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Introduction

O Broadband dielectric and conductor models are the requisite foundation for
performing meaningful electromagnetic verification of multi-gigabit interconnects

O Such model can be effectively identified with Generalized Modal S-parameters (GMS-
parameters)

= The method is the simplest possible and is based on fitting computed and measured GMS-parameters as outlined in:
Y. Shlepnev, A. Neves, T. Dagostino, S. McMorrow, Practical identification of dispersive dielectric models with generalized modal S-parameters
for analysis of interconnects in 6-100 Gb/s applications —
DesignCon 2010 — available at http://www.designcon.com/infovault/

O PCB dielectrics are inhomogeneous — it is usually a mixture of glass and epoxy

O Space between traces in coupled microstrip lines may be filled with the solder mask
dielectrics

O Prepreg and core layers in strip-line configurations may have slightly different
dielectric properties

O Space between traces in coupled strip lines may be filled with only epoxy or even with
air

o For accurate characterization of such structures we may need to identify and use
parameters of at least 2 dielectrics (or one anisotropic dielectric model)

O This app note shows how to use GMS-parameters of coupled lines for identification of
material properties

O Sensitivity of the method to bend discontinuities is also investigated
O Simbeor 2011 (64bit) released on Nov. 151 2010 is used to generate the results

Simberian 11/23/2010 © 2010 Simberian Inc. 4
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Material parameters identification with GMS-
parameters

O

O

Measure S-parameters of two test fixtures with different length of
line segments S1 and S2

Transform S1 and S2 to the T-matrices T1 and T2, diagonalize the
product of T1 and inversed T2 and compute GMS-parameters of the
line difference

Select material models and guess values of the model parameters

Compute GMS-parameters of the line difference segment by solving
Maxwell’'s equation for t-line cross-section (only propagation
constants are needed)

Adjust material parameters until computed GMS parameters fit
measured GMS-parameters with the computed

Simberian 11/23/2010 © 2010 Simberian Inc.
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Presentation Notes
Optionally estimate and improve quality of the measured S-parameters – reciprocity, passivity, causality, symmetry



~ Generalized Modal S-parameters (GMS-
parameters) for two-conductor line

—*— Project] DifMicrostrip. Simulation, kMode[1], Pattem[++] — % —
—a— Project].DiftMicrostnp. Simulation?, Mode[2], Pattem[+] — & —

l . C O m p U te p ro p ag atl O n Attenuation, [Mp.dm] Phazelaonsztant, [radd/m]

constants for 2 modes 101
phase col nstants

100

even I (f)=a(f)+i-B(f) ’
odd TI,(f)=a,(f)+i-g,(f) il

08 Jan 2010, 15:17:24, Simberian InD View Mode [press <E> to edit). 0.0 0.01 01 1 10

12 Jan 2010, 13:37: 26, Simberian . Frequency, [GHz]
. —#— Project].1 inch 2-cond tSimulationd, SminT(M1]In2M1])] — % —
2. Compute 4)(4 GMS Of I|ne —— Project1.1 inch 2cond segment Simulation SmiinM2LIn2M2)] — & —
Magnitude(5). [dB] Angle(S], [deq]
. d 2 "
Segment Wlth Iength L | g\o aﬁlgleo:) I'K?‘b
. | ¥ —> | ko
e RS IR [
0 0 exp(-T',-dL) 0 057 T RRL NS T ™,
GMSc — 0 0 0 exp(-T,-dL) magnitudes| " Fes | 200
exp(-T, -dL) 0 0 0 ST
0 exp(-T,-dL) 0 0 171 —
? %%2!\} T 300
& :
Relatively simple to compute 25 £ 75 10 125 15 175 20
and a lot of zeroes! 12 Jan 2010, 13:30:23, Simberian Inc. Frequency, [GHz]
Simberian 11/23/2010 © 2010 Simberian Inc. 7

Electromagnetic Solutions



Presenter
Presentation Notes
Full-wave electromagnetic analysis with appropriate dispersive dielectric and conductor models must be used to compute the propagation constant.
Reflection is exactly zero. Such modal S-parameters are normalized to the complex characteristic impedance of the propagating mode.
See mathematical definition in the DesignCon 2010 paper.


“Measure S-parameters of two test fixtures
with line segments (no calibration is required)

L1 Microgtrip, Diff € inch, Simulationd, 5[1.1]

- - L1 Micraztrip. Diff B inch. Simulationd, 5[1,2]

S 1 L1 Microstip. Diff & inch Simulationi1, S[1.3]

D an O r I n e WI e n g ’] L1 Micraztrip. Diff B inch. Sirmulation?, S[1.4]
tagnitude(5], [dB]

e
|\ /| o o | ”-Ipw,qh [ 1 ;I ”| lllu .II
® @
° e © 1 [[SL/T1]| 2 Sian ‘l IR
13 Notllv 2010, 131::59:55, Simbzn;urian Inc. o Fr::qnuency, [GSS]

- - L1 Microstrip, 0iff 2 inch.Simulation, 5[1.1]

D S 2 an T2 O r | n e Wlt e n t L2 L1 Microstrip.Diff 8 inch Simulation . 5[1.2]
L1 Microsti Tip. Diff 8 inch.Simulation, 5[1,3]

L1 Microstip. Diff 8 inch.Simulation?, 5[1.4]

tagnitude(S ), [dE]

2 5212 L bor

® Py _ I a5l I|I| fikebife- i T T

- e m 1 | [s2/712]| 2 il O
-50-‘| || |’ | T | |||' ||
7h

T1 and T2 matrices are scattering T-parameters "5 % %
(computed directly from S-parameters)

Simberian 11/23/2010 © 2010 Simberian Inc. 8
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Presenter
Presentation Notes
Use VNA and optionally standard SOLT calibration or no calibration at all.


~ Extract Generalized Modal T-parameters
(GMT) and then GMS-Parameters

Segment L1 T1=TA-TB - -
1 : [T1] : 2 1 : [TA] [TB] :2
Segment L2 T2=TA-GMT-TB  $—— ——e
1 : [T2] : 2 1 : [TA] [GMT] : [TB] :2

GMT is non-reflective modal T-matrix (normalized to
the unknown characteristic impedances of the modes)

T2-T1'=TA-GMT -TA! For 2-conductor line we get:
@ _T11 0 0 0 | 00 T, 0
. . 0 T, 0 O oMmsm=l0 0 0 T,
GMT =eigenvals(T2-T1") GMT = 2 = =7 0 o 0
0 0 T 0 11
0 0 0 T L0 T, 00

- Just 2 complex functions!
Simberian 11/23/2010 © 2010 Simberian Inc.
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Presentation Notes
Segment in the middle is assumed to be non-reflective (generalized normalization). This is standard step in multi-line calibration procedures line TRL, LRL,…
The line in TRL must be close to 50-Ohm and the next step would be extraction of Gamma as solution of transcendent equations and error blocks as eigenvectors of the T2*T1^-1. The latest procedure is very sensitive to the measurement noise and to geometrical differences of the launches and lines.
Conversion of TG to S-matrix gives us matrix SG. SG is anti-diagonal matrix of modal generalized S-parameters – only same mode transformation coefficients are non zero, all reflections are zeros.
This matrix can be directly compared with the calculated generalized modal S-parameters of line segment with length dL


- ldentifying dielectrics by fitting GMS-
parameters

O Solve Maxwell’'s equations for 2-conductor line: < dL S
0 0 exp(—T,-dL) 0
_ 0 0 0 exp(—F2 -dL) —#— L1 Microstip Dff Berchm ionl, Smlln1(M1)In2M1)] — 4
M exp (-1, od) o 0 0 A i i i
O exp(_rz . dL) O O Magné[ude[S]rl[c;ngpl iff Difference. Simulation, Smiln1( ]Jt?m[up gaay, ]
\ 13125
. . 057
O Fit measured data: @ Only 2 complex functions! ] [
) ) : ol L P | ers
o 0 T, O |
T, 0 0 0 _—
0 T22 0 0 31 250
B - i 10 ) 0 i 50
18 Mo 2010, 09:53:08, Simberiat Inc. Frequency, [GHz]

O Measured GMS-parameters of the segment can be directly fitted with
the calculated GMS-parameters for material parameters identification

O Two functions can be used to identify 2 dielectrics!

\ Simberian 11/23/2010 © 2010 Simberian Inc. 10

Electromagnetic Solutions



Presenter
Presentation Notes
Fit measured GMS-parameters with computer GMS-parameters – clear and simple.


The GMS-parameters technique is the
simplest possible

O Needs un-calibrated measurements for 2 t-lines with any
geometry of cross-section and transitions

= No extraction of propagation constants (Gamma) from measured
data (difficult, error-prone)

= No de-embedding of connectors and launches (difficult, error-
prone)
O Needs the simplest numerical model

= Requires computation of only propagation constants
= No 3D electromagnetic models of the transitions

O Minimal number of smooth complex functions to match

= One parameter for single and two parameters for differential

= All reflection and modal transformation parameters are exactly
Zeros

Simberian 11/23/2010 © 2010 Simberian Inc. 11
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Numerical identification experiment

O Microstrip configuration — no solder mask

- Materials & Stackup

=88 L1 Microskrip

=& Materials: T=20[*C], RF=2,...
&l "Copper", RR=1, SR=0.5
& "Wat. A Core", Dk=3.66, LT=0.0037, PLM=WD o4 -
Mat., & Prepreg”, Dk=3.66, LT=0,0037, PLM=WD '

Air

T

&

= #R Stacklp: LU=[mil], NL=2, T=2.2[mil]
-—-mmm 1| Signal: "L1", T=2, Ins="gir", Cond="Copper" |
- 2l wedium: T=6.6, Ins="Mat. A Core" \
... - 3| Flane: uLZuJ CI:II'Id="C|:||:||:IEr"J T=0.5, Ins="Mat. A C 0 \ - 16 Mawv 2010, 11:50:14. Simberian Inc. 30 Yiew Mode [press <E» to Edit).
15 Ao 5 0 5 K\ o
16 Movw 2010, 11:51:48, Simberian Inc. 30 View Mode |Ness <E> to Edit).
Models of the launches
10 mil strips 7 mil apart (all identical)

~ nputl MPT1_ 1 6 inch (J:.*IF'L . haut2
From simulated S-parameters of 2 }I K _._;.:{
L t ik i

structures we extract GMS- —
parameters of 2-inch coupled line Input] MPT1 m\ 8inch MPT2 Input?
segment and compare it with the < i i ¥ i 7
9 pare =
GMS-parameters of 2-inch segment LS - & 4 L— P
computed directly 09 Moy 2010, 09:2% 31, Simberian Inc. Editar Mode [press <E> for Network View).
o

© 2010 Simberian Inc. 13
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®

2-conductor microstrip line parameters

10 mil strips 7 mil apart

1oh o Modes have different attenuation and propagation

Z. [mil]

ol constant and high-frequency dispersion

L1 Microstnp Duff MSL. Simulation, Mode(1], Pattern[++]
L1 Microstrip. Diff kMSL. Simulation, Mode[2], Pattermn+]

o EpszEffective. [] Attenuation, [dB finch]
. [mil] 4
-‘II5 -‘IID I5 6 é ‘IID ‘II5 -
1B Mow 2010, 11:51:48, Simberian Inc. 30 Wiew Mode [press <E> to Edit).
3_125__\\ Common.or.even yae

