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Filter Tuning using
Sensitivity Data

CST MWS features a sensitivity analysis algorithm capable of

evaluating the S-parameter dependencies on various model

parameters after a single 3D electromagnetic simulation run.
Evaluations for different model parameter sets and optimization

runs based on sensitivity data can be derived without restarting CST

the full-wave simulation. m

o
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- Background
* What is sensitivity and yield analysis

« Application example
« Two post filter (online)

- How can sensitivity data be used in an optimization?
»  Conclusions




Introduction to Sensitivity
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Matrix to solve:  [K]El={0} ¥
[K]: symmetric, complex, contains geometry, material, frequency

Example: Linear Shape functions for a 2D element in xy
| a, &, d;
[N]:—E[Lx.y] By by by g =E Yy Ay =Y Yeion =X X
c, 0 O
" Xk, Yk z, Example: electrostatic
z=[N,,N.,N,]

oN,, oN, ON_ oN .
= m_—__M)dxdy;m,n=i, j,k
”( oX  oOX e X ax) y J

Xj, ¥i

[E]: unkowns z

[Q]: Sources




Introduction to Sensitivity

S-Parameters: 3D Fieldsolution

S(, p) =ﬁ E (0, P)K (@, P)E(@, p)

[K] ...left hand side, E (Fields at ports, p... any parameter

Sensitivity of S-parameter vs. parameter change:

— jo g, o5 — ET oK Direct analytical derivation of
op op K-matrix elements via e.g. [N]
NS

Same 3D Fieldsolution




Introduction to Sensitivity

Numerical calculation of gradients is expensive and unstable

Here: Sensitivity of S-parameter vs. parameter change

—jcoyO@:ET%
op op

no additional 3D solution required (only another S-Parameter computation)
Very efficient computation of sensitivities
Result: S-parameter ranges for tolerant parameters

Currently available for FD-Tet solver




Introduction to Sensitivity

What is it good for?

® The sensitivity helps estimate ,,new* S-parameters due to the (small) change
of the parameter, at no extra cost

Suppose the parameter p changes by a quantity Ap :

S(X+ Ap)~ S(X) + ZAp
4

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

@ The various sensitivities are used in an optimizer to solve for Ap as variables to
best fit the S-parameter goals.

G :
Snm<: Snm(3D_MWS) 4 Z — AP ﬂg Ap ... face constraints



Introduction to Sensitivity

EuMW 2010

As Result: Derivative of S-Parameter vs Parameter and frequency

Frequency Domain S

 Method

— Solver zettings

i General Purpose I Save all figld results

" Resonant Fast 5-Parameter ™ Store result data in cache
" Resonant 5-Parameter, fields ™ Calculate modes anly
b esh type:

Tetrahedral Mesh

Accuracy [tetrahedral mesh):

e =]

=l

|
E||=:|

Start I El

Optimize. .. |

Far. Sweep... | El

Acceleration... |

Specialzs. .. I

— Excitation settings — S-parameter settings

Simplify Model... |

S Parareter Senzitivity
‘E3 facedistance_1
f-E3 15 linear
-3 arglS)

Ea facedistance_2
Ca IS] linear

~Ea argls]

Derivative of S-Parameter Magnitude

— Senzitivity analysiz

V¥ Use zensitivity analysis

Properties...

Sensitivity Analysis
I? | Parameter | Yalue | Description l;l ol
¥ Facedistance_2 55.85 Parametrized Face of PEC:iris =
an
X facedistance_1 a5 Parametrized face of PEC:cylinderl
He

Source type: Mode: I™ Womalize to fized impedance 0.63151 - 511 f 1 ovlp
Apply — acel = Cyl.Post
Port 1 E2RE =l [g0 Ohrs —I ’ .
Close | 0.41 —_— 51,1 faceZ= Iris
— Frequency samples Help I
| Autol Samples| From | To | Lnit || - 0.2 -
Max.Rangs  (5) 04 oe GHz
AdaptFreq B 1 &7 GH= 0
Frequency £ GH=z
Frequency - GHz -0.2 -
Frequency - GH=z LI
-0.4 |
[T Do not calculate field monitars : : : :
¥ Usze broadband frequency sweep Properties. . | -0.6 I S [ N :
—Adaptive mesh refinement : :
[~ &daptive tetrahedral mesh refinement Froperties... | -0.89331 : : . ; :
0.51 263 0.54 0.58 0.6 0.63586

Frequency / GHz




What is the Yield Analysis

For every product, there are:
Technical specifications
Fabrication tolerances

34.1% 34.1%

00 01 02 03 04
| I 1 I ]

—30 2 —1lo I 1o 20 30

The fabrication tolerances will lead to some  yniform
products not fulfilling the specifications
Yield:
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Typical Approach vs. CST Approach

How is yield calculated typically?
Parameters vary according to a known probability curve
Repeat
Change the value of all parameters
Simulate
Check if specification (in our case for S-params.) is met
Until the number of simulations is statistically relevant
This is a large number of EM simulations - typicaly hundreds or thousands!!!

