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Industry Drivers for Type-C™
ZHIERHE, FEH AR

Alternate Mode, X HFLIEfhtritE -y
i AE R (DP1.4, TBT, MHL4.0, HDMI...) f : r"

#E power delivery B 765 Rl
HPL#] (Up to 100 Watts)

13.35mmx2 . 4mm 8. 3mmx2.5mm
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Type-C™ Functional Pin-out

Looking into the product receptacle : ———l

Looking into the cable or product

plug : ‘

Page 5

KEYSIGHT ‘

TECHNOLOGIES




Type-C™ Alternate Mode

A port could wake up as USB 3.1, then get configured to DisplayPort.
HDMI or ...

i e iR o o

SUPERSPEED+
CUSE>

I®) DisplayPort 1.4 ‘) "ML
THUNDERBOLT.

HoImi

HIOH DEFINITION MULTIMEDIA INTERFACE
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Alternate Mode

— An operational mode of devices on a link that dynamically reassigns
USB Type-C pin functionality by communication via the Power
Delivery channel to change the character of the link.

Example: a ‘device’ can wake up USB3.1 and change to HDMI1.4b/DP1.4

|
Type C

Downstream Facing Port

1 ! 1
e |
i X1 1 |
B =
oevice HEEH ;

Upstream Facing Port Downstream Facing Port Upstream Facing Port

USB3.1 HDMI1.4b/D

KEYSIGHT
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P1.4

HDMI1.4b,DisplayPort 1.4, MHL, & Thunderbolt
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CERTIFIED

Type-C™ Power Delivery 3.0

UsB2.0 i ,
USB 3.0 Extend ease of use, reduce clutter, reduce even
USB BC 1.2 more waste
(----------------------------a-------- USB PowerDeliverv -------------------------------- 3 ----}
Nominal Maximum
Precedence Mode of Operation Voltage Current
Highest USB PD Configurable S5A
USB Type-C Current @ 3.0 A 5V 3.0A
\]/ USB Type-C Current @ 1.5 A 5V 15A £
USB BC 1.2 5V Uptol5A GOW
Limit fo
USB 3.1 5V 900 mA
Default USB Power 100W
Lowest USB 2.0 5V 500 mA Limit fo

Sink/source can be swapped, power direction no longer fixed



Type C Testing Challenge

Orientation Independence

:> Test time DOUBLES

Test Twice for USB3.1 /2.0

USB3.1
Alternate Mode
) "0 [ R :> Test HDMI/DisplayPort!
| RSl 1 ... IR
; e e i
Devico MESH e Device |
Downstream Facing Port stream Facing Port
HDMI/DP1.4
\/
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HDMI1.4b over Type-C

Existing Device
(New Device) ( € )

Cable Adapter

HDMI Source
Device
using
USB Type-C
receptacle

HDMI Sink
Device

(USB Type-C Alternate Mode)

Figure 2: Use case for mapping HDMI to USB Type-C connector

The features:
¢ HDMI Source Device that uses USB Type-Connector as an Alternate Mode.

v HDMI Cable Adapter that adapts USB Type-C connector to HDMI
connector.

KEYSIGHT
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HDMI1.4b over Type-C

¥¢ USB version

¢ Universal Serial Bus 3.1 Specification Revision 1.0
¢ USB Type-C Cable and Connector Specification Revision

1.2 Max Data rate:10GB
& USB Power Delivery Specification Revision 2.0

Max Power:100W

v HDMI version

¢ High Definition Multimedia Interface Specification Version 1.4b
Max Data rate:10.2GB

¢ HDMI Compliance Test Specification Version 1.4b

Page 12
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HDMI1.4b over Type-C

Table 1: HDMI Source Pin Assignment for USB Type-C connector
Pin Eﬁ.lv Description Et?r:gltion Pin Eﬁr Description Et?nm:.tltion
ar e [Gommen  [TMRRP™ [z a2 |Sommen | RGO
B B e A el R e
s [os [RulEesdn [TMRS. ero [ao [RbBEE: [THES
A4 | B4 (Hgggrype-(:) B9 | A3 {ﬁsaés']?'ype-i:}
as |85 | CCUGnaing |SCLispa |B8 |A8 | RPDiEAC. | HEAG+
A6 |B6 | (J8B Type-c) B7 |A7 | sB Type-C)
A7 |B7 (UDS-B Type-C) B | A8 {DU+SES Type-C)
s oo |SHEREE |HERe  [es [ [iboen |vovPover
AZ B9 (L\.\Jfgggrype-(:) B4 Ad {Ssaéjiype-f:)
wo [ero | Suldsia® |THRS. oo |ao [SubTelah [TNSS
an [or | BRI [TURS e | | SuiDmiui |TMDS
wiz[erz |G TRt [er [ar [Smme TR
KEYSIGHT |