L1 Microstrip. Diff kSL. Simulation, Maode[1], Pattern[++]

L1 Microstrip. Diff MSL. Simulation, Mode[2], Pattern[+] ': mode (red) /
[

W agritudelZrmm]. [Okm] N

3t !

| BE‘;-I { \\M
1.2 28761

875 T /1 / 101

Differential-mode impedance 278t A 1

75T { 1

R - T

= 2B2h T !
-_ 251 Ay/ﬁDifferential or odd T

\

50 . . -~
Common-mode impedance / # mode (blue) Lo
3203 \ 1
3751 : 3 23751 ———
101 ]
0 10 =0 20 a0 50 IJ_I:II1 —— HHEIIH ——t :::::1: —— ::::_:|:I:I ——
16 Mow 2010, 11:58:13, Simberian Inc. Frequency. [GHz] 16 Now 2010, 12:04:34, Simberian Inc. Frequency. [GHz]
Simberian © 2010 Simberian Inc. 14
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Presenter
Presentation Notes
Large difference in eps effective (hence in propagation constant) and small difference in the attenuation


Single-ended parameters of test fixtures

6-inch fixtures 1 —3 8-inch fixtures
L1 Microstrip. Diff 6 inch, Simulationd, 5[1.1] 2 =4 || MiciostipDift 8 inch Simulation], 5[1.1
L1 Microstip. Dif & inch. Simulation, 5[1.2] — MicrnstriE.Diff 8 inch Simulation sh Zz}

L1 Microstrip.Diff & inch. Simulationd, 5[1.3]

L1 Micrastrip, Dff 6 inch, Simulatian. S[1.4] L1 Microstrip. Dif & inch Simulation, 5{1.3]

L1 Micrastrip. Diff 8 inch. Sirmulation], S[1.4]

bagnitude(S). [dB] I agnitude(S]. [dE]
o7 ’Yﬁ nsertion Loss (green) ot «—— Insertion toss (green)
A0+ b Jo0+ ;Kﬁx,-\m-‘\ﬁ Lnpe
NEAT 'vr
A ol
| | /
=t ; A1) o A
40T i
I 7 40 — l T
X \ NEXT (blue) P ' l A I
501 \ \ 501 .\\ N\ NEXT(blue)
st S REXT (brown) wl _ FEXT (brown)
__Reflection (red) | | | | Reflection (red) | . ,
0 1o 20 30 40 5l 0 10 20 3 40 i
16 Nov 2010, 12:46:55, Simberian Inc. Frequency, [GHz] 16 Nav 2010, 12:45:32, Simberian Inc. Frequency, [GHz]
Elements of one row of S-matrix are plotted
Reflection is mostly due to the reflection at the launches
Not very convenient for the material identification!
| Simberian © 2010 Simberian Inc. 15
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Presenter
Presentation Notes
This is what you can measure directly – computed for the numerical experiment here. Resonances in the transmission, a lot of FEXT, relatively small NEXT and reflections defined by the length and transition.


®

Differential parameters of test fixtures

Magnitudes
9 D1
L1 Microstrip.Diff B inch. Simulation, Smm{D1,01]
L1 Microstrip. Diff & inch. Simulation?, Smm{D1.02]
L1 Microstrip. Diff & inch. Simulation?, Smm{D1.071]
L1 Microstrip.Diff 8 inch. Simulation, Smm{D1,02]
M agnitude(S). [dB]

b agnitude(5]
|:| 4 § 41

101

207

30t

407

R0+

5 M 15 20 25 30 3% 40 45
17 Mowy 2000, 12:02:49, Simberian [hc.

. [dE]
1]

‘125

T-7.5
T-10

T-125

Frequency, [GHz]

op

ow

L1 Microstrip. Diff & inch. Sinmulationd . Smm[D7.02]
L1 Microstrip.Diff 8 inch. Simulation, Smm{D1.02]

D2 Group delays

Group Delay, [nz]

8-inch fixture (red)

6-inch fixture (green)

IR—TTT

S —

0 5 10 15 20 25 30 3/ 40 45 5O
17 Mase 2000, 12:04:10, Sirmberian ke,

Reflection is mostly due to the reflection at the launches
Still not convenient for the material identification —
oscillations and too many parameters to match!

Simberian

Electromagnetic Solutions
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Presenter
Presentation Notes
To match similar experimental data, in addition to the models of the lines, models of the launches and connectors are required. Even with all models in place, too many complex functions to match simultaneously.


Conversion into GMS-parameters

From S-parameters of 2 fixtures we compute GMS-parameters with just 2 unigue non-
zero elements: Common and differential GM transmission parameters

L1 Microstrip. Diff Difference. Simulation?, Sm[ln1[M1]In2[M1]]
L1 Microstrip. Diff Difference. Simulationd . Sm{lnd [M2]102[M2]]
Magnitude(5 ], [dB]

\ GM Insertion LOSS ol
051 ™
\ 300+

L1 Micrastrip. Diff Difference. Simulationd . Sm{lnT M1 ].102[M1]]
L1 Microstrip. Diff Difference. Simulationd . Sm{lnd [M2]102[M2]]

Group Delay, [ps]

Group Delay (2-inch section)

V)

Odd (differential) Even (common) | | —
T r mOdn I
mode (blue) 2901p——R00E
13 / 2801
\\ 2701
& AN Odd (differential) mode
2 Even (common) ™5 . s

| mode (red) | %\_ =
29 \“‘ 2501

0 5 10 185 20 2% 3} 3/ 40 45 O
17 Mow 20010, 13:07:15, Simberian [ne. Frequency, [GHz]

O &5 10 15 20 25 3 3/ 40 45 HD
17 Mow 20010, 13:06:27, Simberian [ne. Frequency, [GHz]

Very convenient for the material parameters identification!

" Simberian © 2010 Simberian Inc. 17
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Presenter
Presentation Notes
After conversion to GMS-parameters, we have only 2 complex functions – GM transmission for 2 modes in this case. All other elements of GMS-matrix are zeroes. The matrix is symmetrical due to reciprocity of the interconnects. Insertion loss and group delays are different for both modes due to inhomogeneity of the dielectric.
IL of common mode is larger at high frequencies due to dominance of dielectric loss (field goes into substrate).


ldentification with two modes (IL&GD)

GM transmission of 2-inch segment (brown and green stars) match GM transmission
extracted from S-parameters of 2 test fixtures (red and blue circles)

—* L1 Microstrip. Diff Benchmark. Simulation], Smiln(M1].In2[M1]] —+— L1 Microstrip. Diff Benchmark. Simulation] , Smlind (41)In2(M1
—*+— L1 Microstrip. Diff Benchmark. Simulationl, Smllr (M2).In2(M2)] 4 [1 Mictostip Diff Benchmark Simuiation smhrﬂ EME%JnEEMEH
—= L1 Microstip Dift Difterence. Simulation. SmflnT (k1] In2(M1]] —— L1 Microstip. Diff Difference. Simulation], Srflr1 (M1 ]In2[M1]]
—e— L1 Mizrostrip. Diff Difference. Simulation, Sm{ln1[M2]In2[M2]] —=— L1 Micrastrip.Diff Difference. Simulation, Smllnd[(M2]In2[ 2]]
Magnlude[S], [dE] Group Delay, [ps]
! 3125+
05t
00T 4
a+
207 5 T ME-aas
15+ @
20TT
21 3
26251 &
Ev
25+ |
250--|
0 5 10 15 20 25 30 3% 40 45 50 0 5 1 15 25 a0 3 a1 45 =0
17 Now 2010, 13:21:11, Simberian Inc. Frequency, [GHz] 17 Mov 2010, 12:22:23, Simberian Inc. Frequency, [GHz]
The results are independent of cross-section and launch construction as
long as the widths and launches are identical in the test fixtures!
. Simberian © 2010 Simberian Inc. 18
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Presenter
Presentation Notes
We simply compute the GMS-parameters of 2-inch segment of the 2-conductor line and match it with the GMS-parameters extracted from 2 test fixtures. Numerical experiment provides perfect fit. It may be not possible in reality due to variations of geometries.


®)
ldentification with two modes (IL&PD)

GM transmission of 2-inch segment (blue and green stars) match GM transmission
extracted from S-parameters of 2 test fixtures (red and blue circles)

Even (Common) Modes: Odd (differential) Modes:

—¥— L1 Microstnp.0iff Benchmark. Simulation, Sm{lnd[M1LIn2[M1]] — % — —#—— L1 Microstip.Diff Benchmark. Simulation?, Sm{lnd[MZ2LIn2[M2]] —#* —
—=— L1 Microstip. Diff Difference. Simulation, Smlla1M11LIn2M1])] —s — —=— L1 Microzstip. Diff Difference. Simulation, Sm{la1 (M2 In2M2] —s —
Magnitude(5). [dB] AnglefS). [deg]  Magnitude(S], [dE] Angle(S). [deq]

L |50 50
05t
T4 -100 +-100
(R ER | 4 -150
L i a0 6l - 7200
1-250 1-250
:Zii % :Z':. _2 + _—
+-300 1300
28T =.:: | I ::': = e
% & f * ..=-1= ’i # ‘ ::::;: i : g T -350 ek 4 -350
0 10 20 a0 40 5l 0 10 20 30 40 5l
17 Mow 20010, 12:54: 22, Simbenan Inc. Frequency, [GHz] 17 Mow 2010, 12:55:31, Simbenan Inc. Frequency, [GHz]
The results are independent of cross-section and launch construction as
long as the widths and launches are identical in the test fixtures!
&2 Simberian © 2010 Simberian Inc. 19
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Presenter
Presentation Notes
We can use either magnitude of transmission (modal insertion loss) and group delay as on the previous page or insertion loss and phase of each mode for the identification.
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“What if real structure has solder mask layer
made of dielectric with different properties?

O Numerical experiment with microstrip line and 2 dielectrics
154

Materials & Stackup

=8 WithsolderMask

=& Materials: T=20[*C], RF=2,...

~JER "Copper”, RR=1, SR=0.5

H "Mat. & Core”, Dk=3.66, LT=0,0037, FLM=WD

: at. & Prepreg”, Dk=3.66, LT=0.0037, PLM=WD

A"

i "SolderMask”, Dk=3, LT=0.01, FLM=\W[i

[=- R Stacklp: LU=[mil], ML=2, T=9.2[mil], SML=("SolderMask", Z.2[mil])
- 1| gignal; "L1", T=2, Ins="ait", Cond="Copper"

- 21 wedium: T=6.6, Ins="Mmat. A Core"

- 3| Plane: "L2", Cond="Copper", T=0.6, Ins="Mat, & Core"

Solder Mask (SM) has
smaller DK and larger LT

From simulated S-parameters of 2
structures with SM we extract GMS-
parameters of 2-inch coupled line
segment and compare it with the
GMS-parameters of 2-inch segment
computed directly without SM

<

\~
' Simberian

Electromagnetic Solutions

10t

— T .

5._

2, [mill

&

10 mil strips 7 mil apart, 2.2 mil SM

', [mil]

4

10

5 0 5 10 15
16 Mow 2010, 11:51:48, Simberian Inc. A0 Wiew Mode [press <Ex to Edit].

