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Overview for the TDR Data?



How to get the TDR data?
Pure Modeling: (Field Extractor + SPICE Solver)

Measurement:

Measurement + Math Calculation:

This box could be equivalent circuit from
SPICELINK or S-Parameter from HFSS or
Ensemble!!

The tools are fully available for Altra Broadband!!

1. High speed step generator + High Speed Oscilloscope

trise < 15ps

2. Wideband VNA + TDR option

Wideband VNA to get 1 port S_parameter + Full_Wave_SPICE
(The purpose of this presentation material!!)



What is the TDR data?
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Why&How from VNA to TDR
Why?
Generally Speaking, in the lab, VNA is more popular than real TDR. 
Therefore, if we could find a efficient way to get the TDR data from VNA 
measurement result than we do no have to purchase another TDR setup.

How?
#  GHz   S   MA   R    50.000000

0.010000    0.994813   -3.004953 

0.020000    0.993534   -5.986811 

0.030000    0.992128   -8.973242

…………

9.980000    0.624802  141.488164 

9.990000    0.623542  139.131339 

10.000000    0.622256  136.766395

From VNA #

#  S-parameter data for model one_port_bench

#

Nports = 1

Freq_min = 0.0

Freq_max = 1e+010

Npoints = 1001

Zref = 50

#

0 0.999958                          -180

0.01                        0.99128                       -5.067692

0.02                        0.98917                       -10.100583

0.03                        0.98682                       -15.140406

…………

9.98                        0.43084                        -9.583413

9.99                        0.43611                        -13.602669

10.00                        0.44109                        -17.565645

# end of file

To Full_Wave SPICE format (*.fws)

Simulate it in Full_Wave_SPICE



How to get the Zo-t  curve from V-t?
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How to get the Zc-t  curve from V-t? (cont’d)
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Example from VNA to TDR
1st, let’s used the Harmonica to generate the virtual measurement data.

50ohm 50ohm Open

Open

68.735ohm

Open Stub



Example from VNA to TDR (cont’d)

2nd, modify the file format of *.s1p into Full_Wave_SPICE format

#  GHz   S   MA   R    50.000000

0.010000    0.994813   -3.004953 

0.020000    0.993534   -5.986811 

0.030000    0.992128   -8.973242

…………

9.980000    0.624802  141.488164 

9.990000    0.623542  139.131339 

10.000000    0.622256  136.766395

#

#  S-parameter data for model one_port_bench

#

Nports = 1

Freq_min = 0.0

Freq_max = 1e+010

Npoints = 1001

Zref = 50

#

0 0.999958                -180
0.01                        0.99128                       -5.067692

0.02                        0.98917                       -10.100583

0.03                        0.98682                       -15.140406

…………

9.98                        0.43084                        -9.583413

9.99                        0.43611                        -13.602669

10.00                        0.44109                        -17.565645

# end of file

Manually add 
file header,
ending and
DC information!



Example from VNA to TDR (cont’d)

3rd, run the Full_Wave_SPICE to get the voltage waveform at input node.

Vexcited=1

Please use HFSSv8 to create
the 1 port template, and then
export the correspondent
Full_Wave_SPICE bench! 

trise < 200ps



Example from VNA to TDR (cont’d)
4th, use the waveform calculator to translate the V-t curve into Z0-t curve.

In schematic capture, Result à Calculator à apply [Vdetected(t)/(neg(Vdetected(t)-1))]*Z0

Reflection from open stub(capacitance!)

Reflection from open end !!

Lossy FR4 !! (loss tangent = 0.02)



Overview 
for

Differential and Common Mode
Impedance



Impedance for Differential Pair

The characteristic impedance should be a 2x2 matrix









=

220120

120110
0 ZZ

ZZ
 Z


















+=
+=









+=
+=


















+







=









odd

even

m

m

m

m

Z

iv
ibibi
ibibi

vavav
vavav

iv
i
i

v
v

termreflection
i
i

Z
v
v

0

0
0

22112

22111

24132

22111

2

1

2

1

2

1
0

2

1

Z0
0Z

 become  willthen 

)& (modal &  with )& (node  &   thereplace  weIf

 

