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2.1
HFSS Tools  Mindow Solution Type: Mic_w - HFSSModell
" Driven Modal
2.1 @ Driven Termini
= Eigenmode
HFSS Solution Type “ Driven Termin”
2.2
30 Model=e Set Model Units
Units. ..
Select mil >
2.2 [T Rescale to new uni
Concet_|

2.3
2.3.1 PCB

X=0,Y=0,Z=0 = (dX=200,dY=100,dZ=4)

Fr4

2.3.2 Air

X=0,Y=0,Z=4 -> (dX=200,dY =100,dZ=36)
2.3.3 — T

X=0,Y=50,Z=4 - (dX=200,dY =6,dZ=0)

2D

2.3.4 P1 P2

P1 X=200,Y=0,7=0 - (dX=0,dY =100,dZ=36)
P2 X=0, Y=0,2=0 - (dX=0,dY =100,dZ=36)

2D
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2.3.5
Wave P1 X=200,Y=50,Z=0 -> (dX=0,dY =0,dZ=4)
Wave p2 X=0, VY=50,Z=0 -> (dX=0,dY =0,dZ=4)
2.3.6
E H
2.3.7
EI.@I Madel
= 4 FR4_epoiy
=G peb
= 4 Mot Assigned
. B PL
- B P
BT
= 4 wacuum
[+ air
2.3
2.4
Y 50mil
W
T 2.4 Y 50-w/2,
Properties: Mic_w - HFS5Modell - 3D Modeler
Command I
Hame | Value | Umit I Add ¥ariable to HFS5Modell
Command CreateRectangle Hame I“'
) Coordinate S .. |Flobal
BT osition 0, 50, 4 el Value lemil
i z
—}{Size 200 mil Define wariable walue with
T [13ize " - ¥ Local Varisble
2.4 Y 2.5
5mil
2.5 2.5 W OK
2.4 Y emil W 2.6.
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2.5
Solution Setup
General |.|5ldV3II.CEdI Forts I Defaultsl 2.6
21
Solution 5 joz -]

[T Solwe Ports Only

—hAdaptive Solutions

Maximum Humber of Fasses: |2|

2.6
Maximum Delta 5 Fer Fass: 0.0z
Setup Sweep Analysis
Sweep Definitions |
2.6
2.6.1
Eﬂ'"ﬁ' Analysis - [&, Coordinake oyskems
Rt inetr yac |2 & s
fal Paramekric...
Optimetrics Add 2.7
2.6.1.1
1) Setup Sweep Analysis Sweep Definitions Add Add/Editsweep
2) W 2.8
Add/Edit Sweep Dialog x|
Variabl I _I Variable le=scrif
arilal " -
w Linear Step from 4mil
 Single wala
i* Linear =t.
{ Linear count M
{7 Decade count
" Detave coun Update >>|
{7 Exponential count
lelete |
Start |4 fmiz  ~]
2.8 Stop |10 jmi1z =] | | v
Step |2 fmiz ] 0K | Cancel |
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3) 2.8
4)
5) Add 0K Setup Sweep Analysis Sweep
Definitions 2.9.
Setup Sweep Analysis il
Sweep Definitions ITable I General Calculati-:nnsl
Sz #l variablel Description Add
2.9 w Linear Step from 4mil to 10mil, =step=l
) Edit. .. |
2.6.1.2 Table
Setup Sweep Analysis
Sweep Definitions lable Table
[

1 4mil

Z Bmil

3 Gmil 2.10

4 10mil

2.6.1.3 General
Setup Sweep Analysis
Sweep Definitions I Table |Feneral |C=alu:ulati-:uns|
General Save filed

Sim. Setup | Sweep

—atarting Foint

Setupl |7 Design ‘.l’ariablel Dverridel ‘.l’:aluel Inits
W I_ 5 mil
2.11 General
1] | »
[T Sawe Field:
2.6.1.4 Calculations
1) Calculations Add solution
” Setupl
2) Edit Calculation 2.12

