USB Type-C
Design Implementations -
Overview & Test Solution

Seo Dong-Hyun
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USB Type-C Overview
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What is the USB Type-C Connector?

“One connector to rule them all”

Original USB Industry Drivers Type-C Industry Drivers

Single connector type/Expandability Broad application in standards
Performance/Speed 10 Gb/s with path to 40 Gb/s
Power Can handle 5 Amps at 20Volts
Ease of Use for End-User Reversible (can be flipped)
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The Communications Ecosystem
Where does USB-C fit?

Handsets &
Devices

Chipsets &
Components

Type-C
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| Infrastructure
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Base Stations

Cells |

Switches/
Routers

Data & Cloud
Computing

Enterprises

Long-haul
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Networks

Data ‘

Centers
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Why Does It Matter?
Simplicity and Capability to consumer....

...... Complexity to Designers, Integrators, and Validators

Speed
Speeds of the Future and
Backwards Compatibility

Power

Up to 100 W

Power direction no longer fixed

Standards Integration
\I/\ M H L D DisplayPort

SUPERSPEED + ‘)
- USB™ )
=  1,\NDperBOLT.
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USB Type C Signal Plan

High Speed Lanes
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USB Type C Signal Plan

Power Pins
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USB Type C Signal Plan

Sideband Use Pins
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USB2 lines:
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USB2.0 Operation
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USB Type C Port Function

Power Lines

Provider/
Consumer
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USB Type C Port Function
SBU Lines (Sideband Use) B

SBU lines NOT used in USB3.1
Become active in alternate mode
only to support the alternate
technology.

12

DisplayPort

SBU1 -> AUX +
SBU2 -> AUX -

Sy
Ot

o
Sty

N

PO
m\\h\\\\

MM

Thunderbolt

SBU1 -> LSRX
SBU2 -> LSTX

B1
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Al12

MHL

SBU1 -> e-CBUS-S
SBU2 -> e-CBUS-S
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USB Type C Port Function
CC Lines (Configuration Channel)

B12

Al12

’ Downstream
7 V :
Z ™ = ¢  Facing Port
CC1 and CC2 Sensed for é v (Host)
Termination: % SENse.D
| %
. %
If cable termination (R,) % Vo
Is present at CCn Then é @
CCN=>Vconn g/ I Cable-En
? I Circuitry
i; l cC
_
é
é
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%
7
_
%
%
%
%
.
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USB Type C Port Function
CC Lines (Configuration Channel)

B12

Downstream
< ¢  Facing Port
CC1 and CC2 Sensed for (1Host)
Termination: Vsense 0
If cable termination (R,) is Veonn
present at CCn Then
CCN=>Vconn Cable-En
Else Circuitry

When Link partner
terminated then

i

(Upstream Facing Port)

Port orientations are gﬁi’l'fltr'f/”d
known and CC Line
becomes the power vV
delivery channel. CONN
sense Ul
Device

,
%
/
%
%
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USB Type C Port Function
Port Configuration

R
P
Vsense_D
GND

Downstream Facing Port Upstream Facing Port
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USB Type C Port Function
Port Configuration (Cable Flip at UFP)

Re \/

sense_D

Rp Vsense_UZ

Downstream Facing Port Upstream Facing Port
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USB Type-C PD (Power Delivery) Validation Solutions

KEYSIGHT
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USB PD Application Examples

5V
2 4

1 8

2.5W

4.5W

7.5W

12V 12V 20V
1.5A 3A 3A
= 4 P—— S—
36W 60W

20V
5A

e
100W

USB20 USB30 USBECH2 ‘ Expanded applicability

Connected devices automatically detect the power delivery requirements/capability
and supply only the amount of power needed/available (up to 100W)




USB Power Delivery Example
Only 1 traditional wall power cord

Power -
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TECHNOLOGIES

Page 19



USB-PD Specification Test Plan

Three Test Sections

Power Delivery Compliance Plan
for the Power Delivery Specification Revision 1.0
Version 2.0

Version 0.900 (V2.0)
29 Oct 2015

Power Delivery Compliance Plan

11 COMMON TEST PROCEDURES 09
111 BMC-PROC-PD-MODE: Getting into PD Mode 09
11.1.1  UUT initially a DFP (Source) or a DRP initially connected to a Tester (Sink) . 209
11.1.2  UUT initially a UFP (Sink) or a DRP initially connected to a Tester (Source) .. 210
112 Hard Reset Monitori 211
12 TEST OVERVIEW 212
121 Cable Markers - Primary Tests 1
1211  Physical Layer - Transmit 1
1212  Physical Layer - Receive 1
1213  Physical Layer - Miscell 1
1214  Protocol Specific. 1
122 Power Delivery Devices - Primary Test: 13
1221  Physical Layer - Transmit. 13
1222 Physical Layer - Receive 13
1223  Physical Layer - Misc 13
12.24  Protocol Specific. 13
1221  Power Source/Sink 14
12.3  All Devices - Secondary Checks 15
1231 Message Checks 15
12.3.2 Proced_ure; and Procedure Checks 16
13 TEST DESCRIPTIONS 18
131 CHAPTER 3 - CABLE AND CONNECTOR TESTS 18

12.1 Cable Markers - Primary Tests ......

12.3  All Devices - Secondary Checks

12,2 Power Delivery Devices - Primany Teots. .. e eeeeeeesasasasasasas serere e res s eseseses s smene s 2o
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Chapter 5: Physical Layer Test GRL

. GRANITE RIVER LABS
(Provider/Consumer)

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

USB PD SCOpe Automation SW
B ": —— - —
COUpon(S) C] C2¢C3 ¢4 LAN/ 1 ‘_AJ_
ceV, & ~38 | =
Passive eSS
- Probe m— D
e | <
— —l , / .
./‘/ Passive TG F\ /Current \\-\\
\ Probe > / Probe N\
4 i
%\s_us et i GRL-USB-PD-C '\
\ Controller USB/I
oo NG - -
f Short
. ‘/ Type-C
Vbus_DS Veonn . Cable Coupon
+ - Power
eload supply

LAN
0,150mA, 900mA 4.75-5.5V 30mV/us S1

1.5A, 3A, 5A , ) 70mW-TW Slew

(20V Max) A\ L/ 13mA-211mA _/_ 0.5.12,20V

(5A Max)
ﬁmA Jus -
Slew \r

System
% S S1: Closed when testing DUT as Consumer,
Open when testing DUT as Provider
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USB-PD Device Testing using N8840A
Test setup — Dual Role Devices (P/C or C/P)

NE22404 USB-PD Electrical and
Protcol Compliance Test Software

Power .
Infiniium Scope Supply
‘ ; .’:. 24V/6A | GRL-USB-PD-C1

USB Type-C™ Test

Controller
P 4
USB
(_.SS!V"‘
| USB-PD
Dual Role Device

\_,/ N—s P/C or C/P
Test Cable Under Test

* Requires electrical load (eLoad) and current probe for load test
+  SMPS Power Adapter will be sufficient however an external power
supply is recommended if a clean power source is needed for Vconn

KEYSIGHT
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N8840A USB-PD Electrical and Protocol Compllance
Test Software

