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Abstract 2010

Optimization is a typical component of any desighn
new global (genetic, particle swarm) and local ( Nelder-Mead) optimizers, CST addressed this issue

with release 2009 of CST STUDI O SUITEE. With vers
2010 features a sensitivity analysis algorithm which is capable of evaluating the s -parameter

dependencies on various model parameters after a single 3D electromagnetic simulation run.

This means that all further evaluations for different model parameter sets and optimization runs

based on sensitivity data can be derived without restarting the full -wave simulation.

The efficiency of this new sensitivity analysis approach now makes Monte -Carlo based yield analysis
feasible even for complex multi -parametrical three -dimensional structures. This is due to the s -

parameter results being available at virtually no additional effort or computational cost.
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Introduction 2010

A Optimization : a typical task in a workflow

A CST Studio Suite 2009
A Global (Genetic, Swarm)
A Local (Nelder-Mead, Quasinewton)

A CST Studio Suite 2010
A Sensitivity
A Yield

A How can sensitivity data be usedin an optimization ?
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Introduction to Sensitivity 2010

Matrix to solve:  [KKE}=1{0}
[K]: symmetric, complex, contains geometry, material, frequency

Example: Linear Shape functions for a 2D element in xy

a, a; a
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Xk, Yk z Example: electrostatic
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Introduction to Sensitivity
S-Parameters: 3D Fieldsolution | [
S(@, p) = E' (o, p)K' (@, p)E(o, p)

[ K]left éhand side, E (Fields at ports, @y parameter

Sensitivity of S-parameter vs. parameter change:

— jou, oS — ET oK E Direct analytical derivation of
op op K-matrix elements via e.g. [N]
NS

Same 3D Fieldsolution
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Introduction to Sensitivity

A Numerical calculation of gradients is expensive and unstable

A Here: Sensitivity of S parameter vs. parameter change

—jco,uO@—S:ET%
op op
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A no additional 3D solution required (only another SParameter computation)
A Very efficient computation of sensitivities

A Result S-parameter rangesfor tolerant parameters

A Currently available for FD-Tet solver
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Introduction to Sensitivity 5010

What is it good for?

@ The sensitivity helps estimate anewo -parameters due to the (small) change of the
parameter, at no extra cost

Supposethe parameter p changesby a quantity j p :

S(X+ Ap)~ S(X) + ZAp
p

exact computation of the Sensitivity
(Approximated by 1st order Taylor expansion)

@ The various sensitivities are used in an optimizer to solve for ] p as variables to
best fit the Sparameter goals.

S Saman_mws + Z@_S Ap ﬁ& ip face constraints
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What Is the Yield Analysis 2010

Gaussian

For every product, there are:
Technical specifications
Fabrication tolerances

The fabrication tolerances will lead to Uniform

34.1% 34.1%
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some products not fulfilling the i
specifications
Yield: yield = #Passec
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Typical Approach vs. CST Approach 2010

How is yield calculated typically ?
Parameters vary according to a known probability curve
Repeat
Changethe value of all parameters
Simulate
Checkif specification (in our casefor Sparams.) is met
Until the number of simulations is statistically relevant
This is a large number of EMsimulations - typicaly hundreds or thousandd!!

Knowing the sensitivity, there is no need to perform 3D simulations, at least
If the parameters vary in a small range.

The efficiency of this new sensitivity analysis approach makes Monte -Carlo
based yield analysis feasible even for complex multi -parametrical three -
dimensional structures
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Example 1: 2-Post Bandpass Filter 2010
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Definition of Face Constraints | 2010

variation of resonatoro6s | engths

O

Show Face Constraints

Face \_| Parameter | Walue | Type | Description
PEC:coaxal inner conducter_1_1:1 facedistance_2 o distance to plane RP:<36.3,0,0: Dir'W WCS:<0,0,55.9=;<0,0,1>:<0,1,0=
PEC:coaxial inner conductor_2:1 facedistance_2 1]} distance to plane RP:<36.3,0,0: Dir'W WCS:<0,0,55.9=;<0,0,1><0,1.0=

facedistance_1

distance_1
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Definition of Face Constraints |l 2010 ,

variation of input coupling lengths
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Face % | Parameter Value | Type Description -
facedistance_2 distance to plane
PEC:cylinder1:3 facedistance_1 (1] distance to plane
PEC:cylinderZ:3 facedistance_1 i} distance to plane RP:<3.71e-016,-50,0= Dir:W WCS:<-3.71e-016,50,55=;<1,0,0=;<0,-0,1=

Delete | Select All Deselect Close Help
o




Sensitivity of facedistances 5010

Fraquensy | MHz

|S| linear > S1,1 arg(S) > S1,1
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