TECHNOLOGIES

Page 13



HDMI1.4b over Type-C

HDMI USB Type-C Alternate Mode USB Type-C USE Type-C Alternate Mode HDMI
Source Function for HOMI Source Connector for HDMI Cable Assembly Connector
YEUS Tiype &4 cdnnectjor
WBUS Ad, AD ¥p
B4, B9 —|
z?rc.r}; 2 13| CEC
CEC i 7 = %Fw 5 1k0
L 3% Conlral & 1I-1 ‘F' s 15|SCL
sScL Conneact Detector
= Deteclor ;"q‘ 16 |SDA
1.8k g LY
SDA % W f—1 Veoonn |
CON B5 $R; o |- d_.
' 18 | +5W
+5W s
L L __ _ Defsult OFF befare HOMI Alt Mode
cd HPDY j
H ' Diefsutt ©H before HDMI Alt b
HPD/ t . HEAC- AB - efsult O before HOMI Alt Mode 19 :EE::_
HEAC- : i e . T
il . : dlity ' 14 | Utilitys
Lhility/ . Utility/ BE r ¥
HEAC+ Dataial GFF Badoon HOW A tods.  HEACH L_:_.#_:j il HEACH
D+ A | I ——
USE 2.0 D+ AR USB Bilboard
Cortrofler | AT BT B= Device r1.0
500}
£ 1500l 10| CLK+
CLK+ ; el B3 i JPEE
500,
CLK- o+ AL a2 TEZY  gpsore 12 |CLK-
s00 e s
Do+ é A1 RHZ= "i OnF TlDOo+
500
+ i =
Do- ; AT R¥Z ”1_,0 F g|Do
&0
D1+ ; 1 150nF Az TX1+ Hwﬁnr alD1+
00
D4- ; "150n|= A3 TX1 TEE s alD1-
5001
D2+ é B11 RE1+ TR 1|D2+
200
D2- é g10 RX1— ::15l;lnF 3|Dz-
e T et
- T =

[ HDMI Source Device ]

[ HDMI Cable Adapter ]

Figure 4: Reference Circuit Design for HDMI Alternate Mode of USEB Type-C
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HDMI1.4b over Type-C

PD Header VDM Header ‘ CEC Write Header

CEC[0..3]

CEC [4..7]

e VDM Header

Table 9: VDM Header (CEC Write from Source to Cable Adapter)

Bits Field Description
4..0 Command 11h = CEC Write 10001
5 Reserved 0 0
7.6 Command Type 00b = Initiator 00
10..8 Object Position 001b = HDMI Mode 001
12..11 | Reserved 00b 00
14..13 | SVDM Version 00b = Version 1.0 00
15 VDM Type 1 = Structured 1
31..16 | Standard or Vendor ID | HDMI_SID FF04

VDM Header(CEC Write from Source to Cable Adapter):

FFO04 1 00 00 001 00 0 10001

1

— FFO04 1000 0001 0001 0001

1

FFo4 8
VDM Header(CEC Read from Cable Adapter to Source):
FFO4 8112
KEYSIGHT

TECHNOLOGIES
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HDMI1.4b over Type-C

e Example for CEC command format

e CEC Write Header

Table 10: CEC Write Header

Bits Field Description
0 Start Bit If this is set, the PD-CEC Decoder shall generate a Start
R bit before transmitting data
If this is set, the PD-CEC Decoder shall set the EOM bit in
1 End of Message
the last block
6..2 Effective Data Byte The number of effective Data Byte in this VDM
31..7 | Reserved This shall be setto 0
KEYSIGHT ‘

TECHNOLOGIES
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HDMI1.4b over Type-C

HDMI_SID

PD Header | VDM Header | DDC Write Header | Data[0..3] Data[4..7]
Table 20: VDM Header (DDC Write)
Bits Field Description
4.0 Command 13h = DDC Write 10011
5 Reserved 0 0
1.8 Command Type 00b = Initiator 00
10..8 Object Position 001b = HDMI Mode 001
12..11 | Reserved 00b 00
14..13 SVDM Version 00b = Version 1.0 00
15 VDM Type 1 = Structured 1
31..16 | Standard or Vendor ID FFO4

VDM Header(DDC Write from Source):
FFO4 1000 0001 0001 0011

1 2

VDM Header(DDC Read from Source):

FFO4 8 1
FFO4 8114
KEYSIGHT

TECHNOLOGIES
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HDMI1.4b over Type-C

¢ Note: The following test shall meet the HDMI specification version
1.4b

6.4 HDMI Cable Assembly test
7¢ Cable Electrical test item

HDMI CTS1.4b Type C Testing
Items

connector maximum

S5l envelope Yes

5-2 wire Assignment SKIP

5-3 TMDS-Eye Diagram Yes

5-4 Intra-Pair skew Yes USB Type-C Fixture
Yes

D Inter-Pair skew

5-6 Far End Crosstalk Yes

5-7 Attenuation and Phase Yes

5-8 Differential Impedance Yes

KEYSIGHT Page 18
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HDMI1.4b over Type-C

& Test Item

HDMI CTS51.4b Type C Testing | Notice
Items

DDC/CEC Line

Test as “Converter Cable”

Capacitance and Yes
5-10 Voltage
Test as “Converter Cable”
5-11 5V Power Yes
Test as “"Converter Cable”
5-12  Hot Plug Detect Yes
Test as "Converter Cable”
5-13  DDC Communication Yes
=94 | CFE Comrmunlcaon Yes Test as "Converter Cable
5-15  Utility Line Impedance =
Type E cable wire No
5-16 thermal deformation
HEAC Intra-Pair skew Yes
6-1 test
Differential Yes
6-2 Attenuation Test
Differential/Common Yes
6-3 Impedance Test
KEYSIGHT

