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|dentification of dielectric and conductor
roughness models with differential lines
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0 Model identification with GMS-parameters

= Step 1. Measure S-parameters for 2 line segment and
ensure quality and consistency

m Step2: Extract GMS-parameters

= Step 3. Create model of line segment and compute
GMS-parameters

= Step 4: Identify dielectric and conductor roughness
parameters

O Create model with two dielectrics (FEXT)

0 Appendix: Results with causal Huray-Bracken
roughness model
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|dentification with GMS or SPP techniques

B 0 exp(-T-L)
GMS = exp(-I'-L) 0

Use of raw GMS-parameters

GMT =eigenvals(T2-T1") =

(exp(—l‘- L)

Gamma extraction — “SPP Light”

0

(3a) Guess material or conductor
roughness model and model
parameters

(1) Measure scattering parameters for
two transmission line segments with
lengths L1 and L2

(1) Measure scattering parameters for
two transmission line segments with

(3a) Guess material or conductor
roughness model and model
parameters

v v

lengths L1 and L2

0 exp(I-L)

(2) Compute reflection-less GMS- (3b) Compute reflection-less
parameters of line difference GMS-parameters of the line
segment with length L

L=|L2-L1]
I

A

(4a) Compute difference between
GMS-parameters from
measurements and model

(4b) Adjust model parameters
or change the model

(2) Compute reflection-less GMS-
parameters of line difference
L=|L2-L1] and extract Gamma

(3b) Compute complex
propagation constant (Gamma)

for cross-section model

A

(4a) Compute difference between
Gammas from measurements and

Is the difference smalle
han a threshold?

(4c) Material or conductor
roughness model is found

Red lines — optimization;

Additional steps: S-parameters
quality assurance; pre-qualification
with TDR; Cross-sectioning;

model

(4b) Adjust model parameters
or change the model

Yes

Is the difference smalle
han a threshold?

(4c) Material or conductor
roughness model is found

Y. Shlepnev, Broadband material model identification with GMS-parameters, EPEPS 2015.

Y. Shlepney, Y. Choi, C. Cheng, Y. Damgaci, Drawbacks and Possible Improvements of Short Pulse Propagation Technique, EPEPS 2016.
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Step la: Measure S-parameters of 2 line
segments, import into Simbeor and ensure quality

Quality of S-parameters of 24 inch in and 4 inch segment is good

4 bk X

lSqution Explorer - StepByStepDiff: "C\Repository\Simbeor\Demos\Materialldentification\StepByStepDiff\" |X‘ ‘ 3 diff ‘. Circuit(1) ‘::: Circuit(2) ‘% tdr ‘@ GMS S-parameters |
A:Measured.06-85-L3-2dinch. MFP; B:Measured 06-85-L3-dinch. MFP;

@ StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialldentification' StepByStepDiff\" ~

Measured MagnitudelS], [dB]

T 06-85-L3-24inch - has Motes... %
&-E MultiportData: "D:\Polar\Simbeor\Solutions by SK\Elite Diff GMS 250717\06-85-L3-2dinch.sdp” v
B MR w““"—*-_..___* —
Parameters 0T e —
...[E Options +RCM +TDRM \"‘""*-..____*_
B @ Results I
EJ-- MultipertParameters: 5{(Zo=350), ¥, Z; Quality=99.71%; Passivity=100%; Reciprocity=99.9487% 201 i!-ﬁ__%‘
T

T 06-85-L3-dinch - has Notes... . " " ' .
@-E MultiportData: "D:\Polar\Simbeor\Solutions by SK\Elite Diff GMS 250717\06-85-L3-dinch.s4p" / ‘f"” ‘: p A t_"‘*—‘b--._.-g;-*_-.. = = “"—‘E":*Z:W
H ] e Ao

p—
5 MFP 30 — e R -
Parameters ) A Y ﬁw
) 'J ) [
)

B Options +RCM +TDRM ; ) ) ) .
5@ Results 407 ni NS T — I i
EJ-- MultiportParameters: 5{(Zo=50), ¥, Z; Quality=99.54%; Passivity=100%; Reciprocity=93.76% 2 { [g ‘H ‘
[j..%= diff WL F ‘ L. . .
88 Mode st [ FEXT-in-diff-strip
- tdr(Time-Domain Response) ‘ ! \ . - -
: inhomogeneous dielectric!

&-HF GMS(MultiportParameters vs. Frequency)

=] Eﬁj S-parameters(MultiportParameters vs. Frequency) B0 T
B fra Measured.06-85-L3-24inch.MFP :
i y DataSource (6401)
MatrixElements 0 ! ! . ! . . ! : . . : . . A
: 5 v | | } | | | , } | | |
< DR s 126 25 3% 5 6% 75 B7 10 1125 125 1375 15 1625 175 1878 2
7 — - - 04 Aug 2017, 09:00:58, Simberian Inc. Frequency, [GHz]
Mai Circuit Simulat Result _ ,
L DR IS * A:5(1.2] ¥ as(1.a] ¥ AS[14L * AS[I4L O B 2L S B:5[1.3) 5 B[1.4) O Bs[34L

See more on the import of S-parameters and quality assurance at
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http://kb.simberian.com/browse_item.php?id=775
http://kb.simberian.com/browse_item.php?id=775
http://kb.simberian.com/browse_item.php?id=240
http://kb.simberian.com/browse_item.php?id=240
http://kb.simberian.com/browse_item.php?id=240

Step 1b: Ensure guality of test fixtures with
TDR computed from S-parameters

TDRs of short and long segments are consistent, except the launch area
Traces are about 46 Ohm

|So|ution Explorer - StepByStepDiff: "C\Repositony\ Simbeor\ Demos\.. |X| ‘ B diff | &P Circuit(1) | 483 Circuit(2) tdr | GMS | [} 5-parameters 4 b x
@ StepByStepDiff: "C\Repository\Simbeor\Demos' Materialldentificatic » AMeasured 06-85-L3-24inch. MFP; B:Measured 06-85-L3-dinch. MFP;
E|- Measured Z, [Qhm]
- 08-83-L3-2dinch - has Motes...
- MultiportData: "DAPolar\Simbeor\Solutions by SK\Elite D 1
é___mrn MFP 575 - - -
et Large variation in launch-probe area —
B Options +RCM +TORM 1 v potential jproblem ~
=3 Results W ) )
&-EF MultiportParameters: 5(Zo=50), T} i
|
o-4EFF 06-83-L3-dinch - has Notes... /'
#-E MultiportData: "D:\Polar\Simbeor\Solutions by SK\Elite D 5T 7
- MFP N~ L=
Parameters @’__—-
...El Options +RCM +TDRM 04 _ ;»-..ﬁ ]
-8 Results  \ .-_/v"—"-/‘.
: n it
&-LF MultiportParameters: 5(Zo=50), Y, Z; Quality=99.5 D ~ ;.Cw’"'/
By diff s bl wa/:ﬂ'“
- Model - . ey
[j-- tdr(Time-Domain Response)
[j---@ GMS(MultiportParameters vs, Frequency) 1
afgﬁ S-parameters(MultiportParameters vs, Frequency) 8T
=1-frg Measured.06-85-L3-24inch. MFP
Iy DataSource (6401) ! ! ! ! ! ! ! ! !
E|--- MatrixElements 6 1' é é :1 é é % é
i W
< [ nanmano s 04 Aug 2017, 09:08:23. Simberian Inc. Time, [ns]
7 @ Wain [ Circuits | [ Simulations | @) Results AZL AZ[2.2]; AZ[3.3] AZ[44L B:Z[1.1L B:Z[2.2): B:Z[3.3):
B:Z[4.4]:
See more on TDR computation at
S Simberian 9/11/2017 © 2017 Simberian Inc. 5
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|So|ution Explorer - StepByStepDiff: "C:\Repositony\Simbeor\Demosh... |X| | L3 diff |. Circuit(1) |:=: Circuit(2) |@ tdr
@ StepByStepDiff: "C\Repositony\Simbeor\Demos\ Materialldentificatic &
=-J8f Measured

Step 2: Extract GMS-parameters

L3 06-83-L3-24inch - has Motes...

L3 08-83-L3-dinch - has Notes..,
=i diff: Simulate It

GMS |@ S-parameters |

aizt LinearMetworkData; LU=[mil], Truncation=1.0)

A5 MultiportTopology: 2 inputs, 4 ports
o3 Metwork: 2 multiports

a) Create Linear Network with 2
multiports (long and short lines)

IEF "MPT1": RCM - "Measured.06-83-L3-24inch.MFP"

I8 "MPT2": RCM - "Measured.06-85-L3-dinch.MFP"
™ "MPTZ102" to "MPT1.101"

A0z
\ MFT2 PT1 0z
EUMET 02
E ] ﬁorts g J,‘
HUMPT2101"
|>1_° 01" At WD O Oee 1T R ARV Clale Al %D[[S'I,E‘ 01 10z i £ 101 102
o upmyan pa up| LinearNetworkSolver Options ? X
[ 102" At"W P
=1 Simulatiw Algorithm pebug 1
H =|i dll'_
Pararneters | (O connect Multiports (Concatenate /Subtract) gﬁj #ﬁ&sgﬁ%zmnch";
Opticns +GMS, = :
1 E P 5 Build Rational Compact Model Linear Network Solver Type: -RCk
,_": PEGUENCYWE, Rational Compactor Options ¥ _FullGaussian
< B i
5 — - Compute TD Respanse Matrix Tip: Change multiport network solver type
@ Main (T Circuits TD Response Matrix Options if default solver fails or too slow.

r h,

(O Compute S-Parameters Difference of 2 Multiports: d5=51-52
[CJFilter Magnitude Moise By Fitting

if It orderi i
[CIFilter Phase Noise by Fitting
[CJEenforce Longitudinal Symmetry (for 4-port structures only)

Tip: Metwork must contain two multiports describing two line segments with different length and
identical cross-section and possible transitions.

