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TDR vs Network Analyzer Sources
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How the VNA measure the time domain ?
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Infinite frequency

e component create
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TDR Basics Usmg a Network Analyzer
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° DUT IS Stlmulated by one “harmonlc” at a tlme Unlocking Measurement Insights for 75 Years
« Use inverse-Fourier transform to compute time-domain
« resolution inversely proportionate to frequency span
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Low Pass Stimulus

Require equally spaced points
Fstop = N * Fstart

DC Value
(extrapolated) O
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To insure that these criteria are met, press the “

Agilent Technologies
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Unlocking Measurement Insights for 75 Years

Response resolution

» Ability to Resolve Closely Spaced Responses
* Dependent Upon Step Rise Time (10-90%) and Impulse Width (50%)

Range Resolution

» The Ability to Locate a Single Response in Time

Time Span
Points-1

Range Resolution =

Agilent Technologies
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To Increase Alias Free Range

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

AFR = (Number Points -1)/Span

 Increase the number of points

 Decrease frequency span

Agilent Technologies
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Gating :Tie Domain
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Unlocking Measurement Insights for 75 Years

Connector Cable Connector
B{] Termination

Remove the effects Gate On
of the Input
Connector M
A IR AT 1

4.2 Agilent Technologies
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Gating : Frequency Domain
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Unlocking Measurement Insights for 75 Years

Connector Cable Connector

B3] Termination

Use Gating to show the frequency response of the output connector
& termination only

4.2 Agilent Technologies
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Demo: TDR based on VNA
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Connector Cable Connector
B B3] Termination

Gate On

o
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TDR based on VNASs

- Stressed Eye Diagram Analysis
- Hot TDR Measurements
- Compliance Support: MOls

- Correlation Data among VNA and Sampling Scopes
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Need to consider RF

effects
(loss, crosstalk, EMI, etc...)
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Lower Power Supplies

2006 2008 2010 2

Power Supply Voltage (Vdd)
Source: ITRS 2008 Update
2008Tables FOCUS_A.xls Table 6a&b Power Supply and Power Dissipation

14 2016 2018 2020 2022 2024

Shorter design cycles

Simple and Intuitive operation

Need for Fast, high dynamic range and
Accurate measurements

Lower cost of ownership

L

ESD Robustness

o - .|'
s
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One-Box Solution for Signal Integrity

Time domain

T Feal iq.3007 Rer 19w 0U [ar]
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Frequency domain
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0. 0000
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Eye diagram
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~—— Time domain Frequency domain

£ E5071C Network Analyzer
1 Active ChiTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State
Trl sddll real 14.%00 rRef 149,00 [Z2r] Tr2 sddll Log Mag 10.00dB/ Ref 0.000dE
2 1 3.0656 ns £919.05 mm) 100.31 U #4200 >1 199, 37498 mMHz -14.471 dE
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1450 0. 000 M
134.1 =10, 00
119.2 -20. 00
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Signal Integrit Design & Verification
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TDR Setup Wizard

A Setrize time of step &
Rise Time

l" = = Definiion | 1090% v|

TDR Setup Wizard

Step 4/4: Rise Time

(o Lo

Agilent Technologies
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Signal Integrit Design & Verification

KEYSIGHT
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Unlocking Measurement Insights for 75 Years

Simple & Intuitive ENA Option TDR

Simple and
Intuitive !!

\_ Simple Ul & Setup Wizard  /

%% Agilent Technologies
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Signal Integrit Design & Verification

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Simple & Intuitive

DUT: 50 Ohm pattern

4.2 Agilent Technologies
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Signal Integrity Design & Verlflcatlon
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Unlocking Measurement Insights for 75 Years

Simple & Intuitive

Step 174: DUT type

[ Jozaioio,

e=c 02! mm T

DUT: 50 Ohm pattern

o [

| o e

‘ o OMews o Ay m . =

‘-'v-(—‘

e

ENA Option TDR TDR Oscilloscopes

$l ohm/div | $1 ohm/div
ESD Robustness
A—i-*h-‘—' el
= F p p VNA Based TDR measurements
— = Low Noise
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Signal Integrity Design & Verification CEYSIGHT
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Unlocking Measurement Insights for 75 Years

Simple & Intuitive
| DUT: 50 Ohm pattern

Step 3
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ENA Option TDR TDR Oscilloscopes

Averaging... $1 ohim/div
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Unlocking Measurement Insights for 75 Years

Simple & Intuitive
DUT: 50 Ohm pattern
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Fast & Accurate

TDR Oscilloscopes
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o
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Averaging...

