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Implicit Space Mapping Theory: Modeling

implicit mapping Q between the spaces x; x, and x
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Implicit Space Mapping Theory: Prediction

implicit mapping Q between the spaces x; x, and x

Xy

fine
model

R, (x) coarse _R>c(xc9x)
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x_} model
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General Space Mapping Technology (Bandler et al., 1994-2002)

linearized: original and Aggressive Space Mapping
nonlinear: Neural Space Mapping, etc.

implicit: preassigned parameters (ISM)

Q

fine
model

Xy

| N 'R ~
»[ space }— coarse | 1K~ Ky
x | mapplng) » model !

parameters x: coarse space parameters, neuron weights
mapping tableau, KPP (ISM)
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General Space Mapping Steps
Step 1 select a mapping function (linear, nonlinear, neural)
Step 2 select an approach (1mplicit, explicit)

Step 3 optimize coarse model (initial surrogate) w.r.t. design
parameters

Step 4 apply parameter extraction (KPP, neuron weights, coarse
space parameters)

Step 5 reoptimize “mapped coarse model” (surrogate) w.r.t. design
parameters (or evaluate inverse 1f available)
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General Space Mapping Steps (continued)
Step 6 simulate the fine model at the solution to Step 5

Step 7 terminate 1f a stopping criterion (€.g., response meets
specifications) 1s satisfied, else go to Step 4
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General Space Mapping—Implicit Mapping
optimize 1implicit mapped coarse model (surrogate)

v

fine
model

__________ 1

. %l
x " [ space | X | coarse _:_Iic*
mapplng model |
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preassigned parameters x and implicit variables x,, etc
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General Space Mapping—Implicit Mapping

evaluate fine model at optimal coarse space parameters

—vy X *
XX, fine Rf():c )
model
|_ _________ 1
—y X *
XX space | X" | coarse IR,
| | mapping model |
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General Space Mapping—Implicit Mapping

parameter extract—update surrogate

Xf fine I:f
model
__________ =

preassigned parameters X, etc.

Xe space coarse _:ffRf
appmg model |
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General Space Mapping—Implicit Mapping

reoptimize implicit mapped coarse model (surrogate)

A
% fine Iif
model
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General Space Mapping—Implicit Mapping

evaluate fine model at optimal coarse space parameters

Xr fine I:f
model
|_ _________ =1
| | space x* | coarse || R
| | mapping model |
L — _T _______ 2
X
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General Space Mapping—Implicit Mapping

explicit mapping to enhance the implicitly mapped coarse model

Yy fine Rf
model >
[ ________ l::::::::::_l_l
: space space X* | coarse || IR
| mapping mapplng model -:_r

L _ i Baglinglie —_—_—_—_—_—_—_" 1
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An Implicit Space Mapping Algorithm—Preassigned

Parameters
Step 1 select candidate preassigned parameters x as in ESMDF or

by experience
Step 2 set i = 0 and initialize x(©

Step 3 obtain optimal mapped coarse model
X =argminU(R, (x,,x"))

c

Step 4 predict xﬁf)from
— 4 ()
x]r - xc
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An Implicit Space Mapping Algorithm—Preassigned
Parameters (continued)
Step 5 simulate the fine model at xﬁf)

Step 6 terminate 1f a stopping criterion (e.g., response meets

specifications) 1s satisfied

Step 7 calibrate the mapped coarse model (surrogate) by extracting

the preassigned parameters x
(+l) _ : (1) (1)
x' ' =arg min HRf(xf )—R.(x, ,x)H

where we set |
X, = x}l)
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Parameters (continued)
Step 8 increment i and go to Step 3
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3:1 Microstrip Transformer

~#% Agilent Technologies

e

c

x]v:x
- T
:V3 =[m W, Wy L L, Lj]

x=g H & H, & H3]T
x; =k E, E5 Z, Z, Zs]T

; X, =P(x.,x)g

“implicit” mapping through empirical formulas (Pozar, 1990)
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3:1 Microstrip Transformer

initial 1iteration
-15

51,/ dB

frequency (GHz)
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3:1 Microstrip Transformer

final 1teration
-20

o
N
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51,/ dB

frequency (GHz)
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter

(Westinghouse, 1993)
L

we take L, = 50 mil, H = 20 mil,
W="Tmil, ¢ =23.425, loss
tangent = 3x107>; the
metalization 1s considered
lossless

the design parameters are

H X, =L, L, L3S, 5, 5] !

L L‘
“ V‘

specifications

1S5,| = 0.95 for 4.008 GHz < v < 4.058 GHz
1S5, <0.05 for @< 3.967 GHz and @ = 4.099 GHz
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter

(Westinghouse,

1993)

ADS implementation of coarse model

MLIN
— I L+ TL2
W=W mil
MCLIN
© L=50.0 mil'=
y— —a  CLin5 _L
W=W mil =
MCLIN g |
| CLin4 S=S1 mi
vy Wew mii  L=L1 mi
— — — | CLin3 S=S2 mil
W=W mi L=L2 mil
MCLIN =W mil
o -~ _. Cling  S=S3mil
erm WeW mil L=L3 mil
Term1 MLIN MCLIN ~ )
Num=1  TL1 CLin1 E_Lszz "?I" .
Z=50 Ohm W=W mil W=W mil <M —
= L=50 mil  S=S1 mil Xe [Ll LZ L3 Sl S2 S3]
— L=L1 mil