-b) Check “Extract GMS” without
any other options for

preliminary analysis
|

Cancel

Editor Mode [presz <E»> for Me

Set As Solution Default

See details and recommendations at
< Simberian o/11/2017
Electromagnetic Solutions
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Step 2: Extract GMS-parameters —
plot Magnitude and Phase Delay

|So|ution Explorer - StepByStepDiff: "C:\Reposit... |X| | B diff |' Circuit(1) |::: Circuit(2) | tdr GMS | 5-parameters | 1Pk X
@ StepByStepDiff: "C:\Repository'Simbeor\Demos', A:beazured diff. Simulation(1);
l_:_|- Measured b agnitude(S), [dE] Phaze Delay, [ns]
ﬁf 06-85-L3-2dinch - has Notes.., | | | | | | |
- 06-85-L3-dinch - has Notes.. DTk | | | | | | |
o Hp diff _N #:Measured il Simualonl 1]
A a . Magnitude(S). [4B] Phase Delay, [re]
124‘, LinearMetworkData: LU=[mil], Truncat \M Y
LT A 475 =N 32875 | i
e Simulation(1) 1 Pz, ™ + T34
e T perects n
- Parameters e Q& 3275 :: 3
|§|f COptions +GM3 £ ] ‘QX < MagnltUde and
T: FrequencySweeps: FU=[GHz] ol ! 326 Dhaca Nalal,
10 |~ Ao oIy
L MetworkVi 225 3m . T 335
g o F i ~\ extractjon
32378
[]-- tdr(Time-Domain Response) a5 % J LI I I lps
[-]gﬁ GMS(MultiportParameters vs. Frequency) ﬁ '25 i R S 3225 [y
oA diff.5i i | ﬂ - ]:':-ﬂf-r* * ok L *Q:‘-k, 1
EI 1rg I‘:jeasured diff.5imulation(1) *\ [ *'-——a—._.L al, I*Ié A\ ~ % 23
; DataSource (2987) \;‘, . h
MatrixElements 20 N 1 e e b b b E a i
[1,3] X\é\_ 04 bug 2017, 10:22:02, Simberian Inc. Frequency. [GHz]
——— A:SmfInt[M1LIn2[M1]] F— — = ——F A:Sminl[M2]In2M2)] F— — =
Mg N e "‘r_u' \ 325
Bf_[_g_ Model. Dxcuit(2).Simulation(1) o5 - = =
.Ig1 Data$ource (4000) e ,_:’:K_“ R R _
: | T - — - = W = e —
-] MatrikElements et " o = e H — — —
T = e e 0 ' 1 ] n
-5} S-parametery(MultiportParameters vs, Freque - T o |t “’L’é
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
< > 1.25 258 375 5 E.25 75 875 10 11.25 125 13.75 15 16.25 17.5 18.75 20
i A 04 &g 2017, 03:44:12, Simberian Inc. Frequency. [GHz]
Main Circdits | [ Simula... Results
= - J‘ | |® F a:SmllnTM11r2(1])] F— — ==K A:Sm{ln1[M2]In2M2)]) F— — =

Elements GMS[1,3] — odd or differential

mode transmission, GMS[2,4] — even or Mode M1 is odd, mode M2 is even
common mode transmission

< Simberian o/11/2017 © 2017 Simberian Inc. 7

Electromagnetic Solutions



Step2: Extract GMS-parameters —
use options to fix problems

Selution Explorer - StepByStepDiff: "C:\Reposit... | X

@ StepByStepDiff: "C:\Repository\Simbeor\Dem »
E|. Measured

[-4F 06-85-L3-24inch - has Notes..

-4 06-85-L3-dinch - has Notes...

-l diff

; B LinearNetworkData: LU=[mil], Trur

LH5

imulation(1)
Parameters
-[E Options +GMS
@ Results
"o MetworkView
-8 Model
- tdr(Time-Domain Response)
B‘Eﬁj GMS(MultiportParameters vs, Frequency)
| -fra Measured.diff.Simulation(1)

- FrequencySweeps: FU=[GHz]

LinearNetworkSolver Options
Algorithm ' Debug
(O Connect Multiports (Concatenate /Subtract)

Build Rational Compact Model
Rational Compactor Options

Linear Network Solver Type:
¥_FulGaussian
Compute TD Response Matrix

TD Response Matrix Options if default solver fails or too slow.

@Extract Generalized Modal S-Parameters (GMS-Parameters) From 2 Multports:
(O Extract Test Fixture S-Parameters From 2 Multip e-Embedding
(O Compute S-Parameters Difference of 2 Multiports: d5=51-52

[ Filter Magnitude Noise By Fitting
[CJEenforce Longitudinal Symmetry {for 4-port structures only)

Tip: Network must contain two multiports describing two line segments with different length and
identical cross-section and possible transitions.

The result is S-matrix of line difference is in modal space normalized to characteristic
impedances of the modes. Can be used for the material parameters extraction.

[_|Filter Phase Noise by Fitting

Set As Solution Default

Tip: Change multiport network solver type

?I X ‘{;1:] DataSource (2342)
v] MatrixElernents
[1.3]

LN 1241 d
>

[ Circuits [ k2 simula...] @ Results

&

Cancel

< Simberian o/11/2017
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"I diff | @ Circuit(1) | 434 Circuit(2) tdr @GMS |@ S-parameters
A Meazured. diff. Simulation[1];
tagnitude(S), [dB]

4 X

Phasze Delay, [ng]

i o No defects, noise in the 1.
AT 0 = )

1 \ even mode transmissior
07T

¥ T34

% Difference in odd and even\
A5 T 4 phase detay-indicate

» Inhomogeneous di hrctric - Q‘R Las
ol Sxsame as FEXT F e

S e L ey N _¥
TH = oy T bk — b — gl e
2.I5 5 ?T5 1IEI 1 2I.5 15 175 20

04 Aug 2017, 10:23:56, Simberian |ne. Frequency, [GHz]

—# ASm[InT(M1LIn2M1])] #F— — = ——* ASm[InTM2LIn2M2)] *¥— — =

© 2017 Simberian Inc.

a) Check “Sort modes by phase” and optionally
“Enforce Longitudinal Symmetry”
Filtering options are not recommended for noisy
data — it distorts the results
b) re-run the analysis and observe GMS-parameters



Step 3a: Compute GMS-parameters of line
segment — cross section

85-L3-dinch 85-1L3-24inch
Parameter Avg. Avg. . .
a 5.66 5.67 Create model of differential
7.41 7.35

651 cca strip cross-section — Wizards
6.67 6.74 -> Create TLine Model...

oo |— | Q|0 [T

0.65 0.65
5.80 5.82
5.15 5.16
Solution Explorer - StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialldentification\StepByStepDiff\" |X‘ ‘ B diff ‘::: Circuit(2) | tdr ‘ GMS ‘ S-parameters (&9 strip | 4 b X
Model A A ‘
EE Materials: T=20[*C],... 2 il B
- - Bl "Copper", RR=1 20 L vy
Prelimi nary A "FRA", Dk=4.2, LT=0.02, PLM=WD, Dk(0)=5.06, Dkinf)=3.83

& air
8 StackUp: LU=[mil], NL=3, T=13.02[mil]
- 1| Plane: "Planel”, Cond="Copper", T=0.77, Ins="FR4" -
-l 2| Medium: T=5.16, Ins="FR4" 1
= 3| Signal: "Signal1”, T=0.63, Ins="FR4", Cond="Copper"
B 4 Mediurn: T=5.67, Ins="FR4"
= 5| Plane: "Plane2”, Cond="Copper", T=0.77, Ins="FR4"
= % strip: Simulate It!
E-vﬁ CircuitData: LU=[mil], Truncation=1.0[mil]
-8 MultiportTopology: 2 inputs, 4 ports
- LatticeBox: Sidewalls=PEC 1
- Geometry
E) Composite Object g
1 = TLines
SI m beor SFS SO Iver -} TLine X: Zd~76.3395 Ohm; Start "I01" ExP=0, RP=0; End "102" RP=0, ExP=0
|S used fo r Stri ps .i. Str?p: Active +1, "S?gnal‘l", "Copper", YC=-6.965, \f#.x’f Wit=6.74, Wh=6.58, SEt=-10.335,
\ - Strip: Active +2, "Signal1”, "Copper”, YC=6.963, \##2/ Wt=6.74, Wb=6.58, 5Et=3.595, EEt
N EE Inputs N
- Simulation(1) - Simulate It!
B Geometry3DView

\ - -
o o s St Trapezoidal strips

material models

10

[ @ tdr(Time-Domain Response)

', [mmil]
-
< + 1 t ¥ + ¥ -
B . . e A5 A0 5 0 5 10 15
@ Main [ Circuits [ Simulations [ @) Results 04 Aug 2017, 10:33:21, Simberian Inc. 3D Wiew Mode (press <E> to Edi).

< Simberian o/11/2017 © 2017 Simberian Inc. 9
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Step 3b: Compute GMS-parameters of line
segment — model 20 inch diff strip segment

Selution Explorer - StepByStepDiff: "C\Repository\Simbeor\Demes' Materialldentification'\ StepByStep Diff\"

I x

£ Maodel
2-EL Materials: T=20[°C],...

- "Copper’, RR=1

H 'FR4", Dk=4.2, LT=0.02, PLM=WD, Dk(0)=5.06, Dk(inf)=3.83
"Air"

-4 StackUp: LU=[mil], NL=2, T=13.02[mil]

... 1| Plane: "Planel”, Cond="Copper", T=0.77, Ins="FR4"

. . 2| Medium: T=3.16, Ins="FR4"

- 3| Signal: "Signall”, T=0.65, Ins="FR4", Cond="Copper"
JJ] 4 Medium: T=5.67, Ins="FR4"

- 3| Plane: "Plane2", Cond="Copper", T=0.77, Ins="FR4"
B strip

|X| | W diff 3% segment_20in | tdr |@ GMS | S-parameters |' strip | 4

~

Linear Network segment_20in

Simberian 9o/11/2017

Electromagnetic Solutions

[F] 10 g 402 a2
H 1
=g segment_20in _ _ _ T —> JL &L
=3 LinearNetworkData: LU=[mil], Truncation=1.0[mil], IU=[nH], CU=[pF] orts: 1,2 01 02 Parts: 3
-8 MultiportTopology: 2 inputs, 4 ports il e
- Network: 1 multiport T
= R\i Simulation(1) I:T:%D:QEP
CE.T="strip
. Para.meters Multiport Parameters ? X Sl Slmulatlon['l]
-E Options
1+ FrequencySweeps: FU=[GHz] Multiport Parameters Profile  Multiport Parameters To Output
SO 20 inch segment of
E--# MultiportParameters: 5(Zo=[Mod. Zm; Term. Zil), ¥, Z |:> Input Space: |Modal - I nC Seg en O
; ﬁ'} Primary: YMatrix 4xd - -
S-Matrix N lization Type: i; ~
{:S:E Derived: SMatrix dud atrix Normalization Tvne: [Cemeraizeg d I ff St r I p
&= Rational Compact Model: Mot Available S-Matrix Normalization Impedance: [Ohm]
= TD Response Matri: EMPTY ) ) o
£ Descriptors: 2413 from Te+007 to 2e+010 Hz List of §-Matrix Normalization Zo
i . — T - Hints b
w! Circuits Sinulation= | @ Re-uit= To have different normalization impedances (Zo) for different inputs, Ik, E ditar Mode [press <E3 for Met
define list of impedances and set normalization type to Generalized and
Input space to Terminal or Mixed Mode.
If Input Space is defined as Modal and normalization as Generalized, -
tdine inputs are normalized to the characteristic impedance of t-ine M I P m
modes. The other ports are normalized either to Zo from the list or to u tl p O rt a. ra. ete rS
Common Zo.
converted into Modal
See more at = | Generalized form

© 2017 Simberian Inc. 10
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Step 3c: Plot GMS-parameters of the model

Solution Explorer - StepByStepDiff: "C:\Repository\ Simbeor\Demos\Materialldentifi.. |X| | 484 diff | {53 segment_20in |$3 tdr GMS | S-parameters | @ strip 4 b X
L "By NetworkView ~ A:Meazured.diff, Simulation(1]; B:Model. segment_20in. Simulation(1];
l_=_|- Model M agnitude(S]. [dB] Phasze Delay, [ns]
BBl Materials: T=20[°C],...

