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Type C Product trend
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Interface

USB Type-C Full-Feature Rééetacle

RlNSYUN
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A1l A2 A3 Ad A5 A6 A7 A8 A9 A10
GND | TX1+ | TX1- - cc1 | b+ | D- |sBuU1 - RX2- | RX2+ | GND
GND | RX1+ | RX1- - SBU2 | D- | D+ | cc2 - TX2- | TX2+ | GND
B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1

USB Type-C Full-Feature Plug

A12 A11 A10 A9 A8 A7 A6 AbB Ad A3 A2 A1l

GND | RX2+ | RX2- - SBU1| D- | D+ | cC - TX1- | TX1+ | GND

GND | TX2+ | TX2- -VCONN SBU2 - RX1- | RX1+ | GND
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12




Understanding USB Type-C port behaviors

* Power roles:
* Source — typical of Standard-A host or hub ports
» Sink — typical of Standard-B or Micro-B device ports
* Dual-Role Power — can be either a Source or a Sink

* Data roles:
* Host-mode only — typical of Standard-A host or hub ports
* Device-mode only — typical of Standard-B or Micro-B device ports
* Dual-Role Data —typical of “on-the-go” ports

* Roles can be dynamically swapped using USB PD

» Power role swap, data role swap
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USB Type-C* Functional Model

Implementation without Switch Full-Featured Cable Implementation with Switch
e
18 g g 1
SSTX1 Bl 18| |5 E Bl 1| [§ [§|=—ssm1 -
S EOE = H EHE MUX
————— ggpx1 — (B || |2 E Bl 1B] |&| |8|=— ssrx1 =
il B iR NN || [Device
cca — |3 [B|D(s| 3™ . Al g |E— et —— | I USB
Hnst _IZ'F b & ? & 18127 ! I
usBD+- 3 H H == usBD+- i
USB i Y M v |4 |a ! | :
|| S B & ccz — (8] |£|@DF] fls E@E |8l —ecc2q  ec _1| I
=5 e PEN L=rn
SS'DLE—EE E — 1 EE:EEHZ—“U:‘
—————— gspx2 —— || [§ |: o ! EIE 1 —
38 s B 3l s

N A1
USB Type-C Plugs

CC wire determines orientation through the cable
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Direct Connect Functional Model
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Implementation without Switch

“Thumb Drive" Implementation

Host

use| |

= Un-flipped - Position ®

Device
USB

i e
— ssTx1 =— (§| |¢ .-.«Hal:ssnx
SSRX1 —— #| |3 i — Y —
cc1—|} B(Da ;—cc
17 1?
— usBD+/- B - -
%Y
CC Logic & _lal [#]
. cc2 — |8 |E
ot il
—————— ssTx2 — |§] |§
——
ssRx2 — [§| (8
= B
i




USB Type-C* - Pull-Up/Pull-Down CC Model

Source monitors

Sink monitors for
for connection orientation
Cable
+ Rt .
\ f, I".'I. /
P []
— \NN—O O
I i
Rp | cC : Rd
. '
| i
L AAA—O
| ]
Rp / i E \Hd
i ]
l I
Source monitors N L Sink monitors for
for connection orientation

* Host side can substitute current sources for Rp

* Powered cables introduce Ra at the “unwired” CC pins which are used
to indicate the need for VCONN over one of those pins
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USB Type-C — Source (Host) Detected Connection States

No device attached

Device attached [

cCc1 CC2 State Position
Opcn Opcn Nothing attached N/A
Rd Open ®
Sink attached
Open Rd ®
Open Ra @
Powered cable without Sink attached
Ra Open ®
Rd Ra Powered cable with Sink or VCONN- ®
Ra Rd powered Accessory attached ®
Debug Accessory Mode attached
Rd Rd ) N/A
(Appendix B)
Audio Adapter Accessory Mode attached
Ra Ra N/A

(Appendix A)

Most common
states

< Not flipped
< Flipped

The CC pins magic decoder ring from the Source perspective
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Basic Host Meets Basic Device

Mux
CNTL

PD ——»

GRL Company Confidential

H ost FPll-Featured Cable Dev'ce
e (showing CC and power only) —_—
v S Veus VBus v sink
BUS Source 17"‘ > BUS >IN
Connection
and Marked 5v Vconn Mux
Cable . CNTL
Detection, c;:t"":tf"""
Coslkd-So:ket, R p 5 cc1 cc1 A ection
VCONN A A A -o+— > l—» PD
Control d Rd
(cc1) (cc1)
(cc2) Veonn (cc2)
USB Type-C
Rp o] 2 cc2 Current
—\NV 0 iRa Raf Y R. d' Detection
GND GND

iz
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DRP - Product Capable of Either Host or Device

VBUS Source T

VBUs
. VBus Sink O
Connection 4__|TL
and Marked
Cable
Mux D . 5V VCONN
T etection, A A
Cold-Socket,
seon O L o
PD --—m ontro ,_/\/\/\/_ s
Present as A A A e ol
Device or Host ©
Rd
(cc1)
(cc2) VCONN
USB Type-C R
Current A ,.p,. [ | €2
Detection T -Ck“-o—u—cf’o o
— "\ N\ —ro
Rd
GND
0]

BNSvyun
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« DRP = Host + Device

- Aligns to correct role based on
whatever gets attached

« For discovery, toggles between
presenting as a source (host) or
sink (device)

- Cycles 10 - 20 times per second

Analyze Utilities Demos Help 2 Sep 2015

vers (|25 01010 30 2 R~ R
of 2 = — e T

I EEIEEE Loaic | Status | Scales |
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USB Type-C* - Power Options
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 All solutions required to support Default USB Power appropriate to
product — as defined by USB 2.0 and USB 3.1

Device

» Extension options: Host Veus evic
- USB Type-C Current — Defines Bk o
1.5Aand 3 A@ 5 Vranges ot —aax o € A pevice

