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What is Type-C, why Is it important?

USB Micro-B

DisplayPort

10.4 mm

4.0 mm

Power USB Type-C — Combines all in one

L.

La)

/
— Device Charging
; R —
3 > USB 2.0 or 3.1 Data
—_— Display Data
{\\ Device Supplying Power
R —
j > USB 2.0 or 3.1 Data
€« Display Data

Device Charging




Single Connector Platform Model

Keyboard .




USB = Data + Video + Power

Port Configuration Process

Detect Establish Power || Configuration
connection - BC1.2 - Alternate Mode

» Cable orientation = USB type C - USBPD Enumeration
« DFP/UFP Current Mode communication

relationship = USBPD (VDM)

#\, . Off

Source: Intel Corp.




Type-C Comparison (USB-C)

« Rounded, reversible, flipable Micro B Plug
« ~25% less width vs. pB LLLXA Pac

b

+ Signaling Lesm i ==ees D R

> Two SS differential pairs - mie.amm
Vbus power
Configuration Channel (CC)

(e]

Type-C Plug

A12 A11A10A9A8 A7A6 A5 A4 A3 A2 Al

(e]

(e]

(e]

(o]

B1 B2 B3 B4 B5 B6 B7 B8 B9B10B11B12 } ‘

Plug power (Vconn)

t

USB 2.0 differential pair )
Sideband Use (SBU) ',*2-4mm

=8.25mm
* New signals
A1 A2 A3 A4 AS A6 A7 A8 A9 A10 A11 A12
GND | ™1+ | m™1- SBU1 RX2- | RX2+ | GND
GND | Rxi+ | Rx1- |JNBUSH sBu2 vconn [INVBUSI Tx2- [ ™2+ [ GND
B12 B11 B10 B9 B8 B7 B6 BS B4 B3 B2 B1




Type-C Pin Definitions

Tx High-speed data path

Rx High-speed data path

(USB, or TBT/DP Alt-Mode) USB 2.0 (USB, or TBT/DP Alt-Mode)
Al A2 A3 A4 A5 A6 A7 A8 A9 A10 All Al12
GND | TXi+ | TX1- Vius CC1 D+ D- SBU1 Vius RX2- | RX2+ | GND
GND RX1+ RX1- Vsus SBU2 D- D+ CcC2 Veus TX2- TX2+ GND
Bl B2 B3 B4 B5 B6 B7 B8 B9 B10 B11l B12
Cable _ _ _
bus Plug configuration detection
Cable Power * One becomes Vcoyy, cable power
Ground *+ CCis used for USB-PD communication

Sideband Use
(not used for USB, only
Alt-modes)




Plug Up Orientation

“Upside Up’
Note, end-to-end signaling have swapped pairs
(e.g. Host A2 ( TX1+ ) <« Device All ( RX2+ ))




Plug Down Orientation

“Upside Down” (both plugs flipped)
Note, end-to-end signaling have swapped pairs
(e.g. Host A2 ( TX1+ ) <« Device All ( RX2+ ))

Az




Why is Configuration Channel (CC)
signal so important?

« Used to determine downstream and upstream positions (role swapping)
« Discover and configure optional Alternate and Accessory modes

 Resolve cable orientation and twist connections to establish USB data
bus routing*

ERCL il [
sstx1 — 3| & E 5|—— SSRX ssTx1 — §| | d
ssrRx1 — [¢| |2 E i — sSTX SSRX1 — || £ :
. Device I I
cc1 — || 8| |¢| |} — cc use cc1 —|E| |2
Host USB D1/ Pl ?| [#|| | usBD+/- Host USB D+/— M ']
USB 7| |¥® 4 USB ¥ ! __USBD+/—
cClogic | ey el 2 /3 CClogi | 15|y (8] || —
L gveon [ CC2— |8 E @3 - aveow [7 92— |8 Q@) |8 —CC Device
Switch I I Switch I
sstx2 — i B |§ sstx2 — 2| 8] |2 : SSRX Us8
ssrx2 —[§| §  |§ ———— ssrx2 — 3| [5| |z : SSTX
e e s le g8
= Un-fli ition ® = Flj Position @
Un-flipped — Position Flipped — Position