10
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Output ¥ariables x|
—Output Variables
Hame Expression
12K re [ZoWawreFPortl))
Hame: IEK | hdd I Tpdate | Telete |
Expressio relZoWavePortl])
—Calenlation l
Inzert Quantity Into Expresszieon I
Category Chuantity Funection
Desien: - Variables log AI
EELER I —I Output Variables ZoWaveFortz) loglD
=F t
E;E,;Z? IM-:-dal S Farameters LI T Pix:t:; m:ig-ar
I Paranster Fre——
I 2 oo . : YEWE ract
1ution: ISetupl : Lastﬁ.daphve:l Sin
sinh |
sart
2.12
2.12
Report Type —— Modal S parameters
Solution —— Setupl LastAdaptive
3) Categoye Port Zo
4) Quantity Zo Zo WavePortl
5) re
6) ZK
7 “ Insert quantity Into Expression” Expression
8) Add
9) Done 3 8
10) 2.13
Setup Sweep Analysis x|
Sweep Definitions I Table I eneral Caleulations |
Solution Calculation Caleulation Range

FregqiZingle walue at SGHz)

11
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11) 2.13 . Optimetrics
Optimetrics paramertric setupl( ) P ' i
2.6.2

Sweep
= JF hnaly=i= Analysis  Setupl
= £ Setupl 0.5GHz ~ 5GHz

...... T2y

----- Rezults

Elﬁ Optimetries |

[ Port Fisld Display °o Delete
Ei Field Owerlays=

----- Radiation finakyze 2.14

T W CIoc |

Renarme Analyze

Properties. ..

2.7

Optimetrics ParametricSetupl

Create Report

wget Design: |HFSSMadell

] Optimetrics

Eeport Type: IM-:-dal S Parameters

lizplay Type: IRecta.ngular Flat

2.15 2.16
Optimetrics Results Creat Report 2.15
S
0K Trace
2.7.1 Context
Erop— Context
2.17. Solution
lesign: I]'[FSSMndell LI
Tution: ISetupl : Sweepl ;I
Domaim: ISweep LI 2.17
Domain Sweep time

2.16 ,

- Rdaptive 1
: Adaptive 2

12
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2.7.2

2.7.3

2.7.4

2

Sweeps | ¥

lr |
" Use current Design and Project wariabl

% Syeep Design and Froject wariable s

[ 811 V¥alues

Ha.mel Type | Descriptinnl

__ Foint (=]

Freq Primary Sweep A1l Walues

i vaes ||

4mil
Smil
Bmil

2.18

Use current ...

Sweep Design. ..

W
X
X
Y
Traces
| X | !
| 1 IFreq rel(ZoWaveFortl)) Tl
Sweeaps I X b |
Category Huantity Funetion
Variables ang
Output Wariables To M avePort®] ang rad fdd Trace |
S Parameter

T Farameter
I Parameter

2.20

VSR | Deme |
Gamma
2.19 Y
2.19 Z0 1
Add Trace Done
2.20 4mil oemil 8mil 10mil
4mil 75Q
10mil 440
500khz  5GHz

13



HFSS 9.0 pogi055
S Jmm ST Ermolt Corpaorshior =k R jl] ¥l =
Y Flek i e ERan! -
HF S5 bkl 1 wederd el
0.0
Tl i —
il e W P 1
I w2l
|
L "N ——]
g ira n a1
welrd
é | Tl 4
! ] (K] — | MM T
2 w=10md
k]
-] |
|
50 050 i
|
|
|
I’mll-l:lh 1,0 0 36h i 4 o
Frg [Hz]
2.20
2.7.5 Optimetrics\ParametricSetupl
— i &
Eﬁ Optimetrics I o
|:—:|E Result= Rename
B %Y Flot 1 X Delets
Fort Field Displ
o Bl D L R Properties. ..
!_E Field Owerlays=
- analyze
291 | Radiation . :
- 1 T i o YWiew Analysis Resulk,
o ET1TiI1 1005
2.7.4 Rort
2.21 View
‘ﬂ\ Post Analysis Display
I W |EK: FregBingle w. ..
IParametricSetupl ;I ‘¢ 1 4mil T4.'911352504
Result |P = I 2 Bmil BZ. 0103TS86Z5
rorile
3 8mil 50, Q059356
2.22 View: (¥ Table [~ Show complete output nar 4 10mil 44. 121763393
" Flot
2.22 Result Table Z0

14
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Plot Z0

ro.oo

Satupi ; Lartadaptive : ZK: Fraq(8ingls valus 3t5G Hz)

40.00 : : : : : : : : : : : : : . . . : : : :
4.00 6.00 a.00 r.oo 2.00 B.00
v mig
2.23
2.8
2.8.1
Ep’ ﬁ.;n_alyg]_ g Delete
' Eﬁ Setupl 2 24 Vi 0
. lfhﬁu!ﬁa - 1C_w_Up
2.8.2 W Optimization
1) HFSS Design Parameters
2) “ Optimization” W
3) Include /