Rp Rd J__

- USB BC 1.2 (also requires support =
of USB Type-C High Current)

- USB Power Delivery (PD) — Variable
voltage/currentupto5A @ 20V

BMC PD
Controller

BMC PD
Controller

« USB PD for USB Type-C implementation is DC coupled and is based on
Biphase Mark Coding (BMC) signal encoding over the CC wire

Table 4-13 DFP CC Termination (Rp) Requirements

Resistor pull-up to
3.3V+5%

Resistor pull-up to
4.75-55V

DFP Current Source

GRL Com

Advertisement

to1.7-5.5V

Default USB Power

80 LA + 20%

56 kQ + 20%
(Note 1)

36 kQ £ 20%

1.5A@5V

180 pA + 8%

22 kO + 5%

12 kQ + 5%

3.0A@5V

330 pA £ 8%

10 k2 + 5%

4.7kQ +5%




USB Power Delivery Profiles

Source capabilities organized as profiles

"l\
Hand-held devices, 10W
today’s peripherals Default start-up
profile
Tablets, netbooks,
most peripherals 18w
] Requires
Thinner notebooks, new
larger peripherals 36W detectable
cables for
Larger notebooks, 60W > 1}55‘:‘} or
hubs, docks Limit for
Micro-A/B
Workstations, 100w
hubs, docks Limit for
Standard A/B J

» Source and Sink capabilities within a given product are not
required to be the same

RINSYUN IDF14

co N IR TR



USB Developer Days 2015

Ultimate goal: ship without in-box power adapter

e Eco-friendly goal: fewer discarded power bricks
e To meet this goal user has to be confident:
® Power supply that was in-box with some other device will work well
® They know what to order to get a second power adapter
e Chromebooks support Wattage based rules for user friendly
adapters
® (May change since rules are still being defined, today using 5/12/20V)
® w<=15W: provide 5V @ (w/5) A
® 15W<w<=27W:provide 5V @ 3Aand 9V @ (w/9) A
® 27W <w<=45W: provide 5V @ 3A, 9V @ 3A, 15V @ (w/15) A
® A45W < w<100W: provide 5V @ 3A, 9V @ 3A, 15V @ 3A, 20V @ (w/20) A

ﬁlNSYUN
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File Control Setup Trigger Measure

Acquisition is stopped.
2.00 MSa/s 10.0 Mpts

Analyze Ulilities Demos Help

== B

[

EEE

More
(1 0f 2)

| scales |

P2l 000 Hex BEEEEN "

" - B 8

101.01000000 ms {|0'»}

o

2 Sep 2015 2:01 PM
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& D... Vendor Defined SOP1-5yn_.. Discover Identity-Initiator  Data 0  Ox10 Ox4F OxFF00S. . OxC/04DD7B
9 DFP Source Capabilities  SOP-5Sync_ .. Fixed Supply:Variable Su_.. Data 0 Ox61 0x61 0x9903C... OxC704DD7B
10 UFP Good CRC SOP-5ync .. Control 0 Ox00 Ox41 xC704DD7B
11 UFP Request SOP-5ync... Request; Data 0 Ox10 Ox42 0x10025... OxC704DD7B
12 DFP Good CRC SOP-5ync_.. Control 0  Ox01 Ox61 xC704DD7B
13 DFP Accept SOP-5ync_.. Control 1 Ox03 0x63 xC704DD7B
14 UFP Good CRC SOP-5ync .. Control 1 Ox02 Ox41 xC704DD7B
15 DFPPS_RDY SOP-5ync... Control 2 Ox05 Ox66 xC704DD7B
16 UFP Good CRC SOP-5ync_.. Control 2 0x04 Ox41 xC704DD7B

Selected Packet Details

E-Source Capabilities( Header = 0x61 Ox61 )

PDO[1] = Fixed Supply-Source (0x96 0x90 0x21 0x08 )

PDO[2] = Variable Supply (non-battery)-Source (0x2C 0x91 0xC1 0x88 )
PDO[3] = Variable Supply (non-battery)-Source (0x2C 0x91 0x41 0x8B )
PDO[4] = Variable Supply (non-battery)-Source (0x2C 0x31 0x02 Ox8F )
PDO[5] = Variable Supply (non-battery)-Source (0x2C OxD1 0xC2 0x92 )
PDO[6] = Variable Supply (non-battery)-Source (0x2C 0xC1 0x03 0x99 )

Field Description Raw Data WValue
B31.30 Variable Supply (non-batte_.. 0x2 Variable Supply (non-battery)
B29 20 Maximum Voltage 0x190 20000mV
B19..10 Minimum Voltage OxFO 12000mY
B9. 0 Maximum Current 0x12C 3000mA

BNSvyun
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Communicating With Cables

Cable Cable
DFP Veconn —3{ Plug Electronically Marked Cable Plug UFP
(SOF’) {SOP")
SOP*
+5Ignallng-}
+ SOP" zsignaling >
{ S0P signaling "
+ Original port-to-port architecture « Single initiator of multi-drop message
expanded sequences
- Cable identification - Source can initiate communication SOP’

- Manage active cables prior to an explicit contract

. - Within an explicit contract only DFP can
. - ?
How was multi-drop added: initiate communication SOP'/SOP"

- Packet structure unchanged  Cable Plug or UFP are never allowed to

- Start of packet is message ‘address’ initiate messages
(SOP’/SOP”)

