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Overview for the TDR Data?




How to get the TDR data?

Pure M odeling: (Field Extractor + SPICE Solver)
Dne_]f;ll;t[\:bench

&
50 J fu ! This box could be equivalent circuit from
il SPICELINK or S-Parameter from HFSS or
:: =

Ensemble!!

L~

Thetools arefully available for Altra Broadband!!
M easurement:
1. High speed step generator + High Speed Oscilloscope

\ ,
trise < 15ps ﬂ

E

2. Wideband VNA + TDR option

M easurement + Math Calculation:
Wideband VNA to get 1 port S parameter + Full Wave SPICE

(The purpose of this presentation material!!)
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What isthe TDR data?
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TDR data should be characteristic impedance vs time!!
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Why& How from VNA to TDR

Why?

Generally Speaking, in thelab, VNA ismore popular than real TDR.
Therefore, if we could find a efficient way to get the TDR data from VNA
measur ement result than we do no have to purchase another TDR setup.

How?

Simulateit in Full Wave SP

a0

From VNA

# GHz S MA R 50.000000

0.010000
0.020000
0.030000
9.980000
9.990000

0.994813 -3.004953
0.993534 -5.986811
0.992128 -8.973242

0.624802 141.488164
0.623542 139.131339

10.000000 0.622256 136.766395

i

DnE_]f/‘pEd\‘: hench

=

//To Full_Wave SPICE format (*.fws)

# S-parameter data for model one_port_bench
#
Nports =1
Freq_min = 0.0
Freqg_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
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How to get theZ -t curvefrom V-t?
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How to get the Z_-t curvefrom V-t? (onra)

Y2 (3 A VAR S VAN () W Q)
Where\/inc = ZO Vexcited
50+ 2,

Q reflect( ) — Q ( ) ZL(t) - ZO 9/4%%@ Vdetected(t) B \/inC — ZL (t) B ZO

Vie O Z ()+Z, Vi Z (t)+Z,
p Vdetected(t) — 2ZL(J[) D ZL(t) — Vdetected(t)

Vinc ZL (t) + Z0 2Vlnc Vdetected (t)

if Z,=50W,then V,__ V@‘#'teo'

\ Z, ()= eem(t) g
Vexcited B Vdetected (t)

V,iteq 1S USEr definable when doing the SPICE ssimulation

ex

V., «exteq (t) 1ISNOdE VOItage at the input, which is calculated form the Full_Wave_SPICE.
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Examplefrom VNA to TDR

1st, let’sused the Harmonlcato generatethethual measur ement data.

% Serenade Desktop - structure_test - eadaniel_hdd'AltraBroadband'Daniel WANWA FullWas i =10] x|
File Froject Edit  Parts Draw YView Zettings Analysis  Eeports  Tools E.-Ehndow Help

b|ea)al @@ o2t R B0 Aol &) [ i 205 &w|H
& |®|®| L |- |a |3 R R R R A A s A R R B
R SRR SRS T 2 o~V 5
WA structire_test - cx\aniel_hdd\AltraBs M [l 1 B (51 1 {cki=strusture

LAIL

=10 x|

— | ﬁ
HU':
FREQ o R
— Linear i ot
H:Gin Ll ER:4.5 i WW
Step B.@1Ghz 185hz 16Mhz P -
lobel izub
Open Stub
o
Open(’; | &=
=4 I Magi(S1 1 (cki=structy S =4
=
- E FRED [GHzZ] |MagiS11 (cl{t:structure_test}}Iﬂung(51 102
o =1
= ) . 0.01 0.99128 b
" |:1:|68.7350hm 1
5 2 0.02 098917
500hm 500hm O?en 3 0.03 0.98632
trl | trl ost 004 0.98430
Wi 18, G352m 1L Weld, @35m0 18, E352r 4 : :
F: 1255, 4lm il F: 3258, 41mil Frd, imll 5 0.0s 092176
- = B 0.08 0.97931 -
B 2 Hils [ o[ | L 214
0 items selacted (256, 144) | SELECT | REPEAT | MENU |(-221,30%) |SGrid:16 N
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Example from VNA to TDR o)

