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Purpose

* This slide will show how to make measurements of MHL (Mobile
High-definition Link) Cable Compliance Tests by using the Agilent
E5071C ENA Option TDR.
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Agilent Digital Standards Program

(| JEDEC

Our solutions are driven and supported by Agilent

experts involved in international standards committees: PCI >>

EXPRESS"

 Joint Electronic Devices Engineering Council (JEDEC) RIZ

« PCI Special Interest Group (PCI-SIG®) TA

* Video Electronics Standards Association (VESA)

« Serial ATA International Organization (SATA-IO) D

«  USB-Implementers Forum (USB-IF)

- Mobile Industry Processor Interface (MIPI) Alliance Huomi

 Optical Internetworking Forum (OIF)

» Mobile High-Definition Link (MHL) Consortium "@

mipi
We’'re active in standards meetings, workshops, plugfests, ;ﬂ;r::,;Eﬁ:mw

and seminars £ O] Hitrvonsie
1%
Our customers test with highest confidence and achieve "M H'—
compliance faster \- ),
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http://www.mhlconsortium.org/home.aspx

MHL = Agilent Test Solution Overview

Signal
Condi-
tioning
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Reference Document

« MHL (Mobile High-definition Link) Specification Revision 2.0

« MHL (Mobile High-definition Link) Compliance Test
Specification Revision 2.0
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MHL Cable Compliance Test Solution

Cable Test Setup

Source CabCon Sink
s N

>——D

MHL+/MHL-

D———D
" ~ >
TP3 Transition TP4 CELE
MHL- -
[ MHL VBUS (Power)
MHL+ MHL +
GND
/ Plug B <

50-ohm Source Cable Assembly Sink 50-ohm

terminator TPA-R-WO TPA-R-WO terminator

*MHL has one physical data channel composed of the single differential pair carrying TMDS data.

*CBUS is MHL Link Control Bus. This is a single-wire bus used to carry auxiliary data between
an MHL source and MHL sink.

*VBUS is MHL Voltage Bus, a one-wire interconnect between Source and Sink.
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MHL Cable Compliance Test Solution
Measurement Parameters

Source  Cable Sink Time Domain Measurements
i o «Differential Intra Pair Skew
> 7 :{> «Common-mode Intra Pair Skew
MALHMAL -Differential Characteristic Impedance
N , :{> Common-mode Characteristic Impedance
- caus «CBUS Cable Delay

Frequency Domain Measurements

. Differential Insertion Loss

N b Common-mode Insertion Loss
Differential to Common-mode Conversion
*CBUS Insertion Loss

*CBUS Line Capacitance

*Far-End Crosstalk

VBUS (Power)
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MHL Cable Compliance Test Solution
Solution Overview

*MHL cable compliance testing requires parametric measurements in both time and
frequency domains.

p Traditional _
Frequency Domain Solution New Solution
Differential Insertion Loss
«Common-mode Insertion Loss 4 ) & paramete_rs can
«Differential to Common-mode Vector be measured with
Conversion a Network ENA Option TDR
*CBUS Insertion Loss
*Far-End Crosstalk A(n\?‘ll\IyAZ\)e s

K-CBUS Line Capacitance ) One-box

. / | -
Solution !
. . R B .
Time Domalin
«Differential Intra Pair Skew
Common-mode Intra Pair Skew » TDR
Differential Characteristic Scope
Impedance
«Common-mode Characteristic
Impedance - /
*CBUS Cable Dela
\ y J
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MHL Cable Compliance Test Solution
ENA Option TDR Solution

*ENA Mainframe ENA Option TDR is a certified
*E5071C-480: 4-port, 9 kHz to 8.5 GHz

*E5071C-485: 4-port, 100 kHz to 8.5 GHz SO"Jt'O_” for MHL Cable

*E5071C-4D5: 4-port, 300 kHz to 14 GHz | Compliance test.

*E5071C-4K5: 4-port, 300 kHz 20 GHz http://mhlconsortium.org/
*Enhanced Time Domain Analysis

Option (E5071C-TDR)

ECal Module
*N4431B for E5071C-480/485 - N
*N4433A for E5071C-4D5/4K5 Test Fixture
-Method of Implementation (MOI) L E;ﬁgiiggﬁﬁgggaxm‘
. S
document available for download on | T :
Agilent.com Erst—— available for purchase
-State files and cal kit definition file | wor Ht‘tr[‘)’_/‘jmv'v'i? rer Ieefhhg‘;’r'flgy-
. . . ethod of Implementation . . - .
for official cal fixtures are also Siep by scpprocecuc on
ava| Iable parameters in the speﬁifiqation |
document using ENA Option
TDR. |
www.agilent.com/find/ena-tdr compliance L y

www.agilent.com/find/ena-tdr mhl-cabcon

Anticipate __Accelerate __Achieve

Agilent Technologies

S


http://www.wilder-tech.com/
http://www.wilder-tech.com/
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http://mhlconsortium.org/

MHL Cable Compliance Test Solution
Measurement Parameters

ENA Option TDR Compliance Testing Solution is one-box solution which provides
complete characterization of interconnects (time domain, frequency domain.)