BINSvun
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Electronically Marked Cables RINSYUN
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DFP Electronically Marked Cable UFP
All USB 3.1 Type-C* !
o L T
cables require Veus @ t— Vaus
: : cC e ’ cC
electronic marking | |
- Also required for somrom i 1 \ i Vo
USB 2.0 Type—C : : sourced)
cables with a | Ra < D | | | | ID  Ra |
current rating i = S g a i
over 3 A | )
GND ‘r[ y 02 i- GND

q Cable Ref Plugl Plug?2 USB Cable Current Power Electronically
\ersion Length Rating Delivery Marked
CC2-3 3A Optional
C C USB 2.0 <4m Supported
CC2-5 5A Required
CC3G13 USB 3.1 an .
C C <2m Supported Required
CC3G1-5 Gen 1 5A
CC3G2-3 USB 3.1 3A _
C C <lm Supported Required
cr| CC3G5-3 Gen 2 5A




eMark VDM content

cted Packet Details
#\endor Defined( Header = 0x51 Ox4F )

+PDO[1] = VDM-Header-Discover Identity-Responder ACK (0x41 0x80 0x00 OxFF )
Z-PDO[2] = VDM-ID Header- (0x34 0x83 0x00 0x18 )

Bit(s) Field Description Raw Data
B31 Data Capable as USB Host 0x0
B30 Data Capable as a USB Device 0x0
B29 27 Product Type 0x3 Passive Cable
B26 Modal Operation Supported 0x0
B25..15 Reserved 0x0
B15 0 USB Vendor ID 0x8334 Unknown Vendor 1D (33588)

-PDO[3] = VDM-Cert Stat VDO- (0x00 0x00 0x00 0x00 )

Field Description

B31..20 Reserved 0x0
B19..0 Test ID 0x0 0

=~PDO[4] = VDM-Product VDO- (0x00 0x00 0x00 0x00 )

Field Description Raw Data Value

B31..20 USB Product ID
B19..0 bcdDevice

2-PDO[5] = VDM-Type Specific- (0xD2 0x2F 0x08 0x11 )

Field Description

B31.28 Cable HW Version Ox1 1
B27.24 Cable Firmware Version Ox1 1
B23.20 Reserved 0x0
B19 18 Cable Type 0x2 Type-C
B17 Type C 0x0 Plug
B16..13 Cable Latency Ox1 <10ns (~1m)
LiB12..11 Cable Termination Type 0x1 Both ends Passive, VCONN required
B10 SSTX1 Directionality Support Ox1 Configurable
B9 SSTX2 Directionality Support Ox1 Configurable
B8 SSRX1 Directionality Support Ox1 Configurable
B7 SSRX2 Directionality Support Ox1 Configurable
B6..5 VBUS Current Handling Capability 0x2 5A
B4 VBUS through cable 0x1 Yes
B3 SOP controller present? 0x0 SOP controller not present
B2.0 USB Superspeed Signaling Support 0x2 [USB3.1] Gen1 and Gen2

BNSvyun
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USB Developer Days 2015

USB Power Delivery (PD) on USB Type-C

* USB PD 2.0 specifies DC-coupled
Biphase Mark Coding (BMC) signal
encoding for use over CC

Connec t DFP TX

1.8V
1.55Y
(vVOPEN)

1.1V

0.6v }“ G

o.2v

End TX UFPTX

oV —

[

-0.25v
Ramp

GRL

GRANITE RIVER LABS

C

AR 'is

Voltage on CC measured at the DFP
Voltage on CC measured at the UFP

=

End TX Disconnec

t

BBBBB

BBBBB
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BMC Characteristics

. Bi p hase ................. Preamble i S]I'ﬂﬂ-" E S}"ﬂc— 1 : .........
Manchester | . \
Coding ... 01 010101000 1 100 0 1 1  cooememen

1 transition

for zero BMG  ----e-re- L_L J_ _L J_ _|_|‘L

» 2 transitions
for one and Dataln  --------- |

1 U

RlNSYUN

co 8N IR FR 53



PD Packet Structure 3 INSYUN
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N . SOP (Start
Preamble(training for receiver) Of Packet) Header Byte O Byte 1 see
EOP (End Of
oo Byte n-1 Byte n CRC Packet)

Packets preamble — allows receiver to synch up with transmitter
SOP - Start of Packet — unique identifier

PD Header - identifies type of packet and amount of data

CRC = Error Checking

« EOP - End of Packet — unique identifier

Signal/Bus Diagram —

Signal Bus Diagram I:l Marker

Data Ms; mdor Defmed Ctrl Msg -Good CRC

-:IZ:H— Preamble SOPHP*'}—

e
| |

Company Confidential

= |




USB-PD & DisplayPort HINSYUN

Specification & CTS Overlap

m USB Power Delivery Rev2.0, V1.0

m Chapter 2 - Overview Section including SOP* Comm and UFP/DFP
Communications

m Chapter 3 Type-A and TypeB Cable Assemblies & Connectors
m Chaper 4 Electrical Requirements USB

VESA

m Chapter 5 Physical Layer (BMC & FSK) Certification Certification

e m——————
- -

m Chapter 6 Protocol Layer
m Chapter 7 Power Supply

USB 3.1

m Chapter 8 Device Policy / Testing

m Chapter 9 System Policy ;

= USB Type-C Cable Specification Rev1.0
= Chapter 4 —Type-C Functional Testing

= DisplayPort Alt Mode on USB Type-C .
m Chapter 5 — Discovery and USB-PD

“"
-~
-
RL l‘..‘-‘. --.-F
b -
- -
____________

GRANITE RIVER LABS

Type-C N
Alt-Mode
Testing

11




USB Power Delivery (XID)
replace (EID)

SUPERSPEED +
3 SUPERSPEED 3 m
CENTIFIED USB LERTIFIED USB CERTIFIED u
~ 10Gbps ! ~ ¢

USB-IF: USB Power Delivery XID Request Form

USB-IF Member companies requesting an XID range must complete the USB Power Delivery XID
Request Form and submit to admin@usb.org

1. USB-IF Member companies are eligible to request XIDs from the USB-IF.

2. XIDs can be provided in blocks of 50.
a. Note: Companies must first use their allotted XID block before requesting additional XIDs.