2nd, modify the file format of *.s1lp into Full Wave SPICE format

¢eSEEEEEEEEEEEE IS NN NEENNNENEEEEENEENEEENNEEEEEERN,
.
*

I
o

# S-parameter data for model one_port_bench

H*

\

A EEEEEEEEEEEEEEEEEEN

Nports =1

# GHz S MA R 50.000000
0.010000 0.994813 -3.00495
0.020000 0.993534 -5.986811
0.030000 0.992128 -8.973242

Freq_min = 0.0

Freqg_max = 1e+010
Npoints = 1001

‘e .
SEEEEEEEEEEEEEEEEEEEEEEEEERS

Zref = 50
9.980000 0.624802 141.488164 Manually add
9.990000 0.623542 139.131339 file header, e e 3299908 180 L
10.000000 0.622256 136.766395 ending and 0.01 0.99128 -5.067692
DC information! 0.02 0.98917 -10.100583
0.03 0.98682 -15.140406
9.98 0.43084 -0.583413
9.99 0.43611 -13.602669
1000 0.44109 -17.565645
# end of file
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Examplefrom VNA to TDR o)

3rd run the Full Wave SPICE to get thevoltagewaveform at input node.

“chematic Capture =10] x|
Elle Edit E-bew Add Parts  Solve  Eesults quc-ns E.-Ehndow Help
bl '-.;'-' ------- =L !
s el 5 = s N [ s s s
lport_testekt % (=] BN Plots - untitled =]
Valtage vs Time
I T
C witeleried
* : r_-‘----- "'-"'""l-|-._____ |
s ———
tise < 200ps at |
'E one t he .
50 . OEp
Vexcited:]' 'E E
1 il B a5
1 s -
04
0.3
Please use HFSSv8 to create r
the 1 port template, and then | *
| export the correspondent ol
Full Wave SPICE bench!
DU B .
ﬂ _I LI Timeds|
0 device(s) and 0 wire(s) selected. 3nap to Both/3elect Items
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Examplefrom VNA to TDR o)

4th, use the waveform calculator to translatethe V-t curveinto Z -t curve.
In schematic capture, Result - Calculator = apply [V getected(1)/(N€I(V getected () -D)1* Z,

schematic Capture i
File Edit ¥iew Add Parts Solve Eesults Optiong o f
e L] (R, -
= —_— . | v_ceteried i negly_pelectealt N +51| ,
Flots - untitled LS T
. m [ Reflection from open stub(capacitance!)
Characterist :
a0 N ; e o I et p—
- E C "-..-“
u & T / Reflection from open end !!
Ba0 g .
C L
C m - a] : /
0 F Wi
g - \ 0 E
@ 0 ;
5 C \ 99 4E-0N0 -0 1.2£.-005 LEE- 8
@ A0 : \
A0 - —
o] -
I —
o 700 F
- v_detectedtregly_detected - 1»50 || Lossy FR4 1! (lossltangent = 0.02)
no -
|:| .............................................
1] 2E-009 4E-J09 EE-OC% &E-D39 IE-a02
Timeds)
Schematic Capture Wersion 5.0.21 Copyright 1934-2001 Ansoft Corporation
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Overview
for
Differential and Common M ode
| mpedance




|mpedance for Differential Pair

f—hﬂf sub Wmhili

'The characteristic impedance should be a 2x2 matrix

7 = ézon Zng
o~ & 7z U

| 62012 022U

'|Recall that the characteri stic impedance matrix relates the line voltage to the

[line current asfollows:

o,
e u=2Z,a (treflection term
)
| v,+av,0 & =hi +b,i,U
Ifwereplacethe Q 9 Q(nodev&l)wnhev - AN TE, ZQ I =il + Zzu(modal V& i)
&0 8,0 =8\, +2,V,0  8me = B +bi,0
| 0 ¢
then Z, will become &% i
e Zoo0qa

If you excite the differenti a pair equaly or differenti dly,
then the signas will suffer from common mode impedance (Z_,,) and differenti al mode impedance( Z,; ), respective ly.

