)::I,lgg = LFPS > Port- —> Port > ;iggg > Zgl:l?eg. > Config- > ::j?élmg' -> IE:;%?('
Reset Active Plus match Config uration
A

multiple states

Power-
up

RURIRIRO NIRRT R

SRR

00 0 DIOAMID 0 MBI 8 AN B I B

KEYSIGHT Venorement

TECHNOLOGIES Forum Page 22



Testing USB 3.1 TX

PEE———— [ QR
NE———— @O

ar=a

---------------- = 9
i i : Short Channel Model . e
! b Host Test Long ,"..“""'o 2L O:
I ! , Channel Model T v, .
| | | il \\ __| Ref ¥ ¥
A - [ EXnNRER
1 | . "

i vy
: : Type - _'r
: Host : SCDl, SCDZ, TITIT ' Bit slicer
N B Ping e :

e — SigTest

ownstream Facing Port

PING LFPS
Toggles CMM
P"I"e T* compliance modes
TPA required
at interface
Keysight
KEYSIGHT M?:slgrement
TECHNOLOGIES Forum Page 23




Testing USB 3.1 TX wiType C

1 ! jessmsssssssss==s =i
i | Tx_ [ (! IEEE i
: | RX_ S Channel et JEE ;
[ 1 e ——— H 1
| = - :
L] ! [} L]
! Host | Typec T {DevicelHub |
[ —— Jd [ e

Upstream Facing Port

Short Channel Model
Host Long Channel
Model

SCD1, SCD2,

Ping

Power > rotes
Cc Line

Deliver}" Orientatin ; PUWEF
Controller VST : Delivery

Connection

TX compliance modes

Firen LFPS: cmasi

L i, —_—
) Covphecs Wedesrabled 7 ERAD
"KE-_:rrmIHM Mﬁ,—"

Controller - e rexzePING LFPS
) Toggles CMM

Downstream Facing Port

SC0]LFM harciha s

Paling PortMabeh

KEYSIGHT

TECHNOLOGIES

New TPA... BW=20GHz? ‘ ‘ Page 24



Testing USB 3.1 & DisplayPort TX w/Type C

Controller

Eféiz

ﬂ- Scope

DP Alt Mode Ref Sink Pattern Generator
Controller

line Detect
Power >

. Cc Line
D'EIWE-'F_'I" Orientatin PCIWEP'

Controller veonn,, Delivery

Connection

Controller
Upstream Facing Port

KEYSIGHT ‘ Venorement

TECHNOLOGIES

Forum Page 25
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N7015A Type C Test Fixture

High speed coax
cables, Matched pairs
for TX2+, TX2-, RX2+
RX2-

2 pin header for
SBU1 and SBU2 test
points

Type C plug
connection to DUT
(receptacle)

Y¥V technoLoaies

N7016A
fixture

Vbus and CC lines to
N7016A fixture via USB
Type C (plug style) cable

/

USB2.0 D+
and D-

High speed coax
cables, Matched
pairs for TX1+, TX1-,
RX1+, RX1-

High speed (TX/RX) and D+/D-
lanes to scope
through coax cables

N7015A de-embedding models

will be created and integrated in
to compliance applications and

Infinilum baseline software

Power and Control signals to
low speed N7016A fixture
though type C cable

View SBU1/2 signals

N2787A 3D
probe
positioner



USB3.1 Transmitter Testing SSSTest

» Superspeed Type C

e Mathematically Embed

C cable Device Routing Model
+ CTLE and DFE

(Sigtest or Keysight)

' Mathematically Embed

“ % Ccable model

< + Device Routing Model
r&; + CTLE and DFE

= (Sigtest or Keysight)

Keysight
Measurement
Forum

KEYSIGHT

TECHNOLOGIES
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Testing USB3.1 Transmitters

U7243B Compliance SW

File View Tools Help

-2 = WG -

Task Flow _

SetUp |SelectTests I Configure I Connectl Run Tests I Automation I Results I Html Report

SetUp Test Point

Select Tests

 Host

« b
 Hub - (BETA VERSION 2.00

File View Tools

vV 10G

& Device ¥ Ti Far End (TP1) [~ Debug Mod=

e LFPS Test selection

:
Tasi Flow _| setlp SelectTests | Configure | Commect | Run Tests | Automation | Results | Homi Report |

Test Infe
Reference Clock

&+ 55C
" Radio Friendly SSC

|1— Minimum eye width —'I

#-[] O 5G Transmitter SSC Tests

[]O 106 Test

[ © 5GTransmitter Eye Short Channel Tests (USB-IF SigTest)(Short Channel CTLE On}
[ © 5GTransmitter Eye Far End (TP1) Tests (USE-IF SigTest){CTLE On)

Select Tests

Canfigure

Task Flow _

Select Tests

Run Tests

0 Tests |Fo||ow instructio

(Click a test's nam

Limit Set: USB 3.1 Spq

0 Tests ‘Check the test(s) you would lj

KEYSIGHT

TECHNOLOGIES

= ransmitter Low Frequency Periodic Signaling Tes!
— —

P 4 (BETA VERSION 2.00.9034) USB3.1 - USB3 Device 1*

File View Tools Hel
D@ || )3

SetUp SelectTests |Conﬁgure| Connect | Run Tests | Automation | Results | Heml Report |

=[]0 AlUSB3 Tests

[ O 56 Transmitter Eye Short Channel Tests (USB-IF SigTest)(Short Channel CTLE On)
-[] O 5G Transmitter Eye Far End (TP 1) Tests (USB-IF SigTest)(CTLE On)
0O 106 Test
10O 106 Transmitter Low Frequency Periodic Signaling Tests
[JO 106 SCD and LBPS Tests
1O 10G Transmitter 55C Tests
[]O 106 Ts5CFreq-Dev-Min
~[] 0 106 T35C-Freq-Dev-Max
~[] O 106 55C Modulation Rate
¢[00 106 ssCdffdt
E [JO 106 eye measurement test
i []O CTLE_Adc Selection
B[]0 106 Transmitter Eye Far End (TP1) Tests (USB-IF SigTest)(CTLE On)
~[]© 106 Far End Random Jitter (CTLE ON)
-[]© 106 Far End Maximum Deterministic Jitter (CTLE OM)
~[]© 106 Far End Total Jitter at BER-12 (CTLE ON)
-[] O 10 Far End Template Test (CTLE ON)
-[] O 106 Far End Differential Output Voltage (CTLE ON)

Test Group: 5G Transmitter S5C Tests

Description: 55C tests performed at the near end test point (TPO) of the transmitter, Test limits are
referenced to USB 3.1 Specification, version 1.0 tables 6-17 and 6-18.