3. Please complete and email this form to admin@usb.org to request XIDs.
4. Once approved, USB-IF Administration will provide the block of XIDs. Please note that XIDs may

only be used once.
BINSvun
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Confirm Test Setup FinSvon I
(eMark Cable Example)

Windows Scope with
GRL-USB-PD
Avtomation SW
Scope f
—— GRL-USB-PD-CI
E USB Type-C™ Test
-‘ g& G s Contfroller

OO

Passive
. Probe

Passive
Probe

USB Type-C ‘eMarker’
Cable Uncger Test

© GRL

GRL

GRANITE RIVER LABS



Confirm Test Setup m;jfg‘lf‘,’!" B
(Provider/Consumer Example)

eload u
) usSB 5A
Windows Scope with '

GRL-USB-PD
1 Power L+
Supply ®-
24V [6A GRL-USB-PD-C1
USB Type-C™ Test
Cl C2 C3 c4 Controller
cC V. |
o P4
Passive
Probe
USB-PD
Dual Role Device
Current
Probe Test Cable Under Test

GRL
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BIST Mode pattern ( 30ms-60ms )

2 Sep 2015 1:31 P

File Control Setup Trigger Measure Analyze Utilities Demos Help

Acquisition is stopped.

ol

)

ERSE Logic | Status | Scales

12k 00 B¢k |

(1of 2)

Delete
All

oo BN BHIX AR S-S



BINSvun

Test Coverage for Providers & i
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Consumers (BMC-PHY)

USE-PD Protocol Decode Software (Mersion: 1.1.0.0) = —EZ
Application Options License Windows Help
| S @ @ W]
[Compliance Test Result™, 4 b 2 fPackets Info ™, 4 b 3 FPackets Details ™, q4 b ox
Compliance Test Result: FPackets: | Update Test details on packet select
=- €@ Cable Transmitter Eye Diagram Test E-BIST( Header = )
e (@ BMC-PHY TX-EYE_1: W 0 D.. BIST SOP1-Syn... BIST:
~ @ BMC-PHY-TX-EY E:2 VE 1 C... Good CRC SOP1-Syn...
— @ BMC-PHY-TX-EYE_3a: BMC On > - BIST
~ @ BMC-PHY-TX-EYE_3b: BMC TestResults ™, 4 b x
& €@ BMC-PHY-TX-EYE_4: tBIST! Selected Packet Test Result:
& @ BMC-PHY - TX-EYE_5a: Rise Time L.
=8 BMC-PHY-TX-EYE_5b: Fall Time !
= Qfable Transmit Bit Rate and Bit Rate Drift 1..Eye Diagram One Mask ... PASS = - = -
B @ BMC-PHY-TX-BIT_1: Valic | Response 2 |Eve Diagram Zero Mask ... PASS - - - -
- (@ BMC-PHY-TX-BIT_2: Walid BIST Carrier Iy 3 CRC Test PASS - - - -
g (@ BMC-PHY-TX-BIT_3: fBitRate Measur 4 Rise Time Test PASS X > 3... 369.0_.. 361.9.._ 378.3..
& @ BMC-PHY -TX-BIT_4a: pBitRate Me 5 Fall Time Test PASS X >3 4063 3914 4147 .
& @ BMC-PHY-TX-BIT_4b: Unit Inter 6 Symbol Encoding Test PASS - ) _ )
& €@ BMC-PHY-TX-BIT_5: tBISTContM 7 |Packet Format Test PASS _ _ R
§ Bit Rate Test PASS (270 ... 302.0... 300.6.._ 30562 _.
9 Inter-Frame Gap Test PASS X =2 3576... 35.T6... 35.76.__.
10 Unit Interval Test PASS (3.03 ... 3.310_.. 3.27V5.__ 3.326__.
11 Voltage Swing Test PASS (1.05 .. 1.1V  1.094 vV 1.108 W
12 pBitRate Test PASS X < 0....0.047__. 0.047.._ 0.047 %
4| w | 4 « T 3
4 [ x NZerc Bit Eye Diagram™, 4 b 3 [One Bit Eye Diagram ™, q b ox

Split Analysis [ Signal  [+f] Bus Diagram BMC Tx "Zero™ Mask BMC Tx "One™ Mask

L -
.

0.25 Ul

Unit Interval

0.75 Ul

Unit Interval



Ellisys DFP Protocol test

USEB PD Type-C Tests

» TD.PD.C.E1 DFP Attach/Detach Detection
USEBE PD Type-C Connection Tests

» TD.4.1 Initial Voltage

#» TD.4.2 Source Connect Sink

» TD.4.3 Source Connect Sink Accessory

» TD.4.4 Source Connect DRP

» TD.4.5 Source Connect Audio Accessory

» TD.4.7 Source Connect Powered Accessory
UsSB PD Physical Tests

» TD.PD.PHY.E1 BIST Test Data

» TD.PD.PHY.E2 BIST Receiver Mode

» TD.PD.PHY.E3 BIST Transmitter Mode

» TD.PD.PHY.E4 Transmitter Bit Rate Drift

0 TD.PD.PHY.ES Transmitter Collision Avoidance
» TD.PD.PHY.E6 Receiver Swing Tolerance

# TD.PD.PHY.E7 Receiver Bit Rate Tolerance
#» TD.PD.PHY.E8 Receiver Bit Rate Deviation Tolerance
» TD.PD.PHY.ES Valid SOP Framing