TECHNOLOGIES
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HDMI1.4b over Type-C

¢ Connection Example for USB Type-C HDMI Alt Mode Cable Adapter

Control Board and Cable Adapter(DUT):

HDMI

Source

HDOMI

Cable
B

UTCHAM-200
HDMI J\
TMDS MUX
HOMI Repeter
Connecter
PD-CC
Controller

)

USB
Type—C

Connecter

KEYSIGHT

TECHNOLOGIES

USB
Type—C

Cable
Adapter

HDMI

puT

Test
Element

B -.\_;jf §| — Panasonic UTCHAM-200

Used for Test: DDC,HPD,+5V
and HDCP

Page 20




HDMI1.4b over Type-C

& Test Item
HDMI CTS1.4b

Type C Testing
Items

¥=ll

7-2
7=3~7-12

#=13
7-14
7-15
7-16~7-40

HDCP

GEC

HEAC

EDID

VL

DDC/CEC Capacitance and
Voltage

CEC Line Connectivity
CEC Line Degradation
Protocol

Protocol

Protocol

KEYSIGHT

TECHNOLOGIES

Yes

SKIP

Yes
SKIP

SKIP
SKIP
Yes

Yes

Yes

Yes

Using Reference
Cable adapter

Using Reference
Cable adapter

Using Reference
Cable adapter

Page 21



HDMI1.4b over Type-C

¢ Connection Example for Source Control Board and HDMI Source(DUT):

HDMI Source

DUT

KEYSIGHT

TECHNOLOGIES

USB Dif'fgrential
signal
Type—C }
P1 Fixture for USB Type—C -
) =
2| 8] 3| 2
= >
UTCHAM-100

Panasonic UTCHAM-100

Used for Test: Difference Line
Analog test

Page 22



HDMI1.4b over Type-C

¢ Connection Example for USB Type-C HDMI Alt Mode Reference Cable
Adapter and HDMI Source(DUT):

uSB

HDMI Source Type—C el Test
UTCHAM-300 i

DUT

& — Panasonic UTCHAM-300

Used for Test: EDID,HDMI
Protocol , HDCP Protocol

KEYSIGHT

‘ Page 23
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Keysight HDMI1.4b Type-C TX Solution

Assumptions: Devices require power contract and means
to get into alternate mode. RX and TX testing separate.

High Speed Lanes

Q

e -

O Infiniium Oscilloscope
BW>=13GHz
N5399C SW
200MPts Memory

N7016A
Control GUI

AUX Lane
USB C to HDMI cable

FlexEDID

N7016A

KEYSIGHT

TECHNOLOGIES
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DisplayPort Link review

MLO <
- MLA Main Link Bit AV Data
Data‘ Vel 1x PE V. 1,2, or 4 Differential Recovery
Lanes
I -lLoglc AUX 1 Differential Lane V4 DPCD
Ck ontrolle
HC Decode EDID Controller
Connection Hot Plug Detect (HPD) |
& < < Interrupt
Interrupts DP Power
- DisplayPort Sink
DisplayPort Source
Std or mDP *DPCD=DisplayPort Configuration Data
Connector
=EDID=Extended Display Identification Data
=AUX lines and HPD used to establish
Data rates Levels connection between the Source and the Sink
AUX  1Mbs 0: 400mVpp nom through the interconnecting channel.
RBR  1.62Gbs 1 600mVpp nom »The DP sink can request service by an
HBR ~ 2.7Gbs  2:800mVpp nom interrupt pulse on HPD line .
HBR2 5.4Gbs  3:1200mVpp nom

myHBR3 8.1Gbs

KEYSIGHT

TECHNOLOGIES

=\Video and Audio sent via packet structure

=Each link partner has ‘own source jf power
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Alt Mode DP over Type-C Pin
Assignments

GMND MLO- CC1 ML2 +
‘ MLO+ ‘ Aux CH P ML2- GND
1 | I |
v ¥ ¥ v v v v ¥
7 3 A12 Al Al0 Ag AB AT i
Al D\- L
TX2- | VBUS | Vconn
i J
N B1 B2 B3 B4 B5 B&
| TS S SooTEs s asET e =S e e e
Common I ML1+ [ CC2MNconn I ML3- ] GMND Common
Ground GND ML1- AUX CH N ML3+ Ground
Pin | Signal Name Alt Mode Description || Pin | Signal Name | Alt Mode Description
Signal Name Signal Name
Al GND GND Bl1Z | GND GND
A2 S5TXpl ML2+ HS Lane Bll S5RXpl ML3+ HS Lane
A3 S8TXnl ML2- HS Lane BI0 | S5RXnl ML3- HS Lane
Ad | Vous VBUS BY | VBus VBUS
A5 CCl CCl1 Header Pin B SBU2 AUX CH N SMA
Ab Dpl Dpl *Optional B7 NC
AT Dnl Dol *Optional Bé NC
AR SBUI AUX CH P SMA B5 CcC2 CCVooNN Header Pin
A9 | VBUs VBUS B4 | VBus VBUS
All | SSRXn2 MLO- HS Lane B3 S5TXn2 MLI- HS Lane
All SSRXp2 ML+ HS Lane B2 S3TXp2 MLI+ HS Lane
KEYSIGHT Al2 | GHND GND Bl GND GND Page 27
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DisplayPort Link over Type-C