1 ohm/div 1 ohm/di
$ EREREEN $ onmrav

L Real-Time anaysis
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Signal Integrlty Design & Verlflcatlon
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Simple & Intuitive ESD Robustness

Fem] }jL |

Fast & Accurate CAUTION
STATIC SENSITIVE

CONNECTORS -

USE ESD g
ESD Robustness PROTECTION

TDR oscilloscope is |, o
P f\ F @ sensitive to ESD 4 VEE

(\REF’AIQ 7?
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Simple & Intuitive ESD Robustness

Step 174: DUT type
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Demo: Advanced TDR

E5071C Network Analyzer
1 Active Ch/Trace

Trl Tddll Impedance 20.00u/
Tr5 Tddll Impedance 20.00U/

4 Mkrfanalysis 5 Instr State

ref 0.000U [F4 Gat Zr]
ref 0.000uU [F4 zr]

3 Stimulus

2 Response

1.2n 1 2.1n

ref 0.000U [F4 Zr]

. 2.7n
IFBWW 70 kHz

i

50

111 Log Mag 1(
dll Log Mag 1

Stop 3 ns

=M@z
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Resize
Ement Insights for 75 Years

[1 smrtos

ES0TIC Trace Auto I l l Stop ] [ Data ] [Marker ] [Marker ]

OFT. TDR l 3 v] l Scale v] g Sinele Ile m M Off v Search v

Setu Flonzarial Vertical Parameters Gating Trace Control

L % {b 4 > v {b VY A Start Stop Gating
| | |
TDR/TDT Type
EE B @ @ @ .-
\L/ Ny N p— Wy v i) Found New Hardware
Eve/Mask y 0 Ohm _ 50 ps O Bandpj USE Device

Agilent Technologies
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Unlocking Measurement Insights for 75 Years

TDR based on VNASs

Advanced TDR for Signal Integrity

Hot TDR Measurements

Compliance Support: MOls

Correlation Data among VNA and Sampling Scopes

Agilent Technologies
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Parametric Characteristic are enough?

Interconnects have traditionally
been characterized by measuring
parametric characteristics such
as insertion loss and impedance.

-4 )|
Time Domain gl Frequency Domain

1
1
1
1

000000

1

oA

«»—fl Impedance . m.lLo
95.00 -10.00
Tdd21 volt 50.00mu/ Ref 200.0mu [Fd, 1 Log Mag 10.00d8/ Ref 0.000dB [F4
2 valt 50.00muy/ Ref 200.0m0 [F4 Z Log Mag 10.00d8/ Ref 0.000d5 [F4
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Unlocking Measurement Insights for 75 Years

One challenge with such
characterization is how to translate
the measurements into what the eye
diagram will look like at the end of a
link....

x> Channel BX >
-.//’/ t//_//'/




Tradltlonal eye diagram

KEYSIGHT
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( Unlocking Measurement Insights for 75 Years
7= = = By i
' = SE;E-@ o cassec 1‘l EyeMas .
| B Many instruments...

T How to setup for proper
for Bias-T L :I
— 0 9O b Poer sy measurements?
T TO ] DSCsgin0R

/—
® i

A Total solution cost?
& des & aerEn) & 238 @ ’;

V¥
%ffj—j J Only eye diagram

0 = measurements available...
%T esse ] —Eﬂg: S s How to troubleshoot and
|- __Source_ J Isolate root cause upon
\ e T device failure?