Differential microstrip line segments with

solder mask

~ nputl MPT1_ L 6 inch MPTZ_ haut2
B = ——
(5 ] (5 ] (L ]

Irput] MPTA 1 8inch MPT2 Irput2
s i e 21 'i"v i1 i o s ou
| e :.: | e | prood L e | e |
i & i 0 & < & & i &

09 Moy 2000, 09:25:31, Simberian Inc.

Editor Mode [press <E» for Metwaork, Wiew).

© 2010 Simberian Inc. 21


Presenter
Presentation Notes
First, we will try to extract GMS-parameters from 2 test fixtures with the solder mask and fit it with GMS-parameters computed for a transmission line without solder mask. Let’s see if it is possible.


~ Effect of solder mask on modal parameters
of 2-conductor t-line

10 mil strips 7 mil apart . Solder mask in this case increases

!
Z, [mil] Z, [mil]

. . attenuation and propagation constant and
I I I I .
|:> : decreases modal impedance

_ _ L1 Microstrip.Diff M5L. Sirmulation ., Mode[1], Pattern]++]
ML ML L1 Microstnp.Diff MSL. Simulation, Mode[2], Pattern[+]

o

wsNavzaWEU,n5%1:Es,s|m52ruan\nc.u 3D3lewMo;eU[pvess:g> to Edit). wsNavzaWEU,n5%1:Es,s|m52ruan\nc.u 3D3lewMo;eU[pvess:g> to Edit). — — — WIthSD'dETMaSkDIff MSL.SiI’I’IU'EItiDFﬂ B MDdEH ]._ F'attern[++] — — —
) o . . = = = WWithSolderbd azk. Diff M5SL. Simulationd, Mode[2], Pattemn[+] =— =— =
L1 Microstrip. Diff kMSL.Sirmulation, Made[1], Pattern[++] - - -
L1 Microstrip.Diff MSL. Simulation], Mode[Z], Pattern(+] Epsifective, [] Attenuation. [dB /inch]
— — = WfithSolderbd azk. Diff MSL Simulation], Mode[1], Pattemn[++] 1 1 L1
= = = WithSalderktazk. Diff MSL Simulation], Mode[2]. Patterm[+] 3ITE T S0 Id Il_nes ’—]O SM ..-f'fr
Magnitude[Zmm). [Dhm] . Dash lines - 2.2 mil SM rdiy
~ 77 Samh
3251 L A 1
100 === N |_| i1iEW %—> 1
—--_-\.__p__ I a1zl e 2 -1
ED'- . i Bl e B \ 4 -—.—h- —""'_'-H 1
/U ~. _| |Even (red) ~ |
alT - = o ™~ ‘bL\\ 7
Differential-mode TH. 77L__/
_i_m_p_ed_a_npp 287 T ~ " 101
70T { 7 T
With 2.2 mil solder 575 L
801 mask (dash fines) i B A e
\ 2625
50T Odd (blue)
Common-mode \ 55l 1
W1 impedance \a X. 1001
______ meE et e e e ——— - 2375 T —— -~ T
0T+ \J \ 7 1
o;t o1 1 o ot o1 1w
17 Moy 2010, 15:02:28, Simberian [ne. Frequency. [GHz] 17 Moy 2010, 15:07:25, Simberian Inc. Frequency, [GHz]
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We can see that the relative change of impedance, propagation constant and attenuation is larger for the differential or odd mode due to more field in the solder-mask dielectric (+-). Common mode is mostly defined by the field in the substrate and is less affected by the solder mask. More attenuation is due to the fact that SM in this case has larger LT than the substrate. The attenuation effect may be different if SM has lower LT for instance.


@Attempt to fit extracted GMS-parameters
with computed without solder mask

DK of substrate is adjusted from actual 3.66 to 4.25 and LT is
adjusted from actual 0.0037 to 0.0053 to fit the differential mode IL

and group delay (Ieft graph) ﬂ 16 Now 010 115148 Sinberisn Inc 'l)\-'“Mm;prm"\.[H)[dI)
—F— WithSolderkd azk Diff Difference. Simulation, SmllalM2LIn2M2] — % — — EE i ; ; — g —
—&— OneDielectic. 2inch Seament Simulation], Smiin1M2Ln2M2)] — & — e e e st (M1 e ) — o
Magnitude(5]. [dB] Group Delay, [ps] Magnitude(S). [dB] Group Delay, [ps]
|:|" - 1- J |:|"
Odd (differential) mode |3, Even (common) mode ||,
a5t a5t
l +300 -
GD ool |
q+ Ll I+
P = Q 1 29q 0@996 eoeeg,ﬁw
| a5t %%aa ; G 1320
157 1280 o
L 1310
5 -2 eoeoég{ge@ﬁ
2l 1270 OO
25T 1300
257 T 260 * b
37 I 1240
! 1250 ¥ «—
-3T8tars — extracted with SM .51 1Stars — extracted with SM i
Circles + odd mode fitted withoyt SM "%z | ICircles — odd mode fitted without SM 128
0 5 10 15 20 25 30 35 40 45 a0 |:| 5 -|'|:| 1'5 2'|:| 2'5 3'|:| a5 a0 45 5'|:|
18 Mow 2010, 06:36:28. Simberian Inc. Frequency. [GHz] 431y 2010, 06:48 14, Simberian Inc. ﬁ Frequency, [GHz]
GD of odd mode cannot be matched
perfectly due to difference in dispersion T'he even (common) mode_IL and GD cannot be
simultaneously matched (right graph)!
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Obviously, it leads to wrong identification of the material, and in addition to considerable errors in analysis of the common mode.


@Attempt to fit extracted GMS-parameters
with computed without solder mask

— — DK of substrate is adjusted from 3.66 to 3.9 and LT is
‘ adjusted from 0.0037 to 0.0044 to fit the differential mode
! . IL and group delay (right graph) ﬂ

18 Now 2010. 11:51:48. Simberisn Inc 30 View Mode fpress <E> 4o L)

—#—— withSolderM ask. Diff Difference. Simulation, Smllnl[M2]In2M2]] — % — ——#—— WithS oldert ask. Diff Difference. Simulation ], Smllnd (M11LIn2M1]] —# —
—&— [Onelielectic. 2-inch Segment. Simulation, Sm[ln1 M1 LIn2M1])] — = — —a=—— Onelielectic. 2-inch Segment. Simulation?, Smlln1 M1 LIn2M1]] — = —
Magnitude(5]. [dB] Group Delay. [pz] Magnitude[S]. [dB] Group Delay, [ps]

. k 1340
dd|(differential) mode
0571 1325 peit 1am
Eeee
At $ %, e0ad20% A 1320
de eeee.ceo@E G D + 300
> 1310
=N
151 e 154
D 1975 T 300
A N
2 5l
1290
or IL 4250
“ 25 1280
31Stars—ex ed-with-Sh 1225 |Stars - extracted with SM e | Lomg
Circles — even mode fitted without SM ™, Cincles — even/mode fitted without SM ™
0 5 10 15 20 25 3 __3/ 40 45 EQ 0 5 10 15 20 2% W 3/ 40 45  ED
17 Mow 2010, 159:30:53, Simbenan Inc. | Frequency, [GHz] 17 Mov 2010, 15:23:43, Simberian [nc. Frequency, [GHz]

But the odd (differential) mode IL and GD cannot
be simultaneously matched (left graph)!
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Again, additional dielectric is required to fit GM-parameters of both modes. Note that the group delay can be matched slightly better for the common mode – the high-frequency dispersion depends mostly on the substrate dielectric in that case.


Fitting with solder mask

Only analysis with the solder mask with different DK
and LT can produce perfect match of GMS-parameters
extracted from 2 fixtures and computed |

18 Now 2010. 11:51:48. Simberisn Inc 30 View Mode fpress <E> 4o L)

T—

-

¥ withSoldeitask Diff Diference. Simulation?, Smlln1M2Jn2M2]l - — %~ = ———— withSolderask Diff Difference. SimulationT, Smiln1[M1)In2(M1)] — %= —
+ WithS oldert azk. 2-inch Segrment. Simulationd, Smllnd (M2LIn2(M2)] — & — —a— WithSoldetMask. Z-inch Segment Simulation, Smilnd (41 1In2M1]] — & —
Magnitude(S). [dB] Group Delay. [ps] W agnitude(S), [dB] Group Delay, [ps]
% | Odd (differential) mode ||, |5 | E\ 1) TOC e | ,n
a4 |1 310
05— () s
1 300 ) L gile
PRt > 1300
7230 a5+
1240
GD
; >
"""" &
::::::: 2
L X T EBI:I -+
i e 280
@ _ 25t _
Stars — extracted with SM Lom Stars +— extracted with|SM
1 Circles|— fitted with S J||_Circles — fitted without SM 1270
o &85 10 15 20 25 30 3 40 45 &Q 0 & 10 15 a1 25 a3 a1 a5 =
18 Nov 2010, 03:21:54. Simberian Inc. Frequency. [GHz] 13 Noy 2010, 09:23:39, Simberian Inc. Frequency. [GHz]

The identification may be not unique — additional experiment might be needed!
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Additional dielectric is required to fit GM-parameters of both modes. 


Overview

Introduction

|dentification of material parameters with Generalized Modal S-
parameters of coupled lines

Coupled microstrip configuration

Coupled microstrip configuration with solder mask

Coupled strip configuration in homogeneous dielectric
Coupled strip configuration in non-homogeneous dielectric
Effect of bends in coupled microstrip lines on GMS-parameters
Effect of bends in coupled strip-lines on GMS-parameters
Conclusion

O O

O O 0O000 0
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Numerical identification experiment

- Materials & Stackup

= Lz strip

=& Materials: T=20[*C], RF=2,...

"Copper", RR=1, SR=0.5 . . .
E Mat, & Core”, Dk=3.66, LT=0,0037, FLM=WD 6.5 mil strips 10.5 mil apart

Mat. & Prepreg”, Dk=3.66, LT=0,0057, PLM=WD

||:||ir-"

=-#M StackUp: LU=[mil], ML=4, T=23.5[mil]

--mmm 1| Signal; "signall”, T=1.2, Ins="Mat, & Corg" I Marv 2010, 12:12:21, Simberian Inc.

. 2| Medium: T=4%.5, Ins="Mat, & Prepreq” =

-mmm 3| Plane: "L1", Cond="Copper", T=2, Ins="Mat, A Core"

- 4] wedium: T=6.8, Ins="Mat. A Core"

--mmm 5| Signal: "Lz2", T=0.6, Ins="Mat. & Prepreg"

. 6| Medium: T=3, Ins="Mat. & Prepreg"

30 View Mode [press <E» to Edit).

Models of the launches

-0 Rl 1] 5 10 15
"____- ?l Plane: "L3"_| Cl:ll'ld="':l:l|:l|:ll3r"_. T=|:|-E'_| Ins="Mat, & Core" 18 Hov 2010, 12:13:48, Simberian Inc. 30 VWiew Mode (press <E> to Edit). (a” are identical)

~ nputl MPT1_ 1 6 inch (J:.*IF'L . haut2
From simulated S-parameters of 2 ': K _._;.:
structures we extract GMS- = © @ b
parameters of 2-inch Coupled line Irput] MPTA T 8 inch MPT 2 Input2
segment and compare it with the < ™ e I i i T 47

9 pare =

GMS-parameters of 2-inch segment LAY o — i ) - b4
computed directly 09 Now 2010, 09:23:31, Simberian Inc, Editor Mode [press <E> far Metwark View)

-
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Wideband Debye models are used for both dielectrics – core and prepreg. Copper has roughness 0.5 um with roughness factor 2.