1 Supply

DisplayPort Source \
Type C

Connector

X1 .
|| L | X2 Main Link Bit AV Data
Datams evel 1x PE RX1 1, 2 or 4 Differential Recovery
| . Lanes
_'%—UTO gic SBU1/2 1 Differential Lane DPCD
Ck [ontrollé® e o
H |Decode _| EDID | |controller
Connection Termination » CC ETermination
& Management Management
Interrupts == HPD over CC Interrupt
Alt Mode/Power Mngmt == At Mod ;lp ” .
— ode/Power Mngm
\lBus r:i]

DisplayPort Sink

] New issues brought about because of USB Type-C

KEYSIGHT

TECHNOLOGIES
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>

Understanding DisplayPort test

We use a Reference Sink to control DUT

proprietary

control Reference Sink

| VTF-501 edid file - Notepad (i | [

File Edit Format View Help
00 FF FF FF FF FF FF 00 5A 12 00 20 01 01 01 01
19 17 01 04 A2 79 44 78 1E E6 98 A3 54 4A 99 26
OF 48 4E 00 00 00 00 00 00 00 00 00 0O 00 00 00

%100 00 00 00 00 00 02 3A 80 18 71 38 2D 40 6E 28
2+||55 00 BC F9 10 00 00 1E 00 00 00 00 00 00 55 00
-2/{00 00 00 00 20 00 00 00 OO 00 00 00 00 FF 00 53
1 41 42 42 48 30 33 33 38 33 34 37 00 00 00 FC | _
0 0 56 54 46 2D 35 30 31 00 00 00 00 00 00 01 3D |=
=3 2 03 06 40 41 90 02 3A 80 18 71 38 2D 40 00 00

0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

©+||00 00 00 00 00 00 00 OO 00 00 00 00 00 00 00 00
-2/{00 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00
-:/|00 00 00 00 00 00 00 0O 0O 00 00 00 00 00 00 00 |
:-||/00 00 00 00 00 00 00 0O 0O 00 00 00 00 00 00 00

::[|00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

DP TX

Device ||
()]

EEProm

Sometimes customers have control (proprietary) of their TX device so don’t care
about control over the AUX lines.

Device is put into a Test mode using Test mode control through DPCD

| have never seen an HDCP issue.

KEYSIGHT ‘

TECHNOLOGIES
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DP Transmitter Testing: Whole Channel

Cable .
DUT > Model > Sink
BEEEBENCE EQUALIZER
Data |[L04 Tx PE ===
y I | Lo iC 1 g::
Ck Driver s g T . @ o
| |Decode | | | . il 2
DisplayPort Source \ Y l \ Y J | YB”S"W ;
Cable Loss Model CTLE DFE
(50mv maxi g
Standard DP ﬁ @
mDP L Y 4
USB Type C Math performed on EeE
. Q-Q =
oscilloscope on TP2 A T
acquisition |Q a &
o [ Cr & Q
LI, @
KEYSIGHT Page 30
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DP Source Test Solution element checklist

Oscilloscope

Scope options

Probes

Cables
Test Point Adapter

Reference sink

Other

Switching SW
Switch

Precision Probe

KEYSIGHT

TECHNOLOGIES

Infiniium

DP U7232D
Infiniisim Basic
Equalization

1169A/N5380B
N2800A/N5444A
N2832A/N5444A
N700xA/N5444A
N7010A

N2823A 1 meter
N5448B 10”

Wilder TPA and aux
N7015/16

DPR-100

Connector savers or
adapters, or cables

u7232D 7FP
Bitifeye 2100D

N2809A

13GHz minimum

Sw app
De-embedding and cable embedding
Required for DP1.4

Optional

Not common

Std or mDP
Type C

For instance for N7010As and matched cables,
Or for routing through switch.

Activates the switch control option in N5399C
Most flexible switch box available

For path loss and skew correction

Page 31




DisplayPort Source Tests: Patterns and
Test Point

Test | RBR | WBR | HBR2 | HBR3 _

3-1 Eye Diagram PRBS7 PRBS7/ CP2520 TPS4
CP2520 TP3EQ TP3EQ
3-2 Non Pre-Emphasis Level PRBS7 PRBS7 PRBS7 PRBS7
3-3 Pre-Emphasis Level PRBS7 PRBS7 PLTPAT PLTPAT
3-4 Inter Pair Skew D10.2 D10.2 D10.2 TPS4
3-11 Non ISl Jitter PRBS7 PRBS7 NA NA
3-11 Deterministic Jitter NA NA/ CP2520 TPS4
CP2520 TP3EQ TP3EQ
3-12 Total Jitter PRBS7 PRBS7/ CP2520/D10.2 TPS4
CP2520/D10.2 TP3EQ TP3EQ
3-14 Main Link Frequency D10.2 D10.2 D10.2 D10.2
3-15 Spread Spectrum D10.2 D10.2 D10.2 D10.2
Modulation Frequency
3-16 Spread Spectrum Deviation D10.2 D10.2 D10.2 D10.2
Accuracy