» TD.PD.PHY.E10 Invalid SOP Framing

» TD.PD.PHY.E11 Valid SOP' Framing

#» TD.PD.PHY.E12 Invald SOFP' Framing

SINSYUN
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» TD.PD.PHY.E13 Valid SOP" Framing
» TD.PD.PHY.E14 Invalid SOP" Framing
» TD.PD.PHY.E15 Valid SOPY" Debug Framings
» TD.PD.PHY.E16 Valid Hard Reset Framing
» TD.PD.PHY.E17 Invalid Hard Reset Framing
» TD.PD.PHY.E18 Valid Cable Reset Framing
» TD.PD.PHY.E19 Invalid Cable Reset Framing
» TD.PD.PHY.E20 EQP Framing
» TD.PD.PHY.E21 Preamble
USB PD Link Tests
» TD.PD.LL.EZ Retransmission
» TD.PD.LL.E3 Soft Reset Usage
# TD.PD.LL.E4 Hard Reset Usage
#» TD.PD.LL.E5 Soft Reset
» USB PD VDM Tests for UFPs and Cables
» USE PD DisplayPort Tests for UFPs and Cables
UsB PD DisplayPort Tests for DFPs
» TD.PD.DOPD.E1 DP SVID in Arbitrary Location
» TD.PD.DPD.E3 No Response to Enter Mode
» TD.PD.DPD.E4 Enter Mode Failed
USB PD Consistency Tests for UFPs and Cables
» TD.PD.VNDIU.E4 SOP* Handling
» TD.PD.WVNDIU.ES Source Capabilities
» TD.PD.VNDIW.EY Accepts PR_Swap as Source
» TD.PD.VHDIW.ES Requests PR_Swap as Source




Ellisys emark cable Protocol test

USE PD Type-C Tests

» TDLPD.

C.E3 Cable Ra

» USB PD Type-C Connection Tests

USE PD Physical Tests

» TDLPD.
» TDLPD.
» TDLPD.
» TDLPD.
» TDLPD.
» TDLPD.
» TDLPD.
» TDLPD.

» TOLPD
» TDLPD
» TDLPD
» TDLRPD
» TDLPD
» TDLPD
» TDLPD

» TDLPD.
» TDLPD.
» TDLPD.
» TDLPD.
» TDLPD.
» TDLPD.

PHY.E1 BIST Test Data

PHY.E2 BIST Receiver Mode

PHY.E3 BIST Transmitter Mode

PHY.E4 Transmitter Bit Rate Drift

PHY.ES Transmitter Collision &voidance
PHY.EG Receiver Swing Tolerance

PHY.E7 Receiver Bit Rate Tolerance

PHY.E8 Recerver Bit Rate Dewviation Tolerance

.PHY.E9 Valid SOP Framing

.PHY.E10 Invalid SOP Framing
.PHY.E11 Valid SOF' Framing

.PHY.E12 Invalid S0P Framing
PHY.E13 Valid S0OP" Framing
PHY.E14 Invalid SCOP" Framing
.PHY.E15 Valid SOP'/" Debug Framings

PHY.E16 Valid Hard Reset Framing
PHY.E17 Invalid Hard Reset Framing
PHY.E18 Valid Cable Reset Framing
PHY.E19 Invalid Cable Reset Framing
PHY.E20 ECP Framing

PHY.EZ1 Preamble

#» USB PD Link Tests

USB PD VDM Tests for UFPs and Cables

» TO.
» TO.
» TO.
» TO.

» TD
w» TD
w TD
» TD
» TD
» TD
» TD

» T,

» TD

= T,
=» T,
» T,

PD.WVDMU.E1 Discover Identity Response
PDL.WVDMUL.EZ Discover SVIDs Response
PD.WVDMU.E3 Discover Modes Response
PD.WVDMU.E4 Enter Mode Response

.PD.WVDMU.ES Exit Mode Response
.PD.VDMU.EE Discover Identity Response Time
PDVDMU.ET Discover SVIDs Response Time
.PD.VDMU.ES Discover Modes Response Time
PD.VDMU.ES Enter/Exit Mode Response Time
PD.VDMUL.ELD Discover Identity Wrong SVID
PDVDMULELL Discover SVIDs Wrong SVID

PD.WVDMW.E12 Discover Modes Wrong SVID

.PD.VDMU.E13 Enter Mode Wrong SVID

PD.WVDMU.E14 Bxat Mode Wrong SVID
PD.WDMU.E15 Applicability
PD.WVDMU.EL1T Interruption by VDM Command

» USHB PD DisplayPort Tests for UFPs and Cables

» USHB PD DisplayPort Tests for DFPs

USB PD Consistency Tests for UFPs and Cables

» TD.
» TO.
= T,

» TD.
» TD.

PD.WNDIU.EL VDM Identity
FOLWVNMDIWLEZ VDM SVIDs
PD.WVNDIU.E2 VDM Modes
PD.VNDIU.E4 SOP* Handling

PD.VNDIU.E11 DisplayPort Alt-Modes £|NS

co BN IR FRSE




USB-PD Power Provider Compliance

Tests

The Source output voltage shall be measured at the connector

receptacle. The stability of the Source shall be tested in 1 25% load step

increments from minimum load to maximum load and also from

maximum load o minimum load.

BMC-POW-5RC-LOAD-P-PC: Source Dynamic Load Test, Provider or Provider/Consumer

Fail

BMC-POW-SRC-LOAD-P-PC 1

Fail

BMC-POW-5RC-LOAD-P-PC 2

Pass

FDOL.BMC-POW-SRC-LOAD-P-PC_3

Fail

FDOL:BMC-POW-5RC-LOAD-P-PC_4

Pass

PDOL:BMC-POW-SRC-LOAD-P-PC_5

Fal

PDO1:BMC-POW-SRC-LOAD-P-PC_6

Fail

Load 25%

Pass

Load 50%

Fail

Load 753%

Fail

Load 100%

Pass

Load 73%

Pass

Load 50%

Pass

GRL Company —c....cc..u.en.

