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Purpose

* This slide will show how to make measurements of MIPI Tx/Rx
Interface S-parameter & Impedance Measurements Conformance
Tests by using the Keysight E5071C ENA Option TDR.
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Keysight Digital Standards Program

Our solutions are driven and supported by Keysight
experts involved in international standards committees:

We’'re active in standards meetings, workshops, plugfests,

Joint Electronic Devices Engineering Council (JEDEC)
PCI Special Interest Group (PCI-SIG®)

Video Electronics Standards Association (VESA)
Serial ATA International Organization (SATA-10)
High-Definition Multimedia Interface (HDMI)
USB-Implementers Forum (USB-IF)

Mobile Industry Processor Interface (MIPI) Alliance
Optical Internetworking Forum (OIF)

Mobile High-Definition Link (MHL) Consortium

and seminars

Our customers test with highest confidence and achieve
compliance faster
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Keysight MIPI D-PHY and M-PHY Solution Coverage
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DCA 86100D Wideband sampling
oscilloscope

54754A
TDR/TDT

ﬁrotocol Stimulus anh

Analysis

U4421A CSI-2 / DSI Analyzer
and Exerciser

Scope Protocol Decoder
N8802A CSI-2 / DSI
N8807A DigRF v4
N8808A UniPro
N8818A UFS
N8809A LLI
N8824A RFFE

.

.

Industry’s highest analog
bandwidth, lowest noise
floor/sensitivity, jitter measurement
floor with unique cable/probe
correction

Highest precision jitter lab source
with automated compliance
software for accurate, efficient, and

consistent measurement

Precision impedance
measurements and S-Parameter
capability

Fast upload and display, accurate
capture, intuitive GUI and
customizable hardware. Correlate
physical and protocol layer.
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MIPI Interfaces in a Mob

Mass Storage

Display(s)

Camera(s)

Audio Codec

Microphone(s)

SoundWire*

Speaker(s)

Bluetooth
GNSS, FM-Radio
NFC

Antenna Tuner ¢

N M-PHY®

LLI/M-PCle*
UniPort-M/SSIC*

le Platform

MIPI System
Diagram

IEEE 1149.7%
o o= - Debug and Trace Connector(s)
. or SD card connector with NIDnT

USB 2.0/3.0 Network Connector

Sensor Hub

Application Sensor IF
Processor

(Host)

o
N Sensor(s)

LLI/M-PCle*
UniPort-M/sSIC*

Companion
or Bridge Chip

LLI/M-PCle*
UniPort-M/SSIC*

Wireless
LAN

Power
Management \
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BN M-PHY®/D-PHY | Il CHIP-TO-CHIP/IPC | I Multimedia B Control / Data I Debug /Trace

N D-PHY

mipialliance
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# The UFS (Universal Flash Storage) specification from JEDEC, the SSIC (SuperSpeed Inter Chip)
specification from USB-IF, and the M-PCle (Mobile PC Express’) specification from PCI-SIG" all
use the MIPI M-PHY  physical layer.

*UFS (Universal Flash Storage) specification is available from JEDEC and uses the MIPI UniPort-M.

SLIMbus® and M-PHY* are registered marks and DigRF ™", eTrak *' and SoundWire ' are service
marks of MIPI Alliance, Inc.
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MIPI Alliance Specifications and Test Solutions

MIPI Alliance Specifications

Audio/ Inter-Processor Communications

Voice
SLIMbus™ i * W UniPort-M LLI Ssic M-PCle

Test Solutions

uonediddy

. Protocol Exerciser,
Latency P .
interfoe Analyzer Based Solution

s19fe
10203014

Scope, BERT, ENA,
TDR Based Solution

19£e7
1ed1sAyd
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PHY Conformance Test Suite(CTS) Requirements

Network Analyzer,
or TDR

Three test sections outlined in the CTS are:

= TXTimers and Signaling
 Voltage, Eye-opening, Jitter, Rise/Fall time, Skew, Slew rate, etc

= RX Timers and Electrical Tolerances

« Amplitude, Jitter, Termination, Skew tolerance, etc

» [nterface S-parameters and Impedance
» Return loss, impedance mismatch, etc
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References