All measurement points are TP2 unless noted
KEYSIGHT ‘

TECHNOLOGIES
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DisplayPort Source Tests and Levels &

Pre-Emphasis

3-1 Eye Diagram

3-2 Non Pre-Emphasis Level
3-3 Pre-Emphasis Level

3-4 Inter Pair Skew

3-11 Non ISI Jitter

3-11 Deterministic Jitter

3-12 Total Jitter

3-14 Main Link Frequency
3-15 SSC Modulation Frequency

3-16 SSC Deviation Accuracy

KEYSIGHT

TECHNOLOGIES

RBR/HBR: Setting 2
HBR2/3: User Choice

All Settings
All Settings
Setting 2
RBR/HBR: All settings

RBR/HBR: All settings
HBR2/3: User Choice

RBR/HBR: All settings
HBR2/3: User Choice

Setting 2
Setting 2

Setting 2

Take-away: lots of combinations for testing.

RBR/HBR: Setting 0
HBR2/3: User Choice

Setting 0
All Valid Settings
Setting 0
RBR/HBR: Setting 0

RBR/HBR: Setting 0
HBR2/3: User Choice

RBR/HBR: Setting 0
HBR2/3: User Choice

Setting 0
Setting 0

Setting 0

Page 33



U7232D
DisplayPort

DisplayPort Source Tests Facilitation e

0

M, K Er\"’?IGHT

File View Tools Help

D | e @ 5En |

Task Flow _| SetUp |Select Tests | Configure | Connect | Run Tests | Automation | Resuilts | Himi Report

DisplayPort Compliance Test Application

Source Tests Setup
Test Specification Test Selection
& Physical Layer Tests 25 |
Setup
7 e - " AUX PHY and Inrush Tests. =
" Dl Mode Tests Test Sefup Incomplefs..
Configure

W Show Normative Tests Only

DisplayPort Test Controller |UnigrafDPTC | I Enable Automation

Script File: |C:\Program Files (x86)\Keysight \Infiniium’App | Browse Configure I
AUX Channel Controller Mode ]

‘ (¢ Standard DP Test Mode ¢ Link Training Mode Launch GUI ]

0 Tests |Fdhw instructions to describe your test environment Connection: UNENOWN Yy

Page 34
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DisplayPort
Infiniium Compliance App

Ve 3820000

DisplayPort Source Tests Facilitation

U7232D

Test Connection AN KErSIGHT

» Device Definition to Run Test

e —
Fixture Type Description
[T v | | |Pae e =
w’l‘;f“' Tech mDP-TPA-F/ EITITBFH;!UDm Chanel Assignment Setup - Single-Ended SMA |
- - L qus!g}\t HTO15A
Device Definition B2 T e SA Gigie Eniod | s
ther T Channel
o (% Differential Probe Thaeaeh«r)z Lane 1 =
DUT Deﬁnl‘bon Sc‘tup " Single-Ended (A-B) oot Nt el | oo e II
=T
it No of Channels O = .
DUT Definition Setting e = cromaz |5 ==
e | m—
Lane Setting Bit Rate Spread Spectrum e s e Lane - e
Clocking T ‘ Chamel1 w
® 1 Lane W 8.1 Gbp & Disabled [ o
ol PO [~ 5.4 Gbps " Enabled [Cema ][
" 4 Lanes [~ 2.7 Gbps " Both
) 1. e Test Selection
2 = . File View Tools Help
9 9 ¥ D@ d|le»@yir |@ne
V¥ Level O ¥ Swing 0 [V Pre-emphasis 0 SetUp SelectTests | Configure | Connect | Run Tests | Automation | Resuits | Himl Report |
i - : E-[J O Display Port Tests
[T Lewel 1 [V Swing 1 [V Pre-emphasis 1 m E-]O  Source Teats O10.2
[T Lewvel 2 V¥ Swing 2 [V Pre-emphasis 2 i B-[JO Source Differential Tests
: . &[]0 3.12 Total Jitter(TP3_EQ) - D10.2
I Level 3 [ Swing 3 [ Pre-emphasis 3 @-[]O 3.12 Deterministic Jitter(TP3_EQ) - D10.2
@-[JO 3.12 Random Jitter(TP3_EQ) - D10.2
[]© 3.14 Main Link Frequency Compliance
E-[0O Source Tests (HER2CPAT)
, - - - — - i BE-[JO Source Differential Tests
HBR3 Preferred Setingwith Cable || HBR3 Preferred Setting with No Cable | T BL10, 5.1ye Dagran Tests (P3_EQ) -HBR2CPAT
: . ; q i #[J O Lane 0 -HBR2CPAT Eye Diagram Test (TP3_EQ)
IS"’"“ 1/ Pre-emphasis 1/ PCLI IS""“ 0/ Pre-emphasis 0/ PCL, ¢ L.[JO Lane 0 -HBR2CPAT Eye Diagram Test with No Cable (TP3_EQ)
| E-[0O 3.12Total Jtter Tests (TP3_EQ) - HBR2CPAT
i =[O Lane 0 -HBR2CPAT Total Jitter Test (TP3_EQ)
<< Back Next >> Close i - [JO Lane 0 -HBR2CPAT Total Jitter Test with No Cable (TP3_EQ)
; [1© 3.12 Deterministic Jitter Tests (TP3_EQ) - HBR2CPAT
=-[1O Source Tests (PLTPAT)
[0 © Source Differential Tests

KEYSIGHT

TECHNOLOGIES
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Know that there are many test conditions!