Time Domain Frequency Domain
ID . e ] e 1 1| |
ifferential : s 4 Differential & " Differential &
Impedance o | A Common- 4] Common- ‘
r-s‘-OTD:.- ';'I.:.Is-:.:=-:|:h — ‘ --:-I}-("j ﬂrl-:r»u ,nﬂﬁl-.n n:- 10.::. mOde - mOde

||:l T42 :- T 50, 00my -ﬁ.:-f 100, T-:!.ID TE2 volt 50.00mu/ Ref 100 I:nnsFrU()n LOS% wegs‘%nv I'uﬁ
< ..ﬁl: Ll 00

- Differential .} Common-

1 . 1 — ‘:_‘_ ""c : .

¢ Intra-Pair 32 ‘mode Intra- g 0 v o ae SR
'.h'l I'ﬂI @E I l |’_ P gkew | j::::: Bl 1.0000000 MHZ 549 2.000 5

- CBUS
Far-End i )
ey | 20.00 | Insertion Loss
Crosstalk. )

CBU-S““CebIe _ |} cross
~ Delay o ptused) 4 DG ?__l,

T21 volt 50.00myu/ mef 100. JTré 522 Log mag 10.00ds Fm‘ -

LUr, U |
0. 000 |

&R

CBUS Line
~ Capacitance
— ‘EWDE.IE-I:ME‘

i __ Om | Lili N |
-1 50, Om - belb, )
- A o _ dd & T T

1 | 5tart -11.1 ns IFBW 70 kHz Stop 44.4 ns Sm PExt C7 | TDR [Ful] 2 Start 1 MHz
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MHL Cable Compliance Test Solution
Differential Characteristic Impedance

mm'l' Multiple reflections from impedance mismatches
feine | e | o | St | cause noise at the receiver. Therefore, the impedance
e S| 5] TV profile provides an indication of multiple reflection
*-gégs;ab;; reee . el R induced noise
) e e, Impedance is the most used parameter, but is an

indirect measure of the signal arriving at the receiver

Impedance Limit @ rise time (20%-80%) of 200 ps

Tdd1l Tdd22 Min | Max | Unit Note

MHL+ and MHL- Differential Impedance | 85 115 | Ohm *1

90 110 | Ohm *2

*1. Connection point and transition area, up to 1 ns distance. A single
excursion is permitted out to 65-125 ohms, no wider than 250 ps.
*2. Cable area, from 1 ns to 2 ns distance
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MHL Cable Compliance Test Solution
Common-mode Characteristic Impedance

= re— Multiple reflections from impedance mismatches
e | e fommes | Sneei | cause noise at the receiver. Therefore, the impedance
e femane] W) @70 profile provides an indication of multiple reflection
b e IEOC VI Bt induced noise
CBléi'gyable L (Notused) | ,"“H CBUS Line . .
: | Y o *Impedance is the most used parameter, but is an

indirect measure of the signal arriving at the receiver

Impedance Limit @ rise time (20%-80%) of 600 ps

Tccll Tcc22 Min | Max | Unit | Note
MHL Clock Common-mode Impedance 24 36 Ohm *1

25 35 Ohm *2

*1. Connection point and transition area, up to 3 ns distance. A single
excursion is permitted out to 20-40 ohms, no wider than 500 ps.
*2. Cable area, from 3 ns to 4 ns distance.
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MHL Cable Compliance Test Solution
Differential Intra-Pair Skew

Time Domain Frequency Domain

*Ensures the signal of differential pairs of MHL+ and

Common-mode

e | o | o, MHL- of a cable assembly arrive at the receiver at the
&) B (el same time.

Intra-Pair Skew - lf Intra-Pair Skew - R T

CBUS Cable
Delay ¥ Y
LI e T T S 444 0o Sm o - TOR U] | RSN

B *Excessive Intra-pair skew can distort the rising edge
of the signal, lead to significant differential to common
mode conversion.

«If differential intra-pair skew is less than or equal to 43
ps, then PASS. Otherwise FAIL.

