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What iS TDR ? TDR - Time Domain Reflectometry (TDR)
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| tis the measurements of the
reflection in the time domain

Wideband Oscilloscope _/-

| @ SR

Step Pulse Generator TDR measurements set-up

v' A pulse generator is used to provide an incident
step pulse ( stimulus)

v Voltage Reflection from the Device Under Test
(DUT) is measured by the scope . TDR |
mismatch | -

v' Shape of the measured Reflection helps
determine the type of discontinuity and its,

location : e ’:I Mismatch I:I 1 |:

+*TDR measures Discontinuities that K ecion K ecion Match
cause reflections and their Distance
LeCroy

Measurements and Best Practice for Signal Integrity - TDR and S-parameter



Open Circuit (Zicad — )
TDR example

TDR Module Device Under Test

Vincident

ZS = 50 Q | | — -« | | Vreﬂected = Vincident ( W)
: : Load 0

Solving for V,gfected:

' + 2 3
Z,=500 . o]
Im — . "
@ gtsr?erator Vmeas : road lim ZLoad =A% Vreflected ~ Vincident
- H ? :
V
mees TDR Display
A

2 (Vincident) T

N

\ Vmeasured = Vincident + Vreflected =2 (Vincident)
Voo 4 V efiecteg €dge occurs
N
\ \:/measured = Vincident
Vincident e:dge —P time

occurs
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Short Circuit (Zicad =0)
TDR example

TDR Module Device Under Test

V
ZLoad aj ZO

Z-=50Q | | | | \/ =V. . —_—
S : b i <+ ; flected dent
retlecte inciaen ( ZLoad+ZO )

Solving for V,¢fected:

incident :

_MAV
* - |
V : ZO - 50 Q lim ZLoad i~ l o Vreflected = 'Vincident
Step s lim Z
_*_ Generator meas H Load 0
Vmeas

TDR Display

2 (Vincident) 1T

\% =V,

measured — Vincident

\Y

incident =~

V efiected €dge OcCCUrS

X

V
Vincident edge 0

QCCUIDS __>

+V,

measured = Vincident reflected =

LeCro
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Matched Impedance (Zicad =50 Ohm)
TDR example

TDR Module Device Under Test
Vincident Vreflected So|ving for Vreflected:
Z5=50Q | |
—> <+ ZLoad ZO
N + C:)—l Viefiected = Vincident ( Z T
: . ZO — 50 Q : Load 0
Step V — | A
Generator meas ZLoad - 50 Q ZLoad S ZO! ol Vreflected =
........................................................................... V.
eas .
TDR Display
A
Vmeasured = Vincident
Vincigent - No reflection occurs
because impedance
% is matched
Vincident edge
ocelrs P time
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What is TDT? TDT - Time Domain Transmission (TDT)

It is the measurements of the transmission in the time domain

v" A pulse generator is used to provide
an incident step pulse ( stimulus)

v Voltage Transmission from the Device
Under Test (DUT) is measured by the AL T

scope t

v' TDT o Insertion (Transmission) Loss

Two TDR

v Requires two TDR modules — one to modules =) =)
generate the step and other to sample

TDT measurements set-up

__________________ |
transmission trans'm'issi;ren‘= Line
I Mlsn;atch I:I :&' |:

|
|
|
1
|
|
1 4
|
‘ Reflection ’Reﬂection
|
|
|

Scope

n
L

Time
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True Differential TDR / TDT

v" High Speed digital systems are

v Do .
mainly differential nr De-skew control aligns the two pulses

from each of the two ST-20 modules.
v TDR requires two ST-20 modules to v' HW deskew (Z£50 ps)
provide the differential signal (
stimulus), step pulses, positive and
negative ( automatically changes

polarity when selecting differential )

v" Requires four TDR modules — two
to generate the differential signal
and other two to receive the
differential signal

| — Scope Siep

/ Generators

| __— Steps Generators /

:> \ i DUT i
<—\ > ! I | Differential

| L~ Line
DUT |

Differential TDT measurements set-up
Differential TDR measurements set-up
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Reference Plane Calibration

Before calibration — effects
of test fixture and connectors
are included in the response

Calibration Methods :

ss*Short Load (SL)
Uses Two known
standards ( Short & Load)

**Open Short Load (OSL)
Uses Three known
standards

(Open , Short & Load )

s»After calibration — effects
of test fixture and
connectors are removed
from response
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TDR
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NEXT/FEXT on adjiacent trasmission lines

Active or Aggressor Line

Stimulus / TDR Response TDT Response

NEXT Quietor Victim Line FEXT

 Near-End Cross Talk ( NEXT ) is the ratio between the voltage
measured on the near end on the quiet line and the stimulus.