A "Copper', RR=1

"FR4", Dk=4.2, LT=0.02, PLM=WD, Dk(0)=5.06, Dk(inf)=3.83

“Air"

(-3 StackUp: LU=[mil], NL=3, T=13.02[mil]

% strip

B-ﬁ segment_20in

E| tt LinearMetworkData: LU=[mil], Truncation="1.0[mil], IU=[nH], CU=[pF]
i MultiportTopology: 2 inputs, 4 ports

JHF Metwork: 1 multiport 207
¥ Simulation(1)

7
/
/

H ol §h ?«%&

T -

ﬁ/

—ie k-

ras

74%&\ 134

[]-- tdr(Time-Domain Response)

=-E} GMS(MultiportParameters vs. Frequency)
-f9 Measured.diff Simulation(1)

; {;‘:] DataSource (2368)

- MatrixElements

03l measured

30

i S — - ——
’

é---ffq Mol.ii;:ne -_20in.Simulation(1) 1 N ec SL rea 733
%, DataSource \2413) e P ~. _ _ N
| . . "_"'SF!'—— I—-_—*ﬁel_—“—- i ek k. ol R .—_—'@_—%
o 1.:25 2.I5 3.I?5 5 B.:‘ZS ?.I5 B.I?E 1ID 11?25 12I.5 13??5 1I5 18?25 ‘I?I.5 18??5 2ID
> 04 Aug 2017, 13:19:4E, Simberian Inc. Frequency, [GHz]
—% A:Sm[In1(M1]In2(M1]] #F— — = =% ASm(In1[M2).In2M2)] *#— — = —— B:Sm[In1[M1]In2{M1]] O— — =
= B:Smllnl[M2)In2M2)] O— — =
Elements GMS[1,3] — odd or differential Mode M1 is odd, mode M2 is even
mode transmission, GMS[2,4] — even or
common mode transmission
The first adjustment can be done without SiTune — from the Phase
Delay we can see that the Dk and LT should be much lower (4.2 and
0.02@ 1 GHz are specified as the starting point)
< Simberian o/11/2017 © 2017 Simberian Inc. 11
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Step 4a: Manually adjust Dk and LT to have
model GMS-parameters closer to measured

For instance, adjust Dk to 3.7 and LT to 0.005 and re-run the analysis

|So|uti0n Explorer - StepByStepDiff: "C:\Repositony/\Simbeor\Demosh Materialldentifi... |X| | LB diff |::: segment_20in | tdr % GMS |% S-parameters |' strip | 4

=8 Model
257 Materials: T=20[°C]....
. B "Copper, RR=1
"FR4", Dk=3.7, LT=0.005, PLM=WD, Dk{0)=3.89, Dk(inf)=3.62
"Air"
- StackUp: LU=[mil], NL=3, T=13.02[mil]
% strip
B% segment_20in
E|12t LinearMetworkData: LU=[mil], Truncation="1.0[mil], [U=[nH], CU=[pF]
: -‘ MultiportTopology: 2 inputs, 4 ports
--ﬂ Metwork: 1 multiport
745 Simulation(1)

...... W% NetworkView
&-{iF tdr(Time-Domain Response)
[—j@ GM5(MultiportParameters vs. Frequency)

5-frg Measured.diff.Simulation(1)
Tf;‘:] DataSource (2368)
: MatrixElements
.3l
. [2.4]
=-fra Model.segment_20in.Simulation(1)
[ff;:] DataSource (1843)
&[] MatrixElements
.3
[2.4]
[j---’;:?;? S-parameters(MultiportParameters vs. Frequency)

A
Maagnitudel5], [dB]

- X
A:Measured.diff. Simulation(1); B:Madel segment_20in. Simulation(1]:
Phase Delaw, [ns]

e

Values are closer

T 3.55

-

—

model N |
\ % T34
%%M 335

_-Ié‘-w‘l-@—*—@ == 79
2

P

| f

BN measured E Bt
Wy - l/
1o e N
20 K}‘* o —@--@—--@-X-@——--@——@—--@-—--@—— o 4 5
s L H—r [ :
== L e e S U
—— | L = e e O R
FTE T ~*5e-5?n P iyl Feal i e e e .
1265 25 3275 5 B2 75 875 10 1125 125 1378 15 1625 175 1875

04 Aug 2007, 132748, Simbernian Inc.

£
_. Main |98 Circuits | |

Simulations |@ Results

< Simberian o/11/2017
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Frequency, [GHz]

—k ASmllr (M1 )IR2M1 )] #— = = = ASmlln] [M2LIn2AM2]] ¥ = = =) B:Smllni(M1)In2(M1)] O— = =

——) BSmlInlM2)In2(M2)] O— — =

© 2017 Simberian Inc. 12



Step 4b: Manual adjustment of resistivity

|So|ution Explorer - StepByStepDiff: "C:\Repository\Simbeor\Demos\ Materialldentifi... |X| | 3 diff |::: segment_20in | tar GMS |% S-parameters |' strip | q kX
E|- Model A A:Measured. diff. Simulation(1); B:Madel. segrment_20in. Simulation(1);
E| ﬁ, Materials: T=20[*C], ... Magnitude(S], [dB] . .
3 "Copper’, RR=1 of - mMoael
A "FR4", Dk=3.7, LT=0.005, PLM=WD, Dk(0)=3.89, Dk(inf)=3.62 Yy "o
& A g
ackUp: LU=[mil], NL=3, T=13.02[mil] 051 NS T———

[ strip
B-ﬁ segment_20in 41 '
532 LinearNetworkData: LU=[mil], Truncation=1.0[mil], IU=[nH], CU=[pF] easured
: 48 MultiportTopelogy: 2 inputs, 4 ports
-fHF Metwork: 1 multiport RS
¥ Simulation(1)

%2, NetworkView S Switeh-to loa -scale fra and zoom-_in

— X . TVVILOUIl LY luv UlATGO 11 \.1 CATTUA LUVUVJVIInN 111
[]-- tdr(Time-Domain Response) ! ! L ! ! ! ! ' ! ! Lol ! !
=% GMS(MultiportParameters vs. Frequency) v ' n ID1 I I I I I 01 I I

04 Aug 2017, 13:31:07, Simberian Inc. Frequency, [GHz]
= A:SmIn1(M1)In2M1]]; =% A:Smnl(M2LIn2M2]); =" B:SmIn1 (M1 )In2M11]; == B:Smlln1(M2LIn2M2]];

<
[ @ Main [ Circuits |

Simulations | @ Results

|Snlut'|nn Explorer - StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialldentifi... |X| | B diff |::: segment_20in |@ tdr %GMS |% S-parameters |' strip | 4 kX

El. Model A A Measured diff. Simulation[1); B:Model segment_20in. Simulation(1);
M agnitude(5). [dB]

! 5] “Copp ot
A 'FRA", Dk=3.7, LT=0.005 PL

“Air®
StackUp: LU=[mil], NL=3, T=13.02[mil] 05T

- strip

B-ﬁ segment_20in 1
E| tt LinearMetworkData: LU=[mil], Truncation="1.0[mil], IU=[nH], CU=[pF] Ad H

B MultiportTopelogy: 2 inputs, 4 ports J l

Ist Relative Resistivity (RR) of

-HF Metwork: 1 multiport A5T
4% Simulation(!) copper, to have closer DC values of
LB NetworkView 24 CAM<ST _naramaeatarce
E]-- tdr(Time-Domain Response) ! \'Ij I\.”\. Pal all ICILCI S . . . . . . L . .
=.-55% GMS(MultiportParameters vs. Frequency) b ' ' L T T T T T t t
5 0.0 o

04 Aug 2017, 13:34:18, Simberian Inc. Frequency, [GHz
= A:Sm[In1(M1)In20M1)]; —F A:Smlln1M2)In2(M2)]; —=) B:SmlInd (M11In2M11]; == B:Smlin1(M2]In2(M2]];

L4
[ @ Main [ Circuits |

Simulations | @ Results

RR=1.25 gives better DC match, but this is questionable adjustment!

< Simberian o/11/2017 © 2017 Simberian Inc. 13
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Step 4c: Bring model parameters into
SiTune for the optimization

a) Open SiTune from Tools menu

c) Drag and drop Copper and
FR4 into variable pane

Solution Explorer StepByStepDiff: "C\Repository\SimbeoriD... |X| | X
: Simulation to Tune or Optimize ‘Variable Value Step # Element Value
: Lhgy NetworkView ~
D - Model Model.segment_20in.Simulation(1) | | Model:Materials -> FR4 -» RelativePermittivity 3.7 5
B T Materials: T=20[*C] ﬂ//‘ Model:Materials - FR4 -= LossTangent 5.e-3 a
- C T Ll V7 N . -
T RR T T L Madel:Materials -> Copper -» RelativeResisti,., 1,25 i}
C RR=1.25
E2 N l:-p“per i % 4 Model:Materials -> Copper -> SR.1 0. [um] a
I "FR4", Dk=2.7, LT=0.005, PLM=WD, Dk{0)=3.39, D} T MocieMaterils -» Copper —» RF 1 ) s
i T
StackUp: LU=[mil], NL=3, T=13.02[mil] @ < ? N s 2
iord -
t 3 . " ; - . A el L[ 1 0 -
"‘ f stnp . E [ Auto-simulate Simulate 3.7 = Step.lzl % Min: | l.e-10 Max:  1.e+10 Optimize
= segment_20in
= B LinearetworkData: LU= [r_‘ml runcation=1.0[mil N diff | segment_20in %tdr GMS | 5-parameters . strip 1 bk X
A:Measured.diff, Simulation(1); B:Model. segment_20in, Simulation(1];
4 Simulation(1) Magnitude(S). [dB] Pa | WKoon Ral +|\ aDormittinzid s LD L Fhase Delap. [ng]
H :3:Network‘v‘|m |V | I\CCP I\C1 VtrCIIIIII.LIVIl_y \Lll’\},
G JZ’T@Q rop Slm | LossTangent (LT), conductor roughness
=) eters VS requen y. — _ 1T 3.5
ifito f f S P— model parameters and set step to zero for
into the left pane o une e ,
=al cept Dk
: MatrleI ements --...é:_ {34
(131 %ﬁ*ﬂ@ha@_ﬁ
H [24] 154 P
E| f"q Model.segment_20in.Simulation(1) . % ‘--@_______6‘_
DataSource (2374) . - "‘% e S
B MatrixElernents o0t S e -@-ﬂ--—. 2 AT — 8 — B —H — ot — Ok — o — p——
[1.3] =T = '_m_"_‘—_-—)le?_ ._)‘q(___ =%
: ’ e Bl EE 91(:- #al;"'*—ﬂ; * —ho e o — e — — =
: [24] . . t : . o ! : :q!- ; _'ﬂ:;—-!%*.
[]—--’ﬁf S-parameters(MultiportParameters vs, Frequency) ~ 1.25 25 175 5 B.25 ?.5 8.?5 ‘ID 11. 25 125 1378 15 1625 175 1875 20
> 04 Aug 2017, 14:07.54, Simberian Inc. Frequency, [GHz]