— MIPI Alliance Specification for M-PHY v3.0

— MIPI Alliance Conformance Test Suite for M-PHY Physical
Layer v1.0

— MIPI Alliance Specification for D-PHY v1.1

— MIPI Alliance Conformance Test Suite for D-PHY Physical
Layer v1.1 rO3
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Measurements for M-PHY

@ S-parameter Measurements

xR JENEea@ gt
0]

Differential Return Loss v V4
Common-mode Return Loss v -
€ Impedance Measurements It
DUT mounted on SMA-based Testt/ehicle Board T

force its M-TX into a continuously

Single-Ended Output Resistance </ = transmitting HS state, transmitting a
(DlF-N/D|F-P and StaII/SIeep state) continuous CRPAT repeating pattern.
Single-Ended Output Resistance Mismatch V4 -
Differential Termination Resistance - Vi
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Example Using ENA Option TDR

& All Measurements in One Screen

E5071C Network Analyzer

SE Output Resistance 1

[E.0000 ns (1.1992 m) ©53.155 U
8. 0000 ns (1.1992 m) 52.368 U

SE Output Resistance 2

OO
k(1

15.0000 ns (1.1992 m 3. 155 U
8. 0000 ns (1.1992 m) 52.368 U

mon-mode Return Loss

ESSSESEE=s

“in 0 in 2n 3n 4n 51 6&n 7n 81 On

H p
=
.

anke sim| C2 | TR [Full || 2 start 300 kiz

IFBW 1 kHz Stop 4.5 GHz_Sim| Cor

I ES0TIC Trace Auto l Stop ] Data ] Marker ] Marker Fil I .
I GPT. TDR 1 I Scale | H Sinele Mem v v Search 1Sk A " x
ISetup ZET Mare Functions | Average | Adv Waveform ”_
DUT Topology Smgle Ended 2-Port m Ref. 7 50 Ohm
Setup
I TDRATDT Wizard Stim. Ampl. 200 m Dielectric Gonst,
DUT Leneth 6.26 ns

\felocity Factor

Source Power -5 dBm

Meas | Run | ExtRef| Svc| 2014-03-11 16:29
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VBA Macro

automatically sets

the limit lines for your

desired parameters.

TDR application serves

for trouble shooting with

the simple and intuitive
user-interface.
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Measurements for D-PHY

€ S-parameter Measurements

X Rx_

Differential Return Loss N4 v
Common-mode Return Loss v v
CMN-Diff Mode Conversion v V4

€ Impedance Measurements

I L

Single-Ended Output Impedance Vv -
Single-Ended Output Impedance Mismatch V4 -
Differential Input Impedance - Vv
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Example Using ENA Option TDR

& All Measurements in One Screen

Resize
p R
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-in 0 in  2n in 4n Sn 6n  7n  &n 00 al
— = p
I ES0TIC Trace Auto l Ru ] l Stop ] Marker ] Marker ] I Fil I
IDPT. TDR 1 'I Scale v| " Sinele v Search v 1Sk A
Basic More Functions | Average | Adv Waveform ”_ SR
ISetup
DUT Topology | Single-Ended 2-Port v Fei 7
Setup . :
I TDR/TDT Wizard Stim. Ampl. Dielectric Gonst,
DUT Leneth \felocity Factor
I Eye/Mask {Cable Length = 0s) S By
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MOQOlIs & State Files are available from A.com