]

0 Tests |Ched( the test(s) youwould lke torun | Connection: UNKNOWN

minimum eye height

Keysight
Measurement
Forum Page 28



N8821A/B USB 3.1 Gen1/Gen2 Protocol Trigger
& Decode

USB 3.1 Genl and Gen 2 protocol
decode in less than 30 seconds

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

Integrated software-based protocol-level
triggers

Save time and eliminate errors by
viewing packets at the protocol level

23 S ms .27 ms .29 ms
\-mlmljljljll | of 8| Protocol sef

Use time-correlated views to quickly = d
troubleshoot serial protocol problems e e

407.169740 us
440.383023 s

back to their timing or signal integrity ; e —.

539.958469 us

573.173358 us
root cause EexrTTeT

683.084834 ps
710.661202 s
737.680334 ps
764.650942 ps
791.713007 ps
818.722409 us

KEYSIGHT Venorement

TECHNOLOGIES
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* Introduction to the USB Type C Connector
« USB3.1 Type C Test challenge

« USB3.1 Transmitter Test solution

« USB3.1 Receiver Test Solution

e Summary
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USB 3.1 Fundamental Setup

© original dataand RX Testing Target ! Retimed data with
filler symbols fo <f
. B A
sent with f, T T T 7 T ]
LT T TT T T 171 -
s LT T T T T T ]
. K : fg> f,
Receiver

Channel

[ ] data-symbol
[_] filler-primitive

KEYSIGHT

TECHNOLOGIES

ransmitte

Device
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USB 3.1 LTSSM

- - Thres-strike timeout First LFPS timeout, - -
Ol o q‘“\\ (DSP ONLY) Compliance Mode enabled /f_ Exit to _H\\

Eﬂ.lnadivi/ I Polling. LFPS . Compliance M?EE’/
-— SCDALFPS handshake Polling.LFPS handshake ———————#
* and Blus timeout
- I ] -
Polling.LFPSPlus ’
— [ BOus timeout —e
SCD2.LFPS handshake
D Polling.PortMatch I -
- *
PHY Capability LEPM handshake
B Palling.PortConfig T h -
-
Gen2 !
PHY Ready LEPM handshake  Handshake _ LFPS Timeout
LFPS Timeout *, failure [Peripheral Device OMLY)
(D5 Part, ar " Directed
Hub S Port) Polling.RxEQ: Directed (DS Port ONLY)
| T T ——
TSEQ Ordered Sets Transmitted
Polling.Active T
- -
Timeout Timaout [Peripharal
r (D5 Port, TS1 handshake DEI':}E C'h:-"']
- Hub US Part] irecte R
Exit to _H\\_ o “Id I ¥ - {DS Part ONLY) '_,_.r-f—E .
- | . iy it to
Rx.Detect Polling.Configuration I - %
___,-/r -— E-Lontg ( 55, Disabled
| S
T52 Handshak ;
o RX testing - loopback
Exit to Polling.ldle /,,— Exit to ‘-‘“\,
Directed——— [———Directed
Hot Reset

)

_ Idle Symbal Handshake

Exit to UO
— Keysight

KEYSI‘;II‘I 1 B Measurement

TECHNOLOGIES Forum Page 32



Typical USB 3.1 Link Turn-on Sequence

LTSSM states:

Rx. RXx. Polling. Polling. Polling. Polling.

Pol:/ver- —> Detect. —> Detect. —> Eg:l'gg = LFPS > Port- - Port > Eiggg > igtl:yeg' - Config- > :?j?glng. > IE)Z\%FI)(-
P Reset Active Plus match Config uration
PHY PHY
warm reset | termination | SCD1 LFPS |SCD2 LFPS Capability Ready TSEQ TS1 TS2 if directed
de-assert detected handshake | handshake LBPM LBPM transmitted received received D
warm handshake | handshake
reset = Ry, RX. : Polling. Polling. Polling. : , Polling. :
ﬁgrr:g ——> Detect. > Detect. —> E::J:l'gg => LFPS > Port- —>  Port > Eiggg > Zgl:l?eg. = Config- > :;?gmg' > IBC;%T(_
Reset Active Plus match Config uration
A

i multiple states

Power-
up

AR I L S ) | " | " | " i |

LBPM PHY Capability/ PHY Ready

KEYSIGHT

TECHNOLOGIES

Measurement
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Loopback Training — USB 3.1 LTS tool

<> |JSB Link Training Suite

File  Instruments Options

Timing
Data Rate: 5 GBEit’s

Analyzer Clock: custom COR + B3C

=3 =R
Help
Signal Impainments

off Titterf3SC...

UEE Phyrsical Parameters
DUT Twpe: Speed Class:
Device v] [SuperSpeed - ]
Link Training Pattermn Loophack Paj
l Edit Training Parameters. . I Gl
Pattern Fils:
l Edit LFFS time intersals I
Clock Tolers
SKP Ordered

1 {2 BEF Sy

[] enforce H

<> Sequence to Loopback for SuperSpeedPlus

= o]

LFPS Burst

= Ushfyperipeadiue LFPE Lignaling

Birary Represenialion of Poling LFPS

IRt & Sk Bud - iRapaat-1 = 1 tus-tdin
- = Parod e . a | - Wencd ‘f"“:' . 2
1] I | II| |”| IHI | I | | |'I I|'I |”I
AV RTATAYATA VAo i i AT -
(] il
U IRIRIRI
INARRRA || RRN .| ',JI IRl
I el 1T - Lk 8
Frriad Bl FapantD Faguuk] Ebctrial Hke
50 m 1 W TS W 115 i Chck
Logic Representstion of LEPS
P = Dus-2 dim - P = fus-T s
ILFP5-3 - LRS-
— FPurwa —'F'lﬂn-l
[ A
(1l |r|| |I| | | || I I| III I| |I| |||
'|||'|||I||I|| . J |||||H||||||I |'I|I|||—n—
||| ||| Il || UV || n | I| [/ |||
-I |l Ii Vol I I |.I I-I Il
FHH Em - L1 - =
12 m 045 m 1588 m QK Delmik Camiel

Training Method:

4 Trigger Events Count

R Detect to Polling LFPS:
10 Delay after Feset (ms)

Polling LFPS to Polling LFFEFIus:

2 BCD1 Count
Polling LFPEFlus to Polling. PortConfig:
4 BCD2 Connt

Polling Porttdatch to Polling PortConfig:

4 LEPM Count
Polling PortConfig to Polling ExEQ:

8 LEPM Count
Polling F.xEQ to Polling Lctive:

16368 TEEQ Commnt
Polling &ctive to Polling. Configuration:

6400 TE1 Count

Polling Configuration to Polling Idle:
A400 Ta2 Count

(w ) (o] (o]

« USB Link Training
Suite is a trainings
seguence generation
tool for USB3.1
Genl/2

« Easy manipulation of
* SCD1/SCD2/LBPM cycles
* TSEQ count
* TS1 count
* TS2 count

* LFPS parameters
adjustment:

* tPeriod, tBurst,
tRepeat, tPWM....

