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Agenda

Preparing to test and avoid pitfalls in your USB4 implementations

« USB4/DPoC Overview

« USB4/DPoC Compliance Testing Overview
- USB4/DP Electrical Testing

cQ&A

Note :

« USB4™ USB Type-C™ and USB-C™ are trademarks of USB Implementers Forum
 Thunderbolt™ is a trademark of Intel Corporation

« VESA® is a registered trademark and DisplayPort™ is a trademark of VESA

« USB4 diagrams courtesy of the USB-IF
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USB4/DPoC Overview
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USB4 Overview

» Announced by USB-IF in March 2019

 Spec released September 2019

» Based on the Thunderbolt 3 protocol

* Open standard and potentially integrated in CPU

» Uses the Type-C connector

* Tunnels USB, DP, and PCle

» Channel aggregation: two independent 20Gbps bonded into one logical 40Gbps link
 Supports other standards through ALT mode

 Keysight solution help test with early adopter Protocol Decode, TX, RX, and Return Loss

Universal Serial Bus 4 (USB4™)
Specification
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Thunderbolt 3 Overview

* Announced in Q2 2015
» Uses the Type-C connector

» Channel aggregation: two independent

20Ghbps links into one logical 40Gbps
link More €9 THunDerBOLT @
PrOtOCOIS B DisplayPort PCI >

EXPRESS

 Supports other standards through ALT

mode More " o 40Gb/s

Spééd fastest connection
« Cost competitive vs multi-chip, discrete,
mux solutions More [ e
n - Dual 4K displ
The USB-C that Pixels ‘, oz
does it all.

More 100W 15W
Power charging device
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Thunderbolt and CIO (Converged 10)

* Thunderbolt features two bidirectional (full duplex) channels that run up to 20Gbps each and allows daisy-
chaining of up to six devices.

 Passive or active Cable
* Thunderbolt tunnels two protocols (PCI Express and DisplayPort) when running in native Thunderbolt mode.

<= P(| Express* = -== PC| Express ==

(W ) <= Thunderbolt™ Cable == , A1,

L A A 4 v
DisplayPort == DisplayPort ==
Thunderbolt Thunderbolt

Controller Controller
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TBT4 Overview

* To better align with USB4, Intel launch TBT4 in latest platform but provide same physical layer as TBT3.
« USB4 specification defines how to build TBT3 compatible products.
» Thunderbolt certification, brand names and logos are managed and owned by Intel without change.
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USB Revision Overview

Low Speed 1.5Mbps ,, -
AL Full Speed 12Mbps
USB2.0 High Speed 480Mbps m@
SUPERSPEED
USB3.0 SuperSpeed USB 5Gbps A, USB\
usB3.2 Gen 1x1 5Gbps
UsERd | SUPEEEEEE UsE 10Gbps
USB3.2 Gen 2x1 10Gbps
USB3.2 S“perSpied S8 20Gbps
USB3.2 Gen 2x2 20Gbps
USB4 USB4 20Gbps 20Gbps
usB4 Gen 2x2
uSB4 USB4 40Gbps 40Gbps @40
Gbps

usB4 Gen 3x2
Copyright © 2019, USB3.0 Promoter Group. All rights reserved.
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Delivering the USB Type-C Vision

« USB4™ Specification Goals:

* Help converge USB Type-C connector ecosystem to minimize end-user confusion
 Drive broad adoption of USB4 architecture

* What the Specification Enables:

» Standards-based ownership for specifications and certification
* Third party vendors can build Thunderbolt™ 3 compatible SOC or peripheral silicon

C f )
USB / USB / § | 3
USB-IF USB 2 USB 3 E USB-IF USB 2
( ( )
[ [ ]

IThunderbolt capabilities defined in USB4 specification
Copyright © 2019, USB Implementers Forum.
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USB4™ Architecture Overview

* Runs over USB Type-C® interconnect

* Tunnels USB3, PCle and DP protocols

» Signaling rates of 10 or 20 Gbps (10 to 40Gbps aggregated b/w)
« Utilizes passive and active cables (longer reach)

* Topologies with up to 6 routers

* Time sync accuracy support across USB4™ Fabric

Tunneled Protocols USB4 Eabric

USB3

USB4
( )

------ USB4 Packets---+-

Router

Copyright © 2019, USB Implementers Forum.
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Router

Tunneled Protocols

| USB3____
C )

L PCle
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What is DisplayPort?