www.keysight.com/find/ena-tdr compliance

Standards supported by ES071C-TDR

MOIs & State Files

Cable-Connector

Standards Assembly Tx/RxImpedance  Test Solution Overview
UsSB UsB2.0 Coming soon... Coming soon... Coming soof...
UsSB3.0 Auvailable - Auvailable
UsB3.1 Coming soon... - Coming soon...
HDMI HDMI 1.4k Available - Auwailable
HDMI 2.0 (*2) Awvailable Coming s00f..
SATA Available Available Available
DizplayPaort Available - Auailable
-
I AP ™ D-PHY - Awvailable :Available
1 M-PHY - Aveailable I 4vailable
e e e e e e
Ethernet 100BASE-TX Available -
10GBASE-T Auvailable -
10GBASE-KR / 40GBASE-KR4 | Available (*3) Awvailable
w0 | DOWNIOAd MOIs and test packages
PCle® Available -
Thunderbalt & - Awvailable (1) Documents & Downloads
BroadR-Reach & Awvailable (1) - _
Agilent Method of Implementation (MO} for MIPI M-PHY Conformance Tests & J~PDF 918 KB
R Agilent Method of Implementation (MOI) for MIPI M-PHY Conformance Tests Using Agilent ES071C ENA Network Analyzer Option TOR
SO Card | UHS-I - Awvailable (*1)
Application Note 2011-12-01
Ciast @ - Available [*1 } E507T1C-TDR Test Package for MIPI M-PHY Tx/Rx Devices @ 7IP 293 KB
This package includes the ES071C-TDR state files and vba macro software that support the measurements described in the MOI.

Programming Example 2011-12-01

*1: Contact Keysight sales representative for more detail.
*20 HDMI 2.0 uses the same cable as HDMI 1.4b,
*3: Backplane interconnect tests

KEYSIGHT
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TDR(Time Domain)

Hot TDR Measurements - Why Measure?

*Hot TDR measurement is the impedance analysis of active devices under actual

operation conditions.

*Typically, impedance of the device in the OFF state and ON state (Hot TDR) is
significantly different. Impedance may vary with the data rate as well.

Return Loss (Freq Domain)

100

1333Mbps (active)

2 334Mbps (active)

l]l[IITITIT]I]I[IITITIT]I]I[I

00 02 04 06 08 10 12 14 16 18 2.0 22 24 26 2.8 3.0

time, nsec
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1G 2G 3G 4G 5G

666M freq(Hz)
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Hot TDR Measurements - Why Measure?

1. Signal transmitted from Tx ...

J_ Degradation

Eye

TX Channel RX
3. Re-reflection 2. Partial reflection
from Tx due to - from Rx due to
Impedance Impedance
mismatches ... mismatches ...
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Hot TDR Measurements - Why Measure?

Source Termination Effects

Density

0.15
0.10
0.05—

0.00

-0.05 3

-0.10?%?mi
'015 T | | T T | T T |
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
time, nsec

Source Impedance NOT Matched

KEYSIGHT

TECHNOLOGIES

Density

time, nsec

Source Impedance Matched
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Advantages of VNA Based Solution

Fast and Accurate Measurements

Since the measurements must be performed while the device is turned on, data signals from
the transmitter cause measurement error. ENA can resolve this trouble in a smart way.

[ N

- eﬂvovt
BVAVAL

- /

Narrowband receiver minimizes the effects of the S-parameter can be converted into TDR.
data signal from the transmitter

DTata Signals
A

R Measurement Signal

SnE| 5 I ]

Tx

A

o
=

N ‘-:—~%”~T—\~T~‘1F
» fre
fc g
ENA sweeps across desired frequency range. The Averaging is not necessary to obtain a stable
spurious frequencies can be avoided during the sweep. waveform.
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Advantages of VNA Based Solution
ESD Robustness

CAUTION

A

STATIC SENSITIVE
CONNECTORS

USE ESD
PROTECTION

ENA has ESD protection circuits inside
ESD Survival:

IEC 801-2 Human Body Model. (150 pF,
330 Q) RF Output Center

pins tested to 3,000 V, 10 cycles

Proprietary ESD protection
chip significantly increase
ESD robustness, while at the
same time maintaining
excellent RF performance
(22ps rise time for 20GHz
models).