®

2-conductor strip-line parameters

6.5 mil strips 10.5 mil apart

I S Modes have very close propagation
E constants and attenuation due to
homogeneity of dielectric

I L ===
L2 Strip. Diff Strip. Simulation?, Maode[1], Pattem(+]
E L2 Stnp.Dff Stip. Simulation , Mode[2], Pattern[++]
EpsEffective. [] Attenuation, [dB finch]
18 No\o’ZDW,-‘]Ig'IS‘iB,Si-nsﬁberianlnc.U 3DV5iew Mode [1pDress <E> t105Edit]. Red I ines 1 Common
L2 Strip. Diff Strip Simulation], Mode[1], Patterr(+] .| /Or even mode ™
L2 Strip.Coiff Strip. Simulation . Mode[2], Pattern[++] : § ol
M agnitudeZmm], [Ohm] / Blue lines - T
| differential or 1

10016 < )
100 1 ¥ 97 odd mode 1
10 /‘ 1
AN A

385 T
Differential-mode impedance \ aAttenuation 1
B
38T X 101
3754 N 1

50T .
Common-mode impedance /FF ] \Q\ 1
37T < Effective DK
vl 3 \ = 1
— ¥ \\
2T I } - — ——HHH —
} } } ' ' 0.0 0.1 1 10
10 20 a0 40 an 18 Mow 2010, 12:46:38, Simberian Inc. Frequency, [GHz]
18 How 2010, 12:42:02, Simberian [nc. Frequency, [GHz]
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Presentation Notes
Very close eps effective (hence the propagation constant) and attenuation. Frequency dispersion due to conductor effects at low frequencies and dielectric dispersion (WD model).


Single-ended parameters of test fixtures

—3 8-inch fixtures

L2 Strip.Diff 8 inch. Simulation?, 5[1.1]
L2 Strip.Diff 8 inch. Simulation?, 501.2]
L2 Strip.Diff 8 inch, Simulation?, 5{1,3]
L2 Strip.Diff 8 inch. Simulation?, 5[1.4]

6-inch fixtures

L2 Strip.Diff B inch. Simulation, 5[1,1]
L2 Strip.Diff B inch. Simulation, 5[1,2]
L2 Strip.Diff & inch. Simulation, 5[1,3]
L2 Strip.Diff B inch. Simulation, 5[1.4]

N =
N

Magnitude(5], [dB]

M agnitude(5]. [dB]

01 ——— Insertion LLoss reen 07 nsertion LOSsS (green
1287 o 1287 R
M
§ .
o5l | Reflection (red) .| Reflection! (red)
| Ll \ 7
gaL LI LYY
75T \ mﬂww‘“""“m% 3757 g,
NEXT (blue
( ) NEXT (blue)
B0+ AT
prerss
B25T I , T B25T \ i
FEXT (brown) FEXT (brown)
o } } } } } } } } } } i } } } } } } } } } }
1] L 10 15 20 25 an 35 40 45 a0 1] 5 10 15 20 28 30 35 40 45 50

18 Mow 2010, 12:59:37, Simberian |he. Frequency, [GHz] 18 Moy 20010, 13:02:35, Simberian Ihe. Frequency, [GHz]

Elements of one row of S-matrix are plotted
Reflection is mostly due to the reflection at the launches
Not very convenient for the material identification!
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This is what you can measure directly – computed for the numerical experiment here. Almost zero FEXT, relatively small NEXT and reflections defined by the length and reflection loss of the transitions on both ends of the test fixtures.


Differential parameters of test fixtures

Magnitudes D1~ D2

L2 Strip.Diff & inch.Sirmulation, Smm{D7.07]
L2 Strip.Diff & inch.Simulation, Smm{D1.02]

Group delays

IpLIT . . L2 Strip.Diff & inch.Simulation, Smm{D1.02]
L2 Strip.Diff & inch.Simulation, Smm{D1.01] L2 Strip.Diff 8 inch. Simulationd, Smm[D1,02]
L2 Strip.Diff & inch.Sirmulation, Smm{D1.02]

Magnitude(5], [dE] b agnitude(5 ], [dB]

\ 6-i cw/fi\ftur (green)| 1y :
% TR T AR .

Group Delay, [nz]

10} SDDll“- ,, 8-inch fixture (red)
| >bb mll i L T 11.2
Wi, T~ 15DD12|
a0t | |ﬂ",]r-_... ik ~.,M>\ > | | |
Hl' il VZ [ 6-inch fixture (green)
an LA }

Z

\\‘ I,
‘ 8-inch [fixture (red) ™, =

a0+

T 1039

: : | \ ’ . ’ ’ ’ ’ ’ o & 10 15 2 2 3 #4045 &0

0o &5 10 15 20 2 30 3 40 45 &D 15

18 Neow 2010, 13:10:14, Simberian Inc. Frequency, [GHz] 18 Mev 2010, 137270, Simberian Inc. Frequency. [GHz]

Reflection is mostly due to the reflection at the launches
Still not convenient for the material identification —
oscillations and too many parameters to match!
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To match similar experimental data, in addition to the models of the lines, models of the launches and connectors are required. Even with all models in place, too many complex functions to match simultaneously. Group delay is too fuzzy above 15 GHz for the identification of DK.


Conversion into GMS-parameters

From S-parameters of 2 fixtures we compute GMS-parameters with just 2 non-zero
elements: Common and differential GM transmission parameters

L2 Strip.Diff Difference. Simulation, Smlla1{M11In2[1]] L2 Strip. Diff Difference. Simulation, Sm{ln1 (M2 In2M2] — — =

M agnitude(5), [dE] Group Delay, [ne]  Magnitude(S). [dE] Group Delay, [nz]
\ Odd (differentlial) mo\de \ Even (common) mode
0571 - 05T <
\ 1 0.34 T0.34
14 \ 1t
. - Group Delay |{g33 - | - Group Delay 103
T—» 157 —>
e, \\_ ‘-h"'_—'——u-—-—\?._\ —-...-_——.(‘ — it T fe | —
2l S~ ) 5l \\
\ i 1032 \ 1032
257 P 251 .
| Insertion Lt ) N
nsertion LOsSs +0.31 arti 0.3
N ™~ A Insertion Loss| ™
-3'5“: ' ' ' } ' ' ' ' ' 5703 -5, ' ' } ' ' ' } ' ' g 03
1] al 10 15 20 sl an cial 40 45 A0 0 al 10 15 20 28 a0 clal 40 45 ]
18 Mow 2010, 13:35:21, Simberian [ne. Frequency, [GHz] 18 Mow 20010, 13:37:33, Simberian Inc. Frequency, [GHz]

Very convenient for the material parameters identification!
IL and GD are almost identical for both modes — non-identity can be
used as the metric of dielectric non-homogeneity

" Simberian © 2010 Simberian Inc. 31

Electromagnetic Solutions



Presenter
Presentation Notes
After conversion to GMS-parameters, we have only 2 complex functions – GM transmission for 2 modes in this case. All other elements of GMS-matrix are zeroes. The matrix is symmetrical due to reciprocity of the interconnects. In case of homogeneous dielectric and weak coupling, IL and GD are almost identical for both modes. The identity can be actually used as a measure of dielectric in-homogeneity.


®

ldentification with two modes (IL&GD)

GM transmission of 2-inch segment (black pluses) match GM transmission extracted from
S-parameters of 2 test fixtures (lines)

+ L2 Strp. 2-inch Segment. SimulationT, Sm{ln1[k1]1n02[M1]] + + L2 Strip.2-inch Segment. Simulation, Sm{ln1[M2]1n2[M2]] +
L2 Strip.Diff Difference. Simulation, SmllaT (k11102 1]] L2 Strip.Diff Difference. Simulation, Smllal [M2LIN2[ME)] =— =— =
Magnitude(5), [dB] Group Delay, [ns]  Magnitude(S). [dB] Group Delay, [ng]
\& Odd (differiential) mo\de k"s.% Even (common) mode
A5 o N5+ T
+0.34 ] 1034
A1 1
M " Group Delay |{oss |4 ey Group Delay o
: —> 18T —>
T ‘-'-.“.!::::::;:TH:"I'?'H,----L-H-: I-S- Tt H—'r..'r':z? 1—:':+:"4—-[§~"""H-4-|-4-|---
ot B IRRARRARE \\'/'" a1t . AT
T "M""mk 1032 L M‘M‘ S 1032
_ 9 +
-25 1 . <__F‘h+* -2'5--__ : th‘-lﬁk.
Insertion LoOssS k’“'a%_ + 0.3 Insertion LOSSM"M 1031
At I"‘h*.h‘ at H.%
35g | | | : | : | | :m":" 0.3 25 : | | | | | | : | YT 0.3
0 ] 10 15 20 2h an 3] 40 45 B0 0 5 10 15 20 25 an ] 40 45 A0
19 Moy 2010, 14:40:35, Simberian Ihe. Frequency, [GHz] 19 Mow 20010, 14:43:32, Simberian Inc. Frequency, [GHz]

The results are independent of cross-section and launch construction as
long as the widths and launches are identical in the test fixtures!
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We simply compute the GMS-parameters of 2-inch segment of the 2-conductor line and match it with the GMS-parameters extracted from 2 test fixtures. Numerical experiment provides perfect fit. It may be not possible in reality due to variations of geometries.


®

ldentification with two modes (IL&PD)

GM transmission of 2-inch segment (black pluses) match GM transmission extracted from

S-parameters of 2 test fixtures (lines)

Odd (differential) Modes:

+ L2 Strip. 2-inch Segrment. SimulationT . Sm{lnd (M1 ]102[kM1]] +
L2 Strip. Diff Difference. Simulation, Sm{ln [(M1LIn2M1])] — — —

Magnltude[S] [dE] AnglelS), [dea]

] 1 1 13 1 1
h% WHEWHHEEL
I B i ko1
ﬂ tal i d :# b i il N ; :;,E :i B M o0
i | I |
151:5:% ﬁﬁrnlilj Ii:;:i!i :4 l%r t:i.:lﬂ-rrl_lmn
HIEIE AR | cEE R YT
_2.-i:%él%ii%i"‘l*'ﬂ;l?!ﬁ i!?l%;-..zm
R ETE T e i AR E 1
Q&HlﬂﬂhﬂHMI'ﬁ?%%uﬁﬁm
ERRERERER R L E:
3t 1 1! 8! 1J| Jﬂl i | E e | % 1 300
34
a5+ % 1 % % [ 1 i + ] ? % ‘% ?E“%\f"i--aan
Iél 1 EI '|=5 2=|:I 2=5 3=EI 3=5 4=EI 4=5 5=EI

19 Maow 2010, 14 B3, Simberian [ne. Frequency, [GHz]

Even (common) Modes:

+

L2 Strp.2-inch Segment. Sirmulation, Sm[lnl [M2]1n2[M2]] +

k agnitude(5], [dE]

05+

At

35T

L2 Strip.Diff Difference. Simulation, Sm{ln1 (M2 In2M2)] — — —

Angle(5]. [deaq]

19 Moy 20010, 14:48:04, Simberian Inc.

M PRRAERLA
1A A RTE LTI
LSRG R .
T3+ T e + ! |
TR -
% %1'41!%%&1'%%1]..! deﬁ;l]--ann
Iiliﬁi%;r*liﬁi%fg¥lilﬂ%i )] 350

Frequency, [GHz]

The results are independent of cross-section and launch construction as
long as the widths and launches are identical in the test fixtures!
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Presentation Notes
We can use either magnitude of transmission (modal insertion loss) and group delay as on the previous page or insertion loss and phase of each mode for the identification. Group delay may be very sensitive to noise and noise reduction algorithms can distort the measurements.