* Digital display interface from GPU to display

» Addresses embedded models as well
» Administered by VESA!
* Up to 4 differential lanes
* Daisy chain up to 32 monitors

* Connectors
« Standard DP
* Mini DP
< USB Type-C® > DPoC(Alt mode)

1Video Electronics Standards Association

KEYSIGHT
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DisplayPort Interface

Main Link
* Display data transfer
* 4 unidirectional high-speed lanes
» Multiple bitrates supported

AUX Channel Source Device Sink Device
 Link management
* Test mode control Main Link
* 1 bidirectional low-speed lane
AUX Channel
HOt Plug DeteCt Hot Plug Detect

« Source detects presence of sink
« Sink notifies of status changes via IRQ

555%%[90'1! Keysight World 2020 Taipel
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DP Maximum Data Transfer Rate and Resolution?

70
FHD: 1920x1080

60

50 WQXGA: 2560x1600
v
O 40
0 77.6

30

20

25.9
O o s
0

DP1.1 DP1.2 DP1.3

2007 2010 2014 I
DP1.4
2016

1Color depth = 24 bpp, refresh rate = 60 Hz
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4K: 4096x2160

5K: 5120x2880

DP2.0
2019

8K: 8192x4320

Keysight World 2020 Taipel
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4xDP Over a USB Type-C to USB Type-C Full Feature Passive

Cable

DisplayPort
Source

SSFXT DP Lane 2

SSRXT DP Lane 3

SSFXZ DP Lane 1

SSRXZ DP LaneO

usB
Type-C
Connector

nwww

usB 2.0

SBUHATD  AUX+, AUX-

usB
Type-C
Connector

CC, HPD / VcoONN
| ID |/

VBUS

GND

« Utilizes optional DP Alt Mode capability of USB Type-C connector

* DisplayPort can use all four high speed lanes to deliver full DisplayPort performance

* The DisplayPort AUX Channel uses the SBU pins
* The DisplayPort HPD / IRQ is transmitted over the CC pin using the USB-PC protocol
« USB 2.0 and USB Power Delivery always available

KEYSIGHT
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USB4/DPoC Compliance
Testing Overview
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USB4™ Certification Categories

CERTIFIED CERTIFIED

UsB20 | (USB40
USB4 Host v v
USB4 Hub Not Allowed v
USB4-Based Dock Not Allowed v
USB4 Peripheral Device v v
USB4 Active Cable v v
USB4 Passive Cable v v

Copyright © 2019, USB3.0 Promoter Group. All rights reserved.
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USB4™ Required Testing — Hubs/Docks

USB PD Compliance
_C® i
USB Type-C® Compliance (Usec )

USB 2.0 Compliance
USB 3.2 Compliance

USB4™ Compliance Source/Sink
* Tunneling

DP

Device Router

* TBT3-Compatibility

i USB 2.0
PCle Switch Hub
USB PD Controller
{ USB-C ) { USB-C }

Copyright © 2019, USB Implementers Forum.
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USB4™ Required Testing — Hosts

« USB PD Compliance
« USB Type-C® Compliance
* USB 2.0 Compliance
* USB 3.2 Compliance

 USB4™ Compliance

- DP and USB3
Tunneling

* If supported:
* PCle Tunneling
 TBT3-Compatibility

KEYSIGHT
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DP

Source/Sink

.IIIIIIII

PCle

Controller :

Illllllf

USB-C

Host Router

USB PD Controller

Nt

Copyright © 2019, USB Implementers Forum.
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Host

USB 2.0
Host
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USB4™ Required Testing — Peripheral Devices