——) BSmlln(M2)In2(M2)] O— — =

< Simberian o/11/2017
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=% AS5m[In1(M1LIn2(M1]] #— — = =% A:5m[In1(M2)In2[M2]] #— ==
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Step 4c: Set up goal for Dk

b) Match Phase Delay to

c) From 1 to max

a) For GMS odd mode frequency (20 GHz

transmission parameter

AN

Measured GMS-
|

par.

in this case)

\ |

Optionally, check “Same Thread Simulation” in
Solution -> Configuration -> Optimizer, to run
all simulations during the optimization in one
thread (each simulation will be parallelized if

Maximal Mumber of Steps: [1, 100000]
necessary)
Minimal Error; | 0.0001 [0., 1000.]
Cost Function: | 1 [4 4

| Solution Configuration

Qutput Models
RCM Passivity

Step Change Limit:

Step Change Algorithm:
Mormalized Group Delay Scale:
Magnitude Scale:

MNumber of Curves To Keep:

Solvers General
Optimizer

1.002

2

10

10

il

Message

? X

Rational Compactor
Matrix

[1.,1.5]

[1, 7]
[1., 10000000000.]
[1., 10000000000.]

[0, 1000]

x| N
5 Simulai Variable Value Step # Element Value Cperator GoalType Simulation/Polyline A B C Fmin, GHz Frax, GHz We
Model. Model:Materials -= FR4 -> RelativePermittivity 3.7 5 1 5[1,3] PhaseDelay == Simulation Measured.diff. Simulation(1) none none none ZD. 1.
Model:Materials -= FR4 -> LossTangent S.e-3 0 Add Row
Model:Materials -> Copper - RelativeResisti... 1.25 [u}
Model:Materials -= Copper <= 5R.1 0. [um] i}
Model:Materials -> Copper -> RF1 2, [u}
<€ > < >
c
3 Y N
= | | autes | |37 = Step: % Min: | 1.e-10 Man: Optimize N . . .
= : d) Click “Optimize” button

Aub: Freeze Lattice Box Before Optimization

[15ame Thread Simulations and Optimization (as before version 2017);

Tip: Change configuration only if optimizer hangs or recommended by suppaort.

< Simberian o/11/2017 © 2017 Simberian Inc. 15
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Step 4c: Dk optimization result

Dk value matching measured and simulated GMS Phase delay

&k simbeor - [GMS - Graph View] - O X
File Wizards Edit View GraphView Action Job Tools Window Help
Db @ | T VA | e i 2| B i i | oo % Djﬁ‘ﬂlkux B E RS ?SU@OE\.‘-{\
) - L3 T RLC 1 LT 1Y HTL
S OoerQ® [ o= Jat= Wi Tivema w0 2G| FMNC|TE
O dEE H G S0 %ﬁ%l---\-ﬁ%p--Ol\ll-\'in- ..\--Hli | s W W% i
[Solution Explorer - StepByStepDiff: "C:\Repository\Simbeor\D... lx‘
; ; ; B Simulation to T Opti Variabl val St % Element val Operator GoalT: SimulationPolyl A B c
@ StepByStepDiff: "C:\Repository\Simbeor\Demos\Materiallder A imuiaten to Tune or Optmize araoe e =P emen e perator oaltype mulation/Polyline
ad e Measured Model.segment_20in. Simulation(1) ials -> FR4 -> mittivity  3.63305 5 sty PhaseDelay == Simulation Measured.diff. Simulation(1) none none none
E -8 06-85-L3-24dinch - has Notes... TTOer M terae = ThT > LoseTangent T ] Add Row
| @4F 06-85-L3-dinch - has Notes... fals -> Copper -> L2 0
S8 i Model:Materials -> Copper -> SR1 0. [um] 0
o Ea . . . Model:Materials -> Copper -» RF1 2, 0
$ LinearNetworkData: LU=[mil], Truncation=1.0[mil
LHS. < > < > < >
: -4 Simulation(1) 2
Cme S ) = & i [ Lo =
i ; arameters £ | | Cauto-Simuiate | Smulate | | Clean Curves | | 3.63305 E Step, Min: | Le-10 Max Optimize
[E Options +GMS AN
1 . FU=
4 ® ;’ECITte"CYsWEEPS‘ FU=[GHz] ‘ &% diff | {3} segment_20in |3 tdr [} GMS | 5-p eters | &P strip | 4 b %
- Results e - ,
I 2B NetworkView A:Measured.diff. Simulation(1); B:Model. segment_20in. Simulation(1);
| g8 Model Magritude(5). [d8] Phase Delay. [s]
§ OB Matwials T-200C). mo ntermediate results
N JER "Copper", RR=1.25 L
3 . -J& "FR4", Dk=3.63305, LT=0.005, PLM=WD, Dk(0)=3.8 35
i LoLE AT
] B8 StackUp: LU=[mil], NL=3, T=13.02[mil]
- strip 3375
EI-% segment_20in
¥ LinearNetworkData: LU=([mil], Truncation=1.0[mil .
4B MultiportTepelogy: 2 inputs, 4 ports :
B Network: 1 multiport
w4 Simulation(1): 1 Goal
A8 NetworkView 04 Aug 2017, 14:26:24, Simberian Inc Frequency, [GHz]
| {5 tdr(Time-Domain Response) =k ASmlnM1LIn2M1)] F— == ——F ASm{In1M2)In2(M2]] ¥— — = o B(LSmlin1(MT)In2(M1)] ©— — =~ B2)Smlin1(M1LIn2M1]] O— — = B:(3):Smlln1 (M1)In2(M1]]
=8} GMS(MultiportParameters vs. Frequency) v ——© BMSmnIM1LIn2M1)] O— — — ———= B:(5LSmlln1(M1)In2(M1)] ©— — B:(7):5mlln1(M1]In2(M1]] ; —© B:B)SmlIn1(M1)In2(M1]] o— — =
a4« o > — B(ISmlInlM1)In2M1)] ©— — =~ B0SmniMI1LIn2M1]] O— — = 2 B:(1):SmlIni(M2LIn2M2)] ©— — B:(2):Sm{ln1(M2)In2(M2]] o T B3)Smni (M2)n2M2)] O— — =
i . S =  Bl4): ) ——= : ) —— : ) o o BASmIn1(M2)In2(M2)] ©— — = —= B:[8Smlin1(M2)In2M2)] o— — =
o M Circuits [ ] Simulat Result — B:(4Sm{In1(M2)In2M2)] © —= B(E)5mIni (M2LIn2M2]] © B:(B):Sm{ln1 (M2)In2(M2]]
@ Main [ Circuts [[5] Simulations [ @) Results 9 B@)SmlinM2)In2M2]] ©— — = = B(10}Smlin1(M2)In2M2)] O— — =
Model.strip.Simulation(l)::Info: <!--Building simulation model at 14:24:11--> s Root Goal Progress T CPU  CPUTL. PeakMe.. WallTime s
Model.segment_20in.Simulation(l)::Info: Adaptation to SMatrix (output multiport parameters) in "Modal" input s1 |
Model. Info: OPTIMIZER: Step #12, Goal #1, Error 8.23487e-005, Total Error £.23487e- 5 Simbeor 0% 1 1% 20539 0K
h Model. ::Info: OPTIMIZER: Min error £.23437e-005 has been reached at iteration 12 = | [ Model.segment 2... &, 100% | Done 0 0% 0:01:12 0K
. Z s ¥ |2| EModelsegment 2. &  100%]| Done 0 0% 00000 0K
2| BModel.segment 2. &  100% | Done 0 0%  0:00:00 0K
Trace Log_Error Log | S| EBModelseqment 2.. @,  100%[Done 0 0%  000:00 0K

Frequency,[GHz]: [ Magnitude(S),[dB]: | Bhfése Delay, [ns]: | FPS: D @ License

Final RMS Error
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Step 4d: Set up goad for LT

b) Match DBMagnitude
to Measured GIA\/IS—par. c) From 0.1 to 1-2 GHz

[ \ |

a) For GMS odd mode
transmission parameter

*® | 1|
Simulation to Tune| Variable Value Step Element Value Operator  GoalType  Simulation/Polyling A B C Fmin, GHz  Fmax, GHz Weig|
Model.segment_2( Model:Materials -= FR4 -> RelativePermittivity  3.63305 1] 1 5[1,3] DBMagnitude == Simulation  Measured. diff. Simulation(1) none none nome 0.1 :l.

Model:Materials ->= FR4 -> LossTangent 5.e-3 5 Add Row
Model:Materials -» Copper - RelativeResisti,,. 1,25 1}
Model:Materials -= Copper -» SR1 0. [um] 1]
Model:Materials -> Copper -= RF1 2, a
€ > 4\ £ >

2

3 - - I

= Auto-Simulate 5.e-3 e . % Min: | 0. =1 Opti

= [ auto-Simula e Step EI b Min: | Max ptimize

2% diff | 4% segment_20in |$3 tdr GMS | S-parameters strip 4 x

i Set step for-all"variablesto'zero, except for N

NassTang)ent and click Optimize button
s T35
. ? M
e ) 14
% Phase Delay of odd mode is | *~———p—a |
AT 5 P T
Ny matched at the previous step e Tt Iy,
B \ e
'_"‘T"'g'—‘ -—""‘QP“%P——QN-—— -y
| | —"T'— —>r— mh ﬂl e .*_g__ ¥ _%___".*__%__-".*__%:-. -__GL—_-*'-_Q-_-I*i%tj;.ﬂ:}ﬁ&g.ﬁ;ﬁ;.&ﬁ:gﬁﬂ
1 2 3 4 5 B ? 8 9 1ID 1 ‘II2 1I3 14 1I5 1IB 17 1I8 1I9 20
04 Aug 2017, 14:31:08, Simberian Inc. Frequency, [GHz]
=k AEmIn1[M1)In2[M1]] F— = = ———k A:Sm[In1(M2In2M2]] F— —= B:Smlln1M1)In2(M1]] O = = = B:Srln1[M2LIn2[M2)] D= = =;

d) Run Optimization, Clean Curves

< Simberian o/11/2017 © 2017 Simberian Inc. 17

Electromagnetic Solutions



Step 4e: ldentify conductor roughness
model

First set Copper Roughness b) Match DBMagnitude to

model type (Groiss in this Measured GMS-par.
case) and non-zero initial a) For GMS odd mode c) From 2 to max frq.
value for SR1 ( 20 GHz here)