* Choice of:

* Power On sequence

* Warm Reset sequence

Measurement

Keysight
Forum
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USB 3.1 Gen 2 coding - 128b/132b Coding

4 bit header to avoid link reset problems from PCle 8G
0011 marks a data block and 1100 a command block
SYNC block is used to reset scrambler and to gain block alignment

Same scrambler polynomial as PCIE 8G:
G(X) =X+ X2+ X6+ X8+ X5+ X2+ 1
Block header bypasses scrambler and does not advance scrambler

Command block scrambler rules

« TS1,TS2, TSEQ
symbol 0 bypasses but advances scrambler
symbols 1 to 13 are scrambled

symbols 14 and 15 bypass scrambler but advance scrambler if used for DC balance
otherwise they are scrambled

» SKP OS bypasses scrambler and does not advance scrambler
« SDS OS bypasses scrambler but advance scrambler

All blocks are 132 bit long except SKP OS which can be shorter or longer

SKP END symbol is used to regain block alignment

Keysight
Measurement
Forum

KEYSIGHT

TECHNOLOGIES
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M8000 HW coding, Scrambling capability
Pattern editor support 8b/10b & 128b/132b coding

m Rao et I — Tditor % -E Systemn View

USB 3 1 Gen2 )

" usB_3 1 SKP_TSEQ - Pattern

Settings -

=~ Data View

Vv ___v__4001100110011/001100110011:0011/00110011
] 00110011001100110011001100110011
00110011/001100110011:0011/00110011 ~ Colors
11001100/00000000/00000000/00000000 | - visuals
——_VvvY____(001111100001|]11100001]11100001|11100001
i 11100001(1110,0001({11100001(1110,0001
11100001/11100001/11100001/11100001 TSEQ
1110;00011110500011110500011110:0001

Status Indicatore -

SR |

[em

USB 3.1 Genl

‘es View

Y R =

= Sequence Edi

itor ™~ Jitter Tolerance 1

"4 CPO_2SKP_SCRAMBLED_b8b10 - Pattern =

Settings e I

~ Data View

Data View Mode

~ Colors

~* Visuals

KEYSIGHT

TECHNOLOGIES
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Receiver Jitter Tolerance curve
Gen1 vs Gen2

\

(0.5MHz, 2)
\

: (1MHz,1)
o - 1
* RxJtol RJ & Tx EQ updated by ECN 3 B
% Gen 2 define 7 SJ points in spec. o0
. . . z,0.
% Gen 1 define 5 SJ points in Spec, RJpp oz (
but 8 points in CTS 0.|17 T A
U L3 Tz
: it
m-[ﬂl[ﬂ_m Frequency, 1
Tolerance comer MHz
JR] Randum JII'[EF ﬂ ﬂ121 U.D‘IDG U| rms Figure 6-28. Jitter Tolerance Curve
Jrpp Seygom Jinerpeak-peak g.47  0.141 i | (0.5MHz, 2.56)
Jpi_sookHz 2 2.56 Ul p-p
Jei 1ane 1 1.28 Ul p-p
Dl 05 0.64 Ul pp _ (1MHz,0.1.28)
JP,_nqu Sinusoidal Jitter MNIA 0.32 Ul p-p i (2MHz,0.64
I-Jp-j_” 0.2 Q.17 Ul P-p E
Jpy somrz 0.2 0.17 Ul p-p i (4MHz,0.32
Jpi 100mHz N/A 0.17 Ul p-p I
V_full_swing  Jrgnsition bit differential  o75  TBD Vp-p R COVEz013
. pp0.14 = — — —~(75MHz,017) — —(100MHz0.17)
N Py - — —
V_EQ_level  feonipnsiion bitvoltage 3 el B dB ur -y
FIrD;anqr |
Figure B-28, Jitter Tolerance Curve
Keysight
KEYSIGHT Measurement
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USB 3.1 gen2 10Gb/s
RX Calibration Procedure .

Before Channel Cal Steps:

* Channel Verification

» De-emphasis signal calibration before channel
 Calibration of RJ before channel

e Calibration of SJ before channel

23dB Channel Cal Steps:
« Eye width and eye height calibration after a 23dB channel
» Pre-calibration with fixed de-emphasis to select correct CLB, measure is EH
« EW tuning by adjusting de-emphasis and if necessary SJ2
* EH fine tuning by adjusting amplitude

Keysight

Measurement
Forum

KEYSIGHT

TECHNOLOGIES
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USB 3.1 Gen 2 N5990A Rx Auto Calibration SW

RX Cal Targets

—

Calibration channel 2

J)

RJ (Random Jitter)

SJ (Sinusoidal Jitter)
500kHz
1MHz
2MHz
4MHz
7.5MHz
10MHz
20MHz
33MHz
50MHz
100MHz

Eye Height

Eye Width

KEYSIGHT

TECHNOLOGIES

2.1

2.5
14

-3.0
0.9

4.284
1.827
0.873
0.333
0.153
0.153
0.153
0.153

0.153
0.153

70 (10°%)

48 (10°%)

23

145

800
2.2
-3.1
1.0

4.76
2.03
0.87
0.37
0.17
0.17
0.17
0.17
0.17
0.17

70 (10°%)

48 (10%)

Max Unit

23.5 dB@5GHz

15 dB@5GHz

mV

2.3 dB

-3.2 dB

1.0 ps RMS
Ul pp

4.76
2.03
0.87
0.37
0.17
0.17
0.17
0.17
0.17
0.17

75 (10%) mV

50 (10) ps

SigTest

Technology Template

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A
usb_3_10gb USB_3_10Gb_Rj_Sj_CAL
usb_3_10gb USB_3_10Gb_Rj_Sj_CAL
usb_3 10gb USB_3 10_CP9_RX CAL_CTLE_N5dB
usb_3 10gb USB 3 10 CP9_RX_CAL_CTLE_N5dB

Page 39



USB 3.1 Gen1/Gen2 M8020A Receiver Test Setup

M. Destalnd

Use upper
port
Device Test -
Fixture 1 DUT ¢
. [
’ : 6 inch USB3 :
Device Test Cable SEH 0,00 400
Fixture 2