USB PD Compliance

. _C® 1
USB Type-C® Compliance ( Usec )
* USB 2.0 Compliance
. .........' .........-
« USB 3.2 Compliance = op : " USB3.2 ,
||
* If supported = s = Hub/ %
PP . :Source/Smk: Device Router " Endpoint -
. USB4T”Compllance AEEEEEEE R Eessmmnnn
. |f$llpp0l't€d: .Illlllll=
 DP Tunneling . PCIe/ 1 USBbZ/.O
. Switch Hu
» USB3 Tunneling 3 m _
i m USB PD Controller End t
» PCle Tunneling = .E.n.dec.nr:t. ndpotn
* TBT3-Compatibility

If support DP or PCle tunneling, must support equivalent USB function (if available)

Copyright © 2019, USB Implementers Forum.
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DP Compliance Program

* Managed by VESA
 Jim Choate (former Agilent USB Pyramid Lead)

* Why do companies need the logo?
» Ensure interoperability
« Consumers can easily identify compliant products

* How to get it?
» Pass the Compliance Program
* Be a member of VESA
« Sign the VESA DisplayPort Trademark License Agreement

* Authorized Test Centers (ATCs)
« Allion, GRL, TTA, UL

KEYSIGHT
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DP Compliance Test Specification

DP1.4a PHY CTS rev1.0 released in July 2018

« Ongoing activities to release new revision (2.0 coming soon)

« Several DUT types
Source (un)tethered
Sink (un)tethered
Passive cables

Others...

KEYSIGHT

TECHNOLOGIES

Iltem Name Normati\(e/
Informative
3.1 Eye Diagram Test Normative
3.2 HBR/RBR Non-PE Level Verification Test Normative
3.3 HBR/RBR PE Level Verification and Maximum Differential Peak-to-Peak Voltage Test Normative
3.4 HBR3/HBR2 PE Level and Equalization Verification Test Normative
3.5 HBR3/HBR2 V1y pirrp-p max TESt Normative
3.6 Inter-pair Skew Test Informative
3.7 Intra-pair Skew Test Informative
3.8 AC Common Mode Noise Test Informative
3.9 Non-IS| Jitter Measurement Test Normative
3.10 HBR3 TX Differential RL Test Informative
3.11 TJ/RJ/DJ Measurement Tests Normative
3.12 Main-Link Frequency Compliance Test Normative
3.13 Spread-spectrum Modulation Frequency Test Normative
3.14 Spread-spectrum Modulation Deviation Test Normative
3.15 dF/dT Spread-spectrum Deviation High-frequency Variation Test Informative

4.1

JTOL Test

Normative/

Informative

Normative




DP Alt Mode Compliance Test Specification

The DP Alt Mode on USB Type C CTS Version 1.0, was released Jan 24, 2017.

Over 200 DP Alt Mode products have been certified over last two years

» Products include Sources, Sinks, Adapters and Docks

KEYSIGHT
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DP Alt mode Certification Test Coverage

Test plan and CTS covers all features and supported pin assignments.

* USB PD Compliance Testing
« Demonstration of proper functionality/behavior for DP Alt Modes
A device must pass DP Alt Mode USB-PD certification tests to receive DP certification

« TX and RX Electrical testing of all supported modes with PHY test fixtures

 USB PHY electricals
a. USB3.25G
b. USB 3.2 10G (if supported)
c. USB 2.0 480Mb/s

*DP PHY electricals (DP 1.4a PHY CTS)
* RBR, HBR, HBR2, HBR3
* Aux Channel

M\ KEYSICHT






USB4 Electrical Testing Methodology

* PHY testing approach will be similar to Thunderbolt 3
TX, Rx, and Return Loss

Active and Passive Cable Test Universal Serial Bus 4 (USB Type-C)
Router Assembly
PIUS Electrical Compliance Test Specification

Universal Serial Bus 4 (USB Type-C)
Electrical Compliance Test Specification G

KEYSIGHT

TECHNOLOGIES



Transmitter Measurement Point/Setup

* TP2 measurements are done using plug-fixture

* TP3 measurements are done using plug-fixture with cable model embedded in the oscilloscope