[ \ ( |
Solution Explorer - StepByStepDiff: "C\\Repositnry\Simbeor\Demos\Mater.‘. IX E L 1 L 1
e w B | Simulation to Tune or Optim| Variable Value Step # Element Value Operator GoalType  Simulation/Polyline ' Fmin, GHz ~ Fmax, GHz \
@ StepByStepDiff: "C:\Repository\Si
-8 Measured Model.segment_20in. Simulz Model:Materials -» FR4 -> RelativePermittivity ~ 3.63305 s[1,3] DBMagnitude == Simulation  Measured.diff. Simulation(1) n.n.n2 20. 1
& £F 06-85-L3-24inch - has Note}... :oze:::air?a:s -» ZPA -x Los:TTnngen; i 3.;:22&2—3 Add Row
+ lodel:Materials ->> Copper -> RelativeResisti... 1.
06-85-L3-4inch - has Netes|.
¢ ?? diff ne as otes Model:Materials -> Copper -> 5R1 1.e-1 [um]
=g . Model:Materials ->» Copper -> RF1 74
[ ﬁ LinearNetworkData: LU=

-4 Simulation(1)

Parameters
--[E Options +GMS
(-~ FrequencySweeps: FU=|GHz] ‘ e
[} @ Results
%2 NetworkView
-8 Model
=5, Materials: T=20[°Cl,.. ?\g
: 2 "Copper", RR=1.25, ModifiedGroiss: SR1=0.1 [um], RF1=2; 4 "-aae“
B 'FRA", Dk=3.63305, LT=0.00274228, PLM=WD, Dk(0)=3.74, Dk(i 5
- & “Air &
StackUp: LU=[mil], NL=3, T=13.02[mil]
strip: Simulate It! 10

transmission parameter

beor\Demos\Materialldentification\5t A

mwmo oo

il], Truncation=1.0[mil], IU=[nH], C

< > < >

N
CautoSimulate | Smulate | [ 2. : Step:[5 | % Min: | L ax: 1 || Optimize

diff | 48% segment_20in | tdr GMS | S-parameters | @9 strip | 4px
A:Measuled.r\ll.ﬁimulationﬂ ); B:Model segment_20in. Simulation(1);

SiTune

Magritude(S). [dB] Phase Delay, [hs]

Set sqe'p for all variables to zero, except for
F1 and click Optimize button

35

]
é & segment_20in: Simulate It!
53 LinearNetworkData: LU= [mil], Truncation=1.0[mil], IU=[nH], C B -
(-4 MultiportTopology: 2 inputs, 4 ports 15 * . ™ - =
(- Network: 1 multiport \
-4 Simulation(1): 1 Geal - Simulate It! N - Qﬁ!—q 33

X2 NetworkView -20 N
215 GMS(MultiportParameters vs. Frequency) ! TR TS ;—21—_ oy gmplinglen gl :_%;‘i
P e 1 2 14 15 16 17 18 19 2

<

b — — = 04 Aug 2017, 14:48:52, Simberian Inc. Frequency, [GHz]
Main [/ Circuits | Fl Simulat Result: ;

@ Main 8 Circuis [ 18 Simuiatons | @ Resuks ——k ASmln M1)n2MT]] ¥— — = —— A Sl M2 In2M2]] ¥— — = ———< B:SmllnlM1LIn2M1)] O— — = —— B:Smiln1MZIn2Mz)] O— — =;

Mm = 34

|-{ig tdr(Time-Domain Response)

d) Run Optimization, Clean Curves
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Step 4e: Analysis of preliminary results

Dk, LT, RR, SR and RF values at this step (already usable)

&k Simbeor - [GMS - Graph View] had - m] X
g File Wizards Edit View GraphView Action Job Tools Window Help
D @ T8 VA| b e e 2| 8l L |0 % B @ o Y| & QL OE @ %
+oae@ [@o@d | an | nin|klbE = n B =0 =P N T
RS dEL H G| 8 % H | EEEm-T o@D
v ‘Solution Explorer - StepByStepDiff: " .\REpOSitOI’)"\S]mbED’\DEmDS\\MEtEIiE“deﬂ% |X‘ \
Simulation to Tt Optimi; Variabl Val 5t # El t Val O tor  GoalT Simulati lyli ' Fmin, GH; Fme|
. StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialldentification\StgfiBySti A muatien Hne ar bptimize arane e = | Semen e perater oatlvps mudation/Pelyine min, Bz m
£ Measured Model.segment_20in.Simulation(1) ials -> FR4 -> Relati mittivity  3.63305 0 5[1,3] DBMagnitude == Simulation ~ Measured.diff.Simulation(1) n.nn2 20.
£ 06-85-L3-24inch - has Notes... :o:e::zazriajs - ZR4 - LOSSRTT?E”,: X i.;:zzﬂe-S g Add Row
Iy @ 06-85-L3-dinch - has Notes... lodel:Materials -> Copper -> RelativeResisti... .
t E) 3.17031e-1[um] 5
=11 diff 5
i-$4 LinearNetworkData: LU=[mil], Truncation=1.0[mil], IUZ[nH], CU=[pF]
s o . < > > < >
Fy Simulation(1)
Parameters [Jauto-Simulste | Simulate | | Optimize
... Options +GMS
@; EVEQ‘I-'E"()’SWEEPS: FU=[GHz] ‘ 3% diff | 48% segment_20in | tdr {23 GMS | S-parameters | @9 strip | 4px
esults
B NetworkView ) A:Measured.diff. Simulation[1]; B:Model. segment_20in. Simulation(1);
! =-f Model Magnitude(S), (dB] Phase Delay, [rs]
g BBl Materials: T=20[°C],... i
5 . [ "Copper, RR=1.25, ModifiedGroiss: SR1=0.317031 [um], RF1=2.63802; E "'--._‘ Good match 18] GMS
E - J& "FR4", Dk=3.63305, LT=0.00274228, PLM=WD, Dk(0)=3.74, Dk({inf)=3.5 5 < < 35
B $ insertion loss for odd mode
M StackUp: LU=[mil], NL=3, T=13.02[mil]
a e -10
1 & strip: Simulate It! 4 34
’ - S segment 20in E GMS Rl éé
=1 LinearMetworkData: LU=[mil], Truncation=1.0[mil], IU=[nH], CU=[pF] E — =
| | tt . P 15 N WI"_‘_-:&
| -8 MultiportTopology: 2 inputs, 4 ports €4Ve r e " ﬁ*
. " 33
IHF Network: 1 multiport E\
T " B
-4 Simulation(1): 1 Goal 20 E e
i 48 NetworkVi = e e 129209 \
orkView === —Rok—p—==
tdr(Time-Domain Response) + + + + + + + + + + + + +
< > 1 2 3 4 5 B 7 8 9 10 " 12 13 14 15 16 17 18 19 20
3 Main [T Circut | — ‘@ = 04 Aug 2017, 15:11:19, Simberian Inc. Frequency, [GHz]
lain ircuits imulations esults -
® M | —F ASmlIn1(M1)In2M1)] F— — = ——F ASmlin1(M2)In2M2)] F— — =~ B:SmInl(M1)In2M1)] O— — = ——8 B:SmIn1(M2)In2(M2]] O— — =;
e 4 A £ o £+ AL LA UEL | 5] ¢ e REAEU e Uk S AEEALidte fMbnii Uil LHMMML SiEL daUUS GG MLLH DG M Sl SWei
m Model.segment_20in.Simulation(l)::Info: OPTIMIZER: Values 2 £final error 0.0334502: X| Root Goal Progress T CPU CPUTI.. PeakMe.. Wall Time @
= Model:Materials -> FR4 -> RelativePermittivity: 3.63305; Simbeor 0% 1 1% 0:13:43 0K 6:20:06
§| Model:Materials -> FR4 -> LossTangsnt: 2.74228e-3; y— v—
@ | Model:Materials -> Copper -> RelativeResistivity: 1.25; 5 Model.segment 2.. & 100%| Done Ik EEEK N
E_ Model:Materials -> Copper -> SR1: 3.1703le-1; = Model.segment_2... &, 100% | Done 0 0% 0:00:38 oK 0:00:40
én | Model:Materials -> Copper -> RFl: 2.633802; B ‘g‘ Model.segment_2.., &, 100% | Done 0 0% 0:01:12 0K 0:01:13
A % : !Mcdel.segment_z... G,, 100% | Done 0 0% 0:00:00 0K 0:00:00
TraceLog _Error Log =2 | §Model.segment_2... &) 100% | Done 0 0% 0:00:00 0K 0:00:00 v
Frequency,[GHz: | Magnitude(s),[dB]: | Phase Delay, [ns]: | FPS:0 |@ License

w e — T T T

To improve accuracy, repeat step 4c
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Results are acceptable, but not perfect

x|
] Simulation to Tune or Optimize Variable Value Step # Element Value Operator  GoalType  Simulation/Polyline | Fmin, GHz
Model.segment_20in.Simulation{1) Model:Materials -> FR4 -> RelativePermittivity  3.59993 5 5[1,3] PhaseDelay == Simulation  Measured.diff. Simulation{1) n.nnl
Model:Materials -> FR4 - LossTangent 2.74228e-3 0 Add Row
Model:Materials -= Copper -> RelativeResisti... 1.25 0
Model:Materials -> Copper -> SR.1 3.1703%e-1[um] 0
Model:Materials -> Copper -> RF1 2.63802 0
< > < >
H
3 N " - . ) . A
5| [JAuto-Simulate | Smuate | [¢ |[3.5033 = Step:[ 5 |% Min: | 1.e-10 Max: | le+ Optimize
| "B diff |:I: segment_20in |%tdr %GMS | S-parameters |' strip | 9k X
A Meazured. diff. Simulation(1); B:Model segment_20in. Simulation(1];
M agritude(S). [dE] Phaze Delay, [ns]
|
541 T35
10 g
i -‘-:-‘-Q"-'--._E. 34
Measured and model dispersions
157 p ; p 5 e —
\ are different at lower frequencies R
¥ —— T33
207 T gV
| -..%m—--l—é"—':?:@b".—:l-_—%=-=I==@-—I—@_-I R - |-+_|_'®_-|-_®--|__®__u — B = i = = = = -'Q!i:.w
1 2 3 4 5 B 7 a 9 10 1 12 13 14 15 16 17 18 19 20
04 Aug 2017, 15:22:22, Simberian Inc. Frequency, [GHz]
=k ASmllnd M1]In2[M1]] F— = = 5 BSmlnl [T LIn2M1)] O — =

Higher measured dispersion in Phase Delay indicates that LT should be larger (dispersion)
The problem is with the matching RR at DC that resulted in larger value of resistance
RR=1.25 — this is questionable result (resistance 25% of annealed copper)!