Power Delivery Compliance Testing

— Runs on Infiniium based oscilloscopes

» S-Series recommended for hardware protocol trigger
— Performs BMC-PHY Compliance tests
— Performs BMC-PROT Compliance tests
— Performs BMC-POW Compliance tests
— Automates Compliance tests when used with Type-C Test Controller

— Developed in partnership with GRL (Granite River Labs)

KEYSIGHT
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USB-PD Device Testing using N8840A

Compliance Test Results

BMC PHY Power Loads and Transitions

-:'-.w;u- E--_D 12111 POW _SRC_LOAD P _PC
Cerp s ZF @ POW SRC LOAD F PC 1

- @ POW_SRC_LOAD P PC 2
:—}-QDDv.' SRC_LOAD_P_PC_PDO1_5V_3A
@ pPow_SRC_LOAD P_PC 3
@ POW_SRC_LOAD_P_FC_4
@ POW_SRC_LOAD_P_PC_3
= @ POW_SRC_LOAD_P_PC_G
: Current get to 0.73: Valtage drop =

‘oftage drop = 0.283% (Limit: 0.23V

5 Voliage drop =1 W (Limit: 0.25%)
to 0.73: Voltage drop = 0.044Y (Limit: 0.25V

_P_PC_PDOZ_12V_3A

) P PC 3

)P PC 4

: AD_P_PC_5

' SRC_LOAD P PC G

oad Curent setto (73 Volkage drop = 0165Y (Lirmit: (0.6Y)

oad Curent

ard lrsnt aat

1.5 Voltage drop = 0075 (Limdt: 0.BV)
: A Vatane dran = 0270 (im0 GY)
@ Load Current set ta 3: Valtage drop = 1.422V (Limit: 1v)
e Q Load Current set to 2 25 Voltage drop= 0227 (Limit: 1Y)
€2 Load Current set ta 1.3 Veltage drop = 0.007V [Limit: 1)
& (@ Load Current set to 0.75: Valtage drop = 0.172V (Limit: 1v)
=@ 12.11.4 POW_SRC_TRANS_P_PC
Q POW_SRC_TRANS_F_PC_1
@ POw_SRC_TRANS_P_PC 2
& @ POW_SRC_TRANS_P_PC_1
i@ POW_SRC_TRANS_P_PC_2
Q@ POW SRC_TRANS_P_PC 1.3
3
2
3

& @ POW_SRC_TRANS_P_PC_
F- @ POW SRC TRANS P PC
- @ POW SRC_TRANS_P_PC

KEYSIGHT
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€ CUT failed Lo send PING message when contracted to greater than 5V

Power Role Swap

=@ POW_SWAP_PC_SRC_REQ

- @ PROC_PD_WODE

=-[E PROT_PROC_SWAP_UUT_SRC

~-[E] UUT could not initiate Power Role Swap

=@ POW SWAP PC_SNK_SRC

- @ PROC-PD-MODE
@ PROT-PROC-SWAP-TSTR-SNK
i @ PROT-PROC-SWAP-TSTR-SRC
=@ POW_SWAP_PC_SNK_SNK

- @ PROC-PD-MODE

i @ PROT-PROC-SWAP-TSTR-SNK

----- [ PrROT-PROC-SWAP-UUT-SNK
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PD Compliance Test Configuration
Dual Role Port (DRP) Test

)‘ » \n
L) *

Passive Probe 10:1 500 MHz x2
N2873A (included with scope)

|

S-Series N8840A x1

1T

o
Compatible Scopes Probe Adapters PD controller x1
(GRL-USB-PD-C1)
- 3 Passive Probe 10:1 500 MHz x2
9000 Series e x N2873A (included with scope) 1147A o e St
= eLoad Mainframe
N2893A x1
; = & | 187
90000X / V-Series v x1 . N3303A x1
o 5 2 — 250W eLoad Module
Q-Series B ~ W O = 823578 x1
~ Goses: High Impedance Adapter - USE/GRIB Cable
N5449A (includes passive probe)
X2
90000Q / Z-Series x1 PD coupon x1
v (USB3.1-C-PDC)
{ SO .
90000A Series { B N, V&=
—— E2697A x 2 N2782B and N2279A

KEYSIGHT
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N8837A USB-PD Protocol Trigger and Decode

Keysight Power Delivery protocol decode and hardware
triggering with S-Series

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

mERE

Waveform Window 1
a® 1

R TR T TR E TR N FEPr] AARRA pRa sy g ANPR AT a0 opraia

[
Vendeor Defined Discover ldentity Reguest)

-574 ms -5.69 ms

Memory 1: USB PD Packet Index | Time
999 ms ||Vendor Defined (Discover Identity Re A -6.14160193 ms
25660228 ms|Ping -6.11495177 ms
-4.71950160 ms | BIST Receiver Mode -6.08825241 ms
-4.04095316 ms|Hard Reset -6.06160176 ms
-3.71930269 ms| Cable Reset -6.03495190 ms
-3.39765177 ms|GoodCRC -6.00825226 ms
-2.85930211 ms|SOP Prime Debug -5.98160200 ms
-2.53765261 ms|SOP Double Prime Debug -5.95495278 ms
-2.21718863 ms|Accept -5.92823999 ms|SYNC-1,5YNC-1
-1.68005213 ms|Ping -5.89494015 ms|SYNC-2,5YNC-1
-1.14290208 ms|GotoMin -5.86160239 ms|6F
-604.60230 us | GoodCRC -5.82825301 ms|16
-66.25263 us PS_RDY -5.79495252 ms
470.84769 ps GoodCRC
1.00919764 ms | Reject -5.72825262 ms o3 |0 |10
1.54629759 ms | Get_Source_Cap -5.60425237 ms Standard or Vendor ID (SVID
; -5.66160257 ms [ =

Reserved = 0 Hex L

Structured VDM Version =

VDM Type = Structured VL

Standard or Vendor ID (Sv

‘CRC32 = D34B ED66 (GOOD) E|

EOP = D Hex v
1]} >

X

A

uoreuLIou] 19)0ed patoajes

| conditioning...

et b s el et limn

Protocol —————— Source [Trigger Action...|

|__Thresholds... |

e Clear Trigger
WY
| Data Packets Save/Load
Trigger Setup...