KEYSIGHT

TECHNOLOGIES

Router
Assembly
Under Test

Router
Assembly
Under Test

—)

—)

TP2
Plug of-----1 RF Cable | _ __
Fixture O """ 77777700
T t
|
USB-C SMA/SMP
Plug Connector
TP2
Plug of-----1 RF Cable | _ __
Fixture O """ 77777700
T t
|
USB-C SMA/SMP
Plug Connector

Copyright © 2019, USB Implementers Forum.
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»| Oscilloscope
TP3
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Cable Model l
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»| Oscilloscope




Transmitter Specifications

* Traditional voltage, eye, SSC, 10ps min rise/fall time
* Traditional Ul, TJ, DDJ jitter decomposition
 Challenge: New Uncorrelated jitter measurements

Table 3.3, Transmitter Specifications Applied for All Speeds (a1 TP2)

Table 3-6. Gen 2 Transmitter Specifications at TP2

Symbal Descrypting Min Mz Vaits Cosdifions
RL_DIFF Diftereatial Retum Lagy ]
002-12Gnx
R _COMM Cumanen Made Retura mn
Loss 008 - 120Hs
T EQ Traramter Equalization
Sasting
IZC_DOWN _ZPAZAD RANGE Dyzzzus range of 550 s as L Sew Note 2
dewn-sjeeating durisg Wote 4, and
steady-state Figars 33
35C_DOWN _SFRZAD_RATE S3C dows rpreading 2} 3 ERTY See Note 4 aad
ulathon rate Junng Mgure )4
steady-state
. + .
J5C_FMASIE DIVIATION Phass [1t2er smoisted I3 2z 43P See Notw )
— wit® the 550 wodulstion Kots &, aad
dartig strady stale Ngars 19
T
ILC SLEW AATE S5C freguenry slew rate 1% FEm /e

[2£/dt) duriag steady

22 e Sew Nots =

state Rgurs 11
DDJ
TI_FRZQ_VAKIATIONS TRAINING | TX bwguescy varutiss Zen Fom Ser Nols &
dering Liok traising Sertiea
LANE TO_LANZ_SKEW
arait 2ignals of the
déree VIES Pant

before cataizing steady 3488
RISE_FALL TiME TX riae /T time " "

tarered between 29

2% dereln

v_ELEC IDLE Peak veitage durag 2 =V Sew Notw &
trasymit 12

*-2ides volts

g of the differemial

2ignal

V_TX_DC_ACT_COXN tastantaneoss DC-AC 03 Le v Sew Note T
volt (ein
1ide 03

capartturs (ming
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Symbol Description Min Max Units Comments
ul Minimum Unit Interval 99.97 100.03 ps The minimum UI value
corresponds to the Link
baseline speed of 10.0 Ghps
with an uncertainty range of
-300 ppm to 300 ppm.
See Note 4.
AC_CM TX AC Common Mode voltage - 100 mV pp
T] Total Jitter - 0.38 Ul pp See Note 2 and Note 3,
uj Sum of uncorrelated D] and RJ - 0.31 Ul pp See Note 2.
components (all jitter
components except for DDJ)
DDJ Data-Dependent Jitter - 0.15 Ul pp See Note 5.
uDjy Deterministic jitter that is - 0.17 Ul pp
uncorrelated to the transmitted
data
UDJ_LF Low Frequency Uncorrelated - 0.04 Ul pp See Note 6.
Deterministic Jitter
DCD Even-odd jitter associated with - 0.03 Ul pp
Duty-Cycle-Distortion
Y1 TX eye inner height (one-sided 140 -- mv Measured for 1E6 UL See
voltage opening of the Note 1, Note 2, and Figure
differential signal) 3-15.
Y2 TX eye outer height (one-sided - 650 mvV Measured for 1E6 UL See
voltage opening of the Note 1, Note 2, and Figure
differential signal) 3-15.
Notes: Figurs 513, 15 Mads Satvsas




Return Loss

 TX and RX return loss
* Differential and Common Mode Return Loss
 Challenge: Jumping straight into TX and RX testing