Term
Term?2
Num=2
Z=50 Ohm

_ T
x_[grl Hrl gr2 Hr2 gr3 Hr3]
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter
(Westinghouse, 1993)

solution reached by

parameter initial solution the algorithm
L, 189.65 187.10
L, 196.03 191.30
L, 189.50 186.97
S, 23.02 22.79
S, 95.53 93.56
S, 104.95 104.86

all values are 1n mils
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter
(Westinghouse, 1993)

preassigned original final iteration
parameters values
H, 20 mil 19.80 mil
H, 20 mil 19.05 mil
H, 20 mil 19.00 mil
& 1 23.425 24.404
&, 23.425 24.245

£, 23.425 24.334
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter
(Westinghouse, 1993)

the fine (o) and optimal coarse model (—) responses at the initial
solution

©)
ODOOO
'80 IIII|III|||III|IIII|I|II|I

3.90 3.95 4.00 4.05 4.10 4.15

frequency (GHz)
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HTS Quarter-Wave Parallel Coupled-Line Microstrip Filter
(Westinghouse, 1993)

the fine (o) and optimal coarse model (—) responses at the final
iteration

IIII|III||||II|I|I||I|II|I|II

3.90 3.95 4.00 4.05 4.10 4.15 4.20
frequency (GHz)
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Conclusions
we propose Implicit Space Mapping (ISM) optimization
effective for EM-based modeling and design

coarse model 1s aligned with EM (fine) model
through preassigned parameters

casy implementation
no explicit mapping 1s involved

no matrices to keep track of
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The Space Mapping Concept
(Bandler et al., 1994-)

Xr

D=¢E
VxE=—jwB

V xH=joD+J

fine
model
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>

Rf(xf) X
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coarse _fc(xc)

model

e VY
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c,=f —>

& ? @

A

A

such that

RC(P(xf)) ~ Rf(xf)
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Conventional Space Mapping for Microwave Circuits

(Bandler et al., 1994)

coarse model

Caitizy R (x. . o)

fine model

find

xC
= P(x,,0)
@

C

such that
R.(x,0)~R (x,,0)
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Implicit Space Mapping Motivation
(Bandler et al., 2001)
(42,
X, fine R,

model
Xo—»

»| coarse model

! P() > SetA

X, —1* SetB

Key Preassigned Parameters (KPP) (ESMDF algorithm)
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Implicit Space Mapping Motivation
(Bandler et al., 2001)
(42,
X, fine R,

model
Xo—»

»| coarse model

—g> Set A

X, —1* SetB

Key Preassigned Parameters (KPP) (ESMDF algorithm)
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General Space Mapping—Explicit Mapping
original Space Mapping, Aggressive Space Mapping, NISM, etc.
R,

Xy fine K
model
X. | coarse R,
— >
model

fine and coarse model
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General Space Mapping—Explicit Mapping
original Space Mapping, Aggressive Space Mapping, NISM, etc.
R,

Xf fine K
model
A
— %k %
XX | coarse R,
— > >
model

optimize coarse model
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General Space Mapping—Explicit Mapping

original Space Mapping, Aggressive Space Mapping, NISM, etc.

—+v K b S
X=X, fine Rj;(xc )
model
%k %
X" coarse | K.
— > - »
model

evaluate fine model at optimal coarse space parameters
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General Space Mapping—Explicit Mapping

original Space Mapping, Aggressive Space Mapping, NISM, etc.

Xy fine Rf
model g
X = P(xf,x)
I space I X, | coarse | B~ K,
: —>
mapping model
T/’
X

set up the mapping and parameter extract
x could be neuron weights, coarse space parameters
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General Space Mapping—Explicit Mapping

original Space Mapping, Aggressive Space Mapping, NISM, etc.

/ fine
o model
X *= P(
I space I coarse | R.”
—>
mappmg model
X

find the x,corresponding to the optimal coarse space parameters
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General Space Mapping—Explicit Mapping

original Space Mapping, Aggressive Space Mapping, NISM, etc.

_p-lfy %
xf_P (x.*,x) fine Iif

model

space | X" | coarse | R
—»l , N
mapping model

X

if P! is available evaluate x, directly else optimization is used to
obtain x,
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Explicit Mapping vs. Implicit Mapping

A A
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new old -1, * new
Xpo =xp AP (x,—x.)

AN
N
[RPRPS N E ,

prediction

@ :
PE @foew
@ .

new __ _old * new
Xf — f +xc _xc
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optimal coarse model x4
initial guess @ X;O) _ x;"(O)
PE @ OO
prediction @ x;“(l) 0
. 1 (1
verification @ x}) = x,"
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Implicit Space Mapping Practice—Cheese Cutting Problem
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verification x}l) _ x:(l)
PE x:(l) (2
prediction X @
X = '@

verification
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Cheese Cutting Problem—A Numerical Example

optimal coarse model

nitial guess
PE

prediction

verification

A VIR VA\ B ERAN

target volume =30

volume =24

volume =24

2.4

target volume =30

volume =31.5
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Cheese Cutting Problem—A Numerical Example

verification @ é

_________________________

volume =31.5

volume =31.5

PE @
2,52
prediction @ Ll 1.9—-3?"}5 volume =30.0
@ volume =29.7

verification
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Implicit Space Mapping: Steps 1-3
optimize coarse model

