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Why we need the Power Delivery?

: : Standard
USB 3.0 : Extend ease of use, reduce clutter, reduce even
uUSB éc 1.2 more waste
(- ------------------------------------ USB Power Delivery ------------------------------------ >

Power increased to ~ 100W
Concept of universal charging being extended by IEC6302




What is Type-C, why Is it important?

USB Micro-B

DisplayPort USB Type-A

10.4 mm
4.0 mm

Power USB Type-C — Combines all in one USB Type-B
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Device Charging

Device Charging
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> USB 2.0 or 3.1 Data

— Display Data

Device Supplying Power

D —
> USB 2.0 or 3.1 Data

G Display Data




Type-C Comparison (USB-C)
Micro B Plug

Rounded, reversible,
flipable

«~25% less width vs. uB

b

t

[= =12.2mm -

*Signaling

-Two SS differential pairs Type-C Plug

A12 A11A10A9A8 A7A6 A5 A4 A3 A2 Al

°VVbus power
-Configuration Channel (CC)
-USB 2.0 differential pair

« New Smideband Use (SBU)

B1 B2 B3 B4 B5 B6 B7 B8 B9B10B11B12
= 8.25mm

|

Al 1, A2 .. ..A3 ,\,.A4 .\ A5 A6 A7 AS A9 A10 A1l A12
GND | ™1+ | m™1- SBU1 RX2- | RX2+ | GND
GND | Rxi+ | Rx1- |JNBUSH sBu2 vconn [INVBUSI Tx2- [ ™2+ [ GND
B12 B11 B10 B9 BS B7 B6 B5 B4 B3 B2 B1




Plug Up Orientation




USB Power Delivery offers the
following features:

*Increased power levels from existing USB standards up to 100W.

Power direction is no longer fixed. This enables the product with the power
(Host or Peripheral) to provide the power.

*Optimize power management across multiple peripherals by allowing each
device to take only the power it requires, and to get more power when required
for a given application.

*Intelligent and flexible system level management of power via optional hub
communication with the PC.

*Allows low power cases such as headsets to negotiate for only the power
they require.

0 GRL Company Confidential






Terminology

*DFP (‘Downstream Facing Port ) /[UFP(Upstream Facing Port)
°Defines the Port’s position in the USB topology
°-DFP is equivalent to Host, UFP is equivalent to Device
°Does not require USB Communication Capability

*Source/ Sink
cDefines the power role the port is currently operating in

*Dual-Role Power Port
°Port can operate as either a Source or Sink

*Dual-Role Data Port
°Port can operate as either a DFP or a UFP




PD Topology

Power transmitted upstream or downstream as needed System Level control via USB

Notebook/ tablet ; ;;;*g-’”

munications

AC/Battery Provider

Nopre | | pe |

USB Communications

Provider/Consumer

Consumer/
Provider

s Tec T#c | Docking/ Dongle

L ool )

Charger Consumer/ Disp | ay
ey COHSV Cansamer Provider |+ AC/Battery
Audi SOLY

pd
Port to port communication and negotiated power contract using PD communication




Overview

Provider Consumer

Device Policy Manager

Device Policy Manager

Source

port Policy Engine Policy Engine port

Protocol Layer
Cable
Physlcal Layer

Protocol Layer Power
Source(s)

A4

Cable
Detection

A A

Physical Layer

EEESKpane

uUsB Port" rUSB Port
Type A/B Plug

v

Type A/B Plug CC
identification | (Type-C only)

A v

CC

identification

(Type-C only)

I VBUS ! ! I
CC
Communication across the channel uses Biphase Mark Coding (BMC) over CC in Type C connector




Pull-up/Pull down CC model

DFP

E-Marker Cable

UFP

VBus Veus K
VBUS Source jTL = \/BUS Sin
Connection -
Mux and Marked 5y Veonn Mux
CNTL A
Dci::tl:)n l | Connection CNTL
Cold-5ocket, Rp S ca 1 Detection
PD --—| & VCONN Lot ——————————————— [\ N\ — - PD
Control —"\/\V\v ] Rd
(cc1) . (cc1)
() Veonn 4 pOS.SIbIe . (cC2)
+ CC configuration
USB Type-C
Rp o] ca 2 Current
L AAN —/\\/ .
o AO}RE Rafoi Rd Detection
GND GND
Q 13



Host detects connect status

CC1 CC2 State Position
Audio Adapter Accessory Mode connected
Ra Ra , N/A
(Appendix A)
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Power Rules

able 10-2 Normative Voltages and Carrents

PDP (W)

Current at 5V (4]

Current at 9V (4]

Current at 15V (4]

Current at 20W [4)

05 =x<15

x=5

15<x=<27

3

x=19

2T =x=45

3

45 <x =60

x< 20

6l <x < 100

o Qu| ca

x =2

I Requires a 5.4 cable,

6

5

Current (A)

Figure 10-2 shows an example of an adapter with a rating at 50W. The adapter is required to support 20W at 2.54,

15V at 3A, 9V at 3A and 5V at 3A.