Properties: Mic_w_0Op - HF55Model1l

Local Wariables

= Value f* Optimization  Tuning { Sensitiwity 3

Hame Include Min Unit M az Unit

2.25 W Optimization

15
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2.8.3
1) Opimetrcis Add
2) Goals Optimizer “ Quasi Newton”
3) Max.No. of Iterations 1000
4) 2.26
Gosls |Variables | General |
2 26 Optimize |Quasi Newton -]
Max. Ho. of |1000 [T Save Fields
2.8.4 Cost
1) Goals Add Cost Function

Setupl Sweep

“ Setupl Adaptive”

2) cost Calculation ZK ZK 50
50Q 50 “ o,

3) Goal 0

4) Weigh 1

5)  Acceptable Cost 0.05 ZK 50 0.05,

Setup Optimization

Goals I‘.l’ariables I eneral I

Optimize IQuasi Hewton LI
Max. Wo. of {1000 [T Sawe Fields
—Cost Function
Solution | Caleulation | Cale. Range Cnnditionl Gnall Weight
pl : Lasthdaptiwe ZE-50 Freq@Bingle walue at S5GHz) = 0 [1]

! | >

agd | Delets | it Caleulation| it Cal. Range | it Goal/teieht. |
Acceptable II:I.EI5| Hoize IEI.EIEIEII
2.27 Cost

16
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2.8.5

Setup Optinization

Goals Variables |G—eneral

Yariable | Owarride | Starting Yalue | Unit | Ineclude | Min | Units | Max | Unit=

2.28
2.28

2.8.6 General

Setup Optimization

Goals I‘.l’ariables I:}EI'LEI’EJ-I

Farametrics *arametricietupl

Solve the parametric sweep before
optimization
Solwve the parametric sweep during
optimization

[¥ Update design parameters’ walue after opl

2.29
2.29
OK
2.8.7
Optimetrics
- “ Parameteric Setupl” 2.30
ﬁ] ParametricSetupl Renarme
Rezults »# Delste Optimization Setupl
| Fort Field Display - 5
| Field Owerlays A
| Badiation Tu 2.30

Optimization 15 dome — Solwed Lopiimum satistie=z acceptable cost Iimiill
A wariation (w='8. 22B00848441295mil" ) has been requested (5:01 FF —H
A wariation (w="8.5mil’ ) has been requested (5:00 FF —H 05, 2004)
A wariation [(w='85.03584744157943mil’ ) has been requested (4:59 FF —H
Optimization on OptimizationSetupl has been started. (4:59 FF —H 05,

ééééé

2.31

HFSS 2.31
8.22mil 50Q 0.05,
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2.8.8
Optimization Setupl View
THLIN] -
i3
=
i =
T
i FILIN) e
% ..H..\-.
= pooo. e
w =
= ™
o |
-]
§ -..\--\-Hﬁ-\-.
] B0 — ! --H'i'“--h.
= T
— "“-____h
i | |
'lninl 5.0 &0 .00 a0 200 000
i [eml]
2.32
8.22mil 1 50Q .
2.9
2.4 W
Y 53mil W 10mil
2.9.1 1
Freg Fort Z0:WawePortl | Fort Z0:WaveFortZ
WawePortl 49 4628 0
WaweFortz 0 49709
2.33A 2.33B
2.33A mil Zo 2.33B
2.34A
2.34B

18
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2.9.2

Port I0:WavePort?

Freq Port ZI0:WawveFortl
WaveFortl 49. 491
WaweFortZ? 0

1]
49,703
2.34A 2.34B
2.9.3 2
Freg Fort Z0:WawePortl | Fort Z0:WaveFortZ
WawePortl 30115 0
WaveFortz O 30. 432
2.35A 2.35B
2.35A 15mil Z0 2.35B

2.9.4

Freg

Fort Z0:YWaweFortl

Fort Z0:WaweFPortz

WaweFortl 30, 169
WavePortz 0

0
30. 485

2.36A 2.368B

2.36A 2.35

2.36B

2.10

19
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Properties: Mic_w_bak - HFS5Modell - 30 Modeler
Command
Hame ¥alua | Unit |
Command CreateRectangle
Coordinate Sw. .. Global
Fosition Omil , SOmil-w/2 , 4mil
Axis A
2.37 KSize 200 m1l
T5ize W
50mil W/2 W
Y 50mil 2.9
W mil W/2
50,
3D
2.11
OptimezationSetupl View Analysis Result
2.38
5 Optimetrics
2.38 Y :
l‘ﬁl ParametricSetupl
| A Y Irrﬂ'.:.I 2.39 Cost
Fisw: F Tubla
& et 7 Lag Soads
[ E Cost
g :
|
|
! |
' I
a ] : 2.39
|
- y } Table
|
I
) | 2.39 Cost
¥ T r T ¥ ¥ 3
2.39 Cost

20
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e H
1,2,3
® RF
3.8 4.2 4.6
3.1 HFSS
2.2 2.2 23
3.2 H

|Er|:|ject Draw 30 Modeler H

| &8 Insert HFSS Design
Insert Documentation File .. 3.1

Project Yariables. ..