Load 25%

Pazs

BiNSvun
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Vbus ‘Drop’ and ‘Droop’ Complial.
Measurements Made on eLoad
ransition

USB-PD Protocol Decode Software (Version: 1.1.0.0)

Application  Options ~ License  Windows  Help

| Test Selection

Compliance TestResult™,

Compliance Test Restt:

SRC_LOAD_P_
SRC_LOAD_P_|

Droop (Transient)

20V@1A PDO

8 1
@ (444 s/ |[1.3507542839 ms
"% | Results

GRL BINSYuN
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USB PD Fixture

agency

.,R|NSYUN
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Rear Panel

Type-C S8U
SEl‘ll ssu2

USB Control

Ihput ToPC/
24V DC, 120W Oscilloscope

USH TypeC™ Test Cantraller
GRLUSE-PD.C1

3
A1 40 40 1

geBBEIRE

co N IR TR

Flexible USB Type-C Test Controller

GRL-USB-PD-C1 is a flexible test controller designed for USB-PD Compliance testing
and more.

Rear Panel:

» E-Load - Connects to external Electronic load for load testing of the
Unit Under Test (UUT)

» Power — Provides options to Power controller and UUT
» USB Control - USB 3.0 Control Connection to Windows based Oscilloscope

» Type-C SBU — Input of SBU Signal. Qutput appears on Type-C Port A Connector
» System - External connection to upgrade FPGA Firmware

Front Panel:

» Indicator LEDs — Power, Attach/Detach, Source/Sink, DFP/UFP, Contract/Flip
» Type-C Port-A (UUT) — Primary Type-C Connection for Unit Under Test (UUT)

» Port-A Probe Points — Probe Port-A (Gnd, CC1, D+/D-, CC2, and Vbus)
with external adapter. Including interface connectors for ngh Speed test fixtures

» Type-C Port-B — Secondary Type-C Connection for Cable Testing
» Port-B Probe Points — Probe Port-B (Gnd, CC1, CC2, Vbus) with external adapter
» Trigger Out — Event trigger for Oscilloscope



GRL Type-C/USB-PD Electrical & |
Protocol Test Software (GRL-USB-PD)

= Rev 1.0 - SW Available Today (GRL-USB-PD)

m Supports multiple Vendors Scopes and Performance Levels
® BMC Eye Diagram & Timing Measurements
m BitRate, Risetime, CRC Check
® Bus Diagram and Signal View Window
m CC Line Packet Decode
m Report Generator
® VDM Decode for Cables and Adaptors

= Rev 1.2 - with Controller Solution - Available Q4 2015
m Vbus (Voltage & Current) and Power Measurements

m USB-PD Power Measurements
m Automated Test Plan Creation based on USB Type-C Product

CRL Capabilities P\ NSYUN
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’ USB Type-C Connector Function Extension R|NSYUN
: o B Hek 5 PR D)
DisplayPort Alternate Mode

DisplayPort
vy

USB Type-C to Type-

Power Delivery
or >

* A passive Full Feature USB Type-C to Type-C cable can carry up to four DisplayPort lanes
—  This will offer the same performance and feature capability as a standard DisplayPort connection

— This will also allow DisplayPort data rates to increase in the future, since the USB Type-C connector
has very high data rate capability

* DisplayPort can be combined with USB 3.1 operation over the same USB Type-C cable

— Implemented with two high speed pairs for DP (using two lane DP operation), and two high speed
pairs for USB (USB 3.1 only uses two high speed lanes for normal operation)

— Useful for docking stations or hubs, or for adding docking station functionality to a display

* USB 2.0 and USB Power Delivery is available in all configurations

— Because USE 2.0 and USB Power Delivery use dedicated wires in the USE Type-C cable, both of these
services are always available, even when using all four USB Type-C high speed pairs for DisplayPort

W4 VESA'  [®) pisplayPort

fed
[y}



m USB Type-C Connector PHY Switch for

Supporting DisplayPort Alternate Mode

ML
Configuration
Switch
SS5TX fememcmemamaa-
= SERK_ fre-smamsmans-
usB SETH
Caomtrodler {SE :r'
{Cyptional)
USEEO |-
EFE 2 :!'I I.l: I,'I
ane i & 4
sy eI
Lane 174
{DisplayPort J
Source) ne 0
A |
g cc.HPD |
Datect,
A .
0 &
= & HPD
Cable / Device-to
é' SE'FIE Adaptor Device
aniralEr Power Power
+ + (Source or
= Consumer)

3
£
5
'
3
&
®
E

Example for interface that
supports USB and DisplayPort
Alternate Mode

Similar switch needed at the
Device end

Switch can be integrated along
with the USB and DisplayPort
functions

BINSyun

co 8N IR FR S
B DisplayPort 21
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m USB Type-C to HDMI, DVI and VGA
Adapter Cables / Cable Adapters

Cable DP Lane 0
DP Lane 1
_ USB DP Lane 2 DisplayPort Legacy HDMI,
DisplayPort DP Lane 3 To DI
Type-C Connector or 2
Source Connector HDMI, DV, R or VGA
eceptacle '
ALX+ or VGA Display
A%- Converter
HPD
CC
[ 1D |
VeonN

* Utilizes DisplayPort Alt Mode capability of USB Type-C connector

* Adapter Cable: USB Type-C plug on one end, legacy plug on other end
* Adapter: USB Type-C plug on one end, legacy receptacle on other end
*  USB Type-C will NOT support DisplayPort Dual Mode (DP++)

* USB Type-C to HDMI Converters will support HDMI 2.0 and CEC

RINSYUN L" VESA D DisplayPort

so BN PR AR 53
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Scope

CIF Tesl 5
Cl1 C2 C3 C4
ONONON®, U8 uSh
‘ ‘ Unigraf
) i =1 SBU In
Agilent Diff QH 00 SMA
wWiEr GRL-USB-PD-C1
Probes ALX Gen! Control
DP Boad 2n ORrrodier
Cable
® &ave
Plug ————
DP Type-C ‘
Cable Tethered
=5 | Cable | I|
— -1
. R e '-%L'!g &Et:ﬁ-i %f“ﬁlﬁ_
Matched . A j |
SMA Cables = B —

ad

.,RlNSYUN
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Type-C Plug Fixture
(With 5BU and CC on Type-C Connector|