T A o ] 2l |
g ot 1 I i | | |
ﬂ% OPTIM Term1 TLIN TLIN TLIN
. Num=1 TL1 TL2 TL3 Py
82&? 1 7=50 Ohm 7=71 Ohm 7=72 Ohm 7=73 Ohm S Eﬁﬂz
OptimTy pe=Minimax = Efﬁ; GH IE:‘EOZGH EiF(?GH Num=2
ErrorForm=MM - B z - z - z Z=150 Ohm
MaxIters=1000 - -_L
P=2 —
DesiredError=-1000 SONL 005 | S-PARAMETERS =
StatusLevel=4
SetBestValues=y es S_Param ] VAR ] VAR
Seed= Y gotql Goal SP1 Optimizable_Variables Electrical_length_to_physical_length
SaveSolns7yes Expr="db(mag(S11))" Stanas o w;=8"1150pt{t060881t? 420} ]I;()1=119*L1*90* rt(epslon_e1)*f0/c0* 19
SaveGoals=yes Stop=15 GHz .15 opt{ 0. 040} sqrt(epslon_e1)*f0/c0*1e

SaveOptimVars=y es
UpdateDataset=y es
UseAllGoals=y es

SimInstanceName="SP1"
Min=

Max=-20

Weight=1
RangeVar[1]="freq"
RangeMin[1]=5GHz
RangeMax[1]=15GHz

VAR

Width_to_Z0
epslon_r=9.7
h=0.635

Step=1000 MHz

epslon_e1=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W1))

W3=0.05 opt{ 0.001 to 40 }

L1=0.003 opt{ 0.0001 to 120 }
L.2=0.003 opt{ 0.0001 to 120 }
L.3=0.003 opt{ 0.0001 to 120 }

E2=4*12*90*sqrt(epslon_e2)*f0/c0*1e9
E3=4*L3*90*sqrt(epslon_e3)*f0/c0*1e9

Z1=if (W1/h)<=1) then ((60/sqgrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sqrt(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif
epslon_e2=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W2))
Z2=if (W2/h)<=1) then ((60/sqgrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/(sqrt(epslon_e2)*(W2/h+1.393+0.667*In(W2/h+1.444)))) endif
epslon_e3=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W3))
Z3=if ((W3/h)<=1) then ((60/sqrt(epslon_e3))* In(8*h/W3+ W3/(4*h))) else (120*pi/(sqrt(epslon_e3)*(W3/h+1.393+0.667*In(W3/h+1.444)))) endif

ADS/Momentum Implementation
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Implicit Space Mapping: Steps 1-3
optimize coarse m

0del

A 1 d 1 A 1
ferm | I— | | S | S |

Term1 TLIN TLIN TLIN
Num=1 TL1 TL2 TL3
Z=50 Ohm Z=Z1 Ohm Z=72 Ohm Z=73 Ohm
E=E1 E=E2 E=E3
F=f0 GHz F=f0 GHz F=f0 GHz

ol S PARAMETERS |

ol | oPTIM

Optim
Optim1
OptimTy pe=Minima
ErrorForm=MM
MaxIters=1000
P=2
DesiredError=-1000
StatusLevel=4

SetBestValues=yes S_Param VAR 5] VAR
Seed= . SP1 Optimizable_Variables Electrical_length_to_physical_length
SaveSolns=y es gpt'”_“,%ga” S11y Start=5 GHz W1=0.4 opt{ 0.001 to 40 } £0=10
SaveGoals=yes P (mag( )_) " Stop=15 GHz W2=0.15 opt{ 0.001 to 40 } E1=4*L1*90*sqrt(epslon_e1)*f0/c0*1e9
SaveOptimVars=yes fﬂ'ifl‘z'”“a”ce“ame‘ SP1 Step=1000 MHz W3=0.05 opt{ 0.001 to 40 } E2=4*L2*90*sqrt(epslon_e2)*f0/c0*1e9
UpdateDataset:yes Max=-20 L1=0.003 o : _e3)*f0/00*169
UseAllGoals=y es Weight= =U.
ght=1 L3=0.003 opt
Rangevarl1]-"req" el coarse model

RangeMin[1]=5GHz
RangeMax[1]=15GHz

circuit

VAR
Width_to_Z0
epslon_r=9.7
h=0.635
epslon_e1=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W1))
Z1=if (W1/h)<=1) then ((60/sqgrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sqrt(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif
epslon_e2=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W2))
Z2=if (W2/h)<=1) then ((60/sqgrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/(sqrt(epslon_e2)*(W2/h+1.393+0.667*In(W2/h+1.444)))) endif
epslon_e3=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W3))
Z3=if ((W3/h)<=1) then ((60/sqrt(epslon_e3))* In(8*h/W3+ W3/(4*h))) else (120*pi/(sqrt(epslon_e3)*(W3/h+1.393+0.667*In(W3/h+1.444)))) endif

