KEYSIGHT

TECHNOLOGIES

JitLim, Keysight Type-C Strategic Planner

Be prepared to test next-gen Type-C
Technologies

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.
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Publicly Announced Technology Waves

« USB-IF releases USB 3.2 x2 and Retimer Specification

* Ice Lake processor will be first to integrate Thunderbolt 3:
https://newsroom.intel.com/news/intel-takes-steps-enable-thunderbolt-3-everywhere-
releases-protocol/#gs.b2ib5k

» USB-IF proposing Redriver Test Specification

e USB-IF announces USB4:

https://usb.org/sites/default/files/2019-
03/USB PG USB4 DevUpdate Announcement FINAL 20190226.pdf

Looking into the product receptacle:

A1l A2 A3 Ad A5 A6 A7 A11 A12
GND | TX1+ | TX1- - c1 | o+ | p- RX2+ | GND
GND RX1+ RX1~- - SBU2 D~ D+ TX2+ GND
B12 B11 B10 B9 88 B7 B6 B2 B1
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https://newsroom.intel.com/news/intel-takes-steps-enable-thunderbolt-3-everywhere-releases-protocol/#gs.b2jb5k
https://usb.org/sites/default/files/2019-03/USB_PG_USB4_DevUpdate_Announcement_FINAL_20190226.pdf

Fundamental Challenges

Thunderbolt integrated CPU
« Channel lengths for 10/20 Gbps signaling will be much longer.

USB Type-C
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USB4 Open Spec
« PHY rate doubled to 20 Gbps, x2 mode doubles that to 40Gbps
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USB 3.2 SRIS and BLR Retimer Overview
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USB 3.2 SRIS and BLR TX Testing

— Component

— Embedded

— BLR Compliance Mode

— PassThrough Loopback Mode
— SKP OS CPx Toggle

— Dual PG for Compliance Mode
Entry and CPx Toggle

— Stressed LTSSM propagation
and signaling

— Clock Switch dF/dt test

— Jitter Transfer Function test

Table E-3. Bit-Level Re-timer Jitter Transfer Function Requirements
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USB 3.2 BLR and SRIS RX Testing

-— Component
— Embedded
— Pass-through loopback

— Dual-lane symmetrical testing
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BLR Test Board

Port A Port B
Tx

Type C
Receptacle

nowesrs XL
apejdaday
D adAlL

Tx

Tx - Optional (must be terminated Rrx-dc)

BERT
Low Speed/High Speed  6.5dB@2.5GHz 7dB@2.5GHz RX |
Patterns Generation CLB CCA

SQ | Rx

Rj Dj Calibrated

e tertor used for ITOL " System Under Test (SUT)

- ” Loopback
Tx

BERT
Low Speed/High Speed | 6:5dB@2.5GHz | 7dB@2.5GH2 RX

Patterns Generation CLB CCA

ajpeydaney
D adA)

Rj Dj Calibrated
High Speed Data to BLR Rx



USB 3.2 x2 Test Considerations

Transmitter

- Sufficient bandwidth required on all 4 channels to
comprehend crosstalk

- Sufficient bandwidth required on all 4 channels to
analyze rise-time and skew

- Updated SW to latest Compliance Test Spec

- Dependencies when coupled with x2 retimers

- Protocol Decode TS Vi Passod shr
: ::::x:[::qnhﬂ!y Tost Satup
_ _w \‘\
L] 3 é Ny
Receiver i i - \\ ol
- Dual channel Pattern Generator/Error Detector g i e
testing JTOL on both lanes in parallel to
comprehend crosstalk e — e b

10" 10" 10 10” 10! 10° 10! 10"
Sinuscudal Jeter Frequancy [MHz] Sinusoedal Ater Frequency [Mez)]

KEVSIGHT Up?ljated SW to calibrate and test dual channel
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USB 3.2 Redriver Test Proposal

— Testing as a captive or embedded product
— USB-IF proposing new testing methodology
— Based on Ethernet COM approach

— Requires a Scope, BERT, and ENA

LRD cable electrical
specification proposal
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USB4 Overview

« Announced by USB-IF in Q1 2019

« Open standard and potentially integrated in CPU
« Based on the Thunderbolt 3 protocol

« 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 can help test with early adopter Protocol Decode,
TX, RX, and Return Loss

Universal Serial Bus 4 (USB4)
Specification
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USB4 Electrical Testing Methodology

« PHY testing approach will be similar to Thunderbolt 3
Tx, Rx, and Return Loss
Active and Passive Cable Test
Plus

Universal Serial Bus 4 (USB Type-C)
Electrical Compliance Test Specification
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Proposed differences between testing USB 3.2 x1 vs
USB4