Vgr =1
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|mpedance for Differential Pair cont

What’stherelation between these impedances?
ézou 2012@

Relation between Z, gandZ ., Z,
82012 Zozzu
: _Vvitv,
e “— AV, =V -V, vV, =——=
O— O 2
+ +
. . V V
ry L] — d —_— d
_ ‘%7 _ Zdiff - ’Zcm_-_ _
lg Vg, =0 lem vy =0 art =1

Let's set the differential voltage signal to 1 Volt and zero the common-mode signal
This implies v, =12 v, =- ],/2

e1/2 U_&Zoy Zopl6il 1 €Zy -Zup,U8l20_ 12 € Zoy+Zy, U
e — 2 52 € ue 52 2 ¢€
E' 1/ 2LJ 012 Z011 28 g 011 Z 5 € Z012 Z011 oe 1/ ZH Z011 012 € (Zon + Z012)
1 1

i =-i, b g = \ — _

' 2(2011 - Z012) ’ o 2(2011 - Z012) Zdiff 2(2011 2012)
Let's zero the differential-mode voltage and set the common-mode voltage to 1 Volt
This implies v,=1 Vv, =1

elL,j 22011 Zy,L ue'l - b ?'1U 1 g Zoy = Loy l]é].fj 1 éZOll 0128
u C
gLu 012 Z011u 28 328 Zon i e Z012 011 ugLu Z011 Zolz 011 ~ Z012 u
1 ) 2
b=, =———— P g, =— 2\ — Z011-'-2012
Z011 + Z012 - Z011 + Z012 ZC’“ - 2

Thisdiderefer the paper from Ansoft’s AN, “ Differential Pair Analysis” by J. Eric Bracken

and CYPRESS Semiconductor Corporation'sAN, “ Termination and Biasing of HOTLinkllI™ High-Speed Serial 1/0” Altra Broadband

I

and Tektronixs presentation dide, “ FibreChannel Interconnect Signal I ntegrity M easurement and Modeling M ethodolo@a Smolyansky,
l




| mpedance for Differential Pair et

Z, andZ_,Z . : perfect

Oeven! —0odd cm ' “—diff

Reation between Z
terminator!!

Z . .
Zgy =2 ASSFO 2(Z,,, - Zyy,) could be obtained from SPICELINK SI2D

cm

- Z. . +Z )
Z.o =27, 11 Z, ~ BYYYFER® % could be obtained from SPICELINK SI2D

thatis, Z,,, R,, Z,, aenot that difficult to be obtained!
v
- b ~ 22X X
\ ZOodd = Zb //é U ZOodd = % U Za - i todd
2 Zb +a Z, - ZOodd
2
7 :é — ZOeven — ZOll +2012
mo2 2 2
7
b ..
Zgw =2Z,11 Z,|= 22y % = 2%, =2X 2 = 2’823 ”ég: 2% 044 = 2(2011 - Z012)
2Z +7 Z, Z, e 2
B 1
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Practical Example
with
M easurement Data Verified




Single ended | mpedance
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1-Port S-parameter for Single ended TRL

B% Serenade Desktop - AB(S1 Lickt=delta_f mod)). Ang(S11icki=delta_f_mod))..
File Froject Edit Parts  Settings  Analysis  Beports  Tools

Windew Help

=101 %

=

=,

[ | 2| 1| [ || I D

=] .

dEf 511 [ckt=detta_f_mod)

Aneott Corporation - Harmonlea 7va.m 1

-10.00

E00.00

REIT)

=20.00

=30.00

280,00

120.00

e T i
ansattCorporaton - Harmonloa 7 v8.7 1 13:87:68 [Tk
1000 HZ-20
elti_t_med.o
" i =
ﬂ \ .
if i)
I S
M,

i 11 ckt=detts_f_mod [deg]