Add Property

Hame I]-[
Value [5i1
3.2
Add
oK H
3.3 H PCB
E|._,ﬁi1 Model
= 4P FR4_epoxy
; ElEE' pch
i CreateBox 3.4
3.5 PCB z
3.3.1 PCB Z

3mil  2mil Imil

Project Project Variables 3.1

Properties: Mic_fr

Froject Wariables |Intrin5ic Variables I Conzstants

% Value  Optimization i Tuning
Hame | Value I Unit |
FH 1 mil
3.3
H 4mil
113 $H
H
PCB CreateBox 3.4
( 3.9
b $H”

21
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Hame Yalue | Uni t | Hame Value | Tt I
_':'3""’“9'-1'“:1 CreateBox Command CreateRectangle
Coordinate Sy... Global | Coordinate S, .. Global
| [Position 0,0, 4 mil Wl osition 200, 0, 1 el
iSize 200 mil T axi= ¥
TSize 100 mil T l3ize 100 mil
| |zsize $H-dmil [ zsize 40mil-3H
3.5 PCB Z $H 3.6
3.3.2 z $H
PCB 3.6
3.4
3.4.1 “ RF”
Add Property Project Project Variables
Add “ RF” 3.8
Heme |RF 3.8 RF 3.8
Value |3.8
3.4.2
o727 Model ModeI\FR4_epoxy\pch pcb
: Els FR4_epoxy u " 3.7
=
My CreateBox 3.7 4dd Material ...
“ Add Material” 3.8
“ _NewFR4” * RF” OK
¥Yiew / Edit Material
Material
I_HewFR4
Properties of the Material=z Materiall
3.8 Belatiwe Permittiwity

22



HFSS 9.0

poqi055

3.5

RF 3.8

3.9

3.6

PCB 3mil

Freg Fort Z0:WaweFortl | Fort ZD:'l'l'avePl:-rtEI
WaweFortl 49. 325 0

WaweFortZ O 49. 953

ﬁ Analwy=is

3.6.1

3.6.1.1 Sweep

ﬁﬁ 3.10

$H $RF

Setup Sweep Analysis

Sweep Definitions lable | 2.6

IESEES

Imil .8
Imil
Imil
Zmil
Zm1l
Zmil
Jm1l
Jmil
Jm1l

w0 =9 M N & L e
i
L = I e N o o Y o R N

3.8, 4.6,

$H
3.11

3.11 Table

3.6.1.2

Sweep Definitions I Table Fereral ||:alculati-:-n5 I

Sim. Setup | Sweap

Starting Foint

Setupl |7

Design Variablel Dverridel Valuel Uni 4
$H |7 1 mil
$EF CZ-X- 3.12

:$H  $RF. Imil 3mil

0.4

3.12

General

H 1mil

Imil

23
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3.6.1.3

Setup Sweep Analysis

Sweep DNefinitions I Table I General Caleulations

Solutien I Calculation Calculation Range 3.13 calculations
Setupl : Lasthdaptiwe ZE Freg(Single walue at SGHz)
3.6.2
Optimetrics ParametricsSetupl
HFZSModell Farametric Analws=is on Local Machine - EUNHING
I
3.14 Solwing: $H=" 1mil’ FEF="4.2'
HFSS 3.14 4-1 il
3.8
3.6.3
EO.00
50.00 ]
= S EEE 1 | A 3.5
= -
=]
% ==}
40.00 oy
. ] T
t frBmEERE2nil ¥ a5 4.2
15 ]
20.00
% 1.6
k=]
o]
T d
SrtEBERE1mil .
20.00 g
T 0 . 0 1 e e e e e e e e e e e e e e e e e e e e e e e e ’ e
4.390 493 4.95 4.9 5.00 5.03 5.05 5
Freq [GHz]
3.15

