Opti
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Multi-Objective Optimization and Design Exploration of
Waveguide Hybrid Junction in CST Studio Suite
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Waveguide Hybrid Junction
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» The S-parameter
calculation of a waveguide
hybrid junction

 The structure contains a
coupling section with a small
metallic disk and an external
cavity resonator connected to
the waveguides by a
coupling hole.

* The definition of S-
parameter symmetries
enables the reduction of
performed solver runs.
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Simulation of the first Solution

SParameter Magnitude in dB

0 5 » S-parameter calculation

* The first solution contains
the following parameters:

Hole Length = 20
Hole Width = 3
Gap = 19
Disk Hight = 3
Disk Radius = 2.5

—h

50 | » The operating point at 8
7 7.5 8 8.5 9 GHz is not optimal (bad). The

Frequency / GHz reflection is very high
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OptiY Workflow for Optimization

Hole Length The design parameters:
Q
* 16 < Hole Length <24
Hole \Width S11_v8.0 Min_511 « 2.3 < Hole Width < 3.3
i e (R « 27 <Gap <19
« 3.3 < Disk Hight <2.8
- « 2.8 <Disk Radius < 1.6
ap Junckion 521 _w8.0 Min_521
V—r—05 1< (@]  The goal is to get the best
operating point at 8 GHz:
Disk Hight
[ THe0 "=« minimal Reflections S11, S21
o . "i ' @ « maximal Transmission S41
Disk. R.adius
ad
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Optimization Process
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Optimization options:
 Evolutionary Algorithms
» 80 Optimization steps

« Standard step control
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The Pareto-Optimal Solutions

Conflicting goals at the 8 GHz

511 5.0 operating point:
0.2529 ar _ _
0 * Reflection S11 (Y-axis) verus
IIP . . _ .
- . Transmission S41 (X-axis)
m
oh * minimize the reflection leads to
0.1293 minimizing the transmission
006742 o = * maximize the transmission leads
i to maximizing the reflection
m}
0.005579 ? . o .
0.6559 U 716 0.746  0.776  The solution at minimal reflection
=41 5.0 . . .
= and acceptable transmission is
selected as optimal for design
exploration
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The Ideal Optimal Solution for Design Exploration
(Best-Case)

S-Parameter Magritude in db

 The solution contains the
following parameters:

Hole Length = 19.655
Hole Width = 3.016

Gap = 19.081
Disk Hight = 2.994
Disk Radius = 2.511

 The ideal operating point at
8 GHz is optimal (best case)

7 75 g 85 9

Frequency / GHz
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OptiY Workflow for Design Exploration

Hole Length

Tolerance Hole Length D

. 1

—_— Hiole \Width

Talerance Hale Width D
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— ap

Junction

Tolerance Gap D

S11 &,

— =

0 Min_511

221 _yh8,

— 1=

o Min_321

S41_vE,

—0

: 0

— Disk. Hight

Tolerance Disk Hight D

. 1

Disk. Radius

Tolerance Disk Radius D

- 1

=

0 Max_541

311 _xMin 311_Min

— 1=

-

521 _xMin 521 _Min

— =

—%

DOE-Method:
» Second Order Moment
All design tolerances :

» Tolerance Value = 0.6
 Normal Distribution

The goal is to explore the
operating design point at
8 GHz:

« Customer requirement:
e.g. reflection range only
0.1 GHz (7.95 — 8.05 GHz)
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Variations of Reflection and Transmission

» The zero-reflection frequence: 7.9-8.1 GHz (specification: 7.95-8.05 GHz)
« 12.5% of all mass manufactured parts fail the customer requirement
» Worst reflection at operating point 8GHz = 0.13 (linear)

« Worst transmission at operating point 8GHz = 0.55 (linear)

241 8.0

12.3

9,24

k.15

3,08

a
0,559607 0611 0.,6EZ 0714 0764904

[Mean 06579234 Skewness 0,1366FE
Std-Drewiation 00326391 Eurtosis ERIE
‘larance 000106521

511 3.0
22.5
16,5
11.2
Bl
a
-0,0309795 0,011k 0,054z 00968  0,139363
[Mean 00258336 Skewness 25269
Std-Drewiation 00261521 Kurosiz 128524
‘larance 00006523936

S11_Min

12.4

9.27

£.12

3,09

0
789932 7.5 g 8.05 8,10486

Mean 8.00067 Skewness 00479477
Std-Dreviation 00325021 Kurtoziz 200379
\farance 0.00105645 Pattial Failure Prob. 0,125136

Transmission at 8 GHz
0.55-0.76
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Reflection at 8 GHz
0-0.13

Zero-Reflection Frequence
7.9-8.1 GHz
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Global Sensitivity Analysis

» The Hole geometry tolerances (Length and Width) contribute the most to the variablity
of reflection and transmission. lts should be minimized to reduce the output variability