T olwe mp =0

dB(=21E

ol [ e | | e delta_f I

¥ :495GHz Y1 :-34.65 Y2 :-274.30deg

| | Lock | /

ol

0o 1.0
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Voltage Waveform Sim and Single ended | mpedance
Derivation In FWS

schematic Capinre

Eile

MU@@M = N RN N e

=10l x|

a0

Dnmurt_

_ (ol x|
Edit Yiew Add PBarts Solve Eesults ©Options Window  Help
Plots - untitled =101 x|
o Characteristic Impedance vs Time
s £ 50ohm Right
g o E Angle Connectgr!
5 a E / Jumper ]
o E I AT 50 phm single-ended |tr ansmission line f
o SRR = /
£ -------- -
u 40 & .
i - : :
E o H / e 'yt v _ceA11- 11 50|
= ol ./
g E._9Spins SMA
Q ain IE- D09 L5005 2 -008 SHE-009
Connector.?‘ —
O L Voltoge@input_Node vs Time
7, () = sl g0 TN |
1 Voaesea(t) st
i 0.7 |- /
T
% 05 r@.‘
L] o | |
o Q 008 AE-00d EE-Dd B -008 IE-008
Tiw{al

0 dewvice(=s) and 0 wire(=s) selected. 3Snap to Both/Select Items

and
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Single _ended I mpedance Comparison with Real TDR

Single_ended Impedance vs Time

100.0

= = «TDR Measurement

——VNA+Full_Wave_SPICE

75.0

50.0

Single_ended Impedance(ohm)

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

!i{ ivitriuw s vuwuweand

Time(s)




Differential Impedance




Full 2-Port S-parameter for Differential TRL

=101 %

1% Serenade Desktop - AB(S1 Lickt=delta_{_mod)). Ang(S11(cki=delta_f mod))..

File Frogect Edit  Parts  Settings  Analwsis  Eeports  Teols  Windew  Help

Iz /1| ]| G

=3 delta_f_mod . I [m] B3N )1 lmpedance Grid S11(cki=delia_ i =]
[ delta_f m T] i)
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B i N ke
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Il 2-Port S-parameter for Differential TRL ont

=10 x|

W% Serenade Desktop - dB(Z21{ckt=delta_{ mod)). Ang(S2]cki=delta_{ maod})..
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Herr E 1 Il I 1 I| I
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FuII Wave SPICE Voltage Wavefor m Simulation

mchematic Capture =10 =|
Elle Edit Yiew Add Parts ZSolve Eesults | Options  Windew  Help
H_I&I@@I = [ ERVEVENLE
-10] x| Flots - c:'daniel_hdd/altrabroadband/daniel_winwa_fullwavespiceffull_vave_spicef =181 x|
2 Single Vaoltage Wavelarm
e 70 /‘”\/\\fm‘ﬁ

><

0B F—

b - e ' TR0 021
C — vl ¥
a a0 ot f _PosTve
1 3 :
e ;|
ULSE= - E_ .
0.5
tw ont hlEn: %’
g 04 —H
E -
- - i
j_. 0.3 F
Differential mode N
sour ce impedance 0.2 -
100 ohm -
0l -
| B . L\"'ww"‘\/\m‘ —
0 =004 4E-100E BE-0NG aE-014 [E-003
o o N Timelsl
Schematic Capture Wersion 5.0.21 Copyright 1934-2Z001 Ansoft Corporation
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How to get the Z -t curvefrom Vi -t?

det _diff (t) |n|t|al _diff +\/|nc diff +V, refl _diff (t) """""""""""" )
wh vV _V V — e « ZO fixture 9 & « ZO_ fixture =
&€ Vine_dit = Vinc inc- gla(cited+ "50+ 7 = gla(cited- "50+ 7 -
0_ fixrure @& 0_ fixrure @

\ If We%tv@(uted+ :]"Va(cited = V@(Clted+ md ZO_fixture :50 ther]\/inc diff :1md ZO_diff :1OOW

Q Vrefl _diff (t) — Ghiff (t) — ZL_diff (t) - O_diff 374%n§2® det _diff (t) inc_diff ~ \/initial_diff — ZL_diff (t) - ZO_diff
\/inc diff ZL_diff (t) + ZO_diff \/inc diff ZL_diff (t) + ZO_diff
det _diff (t) initial _diff — ZZL_diff (t) D ZL . (t) — det _diff (t) initial _diff o g
Vinc_diff ZL_diff (t)+ ZO_diff - 2Vinc_diff = Viet_diff (t) +Viitia _diff N
Vdet_diff (t) +1 _ 1+V, det_diff (t)

Qlf excited + _]"thenvnltlal _diff = 1\ ZL diff (t)

0_diff

2- Vdet_diff -1 o-ar 1- Vdet_diff (t)
1+V,, 4 (
ZL - (t) — det_diff ( )
- 1- Vdet_diff (t)
Vs airr (1) isnode voltage at the differential input, which iscalculated form the Full_Wave_SPICE.