*Need to compensate the differential intra-skew
caused by the test fixtures (TPA boards and cables)
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MHL Cable Compliance Test Solution
Common-mode Intra-Pair Skew

Time Domain

Frequency Domain

Diff al Common-mode [N
| y erdenna “| Impedance | Differential & Differential &
npoanee e Common-mode .}  Common-mode
4 InsertionLoss | Conversion
B 2ot 100, | - o { f i\
Differential | Common-mode b il {
Intra-Pair Skew J§ Intra-Pair Skew - B 1 BRIy
: S cBUS Insertion
W 3 vent 5000w/ Rer Far-End H SLor;sse P
CBUS Cable Ic”’sf“a'k, ‘
Delay (Notused) | Wl cBus Line
i f Capacitance
.y

Tcc2l
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*Ensures the signal of differential pairs of MHL+ and
MHL- of a cable assembly arrive at the receiver at the
same time.

*Excessive Intra-pair skew can distort the rising edge
of the signal, lead to significant differential to common
mode conversion.

If common-mode intra-pair skew is less than or equal
to 43 ps, then PASS. Otherwise FAIL.

*Need to compensate the common-mode intra-skew
caused by the test fixtures (TPA boards and cables)

Agilent Technologies



MHL Cable Compliance Test Solution
CBUS Cable Delay

Common-mode
Impedance

Differential
Impedance

T ik ReF 1887 v Hha Vol "Sor0amw, “her 16
Differential | Common-mode

[N
Differential &

Time Domain Frequency Domain
T e e T T o S 10

Intra-Pair Skew ‘| Intra-Pair Skew

cBUS Cable .Jf
Delay " (Not used)

Differential &
] Common-mode 4 Common-mode
] [InsertionLoss Conversion
D B )
NOETCRE e | PR s,
"l cBUS Inserti
Far-End A SLor;sse i
Crosstalk
| oA cBus Line
I .
I [ Capacitance
o8 ‘ 2 5o =

T21
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*Confirms that the CBUS cable delay is within the spec.

If CBUS cable delay is less than or equal to 35 ns,

then PASS. Otherwise FAIL.
* Need to compensate the propagation delay caused

by the test fixtures.
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MHL Cable Compliance Test Solution
Differential Insertion Loss

Time Domain Frequency Domain

Insertion loss is the loss through the differential pairs.

Common-mode

e | Y e e | sHas important consequences for the rise time
b &)

degradation and the maximum supportable bandwidth.

Intra-Pair Skew ‘|| Intra-Pair Skew - N -—————

Far-End CBUS Insertion

T"’ Loss
CBUS Cable Crosstalk
Delay (Notused) | ﬁ“wm CBUS Line
Il [ Capacitance
. Foomppngrgngeges
2] : : : : : : :
0 : : : : : : :
o : : :
—
c
v\ =)
juli o]
D
sdd21_\V\y 24
Differential = @D
Mode o
—
(O]
=
)]
-30 ; ; ; ; ; i HE
1000 2000 3000 4000 5000 6000 7000
Frequency (MHz)

Differential Insertion Loss Requirement for MHL data signals
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MHL Cable Compliance Test Solution
Common-Mode Insertion Loss

Time Domain Frequency Domain

Common-mode current is directly responsible for EMI.

Common-mode f§f

: : N
Differential Differential &

| d 7 Impedance Differential &
mpedance | - Common-mode M Common-mode
% InsertionLoss W Conversion
T3 Vot Rer 106, firio T2 Vole S0 oom, " Ret 19 i{\ 1k [ ny “V‘L
Differential | Common-mode b i

Intra-Pair Skew ‘| Intra-Pair Skew F§

| cBUS Insertion

Far-End

CBUS Cable Crosstalk Loss
Delay (Notused) | |4 'f' Wl ceustine
I [ Capacitance

e N

ScC2]l s~~~

Commot
Modg¢

—4

U

»

250 500 750 1000 1250 1500 1750

Frequency (MHZz)

Common-mode Insertion Loss
(Scc21, dB)

Common-mode Insertion Loss Requirement for MHL clock signals
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MHL Cable Compliance Test Solution
Differential and Common-Mode Conversion (Sdc21, Scd21)

Time Domain Frequency Domain

Common-mode current is directly responsible for EMI
and Scd21 is a measure of EMI generation