» The Disk geometry and the Gap are insignificant and can be eleminated from the model
» There are no interactions between inputs (main effect = total effect)

211 _Min Max_541
Tolerance Hole Length ‘32.‘34_ Talerance Hole Length 29,56 _
92,94 29,55
Toleramce Haole viidth 4,75 Talerance Hale width 4.6
4,75 !! 46 !!
Tolerance Gap 151 Talerance Gap 211
151 ER| !
Toleramce Disk Hight 067 Talerance Disk Hight 1,56
0.67 1,56
Talerance Disk Radios 0,11 Tolerance Disk Radios 1,15
0.11 B Totsl Effect 115 B Totsl Effect
[ Main Effact [ Main Effact
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Local Sensitivity Analysis

 The coefficients of the Taylor-series are shown
» The value change of the Hole geometry (nominal values) cause the most value change
of the transmission and the reflection (nominal values)

» There ar quadratic and interactive correlations between inputs

Min_511
Tolerance Hole Lenigth 0,1345
Tolerance Hole Lenigth™2 1.506
Talerance Hale width -0.02527
Talerance Hals idth™2 0.264
Tolerance Gap 0001152
Tolerance Gap™2 0,1385
Tolerance Disk Hight 0000265
Tolerance Dizk Hight™2 0.03196
Talerarce Dizk Radios -0.01345
Tolerance Cisk Radius™2 0.03516
Tolerance Hole Length*Talerance Haole Width  0.3245
Tolerance Haole Length* Talerance Gap 0.1381

Tolerance Hole Length*Tolerance Disk Hight  -0,1237
Tolerance Hole Length*Tolerance Disk Radius  -0.04343
Tolerance Hole width* Talerance Gap 0.1757
Tolerance Hole width* Talerance Disk Hight  -0,1219
Talerance Hals Width*Tolerance Disk Radius  -0.0447
Tolerance Gap*Tolerance Disk Hight -0,1184
Tolerance Gap*Tolerance Disk Fadios -0,03745
Tolerance Disk Hight*Talerance Disk Radius - 0.03342
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Max_541
Tolerance Hole Lenigth -0,2036
Tolerance Hole Lenigth™2 -0.09193
Talerance Hale width -0.06809
Talerance Hals idth ™2z 0.1153
Tolerance Gap -0,057EE
Tolerance Gap™2 0002928
Tolerance Disk Hight -0.04021
Tolerance Dizk Hight™2 -0,009299
Talerarce Dizk Radios -0.0335
Tolerance Cisk Radius™2 -0.07251
Tolerance Hole Lenigth*Talerance Haole Width  0.008421
Tolerance Haole Length*Talerance Gap 0.02339
Tolerance Hole Length*Tolerance Disk Hight  -0.01108
Tolerance Hole Length*Toleramce Disk Radius  0.002055
Tolerance Hole width* Talerance Gap 0.0001159
Tolerance Hole width* Talerance Disk Hight  -0.001683
Talerance Hale Width*Tolerance Disk Radius  -0.01537
Tolerance Gap*Tolerance Disk Hight -0,0002553
Tolerance Gap*Tolerance Disk Radius 0.000355
Tolerance Disk Hight*Talerance Disk Radius -0.01735
www.optiy.de
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Response Surface

 Graphical 2D and 3D Diagrams of the Taylor-series are shown

» Approximation to the surrogate model
 Optimization with the surrogate model

» Best- and Worse-Case Simulation

Tolerance Hole
19.6

Tolerance Hole
311

Tolerance Gap
19.1

Tolerance Disk
247

Tolerance Disk
274

Min_511 Max_541
-0,000637 447 -0.BEEFTE

0,186 0,589

0.0926 RIE:EE

-0.0005RE 0773
19.4 19.7 20 19.4 19.7 20

0.0409 QU

0.0202 -0.64

00000625 0662
2.72 02 3.22 2.72 20z 3.32

0.0128 -0.64

0.00608 \ 0657

0000635 0675
18.8 19.1 19.4 1a.8 19.1 19.4

0.0021 0645

0.00272 \ -0LEED

-0L000EZE -0ETF2
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0.003 0641

0.00418 -0BEZ

-0L000ezF -0EEZ
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Tolerance Hole Length

Tolerance Hole YWidth

Min_511
02199
0.1647
2716
2 8E6 0,1096

3016 0.05443

-0.0006374

ERI 19.36

19,51
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The Worse-Case Simulation

S-Parameter Magnitude in dB The worse case solution
-0 . 5

within the tolerance space
at the operating design
point 8GHz:

Reflection: -12 dB
Transmission: -2.4 dB

At the design parameter
combination:

5 | 5 Hole Length = 19.952
7 75 8 85 9 Hole Width = 3.316
Gap = 19.378
Disk Hight = 2.698
Disk Radius = 2.211

Freguency / GHz
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