R |NumDO | Messld | P| 5 PR

BIST Receiver Mode

BIST Transmit Mode
H - Returned BIST Counters

USB PD protocol decoding window example

BIST Carrier Mode 1

BIST Carrier Mode 2

BIST Carrier Mode 3

Hardware serial trigger in S-Series

KEYSIGHT
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USB 3.1 Overview
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USB 3.1 Gen1 and Gen2
. Jeem  Gem2

Data rate 5 Gbl/s 10 Gb/s
Encoding 8b/10b 128b/132b
(20% additional bandwidth over 8b/10b)
Tx REF EQ Normative [nformative
Post: -3 dB Pre: 2.2 dB
Post. -3.1dB
Rx REF EQ CTLE CTLE (6 level) + 1 tap DFE
CDR (JTF BW) 4.9 MHz 7.5 MHz
Eye Height / '
Mask
TJ 132 psec (0.66 UI) 71.4 psec (0.714 UI)
Target Channel 3 meter (-17 dB @ 2.5 GHz) 1 meter -23dB @ 5 GHz

KEYSIGHT
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USB 3.1 LTSSM

Pollin H
& TX compliance mode
—_— Thres-strike tmesul First LFPS timeout, —_—
Exit ta _"‘“\h (DSP ONLY) Campliance Mode enabled ‘/f_ Exit to _‘\\
ES&.Inactiv_e;/ i Polling. LFPS Compliance Mi.EE’/
-— SCDLLFPS handshake Polling.LFPS handshake ———————#
¥ and Blus timeout
- I .
Polling LFPSPlus v
— [ BOus timeout —e
SCD2.LFPS handshake
¥
B Polling.PortMatch I -
- 4
PHY Capability LEPM handshake
B Polling.PortConfig T h »
-
Genl |
PHY Ready LEPM handshake  Handshake LFP Timeout
LFPS Timesout * tailure [Peripheral Device OMLY]
(D5 Port, or - 4 Directed
Hub S Port) Polling.RxEQ: Directed (DS Port ONLY)
e L L L 1N | R
TSEQ Ordered Sats Transmitted
Polling. Active T
- -
Timeout Timeout [Periphearal
r (D5 Port, TS1 handshake DEI':}E C'h:-"']
- Hub US Part] irecte v
Exit to e ort) ¥ - (D5 Part ONLY) ,_,--*“’E "
] — - | . iy it to
Rx.Detect Polling.Configuration I - i
. - B 55, Disabled
| S——
TS2 Handshak ;
s RX compliance mode - loopback
Exit to Polling.ldle ‘/’f Exit to ‘-‘“\,

Directed———— Directed -
Hot Reset Loopback
i \\—_ED'; __FF,/

_ Idle Symbal Handshake

Exit to UD

KEYSI( _

TECHNOLC <. Page 29



USB 3.1 Compliance Patterns

Table 6-13. Compliance Pattern Sequences

KEYSIGHT

TECHNOLOGIES

Compliance Pattern

Value

Description

CFO

D0.0 scrambled

A pseudo-random data pattern that is exactly the same as
logical idle (refer to Chapter 7) buf does not include SKP
Sequences.

CP1 D10.2 Myquist frequency

CP2 D243 MNyquisti2

CP3 K285 COM pattern

CP4 LFPS The low frequency periodic signaling pattemn

CP5 K28.7 With de-emphasis

CP6 K28.7 Without de-emphasis

CP7Y h0-250 1's and 0's With de-emphasis. Repeating 50-250 1's and then 50-250
0's.

CP8 50-250 1's and 0's With w\Without de-emphasis. Repeating 50-250 1's and then
50-250 0's.

CP9 Pseudo-random data patiemn (see section 6.4 .4.1)

CP10 AAR Myquist pattern at 10Gh/s. This is not 128b132b encoded.

CP11 CCh Myquist/2 at 10Gh/s, This is not 128b132b encoded.

CP12 LFSR15 Uncoded LFSR15 for PHY level testing and fault isolation.
This is not 128b132b encoded. The polynomial is
XM 5+xM4+1.

CP13 64 1's and 0's With pre-shoot defined in section 6.7.5.2 (no de-emphasis).
Repeating 64 1's and then 64 0°s at 10Gbfs. This is not
128b132b encoded.

CP14 64 1's and 0's With de-emphasis defined in section 6.7.5.2 (no pre-shoot).
Repeating 64 1's and then 64 0°s at 10Gb/s. This is not
128b132b encoded.

CP15 64 1's and 0's With pre-shoot and de-emphasis defined in secfion 6.7.5.2.
Repeating 64 1's and then 64 0°s at 10Gbfs. This is not
128b132b encoded.

CP16 64 1's and 0's Mo de-emphasis or pre-shoot. Repeating 64 1's and then 64

0’s at 10Gb/s. This is not 128b132b encoded.
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USB3.1 Channel Budget

|Device routin

Cable cff}aracteristics

Host Routing ‘

Connector Device

/—GG\ ., = 2 5dB o IL for victim at 5.0GH4 = -20.0d
LOSS at Nyqu|st IS 5G 10dB Std A 3.5dB  Micro B 6.5dB 2
. L. 5G 6.5B | C 7dB c 6.5dB
identified here. 5G 10dB | StdA 3508 C 6.5dB
5G 6.5dB | C 4dB Std B 2.5dB
hannel M I
C a € Ode S 5G 6.5dB | C 4dB Micro B 6.5dB
(S-param ete I’S) 10G 8.5dB | StdA 6dB Std B 8.5dB )
. 10G 8.5dB | StdA 6dB Micro B 8.5dB ol
req ui red . 10G 8.5dB | StdA 6dB c 8.5dB
10G 8.5dB | C 6dB Std B 8.5dB i »
10G 85dB | C 6dB Micro B 8.5dB
10G 85dB | C 6dB (o} 8.5dB

KEYSIGHT ‘
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USB 3.1 Type-C TX Test Solutions

EEEEEEEEEEEE




USB 3.1 gen2 10Gb/s
USB 3.1 Type C Fixture Kit rev 2 HW channel

KEYSIGHT
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Testing USB 3.1
TXw/TypeC e R

i -
| = T ;
Lo !
Rl O™ e |

I
| i : :
I ' ; ;
E_HQST Type C Type C | Device/Hub E

Short Channel Model

Host Long Channel
Model

s

SCD1, SCD2, [ O o e I
- ! CTLE
Ping 3

&
— J'_
a4 Bit slicer
1807 1 16 1610
requercy )
Figure 6-17. Tx Compliance Rx EQ Transfer Functi

Palling

Power TX compliance modes

c Cc Line .
Delive ry 4 Orientatin Power “hitto st A e N
COI’]tI’O”eI’ Vconn,, . Dellvery e55.Inactive Polling.LFPS Q?:nillice_n!u{dy

Connection

Controlle r _._—,7 SCOLLFPS handshake MJ:.I;:JSSI:;::;::: P I N G L F P S

Downstream Facing Port e et Toggles CMM

:
New TPA... BW=20GHz? ‘

KEYSIGHT
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High level Test Setup for USB C-Connector

High speed signals (TX, RX)

DUTE \7015A

Vbus,CC1,CC2,GND D+, D-
and SBU1/sBU2
+ Lo+
} - D=
2 QABBEFE
> mmeEmeE e USB conne Delivery
i Controller

N7016A

g

CC2
PS Trig
Ev Trig

Power and signal

KEYSIGHT control for N7016A ‘

TECHNOLOGIES
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N7015A Type C Test Fixture

Vbus and CC lines to
N7016A fixture via USB

High speed coax Type C (plug style) cable

cables, Matched pairs \

for TX2+, TX2-, RX2+,
RX2-

USB2.0 D+
and D-

2 pin header for
SBU1 and SBU?2 test
points

High speed coax
cables, Matched

pairs for TX1+, TX1-,

RX1+, RX1-

Type C plug
connection to DUT
(receptacle)

KEYSIGHT

TECHNOLOGIES

— High speed (TX/RX) and
D+/D- lanes to scope
through coax cables

— N7015A de-embedding
models will be created
and integrated in to
compliance applications
and Infinilum baseline
software