DPC Host fest plan ( Best Effort ) I

1. USB Type C test items
a. USB PD tests => BMC Phy, Protocol
Customer shall provide USB-PD .txt file
b. USB 3.0 => Electrical Tx / Rx, LFPS
Customer shall enable USB 3.0 PHY Compliance Test Patterns
c. USB 2.0 => Electrical
d. USB link layer tests
e. USB 3.0 Gold tree Interop Tests

2. Displayport over USB Type C test items

a. DPC source PHY test => main link , AUX eye

b. DPC source Link layer Testing

c. DPC Interop Testing

d. DPC MST test if support
Customer shall provide DisplayPort PHY (CDF)
Customer shall provide tools for PHY Settings
(Pattern, Level, Pre-Emphasis)

GRL Company Confidential R'NSYUN

co WM IXFR S



DPC Adapter test plan ( Best Effort )-

1. USB Type C test items
a. USB PD tests => BMC Phy, Protocol
Customer shall provide USB-PD .txt file
b. USB 3.0 => Electrical Tx / Rx, LFPS if support USB 3.0

Customer shall enable USB 3.0 PHY Compliance Test Patterns
c. USB 3.0 Gold tree Interop Tests if support 3.0
d. USB CV tests if support 3.0

2. Displayport over USB Type C test items
a. DPC sink PHY test => main link , AUX eye
b. DPC sink Link layer Testing
c. DPC Interop Testing

Customer shall provide DisplayPort PHY (CDF)
Customer shall provide tools for PHY Settings
(Pattern, Level, Pre-Emphasis)

RlNSYUN

co N IR TR



RlNSYUN
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Example A

SuperSpeed USB Trident Logo
+ DisplayPort Logo

SS<~.[»

SuperSpeed USB Power Delivery Trident Logo
+ DisplayPort Logo

so<- (M D)

SuperSpeed USB 10 Gbps Power Delivery Trident Logo
+ DisplayPort Logo




SuperSpeed USB Trident Logo + MHL Logo SuperSpeed USB 10 Ghps Power Delivery Trident Logo
+ MHL Logo

2L 2
Ss<. *MHL. | XML

SuperSpeed USB Trident Logo + MHL Logo Symbol

Example B

SuperSpeed USB 10 Gbps Power Delivery Trident Logo
‘O’ + MHL Logo Symbol
S o A
@.

SuperSpeed USB Power Delivery Trident Logo
+ MHL Logo

& ~*MHL

SuperSpeed USB Power Delivery Trident Logo
+ MHL Logo Symbol

555 (IES
ﬁlNSYUN
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Connectivity Standards Covered -

6 Authorized Test Lab
Data Bus & Storage High Definition Video

7, = PEIA

THUNDERBOLT. e v e

S

PCI> ] i

EXPRESS" * SCsl

I®) pisplayPort

F"E!P Genli/M SAS Gend/4 s MHL 3 tare HDMI1.4/2.0 V-By-One HS

HOmMI'  Vede

T BRI Tk 8 T R

uuuuuu

10G-BaseT
100/400G
SFI-SFP+
QSFP28
CAUI

CEI'25/28G

Datacom & Telecom

GRL Company Confidential

10T Mobile Memory Bus & Card
HINSYUN
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§=f=g Infiniium S-Series
acE=o 8 GHz-to-500 MHz Real-time Bandwidth
L £ 0 0 0

InfiniiVision 6000 X-Series
6 GHz-to-1 GHz Real-time Bandwidth

1.5 GHz-t0-200 MHz Real-time
Bandwidth

InfiniiVision 4000 X-Series | 6GHz 8GHz

InfiniiVision 3000T X-Series

1 GHz-to-100 MHz Real-time Bandwidth | 1 5 G H Z
[ ]

"1G Hz

KEYSIGHT = PR IE IR EHED
TECHNOLOGIES RlNSYUN Egbﬂﬁzﬁgﬁﬁaﬁ
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Infiniium S-Series

* 500 MHz to 8 GHz DSO/MSO

« World’s only 10 bit acquisition to 8 GHz

* New powerful, flexible interface with 15”
capacitive multi-touch screen

—_— * Upgrade from a lower BW to a higher BW model

= at any time.
DSO Models MSO Models Ba:r;?/:/?dgth Max Sample Rate ﬁ'i)tf Me?:ir:j?ar:pth
50 Q input
DSOS054A MSOS054A 500 MHz
DSOS104A MSOS104A 1 GHz
DSOS204A MSOS204A 26Hz | 160 Mots (2-ch)
DSOS254A MS0S254A 25GHZ | 7o ceaa e | 10 e Vints (ach)
DSOS404A MSOS404A 4 GHz
DSOS604A* MSOS604A* 6 GHz
DSOS804A* MSOS804A* 8 GHz