Figure 3-10. TX Differential Return Loss Mask

-3 T T T T T
Al SUURTUOURRRRT- O UPR IUVIUDIOIS: PUOPUPIOIIY SOOI
. . i . i
D 2 1 B 3 10 12
Frequency [GHz]

KEYSIGHT
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Magnitucle [clB]

E5080B New ENA Network Analyzer

Figure 3-11. TX Common-Mode Return Loss Mask

Frequernzy [GHz]



Transmitter Equalization

* Going from 1 pre-shoot and 1 de-emphasis to 16 presets, including a low-voltage variant
» Must test each preset, and also find optimal preset
» Challenge: Over-look optimization, or set incorrectly in TX silicon.

Table 3-5. Transmit Equalization Presets

Informative Filter Coefficients
Preset Number Pre-shoot [dB] De-emphasis [dB]

[ Cy Cy
(1] Q 0 (1] 1 0
1 Q -1.9 0 0.90 -0.10
2z Q -3.0 0 0.83 -0.17
3 Q -3.0 0 0.78 -0.22
4 a -8.4 V] 0.69 -0.31
3 0.9 0 -0.05 0.95 0
& 1.1 -1.9 -0.05 0.86 -0.0%
7 1.4 -3.8 -0.05 0.79 -0.16
g 1.7 -3.8 -0.03 0.73 -0.22
9 2.1 -8.0 -0.03 0.68 -0.27
10 1.7 0 -0.09 0.91 0
11 2 -2.2 -0.09 0.82 -0.09
12 2 -3.6 -0.09 0.77 -0.14
13 3.4 -6.7 -0.09 0.69 -0.22
14 3.8 -3.8 -0.13 0.74 -0.13
15 1.7 -L7 -0.03 0.53 -0.05

KEYSIGHT
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Transmitter Specifications at TP3

» Use case for 0.8m or 2m cable
 Challenge: Can be most difficult test case, coupled with no channel test case.

Table 3-9. Gen 3 Transmitter Specifications at TP3

Symhbol Description Min Max Units Comments
TI Total Jitter -- 0.60 Ul pp See Note 2, Note 3.
uj Sum of uncorrelated D] and R] -- 0.31 Ul pp Mote 2.
components (all jitter
components except for DDJ)
uD] Deterministic jitter that is -- 0.17 Ul pp
uncorrelated to the transmitted
data
X1 TX eye horizontal deviation - 0.23 U1 Measured for 1E6 UL See
Note 2, Note 4, and Figure
3-15.
Y1 TX eye inner height [one-sided 49 - mvV Measured for 1E6 UL See
voltage opening of the Note 1, Note 2, and Figure
differential signal) 3-15.
Y2 TX eye outer height (one-sided - 650 mvV Measured for 1E6 UL See
voltage opening of the Note 1, Note 2, and Figure
differential signal) 3-15.
Notes:

1. TXvoltage is differential.

2,  Measured while applying the reference CDR described in Section 3.3.3 and the reference equalizer
defined in Section 3.3.4. Note that the measured jitter includes residual SSC jitter passing the reference
CDR.

3. T]is defined as the sum of all “deterministic” components plus 14.7 times the R] RMS (the transmitter R]
RMS multiplier corresponds to the target BER with some margin on top).

4. X1 specification is informative but shall be assumed as a valid reference if direct T] measurement cannot
be reliably performed.

KEYSIGHT
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USB4™ RX Testing Methodology

FEC R Pre- PHY TX PHY RX Pre- 1 , FEC
Encoder Coder Coder Decoder
Electrical Layer Input Electrical Layer Output

» The Electrical performance is tested in stand-alone mode without applying Pre-Coding nor
Forward-Error-Correction

* Thetestingis based on PRBS patterns driven by pattern-generator

* The coded BER performance cannot be measured directly due to the large measurement

window needed (several years...) and therefore validated indirectly based on electrical layer
indicators

Copyright © 2019, USB Implementers Forum.
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Receiver Uncoded BER

* The receiver shall operate at uncoded BER of 1E-12 with stressed signal applied