:follows ascurrent  line
 the to voltageline  therelatesmatrix  impedance sticcharacteri  that theRecall

ly.respective ),impedance( mode aldifferenti and )( impedance modecommon  fromsuffer   willsignals then the
ally,differentior equally pair  aldifferenti  theyou  If

diffcm ZZ
excite

+
-

vVcm 1=

1=diffV

+
-

+
-

1/2 -1/2



What’s the relation between these impedances?
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Let’s zero the differential-mode voltage and set the common-mode voltage to 1 Volt
This implies 11 =v 12 =v
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Impedance for Differential Pair(cont’d)
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This slide refer the paper from Ansoft’s AN, “Differential Pair Analysis” by J. Eric Bracken
and Tektronixs’ presentation slide, “FibreChannel Interconnect Signal Integrity Measurement and Modeling Methodologies” by Dima Smolyansky, Dima@tdasystems.com
and CYPRESS Semiconductor Corporation’s AN, “Termination and Biasing of HOTLinkII™ High-Speed Serial I/O”



Impedance for Differential Pair(cont’d)
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Practical Example
with

Measurement Data Verified



Single_ended Impedance 

Jumpers



1-Port S-parameter for Single_ended TRL



Voltage Waveform Sim and Single_ended Impedance 
Derivation In FWS

50
)(1

)(
)(

ecteddet

ecteddet ⋅
−

=
tV

tV
tZ L

50ohm Right
Angle Connector!

5pins SMA
Connector.

Jumper
50 ohm single-ended transmission line.



Single_ended Impedance vs Time

0.0

25.0

50.0

75.0

100.0

0.0E+00 5.0E-10 1.0E-09 1.5E-09 2.0E-09 2.5E-09

Time(s)

S
in

gl
e_

en
de

d 
Im

pe
da

nc
e(

oh
m

)

TDR Measurement

VNA+Full_Wave_SPICE

Single_ended Impedance Comparison with Real TDR



Differential Impedance

Jumpers

Open
Circuit



Full 2-Port S-parameter for Differential TRL



Full 2-Port S-parameter for Differential TRL(cont’d)



Trise/fall ~ 20ps

Differential mode
source impedance

100 ohm

Full Wave SPICE Voltage Waveform Simulation



How to get the Zc(diff)-t  curve from V(diff)-t? 
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Differential Impedance vs Time
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SMA Connector Modeling
and

its Application
for

Critical Net Simulation



SMA
Connector

PECL
Termination

Differential
Receiver

(MC100LVEP16)

LVPECL
Termination

Altera
Chip

Critical Net Location



Transistor
SPICE(from Vendor)

Analysis Strategy

Wire Bonding Lead_frame

Chip Vendor Provided

Uniform 
Transmission

lines
Ansoft SI2D

Via hole 

Ansoft SI3D



SPICE Deck for Simulation
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Where to get the SPICE Model?

ADC_CLKP

1
1 Modeling from Tektronix TDR measurement

**mil utrip

***mil diff_line

W=8mil, Gap=8mil

Modeling from Ansoft SI2D

Modeling from Ansoft SI2D
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transistor level model (www.onsemi.com)

Modeling from Ansoft SI3D



Jumpers
SMA Modeling from TDR Measurement

Connector
Model



Vendor Provided SPICE Model

1(N.C.)

2(+in)

3(-in)

4(VBB)

8(VCC)

5(VEE)

6(-out)

7(+out)

Package Model

Transistor
Level

SPICE Model
ESD_PD

ESD_PD



Model from Field Solver



SPICE Simulation Result
Clock = 500MHz, termination is added in the default position. (0603 Resistor Pads)

Signal_In+

Signal_In-

VCC in the Chip

VEE in the Chip

Resistor Pad+

Resistor Pad-

Vdiff@Ball_pad

Vdiff@Resistor_Pad



SPICE Simulation Result(cont’d)
Clock = 500MHz, termination is added in the Ball_Pads position.(Altera BGA)

Signal_In+

Signal_In-
Vdiff@Resistor_pad(but no resistor mounted on)

Vdiff@Ball_Pad



Appendix I: Frequency Range Planning Before VNA Measurement
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This should be accompanied with high quality flex cable for the VNA.
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