30 40 >0

60 10

Source Power Rating (W)

280 20 100
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USB specifications

USB Type-C Spec Power Delivery 2.0 Spec
A Defines:
. Mechanical
 Electrical
Universal Serial Bus ’ ACtive Cable Universal Serial Bus
Type-C Cable and Connector * Alternate mode Power Delivery Specification
Specification

Revision 1

Defines:

« PD Discovery

* PD Negotiation
 PD Power Role Swap
« BMC Signaling

» Alternate mode

USB Power Delivery Spacification Revision 2.0, Version 1.2 Page 1




USB-PD & DisplayPort
Specification & CTS Overlap

VESA
MHL

USB Other

Certification

Cer’rificc’riqr_\_ _________________

= Communications Engine PD Compliance MOIv1.0.paf

Testing
= Deterministic PD Compliance MOl v1.0.pdf

= PD Compliance Plan v1.0.pdf

nde(boIT 3

Type-C ™
Alt-Mode
Testing

/0SB Type-

Testing ’

Intel




Power Delivery 2
Test Solution




Confirm Test Setup
(Provider/Consumer Example)

USB elLoad #*r
| Windows Scope with oA -

GRL-USB-PD

1l AC Line
Power
GRL-USB-PD-C1
Power Brick USB Type-C™ Test

ZAVIeA Controller
/
Passive o = W
or Active e | s
Probes
(Ch1, Ch2)
CC Line
Trigger Out
Current USB-PD
e Dual Role
Probe
Test Cable DUT
© GRL




Run Test

Scope Acquisition

= . ] T B ®

Chl: USB-PD packet data on CC line

[ R T T e S

B 00my
e
"
€ = E | = @ e )

(u Tests can be run on live or

saved waveforms

\_ saved for future analysis

\

m Waveforms from all tests are

Press

9,

Results ‘Dashboard’

{dmm®-+r -8
b ots Dtaile 4 b 3 §Toned Bus Cimgrzm

y

GRL-US

B-PD Software




Run Tests — Power Load Tests

USE-PD Protocol Decode Software (Version: 1.1.0.0)

applcstion Options  License  Windows  Hsip

Test Selection

Complience Test Result* “ 1k
Compiance Test Fesult:

= L PO

IA_Transient_

transient = 0 3424 { it: 0.75)

S5V 0.75A

&I 300mV Off n m'_“f375n1A 40.0ms/div 4.0MS/s 250ns/pt
&7 183mV Offset: |_None Normal |

Single Seq |
T 150mA  Offset: 1 acqs RL:1.6M

Man May 18, 2016 12




View Power Provider Test Results

] Packet Info
‘Dashboard’ View

|E USB-PD Protocol Decode Software (Version: 1.1.0.0)

( 0 m pl I an Ce Application  Options  License  Windows  Help

| Test Selection g D
R esu |tS Compliance TestResult™ 4 b % [Packets Info™, 4 b x |Packets Desils 4 b x
Compiiance Test Result Packsts: [7] Update Test details on packet select

b

... Po..

. t-Source Capabilities( Header = 0x31 0x61) PaC ket
0  DFP Source Capabilities SOP-Sync_.. Fixed Supply:Fixed Su| L PDO[1] = Fixed Supply-Source (0x2C 0x91 0x01 0x0A )
1 UFP Good CRC SOP-Sync... .
2 UFP Request SOP-Sync.. Requgist: Detal IS
3 DFP Good CRC SOP-Sync.... B31..30 Supply Type 0x0 Fixed Supply
4 DFP Accept SOP-Sync.... B29 Dual-Role  0x0 False i
5 UFP Good CRC SOP-Sync... B28 USB Susp. 0x0 False k 7
6 DFPPS_RDY SOP-Sync... B27 Externally .. 0x1 True
7 UFP Good CRC SOP-Sync... B26 USB Com... 0x0 False
& DFP Get Sink Capability SOP-Sync... B25 Data Role ... 0x1 True
9  UFP Good CRC SOP-Sync.... B24.22 Reserved  0x0
10 UFP Sink Capabilities SOP-Sync... Fixed Supply:Battery;V B21..20 Peak Curr... 0x0 Peak current equal...
11 DFP Good CRC SOP-Sync... B19..10 Voltage 0x64 5000mV i
12 |UFPDR_Swap SOP-Sync.... B9..0 Maximum ... 0x12C 3000mA
13 DFP Good CRC SOP-Sync... b

14 DFP Accept SOP-Sync...
15 UFP Good CRC SOP-Sync.. TestResults™, —

Selected Packet Test Result:

3A_Transient_
3A_DC 08
3A_Transient_0_8A

Electrical
_— Meas

CRC Test

Rise Time Test
Fall Time Test
Symbol Encoding

- O ;B D o=

4 T » Packet Format Test PASS - - - -
Signal/Bus Diagram 4 b x [Zero Bit Eye Diagram™, 4 b x [One Bit Eye Dizagram ", 4 x
BIEN b4 I@l| 7] Split Analysis ignal  [¥] Bus Diagran BMC Tx "Zero™ Mask BMC Tx "One" Mask

SignalBus
Timing

Do ~—0 <

025Ul

Unit Interval Unit Interval







DP over Type-C test solution

e &

R el

Wilder Type-C Fixture
& Alt Mode Adapter

€% o v

.'.‘itl.(' ‘

High Speed
Signals
(Tx/Rx

USB automation

GRL PD/AlIt-Mode
controller

CC1l/cC2
Vconn/VBu

! SBU1/2
(Aux Channel)




Summary



Complete USB-PD Compliance Solution

TekScope DPO5000 Series

Required Equipment List

= Download Data Sheet and Demo SW, MOI

DPO5000 Series Scopes and above

2ea. Passive Probes for CC and VBUS
lea. TCP-2020A Current Probe for Load Current

Keithley eLoad & Power Supplies:

= 1 ea — Keithley 2380 DC E-Load
= 1 ea— Keithley 2280S-32-6 (32V/6A) <option>

GRL-USB-PD Power Delivery SW & controller

= Wwww.graniteriverlabs.com/usb-pd/

TCP-2020A