» Two test setups are used for evaluating the receiver tolerance:
 “Case1” addressing installations with low insertion-loss
 “Case2” addressing installations with maximum insertion-loss

‘TP3'
,/
Scope * calibration PJ RJ SSC
L |||
Devic |
Plu ' Pattern
Case 1: ‘* Fixture [——] TXFIR Gen.
oftwi ACCM
Channe Noise
TP3 = =
ecep.
Scope [ Fixture [ calibration PJ RJ SSC
path | 1 l
CasE Device g8 b [ Typec Recep. PCB —_— Pattern
. il Cable Fixture | Trace . GeTl’t
Software ACCM
Channe Noise

Copyright © 2019, USB Implementers Forum.
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USB4 Electrical Receiver Test Proposal

* Support Both M8020A and M8040A BERT

*N5991U40A USB4 Recelver

- Recetver Eye Haght Caltration Lane! 2MH:

v (v Recever Eye Haght Calbvation Lane! 10MH:
[ (v) Becever Eye Heght Catbration Lane! 50MM:z
(v Receiver Eye Height Calbration Lane1 100MHz
i p v | gt Eye Wikh Lane! 1MH:

t-FA(«) Inpat Eye Wikh Lanel 2MMz

- M) Input Eye Wikh Lane? 10MiHz

§-FA(v) Ineut Eye Width Lane? S0Miz e e s

R IToAPA LS 2004 TP (3,

% [2 v Inputt Eye Wickh Lanel 100MH:
]« ) Setup Verfications for Receiver Tests
fi(v] Vedications for 20 0Gh/a
o A () Eye Diagram Verfoation TPI
4 [ («) Eye Dagaam Verfication Lane0@TPI
i (v Epe Diagram Verfication Lane1@TP3

-] v | Recerver Tests
(v Recetver Tests for Port A
M) Lane 0
M(v) 20 0Gbos
Biv! TP Case 1)
.2
[A(~) TP3 Case 2
357 (<) Rx Comgiiance Test PotA Laned 206 TP3
2 () Rx Sgnal Frequency Varations Test PortA Lanel 20X =
Miv) Lane
= (v 20.0Gbps
[F(Y) TPY Case 1) -
i1 (v Rx Complance Test PoctA Lane 1 20G TP
pMiv) TPI Case 2

21 () Rx Compllance Test PodtA Lane 20G TP3

oAV Rx Sgnal Freguency Vasations Test PortA Lane ! 20G TP3

KEYSIGHT
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Compliance Test Software

PRTVYYVYYIEE . . .

At A AN NS L

o e % % % % L3

M8040A 32/64 Gbaud J-BERT



USB4 Test Setup (M8020A): Calibration for Case 1 and Case 2

Case 1 (Near End) Case 2 (Far End)

108 b b et "ou

o|¢ O
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USB4 Receiver Test Calibration for 10Gb/s, 10.3125Gb/s, 20Gb/s
and 20.625 Gb/s

THUNDERBOLT CTS V1.5 SECTION 4.2

Select TX Equalization Preset for TP2 (Case 1)
Calibrate AC Common Mode for TP2 (Case 1)
Calibrate Random Jitter for TP2 (Case 1)

Calibrate Total Jitter at TP2 (Case 1) for all PJ frequencies: 1
MHz, 2 MHz, 10 MHz, 50 MHz and 100 MHz

5. Calibrate Eye Diagram at TP2 (Case 1) for all PJ
frequencies: 1 MHz, 2 MHz, 10 MHz, 50 MHz and 100 MHz

6. Calibrate Total Jitter at TP3EQ (Case 2) for all PJ
frequencies: 1 MHz, 2 MHz, 10 MHz, 50 MHz and 100 MHz

7. Calibrate Eye Diagram at TP3EQ (Case 2) for all PJ
frequencies: 1 MHz, 2 MHz, 10 MHz, 50 MHz and 100 MHz

T e R R T R L LT R R ']

S S

1

i
) = |
——— )

B
PO~y T I e e
oy Wy e v R e
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USB4 Test Setup (M8020A): Case 1 and Case 2 Execution