Overview

Introduction

|dentification of material parameters with Generalized Modal S-
parameters of coupled lines

Coupled microstrip configuration

Coupled microstrip configuration with solder mask

Coupled strip configuration in homogeneous dielectric
Coupled strip configuration in non-homogeneous dielectric
Effect of bends in coupled microstrip lines on GMS-parameters
Effect of bends in coupled strip-lines on GMS-parameters
Conclusion
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What if one layer has slightly different
dielectric properties?

O Strip-line with inhomogeneous dielectric
6.5 mil strips 10.5 mil apart

Materials & Stackup

=8 L2 2 Dielectrics

=58 Materials: T=20[°C], RF=2,...

& "Copper”, RR=1, SR=0.5

-3 "Mat. & Core", Dk=4.Z, LT=0.0031, PLM="WD
"Mat. & Prepreg”, Dk=3.33, LT=0.004, PLM=\WD

"Air" \
-1 Stan:kl_lp Li=[rnil], ML=4, T=23.5mmil]

1| Signal: "Signall”, T=1.2, Ins="Mat. & Care"

2| Medium: T=4.5, Ins="Mat, & Prepreq”

3| Plane: "L1", Cond="Coppert", T=2, Ins="Mat, & Core"
4| Medium: T=6.6, Ins="Mat. & Core" a0 15 10 5 0 : 10 1= o0

5| Signal: "L2", T=0.6, Ins="Mat. A Prepreq” 19 Nov 2010, 15:12:43, Simbesian Inc. 30 View Mode [press <E> to Edi).

&| Medium: T=8, Ins="Mat. A Prepreg”
7| Plane: "L3", Cond="Copper", T=0.8, Ins="Mat, & Core" Models of the launches

(all are identical)

~ nputl MPT1_ JLY 6 inch (MPTzq/ haut2
From simulated S-parameters of 2 By | = _._;.:
(5 ] (5 ] (L ]

structures we extract GMS-

parameters of 2-inch coupled line Input] MPT1 il 8 inch MPT2 Input?
segment and compare it with the < i i ¥ i 7
9 pare =
GMS-parameters of 2-inch segment LS - & 4 L— P
computed directly 09 Moy 2010, 09:2% 31, Simberian Inc. Editar Mode [press <E> for Network View).
o
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We will extract GMS-parameters of 2-inch segment from test fixtures with inhomogeneous dielectrics and compare it to GMS-parameters of 2-inch segment computed with homogeneous dielectric.


= Effect of dielectric difference on modal
parameters of 2-conductor t-line

6.5 mil strips 10 mil apart

18 b 2090, 121348, Svbossian I 30 Vi M fpves <6 s E i) R
149 Mo 2010, 151713 Siembarian Ine. 30 Vs Mods lprsss <L5 1o Edi)

L2 Strip. Diff Strip. Simulation, Made[1], Patterm(+]

L2 Strip.Diff Strip. Simulation?, Mode[2], Pattern[++]

— — = L2 2 Dielectrics.Diff Stip. Simulation, Mode[1], Pattern[++]
— — = L2 2 Dielecticz. Diff Strip.Simulation?, Mode[2]. Patterm[+]
Magnitude[Zmm]. [Ohm]

‘E-T.':‘-\——
100 + bl = Sar—mer ﬁ.——f—_—.
75T 7
Differential-mode /
®1 impedance /
eoel With 2 dielectrics
(dash lines)
50 \
- Comman-mode \
' impedance \‘\ J'
25—
ool o1 1D
20 Moy 2010, 09:53:53, Simberian [ne. Frequency. [GHz]
Simberian

Electromagnetic Solutions

2 different dielectrics have mostly effect on
the propagation constant (Eps Effective)

L2 Strip. Diff Strip. Sirmulation?, Made[1]. Pattern[+-]
L2 Strip.Diff Strip. Simulation? ., kMode[2], Fattern]++]
— — = L2 2 Dielectricz.Diff Strip. Simulation], Mode[1], Pattern[++] — — =
— — = LZ Z Dielectrics. Diff Strip.Sirmulation, Made[2], Pattern[+] — — =
EpsEffective. [] Attenuation, [dB/inch]

[\ solid lines — 1 dielectric A

NN Dash lines — 2 dielectrics
N
S
]

e

b Attenuation V'
e

~ ™ +
)

~"\‘“‘\%Even (common)
-
e

- /
387

Effective V\ ]

T
Odd (differential) ||

ool o1 1 i
20 Mow 2010, 09:51:11, Simberian [nc. Frequency, [GHz]
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Presentation Notes
Small changes in the impedance and attenuation. Though, the propagation constant went up and two propagating modes now have slightly different effective dielectric constant. Common mode even shows high-frequency dispersion at frequencies above 30 GHz 


Effect of dielectric difference on
SE S-parameters of test fixtures

8-inch test fixture

L2 Strip.Diff 8 inch, Simulation?, 5[1,1]
L2 Strip.Diff 8 inch, Simulation?, 501.2]
L2 Strip.0iff 8 inch, Simulation?, 501,31
L2 Strip.Diff 8 inch, Simulation?, 5[1.4]

L2 2 Dielectrics. Diff 8 inch. Simulation, 5[1.1]
L2 2 Dielectncz.Diff 8 inch. Simulation, 5[1.2]
L2 2 Dielectrics. Diff 8 inch. SimulationT, 5[1.3]
L2 2 Dielectrics. Diff 8 inch. SimulationT, 5[1.4]

Magnitude(S). [dB]
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20 Now 2010, 10:0%:14, Simberian Inc. Frequency, [GHz] I w0 30 40 &0

20 Moy 2000, 10:07:30, Simberian he. Frequency, [GHz]

More reflection due to mismatch at the transition and more FEXT
due to dielectric non-homogeneity
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It may lead to erroneous identification of the material.


Effect of dielectric difference on
GMS-parameters

L2 Stip.2-inch Segment. Simulationd, SmilnT[M11I02k11]
L2 Strip.2-inch Segment. SimulationT, Smiln1[M2].In2[M2])]
— — = L2 2 Dielectricz.Diff Difference. SimulationT, Smlln1[M1)In2[M1])] — — =
— = = |2 2 Dielectrics. Diff Difference. Simulation, Smlln1[M2LI02[M2)] =— =— =

b agnitude(S], [dE] Group Delay, [ns)]
\ 10,345
05T ~
\ 10.34
J+
1 5__: 10335 Difference is relatively
o 1 Insertion LoOS small (about 5 ps at 50
- ] GHz) and may be fitted
2 e 7038 with 1 dielectric for
K practical purpose
257 e 10,325
ar T
Salid lin 1032
0 5 10 15 20 25 0 5 40 45
21 Mow 2010, 13:35:39, Simberian Inc. Frequency, [GHz]

There is difference in group delay of two modes in structure with in-
homogeneous dielectrics that can be interpreted as anisotropy of dielectric
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Attenuation is almost the same in case of homogeneous and in-homogeneous dielectrics. Group delay went up and group delays of two modes are now different. In addition, the group delay of common mode increases with frequency due to high-frequency dispersion in in-homogeneous dielectric. The difference grows with the frequency – may be not negligible at high frequencies.


What If there Is a gap between dielectric
layers filled with air?

O Strip-line with inhomogeneous dielectric

Materials & Stackup I

=8 L2 Air Gap . . . .
=58 Materials: T=20[°C], RF=2,... 6.5 mil strips 10.5 mil apart
- JE| "Copper”, RR=1, SR=0.5 10+
~J "Mat. & Core", Dk=3.66, LT=0.0037, PLM=\WD — g e— S—
Mat. & Prepreq’, Dk=3.66, LT=0.0037, PLM=WD o

"Bir"

=M StackUp: LU=[mil], ML=4, T=235[mil]

--mmm 1| Signal: "signall”, T=1.2, Ins="Mat, A Corg"
. 2| Medium: T=4.5, Ins="Mat, & Prepreg”

- 3| Plane: "L1", Cond="Coppet", T=2, Ins="Mat,
- 4| Medium; T=6.8, Ins="Mat. & Core"
--mmm 5| Signal: "L2", T=0.6, Ins="4#ir"

. 6| Medium: T=8, Ins="Mat. A Prepreg”
- 7| Plane: "L3", Cond="Copper", T=0.6, Ins="Mat, & Core"

A5 A0 5 0 5 10 15
21 Mow 2010, 13:51:39, Simbernan |r\ : A0 Yiew Mode [press <Ex to Edit].

ol
20

Models of the launches
(all are identical)

~ nputl MPT1_ JLY 6 inch (MPTzq/ haut2
From simulated S-parameters of 2 B | = _._;.:
(5 ] (5 ] (L ]

structures we extract GMS-

parameters of 2-inch coupled line Input] MPT1 TU\ 8 inch MPT2 Input?
segment and compare it with the < i i ¥ i 7

9 s = W
GMS-parameters of 2-inch segment LS - & 4 L— P
computed directly 09 Moy 2010, 09:2% 31, Simberian Inc. Editar Mode [press <E> for Network View).
G
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We will extract GMS-parameters of 2-inch segment from test fixtures with air gaps and compare it to GMS-parameters of 2-inch segment computed with homogeneous dielectric.


- Effect of air gap on modal parameters of 2-
conductor t-line

6.5 mil strips 10 mil apart

18 b 2090, 121348, Svbossian I

1 Voo Mo fovess o

wEdL

21 o 2070, 1350 35, S

2 Vi Mo |

L2 Strp.Duff Stip. Simulation, Mode[1], Pattern[+]
L2 Strip. Diff Strip. Simulation?, Mode[2]. Pattern[++]

= = = L2 Air Gap.Diff Stip.Simulation?, Mode[1], Pattern[++]
— = L2 A Gap.Diff Stip. Simulation, Mode[2], Pattern[+]
Magnitude[Zmm]. [Ohm]

125

100

87.51

70

62.51

501

Fhr+

25

Q-—-“:_‘:_-—m __________ f — LYl
Differential-mode /

—impedanece /

With air gap

I (dash lines

I \
Common-mode \
impedance

—n

oct o1 1 0

21 Mow 2010, 13:55:55, Simbenan Ine.
Simberian
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Frequency, [GHz]

&> o Eak]

Air gap has mostly effect on the propagation
constant (Eps Effective)

L2 Strip.Diff Strip. Simulation?, Mode[1]. Pattern(+]
L2 Strip.Diff Strip. Simulation, Mode[2], Pattern[++]
— — = L2 Air Gap.Diff Strip. Simulation, Mode[1], Pattern[++] — — =
— = = |2 Air Gap.Diff Strip. Simulation, Mode[2], Pattern[+] =— =— =
EpsEffective. [] Attenuation, [dB/inch]

i 1 _ | 1]
) Solid lines — 1 dielectric
Dash lines — with air gap 1!
397 : 1
Attenuation 0—> 1
-
\M -
3TN = \
N 1
N T Even |(common)
h "~ 4
37T i "~ & 101
~ T
SRV ALY l_l 1
a6l Effective DK N A 1
| / ﬁ ATl T
ey Odd (differentialy™ — . _ |
35T -l

4 'I :I:I
Frequency, [GHz]

0.01 o1
21 Moy 2010, 13:52:54, Simbernian Inc.
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Presentation Notes
Small increase in the differential impedance and almost no change in attenuation. Though, the propagation constant went down and two propagating modes now have slightly different effective dielectric constant.