— Eye Diagram:

— One Level, One P-E setting, 2 SSC states, 4 Lanes, 4 bit rates, two
cable conditions for HBR2/3: 2*4*4 +8+8 = 48 Eye Diagrams!

_ Pre-Emphasis Tests: DP1.4 incremental: 16 more tests

— 10 combinations between Level and Pre-Emphasis, 4 bit rates, 2
SSC states, 4 lanes = 320 Tested states!

DP1.4 incremental: 80 more tests

The details of test are handled by compliance test application test plan
capability

Page 36
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Automation considerations

In order to test without manually setting the many conditions, a means to control
bit rate, pre emphasis, and level is required. Need a device that acts like a sink but

is very controllable. This is called a Reference Sink.

Data -| yevel Tx PE
O gic AUX eference o --
Ck river |-| Decode Sink &

HPD

DisplayPort Source _
Unigraf DPR-100

1. DP1.4 testing requirements may NOT use TEST MODE but use an abbreviated
link training process to control level, bit rate, and pre-emphasis.

2. The test application communicates with DPR100 to set DUT to correct state
according to the test plan

Page 37
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DisplayPort1.4 Source Testing

Considering the USB Type-C environment

' High Speed Lanes
Q-am
Qe
Qe a
— @9 )
s Py (O - EE=eer
L350 © @ ©: Infiniium Oscilloscope
BW=16GHz
Infiniisim
Equalization
Jitter
Clock Recovery
AUX Lane - InfiniiScan
—
e U7232D SW
USB C to DP cable S Precision Probe
Unigraf DPR-100
Reference Sink
"8 0P Test - 40P Device 17 == =
File View Tools Help
DB 20 e
Se1up | select Tests | Confiqurs | Connect | fun Tests | Avtomaton | Resuts  Hitmi Repart
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. DP Test Report
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- Ovorail Result PASS
| Test Configuration Detalls
RS - :;:: Description
ik l :::' r Fixture l'jv_c ;\"-::‘Y:::Dt-;hﬁm
Infinium SW Version 0520 0000
Infiniium Model Number  DSCR0B04A
: (ininiien Serial Number N0 Sacial |
‘Application W Version 100
Debu, Used [N
|Compilance Limits (offcial) Embodded DisplyPort (0DF) Standard Vorsion 14
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AUX Channel Testing

-Time Ey
| 1a72kul |

il \ﬁmiﬂiﬂmmammlnummwumhiummm;mmlmummmm T i o

“_’J

Edl
0
=
o
i
[l
<
&
=
o
=t
=
@
&
@

2-pin header for
SBU1T and SBU2
test points

| 164 mv
Immmuﬂimﬁmﬂmm«m"‘hrqmmwmimmmmﬂnﬁmmmmmmmmummmm&Mmmimmjmmnmsmm )

FTATRMI

TFFEC

FIOVSA
MG

AN KEYSIGHT

Type-C connection
to device under test

Take-away: AUX channel is very robust but its access and
KEYSIGHT measurement has presented problems to our customers.
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DisplayPort Sink Testing

Sink Jitter Tolerance which provides a stressed signal of known pattern to the DUT
and the DUT measures the number of bit errors. Sink Jitter Tolerance is performed
ONE LANE at a time.

The Stressed Signal:
« A maximum Eye Height is specified
* A maximum Eye Width is specified

These conditions are achieved with a cocktail of jitter
(RJ, SJ, ISI), Crosstalk or injected signal, and level

g control and the process is detailed in the Compliance
Test Specification.

SJF!XED
Approximate @

KEYSIGHT
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f(SJ)

TJJTHBR2rx)

ISI

RJ(RMS)

SJsweer

200MHz

[MHz]

[mUI]

[mUI1)

[mUI)]

[mUI]

[mUI)

1026

220

16.7

505

100

10
20

636
624

220
220

16.7
16.7

116
104

100
100

100

620

220

16.7

100

Table 4.4 from DisplayPort CTS 1.2b

100
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DisplayPort Sink Testing

Pattern Lane Under Test Bit Data
—
Generator Main Link Recovery —‘
AUX 1 Differential Lane DPCD[—
Reference EDID Interrupt

Hot Plug Detect
Source ot Flug Detec DisplayPort Sink

Expected
Patterns

# Bit Errors

Freq Lock Display

Test Symbol Lock

Pattern

KEYSIGHT
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Unique features in the market
Why M8020A is better in DP sink testing

— Keysight provide the adjustable I1SI capability to accurate meet the
IS1 jitter target requirement, the HW (PCB trace, cables) adjustment
for target ISl jitter is very painful and cable, connector physical
character will change with time.

