Type-C Technologies and
Solutions

September 8, 2015

KEYSIGHT

TECHNOLOGIES

Asay Brigham
Oscilloscope and Protocol Division
Keysight Technologies




Agenda

— Keysight Digital Standards Program
— Type-C Overview
— Type-C Power Delivery Solutions

— Solutions Summary

KEYSIGHT

TECHNOLOGIES



Standards Expertise and Comprehensive
Sfalﬁtﬂlé ﬁlgst comprehensive application-specific measurements

Full Simulation, Tx, Rx and Cable testing including automation.
Keysight experts on standards committees ensure proper testing
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Keysight Digital Standards Stamdards

Program

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

JEDEC

_ o e _ DO S>>
« Joint Electronic Devices Engineering Council (JEDEC) EXPRESS'
* PCI Special Interest Group (PCI-SIG®)
* Video Electronics Standards Association (VESA) L g
« Serial ATA International Organization (SATA-IO) A!A

* USB-Implementers Forum (USB-IF)
* Mobile Industry Processor Interface (MIPI) Alliance I .’
* And many others

« We're active in standards meetings, workshops, plugfests, and e s
seminars _-/“m
fffffffff UsB
* We get involved so you benefit with the right solutions when .
you need them |
iy
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Type-C Overview
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Industry Drivers for Type C

— Eliminate form factor orientation
dependency

— Establishes power delivery and
charging infrastructure

— Enables infrastructure for adoption
by other standards (i.e. video)
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Type-C Connector
Big Discontinuity

USB 3.0 Type A

i

Plug Receptacle

13.35mmx2.4mm 8.3mmx2.5mm
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http://site.aleratec.com/blog/wp-content/uploads/2011/12/usb-3.0-type-a.jpg

Alt Mode

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

bwnstream Facing Port

Upstream Facing Port

USB3.1
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Downstream Facing Port

DP1.3

Upstream Facing Port

DisplayPort 1.3, MHL, & Thunderbolt



USB Type C-Signal Plan

-

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- A2_ ? Ad A5 A6 A7 A8 A9 |-AIO_ F Al2

GND |rx1+ TX1- | veus | cc1 | Db+ D- | sBu1i | veus Ilnxz— RX2+ | GND

GND | Rx1+ | Rx1- | veus | sBu2 | D- | D+ | cc2 | veus “sz- TX2+ | GND
B12 , Bl B10 | 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
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Testing

Orientation Independence

=_>Test time DOUBLES

Test USB3.1 Twice, THEN

USB3.1

oot T T T =l ! Tt T =1 .
; [TX0 [ e | |$Test DisplayPort!
; | TX1 | i T
i TX2 [ i i
{evice  MEEH™ . Device |
Downstream Facing Port Upstream Facing Port
DP1.3
\/
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Test System Changes

b Application
% . Software
RX Test

Type C connector T LT S ~

Pattern Generator,
BERT

! Application
Software
TX Test

Power Delivery
Controller

Power Supply

KEYSIGHT ‘ ‘

TECHNOLOGIES



Type-C Power Delivery
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Power Delivery 2.0

25W  45W  7.5W

USB2.0 i
USB 3.0 Extend ease of use, reduce clutter, reduce even
USB éc 1.2 more waste
) [ss=) o
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Power Delivery 2.0

« Management of a power network and device modes through a one line
interface. The interface can set up the network to quickly charge devices with
up to 5 amps, supply power to active cables, discover cable functionality,
enable guest protocols (Alternate Modes), facilitate device role and power

direction swaps.