ADS/Momentum Implementation
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Implicit Space Mapping: Steps 1-3

optimize coarse model / ‘ sweep range
I "I ~ I

P Term I
o5 | oPTIM Term1 TLIN TLIN TLIN
. Num=1 TLA1 TL2 TL3 Py
82&? 1 Z=50 Ohm 7=71 Ohm 7=72 Ohm 7=73 Ohm I
OptimTy pe=Minimax = Effg GH EiF(?GH Num=2
ErrorForm=MM - - z - z Z=150 Ohm
MaxIters=1000 - -_L
P=2 ——
DesiredError=-1000 SONL o05| S-PARAMETERS =
StatusLevel=4
SetBestValues=yes S_Param VAR 5] VAR
Seed= . SP1 Optimizable_Variables Electrical_length_to_physical_length
SaveSolns=y es gpt'”_“,%ga” S11y Start=5 GHz W1=0.4 opt{ 0.001 to 40 } £0=10
- xpr="db(mag(S11)) Stop=15 GHz W2=0.15 opt{ 0.001 to 40 } E1=4*L1*90*sqrt(epslon_e1)*f0/c0* 19
SaveGoals=yes SimInstanceName="SPY{" P
SaveOptimVars=y es Min= Step=1000 MHz W3=0.05 opt{ 0.001 to 40 } E2=4*12*90*sqrt(epslon_e2)*f0/c0*1e9

UpdateDataset=yes

L1=0.003 opt{ 0.0001 to 120}  E3=4*L3*90*sqrt(epslon_e3)*f0/c0*1e9

UseAllGoals=y es aX.-'29 L2=0.003 opt{ 0.0001 to 120 }
Weight=1 L3=0.003 opt{ 0.0001 to 120 }
RangeVar[1]="freq"
RangeMin[1]=5GHz
RangeMax[1]=15GHz

VAR

Width_to_Z0

epslon_r=9.7

h=0.635

epslon_e1=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W1))

Z1=if (W1/h)<=1) then ((60/sqgrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sqrt(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif
epslon_e2=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W2))

Z2=if (W2/h)<=1) then ((60/sqgrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/(sqrt(epslon_e2)*(W2/h+1.393+0.667*In(W2/h+1.444)))) endif
epslon_e3=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W3))

Z3=if ((W3/h)<=1) then ((60/sqrt(epslon_e3))* In(8*h/W3+ W3/(4*h))) else (120*pi/(sqrt(epslon_e3)*(W3/h+1.393+0.667*In(W3/h+1.444)))) endif

ADS/Momentum Implementation
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Implicit Space Mapping: Steps 1-3
optimize coarse model

——; ‘_,ll ‘_,ll
% OPTIM gmay TLIN

. S TL2 TL3 .}

Optim optimizable 772 on 723 Ohm ) Tem
ptim1 _ _ erm

! e E=E2 E=E3 Numzo
Optim Ty pe=Minirn] F=f0 GHz F=f0 GHz um=
ErrorForm=MM p arameters Z=150 Ohm
MaxIters=1000 -_L
P=2 —
DesiredError=-1000 GOAL ﬁ@ | S-PARAMETERS =
StatusLevel=4
SetBestValues=yes S_Param VAR
Seed= oa SP1 Optimizable_Variables Electrical_length_to_physical_length
SaveSolns=y es gpt'”_“,%ga” S11y Start=5 GHz W1=0.4 opt{ 0.001 to 40 } £0=10
Sav eGoals=y es xpr="dbmag(ST)"  — stop=15 GHz W2=0.15 opt{ 0.001 to 40 } E1=4*L1*90*sqrt(epslon_e1)*f0/c0*1e9
SaveOptimVars=yes ;‘if:z'”“a”ce“ame‘ SP1 Step=1000 MHz W3=0.05 opt{ 0.001 to 40 } E2=4*L2*90*sqrt(epslon_e2)*f0/c0*1e9

L1=0.003 opt{ 0.0001 to 120 }
L.2=0.003 opt{ 0.0001 to 120 }
L.3=0.003 opt{ 0.0001 to 120

UpdateDataset=yes .- oq E3=4*L3*90*sqrt(epslon_e3)*f0/c0*1e9

UseAllGoals=y es Weight=1

RangeVar[1]="freq"
RangeMin[1]=5GHz
RangeMax[1]=15GHz

VAR
Width_to_Z0
epslon_r=9.7
h=0.635
epslon_e1=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W1))
Z1=if (W1/h)<=1) then ((60/sqgrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sqrt(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif
epslon_e2=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W2))
Z2=if (W2/h)<=1) then ((60/sqgrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/(sqrt(epslon_e2)*(W2/h+1.393+0.667*In(W2/h+1.444)))) endif
epslon_e3=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W3))
Z3=if ((W3/h)<=1) then ((60/sqrt(epslon_e3))* In(8*h/W3+ W3/(4*h))) else (120*pi/(sqrt(epslon_e3)*(W3/h+1.393+0.667*In(W3/h+1.444)))) endif

ADS/Momentum Implementation



Simulation Optimization Systems Research Laboratory
McMaster University

AMNDLER

RPORATIOMN

Implicit Space Mapping: Steps 1-3
optimize coarse model

goal of the

N |
/ rerm | I | . 0 .
e | OPTIM Torm: g optimization
optim Num=1 TL1 TL2
ontim Z=50 Ohm Z=Z1 Ohm Z=72 Ohm ———r m—
op moo = E=E1 E=E2 E=E3 z
ptim Ty pe=Minimax F=f0 GH F=f0 GH F=f0 GH Num=2
ErrorForm=MM B z - z - z Z=150 Ohm
MaxIters=1000 -
P=2 —
DesiredError=-1008 S-PARAMETERS -
StatusLevel=4
SetBestValuesfyes S_Param (50 ] VAR 5] VAR
Seed= . SP1 Optimizable_Variables Electrical_length_to_physical_length
SaveSolns=yfbs gpt'”_“,%ga” S11y Start=5 GHz W1=0.4 opt{ 0.001 to 40 } £0=10
SaveGoals=es xpr=db(mag(S11)) | stop=15 GHz W2=0.15 opt{ 0.001 to 40 } E1=4*L1*90*sqrt(epslon_e1)*f0/c0*1e9
SaveOptimVArs=yes ;‘if:z'”“a”ce“ame‘ SP1 Step=1000 MHz W3=0.05 opt{ 0.001 to 40 } E2=4*L2*90*sqrt(epslon_e2)*f0/c0*1e9