X00, Vi gt & Vinia an areuser definable when doing the SPICE simulation

EX: singleEnded { Vetea + =0.7
Vor 1 [ 1.6V
/ ! y/ 1.25V
Vo / N\ /| 0.9V
Vegr =707 |
|
. I +700mV
Differential Signal / |
— Vot -Vo. I +100mV
Vod = Vot -Vo I = oV Diff.
I | -100mV
I
I_ I -700m Altra Broadband
| m




leferentlal | mpedance Derivation in FuII Wave SPICE

mchematic Capture

Elle Edit View Add Parts ZSelve

Eesults  Options

Windew Help

BRI (RS

Flots -

ELE

Cil{erentiol Yolloge

cridantel_hdd/altrabroadband/dantel winwa_fullwavespicedfull wave spiced

Differential Valtage Wavefarm

=10 x|

=10l x|

—

e

05
” |_ w_pith- e ni |
n [ R —
-05 [ 1+Vdet_diff (t)

X400

Z, gn(t)=

E B B 1- Vdet_diff (t)

0 £ 4E-009 6€-009 BE-009 E-008
Timels)
0 \ Differential Impedance vs Time
[ 50ohm Right
g ~ Angle Connector!
50 /
E = / Jumper \
E- i les s snnsnnmnmnnnnnnn Aol W
-_—  Messsuss .'- ------- W] s R RREEEEEEEIEEIEE AR R EEfEE A EEIEEIEEEEEER
% ﬂ i Differential Line with 100 ohm impedance!
5 o i —
& S N
0 Connector.  #-010 I EE- 009 2AE-009 3.2E-008 AE-008

Timels)

Schematic Capture

YVersion 5.0

21 Copyright 1934-2Z001 Ansoft Corporation
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Differential |mpedance Comparison with Real TDR

Differential Impedance vs Time

200 | |

- = =TDR Measurement
—VNA+Full Wave SPICE

n
a ,.fi"“'“-q: W_J
f‘:

[
1
o

[
o
o

a1
o

Differential Impedance(ohm)

0
0.0E+00 5.0E-10 1.0E-09 1.5E-09 2.0E-09 2.5E-09

[w Altra Broadband

Time(s)




SMA Connector Modeling

and
its Application
for

Critical Net SSmulation
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Analysis Strategy

Transistor
SPICE(from Vendor)

/ ' | Il\

\ Wire Bonding Lead_frame/
Chip Vendor Provided

.

Uniform
Transmission

lines

)

Ansoft SI2D

Via hole

- /

Ansoft SI3D
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SPICE Deck for Simulation

utrip

R172

82R

75mil utrip
W=10.5mil N\

ADC_CLKP

137mil diff_line

Package
&
BJT SPICE

utrip

ADC_CLKN

W=8mil, Gap=8mil

R17

@ 75mil utrip | A
W=10.5mil

|

Ball Pads

strip

130R

O—

u25

1

2

108mil diff line |

W=8mil, Gap:8miIlF

£}
‘_T V1
0.85Vv

%; VCC
R521

82R
utrip

Via

MC100LVEP16

591mil diff_line

O ez Via
L 80mil utrip
L

180mil diff_line

-

W=8mil, Gap=8mil

Ball P:ads>l-W:5mil, Gap=5mil
Via

R523

utrip ]
2279mil diff_line j

W=8mil, Gap=8mil
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Whereto get the SPICE Modéd?

» Modeling from Tektronix TDR measurement

ADC_CLKP

**mil utrip > Modeling from Ansoft SI2D
**xmjl diff_line :
» Modeling from Ansoft SI2D
W=8mil, Gap=8mil

u25

.

NC vee o . ]
b2 15 o — Chip-vendor provided package and
L3, > 6 = > : .