Effect of air gap on SE S-parameters of test
fixtures

8-inch test fixture

L2 Strip.Diff 8 inch, Simulation?, 5[1,1]
L2 Strip.Diff 8 inch, Simulation?, 501.2]
L2 Strip.0iff 8 inch, Simulation?, 501,31
L2 Strip.Diff 8 inch, Simulation?, 5[1.4]

L2 Air Gap.Diff 8 inch. Sirmulation?, 5[1.7]
L2 Air Gap.Diff 8 inch. Simulation?, 5[1.2]
L2 Air Gap.Diff 8 inch. Simulation, 5[1,3]
L2 Air Gap. Diff 8 inch. Simulation?, S[1.4]

MEE_'[‘“”E'E[S]» [45] Magnitude(5], [dB]
Insertion Loss (green) 0T I -
nsertion|Loss (green
107 10t -Reflection(red)—
iy 4 :..,\_K\w
204+ il liL - a0t ] “;::——_____
Reflection (red) FEXT (brown)| .|
|
-0+ A I|=I|||!|I||'I|'||"||"||'“ TR Te————r a0+
Il NEXT (blue)
a0 it : 401
.5|:|-- LT el o dallallu] 11, 1T LT TR VL | 0t | '|||||| ||||| I
\ B —
H"\ FEXT (brown) -
B0t . — B0 T
: 1T — — NEXT [(blue)
| -|| Lol TJO0TH—
B A ’|°"""‘""*"'"‘"5 e a l-'w?ﬂ"‘ﬂ.'35| ;Q.SI'!MM;IM: B(er-ﬂ.'-nklurn.tlb bE:| H H H
0 10 20 20 a0 50 g 10 20 a0 40 a0
20 Moy 2000, 10:0214, Simberian he. Frequency, [GHz] 21 Moy 20010, 141051, Simberian Inc. Frequency, [GHz]

More reflection due to impedance mismatch
A lot more FEXT due to dielectric non-homogeneity

" Simberian © 2010 Simberian Inc.
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Presentation Notes
It may lead to erroneous identification of the material.


Effect of dielectric difference on
GMS-parameters

L2 Strip.2-inch Segment. SimulationT, Sm[ln1[k1]1n2[k1])]
L2 Strip. 2-inch Segrment. Simulationd . Sm{ln1[(M2]102[M2]]
= = = |2 Air Gap.Diff Difference. Simulationd, Smilnl (M1 In2[M1] — — =
— = L2 Ay Gap.Diff Difference Simulationd, Sm[ln1[M2)In02[M2])] =— =— =
kM agnitude(S], [dE] Group Delay, [hz)]
T 03325

T0.33

T 0.3275

1 0.325

T 03225

702 Difference is small (about

2 ps) and may be fitted
19317 (7 with 1 dielectric for
practical purpose

ash | 78313

351! . T T S L ! ! =1 0.3125

0 5 10 15 20 25 30 35 40 45 50
21 Moy 2010, 14:18:38, Simberian [ne. Frequency, [GHz]

There is difference in group delay of two modes in structure with the air
gap that can be interpreted as anisotropy of dielectric
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Attenuation is slightly lower in case with air gap. Group delay went down and group delays of two modes are now different. The difference stays the same over wide frequency band.


Overview

O O

O O 0O000 0

Introduction

|dentification of material parameters with Generalized Modal S-
parameters of coupled lines

Coupled microstrip configuration

Coupled microstrip configuration with solder mask

Coupled strip configuration in homogeneous dielectric
Coupled strip configuration in non-homogeneous dielectric
Effect of bends in coupled microstrip lines on GMS-parameters
Effect of bends in coupled strip-lines on GMS-parameters
Conclusion

Simberian 11/23/2010 © 2010 Simberian Inc.
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“What if microstrip lines In test fixtures
are not straight?

O Numerical experiment to investigate effect of bends

Instead of straight line let’s try to use lines
with multiple arched bends

Materials & Stackup

= - L1 Microstrip

=-E% Materials: T=20[*C], RF=2,...

& "Copper", RR=1, SR=0.5

~JH "Mat., & Core", Dk=3.66, LT=0,0037, PLM="D

"Mat. A Prepreg”, Dk=3.66, LT=0,0037, PLM=WD

- " it

[=- M Stackip: LU=[mil], ML=2, T=2.2[rnil]

~-mmm 1| Signal: "L1", T=2, Ins="air", Cond="Copper"

. 2| Medium: T=6.8, Ins="Mat, & Core"

- 3| Plane: "L2", Cond="Copper", T=0.6, Ins="Mat, & Core"

e

f 22 Moy 2010, 11:45:41, Simberian he. A0 Wiew Mode [press <Ex to Edit).
. 6 and 8 inch fixtures with 4 bends
From simulated S-parameters of 2 ] )
structures with or without bends we
eXtraCt GMS_parameter_S Of 2_InCh 21 Mov 2010, 14:45:39, Simberian Inc. Editor Mode [press <E» for Metwork View).
segment and compare it with the < _ _ )
Computed directly niput] FT1 TL1 FT2 hput?
] = |-
09 Mov 2010, 09:28:18, Simberian Inc. Editor Mode [press <E> for Metwark View].
Simberian N © 2010 Simberian Inc. 44
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We will extract GMS-parameters of 2-inch segment from test fixtures with and without bends and compare it to GMS-parameters of 2-inch segment computed directly.


S-parameters of microstrip bend

O Relatively small differential reflection — below -20 dB up to 30 GHz

O Large differential to common mode Bends in 10-mil microstrip lines 7 mil

conversion apart, 30 mil radius along the center
(47.12 mil of additional length)

—#—— "With Bendz. Bend.Simulationd, Smm{D1.07]
—#— "With Bendz.Bend.Simulation, Smm[01.02]

——#—— Wiith Bends.Bend Simulation, Smm[D1.C7] 754 _ i
—#—— With Bendz.Bend.Simulation, Smm[01.C2] ', [mil]
Magnitude(5], [dE]
O 1
Far end dif a0
A0 [common conver ion
Reflectjon loss
25T
ot a3
0T *,,* ot
.4|:| 1
lifferential o5t
20T common conversion
.E|:| 1
A0 . [mil]
' : : | | ' | | | | : ' ; ’ ’ ; ’ -
0 5 10 1% 20 2% 30 35 40 45 ED 75 S0 &S 0 &3 S0 5
22 Now 20110, 11:52:09, Simberian nc. Frequency, [GHz] 22 Mow 2010, 11:47:48, Simberian [nc. A0 Yiew Mode [press <Ex to Edit].

The mode conversion in microstrip line cannot be compensated by matching
number of left and right turns — see App Notes 2009 01 and 2009 02

X Simberian © 2010 Simberian Inc. 45
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Test fixtures for the extraction

[ 9 1 1
o s 6 inch straight
s s 8inch straight
905.75 905.75
. . Bend reference planes
@ p—) TEI\Y - ] Lx,
1000 1000 6 inch with 4 bends (2 left and 2 right) i}
2000
905.75 905.75
o — -
o— — :
2000 2000 8 inch with 4 bends (2 left and 2 right) e
22 Mow 2010, 11:47:48, Simberian [nc. 3D View Mode [press <E> to Edit).
2000

Lengths of structures with bends are adjusted to have 6 and 8
inches along the central lines

X Simberian © 2010 Simberian Inc. 46
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Effect of bends on SE S-parameters
of test fixtures

8-inch test fixture
L1 Microstrip. 0iff & inch Sinmulationd, 5[1.1] — With Bendz. Diff 8 inch 4 bendz. Simulation, 5[1.1]
L1 Microstrip.Diff 8 inch. Simulationd, 5[1.2] — 'wfith Bends. Diff 8 inch 4 bends. Sirulation?, 5[1.2]
L1 Micrastrip. Diff 8 inch. Simulation?, 5[1,3] Witk Bends. Diff 8 inch 4 bends. Simulationt, S[1.3]
L1 Microstrip.Diff 8 inch. Simulationd, 5[1.4] With Bends. Diff 8 inch 4 bends. Simulation?, S5[1.4]

bl agnitude(5 ), [dB] b agnitude(5). [dB]
T Insertion-toss F‘agff:}o‘\ﬁ N il ﬁgareen) RL (red)
erliectl re
1 XX\ Jmﬁ\r’ . And W"\ e
207 1 A ekl T i ‘TH' | .iﬁ .A'ﬁ" 207
B W |
. - IH ||| ' | :
NEXT (blue)
1 4074 |
-4 T E | \ | | | | r\ |
) 1 905,75 90E5. 75 3 FE:XT rown
5ol CEX (b own ‘ EXT (tlue] S0t 5 — — 7 C (b C )
:L. '3 ol 2000 2000
B0 T 2 4 2000
R I T N N N O | . . | | |
0 5 10 15 20 25 30 3m 40 45 AQ 0 10 20 0 a0 50
22 Mav 2010, 12:02:49, Simberian Ine. Frequency, [GHz] 22 Mow 2010, 12:25:11, Simberian [ne. Frequency, [GHz]
Visible distortion all SE parameters (similar for 6-inch fixture)
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Presentation Notes
It may lead to erroneous identification of the material.