UpdateDatas§t=yes  \1ax=-20
UseAllGoals= Weight=1

RangeVar[1]="freq"

RangeMin[1]=5GHz
RangeMax[1]=15G

L1=0.003 opt{ 0.0001 to 120}  E3=4*L3*90*sqrt(epslon_e3)*f0/c0*1e9
L.2=0.003 opt{ 0.0001 to 120 }
L.3=0.003 opt{ 0.0001 to 120 }

VAR
Width_to_Z0
epslon_r=9.7
h=0.635
epslon_e1=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W1))
Z1=if (W1/h)<=1) then ((60/sqgrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sqrt(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif
epslon_e2=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W2))
Z2=if (W2/h)<=1) then ((60/sqgrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/(sqrt(epslon_e2)*(W2/h+1.393+0.667*In(W2/h+1.444)))) endif
epslon_e3=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W3))
Z3=if ((W3/h)<=1) then ((60/sqrt(epslon_e3))* In(8*h/W3+ W3/(4*h))) else (120*pi/(sqrt(epslon_e3)*(W3/h+1.393+0.667*In(W3/h+1.444)))) endif
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Implicit Space Mapping: Steps 1-3
optimize coarse model

p TLIN
L3 <}

: Z=Z1 Ohm yaTarmeiny Z=73 Ohm S Dl
Optim1 _ _ _ Term2

. . E=E1 E=E2 E=E3 —
OptimTy pe=Minimax F=f0 GH F=f0 GH F=f0 GH Num=2
ErrorForm=MM - z - z - z Z=150 Ohm
MaxIters=1000 -
P=2 -l_

DesiredError=-1000
StatusLevel=4

g% S-PARAMETERS

Sav eOptimVars= Step=1000 MHz

Min=

€S Max=-20

-yes Weight=1
RangeVar[1]="freq"
RangeMin[1]=5GHz
RangeMax[1]=15GHz

VAR
Width_to_Z0
epslon_r=9.7
h=0.635

epslon_e1=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W1))

W3=0.05 opt{ 0.001 to 40 }
L1=0.003 opt{ 0.0001 to 120 }
L.2=0.003 opt{ 0.0001 to 120 }
L.3=0.003 opt{ 0.0001 to 120 }

SetBestValues=y es S_Param & VAR & VAR
Seed= Y Goal SP1 Optimizable_Variables Electrical_length_to_physical_length
SaveSolns=y es gf;t;rr?'%g?rgag 1)y Start=5 GHz W1=0.4 opt{ 0.001 to 40 } £0=10

= R = W2=0.15 opt{ 0.001 to 40 E1=4*L1*90*sqrt(epslon_e1)*f0/c0*1e9
SaveGoals=yes SimInstanceName="SP1" Stop=15 GHz pt{ } art(epslon_e1)

E2=4*12*90*sqrt(epslon_e2)*f0/c0*1e9
E3=4*L3*90*sqrt(epslon_e3)*f0/c0*1e9

Z1=if (W1/h)<=1) then ((60/sqgrt(epslon_e1))* In(8*h/W1+ W1/(4*h))) else (120*pi/(sqrt(epslon_e1)*(W1/h+1.393+0.667*In(W1/h+1.444)))) endif

epslon_e2=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W2))

Z2=if (W2/h)<=1) then ((60/sqgrt(epslon_e2))* In(8*h/W2+ W2/(4*h))) else (120*pi/(sqrt(epslon_e2)*(W2/h+1.393+0.667*In(W2/h+1.444)))) endif

epslon_e3=(epslon_r+1)/2+(epslon_r-1)/(2* sqrt(1+12*h/W3))

Z3=if ((W3/h)<=1) then ((60/sqrt(epslon_e3))* In(8*h/W3+ W3/(4*h))) else (120*pi/(sqrt(epslon_e3)*(W3/h+1.393+0.667*In(W3/h+1.444)))) endif
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Implicit Space Mapping: Steps 4-5

simulate fine model using Momentum

e e e e e B S ———
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Implicit Space Mapping: Steps 5-6

obtain the fine model result and check stopping criteria

ST
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Implicit Space Mapping: Step 7
calibrate coarse model: extract preassigned parameters x

S-PARAMETERS

o

S_Param

SP1

Start=5 GHz
Stop=15 GHz
Step=1000 MHz

w3 | opTiv
Optim
Optim2
OptimT ype=Quasi-Newton
ErrorForm=L2
Maxlters=100000
P=2

DesiredEror=-1000
StatusLevel=4
SetBestValues=yes
Seed=
SaveSolns=yes
SaveGoals=yes
SaveOptimVars=yes
UpdateDataset=yes
UseAllGoals=yes