Common-mode
Impedance

- : N
Differential Differential & Differential &

ot | commonose i & ) *Main purpose of this requirement is to limit EMI

Intra-Pair Skew || Intra-Pair Skew 7= T

e BECEU Ea emission
De‘,ay | (Notused) . ﬁ“w'f' ﬁi éigcsit:i:cee Of =errrmmrer e
é o Ry T T T T Er e C T O r T e T e P T eV L PP EPEY- U CTCECEY FEPEPIVIVES (P
®) ~~
E C % _10' ...................................................................................
—— e 9
1N @) e — : : : : : : :
S > O : : : : : : :
N\/\/ Sdc21l e~ 253
. . _20 T S T e P e L E e REE= e
Différential Common = @ i
— QO :
Mopde Mode 5 5 : : : : : : :
o - . L L e e e e P TR PP T PP EERE PP CELTYTTTERY HTI
Scd?1 S O BTy
o &V : :
~ : : : : : : :
E -30F- ........,. .......... R RPN q.
a) : : : : : : :
_35 H H H H H H H >
1000 2000 3000 4000 5000 6000 7000

Frequency (MHZz)
Differential Insertion Loss Requirement for MHL data signals
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MHL Cable Compliance Test Solution
Far-End Crosstalk (MHL <=> CBUS or VBUS)

m | W e omne | (MHLA, VBUS), (MHL-, CBUS), and (MHL-, VBUS).

— :im.ff.‘f‘f‘?'ff”.,"°f"f‘f *Measure of coupling between the lanes: (MHL+, CBUS),

] [InsertionLoss Conversion

Differential Common-mode

o B A
e e ) £ A S —
E: | csus insertion : : :
- Dl fan e Loss H H H H
CBUS Cable :
Delay k (Notused) é%gzt:i::e é — _5 .......... .:...................................,...........é. ..........................
 S—TT | S % : : : g
% STo) SIS S EHRURERETER ST SO AR,
o Nl 9-?------.5 ------- (EEEEEE EEEEEE E.(*l) : :
g g 15} . .......................
c : : : : :
), e W g = 5 i = : : :
} _ <t -20 ..... ........... . .......... Feasesnnsssginnisanis e
NFEXT g < .
-25 . ........... -. .......... ..- ........... -. .......... feeee

1060 2(300 3(;00 4(;)00 50-00 60-00 7(300 >
Frequency (MHZz)
Far-End Crosstalk (between MHL and VBUS or VBUS) Requirement

*1. Excursions are permitted if the differential insertion loss of
the MHL cable meets the below specification.

Frequency (MHz) | 0 | 825 | 2475 | 4125 | 5100

Attenuation (dB) : : 8.0 145 | 18.0
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MHL Cable Compliance Test Solution
Far-End Crosstalk (CBUS <=> VBUS)

Time Domain Frequency Domain | -
e *Measure of coupling between CBUS and VBUS.
: S Common-mode [N
Differential .| |\ bedance Differential & Differential &
Impedance ~— | Common-mode .} Common-mode
x ] [InsertionLoss Conversion. '
T Rer 130 [irio 12 Volc o700, "Ret 303 o
Differential | Common-mode ‘{‘

Ty

Intra-Pair Skew ‘| Intra-Pair Skew -Ig = RIS 7T
‘ | cBus Insertion

Far-End

CBUS Cable Crosstalk Loss
N ‘"
Delay aues) R CBUS Line
i Capacitance

Far End Crosstalk
(S21, dB)

FEXT

»

200 400 600 800 T000 1200 1400
Frequency (MHZz)
Far-End Crosstalk (between VBUS and VBUS) Requirement

Anticipate __Accelerate __Achieve

Agilent Technologies

20



MHL Cable Compliance Test Solution
CBUS Insertion Loss

Time Domain Frequency Domain | . . . .
"L' *Confirms insertion loss of CBUS line meets the spec.

Impedance
| ~— | Common-mode

Impedance |

Common-mode
Conversion

g
FFEEEEEES ,lﬂm 0%

‘B cBUS Insertion
Loss

~ CBUS Line
Capacitance

] [InsertionLoss

oy

T ik ReF 1887 v Hha Vol "Sor0amw, “her 16
Differential | Common-mode
Intra-Pair Skew ‘| Intra-Pair Skew

P s o o e o [ 3 o g oo ne Far-End
CBUS Cable Crosstalk

Delay ’ (Not used) W“W‘F\"ﬁ

CBUS Insertion Loss

10 |eeeeeeenes ........... .. .......... . ........... .. .......... .