Power
Delivery
Controller Controller

Downstream Facing Port Upstream Facing Port
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Testing

« 3 Chapters in the Power Delivery Spec responsible for:
» Charge devices up to 20V/5A/100W

» Supply power to active cables

 Discover cable functionality

» facilitate device role and power direction

'@] USB_PD_R2 0 V1.0 - 20140807, pdf (SECURED) - Adobe Reader
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@ ® 5. Physical Layer
[:P [P 6. Protocol Layer
{('::

[P 7. Power Supply

5. Physical Layer

5.1 Physical Layer Overview

The Physical Layer [FHY Layer) defines the signaling technology for USE Power Delivery. This chaprer defines the
electrical requirements and parameters of the PD Physical Layer required for interoperability between USE PD
devices,

5.2  Physical Layer Functions

The USE PD Physical Layer consists of a pair of wansmitters and receivers that communicate across a single signal
wire (Vs or CC). All communication is half duplex. The PHY Layer practices collision avoidance to minimize
communication errors on the channel

rs
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Type-C PD Lines

— Detect attach of USB 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)
ports
_ Resolve Cable Orientation Al A2 A3 A4 A5 AbB A7 AB A9 Al10 All Al2

GND | Txa+ | tx1- [ veus | cca | o+ | o- | seui | veus | mxa- | rxz2+ | GnD

to establish data bus

) GNDIRXI#IRXI-IVBUS]SBUZ[D—TD#]CCZ'VBUS]TXZ-‘TXZ#[GND
rOUt|ng B12 Bl B0 B9 B8 87 B6 85 B4 B3 B2 B1

— Establish “host” and

« .y Cable Cable Secondary Plug Configuration Detection
device” roles between Ground Bus Power Bus oAb sesmE R,
two attached ports _ cable power
* CCis used for USB-PD
— Discover and configure communication

Vbus
— Configure Vconn

— Discover and configure
optional Alternate Mode
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Test Setup (eMark Cable Example)

PC or Scope with
GRL-USB-PD
Scope USB/LAN  Automation SW
WDt "t = i
el
el

Passive

Probe USB

USB-PD
Typ S Controller —
P Ellisys
EX-350

Type C oy
e-
Cable v},’ﬁ’d s
DUT Coupon
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Test Setup (Provider/ Consumer
Example)

PC or Windows Scope with
GRL-USB-PD-SW

SCOpe Automation SW

USB-PD Coupon(s)
€1 C2'€3 ¢4
CC V. | I
O

Passive

Probe
f\iﬁx\—f\}

/
Passive \*——\J /Curren'r

s ‘ EX-350

Power
eload Supply
0,150mA, 900mA 4.75-5.5V 30mV/us S1

1.5A, 3A, 5A 70mW-1W Slew
(20V Max) 13mA-211TmA _/_ 0.,5,12,20v
(5A Max)
ﬁmA Jus =
Slew System \l/

Ch S S1: Closed when testing DUT as Consumer,
w | Open when testing DUT as Provider
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Type-C/USB-PD Electrical & Protocol
Test Software (GRL-USB-PD)

« BMC Eye Diagram & Timing Measurements

* Bus Diagram and Signal View Window
» CC Line Packet Decode

o Report Generator :m,m — : m—
* VDM Decode for Cables and Adaptors ul.-.
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Chapter 5: Physical Layer Results

— BMC Eye & Measurements

Select Packet From List

Packets Info
Packets:

/| Update Test detals on packet select

Message

Message Type M.
Data 0
Data
Data
Data
Contral
Data

0 Source Capabilities SOP-Synct 5. Fixed Supply;Fixed Supply;Fixed ...
1 DFP Source Capabilties SOP-Sync1 S... Fixed Supply;Fixed Supply;Fixed ..
2 DFP Source Capabilties SOP-Sync1 S... Fixed Supply;Fixed Supply:Fixed ...
3 DFP Source Capabilities SOP-Synct S... Fixed Supply;Fixed Supply;Fixed ...
4 UFP Good CRC SOP-Synet S...

5  UFP Request SOP-Sync1 S... Request;

When Checked,
All Results Update
On Selected Packet

X

Header (MSB ...
(%31 0x61
0x31 0x61
(%31 0x61
(%31 0x61
0x00 0x41
0x10 0x42

Payload (MSB ...
0x6412C 0x...
0x6412C Ox...
0x6412C Ox...
0x6412C Ox...