Key capabilities:

* Analysis of coded & retimed data

» Support of 8b/10b and 128b/132b HW coding and decoding as well as HW scrambling
» Generates calibrated stress conditions for RX test (SSC, SJ, RJ, De-emphasis, ISI)

* Emulate LFPS 3-level signals with built-in electrical idle for loopback training and via channel

Keysight
Measurement

Integrated Link Training, Tx Eq, Noise Impairment, Variable ISI, Receiver
Equalizer/Eye Opener
Forum Page 40



Agenda

* Introduction to the USB Type C Connector
« USB3.1 Type C Test challenge

« USB3.1 Transmitter Test solution

« USB3.1 Receiver Test Solution

« Summary

KEYSIGHT

TECHNOLOGIES

eeeeeeeeeee
FFFFF




Keysight USB 3.1 Type-C Total Test Solution

Transmitter Test

N

Interconnect Test

~

4 Receiver Test

-
U7243B - BgzggA |'
; ompliance
SW USB Compliance
Test Software l Test Software
M8020A J-BERT High-
> Performance Serial BERT
DSAV254A E5071C ENA Option TDR
Infiniium
SCOpe ~: 3 = 5
A |
m.@o.e Y e e ol
s Rx Test Fixture
P X
N7015A/16A from USB-IF
. Tx Test Fixture
Fixture
_ Test Fixture
p-
DUT
N S Cable

~

KEYSIGHT

TECHNOLOGIES
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Keysight USB Type-C
PD(Power delivery) so

KEYSIGHT

TECHNOLOGIES

lution

Thunderbolt™ 3
delivers best USB-C

More
Speed

More
Pixels

More
Power

More

Protocols [8) pisplayPort PCI>:
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— Power Delivery

— PD protocol solution

« N8837A Keysight USB-PD protocol decoding/triggering solution
* N8840A Keysight USB-PD electrical & protocol compliance

— N8840A PD Compliance solution
« eMark Cable

» Power delivery Provider/Consumer and Dual Role Power

Gl & 8,

The familiar USB "trident” logo gets new

meanings. Overlaid on a battery, it means the
KEYSIGHT USE port is good for charging or running
TECHNOLOGIES devices that need lots of elecirical power. The

SS denotes the 5Gbps data-transfer rate of USB
3.0; 55 and 10 denotes the 10Gbps speed of
UsSB 3.1



Power Delivery
Configuration channel

VBus
< O O >
Host(DFP) Device(UFP)
A
BMC PD BMC PD
Controller — | Controller

Rp : Pull up Resister

KEYSIGHT Rd : Pull down ReTgister

TECHNOLOGIES Page 45



Power Delivery
Type-C Cable Type

— Standard(Unmarked) Cables (Limited to 3SA@20V
peration)

« USB Full-Featured Type-C cable
« USB 2.0 features only Type-C cable
« USB Type-C captive cable

— Electronically-Marked(eMarker) Cables(Required for FESSTSe ‘» =
5A@20V operation -

« USB Full-featured Type-C cable
« USB 2.0 featured Type-C cable

Keysight
Measurement
Forum
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USB-PD ‘eMarker’ Cable

Active cable

- eMarker cable has chip inside of cable
- Chip active power received from Vconn
- Can support 20V, 5A
- To communicate with DFP, it use
SOP’ (SOP prime) or SOP”(SOP double prime)

soP |
Packet !

SOP” Packet

'
<«
1

SOP Packet

P
Dl

SOP* Communication Keysight
KEYSIG HT ‘ Measurement

TECHNOLOGIES

Forum Page 47
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USB Type-C power
VBUS and VCONN Power

s VBUS
= Supplied from Source to Sink
= \/oltage range : 5V ~ 20V
= Current : 1.5A~5A

< VCONN

» eMarker Cable and VCONN Powered accessory ONLY

= Voltage : 5V(Sourced by DFP)

Vconn power

blocked by
powered cable

KEYSIGHT

TECHNOLOGIES

Figure 4-2 Cable IR Drop for powered cables

+5V

Vconn

GND

Y

500 mV

VBus

Vconn

WAVAVA VAYAYA VAVAVA
Rcontact Rcable (Veus) Rcontact
Iso Rcable (Vconn) Iso
en [T Y (<)
][y
Rcontact Rcable (GND) Reontact
VAYAYA YAYAYAe YATAYA

Sink

250 mV

GND
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Power Delivery
Essential Acronym

DFP
UFP
DRP

DRD

Provider
Consumer

SOP/EOP
VDM/VDO
BIST

M cc

Downstream Facing Port (data role —PD and USB)
Upstream Facing Port (data role — PD and USB)

Dual-Role Power, Capability of operating as either a
Source or Sink

Dual-Role Device, Capability of operating as either a
DFP or UFP

A capability of a PD Port (typically a Host, Hub, or Wall Wart DFP) to
source power over the power conductor (power role)

The capability of a PD Port (typically a Device’s UFP) to sink power from
the power conductor (power role)

Start of Packet, End of Packet
Vendor Defined Message/Vendor Data Object

Built In Self-Test, Power Delivery testing mechanism for
PHY layer

Configuration channel Page 49



Agenda

— PD protocol solution

Keysight
Measurement
Forum Page 50

« N8837A Keysight USB-PD protocol decoding/triggering solution
* N8840A Keysight USB-PD electrical & protocol compliance

KEYSIGHT

TECHNOLOGIES

Gl & 8,

The familiar USB "trident” logo gets new
meanings. Overlaid on a battery, it means the
USE port is good for charging or running
devices that need |ots of elecirical power. The
SS denotes the 5Gbps data-transfer rate of USB
3.0; 55 and 10 denotes the 10Gbps speed of
USB 3.1




Power Delivery protocol solution
Keysight USB PD protocol triggering and decoding

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

gl olsvae]

Waveform Window 1

AN RN B RS M R AR RN ARk MR AN A AR AR AN R A AN AN AR A A R R B R R R A R AN A g

SEJ eI/, | SE3W Wil

Wi b s M e w s e Nl ey b R wha e A s s Vel e man il Sanw i s ae oy banle s al il B

Vendor Defined

-3.89 ms -384ms

© 500 ps/ |[-5.7352366899 ms| (@)

© (500 e/ ][40,

| Protocol 1 Listing : USB Power Delivery
= %) Resulis
a_ Index | Time Memory 1: USB PD Packet a)
02823999 ms|[Vendor Defined (Discover Identity Re A 6.14160193 ms R o o A S B P D d Vb I I
) U CC an us line signa
.25660228 ms|Ping -6.11495177 ms Structured VDM Version =

