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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 scopé&s TDR
mismatch

Shape of the measured Reflection helps
determlne the type of discontinuity and its,

location : e ’:I Mismatch I:I \ |:

+*TDR measures Discontinuities that K ecion K ecion Match
cause reflections and their Distance
LeCroy
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Open Circuit (Zicad — )
TDR example

TDR Module Device Under Test Solving for V

reflected:

Vincident Vreflected Z. 1 il
Load 0

ZS =500 | | — -«— | | Vreﬂected = Vincident ( W)

WW O:)—(g
+ Z,=50Q i
m — 00 .
@ gt:r?efator Vmeas oad fim ZLoad —— VfEercted = Vincident
: 9
V
mess TDR Display
A
2 (Vincident) -1
\ Vmeasured = Vincident + Vreflected =2 (Vincident)
v V eflecteq €dge OCCUrS
incident —J—

Vmeasured = Vincident

Vincident €dge e i1
OCcCurs
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Open in the air
TDR example

File Yertical Timebase Trigger Display Cursors  Measure Math  Analysis LHilities

Vv Vv +V,

measured — Vincident

N

Vv — v V eflecteg €dge Occurs
measured — Vincident

+

100 mt icdiv
200 p=sdiv
105 #

TOF kain

reflected =

Help

200 p=idiv

O m
Positive

| Close

Setup Poalarity LInits

on | e NP QX
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Short Circuit (Zicad =0)
TDR example

TDR Module Device Under Test
V \V/ reflected:
_ A Z, 0ad~ Zo
ZS =50 Q | | — <+ | | Viefiected = Vincident (m)
W - O:)—\
Z,=500

3 lim Z, gaq = ﬁ), "+ Veeflected = ~Vincident
& ) Step Vmeas limZ .q—> 0

Solving for V

incident reflected

Generator

Vv

meas .
TDR Display
A
2 (Vincident) -\
Vmeasured = Vincident
v %
ncid 1
neden V. efiected €00€ OCCUrS

Vmeasured = Vincident + Vreflected =

Vincident edge 0

QCCUIS ‘——’

LeCro
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Short terminated (Zicad = 0)
TDR example

Raw trace

File Vertical Timebase Trigger Display Cursors Measure Math Analysis  Utilities Help

1
Vmeasured = Vincident I ‘ s } boasboenbarbbtn b beasoanb
] Vmeasured = Vincident + Vreflected =0
"‘"‘ Vincident edge occurs T Ry !J
v ] i | |
L ~ | |
' |
JLTDR [AVG] imehase -28.88 ns
100 mV idiv 26.3 Qidiv SEQ 2.00 nafdiv
-83.000 mY 200 nafdiv 100kS 2.0 psis
1.058 k# ¥1= 32112ns

$ 28 1Mamv ¢

\

Normalized trace
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Matched Impedance (Zicad =50 Ohm)
TDR example

TDR Module Device Under Test
Vincident Vreflected Solving for Vreflected:
ZS_SOQ | |_> i ZLoad_ZO
‘NV\I (:)— Vieflected = Vincident ( —)
+ l ZLoad + ZO
Z,=50Q
Ste —
Ger?erator Vmeas ZLoad - 50 Q Zoad=Zo» . Vietiected = 0
Vmeas
TDR Display
4
Vmeasured = Vincident
Vincident - No reflection occurs
because impedance
% is matched
Vincident edge
oceurs P time
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Matched Impedance
TDR example

File Yerical Timebhase Trigoger Display Cursors  hMeasure hath  Analvsis LHilities  Help

\Y

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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Inductance (L) and Capacitance (C)
TDR example

Device Under Test

P time

Device Under Test
) . 4_—|_ Vreflected . 4__|_
A, mER o ——~ | o o7 |
Z,=50 L Z,=50 Z,=50Q i 4,=50Q
Q Q Z,0aq =50 O /‘\C Z, 0aq =50 Q
V V
meas TDR Display meas TDR Display
A A
Vmeasured = Vincident Series L Vmeasured - Vincident
Discontinuity
\ N\ \
Vincident -T Vincident T Shunt C
+—— | Discontinuity
N N
Vincident edge Vincident edge
OCCUrs |

oceurs P time

LeCroy



Understanding TDR display

2(Vincident)