— Power and Control
signals to low speed
N7016A fixture though
type C cable

- — View SBU1/2 signals

Page 36



N7016A Type-C low speed signal access and

control fixture

Connects to N7015A through a captive C
type cable (port 1) conveying CC,, CC,,
SBU1, SBUZ2, Vg 5 and GND

Controls to terminate CC,, CC,
independently (Ra, Rp, Rd)

Control to load Vconn (2 different loadings
possible)

External power for power consumers

Type C receptacle to plug into other
devices or cables (port 2)

USB2.0 interface for external control from
application or standalone SW on a PC

KEYSIGHT

TECHNOLOGIES
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U7243B USB 3.1 TX Compliance Application

File View Tools Help
— = NV

SetUp | Select Tests | Configure | Connect | Run Tests | Automation | Resuits | Htmi Report |

—Dewvice——  Test Point —Test Information——————
& Device [¥ Tx Far End (TPT) ¥ Debug Mods e
" Host I~ Tx Near End (TPQ) (Informative Only | | © SSC
— ' Hub-Ups " Radio Friendly S5C
¢ Hub-D ™ Clean Clock
De-Emphasis Mode
W 106 W sG [~ Custom Eye Template & 3548
Device ID: Load template: ~ i
i Browse Hene
Device 1 “\Program Fl ¢l
I le oG8l _Broe | Test Method
—Fixdwe————  Channel Setlings ¥ UUSE-IF SigTest
T[S e
" USB-IF & MiceoB ' CTLE On
e Adc for USB3.1 (dB)
e o
" Mone (HW channel) ALITO
— Input Signal
Select input :
signal type: ||J||"& signal i
Saved signal '
— Transfer Function -
Load BG InfiniiSim transfer function:
— Ext: | Inztrument Setup—
Iast\Trans‘erFuncﬂons\USES_micmE_&annel.ﬂ'li Browse | ernatins
Load 10G InfiniiSim transfer function: Inst S |
Ind.ions\USEEEm2Hefamoeﬂﬂannel_Fu¢ure.ﬁ4 Browse |
[~ Automate Power Supply

| 0Tests  |Follow instructions to describe your test environment  |Connection: UNKNOWN | y

KEYSIGHT
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U7243B USB 3.1 TX Compliance Application

SetUp Select Tests |Cnnﬁgure | Connect | Run Tests | Automation | Results | Himl Report |

E-[]C AlUSES Tests

5G Test
106 Test
10G Transmitter Low Freguency Periodic Signaling Tests

A

106 5L0 and LBFS Tests

[0© 10G LBPS tPWM

D () 10G LEPS tLFPS_D

D () 10GLBPS HLFPS_1

1< 106G SuperSpeedPlus Capability Dedaration (SCD1)
1< 10G SuperSpeedPlus Capability Dedaration (SCD2)
1< 10G 5CD Rise Time

[0© 10G 5D Fall Time

[0© 10G 5€D Duty Cyde

[0© 10G 5D Period

1< 10G 5CD0 tRepeat

[0© 10G 5D tBurst

] 10G 5CD Differential Voltage

11 106 5C0 Common Mode Voltage

\

. 10G Transmitter S5C Tests

[1© 106G TS5CFreg-Dev-Min

1< 10G TS5CFreq-Dev-Max
1 10G 55C Modulation Rate
[JO 106G S5C dffdt

: D &

“-[T] ) CTLE Adc Selection

10G eye measurement test

) 10G Transmitter Eye Far End (TP 1) Tests (Agilent SDA)(CTLE On)
1< 10G Far End Template Test (SDA)(CTLE OM)
-] < 106G Far End Differential Output Voltage (SDA)(CTLE ON)
-] 10G Far End Random Jitter (SDA){CTLE ON)
] 10G Far End Maximum Deterministic Jitter (SDA){CTLE OM)
'[]© 10G Far End Total Jitter at BER-12 (SDA)(CTLE ON)

) 10G Transmitter Eye Far End (TP 1) Tests (LISB-IF SigTest){CTL
] 10G Far End Random Jitter {CTLE OM)

\[]< 10G Far End Maximum Deterministic Jitter (CTLE OMN)
D (0 10G Far End Total Jitter at BER-12 {CTLE OM)

1< 106G Far End Template Test {CTLE ON)

] 10G Far End Differential Output Voltage {(CTLE ON)

n)

ﬁ

—

_—
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Gen 1 test items, LFPS, SSC, eye
mask, Jitter

Gen2 LFPS, tRepeat, tBurst , tPWM,
tLFPS O, tLFPS 1

Unit ]ntewal vs. Time|

SSC testitems M4 \/ \/ \V4

Select/Scan for optimal Adc of CTLE

Eye mask and Jitter test by
SDA algorithm




N8821A/B USB 3.1 Gen1/Gen2 Protocol Trigger
and Decode

USB 3.1 Genl and Gen 2 protocol
decode in less than 30 seconds T R T R e R R e

Integrated software-based protocol-level
triggers

Wi
=
3
™
=
m
w
w
<
)
=3
8
=
o
o
n

Save time and eliminate errors by
viewing packets at the protocol level

Use time-correlated views to quickly

troubleshoot serial protocol problems
back to their timing or signal integrity
root cause

KEYSIGHT
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USB 3.1 Type-C RX Test Solutions
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USB 3.x Comparison
 ussomeusosiomiom |umsimmsesiomaem

Data rate 5Gb/s £300ppm 10Gb/s £300ppm
(SSC variations not accounted for) (SSC variations not accounted for)
Coding » 8b/10b + 128b/132b
« scrambler: G(X) = X16 + X5+ X4+ X3 + 1 » scrambler: G(X) = X23 + X?1 + X16 + X8 + X5+ X2 + 1
scrambler reset by COM (K28.5) or BRST scrambler reset by SYNC OS
seed: FFFFh seed: 1D BFBCh
« Symbol lock: K28.5, some implementations » Block alignment: SYNC OS + SDS OS and realignment thr
might be able to use K28.1or K28.7 ough SKP OS
SKP K28.1, K28.1 SKP OS with variable number of SKPs
LFPS Device host capability negotiation is done during Low Frequen
cy Periodic Signaling (LFPS) phase using LFPS modulation s
chemes
CDR PLL transfer: PLL transfer:
* f3gs = 10MHz s f3ys = 15MHz
* peaking,,, = 2dB * peaking,, = 2dB
HPF transfer: HPF transfer:
o fygs = 4.9MHz o fy4s = 7.5MHz
» peaking = 0dB » peaking = 0dB
+ damping factor = 0.707 + damping factor = 0.707
SSC * Modulation rate: 30kHz to 33kHz * Modulation rate: 30kHz to 33kHz
» Deviation: +0 to -4000(min)/-5000(max) * Deviation: +0 to -4000(min)/-5000(max)
* Max slew rate: 10ms/s * New df/dt requirement: 1250 (max) ppm/us instead of max
slew rate spec
De-emphasis Post: -3dB Pre: 2.2dB
Post: -3.1dB
KEYSIGHT
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Typical USB 3.0 Link Turn-on Sequence
LTSSM states:

RX. RX. Polling Polling Polling el Polling
Host Power-up —> Detect. ——> Detect. —> LFPS —> RXEQ —> Active —> Config- —> dle --->  Loopback
Reset Active uration
warm reset | termination LFPS TSEQ TS1 TS2 it directed
de-assert detected handshake transmitted received received E—
warm
- eset.  Rx. RX. Pollin Pollin Pollin el Pollin
Device Compliance ——> Detect. —> Detect. —> 9 > g > ng.- s Config- —> 9 _---> Loopback
. LFPS RXEQ Active . Idle
Reset Active uration

A
i multiple states

Power-up

K -i.-..:,..r:-ai: iRy

J-BERT’s sequence tigger can be used to trigger scope captures for
each trainings step =» in combination with scope’s protocol decode
very helpful for debugging a trainings sequence

KEYSIGHT
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Typical USB 3.1 Link Turn-on Sequence
LTSSM states:

Power- Rx. RX. Pollin Polling. Polling. Polling. Pollin Pollin Polling. Pollin Loob-
y —> Detect. —> Detect. —> LFPSg. => LFPS > Port- - Port > RxEQg' > Activeg. = Config- > dle g > bacrl)<
P Reset Active Plus match Config uration

PHY PHY
warm reset | termination | SCD1 LFPS | SCD2 LFPS Capability Ready TSEQ TS1 TS2 it directed
de-assert detected handshake | handshake LBPM LBPM transmitted received received —
warm handshake | handshake

e reset = Ry, RX. Pollin Polling. Polling. Polling. Pollin Pollin Polling. Pollin .

Iianc'?e ——> Detect. > Detect. —> LFPSg. > LFPS > Port- - Port > RxEQg. > Activeg. = Config- > dle g > bacFI)<

Reset Active Plus match Config uration
A

multiple states

Power-
up

R

Ll L P R T O

) U S N SOV S FS————— $4) W40 D40 40000 BN A0 B 1N RN AN B

J-BERT’s sequence trigger can be used to trigger scope captures for
each trainings step = very helpful for debugging a trainings sequence

KEYSIGHT

TECHNOLOGIES

Page 44



USB 3.0/3.1 5Gb/s RX Test Calibration

Compliance Test Channel — Type-C Connector

Cal

fixture
Type-C to Type C '
board “a

1m cable with USB
- Type-C connectors

» Same setup for host or device with exception of Type-C to Type-C board:
* Host RX — breakout for DUT TX to BERT RX channel, no V., connection
* Host TX — no breakout, no V., connection
» Device RX — breakout for DUT TX to BERT RX, V,, connection
» Device TX — no breakout, no V,, connection
» Exact trace length of CLB is not defined yet
* 1m cable with USB Type-C connectors

KEYSIGHT
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USB 3.1 gen2 10Gb/s
USB 3.1 Type C 23dB Cal Channel

1m cable with USB
Type-C connectors

Type-C to T)‘/pe C

- hbst/
___ device

Compliance Load Board (CLB):
« Afixture set contains three CLBs with traces of different lengths to be able to adjust
residual ISI
Four versions of Type-C to Type-C board:
« Host RX — breakout for DUT TX to BERT RX channel, no V,  connection
* Host TX — no breakout, no V,,, connection
« Device RX — breakout for DUT TX to BERT RX, V,,; connection
+ Device TX — no breakout, no Vs connection
Mock-Up fixture:

« Simulates reference device/host loss. Used for calibration only.
KEYSIGHT
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USB 3.1 gen2 10Gb/s
USB 3.1 Type C 14.5dB Test Channel

Unlike for USB 3.0/3.1 genl 5G RX testing USB 3.1 gen2 10G RX
compliance testing requires to test each test frequency for 1012 bits.

KEYSIGHT
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Testing USB 3.1
RX w/Type C

Controller

Host Channel

Error Detector
Pattern Generator

TX compliance modes

sco1

First L
Compiance Mode erab
A
( Polling L
and 60us timeout ‘
Polling LFPSPlus [
60us timeout ]
-—

SCO2LFPS handshake

Polling PortMatch

Power

. Cc Line . L PHY Capatilty LBOM handshake
Delive ry 4 Orientatin POWG r -"°""‘ frcoe .
Controller veonn,, Delivery :—

. - xm:«nrm.omn
' Directed
Connection N Poling AEQ oy (@spon oMLY
Controller :':P—mm
TSEQ Ordered Sets Transmitted

Downstream Facing Port . e o J

. A (05 Port, TS1 handshake Device ONLY)
or Hub U

RX testing - loopback
Exit v

=  Brw N
Nlewed S

TECHNOLOGIES
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USB 3.1 Gen1/Gen2 Receiver Test Setup

M. Destalnd

Use upper
port
Device Test -
Fixture 1 DUT ¢
. [
’ : 6 inch USB3
Device Test Cable SER 0,00 400
Fixture 2

Key capabilities:

» Analysis of coded & retimed data

» Support of 8b/10b and 128b/132b HW coding and decoding as well as HW scrambling
» Generates calibrated stress conditions for RX test (SSC, SJ, RJ, De-emphasis, ISI)

* Emulate LFPS 3-level signals with built-in electrical idle for loopback training and via channel

Integrated Link Training, Tx Eq, Noise Impairment, Variable ISI, Receiver
Equalizer/Eye Opener

KEYSIGHT
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N5990A Test Automation for USB
Test Overview