VAR

Var

BN e T — BN e T

Term L g IR p T |

Tem1 TLIN TLIN r—

Num=1 TL TL2

Z=50 Ohm Z=71 Ohm Z=72 Ohm . d

E=fI(E)1GHz IE=fI(E)ZGHz lmp Orte 5 11)real (S33))
me="SP1"
Momentum responses

Electrical_length_to_physical_length Optimizafle_Variables "
0=10 W1=0.398826 noopt{ 0.001 & [°d
E1=4*L1*90*sqrt(epslon_e1)*f0/c0*1e9 =1GHZ

W2=0.1§9239 noopt{ 0.001 to 40 } h1=0.635 opt{ 0.001 to 1000 }

h2=0.635 opt{ 0.001 to 1000 }
h3=0.635 opt{ 0.001 to 1000 }
epslon_r1=9.7 opt{ 0.001 to 1000 }
epslon_r2=9.7 opt{ 0.001 to 1000 }
epslon_r3=9.7 opt{ 0.001 to 1000 }

E2=4*L2*90*sqrt(epslon_e2)*f0/c0*1e9
E3=4*L3*90*sqrt(epslon_e3)*f0/c0*1e9

VAR

Width_to_Z0

epslon_e1=(epslon_r1+1)/2+(epslon_r1-1)/(2* sqrt(1+12*h1/W1
Z1=if (W1/h1)<=1) then ((60/sqrt(epslon_e1))* In(8*h1/W 1+ WH/(4*h1))) else (120*pi/(sqrt(epslon_e1)*(W1/h1+1.393+0.667*In(W1/h1+1.444)))) endif
epslon_e2=(epslon_r2+1)/2+(epslon_r2-1)/(2* sqrt(1+12*h2/Wj
Z2=if (W2/h2)<=1) then ((60/sqrt(epslon_e2))* ul
epslon_e3=(epslon_r3+1)/2+ - * sqrt(1+12*h3/W3))
Z3=if (W3/h3)<=1) sqrt(epslon_e3))* In(8*h3/W3+ W3/(4*h3))) else (120*p

)) else (120*pi/(sqrt(epslon_e2)*(W2/h2+1.393+0.667*In(W2/h2+1.444)))) endif

slon_e3)*(W3/h3+1.393+0.667*In(W3/h3+1.444)))) endif

Term =
Tem4
Term3 ; Num=4
Num=3 SZ= Z=50 Oh
Z=50 Ohm SNP1
- ImpMaxFreq=15 GHz ==

ImpDeltaFreq=0.5 GHz

RangeMax[1]=15GHz

GOAL

Goal

OptimGoal2
Expr="abs(imag(S11)-imag(S33))"
SimInstanceName="SP1"

Min=

Max=0.001

Weight=1

RangeVar{1]="freq"
RangeMin[1]=5GHZ
RangeMax[1]=15GHz
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Implicit Space Mapping: Step 7
calibrate coarse model: extract preassigned parameters x

o 1

Term pg I g I pg I
g}% S-PARAMETERS Term1 TLIN TLIN TLIN
Num=1 TL TL2 TL3
_ _ _ - Term Goal
zﬁljaram Z=50 Ohm §-=z11 Ohm 'Z:—:ZZ7Ohm E_:ZEasohm Torm2 OpimGoal3
_ == == Expr="abs(real(S11)-real(S33))"
Start=5 GHz SiminstanceName="SP1"
Stop=15 GHz . Min=
oals for parameter extraction > V0001
Weight=1

RangeVar{1]="freq"
RangeMin[1]=1GHZ
RangeMax[1]=15GHz

TQ:,% OPTIM (Callbrathn Step) ) h1=0.635 opt{ 0.08

h2=0.635 opt{ 0.00

82322 20} h3=0.635 opt{ 0.001

20 } epslon_r1=9.7 opt{ 0.0
OptimTypf=Quasi-Newton L3=0.0031349 noopt{ 0.0001 to 120 } epslon_r2=9.7 opt{ 0.00Nto §000 }
I\E/bngliit:e?s":;(l)_gooo epslon_r3=9.7 opt{ 0.001 GOAL
p=2 VAR
DesiredEmor=-1000 Width_to_z0 Goal
StatusLevel=4 epslon_e1=(epslon_r1+1)2+(epslon_r1-1)/(2* sqrt(1+12*h1/W1)) OptimGoal2
SetBestValues=yes Z1=if (W1/h1)<=1) then ((60/sqrt(epslon_e1))* In(8*h1/W1+ W1/(4*h1))) else (120*pi/(sqrt(epslon_e1)*(W1/h1+1.393+0.667*In(W1/h1+1.444 Q) endif Expr="abs(imag(S11)-imag(S33
Seed= epslon_e2=(epslon_r2+1)2+(epslon_r2-1)/(2* sqrt(1+12*h2/W2)) SimInstanceName="SP1"
SaveSolns=yes Z2= if (W2/h2)<=1) then ((60/sqrt(epslon_e2))* In(8*h2/W2+ W2/(4*h2))) else (120*pi/(sqrt(epslon_e2)*(W2/h2+1.393+0.667*In(W2/h2+1.444)))gndif Min=
SaveGoals=yes epslon_e3=(epslon_r3+1)2+(epslon_r3-1)/(2* sqrt(1+12*h3/W3)) Max=0.001
SaveOptimVars=yes Z3=if (W3/h3)<=1) then ((60/sqrt(epslon_e3))* In(8*h3/W3+ W3/(4*h3))) else (120*pi/(sqrt(epslon_e3)*(W3/h3+1.393+0.667*In(W3/h3+1.444)))) e Weight=1