Page 18
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ENA Option TDR Compliance Test Solution

Certified MOls available at www.keysight.com/find/ena-tdr_compliance

Cable/Connector/Interconnect Transmitter/Receiver (Hot TDR/Hot Return Loss)

'—\Isumspm s PR SERIAL I 1OGBASE-K R
= S = !A _— - !A . mlpl alll_a..'jce il
Time = Time Time Time Frequency
& Freq u en Cy = --:—-i&__— :—‘—._—.-- ;_-_—_-.:-_':;&:. S ;:.—_-.:-_':;8_(.'. S ———— -—
Frequency : . Freguency Freguency Freguency
R *
[ Displayport | | L0OBASE-TX | | 10GBASET ke AN 7 M
& '.._:'_."—_:85-”::7:—__— = ;& e [ ¢ —— — :.:.;&-- —
Frequency Frequency EE_QCQU ency Frequency E {?sélfe ey
10GBASE-KR ‘,<M H I_ PCI >
—r— —— - . — 3 m-
“Time
= "'—& —— e
F_E_gguenay Frequency
* More Standards
BroadR-Reach Currently Under
mrre—— Investigation
Time
F_iegu eacy
\. /.
* For more detail about Thunderbolt and BroadR-Reach compliance test solution using the ENA Option TDR, contact Keysight sales representative.
KEYSIGHT
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ENA Option TDR Compliance Test Solution
Certified Test Centers using ENA Option TDR

Test Centers Support ENA Option TDR

ENA Option TDR is used world wide by certified test centers of USB, HDMI, DisplayPort, MHL,

Thunderbolt and SATA.

‘b 3
Panasonic
SONY

A Y~ R
¢ A = X &, =
N S . Spaw). B - e -
R e A e O A i3
\ % > . D

GRANITE RIVER LABS

ALLIGN

: " b R 0
GRANITE RIVER LaBS | 5 f‘, i . ~x RS s
( ~ v

ALLIQN
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Questions?
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Keysight VNA Solutions

R ENA
= 30 kHzY 4.5, 8.5

ES0/1C  GHz

World’s most popular
economy VNA

9 kHz to 4.5, 8.5 GHz
300 kHz to 20.0 GHz

FieldFox 5Hzto3GHz
Handheld RF Low cost RF VNA

5 Hz to 4/6 GHz

KEYSIGHT
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ENA Series

BesNerformance

m&

o

Wmi; i
PNA-X, NVNA

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

i

&- o i

PNA

Performance VNA
10 M to 20, 40, 50, 67, 110 GHz
Banded mm-wave to 2 THz

=i

10ii0iieiieii

PNA-L

World’s most capable value VNA
300 kHz to 6, 13.5, 20 GHz

10 MHz to 40, 50 GHz

% Mm-wave
C _ solutions
PNA-X Up to 2 THz
receiver

8530A replacement
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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.

= Frequency Domain = 3 Breakthroughs
f ; — 1 for Signal Integrity Design and Verification
iy \\U\,m i Wm*"w W

. ) E—-‘ Simple and Intuitive Operation

Fast and Accurate Measurements

o

s EnEmEE Parspeseap bt 20
e i3 2]x] x o L
S feee

i —_ ESD Robustness
b L SD protection inside

KEYSIGHT

TECHNOLOGIES

ENA Option TDR Page 23



What is ENA Option TDR?

[Video]
Keysight ENA Option TDR
Change the world of Time Domain Reflectometry (TDR) Measurements

youtu.be/uBHXkzk4lzk?list=PLG98L-FOjgVj-jieYUheKdpGhr5z1Jg4q

www.keysight.com/find/ena-tdr

Qreax'

COD on Sense

KEYSIGHT
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http://youtu.be/uBHXkzk4lzk?list=PLG98L-F0jgVj-jeYUheKdpGhr5z1Jg4q_
http://www.agilent.com/find/ena-tdr

Additional Resources

*ENA Option TDR Reference Material

www.keysight.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.keysight.com/find/ena-tdr compliance

KEYSIGHT
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Appendix
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Advantages of ENA Option TDR

Fast and Accurate Measurements

For Hot TDR measurements, data signals from the transmitter cause measurement error...