Solution — set RR back to 1 (annealed copper) and redo the matching...

< Simberian o/11/2017 © 2017 Simberian Inc. 20
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New results with RR=1

&k Simbeor - [GMS - Graph View] had - m] X
¢ FEile Wizards Edit View GraphView Action Job Tools Window Help
Db 6| T8 VA | dim e e 2 [ Bl L [0 4 B B[ fo X BB RAD !
fosoae|e ®#FFd|an | mnblHEEEEEWED T ymasBeghepciaa
FEOS A= H G| 0 Y T mEmeQ sl 0f secsamElE ER=ET EX N ¥
: ‘Solution Explorer - StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialldent... |x ‘
= Simulation to Tt Optimi; Variabl Vall Stey % El t Vall 0 tor  Goal Simulati yli
@ StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialldentification’ StepBySt: A muiaten to Tune or Optimze ane ue ° ] Bemen e perator  GoalType | Simulation Polyine
t £ Measured Model.segment_zﬂin.Simulaﬁonw Model:Materials -> FR4 -> RelativePermittivity ~ 3.63 0 \[1,3] DBMagnitude == Simulation ~Measured.diff. Simula |
- EF 06-85-L3-24inch - has Notes... :oje:::a:zna:s - ZR4 = LossRTTnngen; o i,anaisea g Add Raw
: £ 06-85-L3-inch - has Notes. odelitlaterials -> Copper -> RelafiveRessti
] T oy diff Model:Materials -> Copper -> SR1 1.9404e-1[um] 5
=g R B Model:Materials -> Copper -> RF1 2.75024 5
E tt LinearNetworkData: LU=[mil], Truncation=1.0[mil], [U=[nH], CU=[pF]
1 -4 Simulation(1) < \> < 24 </ 4
Parameters Oautosimulste | Simuate \ﬁ (275024 3] Stepi[5 |% Min: | 1. Max: | L& ptimize
| E Options +GMS
3 L F Sweeps: FU=[GH
E 0 R’EQ‘;‘E"(Y weeps: FU=[GHz] ‘ "B diff | 484 segment_20in |3 tdr GMS\I% S-parameters | @9 strip | 4bpx
5 esults ~ —~
] "2 NetworkView ‘ A:Measured.diff. Simulation(1); B:Madel segment_20in. Simulation(1);
I . Model M agnitude(S). [dB] Phase Delay, [ns]
558 Materials: T=20[°Cl,.. ']\m
: . JF "Copper’, RR=1, ModifiedGroiss: SR1=0.19404 [um)], RF1=2.75024; |
o "FR4", Dk=3.63, LT=0.00580818, PLM=WD, Dk(0)=3.85, Dk(inf)=3.54 | g
] i afi . as
A StackUp: LU=[mil], NL=3, T=13.02[mil !
W StackUp [mil], [mil] N B
u - strip: Simulate It [ N
] -4 segment_20in ol \'*H..___:
i A0k e
= tt LinearNetworkData: LU=[mil], Truncation=1.0[mil], IU=[nH], CU=[pF] NB.__ 34
4B MultiportTopology: 2 inputs, 4 ports \NE\‘\'R-.
B 4 Network: 1 multiport 'l n N 3 . o
T . A Alayys ocnareinn M
4 - Simulation(1): 1 Goal 1 FRNase yeiay aispersion for-odd ]
4 454 NetworkView \ - k"‘ﬂiﬁ.\
4 & {8 t9rTime-Domain Response] mode match is much better]! et 33
= gﬁ GMS(MultiportParameters vs, Frequency) 20 \&‘ \ [,
1 =-fr3 Measured.diff. Simulation(1) "’"B-.-,_._qa__\_ [
) DataSource (2368) oty — - - [
(2368) & S = o o ¢ :%
4 MatrixElements e ' ' ' v ' ' ' ' ' ' I H + ' | e ¢
<\ o 5 2 3 4 5 [ 7 8 3 10 n 12 13 14 15 16 17 18 19 20
B - 04 Aug 2017, 15:56:51. Simberian Inc. Frequency. [GHz]
Mai C its Simulati Result: .
4 @ Main [ Circuits[ 1] Simulstions [ @) Resuts ———k Al (M1)In2M1)] F— — = ———S) B:Smllr] (M1)Iri2(1]] O— — =
A[x| Model:Materials -> FR4 -> RelativePermittivity: 3.63; A [X] Root Goal | Progress T CPU  CPUTI. PeakMe. WallTime ~
4= Model:Materials -> FR4 -> LossTangent: 5.80818e-3; .
E %_ Model:Materials -> Copper -> RelativeResistivity: 1l.; Simbear 0% 1 1% 0:18:40 0K 7:05:38
% | Model:Materials -> Copper -> SR1: 1.9404e-1; Model.segment_2... @,. 100% | Done 0 0% 0:01:05 0K 0:01:11
| 2 . N N . 5
¥|c'| Model:Materials -> Copper -> RFl: 2.75024; = Model.segment 2... &,  100%| Done 0 0% 0:00:00 0K 0:00:01
|53 2
bl v Model.segment_2... @,. 100% | Done 0 0% 0:00:22 0K 0:00:25
. 5
al £ 2 2 Model.segment 2. &,  100%| Done 0 0% 0:00:00 0K 0:00:00 E
S| Tracelog _Error Log 2 Model.segment 2. €8  100% | Done 0 0% 0:00:00 0K 0:00:01 v
Frequency,[GHz]: | Magnitude(s),[dB]: | Phase Delay,[ns]: | FPS: 0 @ License
T o TR rome e T TFRTEE B R T RAm T
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What about the even mode?

Solution Explorer - StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialldent... |X ‘

.. Options +GMS

FrequencySweeps: FU=[GHz]

Results

----- LB NetworkView

-5 Model

é i Materials: T=20[°C], ..

i -JB "Copper", RR=1, ModifiedGroiss: SR1=0.19404 [um], RF1=2.75024;
E "FR4", Dk=3.63, LT=0.00580818, PLM=WD, Dk(0)=3.85, Dk(inf)=3.54

D- StackUp LU=[mil], NL=3, T=13.02[mil]

- ' strip: Simulate It!

248 {1 segment_ 20in

D tt LinearMetworkData: LU=[mil], Truncation=1.0[mil], IU=[nH], CU=[pF]
i L_\ 4B MultipertTopelogy: 2 inputs, 4 ports
| - Network: 1 multiport

I W Simulation(1): 1 Goal

----- LAEY NetworkView

[jn tdr(Time-Domain Response)

=] g? GMS(MultiportParameters vs. Frequency)
E|f_[_'1 Measured.diff.Simulation(1)

‘;:] DataSource (2368)

MatrixElements

[24]
E| frq Model.segment_20in.Simulation(1)
[TI--] DataSource (2363)
: MatrixElements
O
L[] [2.4]
[#-F} S-parameters(MultiportParameters vs, Frequency)

~

<
I . Main |{E Circuits ‘ | Simulations ‘@ Results

3

%]
™ Simulation to Tune or Optimize Variable Value Step # Element Value Operator GoalType  Simulation/Polyline
Model.segment_20in.Simulation(1) Model:Materials -= FR4 -> RelativePermittivity ~ 3.63 0 5[1,3] DBMagnitude == Simulation  Measured. diff.Simula’
Model:Materials -> FR4 -> LossTangent 5.80818e-3 0 Add Row
Model:Materials -> Copper -> RelativeResisti... 1. 0
Model:Materials -> Copper -> SR1 1,9404e-1 [um] 5
Model:Materials -> Copper -> RF1 2.75024 5
° < > < > < >
é [auto-Simulate | Simulate | | cle |[2.75024 |2 Step:lzl % Min: | 1. Max: | Le Optimize
‘ B diff ‘::: segment_20in ‘ tdr GMS | S-parameters " strip I 4 b X%
A:Measured.diff. Simulation(1]; B:Model. segment_20in. Simulation(1];
Magnitude(S). [dB] Phase Delay, [ns]
N 135
L ™ Measured GMS i ion loss
ik easured GMS Insertion loss nas
h Ww N N R N T 3.45
e oscillations — inconclusive result
10 3 \'&‘"‘-ﬁ-n_ T34
- T
% “"—g‘k
1 E‘ d d : : [y 1335
ol ven modes dispersion = T,
A lightly diff 1
\, | are slightly different
R
20T G- ]
i X 325
- RS e e — - L_g—_— o — e —
T T e e N g g g g >
L L L L L L | \ \ \ :
14

04 Aug 2017, 15:53:47, Simberian Inc.

——# ASmlIn1(M2)In2M2)] ¥— — = ———) B:Sm{ln1(M2)In2M2)] O— — =

Problem: Model contains only one dielectric — cannot match simultaneously
odd and even mode — though, it may be acceptable if FEXT is not large
Solution: Create model with the additional layer of dielectric around the

strips — see next slides...
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Model with inhomogeneous dielectric

85-L3-4inch 85-13-24inch
Parameter Avg. Avg.
a 5.66 5.67
Predominantly b 741 .35
. c 6.51 6.58
resin d 6.67 6.74
e 0.65 0.65
f 5.80 5.82
g 5.15 5.16
“" lution Explorer - StepByStepDiff: "C:\Repository\Simbeor\D: \Materialld |X‘ ‘ "B diff ‘::: segment_20in ]tdr ‘% GMS ‘% S-parameters ‘. strip 'strip |::: segment_20in ‘::: seg_24in ‘ 4 b x
. StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialldentification\5tepBySt A ok
=-f8f Measured 2. [mil
(-8 06-85-L3-24inch - has Notes... - P
55 06-65-L3-8inch - s Notes. Use parameters identified for homogeneous
-y diff . . . .
8 Model st dielectric as the starting point for both models

=-f8 Model_2Diel

253 Materials: T=20[*C],...

- JEA "Copper’, RR=1, ModifiedGroiss: SR1=0.19404 [um)], RF1=2.75024;

JE "FR4", Dk=3.54, LT=0.00580818, PLM=WD, Dk{0)=3.75, Dk(inf}=345 — | - -
o " > resin + fiber

™ - ]"Resin”, Dk=3.76, LT=0.00580818, PLM=WD, Dk(0)=3.98, Dk(inf)=3.66

o

-8 StackUp: LU=[mil], NL=3, T=13.02[mil]

s 1| Plane: "Planel”, Cond="Copper", T=0.77, Ins="FR4" =t

. 2| Medium: T=4.16, Ins="FR4" 5

. 3| Medium: T=1, Ins="Resin"

-.mmm 4| Signal: "Signall", T=0.65, Ins="Resin", Cond="Copper"
. 3| Medium: T=1, Ins="Resin"