_ NS990A Test Automation Software Platform == |
CO m pI lance Tests File  Station Sequencer Help
# > d > S m|E | | | (Al Resuts  ~|
° 5G RX Compllance Iong Channel EonfigL:re DUT  Load Séve Sta.rt- -af\bcl.‘t Pause | Print Properties | Log List
p D. 10G Compliance Eye Verfication - g gz =
. 0] . Receiver S
« 5G RX Compliance short channel | - 0a see seees oomre e :
----- | 5G Rx Compliance Test BER Test Durati 120 =
R T ol = Yo e | 53 R Constant Parameter Stress Test - estburaton s
* 5G RX Compllance LFPS ----- 1@ 53 R Jitter Tolerance Test Allowied Errors 1
,,,,, 1@ 5G R Sensitivity Test Relax time for BER Measuremen 5s
. - o e __||= Loopback Training
----- 5G Fx Data Rate Deviation Test
b 1OG RX Compllance pOSItlon 1 EIE Short Cl1a|:1el TZst:ﬂ on e Retrain at each Jitter Freguency True
. I L | BG Fx Short Channel Compliance Test g TS::]n vith Jitter True
e 106G RX Compliance position 2 | & 5G R Short Channel Constart Parameter Stress Test —]
1OG RX Compllance pOSItlon 2 _____ E 5G P Sllzrt CI:::::::I J;:;r 'I?ul:nler;:z: T::‘t s c Procedure Error Case Behavior  Proceed With Next Procedure
_____ 0 EG R., Shart Channe! Senstivity Test 1 Procedure Failed Case Behavior Proceed With Next Procedure
----- | 5G R Short Channel Data Rate Deviation Test Eep:ltltlonsh_ e test g | A
1 1 . = [ HOT - nable mulliple test runs alse =
Characterization Tests: E-CIR5R LFPS Tests , 5 Srecosion
----- 1% 5G Rx LFPS Compliance Test L
Pre-Sheot 22dB
° De-Emphasis -2.1dB
RX ConStant parameter i Differential Voltage 873.2mV
. . : i Random Jitter 1ps
+ RXjitter tolerance (SJ margin) L@ 106 R 1 Compiance Tes Nomiral SJ 17ps
10G Fx 1 Constant Parameter Stress Test Sinusidal Jitter Frequency 100 MHz
H . : ] 0G B 1 i 5J Reduction for Eye-Width Adju -10fs
 RX and LFPS SenS|t|V|ty q 21 05 P Titer Teleranee Ted Second Tone SJ for Eye-Width 4 0
.. 1@ 10G Rx 2 Compliance Test S?C -\DG.-"‘..'I:;UOI'I ﬁ?ﬂppm -
- RX data rate deviation CTE = :
10G Rx 2 Jitter Tolerance Test Repetitions
]ﬁ Transmitter il
* LFPS Duty Cycle oy
] [ m | »
Severity Message Date -+
Progress 110G Rx 2 Jitter Tolerance Test: Step 1 - Jitter Frequency = 1 MHz 1/29/2016 1:15:38 PM
Progress 110G Rx 2 Jitter Tolerance Test: Step 2 - Jitter Frequency =2 MHz 1/29/2016 1:16:40 PM
Progress 110G Rx 2 Jitter Tolerance Test: Step 3 - Jitter Frequency =4 MHz 1/29/2016 1:17:20 PM
Progress 110G Rx 2 Jitter Tolerance Test: Step 4 - Jitter Frequency = 7.5 MHz 1/29/2016 1:17:52 PM
Progress  10G Fx 2 Jitter Tolerance Test: Step 5 - Jitter Frequency = 50 MHz 1/25/2016 1:18:36 FM [
Progress 110G Rx 2 Jitter Tolerance Test: Step 6 - Jitter Freguency = 100 MHz 1/29/2016 1:19:21 PM
< | 1 3
Performing procedure step 6 of iteration 0, total step count is 6 _ USB Station

KEYSIGHT
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N5990A Test Automation for USB 3.0/3.1
Ease of Use

N r
Connection Setup for 10G Pre-Shoot Calibration E‘M Connection Setup for 10G Compliance Load Board Selection

- Connect the outputs of M8020A to Scope channels 1 and 3 with blocking capacitors in between.

— 4 e
Connection Setup for 10G Rx 1 Compliance Test - ;._/

- Connect DataOut1 of M8020A to the inputs of the USB3.1 8.1inch CLB with blocking capacitors in between.
- Connect the USB3.1 8.1inch CLB with the USB3.1 Device Fixture 1A using @ 1m MicroB-StdA USB cable.

- Connect the USB3.1 Device Fixture 1A with the USB3.1 7.2 inch Mock Device Fixture.

- Connect the outputs of the USB3.1 7.2 inch Mock Device Fixture to Scope channels 1and 3.

The N5990A Test :
Automation for USB ' -
3.0/3.1 guides users
through every setup
changes with

connection diagrams

an d d etal I e d - Connect DataOut1 of M8020A o the inputs of the USB3.1 5.6inch Type-C CLB with blocking capacitors in between. B
- Connect the USB3.1 5.6inch Type-C CLB with the USB3.1 Type-C Device (breakout) Fixture using a 1m Type-C USB cable.
- - - Connect the USB3.1 Type-C Device (breakout) Fixture with the DUT.
d es C rl ptl O n S - Choose the orientation of the Type-C plug so that lane 1 of the test fixtures is connected to lane 1 of the DUT.
- If you do not know the lane orientation of your DUT's Type-C connector, mark one side as lane 1 and the other side as lane 2. Use this orientation for all further Rx tests. |
- Connect the SMA connectors of the USB3.1 Type-C Device (breakout) Fixture to M8020A Data In.
- Connect 50 ohm terminations where needed. -

L'l_

>

m
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Recelver Jitter Tolerance curve

Figure 6-28. Jitter Tolerance Curve

KEYSIGHT

TECHNOLOGIES

e n VS e n Tolerance corner MHz
Jsz Random Jitter 0 0121 O 0100 Ul rms
s Rangiom Jitter peak-peak .17 0.141 Ul p-p
— Rx Jtol RJ & Tx EQ updated by Joy soonez 2 2.56 Ul p-p
Jpj_n.,qhz 1 1.28 Ul p-p
ECN . . ) Jpi 2mz _ _ ' 0.5 0.64 Ul p-p
— Gen 2 define 7 SJ points in spec. oo Sinusoidal Jitter N Utprp
. . . Pi_f1 : : p-p
— Gen 1 define 5 SJ points in Spec, | J o 02 017 Ul p-p
. . Jpi 100MHz N/A 0.17 Ul p-p
but 8 pOIntS InCTS V full swin ?nsmun bit differential g 75 TBD V D-
_fWi_swing  yoltage swing - p-p
Non transition bit voltage Pre=22
V_EQ_level (equahzatn:ung1 ° 3 Post= -3.1 dB
\ (0.5MHz, 2.56)
(0.5MHz, 2) (1MHz,0.1.28)
2 \ >
E! (1MHz,1) : (2MHz,0.64)
E_ n \ E_ n
S| zoabiec @ (2MHZ,05) 3 (4MHz,0.32)
(50MHz,0.2) (50MHz,O.17)
(4.9MHz,0.2) e ( ) ° (1OOMH ,0.17)
RJpp 017 a2Vnz e — 0.14 — — —(7.5MHz,0.17) — z
T-= —t 1= ul = +H 1
F:neq?enr:y, f Frequency, f

Figure 6-28. Jitter Tolerance Curve
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SuperSpeed Receiver Tests
Rx Compliance and Jitter Tolerance Testing

Jitter Tolerance
USE SuperSpeedHost
Rx Compliance 100

— Automated instrument i USB SuperSpeecHost
control for:

-
=]

» Setup calibration

Sinsoidal Jitter  [LI]

+ Compliance test i e
« Characterization test T
» Support for debugging
- Operator guidance - R ) ok s ey [
— Sophisticated test
EJ Frequency| Failed Jitker | Passed Jicker
reports Riesult [PlHz] w1 w1 Rin Spec [UI | Symbal Errors
pass 0.500 2.00 2.000 0
— Controls J-BERT, pass 1,000 1.00 1,000 0
) pass 4,300 0.20 0.200 0
_ pass 10,000 0.20 0,200 0
Supports _fu” .pI‘O(.ZIUCt _ pass 20,000 0.20 0.200 0
characterization including pazs 33.000 0.20 0.200 0
transmitter measurements pazs 20,000 020 .20 4

KEYSIGHT
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JTOL Margining Test Results