Agilent Technologies
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Stressed eye diagram testing on VNA

KEYSIGHT

TECHNOLOGIES
Another approach is to characterize the interconnect using the eye diagram.
This has the advantage of allowing direct measurement of eye

characteristics at the end of the link. This process is called “stressed” eye
diagram testing

Input the expected worst case
performance of the transmitter as the
“stressed” signal to the
interconnect...

.. and evaluate the eye diagram at
the output of the interconnect.

é-:hz.:f __,_,q_‘.;‘f -
Channel P b
ﬁ_ .'\H“‘“a _,.-#“"23 \;:'?."\ i

b ™ i - = \_~_ e

—

Vi S B B i St B B

| T

ETIR ) ] (i ] ESC YR
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Advanced Waveform Analysis

-

Jitter Injection feature

with a condition similar to
the real implementation.

provides eye diagram test

Emphasis

Wiew

11 R

Differential

De-embedding

]

Equalization

AN

Emphasis is the intentional amplitude
alteration of data signal to improve eye
opening. The amplitude alterations are
determined by the previous bits.

\

—

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

/

UL

\

Equalizer is used for the
same purpose as
emphasis.

It amplifies a particular
frequency band to
compensate the
attenuation of DUT.

2 Fl
Fraguensy [GHz]

Figure 4-27 Gain of Refereance Cable Equalizer




Complete Characterlzatlon CEYSIGHT
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Unlocking Measurement Insights for 75 Years

Only stressed eye diagram analysis
Both stressed eye diagram and

available.
o e o parametric analysis available.

T+ Signal Ger

DCF‘W Supnly [
Ol DT Power Supply

PP

Time Domain Freq Domain
~—impedance [ -~ Returnloss
=i W L A |~

Difficult to troubleshoot and isolate root cause upon =
device failure just by looking at eye diagram. " Delay, Skew e
ir??r__g;,,g Jrse=a] ;_-J:._:-_:.:T.:J — _:Jyllzsl

Parametric tests provide insight into
root cause of device failure.

Agilent Technologies
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Demo: HDMI1.4b

KEYSIGHT
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Unlocking Measurement Insights for 75 Years

For HDMI Cable Assembly compliance test, there is the option of testing with either
parametric parameters , or stressed eye diagram (recommended)

Stressed Eye Diagram Measurement Overview

Figure 4:30  Eye Disgram Mask at TP1 for Source Requirements

1. Apply “stressed”
source to DUT

2. Apply equalizer to DUT
output.

0 am
oemazed Time

3. Set eye mask and
perform mask test
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Unlocking Measurement Insights for 75 Years

- TDR based on VNAs
- Advanced TDR for Signal Integrity

- Stressed Eye Diagram Analysis

- Compliance Support: MOls

- Correlation Data among VNA and Sampling Scopes

Agilent Technologies



Why Measure Hot TDR?
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Unlocking Measurement Insights for 75 Years

 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.

TDR(Time Domain) Return Loss (Freq Domain)

o

1333Mbps (actiVe)

20— | | \/J | | I |

ol ' 334Mbps (active)

G I'[II'II'T'ITIT'[I]I[T[T[T]T'[I]’T[I '30 |||||I1I||l|IIIIIIIIIIItIIIII
0.0 02 04 06 08 10 12 14 16 18 20 22 24 26 28 3.0 1G 2G 3G 4G 5G 6G

666M freq(Hz)

time, nsec
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Multiple Reflections KEYSIGHT

TECHNOLOGIES
easurg sights for 75 Years

1. Signal transmitted from Tx ...
Eye

J_ Degradation

Channel

3. Re-reflection 2. Partial reflection
from Tx due to from Rx due to
iImpedance Impedance
mismatches ... mismatches ...

4.2 Agilent Technologies
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Source Termination Effects

Source Impedance NOT Matched

Density

0.15

0.10

0.05

0.00

0.6 0.8

time, nsec

1.4

Density

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Source Impedance Matched

%% Agilent Technologies

time, nsec

1.4
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ards Require Hot TDR

Many Stand KEYSIGHT
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Unlocking Measurement Insights for 75 Years

PCI> mipialliance ATA

EXPRESS’
€2 THUNDERBOLT. —
= | Attached
J

TMALU Homr

4.2 Agilent Technologies
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Serial ATA

7.4.13 Return LOSS and Impedance Balance Unlocking Measurement Insights for 75 Years

Transmitters (Tx):

When measuring output impedance of transmitters the operating condition
shall be during transmission of MFTP. This is to assure the measurement
IS performed during a mode of operation that represents normal operation.