0xC7040D7B
0xC704DD76
0xC704DD78
0xC704DD78
0xC704D07B
0xC704DD76

0x3804B12C

e e e s o

Pass/Fail BMC ‘One¢e’

| One Bt Eye Disgram x
BMC Tx "One” Mk a

Zero Bt Eyw Diagram *

Pass/Fail Measurements

Selected Packet Test Reaut:
Test Name Test Result Test Limit Average Value Minimum Value

1 Eye Diagram One Mask Test PASS

2 Eye Diagram Zero Mask Test PASS

3 CRCTest PASS

4 Rise Time Test PASS > 30 ns 577896248 nS 306.714286 nS 50.0866786 pS

5 Fall Time Test PASS 2 30ns 326.930994 nS 320.798611 nS 340.279018 nS

b Symbol Encoding Test PASS

1 Packet Fomat Test PASS

8 Bit Rate Test PASS (270 <X < 330) Kbps 295.931 Kbps 292.997 Kops 304 435 Kops

9 InterFrame Gap Test PASS i 2oyis 10263947 mS 102639847 mS 102639847 mS

10 Unit Intamval Test PASS (303 <X<3T0)ps 337926346 S 12417273 S 341300000 pS

fl Volage Sving Test [ RSEET o 144y
KEYSI(» miraens PASS  KelZe% 0I%% D026% 005 %
TECHNOLO ..




cliaptler o. FllysiCdl Layel 1Ee5l
Configuration

» Keysight Oscilloscope
- Infiniium S Series and above
- 2ea. Passive Probes for CC and VBUS
- 1lea. N2893A Current Probe for Load Current

« USB-PD Software

- GRL-USB-PD Power Delivery SW
« USB-PD Coupons

- USB3.1-C-PDC from Wilder-Tech

« USB-PD Controller and Protocol Generator
- EX-350 from Ellisys with Rp/Rd Board
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Type-C PD Chapter 6 and Chapter 7

» Chapter 6: Protocol Layer
- Ellisys EX-350 USB-PD Controller and Protocol Generator

« Chapter 7: Power Supply
- Depending on Power Profile 1-5
- Source or Load Requirements

Source capabilities organized as profiles

PROFILE O
Reserved
~
Hand-held devices, low
today’s peripherals Default start-up profile
Tablets, netbooks, 18W
most peripherals
Requires new
. detectable
Thinner notebooks,
38w > Cables for

larger peripherals
>1.5A or >5V
60w

Larger notebooks,
Limit for Micro-B/AB connector

hubs, docks

100w
Limit for Standard A/B connector

>y eS| @B © 0 EESd
(" e ccele
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Power Solutions for Type-C PD
Choose from these instruments that meet the

N67EHdi8 MeNts

D N- =] “.a.‘a

N6752A . T \5

N6705B DC Power Analyzer or N6700 Modular
Power System with N6752A DC power module

Source: 50V, 10A, 100W

N6705B

N3301A N3303A

N3301A System DC Electronic
Load with N3303A load module
Load: 240V, 10A, 250W

— Sourcing and Loading

N6752A high performance DC source module and N3303A DC electronic load
module meet stringent combination of requirements for slew rate, transient
response and power demands of USB PD 2.0 validation testing

— Most ordinary power products do not meet the necessary combination of

requirements
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Summary
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Keysight Type-C Solutions

Now with Power Delivery Solutions!

[ Design & \

Simulation

Advanced Design
System (ADS)

= =

84 BB
Hles!

EMPro

—

SW
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( Transmitter Test Interconnect Test @ Receiver Test R
\
U7243B ST NS990A
USB Compliancef™ ‘ _ USB Compliance
Test Software I 4 ! Test Software
M8020A J-BERT High-
Performance Serial BERT <
DS0OX92504A : 3
Infiniium . 2
Scope J S—
TBD <
Rx Test Fixture
IED from USB-IF
" ! Al
TBD
Cable/Connector .
Test Fixture N
Cable  J Y,
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