Dl.QEIE.TE QEIS.T-;S D2

Effect of bends on mixed-mode S-
parameters of test fixtures

2000

8-inch test fixture
L1 Microstrip. Diif & inch. Simulation. Smm(D1.01] ———— ‘With Bends. Diff & inch 4 bends. Simulation?, Smm(01.07] /

L1 Micrastrip. Diff & inch.Simulation, Smm(01.De] Wwith Bends. Diff & inch 4 bends. Simulation], Smm[D1,02]
L1 Microstrip. Diff 8 inch, Simulation, Smm(D1.C1] ——— with Bends Diff 8 inch 4 bends. Simulation, Smm[D1.C1]

_ L1 Microstrip. Diff 8 inch. Simulation?, Srmm(D7.C2] “with Bends. Diff & inch 4 bends Simulation, Smm[D1.C2]
kW agritude(5], [dE] M agritude(S ], [dB]

or — E@Zi (blue) 0t - [SD1D2}(blue PD11| (red)
— '-.._H_H_,__‘-
—_— ) . |SD1C2| ;
107 AL 107 - o R
|SD1D1]| (red) o (bFOW;)/ N g
\ j \
2l R ol L ™ AR ;
ik i
m oy
a0t _|||||.|II|||||.| ih i 307 '[1||r||ll|'|||'|'”I ti“ ' ||l"
[T |Conversion elements ‘ H" l i | h '
' are exactly, zeros due to 404 Ii b A | T
40T " symmetry ' ’ \ ||
50T '
el |’MI | \
l D2
ors *co e} ISD1C1|
e . | | (green) |
o 5 10 15 20 25 30 35 40 45 5D 0 10 20 0 40 50
22 Now 2010 12:03:18, Simberian Inc. Frequency, [GHz] 22 Mow 2010, 12:27:45, Simberian Inc. Frequency, [GHz]

More ripples in reflection, small near-end and very large far-end
differential to common mode conversion due to bends

Simberian © 2010 Simberian Inc. 48
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Presentation Notes
Even with dual bends, there is considerable far-end differential to common conversion due to large difference in propagations speed of differential and common modes


~ Effect of bends on extracted .
GMS-parameters gos.7s + sos.7s

-— —0
. 2000 2000
2-inch segment - black pluses;
Extracted from 2 test fixtures — solid lines 2000
+ L1 Microstip 2-inch Segment Simulation™, Smlin1[MT]In2M1)] + + L1 Microstip. 2-inch Segment Simulation, Sm{in (M2)In2M2)]  +
. With Bends. Diff Difference. Simulation?, Sm{ln1[M1)002(M1]] With Bends. Diff Difference. Simulation, Smln[M21In2(M2]]
Magritudel(S). [dB] Group Delay. [ns]  agritude(s), [dB] Group Delay, [ns]
= ) _ 10,35 T }0.35
., 0dd (differential) mode |
el | pp——— Even (common) mode |
05 e . a5t K""w 0.3375
Insertion LoOsSS
11 - 10,325 Insertion Loss 1o
+
151 103125 10.3125
Group|Delay Mﬁ,ﬂ 15+ : i ”J
o Ni .
¥ +t T T ]
L i =+
5 ¢ [T i AN | 10,2875 AW v v al| 10,2675
| 251 & i 25
L“ atE > . 1
4 14HE
15 A IW W T 02625 EH-@, | _/_:'; AT 1 1 0.2625
W | P |
35 ¥
I I L e i S 113,31
0 5 10 15 20 2% 30 3B 40 45 50 0 5 10 15 20 2 a0 3 40 45 KO
22 Mow 2010, 13:24:54, Simbenan Inc. Frequency, [GHz] 29y 5, 201 0 13:26:00, Simberian o, Frequency, [GHz]

Larger noise in GM insertion loss above 20 GHz and practically not usable group delay
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GMS-parameters extracted from straight 6-inch structure and 8-inich structure with 4 bends are very noisy and practically not usable above 5-10 GHz. Effects that are negligible at lower frequencies, cannot be neglected at high-frequency. The key in the electrical size of discontinuities.


- Effect of bends on extracted
GMS_parameterS 20575 505,75 . .QDEE 905.?.5

T —u ~— —a
. i} 1000 1000
2-inch segment - black pluses; 2000 2000 5000
Extracted from 2 test fixtures — solid and dash lines 2000
+ L1 Microstrip. 2-inch Segment. Simulation?, Smlln (#M1)002[1]] + + L1 Microstrip. 2-inch Segment. Simulation?, Sm{ln1[M211n2[M2])] +
With Bends.Diff Difference. Simulation, Sm{lnd[M11LIn2(k1]] With Bends.Diff Difference. Simulation, Smflnd [(M2]In2[k 2]
M agnitude(S), [dB] Group Delay, [r Magnitude(S), [dB] Group Delay, [ng]
1 T0.35 % T035
\\ Odd (d fferentlial) mode "‘% E}ven (common) mode
a5+t 4 1033051 ‘—L-,% T0.3375
T nsertion Loss
o P T032 1t < T0.325
1 Insertaon o
< ] 1031157 ' 10,3125
16T
i | g L
1 Group|Delay : ] 0.3 - e 0.3
'2 E > ++_|_|,+ H F
] T [ |[ 10.28 251 \,#‘M f Fedl 10,2875
2AT L (W02 -3k Grou De—'a‘,’ ‘1‘ A m‘ll I TO0.275
T AN ’ L’
31 =) “ \ “ 10.26-357F T = T 10,2625
{ } } t : : } ' } } J026 4T } } t } t — t ' t 1 0.25
0 ] 10 15 20 25 an ia] a0 45 50 0 ] 10 15 20 25 an ia] 40 45 ]
22 Moy 2010, 13:25:34, Simberian hc. Frequency, [GF22 Moy 2010, 13:28:27. Simberian [nc. Frequency, [GHz]

Still large noise in GM insertion loss and practically not usable group delay above 18 GHz
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What if we use 2 structures with matching number of bends. The results look better at lower frequencies, but severe problems remain at high frequencies.


- Effect of bends on phases of extracted

GMS-parameters oY, ST g
1000
2-inch segment - black pluses; =00t 2nod o000 | | 177
Extracted from 2 test fixtures — dash lines 2000

Odd (differential) mode

L1 Microstip. 2-inch Seament Simulation, SmiinTM11In2M1)]  + L1 Micrastiip. 2-inch Segment SimulationT, Smlin1[M2]In2(M2]]  +
‘with Bends. Diff Difference. Simulation, Smilnd [M1LIn2M1]] — — — With Bends. Diff Difference. Simulation, Sm{ln1 [M2LIn2M2)] — — —

&nglefS), [dea) Angle(5), [deq]

Even (common) mode

+ +, + | + T
I THBRUR IR
I ] | I+ | +
jl I i Lr.']|,+ I+ |l1 :l; Bﬂ o :"-5'3 " E A E( A b i“] l”li :'fu 1o 750
Fopon ! |T|l¢|]+|1i | N IS T oE T L+|n 3! *i M
LR R e e TR R R
T Mt B e R I A AR AN TR
%i& %%ﬂ i :%ly%--m LR R
| T | I |'| I '|$|II1|[1I$'. |¢| |]¢ il | I |§:'I|+ |+,||+||||'I+||1|:Ij| -
EIRYETEHERERE N RN gL AR TR TR LR LR R
BTSRRI R TR TR 1 SN A 1
BRI AN R Y Ty IR IR N TR 1
thel 3 F100T 4 il' ] | 114250 I T (R AT A TR AR S VY HE e
Ad oy Y uf i %”: | i: N % B AT TR H% 3! L
iI L ! ]'.F il '# i ll.I +1:l g 14 00 | : o+ il ?: ﬂ' lE I j;,l I % 13m0
IS EISRNE PR AR Y ii
iy +
\:£ ]!i 1{ E}' }I'! HE i 1*!---350 . | 1 ot i }II i'lu Ii‘ 1; lﬁr *51| 1 iy
Eg Mo 2|:|5'| 0. 13:13g:5|:|, Si-II'nEl:lE:rian |2r'|l:|n:: @ * » * F?Squencin[GHz] 23 Mo 2D51 0. 133133144, Si-II'I'IEthiEr'I |2r'IDC # . ® * FTSQUEHC?,D[GHZ]
Phase is less sensitive but still not usable above about 18 GHz!
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Presentation Notes
Even phases of GMS-parameters are distorted by presence of bends. Thus, use of bends in microstrip configuration is not a good idea at all!


Overview

Introduction

|dentification of material parameters with Generalized Modal S-
parameters of coupled lines

Coupled microstrip configuration

Coupled microstrip configuration with solder mask

Coupled strip configuration in homogeneous dielectric
Coupled strip configuration in non-homogeneous dielectric
Effect of bends in coupled microstrip lines on GMS-parameters
Effect of bends in coupled strip-lines on GMS-parameters
Conclusion

O O

O O 0O000 0
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straight?

What if strip lines in test fixtures are not

O Numerical experiment to investigate effect of bends

Materials & Stackup
= L2 Strip
=& Materials: T=20[*C], RF=2,...
&l "Copper", RR=1, SR=0.5
"Mat, & Care", Dk=3 .66, LT=0,0037, PLM=WD
Mat. & Prepreg”, Dk=3.66, LT=0,0057, PLM=WD
: air"
-1 StackJ_lp LU=[rnil], ML=4, T=23.5[mnil]
1| Signal: "Signall”, T=1.2, Ins="Mat. & Core"
2| Medium: T=4.5, Ins="Mat. & Prepreq”
3| Plane: "L1", Cond="Coppet", T=2, Ins="Mat, & Carg"
4| Medium: T=6.6, Ins="Mat, A Core"
5| Signal: "L2", T=0.6, Ins="Mat, & Prepreq”
6| Medium: T=8, Ins="Mat, & Prepreg”

From simulated S-parameters of 2
structures with or without bends we
extract GMS-parameters of 2-inch
segment and compare it with the
GMS-parameters of 2-inch segment
computed directly

Simberian

> Electromagnetic Solutions

7| Plane: "L3", Cond="Copper", T=0.6, Ins="Mat, & Corg"

Instead of straight line let’s try to use lines
with multiple arched bends

21 Mow 2010, 14:50:15, Siml:uerialn-:. 30 View Mode [press <E> to Edit].

6 and 8 inch fixtures with 4 bends

21 Mow 2010, 14:45:39, Simberian [ne. Editar Mode [press <Ex for Metwark YWiew).

6 and 8 inch fixtures without bends

nput] FT1 TL1 FT2 nput?
=]

09 Mov 2010, 09:28:18, Simberian Inc. Editor Mode [press <E> for Metwork View].
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Again, we will extract GMS-parameters of 2-inch segment from test fixtures with and without bends and compare it to GMS-parameters of 2-inch segment computed directly.


S-parameters of strip-line bend

o Very small differential reflection — below -25 dB up to 40 GHz

O Large differential to common Bend in 6.5-mil strip lines 10.5 mil

mode conversion apart, 30 mil radius along the center
(47.12 mil of additional length)

—#— | 2With Bends Bend. Simulationd, Smm{D1.01]
—— L2'with Bends. Bend. SimulationT, Smm[01.02]
—#—— L2With Bendz.Bend. Simulation?, Smm[07.C1]
—#—— L2With Bendz. Bend. Simulation?, Smm[D1.C2] 50+
M agnitude(S ). [dB]
HH A

inal t

arhT

ctior Ry

X’/ﬁ N
Nex
cor

:

2T
R 1251
I:I._
501 ¢
k\Y/ comman conversion 1251
ar end di[ffere ntial to 254
i nmon corversion
AE T

=, [ril]
; : ; ; ; ; ; : ’ £25 B0 35 25 425 0 125 25  IWE 6O
10 15 20 25 an 35 40 45 50 ) . . )
71 Mow 2010, 14:55:19. Simberian Inc. Frequency, [GHz] 21 Mow 2010, 14:55:10, Simberian Inc. A0 Wiew kMode [press <Ex to Edit].