TDR Scopes ENA Option TDR
N\ [
oF VAV
ﬂ:tHn-» e e e @ AAy,
EEE TX ‘
0000 AAT h
swideband receiver captures all of the signal energy from *narrowband receiver minimizes the effects of the data
the transmitter signal from the transmitter
A A
: : —1 Narrowband Receiver
N\ A Wideband Receiver A ? Sweeps across desired frequency range.
From the data rate (user input), spurious frequencies
\ 4 can be determined and avoided during the sweep.
| D
v ~ T
h e freq : = freq
pr o
/ » time » time
{ To obtain a stable waveform, ‘ In many cases, averaging is not
— extensive averaging is necessary. necessary to obtain a stable
waveform.
\. J .
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Advantages of ENA Option TDR

ESD Robustness

TDR Scopes

ENA Option TDR

-
TDR scopes are sensitive to ESD.

=@

Test Port é
~_ 7 AN g

Thru-Line Terminated

@

CAUTION Sampler Step Generator
STATIC SENSITIVE )
CONNECTORS Iﬁt?o X -‘I
USE ESD I Protection I
PROTECTION I Gircuit
i |
\ LN N N} -_— ’
~— 7 N
Thru-Line Terminated
Sampler Step Generator

Implementing a protection circuit is difficult, because it will
slow down the rise time of the step stimulus.

ENA Option TDR has higher robustness
against ESD, because protection circuits

can be implement more easily. T

Test Port
ENA Option TDR X X
measures the vector
ratios of the transmitted
and received signals. < N
Therefore, the effects of Receivers Source
the protection circuit will IFT
be canceled out.

Test Port X X l

Receivers Protection  Source

Circuit
Proprietary ESD protection chip significantly
increase ESD robustness, while at the same
time maintaining excellent RF performance
(22ps rise time for 20GHz models).
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Advantages of ENA Option TDR

Fast and Accurate Measurements

Correlation between 86100C TDR oscilloscope and E5071C ENA Option TDR

TX-03 Differential Mode Return Loss

Frequency (Hz)
0 1E+09 2E+09 3E+09 4E+09 5E+09 6E+09

0

-10 -

-20 -

-30

-40

-50

=—=E5071C =—=386100C

TX-01 Pair Differential Impedance

Impedance(2)

120
110
100
90
80
70
60

0 2E-09 4E-09 6E-09 8E-09

Time (sec)
=E5071C =—86100C
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M-PHY Tx Device

E5071C Network Analyzer.

1 Ackive ChfTrace  Z Response 3 Stimulus 4 Merfanalysis 5 Inskr State

Trl T11

=

Tr2 T11 Imped

1n O 1n  2n in 4n an

Log Mag 10

-1ln 0 1n
Start -1 ns

¢ Ref 0.0000B [off]

Bn

[

Trl Diff_ReturnLoss Log Mag 5.00

(CRPAT repeating pattern)

iff Return Loss

G

[2 Start 300 kHz IFEW 1 kHz

Stop 3.9936 GHz E

[ Ot 1

Resize

Setup
Device Type

M-PHY Tz =

[ratba Rate

4992 wpps

[ Fail Sign & Beep

Set Limit

Ecal

Run

Stop

, | | ——

Echo Window
OFF

E50TIC Trace Buto | l Ru Stop Data | Marker | Marker | Fil I I ) I [ I
e TR [ ; yl Auto |y n 2l pata |y || Marker |y | Marker |y e vl §] 2] X
. Basic More Functions Average Ay W aveform S
etup
DUT Topoloey | Single-Ended 2-Port hd _
Setup - - Retf. £ 50 Ohm Basic Mads
TDR/TDT Wizard Stim. Ampl. 200 i Diglectric Congt. 50

Eye/Mask

DUT Length

(Cable Leneth = Dg)

Deskewkloss

Velozity Factor

B0 Ohirm

old

Source Power

Clear Echo

User Memu |

Freset Lzer Menu
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M-PHY Rx Device

1 Ackive ChfTrace  Z Response 3 Stimulus 4 Merfanalysis 5 Inskr State

ik
X termination enabled) - =

. Device Type
iff Return Loss v ]