-4.71950160 ms | BIST Receiver Mods -6.08825241 ms
-4.04095316 ms|Hard Reset -6.06160176 ms
-3.71930269 ms | Cable Reset -6.03495190 ms
-3.39765177 ms | GoodCRC -6.00825226 ms
-2.85930211 ms| S0P Prime Debug -5.98160200 ms
-2.53765261 ms|SOP Double Prime Debug -5.95495278 ms
-2.21718863 ms|Accept -5.92823999 ms|SYNC-1,5YNC-1
-1.68005213 ms|Ping -5.89494015 ms|SYNC-2,5YNC-1
-1.14290208 ms | GotoMin -5.86160239 ms|6F
-604.60230 ps [ GoodCRC -5.82825301 ms |16
-66.25263 ps PS_RDY 5.70495252 m:
470.84760 ys__| GoodCRC R \NumDO|Messid |P| 5 PR
1.00919764 ms | Reject -5.72825262 ms o oa o3 0| ox 1|0
1.54629759 ms |Get_Source_Cap -5.69495237 ms Standard or Vendor ID (SVID v
- -5.66160257 ms [ i >

VDM Type = Structured VL

Standard or Vendor ID (Sv
= D34B ED66 (GOOD) l:|
Hex v

B Seguence(A—B)

Edge Then Edge A 10... [Ghorcuts @ ruto

Timeout pr—— o

" Gy © Triggered
Window O —
Pretocol v )

-Protocol —————————————— Source

A

uoneulioju] 1axyded paps|es

|setu

Clear Trigger
Settings

Save/Load
Trigger Setup...

BIST Receiver Mode
BIST Transmit Mode

USB PD protocol decoding window example

BIST Carrier Mode 2
BIST Carrier Mode 3

Hardware serial trigger in S-Series

Keysight
KEYSIG HT Measurement

TECHNOLOGIES Forum Page 51



Power Delivery protocol solution
N8840A USB Type-C compliance test program and solution

Application  Options  License  Windows  Help
0V
Packets Info", 4 b % [Packets Detils™, 40
Fackets Update Test detalls on packet select .
Selected Packet Details
.. Port.. Message SOP ) Messag... vI. Payload ..
n vy oo Field Description Raw Data Value
9 DFP PS_RDY SOP-Sync... Control 2 0x0... ( Message Type 06F endor Defined
10 UFP  Good CRC SOP-Sync... Contral 2 0x0... ( B4 Resenved 0x0
1 DFP |Get Sink Capabilty ~ SOP-Sync Control 3 0x0 ( 55 Port Data Role 01 DFP
12 UFP |Good CRC SOP-Sync... Control 3 0x0... ( B7.6 Specification Reision 0x1 1
13 UFP  Sink Capabilities SOP-Sync.... Fixed Supply; Data 1 0x1. 0x2A019.. ( 58 Port Power Role 0t Source i
14 DFP |Good CRC SOP-Sync... Control 1 0x0... ( B11.9 Message ID Ol 4 I
15 DFP  Vendor Defined SOP-Sync... Discover |dentity-Initiator ~ Data 4 0x1... 0xFFO0B... ( 51412 Number of Data Object 0x1 1
16 UFP Good CRC SOP-Sync... Control 4 0x0 ( 515 Resenved 0x0
17 UFP  Vendor Defined SOP-Sync... Discover Identity-Responde... Data 2 (5. 0x110000...(
18 DFP Good CRC S0P-Syrc contol 2 0x0 (]| E-PDO[1] = VDM-Header-Discover Identity-Initator (0x01 0x80 0x00 0xFF )
19 DFP  Vendor Defined SOP-Sync... Discover SVIDs-Initiator Data 5 Oxt... OxFFO0S... (
20 UFP Good CRC SOP-Sync Control 5 0x0 (
21 UFP Vendor Defined SOPSync... Discorer SVDsResponcer.. Deta 3 0. OO0 ]| ooeto Standard or Vendor D (SVID)  (FFO0 fe2g
22 DFP (Good CRC SOP-Syrc... Comal 3 0x0. q Pt VDM Tipe ] Stuctured VO
B N B14.13 Structured VOM Version 0x0 Version 1.0 .
\ q4b

m L] . [] Split Analysis Signal Bus Diagram Marker

Supply Type o Fixed Supply
Data. Msg-Vendor Defined Ctrl Msg-Good CRC Bz DuakRale Power oxp False
" 4 . r lB28 US8 Susperd Suppanad w0 False
Preamble ) 4 PD Object(s) Discover Identity-Responder ACK Preamble  SOP-SHeak - Etemaly Povared o0 Faize
626 US8 Commurications Capatle o Falss
/B2 Data Rl Swap o0 Faise
lB24 22 Resaned o0
621,20 Bosk Curert o0 Fask curent aquals 10C
813,10 Viotags oF0 12000my
= Masimum Curent oz 3000mA

y-Sourcs (20 Ovd 1 006 0300 )

Fiesd Desaription

Single shot of N8840A software as protocol decode

oz 3000mA

PD software decoding example
Keysight

KEYSIG HT Measurement

TECHNOLOGIES Forum Page 52



Power Delivery protocol solution
Quick Comparison

N8837A USB-PD N8840A USB-PD

Protocol trigger and Electrical and protocol
decode compliance
Trigger Hardware based trigger No
on S-Series
Search Yes No
Decoded Fast Slow (save to storage and
data read again)
processing
time
Segmented Yes support No
memory
Compliance No(Debugging only) Yes

Page 53
test
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Ag e n d a Measurement
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— N8840A PD Compliance solution
« eMark Cable

» Power delivery Provider/Consumer and Dual Role Power

Gl & 8,

The familiar USB "trident” logo gets new
meanings. Overlaid on a battery, it means the
KEYSIGHT ; USB plort is qodo-lzl for (;he;rqing c|>r r'unninr;T]h
evices that need lots of electrical power. e
TECHNOLOGIES SS denotes the 5Gbps data-transfer rate of USB
3.0; 55 and 10 denotes the 10Gbps speed of
UsSB 3.1




PD compliance test solution
N8B840A USB Type-C PD compliance test software

— Runs on Windows based oscilloscopes
— Perform BMC-PHY Compliance tests
— Decodes USB-PD protocol

— Automates Compliance tests when used with Type-C test controller

— Developed by GRL(Granite River Lab)

Keysight
Measurement
Forum

Page 55
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USB-PD Test type

Power Delivery Compliance Plan
for the Power Delivery Specification Revision 1.0
Version 2.0