Adjustable ISI

State

3GHz

2 GHz

eeeeeeeee

— Only M8020A can provide the 2" output channel to fit the crosstalk
aggressor requirement, which are Non-Sync with victim rate and
TPS4 pattern at 8.1 Gbps (See next slide)

KEYSIGHT
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Type-C DisplayPort Technologies

v" Test Validation will have to consider new forces present in our industry
v'DP1.4 is increasing the data rate and modifying the Reference equalizer.

v'The Industry is moving to USB Type C. The DP over Type C, ‘DP Alt mode
specification’, targets this connector and may be the dominant use model.

v Complexity for validators abounds.
1. Type C: multiple protocols to be tested.
2. Power now a consideration: provider, consumer, arbitrary voltage, current
3. Orientation changeable: test coverage requirement will increase.

4. Switching networks for unattended test: calibration, maintenance.

v We are waiting for the CTS coming. Aggressive test time reduction, will
change test plans.

v While the type C connector will delight consumers, validation will require
extensive characterization and compliance regimen. Start Early!

KEYSIGHT
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Agenda

» Type-C f&j4t

» HDMI1.4b over Type-C

» DP over Type-C

> T Type-CH AN H
» Final Words
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Physical Layer Source/Sink Impedance
Testing

Points to Know:

» Impedance measurements of Source and Sink required in HDMI2.0

» Source impedance measurements during transmission of actual data pattern (Hot
TDR measurements) is required

DC voltage bias can be applied through internal bias-tees

Hot TDR with ENA-TDR, fast, accurate and no worry about ESD

T S

- - - DC Power
Time Domain (Tr 1) ] Frequency Domain (Tr 2) Supply
Tadi1l Impedance 10.00U, Ref 50,000 [F2 Zr] T2 S0011 L0g Mag 10.0D0CE, Rer 0U.000CE [F2] i
1 1.:\1‘1 ns (470.30 mmy 107.38 U 50-00 3 —§.0207877 Gz -10.547 d8 | HDMI data patter‘n Measurement S|gna| I I
Differential Differential Return _ :H:H:F
Impedance Loss . ‘t* ‘ %t ;
110.0 V—\/'\ é L 10.00 | T ‘ i
100.0 fm—mmiy 0. 000 4 % -..:".:‘.'.‘ g L
90.00 10.00 /\/\NAWV\I t :: - - .__..ﬁ
_ Narrowband receiver minimizes the effects
of the data signal from the transmitter
i sm.amsm

IFBW 70 kHz.
oe0R (Eiely (Saly] Gen (i) (Esiy) &

Hotzortal eical

L
i

» fre
fc 4

4
§
=
r=d
A
v
e
8
-
»
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Physical Layer Cable Assembly Testing

Points to Know:

» HDMI2.0 doesn’t require new cable testing; still follows HDMI1.4b spec

» Standard Cable measurements for characterization and compliance testing: skew, impedance,
attenuation, and crosstalk.

» “Stressed” Eye Diagram Analysis of Interconnects: allowing direct measurement of eye
characteristics at the end of the link.

» Optional switch and test automation software available from Solutions Partner BitifEye

Time Domain Frequency Domain Eye Diagram Analysis Complete characterization of interconnects

V75 742 volt 50.00m/ Ref 1Tré Sdd22 Log Mag 10.00dE]
350. 0m 700. 0m

Intra-Pair Inter-Pair
Skew Skew
(T31, T42) (Tdd21)

(Time domain, frequency domain, and Eye diagram)

Attenuation
(Sdd21)

11 1]
= .
S <

300, 0m LLL LA 1T TTT]
11.5n 14n 16.5n 11.5n 14n  16.5n

IF3 ULl Lmpedarn UL IT& 10042 1mpegance 1u, U
r7 Tdd11 Impeda L Tr8 Tdd22 Impedance 10.00] _)
1%0.0 ey

140.0 |12 83432 ppath

130.0 [-3 1 375.52 ps (5(

* Jitter insertion
* Emphasis

=
oS

-
Impedance * Equalization =1
(Tdd11) E
Fixture A bl Fixture B
TPA-R TRPAR . 50 ohm
terminations
TR L L e smlpext] ¢ | ToR [Fubs] [ 2 start 300 kiz IFBW 70 kHz Stop 5.1 GHz Sim| PExt! Cor
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Hot TDR Issue: Bad effect of Tx output signal

HDMI Signal Sweep signal by VNA
e « VAV : :
I> t E% - TDR impedance test result varies
AT » due to output signal from Tx

Tx output signal is also
input to the VNA'’s receiver
and affects test resulit.

' 3

s+ — 1 |*— IFBW=70kHz

S issmm

> freq

Setuy

TDR/TDT

Stim. Ampl 200 m
122 Deskewbloss
enetl Auto 626 ns
Eve/Mask {Cable Length = 0s) ECal

ef| Sve| 2013-10-04 09:13]
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Hot TDR Issue: Bad effect of Tx output signal

HDMI Signal Sweep S|gnal by VNA

HH» « |

C‘vc‘vt#

™

eeeee

nse 3 Stmulus 4 MkrfAnalysis 5 Instr State

nce 50.00U/ Ref 100.0u [F2 Zr]

Tx output effect can be
minimized by narrowing
IF BW (receiver filter
bandwidth)

=)

» —I|*— IFBW=1kHz

e~ "%‘ """ 4n 0 1n 2 3In 4n 50 61 7n 8n On M 8. 01197571066
> fl’eq Esnr‘cTDR g |Y | T ;' == ” ?:D‘ I 'Data %‘.l‘ o I"] o khl'l nLjiZ]w

IFBVY 1 kH
OPT.