O Far-End Cross Talk ( FEXT) is the ratio between the voltage
measured on the far end on the quiet line and the stimulus.

v NEXT-FEXT Cross-talk measured the coupling between two
adjacent transmission lines

LeCroy
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NEXT - Quiet Line @ 50Q

File ‘erical

Trigoer

Display  Cursors

Measure

ath

Anal

Liilities

Help

—_ Undo
00T :—j.

b= SOokim |

ci

> Length

MEXT -

Rot

ime

100 s v
100 Fm

imebasze

-24 B3 n=
1 66 nsfdiv
. ks S00 =
1= 300550 n=s S=

H2= 340533 nz 1iAx=

rigger TOR

4.0005 n=
24997 mMHz

T 12007 G:47:14 A
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Introduction to S-Parameters

v’ S-parameters (Scattering matrix) are the way we electrically accurately
describe how RF energy propagates through a multi-port DUT.

v DUT even if incredibly complicated is considered as simple “black box”
v'The S-parameter matrix for an N-port DUT contains N? S-parameters

v’ S-parameters are complex numbers ( magnitude and phase )

S11 - Magnitude Reflection

Two port V
network 2

8]

45 PM
>
»

Frequency
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General 4 port Measurement Setup

50Q _a 50Q

’\/ 4-port DUT c\/
50Q 50Q &
O

v

v 4-port DUT can be modeled as single-ended or differential

s Single ended S-parameter measurements for a 4-port network are
straightforward—just like 2-port case, only more S-parameters

% A 4-port DUT can also be modeled as 2-port differential DUT and in this
case represented using “Mixed-Mode” S-Parameters

Measurements and Best Practice for Signal Integrity - TDR and S-parameter @y



—a

Practical Lab

Time Domain Reflectometry (TDR) and S-parameter

“Measurements and Best Practice for Signal Integrity”

LeCroy




Open in the air
TDR example

File Yertical Timebase Trigdger Display Cursors  Measure Math  Analysis LHilities Help

Vmeasured = Vincident + Vreflected =

N

Vv — v V eflecteq €dge occurs
measured — Vincident
Vincident edge

100 m rcdive 200 p=idiv O m
200 p=sdiv . Po=sitive
105 #

TDR Main | Close

Setup Poalarity LInits Differential

on | e NP QX

N
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Short terminated (Zicad = 0)
TDR example

Raw trace

File Vertical Timebase Trigger Display Cursors Measure Math Analysis  Utilities Help

reflected =

|V

measured = Vincident +

_—

—

imebase -28.86ns
SEQ 2.00 nafdiv

100 m¥div 963 (ol
83,000 my 200 nsfdiy
1.058 ki ¥1= 32112ns

100kS 2.0 psis

$ 28 1Mamv ¢

\

Normalized trace
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Matched Impedance
TDR example

File Yerical Timebhase Trigoger Display Cursors  hMeasure hath  Analvsis LHilities  Help

V

measured — Vincident

No reflection occurs
because impedance

is matched
V

incident

nase 15040 n=
100 v 200 p=sdiv
200 p=idiv 2.0 psrs Positive
102 #
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Rise-time Degradation on a 24” Line

File

wertical

Display

Zursars

mMeasure

ath

Analysis

Ltilities

Help

Foom

Undo
o]

TER:- it

c1
|
<_
! |
I
cz . s
= I | e
! < :,L’/
! Line Length bia
! /|
T TCT Respdnss _ / N
oa |
P2:rize(C2) - P3i-- - P4:- - - PSi- - - PE:- - - P¥--- Pai- - -
s148ps
«
EEEEEEEEEEEEE R TR