MFTP from Tx

ZI:H:H"t A Measurement Challenge

pliance

Signals o UUT |/ Ppint
: oce | 1— 50 Ohms .
st soomm | N arTDR How to avmc! effects of the
: = [ 50 Onms transmitter signal on
Receiver
Lanemitt | et par  2CEee measurements?

Figure 164 — Return Loss Test

Agilent Technologies
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Minimizing Errors from the Tx

KEYSIGHT
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Unlocking Measurement Insights for 75 Years

swideband receiver captures all of the

signal energy from the transmitter enarrowband receiver minimizes the effects

of the data signal from the transmitter

A A
\ A r‘
\ T A N
[ V)
L \4‘“ _‘|H~T/T‘T\r
f .
fo req o freq
/ » time > time
| Extensive averaging is l In many cases, averaging is
necessary to obtain a stable not necessary to obtain a
waveform. stable waveform.

Agilent Technologies
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Unlocking Measurement Insights for 75 Years

€507 Anotyzes |
TDR(Time Domain) Return Loss (Freq Domain)

1 Stantos FEW 10 iz stop 10 ns ER IS IRCIGON

STOR (L vJ Sov) e % | vy Ru[EAINATPY
Set Bas = = Mare Func e ASv Waveform ot TOR
w e DUT Topology © Descan J Dwsts Rate ¥ Gb's
TOR/TOT Wizard | Stim Asol _ tion l et
L ouT et [ Ao | EEEEEN | 4
t et | Cable Lergth = 0s) ECa J
. \.

ExtRef Svc 2011-08-24 15:12

%+ Agilent Technologies
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Avoid Spurious Feature

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years
ES071C Network Analyzer

TDR(Time Domain) Return Loss (Freq Domain)

Fluctuations due'to Tx signal

1 Start 19.960079 MH: FEW 70 iz Stop 19999690158 oh: EREANECITON

Esone Trace A- 1o Stop Data Markor Marker :
eeOR (Exale) syl R LS Loealv) Csidy) e v] e [v] 3] 2) (%]
Basc More Funce «3) v Viaveform Mot TOR
g ’ | DUT Topology | Defarer C
Setup

TOR/TDT Wizard | St Amel _ [
b = DUT Length |  Auo
Eye/Mask | Foena Cable Length = 0s)

ExtRef Svc 2011-08-24 14:56

5% Agilent Technologies
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Avoid Spurious Feature

KEYSIGHT
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Unlocking Measurement Insights for 75 Years

[ (5071C Hetmork Ansyzes -
TDR(Time Domain) Return Loss (Freq Domain)

From the data rate (user input), spurious
frequencies are determined and
automatically avoided during the sweep.

4

1Sut0s BFEV 10 iz
eeTOR (Zielv]leuly) (eS| (Sl

3% Agilent Technologies
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Unlocking Measurement Insights for 75 Years

- TDR based on VNAs
- Advanced TDR for Signal Integrity
- Stressed Eye Diagram Analysis

- Hot TDR Measurements

- Correlation Data among VNA and Sampling Scopes

Agilent Technologies



ompliance Support

—>Examples:

D DisplayPort

*E5071C Method of Implementation (MOI)

[Example] Display Port Cable Compliance Test

Agilent MOI for DisplayPort Cable Compliance Tests

Revision 1.0
15-December 2008

VESA DisplayPort

PHY Compliance test Standard Version 1.1 Draft 12
Agilent Method of Implementation (MOI) for DisplayPort
Cable Compliance Tests

Using Agilent ES071C Network Analyzer

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

SLUPERSPEED

* VBA program and operation guide, mask
tests, limits, states...