Version 0.900 (V2.0)
29 Oct 2015

Power Delivery Compliance Plan

11 COMMON TEST PROCEDURES 09
111 BMC-PROC-PD-MODE: Getting into PD Mode 09
11.1.1  UUT initially a DFP (Source) or a DRP initially connected to a Tester (Sink) . 209
11.1.2  UUT initially a UFP (Sink) or a DRP initially connected to a Tester (Source) .. 210
112 Hard Reset Monitori 211
12 TEST OVERVIEW 212
121 Cable Markers - Primary Tests 1
1211  Physical Layer - Transmit 1
1212  Physical Layer - Receive 1
1213  Physical Layer - Miscell 1
1214  Protocol Specific. 1
122 Power Delivery Devices - Primary Test: 13
1221  Physical Layer - Transmit. 13
1222 Physical Layer - Receive 13
1223  Physical Layer - Misc 13
12.24  Protocol Specific. 13
1221  Power Source/Sink 14
12.3  All Devices - Secondary Checks 15
1231 Message Checks 15
12.3.2 Proced_ure; and Procedure Checks 16
13 TEST DESCRIPTIONS 18
131 CHAPTER 3 - CABLE AND CONNECTOR TESTS 18

12.1 Cable Markers - Primary Tests ......

12,2 Power Delivery Devices - Primany Teots. .. e eeeeeeesasasasasasas serere e res s eseseses s smene s 2o

12.3 Al Devices - Secondary Checks

KEYSIGHT

TECHNOLOGIES
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USB-PD ‘eMarker’ cable
Test setup

Windows Scope with
GRL-USB-PD
Automation SW

cc v,

GRL-USB-PD-C1
USB Type-C™ Test
Controller

Passive
Probe

Passive VbUs
Probe

USB Type-C ‘eMarker’
Cable Under Test

© GRL

KEYSIGHT

TECHNOLOGIES
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USB-

Tests

PD ‘eMarker’ cable

Test Test Test
Group Description Name
Primary Tests

1 Primary Cable Marker Tests

1.1 CABLE PHYSICAL LAYER TESTS - TRANSMIT

TD1.1.1 Cable Transmitter Eye Diagram Test (SOP Prime) CAB-PHY-TX-EYE

TD 1.1.2 Cable Transmitter Eye Diagram Test (SOP Double Prime) CAB-DP-PHY-TX-EYE

TD1.1.3 Cable Transmit Bit Rate and Bit Rate Drift (SOP Prime) CAB-PHY-TX-BIT

TD1.1.4 Cable Transmit Bit Rate and Bit Rate Drift (SOP Double Prime) CAB-DP-PHY-TX-BIT

1.2 CABLE PHYSICAL LAYER TESTS - RECEIVE

TD1.2.1 Cable Bus Idle Detection Test (SOP Prime) CAB-PHY-RX-BUSIDL

TD1.2.2 Cable Bus Idle Detection Test (SOP Double Prime) CAB-DP-PHY-RX-BUSIDL

TD1.2.3 Cable Receive Interference Rejection Test (SOP Prime) CAB-PHY-RX-INT-RE)

TD1.2.4 Cable Receive Interference Rejection Test (SOP Double Prime) CAB-DP-PHY-RX-INT-REJ

1.3 CABLE PHYSICAL LAYER TESTS - MISCELLANEOUS

TD1.3.1 Cable Termination Impedance Test (SOP Prime) CAB-PHY-TERM

TD1.3.2 Cable Termination Impedance Test (SOP Double Prime) CAB-DP-PHY-TERM

TD1.3.3 Cable PHY Level Message Test (SOP Prime) CAB-PHY-MSG

TD1.3.4 Cable PHY Level Message Test (SOP Double Prime) CAB-DP-PHY-MSG

14 CABLE PROTOCOL SPECIFIC TESTS

TD 1.4.1 Cable ID Checks CAB-PROT-DISCOV
Source : USB-PD

KEYSIGHT W

TECHNOLOGIES

est plan Rev 0.9
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USB-PD ‘eMarker’ cable
Test Result

USB-PD Protocol Decode Software (Version: 1.1.0.0) || )
Application  Options  License  Windows  Help

e |

4b x

Compliance T¢ dbx IPacket.s Info™ 4 b x IF'ackets Detai

/] Update Test details on packet select

Compliance Test Resul Packets:

E-BIST( Header = )
0 D. BIST SOP1-Syn... BIST;

Q@ BMCPHY 1 C.. Good CRC SOP1-Syn

Q BMC-PHY 2 - BIST

Q BuMCPHY TestResults 4bx

Q BMC-PHY Selected Packet Test Result

Q@ BuCPHY-

2 BMC-PH b
= Q.;::\' e it Bit Rate and Bit Rate Drift 1_Eye Diagram Ono Mask .. B8~ - - -

@ BMC-PHY-TXBIT 1- Valid Pro [2 Eye Diagram Zero Mask ... PASS - - - -

Q BMC-PHY-TX-BIT_2: Valid BIST Carrie 3 CRC Test PASS - - - -

Q@ BMC-PHY-TX-BIT_3: fBitRate M: it |4 Rise Time Test PASSX >3... 369.0... 361.9... 376.3...

Q BMCPHY-TX-BIT_4a: phitRate Meas 5 Fall Time Test PASSX > 3. 4053..3914.. 4147 .

Q BMCPHY-TX-BIT_db: Unit Interval 6 SymbolEncoding Test  PASS - B - -

€ BMC-PHY-TX-BIT_5: tBISTContModk | Packet Format Test — N N
8 Bit Rate Test PASS (270 .. 302.0... 300.6... 305.2...
9 InterFrame Gap Test PASSX >2. 3576 3576 35.76..
10 Unit Interval Test PASS (3.03 .. 3.310... 3.275... 3.326...
11 Voltage Swing Test PASS(1.05 .11V 1094 V1108V
12 pBitRate Test PASSX < 0....0.047... 0.047... 0.047 %

< \
4 b x [ Zero Bit Eye Diagram’y, 4 b x |Gne it Eye Diagram
Split Analysis  [¥/] Signal  [¥] Bus Diagram BMC Tx "Zero™ Mask BMC Tx "One” Mask

fEw~—0 <

025Ul oul

075Ul
Unit Interval

Unit Interval

KEYSIGHT

TECHNOLOGIES
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USB-PD Device tests
Test setup - DRP

use

Windows Scope with
GRL-USB-PD

GRL-USB-PD-C1
USB Type-C™ Test

Confroller
F 4
Passive
Probe
USB-PD
Dual Role Device
Type & P/c or CIP
Test Cable Under Test

* Require electrical Load, current probe for load test
« Power supply will be sufficient to using SMPS power adopter
but | can use for external power supply for clean power source
KEYSIGHT