. 6] Medium: T=4.67, Ins="FR4"

..mmm 7| Plane: "Plane2", Cond="Copper", T=0.77, Ins="FR4" i)
[\--% strip

[\--& segment_20in

E\--& seg_24in hd

<
_. Main |8 Circuits

', [mil]
-

- - 20 15 A0 5 0 5 10 15 20
imulations ‘@ Results
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Simultaneously match odd and even mode
GMS-parameters

a) Use parameters identified for homogeneous dielectric as the starting point

i i ittiviti i i c) Alternatively set goals for Phase
b) Bring relative permittivities of the base material (FR4) and fill d) : for 2 y q g d r
: : ; o elays for 2 modes and optimize
material (resin) to Variable pane to optimize or tune 4 \ P
Solution Explorer - StepByStepDiff: "C\Repository\Simbeor\Demos\Materialldent... |X‘ x| \ \
] Simulation to Tt Optimiz Variabl Val Stey # El t Val o] tor  Gogl
@ StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialldentification'\StepBySt: A imuiation ta Tune or Cptmiz anase aue " =men \\/ aue peratar. | o
L:I. Measured Model_2Diel.segment_20in.5i| —z Model_2Diel ials -» FR4 - Relati rmittivity 3.54 2 1 5[1,3] PhaseDelay = Simu|
3 [-EF 06-85-L3-24inch - has Notes... %del_ZDiel:Materials -» Resin -> RelativePermittivity 3.76 2 %5[2,4] PhaseDelay = Simu|
[-&F 06-85-L3-dinch - has Notes... 1 Add Row
-4 diff
w88 Model o < > < > < >
=-{8f Model_2Diel = mg yte Simulate 3.76 3 Step:“/n Min: | 1.e-10 Max: l.e+1 Optimize
28] Materials: T=20[°C],... =
A "Copper", RR=1, ModifiedGroiss: SR1=0.19404 [um], RF1=2.75024; . . R N N
i |48, segment_20in |12 tdr {£3 GMS |{23 S-parameters stri strip |4y segment)\20in | %3y seg_24in 4 b %
-JH "FR4", Dk=3.54, LT=0.00580818, PLM=WD, Dk{0)=3.75, Dk(inf)=3.45 ‘ ‘ ? ‘ |‘ P ) ‘. . i |. g ‘ . 2 " | . 2 ‘
oA A:Measured. diff. Simulation(1); B:Model_2Diel. segment_E0in. Simulation(1];
.J& "Resin”, Dk=3.76, LT=0.00580812, PLM=WD, Dk(0)=3.98, Dk(inf)=366 = Madritude(S). [dB] fitiasaliclayalgel
£ 88 StackUp: LU=[mil], NL=3, T=13.02[mil] C) Tune resin Dk up and FR4 Dk down to match
. 1| Plane: "Planel”, Cond="Copper", T=0.77, Ins="FR4"
Il 2| Medium: T=4.16, Ins="FRe" T ™ Phase delays for odd and even modes simultaneously
. 3| Medium: T=1, Ins="Resin" 5T h..‘_% ’
. 4] Signal: "Signall”, T=0.65, Ins="Resin", Cond="Copper" \k
*
[l 5 Medium: T=1, Ins="Resin" Sy
. 6| Medium: T=4.67, Ins="FR4" * x
.. 7| Plane: "Plane2", Cond="Copper", T=0.77, Ins="FR4" 0T % 1
ta . E 34
[+ strip %
-4 segment_20in 3 %#
-4 seg_24in 151 1Al -

45 MultiportTopology: 2 inputs, 4 ports

7™\ ( ]
=3 LinearNetworkData: LU=[mill, Truncation=1.0[mil], IU=[nH], CU=[pF] udd — red limes K
\
L%

- T33
I Netweork: 1 multiport E\/e n - I:)I u (3 I I r] es
Pos o . +
[ Simulation(1) -20 7‘*;"%
) ~
4B NetworkView b t™ -# mrml‘:*"% V/ » y
- tdr(Time-Domain Response) . . , 1 )(-*-I— L .- -)k-l- —>(—>%-I- —”)(-*—I — = &-}K-I— i’g-é-)ﬂk—l- - e e
- 5% GMS(MultiportParameters vs. Frequency) v T T t t T T T T T T T
< 1.25 25 375 5 6.25 75 878 10 11.25 125 13.75 15 16.25 175 18.75 20
= ——T—— = 05 Aug 2017, 07:19:59, Simberian Inc. Frequency, [GHz]
Mail Circuits | F# Simulat Result:
@ Main [ Circuits [ 151 Simulations | @ Results ——# A:SmlIn] (M1)In2(M1)] F— — = ——F A:SmlIn(M2)In2M2)] F— — = ——X B:Smlln1(M1)In2M1)] X— — = ——< B:Smlln1 [M2)In2(M2)] X— — =

Final dielectric models: Wideband Debye FR4 Dk=3.54, LT=0.0058 @ 1 GHz; Resin
Dk=3.76, LT=0.0058 @ 1 GHz; Copper roughness model: Groiss SR=0.19 um, RF=2.75
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Compare raw single-ended S-parameters for

24 Inch segment

24-inch segment Emodel with ideal 100 Ohm connector model

102

] —

05 g 2017, 07:51, Simberian Inc Editor Mode (press <E> for Netw

A:Measured 06-85-L3-2dinch. MFF; B:Model_2Diel. seg_24in. Simulation(1);
M agnitude(S]. [dB)]

)\%W“‘*wu Single-endeq transmissions
| FEXT M‘""“mm\[m

| L é . B %m;:‘"&m
ST
NEXT
i

25 375 5 6.25 75 875 10 n25 125 137 15 16.25

175

1875 20

1.25
05 Aug 2017, 07:41:02, Simberian Inc. Frequency, [GHz]
* 4:5[1.2): # A:501.3]; + a5 4); B:5[1.2L: B:5[1.3%: B:S[1.4%

< Simberian o/11/2017
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A:Meazured, 06-85-L3-2dinch. MFP; B:Model_2Diel seg_24in Simulation(1];
Magnitude(S). [dB]

‘ mFasuTed \ﬁsﬁm

#J

Kvﬂ/\e

Wl[“\f\v\

s

)

i

odel without

launch/caonnector

gle-ended reflections

A0 T7F

25 5 75 10 125 15 17.5
05 Aug 2017, 07:52:53, Simberian Inc.

—# A5 — BS[L
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Compare raw differential S-parameters for
24 Inch segment

24-inch segment Emodel with ideal 100 Ohm connector model

02

= Foits 1|Dz|' = ‘éﬁfl\ T2 0
; N 101 102 o
Y. [mil]
20 15 10 5 o 5 10 15 20 o
) (e to Ed). TL2
01 101 102
ELZPED Ohm:
Delay=0.05ns:
05 Aug 2017, 07:51, Simberian Inc. Editor Mode (press <E> for Nety
AiMeasured 06 8513 24inch MFP: 8 Model 2Diel sen_2din Simulation(1);: A:Measured. 06-85-L3-2dinch. MFP; B:Model_2Diel.zegq_24in Simulation(1);
Mo ucelo) 196) Phase Delay. [ns] 5 grinue(s), (48]

\ T43 1
: ifferential insertion 104 measure

d
4 \\Iosses; |, — . \r‘ |

g / tdz

10 i \ \/ N
\ T 415 |

°\ N

J& Differential transmission tas Differential reflections
~1_\ |phase delays \ \ a0
. e — 1y
e + : : } ' ' } ' '
-r“- = ﬁ-_'x-““'é(:'*=5{==ﬂe==k& 0 25 5 75 10 125 15 175 20
2=5 ; ?15 1IU _|2l 5 _|=5 1; 5 20 05 Aug 2017, 08:02:08, Simberian Inc. Frequency, [GHz]
05 Aug 2017, D?:59;25, Simberian Inc. l l l Frequency, [GHz] —F ASmm(D1.01L —% B:Smm{D1.01];

—# &5mm[D1.02] F— — = —— B:SmmD1.02] K— — =
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Compare TDR for 24 inch segment

&M eazured 08-85-L3-2dinch MFP; B:Model_2Diel seg_24in. Simulation(1];
2. [Ohn)

TDR is off by about 3 Ohm
Possible reasons:

Launch works as transtormer| (poor localization)?
Inductive effect of roughness?
Cross-section from a different board? p——

1207

noT

measured //""
100 +— /

}A_p__-w’-"‘ﬁ | Measured impedance grow
/ H_P.r—'-'g' J fastef — possibly higher
ol P copper resistivity
model
T ' ' ' ' ' ' '
0 1 2 3 4 5 5 7 g 93

05 Aug 2017, 08:05:45, Simberian Inc. Time, [ns]

AZmm[D1.01]; AZmm[D2,02]: AZmm[C1,C1]; AZmm[C2,C2]: B:Zmm[D1.01];

B Zmm[D2,02]: B:Zmm[C1.C1]; B:Zmm[C2,C2];

Requires further investigation — see appendix...
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Conclusion

O Always identify or validate dielectric, conductor and
conductor roughness models

O Use of GMS-parameters is simplest and most accurate
technigue for the material model identification

O Differential strip is useful to identify dielectric
Inhomogeneity and fit 2 dielectric models simultaneously

O Use homogeneous dielectric if no FEXT observed or
FEXT iIs not a part of design

O Use two dielectric models to match phase delay of two
modes — it leads to match in the FEXT

< Simberian o/11/2017 © 2017 Simberian Inc. 28
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Appendix: Causal |
model

uray-Bracken roughness

Ksr:1+zk: (RFk—l)-(

14 (1-i) 2

2r.

oo [ L
- t-uo

z

rough =

K, -(L+i)-6,

RFi - roughness factor, defines maximal growth of losses due to all balls with radius ri;
ri — ball radius (SRi parameter in Simbeor);

Conductor losses (same as in Huray model)

Re(Z o) =[ Re(H, ) - Im(H,, )],

Additional conductor inductance

IM(Z,,g,) =[ Re(H,, )+ Im(H,)]- 5,

2.6 7 32
E
244 * 298 =
' M= J/lm d ' T
I a ’ -
228 . 27 = Lim [—
p : RF=3
12 " 1354 K
L4
Re[Knb2|-Im(Khb2)) 04 A Re[Khbj |+ Im(Khb2 ) 3 s
Re{ Kiib1p5; |- Im{ Kib1p;) | o ‘' RF= Re{ Khblp3; )+ Im{ Khb1p3;) 5 | r
- ) ) - ‘_-/" - - ) ) N [:_
Ref Kb )~ImfKhb%;) e Ref Kb |+ Tn{Knb3) , RFE2 L+
- - J - - Lod + et
T L = " |t
, “RF=1.5 1 . pE
- - ~ L - e |t RF=1.5
132 A - 144 " il —— bl
. - - - =
. -/ il ot I ..// P ] o -
1.1 | e 1.24:_;_____.--' e
o T —7 L |
1 1
110’ 1x10* 1x10° 1x10'? 0t 1x107 1108 1x10° 1x10%° 1x10*