[Example] USB3.0 Cable measurement using the VBA program

E5071C Network Analyzer,
1 Active ChiTrace  zResponse 3 Stimulus 4 MkofAnalysis S Instr State.
Impedance Connector Imp:
Trl sddll real 5.000u/ Reff Trl sddll Real 5.000u/ Reff Trl Intra+ Real 200.0mu./
PR Scd22 Real 5.000U7 Ref| Tr2 5dd22 Real 500007 Ref| Tr2 Intra- Real 200.Omu/

176.8490 ns (2
1 6.8591 ns (2

Stop 1.5 ns

In ; ) D+ d

Trl sdd2l Log Mag 5. 0o0dk cixtalk Log Mag I Tr1 Nearendxtalk Log Mag fl Trl Scd2i Log Mag 5. 0ood
10,00 Tr2 FarEncralk Log mag sf| Tr2 Faremdkralk Log mag 2,000

Tri: pass . 000 0.000 . Tri: pass

Tr2: Pass

G T Result 7
™
’7"‘ standrdB-Type C Miaog-Type O other Type | show Fiaw | | Inp, Connector Tnp, Cable  InrarPairShew tiear Endsalk | TRLAM ECal

Veasurement Set TO | De-Embed
¥ Impedance Connectar ¥ Impedance Cabls ¥ Intra-Pair Skew

¥ InssrtionLoss ¥ Near End xtak(FD) [ Mear End Xtak(TD) Set FD | Measure

[V FarEndtsk [V DHD-8.55xk @ Common Mode

Deskew | Save
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Compliance Support

KEYSIGHT

TECHNOLOGIES
Standards supported by ES0T1C-TDR

Unlocking Measurement Insights for 75 Years

MOls & State Files
Cable-Connector
Standards Assembly Source-5ink  Test Solution Overview

USB USB3.0 Available - Available

USB3.1 Caming soan - Coming son
HOML | HOMI1.4b | Available _ vailable Refer to following link for further information:

ow=e | o o http://www.home.agilent.com/agilent/editorial.
SATA Available Available Available ispx?cc:US&Ic:enq&ckev:2022953&nid:-
DisplayPort Ayailable - Ayailable lll43.0.00&id:2022953
MIPI™ D-PHY - Available Available

M-PHY - Available Available
Ethernet | 100BASE-TX | Available - Available

10GBASE-T | Available - Available
MHL Available Caming 5000 Available
PCle® Available - Available
Thunderbolt & - Available (*1) Ayailable
BroadR-Reach & Available (*1) - Ayailable

*1. Contact Agilent sales representative for mare detail.
*2. HDMI 2.0 uses the same cable as HDMI 1.4b.

Agilent Technologies
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- TDR based on VNAs

- Advanced TDR for Signal Integrity
- Stressed Eye Diagram Analysis

- Hot TDR Measurements

- Compliance Support: MOls

KEYSIGHT
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Unlocking Measurement Insights for 75 Years
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Measurement Correlation
TDR/TDT KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

«DUT: Differential PCB trace = -
35 ps rise time (10-90%) g _
250 — : 05
_— 'R 04 o : - '
£ [ | = 03—
< 150 HH N = [
2 @ 02 -
E 100 RJ \(\;_1___‘__,] \-_-k——'_‘—xw E P
@ E 0.1
E &0 — - 86H0C—— 0 J ——86100C
it | | | 4+—FEg071C | o | ——E5071C |
0 1E-09 2E-09 3E-09 0 1E-09 2E.08 3E-09
Time (sec) Time (sec)

NOTE: For further details, refer to Application Note, “Correlation between TDR oscilloscope and VNA generated time domain waveform” (5990-5238EN)
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o i Unlocking Measurement Insights for 75 Years

*DUT: differential PCB trace
PRBS (2"7-1) @ 1 Gbps B B

ENA Option TDR

| (simulated)

- i)

m . N4903B + 86100C

(live)

1 Gk Y 0 N Lk Chon 10 -~ FPAEEETTY

NOTE: For further details, refer to Application Note, “Correlation between TDR oscilloscope and VNA generated time domain waveform” (5990-5238EN)
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Unlocking Measurement Insights for 75 Years