'u 70 transistor level mode (www.onsemi.com)
o—24 vee VEE —0O

MC100LVEP16

» Modeling from Ansoft SI3D
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SMA Modeling from TDR M easurement

Voltoge@ Input Node

=
i

=
o

—
T

=
fur

—_

trl 152pa3

Valtage vs Time

é / I??.T_F;F-h———‘t?a — —

E TOR Measuremen

B TRL + SMA_model + TR

F .

f—-’.krmﬁf—-_ 1

o sE-oms Eooms fE-ona I IE-008

Time{s)

(M/\ Altra Broadband




Vendor Provided SPICE M odé

Package M odel

Voo
RN, ..
i R1 é :— —::E R2 Yoo,
Transistor  1»3 | TNA 13 120
[ ] L evel L L an ]
1(N.C.) oy | s i, 1] N e 8(VCC)
SPICE M odel I —— 1 la, TNC
ESD PD
Vo R l IN o | a2 s |- ~J s~ a5~ as INB
A THE |- TND |4 TND TND 4 TND 4 TNB —
[: D2 % [Crp. |\ N }\\ |\H f/i Nﬂ M g Q IP—:) Q
. = )
A Z . . 5
SO v o PaPal e |
. A : TND |- TND TNB}: . D2 o
2(+|n) . D;EE E;\r ] “ h : : : 7(+0Ut)
’—p?> Lms . . oum
: _km )R‘I ) 0: } ? ?ﬁa . ) F
I: VEE TSK:. ¢ VEE E VEE
w v . [ | A
. VCE' 14 R A . i
u " 125 [ =
_ N T S % - Y - P
3(-in) N 3 " M B 6(-out)
i~ 4 % TNATNA| TNA TNA TNATNA| TNA TNA VEE
L] .
4
o o : aa; Ox'INB ESD_PD
5 8 10

THNA  TNA| TNA  TNA
: Qnaiz) 13 Q14 Q19 Q20| Q21 Q22
v A -
S LN
L ] WATNAl TR TR TNATRA] A TR I
ves ! ¥ IIII“---
R4 = RS > R6 nut®
5(VEE)

4(VBB) Vee 1125 1 67 7 67 am




Modéd from Field Solver

Modal Characteristic Impedance Values [Chm)
Modal Characteristic Impedance

holf sub widih

Mode 1 £Z.924

Mode 2 50.306

Modsl Characteristic Impedance Values [Ohn)
Modal Characteristic Impedance

Mode 1 49,288

Mode 2 30,566

sub hall widih

Modal Characteristic Impedance Valuess [Ohm)
Modal Characteristic Impedance

Mode 1 58,754

hoxl

boxl | 2.26521e-014 | &C¢ Inductance ¥

hoxl:sec?

bhoxl:sec? B.06731le-012
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SPICE Simulation Result

Clock = 500MHz, termination isadded in the default position. (0603 Resistor Pads)
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Time (lin) (TIME)
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Yoltages (lin)

100057

200:m

E00:m

400m

200m

-200m |
-400m |
-600m |
-300m |

SPICE Simulation ReSUH:(cont’d)

Clock = 500MHz, termination isadded in the Ball _Pads position.(Altera BGA)

cribical net stmolabion for ade clk pin)
1

Time () (TIME}
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Appendlx | : Frequency Range Planning Before VNA M easurement
For Altras S0W Transmission Lineof nstrip:e,, » 3.82

c ,_% 109394 , . o
X(mil) @047.6" 10° %
feu | VBB
1nsec 3% ® 6inches=6000mils

| =vX =

Time Domain Resolution :t.

Frequency Domain Resolution : Df
Time Domain Span: T

Frequency Domain Span': f :tl( for DSB)

S

FromFFT : [];f N(#of FFT points T

S

In HFSS or measurement, if we sweep from 0 ~ 20GHz, which means SSB, then f, = 40GHz

P Space Domain Resolution % 3%¥5994® 150mils
Currently, the highest frequency the network analyzer could providein Altrais50GHz

t,=—=—"——=0.0In3%AR 60mils @.5mm
f, 100GHz

© Achievable Space Domain Resolution in Altra
This should be accompanied with high quality flex cable for the VNA. M
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