Frequency, Hz

£

Frequency, Hz

J. E. Bracken, A Causal Huray Model for Surface Roughness, DesignCon 2012
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Appendix: Results with causal Huray-
Bracken model

a) Use parameters identified for inhomogeneous dielectric as the starting point, set LT to 0.002 (specs);
b) Optimize roughness model parameters (SR1, RF1), to match GMS IL from 2 to 20 GHz
c) Adjust Dk of FR4 and Resin, to match the even and odd mode Phase Delay \

‘ Solution Explorer - StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialld... |X‘ m

AN

@ StepByStepDiff: "C:\Repository\Simbeor\Demos\Materialldentification' StepBySte Simulation o Tune or O Variable value Step " # ElEF}E Value Oper
[-f88 Measured Model_2Diel_Huray:Materials -> Copper -> SR1 2.0065e-1 [um] 5 5[1,3] DBEMagnitude ==
{8 Model ‘%fl_miel_Huray:Materials - Copper -> RF1 8.13398 5 Add Row

{8 Model_2Diel el_2Diel_Huray:Materials -> FR4 -> RelativePermittivity ~ 3.465 1

= Model_?_Diel Huray Model_2Diel_Huray:Materials -> Resin -> RelativePermittivity  3.63 | 1 v < >

v
E-F Materials: T=20[*C],... 3.63 = Stzp: % Min: | L.e-10 Max: | Le+10 Optimize
- JE} "Copper", RR=1, HurayBracken: SR1=0,20065 [um)], RF1=8.13398;

E "FR4", Dk=3.465, LT=0.002, PLM=WD, Dk(0)=3.54, Dk(inf)=3.43 ‘ & <trip ‘. strip ‘% tdr GMS |% S-parameters ‘ TLine ‘ 4 bk X%
i A
. "Resin", Dk=3.63, LT=0.002, PLM=WD, Dk(0)=3.7, Dk(inf)=3.6
(=M StackUp: LU=[mil], NL=3, T=13.02[mil]

mm 1| Plane: "Planel”, Cond="Copper", T=0.77, Ins="FR4"

. 2| Medium: T=4.16, Ins="FR4"

. 3| Medium: T=1, Ins="Resin"
-.mmm 4 Signal: "Signall", T=0.65, Ins="Resin", Cond="Copper"
. 5| Medium: T=1, Ins="Resin" 57
- 6 Medium: T=4.67, Ins="FR4"
-.mm 7| Plane: "Plane2", Cond="Copper", T=0.77, Ins="FR4"
=] % strip
s CircuitData: LU=[mil], Truncation=1.0[mil] 0+
w3 SFS

.2 Geometry3DView
[}%; segment_20in
[}%} seg_24in
[]-- tdr(Time-Domain Response) 157
\'}%ﬁj GMS{MultiportParameters vs, Frequency)
[]--gg S-parameters(MultiportParameters vs, Frequency)
3] E TLine(TLineParameters.Modal vs. Frequency)

[ Auto-Simulate Simi

A:Measured. diff. Simulation(1); B:Model_2Diel_Huray.seament_20in. Simulation(1);
Magnitude(S], [dB]

.t

Phase Delay, [ns]

Odd — red lines 1=
e Even — blue lines L35

S

T 345

T34

Multi-ball model
should be used for

I~ 4 } + ~ T3:
petter I matcn?

]\E T33

Huray-Bracken moc
the phase delay dispersion match

o e oo BB B L — — — - — |
/5 /

20T %H i

~ h’%‘::,ﬁ_h _ N @\%r\& 325

ek - T - s = - - — - _ 0

R SE BT mb T s e e Tt

< N 1 2 3 4 5 6 7 8 T L T S N
7 — T o . 23 Aug 2017, 10:53:47, Simberian Inc. Frequency, [GHz]

Mai Circuits | [ Simulat Result:
S I i i) @ == — ASmln1(M1)In2M1)] *— — = ——k ASmlin1(M2}In2(M2]) *— — = ——F] B:Sminl M1}In21)) O — = ——F1 B:Smlin1 (M2)ri22)) O— — =

Final dielectric models: Wideband Debye FR4 Dk=3.465, LT=0.002 @ 1 GHz; Resin Dk=3.63, LT=0.002
@ 1 GHz; Copper roughness model (RR=1): Huray-Bracken SR=0.2 um, RF=8.134
If copper relative resistance is adjusted to RR=1.2, Huray-Bracken model is SR=0.2, RF=7.75
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Appendix: Validation with causal Huray-
Bracken model

24-inch segment Emodel with ideal 100 Ohm connector model

! —— —— S ——— 1o s 02 [
° V’[m‘\]‘ ' 107 02
prm £ oEd L1 b’;%i%% i et 1Lz
] — AE[J o .
— = Much better correlation
[kt B B H
at lower frequencies
05 Aug 2017, 07:51, Simberian Inc. Editor Mode (press <E> for Nety
A:Measuned 08-85-L3-2dinch MFP; B:Model_2Diel Huray seq_2din. Simulation(1];

WMagrituds(S], [B] AcMeazured 06-85-L3-24inch. MFP; Baodel_2Diel Huray.seq 24in. Simulation(1);

[ﬁ\m M agnitude(S), [dE]

~—— Single-ended transmissions ‘ \/ measured /ﬂﬁ/\
107 Hﬁ‘""‘ﬁ-\\&\\;é: B V "
=7 N W"’a—ﬁ_ Bl o )
07 fore TR o W Flondh -30 1 .
AR YA Y X Model without
ol ) - launch/connector
NEXT Single-ended reflections

) A0T

+ } } } } } } } } a 25 5 78 10 125 15 175 20

] 25 5 7h 10 125 15 17.5 200 23Aug 2017, 11:17:04, Simberian Inc. Frequency, [GHz]
23 Aug 27, 11:16:14, Simberian Inc. Frequency, [GHz] —# 50— BiE[);

—# &350 Sl e # a5 4 £ B:S[1.2); £ B:S[3; £ B:S[1.4);
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Appendix: Validation with causal

Bracken model

luray-

24-inch segment !’nodel with ideal 100 Ohm connector model

02

Forts 1,2,

05 g 2017, 07:51, Simberian Inc

A Measured 06-85-L 3-2dinch.MFP; B:Model_ 2Diel Huray zeg_2d4in Simulation(1);

d agnitude(S], [dB]

101 102

101

Phasze Delay, [nz]
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rential inse

rtion

|
I ¥
a{e “\\IOSSGS

3T/
i
1m \E\
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. . .| to [reflections?
_20__l Differential transmission ™=,
Kﬁ)hase delays (ideal match) ™
28T = \
e o~V
%"*BE--*—-*—E-_*E
2.I5 5 ?j5 1ID 1 2I.5 15 175

23 Aug 2017, 11:31:18, Simberian Inc.

T43

T425

T42

T 415

T 41

Frequency, [GHz]

——# ASmm[01.02] #=— = = ———F] B:Smm[D1.02] O——=:
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Editor Mode (press <E> for Netw

A:Measured 06-85-L3-24inch. MFP; B:Madel_2Diel_Huray.seq_24in. Simulation(1];
Fagnitude(S). [dE]

T
Differential reflections
07 measured
I e
plo =1
1] 2.I5 5 75 ‘IID 1 2I.5 15 1 ?=.5 2!IZI

23 Aug 2017, 11:29:23, Simberian Inc.
——# #5mm(D1.01]; = B:Smm[01.01];
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Appendix: TDR for 24 inch segment with
Huray-Bracken roughness model

A:Meazured 06-85-L3-24inch. MFFP; B:Model_2Diel zeg_24in Simulation(1]; C:Model_2Diel_Huray. zeq_24in Simulation1];

2, [Okm]
1201
With causal model [TDR moved up 2.2 Ohm
and is much closer|to themeasurements!
1oT / - =
measured / Y
rd

/

1001 \ Fj/

e
re

leasured impedance grow

_,...-=—-==--""'"___________._._...-\"->--'j faster — possibly higher
ﬁ_,c-ﬁﬂ————""""——— e / copper resistivity
an+ ""____F-‘&i____——""_-__ﬁ:——
I ade Graiss roughness
- Huray-Bracken roughness N

model (non-causal)

model (causal)

BEI T 1 1 1 1 1 1 1 |
0 1 2 3 4 5 B 7 a |
23 Aug 2017, 11:35:38, Simberian Inc. Time, [ns]
AZmm[D7.01]; AZmm[D2 D2 AZmm[C1,C1]; AZmmC2 L2 === B:Zmm[D1.D1];
=== BZmm[D2D2]; B:Zmm[C1,C1]; B:Zmm[C2,C2]; CZmm[D1,01]; C:Zmm[D2.02];
CZmm[CT1.C71; CZmm[C2,.C2];

...the impedance mystery solved!
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Appendix: TDR for 24 inch segment with
Huray-Bracken roughness model

A Measured. 06-85-L3-2dinch MFP; B:Model_2Diel seg_24in. Simulation(1]; C:Model_20iel Huray. seg_24in. Simulation(1); A:Measuved&c_l:;f.ssnwlu\;[t)ior"[u: B Model_ztiwezluseggwentl_tzmn“slwmulanonn )
£, [Qhrm] Moguls) o8] e ]
0
1201 RR=1.2 RR=1
Copper relatjve resistance lis adjusted to|RR=1.2, k 4
. —_ 05 T
Huray-Bracken model is SR=0.2, RF=7.75 ' \
ol Same dielectric model = | T Measured
I~ 1
Huray-Bracken roughness measured / | s 120803 St S
) - L ’ =% ASm{InTM1LIn2(M1)]; —2< B:Smlln1(M1)In2MM1]];
model (causal) with copper ‘ / 7 ——1 CamemTL
100+ —H& resi fi\/ify ndﬂ_usted_a[t to_match It
IL at low frequency P&ﬁ# Much better
&rﬁ,ﬂ—-—-’ ! corfespondence in the
= | .........1.-----’ impedance growth

90+ S
—.—-'—_‘_‘—- R
I-l 6 ——— Groiss roughness

L7 model (non-causal)
80+
0 1 5 3 s 5 ; 7 3 3
23 Aug 2017, 115756, Simbernian Inc. Time, [nz]
AZmm[D7.07]; A:Zmm[D2.02): AZmm{C1.C1]: A Zmm[C2.C2); = =— =  B.Zmm[D1.01];
=== BZmm[D2.D2]; B:Zmm[C1.C1]; B:Zmm[C2,C2]; C:Zmm{D1.01]; CZmm{D2.02];
C:Zmm[C1.C1]; C:Emm[C2.C2];
TDR can be used to validate the relative resistivity in addition to
matching GMS IL at the lowest frequency...
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