KEYSIGHT SRR ISR
JECHNOLOGIES .B INSYUN Zoiiinnn



Keysight Infiniium S-Series
Hardware Innovation

Correction Filter

12 ppb accuracy
timebase

New 10 bit,
40 GSa/s ADC

New low-noise
front-end

ﬁgﬂ%{gﬂ! RlNSYUN ERNRIENRELEHED

mIBHRBRAE
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— —

ADC FEATH, 4 el 14

Traditional Scope S Series ADC
e 8 bits of vertical resolution e 10 bits of vertical resolution
e 28=2560Q levels e 210=1024 Q levels
o) (0]
{ O
O —
3.125 mV 5 o F 0.781 mV
Minimum resolution
@ 800 mV full screen
Traditional Scope S Series ADC
* 8 bits of vertical resolution e 10 bits of vertical resolution
* SW magnification at < 56 mV « 210=1024 Q levels

o)
218 uVv* ‘[ o B> 166uv

Minimum resolution
@ 16 mV full screen

EE\Elﬁfﬂ RlNSYUN ERRRIEDA R RERD

mIBHRBRAE

Authorized Distributes



Infiniium S-Seriesf]Z

Protocol Options | | Analysis Options J
88/108 «  DSA (EZIIT complete + SDA)
CAN and CAN .dbc «  Equalization
DigRF v4 . EZIt
DV . EZIT+
HDMI * EZJIT Complete vertical noise analysis
FlexRay *  FPGA Dynamic Probe for Xilinx FPGAs
12C/SPI * InfiniiScan
JESD204B (contact factory) «  Infiniisim Basic
JTAG LIN

* InfiniiSim Advanced

* Matlab integration

*  OSA (Oscilloscope Signal Analyzer)
* Power

* Precision Probe

* Serial Data Analysis

* UDA (User-defined application)

MIPI CSI-3 (M-PHY)
MIPI D-PHY MIPI LLI
MIPI RFFE

MIPI UniPro

PCl e Genl and Gen2
RS-232/UART

SATA/SAS * UDF (User-Defined Function)
SPI * VSA (Vector Signal Analysis)
SVID

USB 2.0

usB 3.0

USB 3.0 SuperSpeed Inter-Chip (SSIC

KEYSIGHT SRR ISR
JECHNOLOGIES .B INSYUN Zoiiinnn



Keysight N7020A Power Rail Probe

o [RFEEF T PORERM] L1yl pr i pLERpVEL 1 EEFE T 10%
-”EW?E, Elfjl’ﬂ%ﬁ'&[ﬁﬂ D +/-24V EKTEIP’% [’ﬂ%ﬁ'ﬁ[ﬁt' > R P R R = j@’%ﬁﬁﬂ‘\pfj;ﬁé’r@?
Lo S IR T

E‘Eﬁlﬁppﬁ& 50 kQ @fﬁf ﬁﬁ (=3 [[JF S5 J)Fuf{’ﬁf*h’f’?fg I J@m@&

PRIV SRR R Rt o = EEEER g +/-850 mV - T ISR E
W R ST
ﬁ‘fﬁxﬁﬁf : 2 GHz EE[T’ LA ﬁ[ ﬁiﬁ’?‘?ﬁ?ﬁﬁ’fﬁ@?@ Bl N Elfi’l‘iiiﬁ??‘ﬁ?
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O PINGyUN 28T eRuss

Authorized Distributes



Keysight N7020A Power Rail Probe
(5l

N7020A ?‘Lﬂﬁ%&ﬁﬁﬁ PUFERR SIS F mV RS o R H T
FRERSFEAH] iﬁﬁﬁ’ﬁfﬁ@;@% . 3}@}@2%% 0

AR ol 1 2RI HEI T 8 (PARD )~ JSREAIELIE pIoilils ~ AR T
VARl | M S P FTR R T R -

Il >~ SHP R R A0 2 IR R > N7020A TR 40
™ TRl P TPIRE T 3 = S RS P T 2 oot

l
NN N ;
!

A
deguTPuT

» Time
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Keysight N2820/21A

High-Sensitivity, High Dynamic Range Current Probes

e /] 50 uAEI(‘J”F'LT’i?TLﬁ[Eﬂ

e N5 AE[(-fF‘[—Tjﬁ;ﬁ‘cT[g;l

* >20,000:1586 dBfIYTEZAAE

* HIP 3 MHz — 5| REE
500 kHz — F*3pj3E

| p‘ 5.00mas
- ) 14 E7EImA

KEYSIGHT
TECHNOLOGIES RlNSYUN e N

Authorized Distributes
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Keysight N6705B DC Power
Analyzer

N67058 T b LRLEFTRIH BedS - RIRL 2T1R-BR I A7 R

=3 XS
o
YR

*SMU 7 adE! A
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Keysight 14585A

|:' File Edit Tools ARB Help @ / Scope I DataLogger | M ars

270.8 ms 2917 ms 312.5 ms 3333 ms 354.2 ms 458.3 ms 479.2 ms

|04IUOT) JUSLUNISUL

m
=
o
=
=
o
a

Modifyi t#1
odifying sequence componen Click done to confirm component modification

Component Stats  Duration: 165s e

- Done | Cancel
Built-In Formula Imported

Sine Waveform

Amplitude: Volt
Triangle Square Exponential Gaussian
offset [ Vo
Frequency: - Hz
StairSt
ariep Phase: “ Deg

Repeat Count

Amplitude

Trapezoid

INSTRUMENTS OUTPUTS ACTIVE

@ Simulation CD Arb CD Arb CD Arb Arb

»
g Connect ) FixedDC B rixedDC Fixed DC O

KEYSIGHT ERRRIEDA R RERD
vl | mIBHRBRAE




N6705B SMU

Voltage
A
N6781A, 1A | +1A
NB782A, +20V
20W
-3 A +3A
+6 Vv
- » Current
0
Key
|:| Sourcing power
|:| Sinking power
Woltage
A
zg;ggi’ & A +4 A, 420V
80W 54 +5A, +15V
-6.7 A +6.7 4, +10V
-8 A +8 A, +B8Y
- » Current
0

KEYSIGHT R I Ns N =¥
TECHNOLOGIES YI I =
Authorized Distributor oo E)J

RRIERIREEHT
FIXBRAE

<t

Voltage
s
NE7B4A, +20V
0w
+3 A
+6\
0 * Current
-6V
-3 A
20V Mote 1
-TA o
Voltage
-09 A4
+15V
-23A
+22V _ Current
) 22V
NG784A
Down-programmer +2.3A
derating _16W
vy +09A
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