Connector Transition

Legacy Cables

rus Loz Tuenion g

C USB 2.0 <4m
A C USB 3.1 Gen2 <1m
C B USB 2.0 <4m
C B USB 3.1 Gen2 <1m
C Micro-B USB 2.0 <2m
C Micro-B USB 3.1 Gen2 <1m

Defined Adapters

Micro-B USB 2.0 <0.15m
C A USB 3.1 Genl <0.15m

Host (Type-C)

Cable
(C to Micro-B)

Device /
(Micro-B) <




10NS

t

Specifica




USB specifications

« Base spec and supplemental specs:
http://www.usb.org/developers/docs

Home About USBIF Channel Press Developers Members Products

Home » Developers >  Documents

USB 3.1 Specification

Universal Serial Bus Revision 3.1 Specification (.zip file format, size 56.7 MB) provides the technical details to
understand USB 3.1 requirements and design USB 3.1 compatible products. Modifications to the USB 3.1
specification are made through Engineering Change Motices (ECNs). Enclosed in this zip file are the following
documents:

1. The USB 3.1 Specification released on July 26, 2013 and ECNs approved through August 11, 2014

2.USB 3.1 Appendix E: Repeaters

3. USB 3.0 Adopters Agreement

4. On-The-Go and Embedded Host Supplement to the USB Revision 3.0 Specification Revision 1.1 as of
May 10, 2012

5. Inter-Chip Supplement to the USB Revision 3.0 Specification, Revision 1.02 as of May 19, 2014

6. USB Power Delivery Specification Rev: 2.0, Version 1.0, August 11, 2014 and corresponding Adopters
Agreement and ECNs approved through March 18, 2015

7. USB Type-C™ Cable and Connector Specification Revision 1.1, April 3, 2015 and ECMs approved
through April 3, 2015

= Compliance Test Specification (CTS)
= USB 3.0 CTS 1.0a (March 2015a):

http://www.usb.org/developers/compliance/ssusb testing

= USB 3.1 CTS (in final editing/revisions)
=  Willinclude both genl (5 Gb/s) and gen2 (10 Gb/s) Tx and Rx test procedures

=  Standard, MicroAB/B, and Type-C connector channel and connector support



http://www.usb.org/developers/docs/usb_31_040315.zip
http://www.usb.org/developers/compliance/ssusb_testing/SuperSpeedPHYComplianceTest_Spec1_0a.pdf

USB-PD & DisplayPort
Specification & CTS Overlap

m USB Power Delivery Rev2.0, V2.0

m USB Type-C Cable Specification Rev1.0

m DisplayPort Alt Mode on USB Type-C

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

Chapter 3 Type-A and TypeB Cable Assemblies & Connectors \ﬁlif
Chaper 4 Electrical Requirements USB Other
Chapter 5 Physical Layer (BMC & FSK) Certification

Certification
Chapter 6 Protocol Layer

Chapter 7 Power Supply

USB 3.1
Testing

Chapter 8 Device Policy
Type-C

Alt-Mode

Testing ‘

 USB Type-C

Testing ’

Chapter 9 System Policy

Chapter 4 — Type-C Functional Testing

Chapter 5 — Discovery and USB-PD

m TBT and other ‘Alt Modes’







USB 3.1 Data Mode

Cable

USB
Type-C

Connector

SSTX1

SSRX1

SSTX2

SSRX2

USB

USB 2.0

Type-C

Connector

SBU1/2

CC/VcoNN

VBUS

GND




DisplayPort Mode (Alt mode)

GRL PD/Alt-Mode
controller

Unigraf (AUX Controller)