TECHNOLOGIES

Measurement

‘ Keysight
Forum
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USB-PD Device tests

Primary tests

Required Tests by Device Type
Test Test Test d -
Group Description Name Pr;vl er r;sulmer Dual Role Device
nly nly P/C c/p
2 Primary Power Delivery Device Tests
2.1 BMC PHYSICAL LAYER TESTS - TRANSMIT
TD2.1.1 BMC Transmitter Eye Diagram Test BMC-PHY-TX-EYE v v v v
TD 2.1.2 BMC Transmit Bit Rate and Bit Rate Drift BMC-PHY-TX-BIT v v v v
2.2 BMC PHYSICAL LAYER TESTS - RECEIVE
TD 2.2.1 BMC Bus Idle Detection Test BMC-PHY-RX-BUSIDL v v v v
TD2.2.2 BMC Receive Interference Rejection Test BMC-PHY-RX-INT-REJ v v v v
2.3 BMC PHYSICAL LAYER TESTS - MISCELLANEOUS
TD2.3.1 BMC Termination Impedance Test BMC-PHY-TERM v v v v
TD 2.3.2 BMC PHY Level Message Test BMC-PHY-MSG v v v v
2.4 PROTOCOL SPECIFIC - Message Checks
TD2.4.1 Get_Source_Cap and Get_Sink_Cap Test BMC-PROT-SEQ-GETCAPS v v v v
TD2.4.2 Check Cable Capabilities {3A Marked) Test BMC-PROT-SEQ-CHKCAB-P-PC v v v v
TD 2.4.3 Check Cable Capabilities {Unmarked) Test BMC-PROT-SEQ-CHKCAB-NOMRK-P-PC v v v v
TD2.4.4 Check Cable Capabilities {3A Marked) Test - After PR Swap BMC-PROT-SEQ-CHKCAB-CP-ACC v v v v
TD 2.4.5 Check Cable Capabilities {Unmarked) Test - After PR Swap BMC-PROT-SEQ-CHKCAB-NOMRK-CP-ACC v v v v
TD 2.4.6 Dual Role Swap Test BMC-PROT-S5EQ-DRSWAFP v v v v
TD 2.4.7 VCONN Swap Test BMC-PROT-SEQ-VCSWAP v v v v
TD2.4.8 1D Checks BMC-FROT-DISCOV v v v
TD 2.4.9 Reject Swap Test - Provider/Consumer PROT-SEQ-SWAP-RE! v
TD 2.4.10 BIST Functionality at Above 5V Test BMC-PROT-BIST-NOT-5V-5RC =5\ DUT Only =5V DUT Only
TD 2.4.11 |Revision Number Test BMC-PROT-REV-NUM v v v v
25 Power Source/Sink Tests
TD2.5.1 Source Dynamic Load Test, Provider or Provider/Consumer BMC-POW-SRC-LOAD-P-PC v v
TD 2.5.2 Source Dynamic Load Test, Consumer/Provider Accepting Swap BMC-POW-SRC-LOAD-CP-ACC v
TD2.5.3 PDO Transition Test - Source, Provider or Provider,/Consumer BMC-POW-SRC-TRANS-P-PC v v
TD 2.5.4 PDO Transition Test - Source, Consumer/Provider Accepting Swap BMC-POW-5RC-TRANS-CP-ACC v
TD 2.5.5 PDO Transition, Current Draw and Suspend Test - Sink, Consumer ar Consumer/Provider |BMC-POW-SNK-TRANS-C-CP v v
TD 2.5.6 PDO Transition, Current Draw, and Suspend Test, Sink, Provider/Consumer BMC-POW-SNK-TRANS-PC v

Source : USB-PD Tlest plan Rev 0.9
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USB-PD Device te

Secondary checks

Required Tests by Device Type
Test Test Test
o4 ‘eMark’ Dual Role Device
Group Description Name Cable Provider | Consumer
P/C c/p
3 Secondary Tests for all Devices
Secondary Message Checks

3.1 Performed whenever the Appropriat Message is Detected

TID3.1.1 PHY Level General Message Test (SOP*) PHY-MS5G-GEN

TID3.1.2 Message Header Checks - Except GoodCRC PROT-MS5G-HDR v v v v v

TID3.1.3 Message Header Checks - GoodCRC PROT-MSG-HDR-GCRC v v v v v

TID3.1.4 Control Message Checks PROT-MSG-CTRL v v v v v

TID3.1.5 Ping Checks PROT-MS5G-CTRL-PING v v v

TID3.1.6 Source Capability Message Checks PROT-MSG-DATA-SRC-CAP v v v v

TID3.1.7 Sink Capability Message Checks PROT-MSG-DATA-SNK-CAP v v v v

TID3.1.8 Request Message Checks PROT-MSG-DATA-REQ v v v

TID3.1.9 BIST Message Checks - Sent by UUT PROT-MS5G-DATA-BIST v v v v

TID 3.1.10 |Vendor Defined Message Checks PROT-MSG-DATA-VEND v v v v v

TID3.1.11 |Discover ID Initiator Message Checks PROT-MSG-DATA-VOM-ID-INIT v [ v [

TID3.1.12 | Discover ID ACK Message Checks PROT-MSG-DATA-VDM-ID-ACK [ v v v v

TID 3.1.13 | Discover 5VIDs Initiator Message Checks PROT-MSG-DATA-VOM-SVID-INIT v v v v

TID 3.1.14 | Discover SVIDs ACK Message Checks PROT-MSG-DATA-VDM-SVID-ACK v v v v v RCTSTR v v v v

TID3.1.15 |Discover Modes Initiator Message Checks PROT-MSG-DATA-VDM-MODE-INIT v v v v RCuuT v v v v

TID 3.1.16 |Discover Modes ACK Message Checks PROT-MSG-DATA-VDOM-MODE-ACK v v v v v TSTRSNK v v

TID3.1.17 |Enter Mode Message Checks PROT-M5G-DATA-VDM-ENTER-MODE v v v v v TSTR-SRC v v

TID3.1.18 | Exit Mode Message Checks PROT-MSG-DATA-VDM-EXIT-MODE v v v v v UUT-SNK v v