Case 1 (Near End) Case 2 (Far End)

Lo

O ———

Port A

Port B

b o —_
N T N o Bl A A j

L L I L L L B -

® C tiisfe: |
Port A Port B |
IS' ‘mmdlohc::nm
Channel

Tx1 P Bx) ¥
Txl N
Byl P~
Rxl

Tx0 P
x0 N

Thunderbolt TF

KEYSIGHT
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USB4 Receiver Test Execution

THUNDERBOLT CTS V1.5 SECTION 4.3

G 282 |

1. Connect the DUT for Receiver testing. Ol T
2. Recall Test Case 1 calibrated setup that was saved

previously.

s

Negotiate Equalization Preset with the DUT F-%
4. Run BER Test for 400s (Gen2) or 200s (Gen3) j

If Error count >0, repeat step 4 but for 700s (Gen2) or 350s E

(Gen3) :g..m,m,,..
6. If Error Count >2, FAIL the test, otherwise PASS | a‘E:

7. Repeat steps 2 to 6 for Test Case 2

!

8. Repeat steps 2 to 7 for all ports, speeds and PJ settings

R ImmT

Keysight provides simple, repeatable automated and unattended
calibration and test execution using automation SW for Tx and Rx
Test

SR nnoEoonBon

axe

&
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USB3.2 x 2 Receiver Testing (BKM)

* Two Pattern Generators / Error Detectors

» Two independent RX paths fully calibrated

* Link Training in x2 mode
* Concurrent JTOL on both RX lanes
» USB-like traffic during test

yoeqdoo

» Test setup like operating conditions

X1 vs x2

Sinusoidal Jitter [ps]
= S
~N w
+ t +
Sinusoidal Jitter [ps]
= =
~ w

10° 10 10° 10! 10° 10’ 10
Sinusoidal Jitter Frequency [MHz) Sinusoidal Jitter Frequency [MHz]

KEYSIGHT
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N7019A USB Type-C Active Link Test Fixture

N7019A Usage

MXR Oscilloscope

Measure Low Speed Signal
(SBTX/SBRX) and Decode

TP\

KEYSIGHT

EEEEEEEEEEEE

S Trigger

sBu1/2 &

I5roduct Under.J_ N . S, N 7019A

Test TEEL. R

Provides access to all Type-C signals during an active link

Signals include Vbus, USB 2.0, USB-PD, SBU1/2, and
TX/RX up to maximum USB4 rate of 20 Gbps

Works in conjunction with Keysight Protocol Trigger
Decode solutions for USB-PD, USB 2.0, USB 3.2, and
USB4

UXR Oscilloscope

Measure High Speed Signal
(TX1/RX1,TX2/RX2) and Decode

N5448B
Phase-matched
Cables

) 4):‘ =

Li»ri;k Partner



Keysight USB4 Test Solution

KEYSIGHT
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Transmitter Test Interconnect Test Y Receiver Test A
Active Cable Test Return Loss Test Active Cable Test
-~ Automated
Automated Standards Test
Standards Test g Software
Software =)
M8000 Integrated Protocol
E5080B ENA with S96011A J-BERT <200fs RMS
UXR Enhanced TDR software = g
Infiniium .
Scope
<lmV RMS
<25fs RMS
Tx Test Fixture * Test Fixture
Test Fixture
Cable AL J

Keysight World 2020 Taipel
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DP Compliance Program

* Managed by VESA
 Jim Choate (former Agilent USB Pyramid Lead)

* Why do companies need the logo?