O

Cable -\ SSTFXT DP Lane 2
% % f
SSRXT DP Lane 3 /
— I N
A SSF¥7 DP Lane 1 / q
- I N |
SSRXT DP Lane O /] s
DisplayPort uss DisplayPort
Source U Sink
Connector




Thunderbolt Mode

 Integrate Type-C solution (Alpine
Ridge)

» Targeted for Intel Skylake / Alpine R'_dge
Ref Design
platform

» Key features . .
> Native USB 3.1 (10 Gb/s) =
o DP over Type-C (4K Video)
o Thunderbolt (20 Ghb/s)
o DockPort

 Tektronix to provide full Alpine
Ridge support in Q3 2016 =
- TBT3 controller automation with \ o
4x faster 10G/20G measurement
automation

o Use new TBT 20G Type-C fixture

Tx1/Rx1

Tx2/Rx2

USB3.1,

DisplayPort,
DockPort or
Thunderbolt




Test Fixtures




Test Fixtures

« USB 3.1 fixtures USB-IF
Type-C Fixtures & Channels

o USB-IF (required for certification)
= Type-C, Standard/Micro A/B
= Includes USB-specific channels
= Available now on USBIF website!

o Wilder Technologies
= DP Type-C fixtures also work for USB

o Luxshare-ICT Luxshare-ICT

High Speed Plug Fixture
 DP over Type-C

o Wilder Technologies
o Luxshare-ICT




ivery

Power Del




Power Delivery Topology

20

Power Delivery Topology

AC/Battery —»

Provider

P/C | | P/C |

il

Consumer/
Provider

A

p/C | pic | Py

[

* Power +
PD Communications

# USB Communications

Provider/Consumer

Y Yy Yy Y
Charger Consumer/
N |f—
(i.::z:;:;; Consumer Consumer Provider AC/Battery

IDF14




Run Tests

Scope Acquisition

Ch1: USB-PD Packet Data
On CC Line

Press Run
+ > 2

Ch2:V ‘ ’
BUS Results ‘Dashboard

Transitions
Application  Options  License Vindows  Help
| YyidmmB> + B 9 ¥
ackets Info 4 b X [Packets Details 4 b % [Sign
Update Test details on packet select

In... Po. Message SoP
0 DFP Source Capabilities  SOP-Sync... Fixed Sug
1 DFP Source Capabilties  SOP-Sync... Fixed Sug
DEP Source Capabilit OP-Sync_Fixed Sur

:

PDO1] = Fixed Supply-Source (0x96 0x30 0x01 0
PDO[2] = Fixed Supply-Source (1x2C 0xC1 0x03 0
PDO[3] = Fixed Supply-Source (0x2C 0x41 0x06 0

sMce Capabilities( Header = 0x31 0x61 )

[z 150mwvidiv 500 By:250M ( . ( OMS/s  20.0ns/pt
D 3.0Vidiv 8,:250M (None  Normal | Single Seq 1
€D 700mv 50.0ms RL:25.0M
&€ 30V 50.0ms Cons April 30, 2015 11:54:39

12 Eye Diagram .. PA.. -

Useful Scope Features
- Lowest Analog BW (100-200MHZz) o i

- High Res Acquisition Mode to filter noise
- Pulse Width Trigger

- Segmented Memory

- Desired: CC Packet Trigger

- HF Reject Trigger Coupling

One it Eye Diagram 4bx

BMC Tx "One” Mask ‘g‘

Unit Interval

|StatusLogger|

GRL-USB-PD Software




Confirm Test Setup
(Provider/Consumer Example)

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

SCOpe Automation SW

USB-PD Coupon(s) C] C2C3 C4
cecvy & M

* HV Diff Probe
(Double Probed with DMM, not shown)