-DUT: USB3.0 Cable =

*50 ps rise time (20-80%)

_— 0.5
115
0.4
110
105 I (/ ‘ 03 /
100 (
% 95 e\ a %. 0.2 {
an
'g > 0.1
2 85
E
£0 o 86100C 0 ——86100C —|
78 ——ENA-TDR ——ENA-TDR
70 ' 0.1 ! '
-2.0E-090.0E+00 2.0E-09 4.0E-09 6.0E-09 8.0E-09 1.0E-08 1.2E-08 1.4E-08 1.6E-08 0.0E+00 2.0E-09 4.0E-09 6.0E-09 8.0E-09 1.0E-08 1.2E-08 1.4E-08 1.6E-08
Time [s] Time [s]
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-DUT: USB3.0 Cable (T rlosking Messarementinsignis for 72 ers
*PRBS (277-1) @ 5 Gbps ==

N4903B + 86100C

(live)

7 ENA Option TDR

= (simulated)

1 Active Ch/Trace 2 Resporse 3 Stimulus 4 Mkrdbnalysis 5 Instr State

“““““ 350p 100p

0 50p a] £ 250p 200p E]
[1 Start -2 ns IFEVY 70 kHz Stop 18 ns S i EGE
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*DUT: DisplayPort Cable
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Measurement Correlation
TDR/TDT

I®) DisplayPort

130 ps rise time (20-80%)

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights for 75 Years

Impedance [Q]

120
115
110
105 f
100 g:ﬁgzzJ—
95 V
a0
= ——86100C
80 ——ENATDR ——

75

-2.0E-09 0.0E+00 2.0E-09 4.0E-09 60E-09 80E-09 1.0E-08 12E-08 14E-08 16E-08 1.8E-08

Time [s]

0.5

0.4

0.3

0.2

Voltage [V]

01

0

-0.1

——386100C -

——ENA-TDR
|

0.0E+00 20E-08 4.0E-09 6.0E-09 8.0E-09 1.0E-08 1.2E-08 1.4E-08 16E-08 1.8E-08

Time [s]
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«DUT: DisplayPort Cable  [®) pisplayPort
PRBS (2/7-1) @ 2.7 Gbps

7 ENA Option TDR

= (simulated)

N4903B + 86100C

(live)

-IE
=

CIVE LI

Trace < response 3 Stmulus 4 Mki/Analysis 5 Inst State

1 start 1015

3% Agilent Technologies




B | ™~

Measurement Correlation
TDR/TDT KEYSIGHT
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. Unlocking Measurement Insights for 75 Years
*DUT: SATA Cable Al =
.70 pS rise tlme (20'80%) - ¥ | A The Serial ATA International Organization
125 0.5
120
15 | - - T 44 e
110 1
0.3
105 1 F\v"
— ' P *ur_\ l N~
S 100 \W g 92
o 2
8 95 i ) &
2 8 0.1
E 90 S 7
8 . —86100C 0 §&100C
80 ——ENA-TDR ——ENA-TDR
75 | -0.1
-1.0E-09 0.0E+00 1.0E-09 2.0E-09 3.0E-09 4.0E-09 5.0E-09 6.0E-09 0.0E+00 1.0E-09 2.0E-09 3.0E-09 4.0E-09 5.0E-09 6.0E-09
Time [s] Time [s]
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Measurement Correlation

TECHNOLOGIES
SERIALE Unlocking Measurement Insights for 75 Years
-DUT: SATA Cable M
OPRBS (2/\7-1) @ 6 Gbps = V| Thea Serial ATA Internaticnal Organization
——7" ENA Option TDR N4903B + 86100C

(live)

L (simulated)

—= S Analyzer
1Active ChiTrace  2Responze  3Stmulus 4 Mkr/Analpsic 5 Inehr State

E Start -10 ns IFBW 70 kHz Stop

Application Note: hitp://cp.literature.agilent.com/litweb/pdf/5990-52  38EN.pdf
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