100.00
L3
10.00 -
\d
g $
g ¢ pass
=3 < fail
g —pEC
01 10 100
&
¢
¥
0.10
KEYSIGHT
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Receiver Characterization Example

itter Tolerance: icrosoft Excel

|
Hoi| Insi | Pag | For | Dat | Rev| Vie | Adc| Des | Lay FUBQ (2N x

p x
B & A % Al e = éaf
paste . | Font  Alignment Number Styles Cells j

Clipboard 1 Editing

Chart 1 - £

File Staion Sequencer Help
F 4/ 8 n | 5 ‘ = 3 Last 24 hours
Confiowe DUT  Losd Save | Stat Abort Pause | Prirt || Propeties | Log List
=8 USB3 - SuperSpeed Device, Tethered Connector 4] | =
[C] @ Calbration L
De-Emphasis Calibration B Receiver Jitter Tolerance
Mas Differertial Voltage Caliration Offire N falsz
LF Sinusoidal iter Caliration B 1) Loopback Training
HF Sinuscidal Jiter Calioration Force LB Training at Initialization True
Random Jiter Callbration Retrain at each Jitter Frequency False
Eye Height Calibration Train with Jitter o False
Totsl Jiter Calibration H 2) Sinusoidal Jitier Variation
Verfication Tests Frequency Mode Compliance Frequencies
Eye Height Verfication Number of Jitter Steps
1@ Total Jiter Verfication Show Min Failed Peints True
DUT Debug Bl 3) Specification
@ Loooback Trsining Optimization Eye Height 145my
Receiver S5C 5000 ppm
Receiver Compliance ssc Freq'fem/ khz
Receiver Constart Parameter Stress Tests Randam Jitier . T70mli
Receiver Jiter Tolerance Bl 4) Specification Margins
Recsiver Sensiivity Eye Height Margin 25mv
NOF Recsiver Data Rate Deviation Random Jitier Margin nw
B Shor Crsnnel Tests Sinusoidal Jitter Margin 0%
ﬂ Short Channel Receiver Compliance = BJs)BER Seh)
83T Short Channel Receiver Constant Parameter Stress Test Targel BER 1E9
89T hort Channel Receiver ditter Tolerance Allowed Errors 5
&I Transmiter Relax Time Ts
18 LFPS Tests B Sequencer
TEIMIT | £P5 Pesk-Peak Diferertial Output Votage Procedure Error Case Behavior Proceed With Next Procedure
MY L 7PS Period tPeriod) Procedure Failed Case Behavior Proceed With Next Procedure
1% LFPS Burst Wicth (Burst) Repetitions 0
183 LFPS Repeat Time Interval {Repeat)
%% LFPS Rise Time
[FI8 LFPS Fall Time
[FI8 LFPS Duty Cycle
[FI8 LFPS AC Common Mode Voltage
=3- 180 Unit Interval and S5C Tests
(180 TSSC-Freg-Dev-Min
1B TSSC-Freg-Dev-Max
[FI¥ SSC ModulationRate
[F183 SSC Slew Rate
-EIE5E Eve Tests
[E18%, Far End Random Jitter (CTLE ON)
[E18%, Far End Maimum Deterministic Jiter (CTLE ON)
[E188, Far End Total Jitter at BER-12 (CTLE ON) — || Repetitions
[EIBG Far End Tempiate Test (CTLE ON)
o =
Severty  Message Date -
Info Test result saved to C:\ProgramData\Bitf Eye\ValiFrame\ Tmp\Resuits\USB3 Station\Receiver_Constant_Parameter_Stress_Tests_USB3  7/9/2014 10:22:15 AM
Info Receiver Jiter Tolerance started 7/9/2014 10:22:15 AM
Progress  Receiver ditter Tolerance: Step O - Jiter Frequency = 0.5 MHz 7/9/2014 10:23:43 AM
Progress  Receiver litter Tolerance: Step 1 - Jiter Frequency = 1 MHz 7/9/2014 10:25:08 AM
Progress  Receiver ditter Tolerance: Step 2 - Jiter Frequency = 2 MHz 7/9/2014 10:26:02 AM
Progress  Receiver ditter Tolerance: Step 3 - Jiter Frequency = 4.9 MHz 7/9/2014 10:26:57 AM
Progress  Receiver Jitter Tolerance: Step 4 - Jiter Frequency = 10 MHz 7/9/2014 10:27:43 AM
Progress  Receiver ditter Tolerance: Step 5 - Jiter Frequency = 20 MHz 7/9/2014 10:29:27 AM
Progress  Receiver ditter Tolerance: Step 6 - Jiter Frequency = 33 MHz 7/9/2014 10:29:59 AM
Progress  Receiver Jitter Tolerance: Step 7 - Jiter Frequency = 50 MHz 7/9/2014 10:30:33 AM
Info Test result saved to C:\ProgramData\Biti Eye\ValiFrame Tmp" Results\LISB3 Station\Receiver_Jiter_Tolerance_USB3 7/9/2014 10:31:07 AM
Info Receiver Sensiivity started 7/9/2014 10:31:07 AM
Info Showing results /92014 1031:14AM

.

|

Initializing procedure

A E [ o E F [=]
Product Number: USB3  LSB3 Station Unknown User 7312014 10:22:15 AM

1

z

i Jitter Tolerance

g for USB SuperSpeedDevices, Tethered Connector
7

E

3

=
Sinisoifal Jiter [U1)

—g-B-8

Min Spec

o 01 1 ) 100
il sSinuscidal fiter Frequency [MHz]

33 Specfication  Res 03RO
35 |Test Propertics

36 o
3T | Force LB Traning s
35 Fretrain st cnch Jierc
33 Train with Jitcer
A0 Eye Height

41| Eye Height Margin
42| s3c

A3 | 356 Frequency
44 Random Jitter 10 mul
45 Frequency Made < Frequencies
46 Mumber of Jitter 37 20
A7 Show Min Failed Po Trus
A5 Fandom Jiveer W 7 0%
49 sinuzoidal Jitter M7 0%
S0 TuwrgeBER T Ea
51 aowedErrors  F s
52 Rl Tims 1=
53 Power utomation Mlanual
5S4 Mumberof skPe 7 2
5 Loopback Training  WarmRcact
56 | Use Link Training St Falze
57 Dubyatter Warm R TOme
5B LFPS ldle ME0204 Idle.
59 Mumber of LFPS bu” %
GO Mumber < TSER: ” 68536
E1  MumberofTsts 56
B2 Mumber of T r 65536
B3 | Lune Polarity Invers Falze
B9 Uox Voltage Settine True
65 | COR Loopbandwid Tt
B6 | COR Peski 05 dE
BT cORTransition Da” 50%

BB | Pobuityinucrted Falac
B3 | MB020A Trigger T
0

00y

B Min Failed Sitter
—B— Max Passed Jitter

—m—jimer Capability Test Sewp

Sinusoidal ditr
Jiner Capability
MlinFailed [ tlax Paszed | Test Sctup

ditor (0| Jittor (1)
433 [EH

Min Spee

|RGRRing ORling | UsE3 Station .

KEYSIGHT
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4 4 b | Jitter Tolerance /¥J

> [

— Automated instrument

control for:
» Setup calibration
+ Compliance test
» Characterization test
» Support for debugging

Operator guidance

Sophisticated test
reports

Controls J-BERT,
Oscilloscope.