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



Introduction to Yield
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Perform Yield

Yield Analysis

Degign Parameters I Performance Specificationsl “ield I

= | FParameter

Mean /[ Standard Deviatio\ l;l

| Statiztical Distribution |

[* facedistance 2

Gauzzian 0.01

x|

Calculate Cloze Apply I Help




Introduction to Yield

EuMW 2010

. S-Parameter Yield

+--3 151 linear

- 151 dB

. E-E3 argls) S-Parameter Magnitude in dB

B

&-a-E-i

—_— 51,1 nominal
—_— 51,1 -3sigma

—_— 51,1 +3sigma

0.564 0.566 .568 0.57 0.572 0.574 0.576 0.578 0.58
Frequency / GHz

3 sigma: 99.73% of the devices are within this band



Yield Analysis vs. Parameter Sweep
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Introduction to Yield

I.-‘-\dd news bound ...
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Yield-Specifications: < -25dB

In the range .569 to .574, S11 is under -25dB, the 3-sigma Lines are partially above
and below -25dB
For this spec, the yield will tell us what percentage of the devices are within this limit

of < -25 dB for the given frequency band.

Design Parameters  Performance Specifications IYie|d |

I Remowve All

|

R emowve I

=B

Twpe
11]indB

Define S-Parameter B

Operataor

— Tupe
= Mag. [linear) i Mag. [dB) = Phase
— Output Lt
Port: fode: Part: tode:
b= = = =
— Conditions ~
Operatar: Bound: /
[ = B~
— Frequency range
Frair: [.569 Frax | 574

|
Q. |
Cancel
elp

.564 0.566 0.568 0.57 0.572 0.574 0.576 0.578 0.58
Frequency / GHz

S-Parameter Magnitude in d
[

5 T ]
10 ‘\%‘ — i f@rma
45 ™ e
-20 /

-25 \\\

50 W27
35 A\ AW
Ve

Tield Analysis

Desiagn F'arametersl Performance Specifications  Tield I

Calculated Tield: 21_c66%
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Example : 2-Post Bandpass Filter

B CST MICROWAVE STUDIO® i ©
r:\ 17.9

Filter Tutorial
25
r=10

Tutarials

Frequency Domain Tetrahedral:
Freguency Domain Resonant:

i

:
s

Rel Bandwidth:0.9 %

," ‘LVAV :

PEY v “‘Awnumm —
I”""*f:e"*‘@‘:‘"*'*l
gﬂ i ‘VA =l ‘L <
| ‘Q) / )
| ‘%‘ - Vav:
i /M




SenSitiVity (based on local modifications)

EuMW 2010

@CST MICROWAYE STUDIO - [2post_yield_normal_mat_tetra*]
‘B Elle Edit View WCS Curves |Objects| Mesh Solve Results Macros Window Help

D é ' B | é | ] Z:E:Lists :
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o
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g x:?:s Fill Up Space...
@ Lumped Elements Slice by UV Plane
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[ Farfield Source
=5 Field Sources
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-G Ports
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e 511 Face Healing Tools >
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Sensitivity

This face is mech. fixed
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Select a face that should be varied (top face of cylinder)

-

|G |

Solve Results Macros Window Help

| | | | |
IFlee 'I

Select faces to specify a distance to a princ

ipal plane,

Face Consktraints

— Type

" Set distance to plane

" Set diskance to poink

[+ Keep geometry

[+ Consider blends

£ 5et radius
—Parameters
W-Diskance: I o5

Principal plane normal:

iy [T

%

(8] 4 |
Apply |
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Cancel |
Reset |
Help |

Mew Parameter

/

Define new parameter
Pararmeter: Ifacedistance_‘l I

Mame | alue | D escription
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W alue: |E|5
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IF'alametlized face of PEC:c

)




Sensitivity

Select a face that should be varied (top face of Iris)
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Apply

Prewiew

Cancel
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Cancel
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Sensitivity

Show constraints
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As Result: Derivative of S-Parameter vs Parameter and frequency
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Define manufacturing tol. of the parameter (statistical values)
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Yield

EuMW 2010

=53 5-Parameter ield

-3 5] linear

- 151 B

-5 argl3) S-Parameter Magnitude in dB

—_— 51,1 nominal
—_— 51,1 -3sigma

—_— 51,1 +3sigma

0.564 0.566 .568 0.57 0.572 0.574 0.576 0.578 0.58
Frequency / GHz

3 sigma: 99.73% of the devices are within this band



Yield

Yield-Specifications: < -25dB
In the range .569 to .574, S11 is under -25dB, the 3-sigma Lines are partially

above and below -25dB
For this spec, the yield will tell us what percentage of the devices are within

this limit of < -25 dB for the given frequency band. s mmusens
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Yield

Another vield specification: S11 < -26dB
Yield Result: only 0.71%

Yield Analysis x|
ield Analysis

Design Parameters  Performance Specifications I “ield I

Design Parameters I Perfarmance Specifications  ield I
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