=| | Trigger

¥1= 300580 ns »* AX=  4.0005ns %
H2= 340585 n= 1V, 23097 MHs-""

10172007 G:44:06 Al
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NEXT - Quiet Line @ 50Q

File ‘erical

Trigoer

Display  Cursors

Measure

ath

Anal

Liilities

Help

—_ Undo
00T :—j.

b= SOokim |

ci

> Length

MEXT -

Rot

ime

100 s v
100 Fm

imebasze

-24 B3 n=
1 66 nsfdiv
. ks S00 =
1= 300550 n=s S=

H2= 340533 nz 1iAx=

rigger TOR

4.0005 n=
24997 mMHz

T 12007 G:47:14 A
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NEXT - Quiet Line Open Terminated

Undo
K

File “ertical Timebase Trigger Display Cursors  Measure  Math  Analysis Help Foom

TDRr 1P — LN |

!
|
|
|
|
|

c1

MEXT = Open

S

Round Irip Time

-24 535 n=| [Trigger TOR

Hk= 4.0003 n=
¥2= 340583 nz 1rAX= 24997 MHz

LeCroy 10/11/2007 6:45:05 AM
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NEXT - Quiet Line Open Terminated
readout

Undo

File “ertical Timekhase Trigger Display Cursors  hleasure  wMath  Analvsis  LHtilities  Help Zoom | ey

TOR inpuit - 50chm !
._,_Aﬂ_ I
|
1 N
<_
MEXT
e fmp st
|
|
|
o .................:."
Measuwure P11 ampl(c1) PZampliC2] = P3P0 . 5 Pd--- P&i- - - PE- - - P¥--- P&i- - -
value 261237 my 2058 my o T8.77e-3 . '-_
v E v E .
mussssssssnnnmnal “‘ rigger TOR
-
-

¥1= 300580 ns  AX= 40005 n=

NEXT ¥2= 34.0585ns 1/AM= 24997 MHz

1012007 6:50:27 Ak
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FEXT - Quiet Line Open Terminated

File “ertical Timebase Trigger Display Cursors beasure hath Help Foam "::."-j;,':'
TDP ;I IEHJ'I. -\JUU: LLLAL |
|
JL !
+ + :! +
C1 . | '
{_
p o
|
Line Length :
FEAT -iiJpen | /5—

G2 = “ﬂ" M\ !], — R S
imebasze  -2525ns| Trigger TR
¥1= 300600ns AX= 40008 ns
¥2= 340605 ns 1iaX= 24995 MHz

10152007 BI53:42 Ak
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FEXT - Quiet Line Open Terminated
(cont.)

Hi=

1012007 G:53:57 Ak

4206896 ns 1#AX= 83267 MHz

Wertical Tringer Display  Cursors  hleasure  WMath  Analvsis  LHilities  Help Zoam "'le;,':'
TOR-inpt-+ SOotim
hy
JL
o1 i
.‘_
- "FEXT.measured at thle far-end side
Line Lengtn o0 ""'-.,,
FEXT - Opeén -:‘ - = %
C—Emmnimu-;&mmmﬁ“- WL — ﬁg‘“—'—-mw
T
3 *Line Length ey —
¥1= 300800 n= 12,0095 n=
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FEXT - Quiet Line Open Terminated
readout

Undo
K

File “ertical Timebase Trigger Display Cursors bleasure  Math  Analysis  LHilities  Help Foom

TDR input - S00hm

c1

m

m
5

|
|
o o |

c2 L _/**‘l:l‘m,
|
|
|

- HTT
PA-ampl(cl ] PrampliCZ)  *  P3:(P2F) s P4 PS- - - PEi- - - PT- - - PE- - -
253 496 my 17a37my = B3S52e3 & %
v i v i
Eussssssssssssnnd “‘ 25 25 Ns rigger TOR
.
.

H1= 300600 ns  Ak= 3.4924 n=

N EXT ¥2= 385524 nz 1raX= 117.732 MHz

10172007 G:54:30 A
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