V

V

meas
A

incident

reference plane

TDR step generator
produces incident edge

The TDR display reveals both the magnitude
and nature of an impedance mismatch.

open circuit
Vreflected = +Vincident
Inductive
distortion
matched
Impedance

Vreflected =0

capacitive
distortion

short circuit

t=0

>
timel.eCroy

Vreflected = 'Vincident




Determining Fault Location

TDR

example

Inductive

Discontinuity

Device Under Test

< _/- - N «L JaVaYa) o w—

|\ A Yy | A E—

J Z,=500Q L Z,=50Q

« R Z,0ea =50 Q
@ h Distance, D - % ‘
Step Pulse Gene rator
Vmeas
A TDR Display Physical distance to fault location can be
determined by:
— *(T\*
D = 0.5%(T)*(v,)
Vincident — 4

Transit time, T

v

time

D = physical distance to fault location

T = transit time from monitoring point to mismatch
and back (round trip delay)

v, = velocity of propagation (material property)

LeCroy



Multi Stage Impedance
TDR example

File ‘“ertical Timebase Trigger Display Cursors

Measure hath Analysis Ulilities
100 Ohms

100 Ohms

62 Ohms

connector

This example shows the actual TDR response of a
transmission line consisting of three impedance
sections in series: 100 ohms, 62 ohms and 100 ohms

1.00 nsidiv 125ks  800fs/S |
= 1= 21.8400 ns LX=
== H2= 218400 ns 1/4X= ---

3M 712005 9:11:00 Al

00ps




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
scope

v' TDT o Insertion (Transmission) Loss

Two TDR L o]

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

TDT measurements set-up

__________________ |
transmission  transmigsfor -
| Mlsn;atch |:I —l |:

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

Scope

n
L

Time
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True Differential TDR/ TDT

v" High Speed digital systems are

v Pe. :
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 Siop

/ 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

TDR

[ ] iz

Test Fixture

Hi

[

TDR

Test Fixture

Reference
Plane

¥
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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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What are S-Parameters ?

VVVv—e 1 2-port DUT I o
b,, Reflected Power -%%ﬂ-}
@ b,, Transmitted Power 7
L

winl
Vo
ZS a,, Incident Power

S-parameters are a measure of reflection and transmission properties
of power in a DUT

‘S’ stands for “Scattering”

DUT could be for example: a coax cable, passive antenna, active
amplifier, microwave filter, etc.

S-parameters have magnitude (dB) and phase (degrees)

Naming Scheme : S<output port><input port>

o Example S21 = transmission from port 1 to port 2

Vector Network Analyzer (VNA) and TDR ( Time Domain Reflectometer)
are typically used to measure S-parameters.
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2-Port S-Parameter Definitions

! W\l \ <_ﬂvﬂvﬁ_ i

Zg Vad 2 -
— AAA—o 1 2-port DUT I—o—\/\/\/\—
e R
@ b, b,=S,;,a;+S;,a, b, @
b,=S,,a,+S,,a,
\v4 A\v4

d S;;=Db,/a; | a,=0 Input reflection coefficient with the output
port terminated by a matched load

d S,;=Db,yla; | a,=0 Forward transmission gain with the output
port terminated by a matched load

d S,,=Db,la, | a,=0 Output reflection coefficient with the input
port terminated by a matched load

d S,,=Db,/a, | a,=0 Reverse transmission gain with the output
port terminated by a matched load

"Advanced Measurements ....not only Signal Integrity” - TDR and S-parameters @y



S, calculation for a 24” backplane

Example of S-parameter plot

File VWertical Timebase Trigger Display Cursors Measure Math Analysis Utilities Help TD...'\ Setup...