* Return Loss TX and RX * Cross-talk Generation

» Transmitter Equalization is not fixed * New Jitter Measurements

and requires calibration
 New Phase and Slew Rate Measurements

» Receiver Equalization is much more

complex and requires calibration * Added Skew Measurements
« PHY bit rate doubles from 10 Gbps * Common Mode Interference

to 20 Gbps « Separate Jitter Cocktails for
- Signaling on all 4 Type-C high- 10G/20G/TP2/TP3

speed pairs

* Link Optimization prior to BER test

* De-Embedding of Test Cables e Built in Error Detector

* New IL budgets for 10G/20G

* Retimer specific measurements
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DP 2.0

transfer without compromising display performance. DP 2.0 leverages the Thunderbolt™
3 physical interface (PHY) layer while maintaining the flexibility of DP protocol in order to

“Intel's contribution of the Thunderbolt™ PHY layer specification to VESA for use in DP 2.0 is a significant milestone making today’s
simplest and most versatile port also the highest performing for display,” said Jason Ziller, General Manager, Client Connectivity Division
at Intel. “By collaborating with VESA, we're enabling common building block technologies to come together across a wide range of

link rate of 8.1 Gbps/‘lane. With 8b/10b channel coding, that equates to a maximum payload of 25.92 Gbps. DP 2.0 increases the
maximum link rate to up to 20 Gbps/lane and features more efficient 128b/132b channel coding, delivering a maximum payload of 77.37
Gbps — up to a three-fold increase compared to DP 1.4a. This means that DP 2.0 is the first standard to support 8K resolution (7680 x
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| Testing Next-Gen Type-C Standards
| after USB4 — PAM-4?
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PAM-4 Linear Fit Pulse Response and SNDR

- Signal-to-Noise and Distortion _ s il i,
Ratio (SNDR) : -

i X 82
« P2, = Linear Fit Pulse |

|
| Trial3 415mvV 23.9% 335mV

- g2 - standard deviation of error
- g/ - standard deviation of noise

* Peak level is equal to the highest
point on the x-axis.

* FIR to address Pre-cursor ISI

« DFE can help post-cursor issues

v SignalHto-noise-and-distortion ratio

p ¥
pﬂlﬂ'{
Test Description:  Measures the SNDR S‘WDR = ]_Ulll.}ﬂ'm - -
 [Pass Limits: >= 31000 o5 | [ Signal-to-noise-and-distortion ratio - IEEEG02.3bs TP0a_26 129 0 \G,+ G,

Result Details
[Pmax 427870 m|[Sigmae 5517 m|[Sigman 2755m
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The Industry’s Best
Signal Integrity

 Lowest noise
<900 yVrms @ 110 GHz
<500 yWrms @ 70 GHz
<300pVrms @ 33 GHz

* Lowest intrinsic jitter
20 fs rms

* Lowest inter-channel jitter
10 fs rms

* Highest ENOB
> 5.0 bits @ 110 GHz
> 5.4 bits @ 70 GHz
> 5.9 bits @ 33 GHz

 Best EVM
1.22% for 802.11ay at 61.5 GHz

KEYSIGHT

TECHNOLOGIES




TBT3/USB4/DP2 Eye (no cable model, no EQ)

Keysight Infiniium : Monday, November 19, 2018 3:00:34
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300 mv

16.3288 ps
ZTTRA4

V series

Keysight Infiniigm : Monday, November 18, 5
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Measurements

© Eye wicth{1-3) 3228 ps
© Eye height{1-3) 4B mV M3 mV HEmV aov I

Eye width = 32.2 ps
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eUSB2 Solutions Overview

Protocol decode/trigger/search (D9010EMBP)
for eUSB2 supports the same features as
USB2 decode/trigger/search. Can show
eUSB2 and USB2 in parallel on both sides of

system or repeater.

Pattern Generator (81160A) can be
programmed to generate eUSB2 or USB2
traffic into system or repeater.

Scope can be used with custom masks to
electrical test eUSB2 embedded (probes or
SMA).

Existing N5416A/B USB2 compliance app can
test electrical eUSB2 at connector port.
Modifications required to USB-IF USBET20

tool.
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- Type-C Test Solution

Transmitter Test
Active Cable Test

Automated
Standards Test
Software

UXR
Infiniium
Scope
<lmV RMS
<25fs RMS

Tx Test Fixture

Interconnect Test Y Receiver Test
Return Loss Test Active Cable Test
e Automated
p=s Standards Test
e T Software

E5080B ENA with S96011A
Enhanced TDR software

M8000 Integrated Protocol
J-BERT <200fs RMS

S ST R E S

Test Fixture

AL
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