The mode conversion in strip line can be effectively compensated by matching
number of left and right turns — see App Notes 2009 01 and 2009 02
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Test fixtures for the extraction

[ 9 1 1
o s 6 inch straight
s s 8inch straight
905.75 905.75
. . Bend reference planes
c— —0
- . . 4 nal
1000 1000 6 inch with 4 bends (2 left and 2 right) o L.
2000
905.75 905.75 i
@ p—) 125
— —0
2000 2000 8 inch with 4 bends (2 left and 2 right) Kini_
2N 2010 14510 Smbsian e, 30 View e s <65 10 Edi)
2000

Lengths of structures with bends are adjusted to have 6 and 8

inches along the central lines

{ Simberian © 2010 Simberian Inc.
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Effect of bends on SE S-parameters of test
fixtures

8-inch test fixture

L2 Strip.Diff 8 inch, Simulation?, 5[1,1]
L2 Strip.Diff 8 inch, Simulation?, 501.2]
L2 Strip.0iff 8 inch, Simulation?, 501,31
L2 Strip.Diff 8 inch, Simulation?, 5[1.4]

L2 "tk Bendz. Diff 8 inch 4 bendz. SimulationT, 5[1.1]
L2 wfith Bends. Diff 8 inch 4 bends. Simulation, 5[1.2]
L2 wfith Bends. Diff 8 inch 4 bends. Simulation, 5[1.3]
L2 "tk Bendz. Diff 8 inch 4 bendz. SimulationT, 5[1.4]

Magnitude(S). [dB] Magritude(S ], [dE]
|:|-- 0 1
Insertion Laoss (gre% 0 Imsertion[Loss (green)
a0t A0t H L st
, | Reflection (red i
204t " 171l : ol il |
Reflection (red) 20 i NEXT (blue)
ue
a0+ | II|I|I||I|I|III P T |
B i DT E TR Y P PR R AT A 30T | "IF‘F"H‘“ \ '""'I""TI .“'- m CITRTa LI | !
- \ { - i '-u T r

mwm NEXT (blue) “‘“““““““’W A

a0t ey il Al 11 LT E L LIl 905,75 005, 75 3 FEXT (brown)
| B0 T 2 :—-_ & 4

H"‘ FEXT (brown)

BT 0t 2000 2000
le o3 2000

N | | - i

0 10 20 30 40 50 = : = : = =
20 Nev 2010, 10:03:14, Simberian Inc. Frequency., [GHz] 22 NE\-‘ 2010 10:0;:31 Simberian |2r|1:|-: » 4FDrequen|:_l,l [GSE]

A little more reflection and FEXT (similar for 6-inch fixture)
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The effect looks as not significant.


Dl.QDS.?S 905.?;5 D2

Effect of bends on mixed-mode S-
parameters of test fixtures ol e

2000

8-inch test fixture
L2 "with Bends.Diff 3 inch 4 bends. Simulation, Smm[D1.01]
L2 with Bends.Diff 3 inch 4 bends. Simulation], Smm{01.02]
L2 With Bends. Diff 8 inch 4 bends. Simulation?, Smm[D1,C1]
L2 "with Bendz.Diff 3 inch 4 bendz. Simulation, Smm[01,C2]

L2 Strip.Diff & inch.Simulation, Smm{D1.07]
L2 Strip.Diff 8 inch.Simulation, Smm{D1.02]
L2 Strip.Diff 3 inch. Simulation, Smm[07.C1]
L2 Strip.Diff & inch. Simulation, Smm[D1.C2]

b agnitude(S), [dB] Magnitude(5), [dB]
— |SD1D2]| (blue) T [SD1D2] (blue)
earpates ot -_--_“-"‘--. JWWW
1 sSp1DL] (red 107 [SDD11f (red) S
"-\,N’-“ ""'mu,__m
207 207
a0y 207 "tSD1C1 (green)
W s | ] T
hal are exactly [zeros due to n{ J’JUH””HU NI
) symmetry ww n nnqunw U(LJMHN “Wﬁ
Al il
601 601 IW ThE {F
D2
oy Jos | m m |SD1C2]| (brown)
qop-CL gal| !
WA 1 1 [ 1
; ’ ’ ’ ’ ’ 0 5 10 15 20 25 30 3 40 45 &0
- Ev o, 05 l:ga Simberianzlac. 30 i?equency, [GSE] 22 Mo 2010, 12:34:01, Simberian Inc. Frequency, [GHz]

A little more ripples in reflection and almost negligible differential to
common mode conversion due to bends
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Even with dual bends, there are non-zero conversion terms due to not exact compensation. Though, 


- Effect of bends on extracted . ,
GMS-parameters s e

. 2000 2000
2-inch segment - black pluses;
Extracted from 2 test fixtures — solid and dash lines 2000
+ L2 Stip.2inch Segment.Simulation], Smlnd 1102017 + + L& Stip.2-inch Segment. Simulation?. Smlln1[MZ]In2M2]] +

L2 With Bends. Diff Difference. Simulation . Smfln1[M2]In2[M 2]]

L2 with Bends. Diff Difference. Simulation, Sm{lnd[M11In2[1]]

Magnitude(S), [dE] Group Delay, [nz)] M agritude(S). [dB] Group Delay, [ng]
3 o35 \R\ I_\i 709
: ven (common) mode ‘
_DE__\'.. Odd. (differential) /mode a5t ( ) |
_ . ad (difterential) moge :
‘*”a& 7034 nsertion Loss 03¢
11 Group Delay | 11
| il
T 1 'ty ,
_1_5_'F k”n,% ﬂl Cora ] 1oz TR e 7032
T+
T bbbty o I a1 *#*«tﬁj;ﬁd;&:kﬁm,
21 . i . T
* 1032 > T0.32
| 251k Group Delay
2] ", Il |
) ﬁq ' 10.31 3t | T84
37 Insertion LOSS |
35+ .
38Tl ! ! ! ! ! ! , , . 0.3 : : ' : ' : : ' | | :--I:I'3
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 2 2% 30 35 40 45 50
22 Maw 2010, 1212:25, Simberian | ne. Frequency, [GHz] 22 Mov 2010, 13:13:08, Simberian Inc. Frequency. [GHz]

Some noise in GM insertion loss and a lot of noise in modal group delay above 20 GHz
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If we use 6-inch straight line and 8-inch with 4 bends, the effect on the GM insertion loss is minor, but the group delay becomes noisy at high frequencies (above 25 GHz). In addition the group delay of common mode is slightly smaller at low frequencies.


= Effect of bends on extracted

905,75 905, 75 908,75 905, 75
MS-parameters e T e R e
*— —
] 2000 2000 1000 o000 1000
2-inch segment - black pluses; I
Extracted from 2 test fixtures — solid and dash lines
+ L2 Stip.2inch Segment Simulation, Sminl(M11In2M1)]  + +  L25kip.2-nch Segment Simulation. Sm{lnl (M2) In2M2)] -+
L2 Wwith Bends. Diff Difference. Simulation?, Sm{ln1(M1).In2(M1]] ) Lz with Bends. Diff Difference. Simulation. Smlr[M2].In2(M2]]
tagnitude(S], [dB] Group Delay, [ns] b agnitude(S], [dEB] Group Delay, [ng]
1 - 05 "x‘k r0.35
- - n
. \ Odd (differential) mode s, Even (common) mode
05— .
1024 I T0.34
R‘““x 41 \\Lln*er on/Loss |
7 xkk Group Delay 1 n
150 R"‘k. v W fom  15f h"'w.q% L 1032
P ' | T I \ 1! u
£ lom 1 10,32
25l ""“ﬂﬁ \ L 2T G ron Delay| |
i " l Lam 3 +0.31
3 InsertionLoss ‘ﬁ"iﬂ
"*-‘ﬂh 351
AhT olnaz . . . . . . . ” . I | IT0.3
0 & 10 15 20 2 3 B 4 45 50 05 10 15 20 % 30 B 4 4 &
22 Moy 2010, 13:20:02, Simberian Inc. Frequency, [GHz] 22 Mow 2010, 13:20:43, Simberian [nc. Frequency, [GHz]

Small noise in GM insertion loss and a lot of noise in modal group delay
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Use of test fixtures with the same number of bends helps a little – group delay looks better.


- Effect of bends on phases of extracted
GMS-parameters SIS Ty QO ey

= —8 [ —
~ 1000
2-inch segment - black pluses; 2000 2000 2000 | [
Extracted from 2 test fixtures — dash lines 2000
Odd (differential) mode Even (common) mode
L2 Strip.2-inch Segment. Simulation, Sm{ln1[k1)1n2[M1]] + L2 Strp. 2-inch Segment. SimulationT, Sm{lnl [M2)1n2[M2]) +
L2 %tk Bendz. Diff Difference. Simulation?, Sm{ln (M1LIn2[M1] — — — L2 "tk Bendz. Diff Difference. Sirmulationd, Smllnd (M2]L02[kM2]) — — —
&nglef), [dea] Angle(5), [deq]
NN Inn :
¥ t : t E i
T I % % Et trt 1 60 o Lo I E i % £ é}---an
SR LI TN
| | | | | | I % '{am
A R N I&'I'-‘I'ileEé"iIé |
It : I ¥ ! T I I B I
til g g :#:L '1:;' ] %I e i %: T :T&I___
T R Rt e s et S
F R LSRR RN R R E G R T SR G
EIETRIE IR TR TR | ! iR | |I§L|I ey | '
VHETRET S HE I RS ERn aa de
! R B4 f 44l T2 B! SRR R IR T Hh U e
;igllai:lgiugg'g {NERER SRR REERE
1 i 1 § i ! i---ann i 4 ! % % g % g Jﬁ % % 1 300
I
EERRSREEERR NI E ittt il
0 5 10 15 20 25 W 3/ 40 45 EQ 0 5 10 15 20 25 a0 35 40 45 &)
22 Moy 2010, 11:14:16, Simberian he. Frequency, [GHz] 22 Moy 20010, 11:15:09, Simberian Inhe. Frequency, [GHz]

Phase is less sensitive and may be preferable for the identification with bends!
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Phase is even better – the structures can be used for the material identification up to 50 GHz!


Conclusion

o Overview of material parameters identification by fitting measured and
computed GMS-parameters for coupled lines is provided

0o GMS-parameters of coupled lines have 2 unique parameters — may be used
to identify or confirm the identification for 2 materials

o Two dielectric in micro-strip configuration cannot be identified as one —
analysis of common mode is not accurate if differential mode is used and
vise versa

O Simultaneous identification of 2 dielectrics may be not unique — fixing
properties of one dielectric with additional experiment may be necessary
(microstrip without solder mask for instance)

O In case of weakly coupled strip-lines non-homogeneous dielectric can be
identified as homogeneous for practical purpose

O Layout of test fixtures with bends may produce noisy results especially in
microstrip configurations due to irreversible conversion of modes

o Differences in connectors, launches and cross-sections of differential lines
may also produce identification errors, extraction fixtures must be pre-
gualified — see App Note #2010 03

O Setting up all simulations and model building with Simbeor took about 4
hours
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Solutions and contact

O Simbeor solution files are In the database

(keyword 2010 _04)
It contains all electromagnetic models and linear circuit
analysis both in frequency and time domains

O Send guestions and comments to
= General:
= Sales:
= Support:

0O Web site

‘é* Simberian 11/23/2010 © 2010 Simberian Inc.
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S-matrices and T-matrices

Same number of ports on

the left and right side of @ _
multiport b, 52,1
a, a, _
= < bl [T
1 o B 2 a, B T2,1
<~ —>
by b,
T1,1 = S21 S11 S S S1,1 = T1,2 'Tz_,zl

: ¥ : S2,1 = Tz_,zl
T2,2 — S2,1 S2,2 =

_Tz_,zl ) Tz 1

S1,2 = T1,1 _T1,2 'Tz_,zl 'T2,1

Cascading of 2 multiports
described with S-
parameters require
solving a linear system

Cascading of 2 multiports
described with T-
parameters is simple
product of two T-matrices

All elements are scalars in
case of 2-ports (single-ended
lines) or matrices in case of
multi-conductor lines
(differential)

See more in Carlin, Giordano, Network Theory, An Introduction to Reciprocal

and Non-Reciprocal Circuits, 1964

Conversion can be generalized for arbitrary number of ports on the left and right
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