RangeVar{1]="freq"
RangeMin[1]=5GHZ
angeMax[1]=15Gj

UpdateDataset=yes
UseAllGoals=yes

ImpDeltaFreq=0.5 GHz

' Term
Tem T Term4
Term3 ; Num=4
Num=3 SE= Z=50 Ohm
Z=50 Ohm SNP1
- ImpMaxFreq=15 GHz L
=
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Implicit Space Mapping: Step 7
calibrate coarse model: extract preassigned parameters x

| pr— | — | pr—
— = | g | | o gy I GOAL
g}% S-PARAMETERS Term1 TLIN TLIN TLIN
gf'ngéh ;}21 on ;_LZZ2 onm ;—ga onm Term Goall
g,Param = m = ; m E_—£° :_-Ea Term2 OptimGoal3
P1 1 )real(S33))"
Start=5 GHz ZrSp1"
Stop=15 GHz
StepaiddetellHz

optimizer for parameter extraction

E1=4*L1*90*sqrt(epslon_|

gﬂgg OPTIM

E2=4*L2*90*sqrt(epslon_|
E3=4*L3*90*sqrt(epslon_|

(calibration step) A

Optim2

OptimType=Quasi-Newto L3=0.0031349 noopt{ 0.0001 to 120 } epslon_r2=9.7 opt{ 0.001 to 1000 }

I 2 100 epslon_r3=9.7 opt{ 0.001 to 1000 } pveyry

P=2 ] VAR

DesiredEmor=-1000 Width_to_Z0 Goal

StatusLevel=4 epslon_e1=(epslon_r1+1)2+(epslon_r1-1)/(2* sqrt(1+12*h1/W1)) OptimGoal2

SetBestValues=yes Z1=if (W1/h1)<=1) then ((60/sqrt(epslon_e1))* In(8*h1/W 1+ W1/(4*h1))) else (120*pi/(sqrt(epslon_e1)*(W1/h1+1.393+0.667*In(W 1/h1+1.444)))) endif Expr="abs(imag(S11)}-imag(S33))"
Seed= epslon_e2=(epslon_r2+1)2+(epslon_r2-1)/(2* sqrt(1+12*h2/W2)) SimlInstanceName="SP1"
SaveSolns=yes Z2=if (W2/h2)<=1) then ((60/sqrt(epslon_e2))* In(8*h2/W2+ W2/(4*h2))) else (120*pi/(sqrt(epslon_e2)*(W2/h2+1.393+0.667*In(W2/h2+1.444)))) endif Min=

SaveGoals=yes epslon_e3=(epslon_r3+1)2+(epslon_r3-1)/(2* sqrt(1+12*h3/W3)) Max=0.001

73= if (W3/h3)<=1) then ((60/sqrt(epslon_e3))* InB*h3/W3+ W3/(4*h3))) else (120*pi/(sqrt(epsion_e3)*(W3/h3+1.393+0.667*In(W3/h3+1.444))) endif  Weight=1

RangeVar{1]="freq"
' Term
Tem T Term4
Term3 ; Num=4
Num=3 SE= Z=50 Ohm
Z=50 Ohm SNP1
- ImpMaxFreq=15 GHz ==
=

SaveOptimVars=yes
UpdateDataset=yes
UseAllGoals=yes

RangeMax[1]=15GHz

RangeMin[1]=5GHZ
ImpDeltaFreq=0.5 GHz
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Implicit Space Mapping: Step 7
calibrate coarse model: extract preassigned parameters x

7‘;% S-PARAMETERS

S_Param

SP1

Start=5 GHz
Stop=15 GHz
Step=1000 MHz

gﬂgg OPTIM

Optim

Optim2

OptimT ype=Quasi-Newton
ErrorForm=L2
Maxlters=100000

P=2

DesiredEror=-1000
StatusLevel=4
SetBestValues=yes
Seed=
SaveSolns=yes
SaveGoals=yes

s Py,

VAR

Var

N e N e T N e
Term T — T — T —
Term1 TLIN TLIN TLIN
Num=1 TL1 TL2 TL3
Z=50 Ohm Z=Z1 Ohm Z=7Z2 Ohm Z=73 Ohm
E=E1 E=E2 E=E3
F=f0 GHz F=f0 GHz F=f0 GHz
AR
Electrical_length_to_physical_length Optimizable_Variables @ VAR
f0=10 W1=0.398826 noopt{ 0.001 to 40 } VAR1

E1=4*L1*90*sqrt(epslon_e1)*f0/c0*1e9
E2=4*L2*90*sqrt(epslon_e2)*f0/c0*1e9
E3=4*L3*90*sqrt(epslon_e3)*f0/c0*1e9

VAR
Width_to_Z0

W2=0.149239 noopt{ 0.001 to 40 }
W3=0.0471311 noopt{ 0.001 to 40 }
L1=0.00298468 noopt{ 0.0001 to 120 }
L.2=0.00307353 noopt{ 0.0001 to 120 }
L3=0.0031349 noopt{ 0.0001 to 120 }

h1=0.635 opt{ 0.001 to 1000 }
h2=0.635 opt{ 0.001 to 1000 }
h3=0.635 opt{ 0.001 to 1000 }
epslon_r1=9.7 opt{ 0.001 to 1000 }
epslon_r2=9.7 opt{ 0.001 to 10
epslon_r3=9.7 opt{ 0.001