TID3.1.19 |Attention Message Checks PROT-MSG-DATA-VDM-ATT [ v v v v UUT-SRC v v

TID3.120 |Procedure and Checks for any Atomic Message Sequence PROT-PROC-AMS_1 v v v v v ACEOFFTIVIER "
TID 3.2.8 Procedures to test PSSourceOnTimer when not Swapped PROT-PROC-PSSOURCEONTIMER v v
[TID 3.2.9 Procedures to test PSSourceOnTimer when Swapped PROT-PROC-PSSOURCEONTIMER-SWPD v v
[TID 3.2.10  |Procedures to send Ping from Tester PROT-PROC-PING
[TID 3.2.11  |Procedure and Checks for Tester Originated Request PROT-PROC-REQ-TSTR [ v v
[TID 3.2.12  |Procedure and Checks for UUT Originated Request PROT-PROC-REQ-UUT v v v
[TID 3.2.13  |Procedure and Checks for Tester Originated Source Capabilities PROT-PROC-SRCCAPS-TSTR v v v v
ITID 3.2.14  |Procedure and Checks for UUT Originated Source Capabilities PROT-PROC-SRCCAPS-UUT v v v
ITID3.2.15  |Procedure and Checks for Tester Originated Get_Source_Cap PROT-PROC-GETSRCCAPS-TSTR v v v v
ITID 3.2.16  |Procedure and Checks for UUT Originated Get_Source_Cap PROT-PROC-GETSRCCAPS-UUT v v v v
ITID 3.2.17  |Procedure and Checks for Tester Originated Get_Sink_Cap PROT-PROC-GETSNKCAPS-TSTR v v v v
ITID 3.2.18  |Procedure and Checks for UUT Originated Get_Sink_Cap PROT-PROC-GETSNKCAPS-UUT v v v v
TID 3.2.19  |Procedure and Checks for Tester Originated GotoMin PROT-PROC-GOTOMIN-TSTR v v v v
ITID 3.2.20 |Procedure and Checks for UUT Originated GotoMin PROT-PROC-GOTOMIN-UUT v [ v v
[TID 3.2.21 |Procedure and Checks for Tester Originated Soft Reset PROT-PROC-5R-TSTR v v v v
[TID 3.2.22  |Procedure and Checks for UUT Originated Soft Reset PROT-PROC-SR-UUT v [ v v
[TID 3.2.23  |Procedure and Checks for Tester Originated Hard Reset PROT-PROC-HR-TSTR v v v v
[TID 3.2.24  |Procedure and Checks for UUT Originated Hard Reset PROT-PROC-HR-UUT v [ v v
[TID 3.2.25 |Procedure and Checks for Tester Originated BIST PROT-PROC-BIST-TSTR v v v v
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USB-PD Device tests
Power Load test result

Drop (DC)

Droop (Transient)

B Ar de R i L 20V@1A PDO
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USB-PD Device tests

Power Transition test result

wumber of POOs in Capabilities Message
1 2 13 4 3 7 7
liol* 1w lin2 Jltal lto 2 lia2 liod
2kl 2tol 2tal Iio l 2tal 201
ltod Ltad Lio 2 1to3 1o 4
ito? ‘H"1J 3to ! itm2 3io 2
2tom3 2to3 Fto 3 2i03 2103
Jtal Ital Jte L il el
Jltad lte 4 1tad 1ta 4
4l 4o 3 1tad LALF ]
Itod ito 4 LR ERL ]
vt Pettpaest et Warn Tester | PT_13_13 4 POVE_SRC_TRAKE P PC 1LY | 4ta? | 4o 2 4in2 4o 2
2ta4 F¥in 4 24 2io4d
| d4tal 4o L 4wl 4101
| | 1o 5 1io5% 1105
S5to 4 Sioa od
l |4t 5 403 4103
| 3 -] Stald Ste3
Ite 5 s 3te5
Sto I Sio2 5 o 2
| | 2o 5 205 2105
Stol Stal Siel
1@E 186
Bw5 6185
Sioh&
G4
| 406
Btad
ima
I &io2
2infA
Gial
| 71
7t
Sani Pacpsui packsk from Taris | 118
i @ POW & 710
e
- (@ POW_S , 7
- - 24
\_'-i ) V_ ¥ 1o

REYOIGH I
TECHNOLOGIES Page 64



USB-PD Device tests
Compliance result

BMC PHY Power Loads and Transitions

&[0 12.11.1 POW_SRC_LOAD P _PC
2 @POW SRC LOAD P PC 1

Caperglawon Tl Rsailt
Corphancs Tast Aamit

-@POW_SRG_LDAD_P_PC 2
=@ POW_SRC_LOAD_F_PC_PDO1_5V_3A
= @ POW_SRC_LOAD_P_FC_3
i~ @ POVV_SRC_LOAD_P_FC_1
i~ @ POW_SRC_LOAD_P_PC_3
& @ POW_SRC_LOAD_P_PC_G

@ Loa to 075

Valtage drop =

‘oftage drop = 0.283% (Limit: 0.23V

5 Voliage drop =1 W (Limit: 0.25%)
to 0.73: Voltage drop = 0.044Y (Limit: 0.25V

_P_PC_PDOZ_12V_3A

Y P PC_3
) P PC 4
\D_P_PC_5

> LOAD P PC &
oad Curent setto (73 Volkage drop = 0165Y (Lirmit: (0.6Y)

oad Curent

ard lrsnt aat

1.5 Voltage drop = 0075 (Limdt: 0.BV)
A Yoltane dron =070 [imie 0 GYY

. @ Load Current sat to 2,25 Ve tage drop= 0227 (Limit: 1)
@ Load Current sat 1o 1.5 tage drop = 0,007V [Limit: 1V)
& (@ Load Current set to 0.75: Valtage drop = 0.172V (Limit: 1v)
=@ 12114 PCW_SRC_TRANS_P_PC
Q POW_SRC_TRANS_F_PC_1
9 POW_SRC TRANS_F_PC 2
E‘"QPJI.' SRC_TRANS_P_PC_1
-@Po W_SRC_TRANS_P_PC_2
Qro W_SRC_TRANS_P_PC_1
e Qro W_SRC TRANS P _PC 3 2
2
3

i@ POV SRC TRANS P PC
=@ POW_SRC_TRANS_P_PC
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€ CUT failed Lo send PING message when contracted to greater than 5V

Power Role Swap

=@ POW_SWAP_PC_SRC_REQ

- @ PROC_PD_WODE

=-[E PROT_PROC_SWAP_UUT_SRC

~-[E] UUT could not initiate Power Role Swap

=@ POwW SWAP_PC SNK_SRC
@ PROC-PD-MODE
@ PROT-PROC-SWAP-TSTR-SNK
i @ PROT-PROC-SWAP-TSTR-SRC
=@ POW_SWAP_PC_SNK_SNK

- @ PROC-PD-MODE

- @ PROT-PROC-SWAP-TSTR-SNK

----- [ PROT-PROC-SWAP-UUT-SNK




Thank you
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