-12

A 4

50 100 150 200 250 300 350

Frequency (MHZz)

MHL CBUS Signal Insertion Loss Requirement
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MHL Cable Compliance Test Solution
CBUS Line Capacitance

——’""‘-L- *Confirms that the capacitance value of the CBUS line
e | e | e, L oeess | inan MHL cable is within the spec.

o Joommmon| KL T -Capacitance of the CBUS (Ccgys) iS Crorar = CrixTure:
e s RN ) where total capacitance with the fixture (Cora)

a2 ) SFTH subtracted by fixture capacitance (Cryrure)-

Specification

Min Max | Unit Note

CBUS Line Capacitance 30 350 | pF *1

*1. Minimum capacitance on CBUS is required to limit rise and fall times when
connecting with minimum load, as from a Source to Dongle with minimum
cable length.
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ENA Option TDR Compliance
One-box Solution for TDR/S-parameter Compliance Test

Certified MOls Test Centers Support ENA Option TDR

. \ (- )

*Cable/Connector ENA Option TDR is used world wide by
WO | | | [D oiepiveon cgrtlfled test centers of USB, HDMI,
el — DisplayPort, and SATA

Time & e
& &
Frequency Frequency
- HomrI
Time —=
==&=== | |Frequency

*Transmitter/Receiver (Hot TDR) g
A1A|— | |mipialliance
= el wTIm_e“ More Standards

Time Currently Under
__—_—__—&-—_‘—- Ifi-ée_i_f‘?é_r_}?:y Investigation
Freguency =FEqUERC A ’ J

For more detail about compliance test solution by the ENA Option TDR#visit wWw.agilent.com/find/ena-tdr_compliance
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http://www.hdmi.org/index.aspx
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MHL Cable Compliance Test Solution
Summary

ENA Option TDR

ENA Option TDR Cable/Connector Compliance Testing Solution is ....
*One-box solution which provides complete characterization of high speed digital
interconnects (time domain, frequency domain, eye diagram)

«Similar look-and-feel to traditional TDR scopes, providing simple and intuitive
operation even for users unfamiliar to VNAs and S-parameters

*Adopted by test labs worldwide
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Questions?
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-
PNA X, NVNA

Industry-leading performance
Ig 10 M to 13.5/26.5/43.5/50/67 GHz
#: Banded mm-wave to 2 THz

Agilent VNA Solutions

e -9

PNA

Performance VNA
10 M to 20, 40, 50, 67, 110 GHz

lenenenesd  Banded mm-wave to 2 THz

PNA-L
World’s most capable value VNA

300 kHz to 6, 13.5, 20 GHz
10 MHz to 40, 50 GHz

-
lm BesNperformance :gg@ Mm-wave
_— ENA r e I

st solutions

LR

30 kHzYo 4.5, 8.5 S Up to 2 THz
E5071C  GHz PNA-X i
World’s most popular receiver
economy VNA 8530A replacement

9kHzto 4.5, 8.5 GHz

E5061B 300 kHz to 20.0 GHz

NA + ZA in one-

FieldFox 5Hzto3GHz
Handheld RE Low cost RF VNA

Analyzer 100 k to 1.5/3.0 GHz ENA Series

5Hz to 4/6 GHz

PNA Series
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What is ENA Option TDR?

The ENA Option TDR is an application software embedded on the
ENA, which provides an one-box solution for high speed serial

interconnect analysis.

3 Breakthroughs

for Signal Integrity Design and Verification

!

Simple and Intuitive Operation

EREIEE

Fast and Accurate Measurements

rrer: 6.2508

It o — m— ;,.;;:.-_?
=R e e ) (S ) "‘"
o Cav 1Patln st —

Type P implitude Rize Time Def. ima
TS e R B ESD Robustness
Eye/Mask EZE Ca 130 x q
po— ) Mask Test o [ o 5t SD protection inside

Meas
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What is ENA Option TDR?

[Video]
Agilent ENA Option TDR
Changing the world of Time Domain Reflectometry (TDR) Measurements

‘www.youtube.com/watch?v=hwQNIyyJ5hi&list=UUAJAjd97CfnCehC4jZAfkxQ&index=20&feature=plcp

www.agilent.com/find/ena-tdr

Qreax'

COD on Sense
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Additional Resources

*ENA Option TDR Reference Material
www.agilent.com/find/ena-tdr

*Technical Overview (5990-5237EN)
*Application Notes

«Correlation between TDR oscilloscope and VNA generated time domain waveform (5990-5238EN)

«Comparison of Measurement Performance between Vector Network Analyzer and TDR
Oscilloscope (5990-5446EN)

Effective Hot TDR Measurements of Active Devices Using ENA Option TDR (5990-9676EN)
*Measurement Uncertainty of VNA Based TDR/TDT Measurement (5990-8406EN)

*Accuracy Verification of Agilent's ENA Option TDR Time Domain Measurement using a NIST
Traceable Standard (5990-5728EN)

Method of Implementation (MOI) for High Speed Digital Standards

www.agilent.com/find/ena-tdr_compliance
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