Supports full product

characterization including

transmitter
measurements
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Keysight USB 3.1 Total Test Solution

Transmitter Test Interconnect Test Y Receiver Test A

-

U7243B —— BgzggA |'

; ompliance
SW USB Compliance ‘
M8020A J-BERT High-

> Performance Serial BERT

DSAV254A E5071C ENA Option TDR

Infiniium

Scope

HW
A
~ TBD
s .
N7015A/16A ot LB P
- Tx Test Fixture }
Fixture
TBD
_ Cable/Connector
[ Test Fixture
DUT

N Cable A D
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USB Type-C Interface and DP Alt Mode Overview

EEEEEEEEEEEE




Review of DisplayPort Interface

: 4 Differential Lanes Bit Data
Datomm-¢V®! Ty PE Main Link Recovery j
B Policy _ AUX 1 Differential Lane DPCD
Ck | Mar Logic | EDID
9 Interrupt
Hot Plug Detect _ _
DisplayPort Source DisplayPort Sink
Main Link
Up to 4 differential lanes: 4 possible bit rates
TX:
4 possible level settings AUX Channel
4 possible pre-emphasis settings Phy Layer
Spread Spectrum Clocking (optional) Bit rate at 1Mbs
Dual Mode optional Manchester Il encoded
RX: Purpose
Receiver individual clock recovery Link Management
Receiver Tolerance curve specified. Test Mode control
Receiver Sensitivity = 50mV

KEYSIGHT
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Provider/
Consumer

Ol ™ 0 -
Z| X X | 20
GTTVP
T f//%w/f/f

D22
Z | X | X
O|F F

+

A

D

VCONN CCZ

-l
@D
>

J

Provider/
Consumer
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Downstream Facing Port (Video Output)




DP Transmitter Testing: Whole Channel

DUT >~ e >~ Sink
~ REFERENCE EQUALIZER
e R e
Data Level T PE — £ =2 Y
Z>k_ 5 Vi :>Eye
H 14
Ck Driver 4 Logic ‘ @ v,
Decode||| . | | | » ‘ T
. - | Bit slicer
D J \ ) |\ J
isplayPort Source A v Y '
Cable Loss Model CTLE DFE
¢' v (50mv max) w
TP2 TP3 TP3EQ TP3EQ’

Standard DP L\ J

mDP ¥ .
USB Type C Math performed on o
oscilloscope on TP2 3
acquisition & G

(109
Oz

KEYSIGHT
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Keysight TPAs

—

AUX Phy test

USB C to DP cable

Connector: -“ﬁ' 2
5 ___s'-‘
=

Type C

N7015A ongrat

DPR-100

Fixtures

AUX Automation

High Speed Phy test " ‘ ,

Keysight TPAs

Connector: "‘ﬁ a
- b
=

AUX Phy test

Type C

N7015A N7016A USB C cable Delivery
Fixtures

Controller

AUX Automation

KEYSIGHT
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-|Em
a

ﬂ‘ Calibraton.

RX Test Setup for DP over USB Type-C'%

InterSymbol
Interference

N7015A

N7016A

Unigraf
DPT-200

USB C to DP cable AUX Automation
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Keysight DisplayPort 1.3 Solutions and Solution Elements

Source Test Solution

Computer Motherboards,
ICs, Graphlc Cards

DSO V series Infiniium
Real Time OscHIoscopes

Unigraf DPR-100 U7232D DisplayPor
For automation Compliance Test SV

-|1-|n-o

= USBC

STD/mDP

Media Testing

Cables, PC Boards,
Connectors

ES5071C VNA

== STD/mDP ==

i
SRR
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Artek CLE1000
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N

DP ISI Generation

Sink Test Solution

M8020A JBERT
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Unigraf DPT-200
for Automation

4915A-006
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& General
Solutions

Protocol Debug solution
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USB Type-C Interface and TBT Alt Mode

Overview
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Thunderbolt 3 Overview

— Announced in Q2 2015
— Uses the Type-C connector

— Channel aggregation: two independent 20Gbps links into one logical
40Gbps link

— Supports other standards through ALT mode

Thunderbolt™ 3
The USB-C that does it all More
Speed

More

'I;Ao%eer IIIIP Up to 100W

Moié €2 munoersoLT. @

Protocols B DisplayPort PCIl>>
EXPRESS

: ./ 40 Gbps
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Testing Methodology

— Spec is at v0.7.

— CTS not yet released.

— Testing approach will be similar to Thunderbolt 2
— TX, Rx, and Return Loss

— Today, customers with Thunderbolt DUTs need to work with their Inte
| PAE to meet the design guidelines and send their DUTSs to Intel for t
esting.

— Keysight can help with pre-compliance testing

— Tx testing
* Initial analysis is that 33GHz minimum BW is required for compli
ance testing.
« Silicon characterization will need more BW since the 20/80 riseti
me can be 10ps.
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Thunderbolt 3 Transmitter Test Setup

— 25GHz BW required for compliance testing, more if closer to the silicon
— Thunderbolt-specific SW (Imaginarium, TenLira, TCL, scripts)

— Crosstalk generator

— Type-C test fixture

— Ul, SSC, Rise/Fall, Jitter, Eye Diagram Near End/Far End

— New Preset testing and optimization for 10.3G and 20.6G

— (O oooo] Control PC
DSAV254A ggo00s
Infiniium 0= 20
Scope QO0Q0O
O O O O
O00O0
0[O co @®OQ®O]8
Aggressors
- PRBS31 W
S
,hm X Test Fixture
Thermination
N7015A/16A

KEYSIGHI Tx Test Fixture ‘

TECHNOLOGIES Page 67



Thunderbolt 3 Return Loss Test

— DUT output PRBS31 on all lanes with SSC turned on
— Setup the Network Analyzer with automated measurements specific
to Thunderbolt 3

i 'AH': T. “
I‘“ o
Comomuma
i | — E5071C ENA
A [ A~ '
nr 7 \ o oo s fammeames rireee|. P
1 Lo o) u
- 3is
lhi "“‘-
-

Table 4-6. Host/ Device Transmitter Specifications at TP1

Symbol Description Min Max Units

RL_LF Return loss, 10 dB
0.05 — 2 GHz

RL_MF Return loss, [5 dB
2 — 5.2 GH=z

RL_HF Return loss, 4 dB
5.2 — 7 GHz
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Test Setup: Case 1 and Case 2 Execution

Controller
Common Mode

B e (e

uUSB

Controller
Common Mode

B e (S b

USB

ut§EESE
- GLEBEECEE@C
Le@EEEE
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Thunderbolt 3 — Total Solution

: N D\ _
Transmitter Test Return Loss Test 4 Receiver Test A
/— =
Thunderbolt N5990A Automatic
SW Transmitter Test SW for TBT
Software compliance
N |
f -
TBT-TPA- E5071C M8020A J-BERT High-
UGH?2 Option TDR Performance Serial BERT TBT-TPA-UGH2
Controller ENA Network M8062A 32 Gb/s Multiplexer Controller
Analyzer with De-emphasis
P ANy
| = V-Series Infiniium 861000 .E_ -
Oscilloscope DCA-X NG i &
T meap o titgiiegsy  NO171B
— | I E] - & Common Mode
———— s Source
Fixture Fixture Fixture Fixture
\ Cable
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