S s

imebase -28.20 ns| [Trigger TDR
SEG 2.00 nsidiv
100 kS 2.0 psis

b ¥1= 6.82CGHz AX= -682GHz
St ¥2= 0.00GHz 1/A¥= -1466 ps
=

LeCroy 11/15/2006 12:49:07 PM

LeCroy
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Port Numbering Problem Answer

‘ - 32 ~33 |
O B2 B —
—~34 @ —32 differential
__34 37 N t2ransm|33|on Ilnj1 i

O = Trace Impedance Match/Mismatch Ports 1 and 3 are strongly coupled

= Strong Port-Port Coupling Ports 2 and 4 are strongly coupled

#Hz SdB R 50

10000000 -9.325388e+000 1.696448e+001 -3.212368e+001 3.957784e+001 -1.334751e+000 -4.905982e+001 -3.381277e+001 1.2850162+002
-3.230127e+001 4.017073e+001 -9.149292e+000 1.045316e+001 -3.46103%+001 1.259645e+002 -1.6071692+000 -4.8362173e+001
-1.3983050e+000 -4.915537e+001 -3.44145%+001 1.250791e+002 -0.583646e+000 1.170182e+001 -3.219268e+001 4.153238e+0(1
-3.382233e+001 1.203%04e+002 -1.48239%9c+000 -4 926250e+001 -3.227425e+001 4 223647+ -8.501065e+000 1.329251e+001

20000000 -8.415304e+000 -7 429701e+001 -2.185791e+001 -6.994311e+000 1.589352e-001 -1.004102e+002 -2.74209%+001 1.961331e+001
-2.194702e+001 -4.435735e+000 -7.701551e+000 -2.433125e+001 -2.91583%+001 1.2457482+001 4. 715231e-001 -1.000467e+002
1.677796e-001 -9.970387e+001 -2.906090e+001 1.002416e+001 -9.329252e+000 -3.4549842+001 -2.182191e+001 -6.116342e+000

-2 7482482+001 2.2589832+001 5.479714e-001 -1.001441e+002 -2.139173e+001 -3.320241e+000 -6.462896e+000 -7.256100e+001

JO000000 -1.086403~=-"Y -1.781489=+002 -2.063685e+001 -7.824953e+001 -4.64%054e-001 -1.581036e+002 -2.615012e+001 -1.204220e+0M"
" "2 H TleH" )7 “Tle+  "SROO4e+)0" “AT4e-nn MGh
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Reflection / Transmission
( Frequency Domain)

v  Reflection: Return Loss (dB)

o ratio in dB of the reflected signal power relative to the incident signal power

v Transmission : Insertion Loss (dB)

o ratio in dB of the transmitted signal power relative to the incident signal power

2-Port )

1

1

1

1

1

1

1

1

1

1

1

1

| - -
Stimulus iy S Transmission

1

1

1

' | Network

2]
AN
==
oy
jabl
()
2
2,
QO
>
D

11/15/2006 12:49:07 PM

- S Reflection
Frequency
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NEXT/FEXT on adjiacent trasmission lines

Active or Aggressor Line

Stimulus / TDR Response TDT Response
0 —
— —p
NEXT FEXI

NEXT Quietor VictimLine FgxT

 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

Undo
(o]

File “fertical e ursors  hMeasure  Math A ;. LHilities  Help FO0m

|

.

input = S0okrm |
— .

|

||
= e Pair#d S e Pairdtd
0 Transmit Signal Transmit Signal
Leakage Ledage

| e Par#2 e F #

NI S ] . NEXT FEXT
1 '