» Ensure interoperability
» Consumers can easily identify compliant products

* How to get it?
« Pass the Compliance Program
« Be a member of VESA
« Sign the VESA DisplayPort Trademark License Agreement

* Authorized Test Centers (ATCs)
 Allion, GRL, TTA, UL
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DP Test Point Access

Receptacle

TP2 - To oscilloscope

KEYSIGHT

Stressed signal > TP3’

Stressed signal > TP2’

TECHNOLOGIES Keysight World 2020 Taipei

Receptacle

Receptacle

Plug

Tethered Sink
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DP2.0 Equalization

) 4
5

*>DATA,

e DPTX: 3-tap FFE (16 presets) oATA
e DPRX: CTLE (10 DC gain levels) + DFE Secision

Threshold

e Full characterization > 16 x 10 = 160 combinations

Informative Filter Coefficlents
Preset Number Pre-shoot [dB] D hasis [dB]
Ca Co G

0 0 0 0 1 0
1 0 19 0 0.90 -0.10

DATA,, >
2 0 1.6 0 0.83 -017
3 0 -5.0 0 0.78 -0.22 v
4 0 8.4 0 0.69 -0.31 1 c
s 0.9 0 -0.05 0.95 0 z -1
6 1.1 -1.9 -0.05 0.86 -0.09 v
7 14 -3.8 -0.05 0.79 -0.16 DATAO
8 17 -5.8 -0.05 0.73 -0.22 ) ’ ut
9 21 -8.0 -0.05 0.68 -0.27 v B
10 1.7 0 -0.09 051 0 1
1 22 -22 -0.09 082 -0.09 z Co
12 2.5 -3.6 -0.09 0.77 -0.14
13 34 -6.7 -0.09 0.69 -0.22 l 2

>
14 38 38 -0.13 0.74 -013
15 1.7 -1.7 -0.05 0.55 -0.05
Notes:
1 The coefficients are normalized such that €.} + Co + |Ci] corresponds to full output swing. Preset c
configuration 15 represents operation made with lower transmitter swing 1
2. Presheot and de-¢mphasis are calculated as following:
s eyt G
Preshoot « 20 + log 10 (47752 De ~ emphasis = 20 - 1og10(Z57252)
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LTTPRs

e LTTPRs are needed as total channel loss increases with PHY rate

e Longer channel

e Extra latency

e Longer and more complex link training

e Clock switch
e During link training
e 8b/10b in transparent mode
e 128b/132b — SCR in progress

e Test methodology in development

KEYSIGHT
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How to test DP PHY layer?

Source
» Configure the source to output test patterns with certain drive settings - AUX controller
* Embed worst-case channels, apply equalization on the oscilloscope

* Run measurements

Sink
» Generate the stress signal with a pattern generator /g)/ UNIGRAF
4

 Guide the sink through Link Training = AUX controller
» Read built-in error counter _ \
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DP Source Compliance Test |

- Updated software package D9040DPPC DO040DPPC DO0xxDPPC

* New software package D90OxxDPPC NTOL8A Uenicicone
* Productivity improvements
yimp DP TPA N7015A USB-C TPA
 ANPL
* Disaggregation DPR-100 DPR-100++

RBR-HBR3 UHBR10-UHBR20

KEYSIGHT
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DP Sink Compliance Test

* New software package N5991xxxA NS991XxxxA

» Automated sink calibration and tests

+ All PHY rates from RBR to UHBR20 IR USB-C Controller

« Standard DP connector and USB Type-C DP TPA N7015A USB-C TPA
DPT-200 DPR-100++

RBR-UHBR20

g
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DP Sink Compliance Test

Calibrations Sink Tests

DisplayPort NS990A VakFrame - (8] X
| Eie Station  Seguencer  Help
| = {
f 2 W/ » 0 | A i Laat 12 mortha ~ |
Contigue OUT  Lowd  Save Proptties  Log Lt
LiRs <1

v

PETTYYTYTeE. - . _0
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BitifEye

Digital Test Solutions
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P Pogwes  Opening oMine connwction to Keysight MB020A JBERT & TCPIPO 127001 inetd INSTR K8/2020 123946 PM

@ Progess  Opeting offine connmetion to N7 at TCPIPO- 152 168 0,199 snat0:INSTR 402020 123946 PM

& Progem  Oparing offine connection 1o TypeC Controlier N7018A & 127001 B202012.35:46 P

&P Pogrem  Oparing oMine connection 1o DP 1200 ot sutodetect A/2020 123946 "M

P Progress  Opering cifine connection to CLE1000 ot maodetect VR0 NJMPN

>
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