—— / |
= {r o /Current ‘4\\\
- / Probe .
/
_-/‘/ \
USB-PD \.\
Controller \
DUT
Short
Type-C
Cable Couptn Vbus_US
Power
eload + Supply
LAN T
0,150mA, 900mA 4.75-5.5V 30mV/us S1
1.5A, 3A, 5A ‘D 70mwW-1w Slew
(20V Max) 13mA-21TmA _/_ (){;A)i/éz)/
ﬁmA/us =
Slew System \[/
(i_ Si S1: Closed when testing DUT as Consumer,
Open when testing DUT as Provider




View Power Provider Test Results

Compliance
Results

SignalBus
Timing

‘Dashboard’ View

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

Packet Info

Application ~ Options ~ License  Windows  Help

| Test Selection

Compliance TestResult™, 4 b x

Compliance Test Resutt:

3A_Transient_
3A_DCO08B
3A_Transient_0_8A

g &

Packets Info ™\, 4 b x [Packets Details 4. x
Packets: -

... Po... M
t-Source Capabilities( Header = 0x31 0x61)

0  DFP Source Capabilities SOP-Sync oply;Fixed Su| S PDO[] = Fixed Supply-Source (0x2C 0x91 001 0x0A )

1 UFP Good CRC SOP-Sync...

2 UFP Request SOP-Sync

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... B2s USB Susp._. 0x0 False L 1
6 DFP PS_RDY SOP-Sync... B27 Externally .. 0x1 True

7 UFP Good CRC SOP-Sync... 525 USB Com... 0x0 False

8  DFP Get Sink Capability SOP-Sync... B25 Data Role ... 0x1 True

9 UFP Good CRC SOP-Sync... 524,22 Reserved  0x0

10 |UFP Sink Capabilities SOP-Sync... Fixed Supply;Battery;V. B21..20 Peak Curr... 0x0 Peak current equal...

T DFP Good CRC SOP-Sync... B19.10  \Volage  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 ™, abx

Selected Packet Test Result:

Test Name

CRC Test
Rise Time Test
Fall Time Test

- o ;B D o=

Symbaol Encoding
Packet Format Test PASS

Eye Diagram One

. Averag...

Signal/Bus Diagram 4 b x

B W[ﬁ| ] Split Anslysis ignal ] Bus Diagran

Zero Bit Eye Diagram \,

One Bit Eye Diagram

025Ul

BMC Tx “Zero™ Mask

Unit Interval

Qo ~—0 =

BMC Tx "One” Mask

Unit Interval

Packet
Detalils

BMC
Electrical

_— Meas




Complete USB-PD Compliance Solution

TekScope

* Required Equipment for PD Testing

o Order Oscilloscope from Tektronix f%\
= DPO5000 Series Scopes and above x
= GRL-USB-PD Power Delivery SW
= 2ea. Passive Probes for CC and VBUS
= lea. TCP-2020A Current Probe for Load Current

o Order USB-PD Controller from GRL
= 1 ea. GRL-USB-PD-C1 Controller

TCP-2020A

GRL-USB-PD-C1

o Keithley eLoad & Power Supplies:
= 1 ea — Keithley 2380 DC E-Load
= Optional Lab PS — Keithley 2280S-32-6 (32V/6A)
o Download Data Sheet and Demo SW, MOl
= www.graniteriverlabs.com/usb-pd/




Type-C Testing/
Challenges




Challenges in validating Type-C
designs

 Channel considerations
o Need to account for > 20 dB channel loss

o 10 Gbps requires more complicated (EQ/repeaters) signal
conditioning

 New Challenges
o 4” Long Host Channels @ 10 Gbps
o Closed Eye at Rx
o Equalization
= 3tap EQ at Tx

= Continuous Time Linear Equalizer (CTLE) & Decision Feedback
equalization (DFE) at Rx




Interoperability Challenge

« Goal: Any certified host works with any certified hub or device

» Short Channel o
o 1" host PCB route
o 14" device PCB route
o Direct plug

* Long channel
o 4" host PCB route
o 4" device PCB route
o 1m cable
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USB 3.1 Transmitter test

 Tektronix offers test efficiency,
automation capability, and a simple to
use solution for a wide range of
measurements required for USB 3.1
certification.