|
{_

' |

< > |

| lainail-anncth |

Fettnerengtn |

| |

. |

| WMM

i/ \

o P
) |ouna 1ri rame 1
cz -nmuﬁf%w ...................... ﬁ) e bt onn

rigger TOR

-24 B3 ns

i = S00 =
1= 300550 n= A= 4.0005 n=s
H2= 340335 ns 10AxK= 24997 MHz

1012007 B:47:14 Al
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NEXT - Quiet Line Open Terminated

File

“ertical

Timehase

Trigger

Display

CuUrsors

Measure

hiath

Help

L00arT

TDR inpt = Sootim | i
| I ...................................
| -5 === Pait#d e e P
et N g —_———
; ! M Transmit Signal Qﬁm mit Signal
| Ledag: Lekage ) e
| | h e Par#z e F #
|
- | | . NEXT FEXT
! |
{_
MEXT = Open
c2 ﬁiﬁnﬁ—- \

i 1 ave
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Round Trip Time

¥1= 300380 n=
¥2= 34105585 n=s

L=
1ihx=

10511120

rigger TR

4.0005 n=
24997 MHz

07 G:43:05 Ahl

Undo
]

LeCroy




NEXT - Quiet Line Open Terminated

readout

File werical Timebase Trigger Display CUrsors  heasure hath Litilities  Help Zoarm I'::."-:!,':'
TDR input - S0chm ! |
T R e S
| ¥
T + | + :: il == e pg | T
1 < 4 Transmit Signal Transmit Signal
' | Ledkage Leskags
| | h e e F
. . o N o
e | | NEXT FEXT ....................................
o :
MEXT
e e ; | ; /ﬂm
| | ’{
|
| 1 Vo
|
gEsssssssssEmuns |
“ : : amp
Measure P1:amplic1) P2amplic2e P3(P2P1) . % P4~ - - PSi- - - PG - - - PY--- P5- - -
wvalue 261.2a37 mW 2058 mhe T85.77e-3; ‘-_
status v v v B
Besssssssssssnaal '.‘ imebaze rigger TOR
S
W1= 3005380 n= = 4 0005 n=
NEXT ¥Z= F40585ns 1/AX= 24997 MHz
10172007 6:50:27 AM
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 Introduction to mixed-mode S-parameters
d
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General 4 port Measurement Setup

50Q o 50Q

’\/ 4-port DUT @
50Q 5 — 50Q
OO ANN—

Q

v

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

% 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
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Mixed Mode S-Parameters

Differential
Mode Terms

Sdd,; Sdd,,t Sdc,; Sdc,, | |da, db, , Mixed Mode

_w = S-parameters
Scdy; Scdy, | Scey; Scey, | | cay ch; e c i
1 Scd,;  Scdy, | Sce,; Scey, | |[cay | | cb, |

Common Mode

Terms
(s11 512 513 S14) (a1 (b1 1, N
21522 529 24| | 2| _| b2 S nie
S31 532 S33 S34|| 83| |b3 p . o
\S41 S42 S43 S 44 \a4 ) \b4)

LeCroy
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J TDR vs. VNA — S-parameter correlation

"Advanced Measurements ....not only Signal Integrity” - TDR and S-parameters I_ecroy




TDR/TDT and VNA - S-parameter

.y o Ve ’\\ /‘;-,.—-1::\\ ‘:(‘,.f"\\“ ﬁ‘(_‘/"‘w;\?‘\ |

/ YARYARYAR
-20 ! | ( 4 |
-30

Reflection — Correlationon S,

511 {dB)

v TDR/TDT and S-parameter are describing reflection / transmission respectively
in the time domain and in the frequency domain .

v TDR/ TDT measurements may be
converted into the frequency domain
for S-parameter analysis.

v’ S-parameter measurements may
be converted into the time domain
for TDR/TDT measurements

— Agilent 8510
LeCroy WE + CCNi OSLT-25T

x(t) (volts)

rmu-'

At—P

L1l
'..

time window = NAt

TDR/TDT

FFT

{Inv. FFT

_ | VNA S-parameter measurement
] compared to WaveExpert extracted S-
N T parameter from TDR measurement

...‘..

[ ] [1h]
.u 'S
. 2=t
... g}
Af—| "o g

L ]

L

Af = 1/NAt

test device
DUT

S-Parameter

signal I H hpib
flow — | }
E :
© >

Network Analyzer Mainframe

RF Synthesizer

s-Parameter Testset
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