Basic More Functio Average Adv Waveform Hat TOR
S DUT Topology | Dffereriial 1-Pot )
o
TOR/TOT Wizard | Stim. Amel IF Barcinith
eskewiloss

Eye/Mask Presst (Gable Length = 0s)

S
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Keysight experts helping define next generation standards, and solutions
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r hY 8 N Y& B Y
Board of Board of
Directors Directors Contiibiitor
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Authorized Test Centers

France China - Shanghai
Presto Engineering Silicon Image, Inc.

China - Beijing
Silicon Image, Inc.

Korea
Silicon Image, Inc.

Japan - Tokyo

/ -/ ‘\ Sany Corporalion (2)

USA - Sunnyvale 1L Japan - Osaka
Silicon Image, Inc. \ \ Panasonic Corporation

Talwan - Taipel
' Phillips Electronics
\ Sony Corporation

India 1|
Philips Electronics
China - Shenzhen
Silicon Image, Inc.
Sony Corporalion Allign
GRL India Japan

Shanghai

Testronics :
Taiwan

Belgium

HHCAL
Japan

? 565
Taiwan
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Type-C™ USB, DisplayPort, PD fig ik 5 &

USB3.x Transmitter Test USB3.x Receiver Test

e, Plug Fixture

Under Test - RX (

TX

Product Plug Fixture TX
Under Test

Signal Access and
Control Fixture

Signal Access and
Control Fixture

DP Source Test DP Sink Test

3
_ =
N5990A Test
_ High Speed Lanes JBERT automation sw.

High Speed Lanes

N7015A

Infiniium Oscilloscope
BW=16GHz

Infiniisim

Equalization

Jitter

Clock Recovery
InfiniScan

U7232D SW
Precision Probe

.
USB Cto DP iiiﬁ %

Unigraf DPT-200

USB Cto DP cable .
Uniaraf DPR-100
Reference Sink

Windows Scope with
GRL-USB-PD ‘GRANITE RIVER LABS
— Power
Supply ®-
24V/6A GRL-USB-PD-C1
USB Type-C™ Test
. Controller
Power Delivery Test
Product Overview
Passive %?j:{g“;&fiﬁ;flﬂ‘ii".ﬁ’ﬁ%‘??:ﬁﬁ;‘: ooy Wdows bared ot ope provies &
Probe D e P ey i ) e et AL o g
Wnen used i GALs US8 Type-C Tes Convolle (GRLUSBPD-C1) GRLUSE. 0 pricesa
e o Complonte et o B Power Deary Coaphonte P
USB-PD e T Y L L D o o 11 o U5
KEYSIGHT = Dual Role Device
Current ypRe= P/C or C/P KEYSIGHT o e e
TECHNOLOGIES Probe Test Cable : 3 st Ll
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Keysight Type-C Solution Advantage

] P80 AR DI I 0 4 T SR P 2 R Aty 6 Keysight Receiver Test Solution

HOMIEAHISIAEISG , BRFAELPLC , 100%BKeysightlliX A%
« Simplay Lab Shanghai IAMERLZ ey (HDMI, MHL)

« Simplay Lab Shenzhen IAMERRZ A/ ((HDMI , MHL)

» A ER T2 = (GRLIEIY)

+ CESI Beijing IAEAl=/(»(HDMI , DP , USB)

USB ERHE=IAENAHL , #BRA T Keysightlid75 %

+ HKSTC IAMER L | (XFKeysightillit /5%

+ SGSIAEMlitA |, (XAKeysightllid 753

» CESI Beijing BN =0, {XFKeysightillif 55

* ALLION 5 8§EKeysighttEAFA M ABIRALAE |, (EREESLET100%
FFKeysightfI75% , ALLION&&Type C ( USB3.1/DP/TBT ) X {EAAB N BKeysight/5 5

s sTCiEA&®
Simplaykﬂo' HoImi

6 inch USB3
Device Test Cable
Fixture 2

UsB2.0D+
and D-

Vbus and CC lines to N7016A 1 g
fixture via USB Type-C 1 —
(plug style) cable

High speed coax
cables, matched
pairs for TX2+,

2-pin header for
SBUT and SBU2
test points

« KA USB3.1, DP1.4, HDMI2.0
TBT3, MHL &0/t

o ARG S 5B - 20 GHz@-3dB

o 7R Tx A1 USB-PD JIE 9005 25 FTER

High-speed
coax cables,
matched pairs
for TX1+, TX1-,
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Type-C™ Technology Key Messages

¢ USB Type-C is not USB 3.1

o USB Type-CHLZi FIZERE 2 MVE &XTUSB 3 ARTER — 478, Toiandd,
USB Type-CAREUSB 3.1, XEARIEARALLE #.

® USB Type-C is not USB Power Delivery

o USB Power Delivery & — M U/BE A RIfE R TT S, A& HUSBR AL EE /11
12100 Watt, XEARIEANTTLLEH#,

* X F—/"USB Type-Cr= i Kit, EARDLAEZFUSB Power
Delivery /s USB 3.1H A

o USB Type-Cix £ fiill i i 7] LA $% 2 > ##USB Power Delivery F1/5{USB 3.1f¢
71, AHAZ I
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Thank You!
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