* |In addition to automated tesing with
TekExpress, all USB 3.1 Measurements
are implemented in DPOJET providing
the engineer with a comprehensive
debug environment




USB 3.1 Recelver test

« The BERTScope allows
customers to define
custom SSC profiles,
bit rates, and accurate
de-emphasis settings

« BERTScope-based
USB3.1 solution
Includes flexible
loopback controls and
user-defined margin
analysis

Subrate Clock

Data

"’iug)! y{;.n@
DO
]

|
el
©o

PR AT
Chi+,  Chi-| " CML Trig. In

I
3
!
@

= &fE ®
& =
@52, s
DD :
® 0-0-0= : 6




Tek DP Type-C solution

Lk
Wilder Type-C Fixture ¥
& Alt Mode Adapter XXX

High Speed
Signals
(Tx/Rx

USB automation

GRL PD/Alt-Mode
controller

CC1l/CC2

Unigraf (AUX Controller) Veonn/VBu

! SBU1/2
(Aux Channel)




Thunderbolt 3 Transmitter Testing

« 21GHz scope BW required for TX testing
o 70000DX offers 100Gs/sec on 2-ch
= 10psec sample interval, 5 samples/UlI
= Available up to 33GHz w
o 70000SX offers 200Gs/sec on 2-ch 70000DX
= Available in 33Ghz, 50GHz, and 70GHz versions
= 5psec sample interval, 10 samples/UlI

= 30% noise improvement >20GHz

70000SX




Thunderbolt 3 Receiver Testing

Error detection and counting performed by the
Thunderbolt device (DUT), no BERT error detector
nor loopback used

20Gb/s BERT with 3-tap pre-emphasis required for
pattern and stress generation

o Tek offers no-mux BERT at 28.6Gb/s

 Recommended configuration
° (1) 28.6Gb/s BERTScope with stress option Cose
o (1) 3" party TX Eq processor (Anritsu 4-tap DPP) T S A -
> (1) ISI board ==
o (1) AC CMI noise combiner (Pickoff T-s)
Calibrate stresses at TP2 & TP3EQ
« Calibration with PRBS15
« DPOJET measurements TR e

Pattemn
Generator

e g hibar
X

——
je— Pl
— Kl
-—

Target BER of 1E-12 or lower R e =

Test with PRBS15 pattern '
Granite River Labs automated RX SW

@seH: Flatu @36H:



Summary
Test Challenge Tektronix Advantage

Long list of required compliance tests  Fully automated TekExpress test Test efficiency, automation capability,
solution and a simple to use solution for a
wide range of measurements required
for USB 3.1 certification

Customers can go beyond

When compliance test fails, how to do  All USB 3.1 Measurements are . . .
compliance test to characterize their

root-cause analysis on the test to implemented in DPOJET providing . L
) ) . . . . devices by configuring
determine compliant behavior is really the engineer with a comprehensive :
. . measurement settings to closely
hard and wastes time. debug environment

model actual silicon

Lack of real-world impairments limits The BERTScope allow customers to The engineer stress their RX design
ability to stress their RX design’s define custom SSC profiles, bit rates, beyond compliance to ensure
stability and accurate de-emphasis settings interoperability

Lack of loopback and high frequency = BERTScope-based USB3.1 solution
SJ errors continues to be the leading  includes flexible loopback controls
cause of Rx test failures and user-defined margin analysis

Ensure higher confidence in design
performance by going beyond

« Tektronix is the only company that provides an integrated debug
solution to enable finding root causes for signal integrity
problems




Complete Test solutions for Type-C
Technologies

Characterize TX

Performance
RT Scopes

* Measure Signal Integrity and Jitter Parameters
»  TekExpress automated compliance

Characterize RX

Performance
BERTScope

Interoperability, |
Validation, Debug
RT Scopes and BERTs

 Link Training Debug

» Protocol Debug and Validation