GOAL

Tem Goal

Term2 OptimGoal3

Num=2 Expr="abs(real(S11)-real(S33))"
Z=150 Ohm SimlInstanceName="SP1"
Min=

Max=0.001

Weight=1

RangeVar{1]="freq"
RangeMin[1]=1GHZ
RangeMax[1]=15GHz

0} GOAL

Goal

epslon_e1=(epslon_r1+1)/2+(epslon_r1-1)/(2* sqrt(1+12*h1/W1))

Z1= if (W1/h1)<=1)then ((60/sqrt(epslon_e1)* In@*h1/W1+ W1/(4*h1))) else (120*pi/(sqrtiepslon_e1)*(W1/h1+

epslon_e2=(epslon_r2+1)2+(epslon_r2-1)/(2* sqrt(1+12*h2/W2))

Z2=if (W2/h2)<=1) then ((60/sqrt(epslon_e2))* In(8*h2/W2+ W2/(4*h2))) else (120*pi/(sqrt(epslon_e2)*(W2,

epslon_e3=(epslon_r3+1)/2+(epslon_r3-1)/(2* sqrt(1+12*h3/W3))
P _ * N B

U
U

fix the designable parameters:
optimize preassigned parameters

93+0.667*In(W1/h1+1.444)))) endif
+1.393+0.667*In(W2/h2+1.444)))) endif

Q*pi/(sqrt(epslon_e3) g 3/h3+1.393+0.667*In(W3/h3+1.444)))) endif

Term
Tem4
Num=4
Z=50 Ohm

OptimGoal2
Expr="abs(imag(S11)-imag(S33))"
SimInstanceName="SP1"

Min=

Max=0.001

Weight=1

RangeVar{1]="freq"
RangeMin[1]=5GHZ
RangeMax[1]=15GHz
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Implicit Space Mapping: Steps 8-3
fix preassigned parameters: reoptimize calibrated coarse model

@% OPTIM

- ] | 1 f } GOAL

_ oF—Tem | I "1 I g ]
Optim Tem1 TLIN TLIN TLIN Goal
Optim1 _ .

i =Mni Num=1 T s L6 Tem OptimGoal1
OptimT ype=Mnimax 7=50 Ohm 7=71 Ohm 7=72 Ohm 7=73 Ohm Tom2 Eror="db Sy
EnmorForm=MM - _ _ xpr="db(mag(S11))
Maxiters=1000 - E=E1 E=E2 - SiminstanceName="SP1"
oy F=f0 GHz F=f0 GHz F=f0 GHz Minz
DesiredEmor=1000 = \I\I/Vtag-—ﬁt(i 1
StatusLevel=4 VAR eight=

SetBestValues=yes
Seed=
SaveSolns=yes
SaveCoals=yes

VAR

RangeVar{1]="freq"
ngeMn[1]=5GHz
ngeMax{1]=15GHz

VAR

VAR1

h1=0.738556 noopt{ 0.001 to 1000 }
h2=0.738568 noopt{ 0.001 to 1000 }

Optimizable_Variables1
W1=0.398826 opt{ 0.001 to 40}
W2=0.149239 opt{ 0.001 to 40}
W3=0.0471311 opt{ 0.001 to 40 }

Electrical_length_to_physical_length1
f0=10
E1=4*L1*90*sqrt(epslon_e1)*f0/c0*1e

E2=4*L2*90*sqrt(epslon_e2)*f0/c0*1e9
E3=4*L3*90*sqrt(epslon_e3)f0/c0*1e9

SaveOptimVars=yes
UpdateDataset=yes
UseAllGoals=yes

L1=0.00298468 opt{ 0.0001 to 120 }
L2=0.00307353 opt{ 0.0001 to 120 }
=0.0031349 opt{ 0.0001 to 120}

h3=0.665535 noopt{ 0.001 to 1000 }

epslon_r1=10.7294 noopt{ 0.001 to 1000
epslon_r2=10.4245 noopt{ 0.001 tg }
epslon_r3=9.93542 noo| 0 1000 }

$ S-PARAMETERS

VAR

Width_to_Z0

S_Param epslon_e1=(epslon_r1+1)/2+(epslon_r1-1)Y(2* sqrt(1+12*h1/W1))
SP1 Z1=if (W1/h1)<=1) then ((60/sqrt(epslon_e1))* In@*h1/W1+ W1/(4*h1))) else (120*pi/(sqrt@pslon_e1)*(W1/h1+1.393+0.667*In(W1/h1+1.444)))) endif
Start=5 GHz epslon_e2=(epslon_r2+1)2+(epslon_r2-1)/(2* sqrt(1+12*h2/W2))
Stop=15 GHz Z2=if (W2/h2)<=1) then ((B0/sqrt(epslon_e2))* In(B*h2/W2+ W2/(4*h2))) else (120*pi/(sgft(epsion_e2)"(W2/h2+1.393+0.667*In(W2/h2+1.444)))) endif

Step=1000 MHz epslon_e3=(epslon_r3+1)2+(epslon_r3-1)(2* sqrt(1+12*h3/W3))
e

fix preassigned parameters:
reoptimize calibrated coarse model

Fise (120pijfartepsion_e3)(W3/h3+1.393+0.667*In(W3/h3+1.444))) endif
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Implicit Space Mapping: Steps 4-6

simulate fine model using Momentum,
satisfy stopping criteria
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