[ratba Rate

4992 wpps

[ Fail Sign & Beep

ReturnLoss Log Mag 2. 0000Bs R 0. et Limit
Ecal
Run
Stop
. Echo Window:
1 0
OFF
z [2 Start 300 kHz IFEW 1 kHz Stop 2,9936 GHz | Cff [
E50T4C Trace futo | l Ru I l Stop I Data | Marker | Marker | Fil I I 2 I [ I Clear Echo
0PT. TDR [ 1 'l Scale h " Sinegle Mem M 2 M Search M T30 t - x _ |
Setup Bazic taore Functions Hverage Ady W avefarm 4 User Meru |
DUT Topoloey | Single-Ended 2-Port ~ Rt 7
Setup ) — : Easic Mode
TDR/TDT Wizard Stim Ampl  REEL BN Diglectric Gonst, > Freset User Menu
. —_——
DUT Leneth 4 ns Velocity Factar

Eve/Mask ‘Gable Leneth = Oz} Source Pawer B - Return
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D-PHY Tx Device

1 Ackive ChfTrace  Z Response 3 Stimulus 4 Merfanalysis 5 Inskr State Resize
- Trl T11 Imped: 5 i Trl Diff_ReturnLoss Log Mag 5.000dBS Ref 0,000

ARG Loohh) R 3500 A o

) 3y T

1” or pseudo-random 1
—E_r]g pattern) Device Type
iff Returntoss———— — [RCEENE

Min. Rise/Fall Time

ReturnLoss Log Mag 5.000dB/ Ref 0.000dE [Equll lﬁ nsec
Max, Data Rate
»
1” or pseudo-random 1000 preps

r- _ _‘Iil_ng pattern) Max. Toggle Freq for

2 Loww-Poweer Mode
)]

M_N__RémTWEUSS—_———— 20 wHe

=3 Modernnversion Lon Mar 50000 ref 0L 0000R TEnnT! Min. RF Freq

MHz

1” or pseudo-random
ting pattern)
tMN to Diff Return Loss

[~ Fail Sign & Beep

Set Lirnik

S0, 00

ECal

[1 Start -1 ns IFEW 70 kHz Sraetehe N sin| - | ToR M 2 |Start 300 kHz IFEW 1 kHz Stop 1.6 GHz Sim

E507AC Trace Auto | l Stop I Data | Marker | Marker | . I I p ] ” I
0PT. TDR [ 3 'l Scals h Run Sinele Mem M 2 M Search M Ele ¥ t " x Run
Easic Mare Functions | Awerage Al W awaform 4

opalogy | Single-Ended 2-Far ' Deskew
Setup ) — Ref. £ 50 Ohm Basic Mods
TDR/TDT Wizard Stim. Ampl Ui m Deskewiloss Diglectric Const, >2 Freset Lzer Menu

DUT Leneth Velocity Factar

|-.
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D-PHY Rx Device

1 Ackive ChfTrace  Z Response 3 Stimulus 4 Merfanalysis 5 Inskr State Resize

Trl Diff_ReturnLoss Log Mag 5.000d8S Ref O.000dB [Equ

Macro Setup
1k )

X termination enabled) -

Piff Return Loss Device Type
sss—— [oprrex

Min. Rise/Fall Time
RETUrnLOSs Log Mag 5. 00008, Ref O, 00008 oL
[=] |} |||_1 :ll_1 ] 0E, 150 msEE
HET I Max, Data Rate

X termination enabled) [ 1000 s
__MN Return LOSS Maz. Togale Freq for

Low-Power Mode

T T T A0 e

sinn Loan Man 5.6 Pl (R (2

TXDN r X termination enabled)

MN to Diff Return Loss

[~ Fail Sign & Beep

Set Lirnik

ECal

|T Start -1 ns IFEW 70 kHz Stop 9 ns ] IFEW 1 kHz Stop 1.6 GHE Sim
E507AC Trace Auto | l Stop I Data | Marker | Marker | . I I p ] I [ I
0PT. TDR [ 3 'l Scals h Run Sinele Mem M 2 M Search M Ele ¥ t " x Run
»

Setup Bazic taore Functions Average Adv W aveform ] .
. o
DUT Topalogy | Single-Ended 2-Part ~ m —
. et 2
N

TDR/TDT Wizard | Stim Arel Y Deskentloss | | Doieore Genst
DUT Length

Freset Lzer Menu

Velozity Factor

Return
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