D

24
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2)
3.7
1 70 30Q Cost 30 0 5
3.7.1
Project Project Variables 3.16
3.15
Properties: Mic_fr
Froject ¥Wariables |Intrin5ic ‘.l'ariablesl Cunsta.ntsl
7 Value ¥ Optimization " Tuning {7 Sensiti
Hame [ Inelude | min | Unit | Max | Unit
$H F o1 mil 5 mil
IEF F 1
3.16
3.7.2
3.7.2.1 Goals
Setup Optimization
Goals |‘.l'9riables I (reneral I
Optimize IQuasi Hewton ;I
Max. Ho. of {1000 [T Sawe Fields
—Cost Function
Selution | Caleulation | Cale. Range Cl:-nditil:-nl Gl:-all 'ﬁ'eightl
Setupl : Lasthdaptiwe E EFreq(Single walue at SGHz) = 1] [1]
add | Delets | it Caleulation| it Cal. Range | Lit GoalfWeight
feceptable 0. 05 Hoise IEI.EIEIEII
3.17 Goals
3.7.2.2 Variables
Setup Optimization
Goals Yariables |General I
Yariable | Override I Starting Yalue | Tmat I Include I MinI Tmits | Max | Init= I
FH |7 1.5 mil |7 1 mil 3 m1l
$EF W 45 Vv 4z 4.8 25
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3.18

3.7.2.3 General

Setup Optimization

Goals I‘.l’ariables I:}EI'LEI’H]-I

Farametrics *arametricietupl

= Solwe the parametric sweep before
optimization
Solve the parametric sweep during
optimization

[ Update design parameters’ walue after op!

3.19
3.8
3.8.1
Result | Frofile |
View: @ Fabia 3.20 2mil
i Flot 4.6 4.3125
$H | $8F | Cost
 sme | cost | 20 3.21 e
Imil 3.8 19. 323
Imil 4.2 17.584
Imil 4.6 14 B2 Freg Port Z0:WaweFortl | Fort Z0:WaweFort?
mil 3.8 T.10%4 WaweFortl 34. 312 ]
El'l'lll 42 5 SEDE\ 'ﬁ'aveP-:-rtE |:| 34T2E|
Zmil 4.6 4. 3125
Jmil 3.8 6. 3162 3.21
3mil 4.2 T.9594 3.20
Jmil 4.6 9. 3553
3.8.2
Optimetrics ParametricSeupl OptimizationSetupl
Analysis 3.23 2mil 3.8
Zo 30Q
Freg Port Z0:WaweFortl | Fort Z0:WaveFPortz
WaweFortl 50. 195 ]
WavePortZ O 31. 26
3.22

26
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08 Jam 2004 brizoft Corporation 1707 :04
§RF=33
0O
— [
H
X
)
w
hi
o
=
g
Lt
=L
L
o
T
L
i
=
-l
¥
=
m
e
=
i |
B |
& I
k]
o
L e —— e —— — e ——— —— — . T —— —————a—— e e e
11 14h 20 24 z.0h
$H [mi]
3.32
05 Jan T0i0E ANSO Lo peoeralion 1791103
ERF=4dE
Ew_T D | | | I
W o |
o T |
] o
5 ™
£ &) ) — e -
] -\..___\_. /
& e
= el
[ T
@ s e { ]
[-3 =
- e
i -
B
¢ Hm T
B Freg Fort Z0:%WawveFortl | Fort Z0:%awvePortZ? .
S Am . e
- YawePortl 30, 155 n] =
g ™
E fawvelortZ O 30. 351 o
01 1) | | -
T~ 140 2 0 FE LB
1 il
3.33
4.6 2.3mil 30Q .
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4.1

HFSS

2.2 2.2 23

1. mil

T1 X 0,y 100,Z 4 dX 200,dY 6,dZ O

T2 X 0,Y 110,Z 4 dX 200,dY 6,dZ O
2. PCB FR4

PCB X 0,Y 70,Z 0 dX 200,dy 80,dz 4

3. air
4.1 Air X 0,Y 70,Z 4 dX 200,dY 80,dZ 46
4.2
Wave

4.2.1
4.2.1.1 Portl

1)  Drawing Plan YZ L

2) 2D [::]

200,70,0 200,150,50 1,

4.2.1.2 Port2

pl Edit\Duplicate\Along Line

pl.

4.2A 4.2B 4.2C 4.2D

28
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200,70,50 4_2A Y 70,Z 50 X 4.28B
X 0 “ " 4.2C
2, 0K 4.2D
pl 1 p2.
4.3
t1,t2 E PrefEl
4.4 1
1 pl
2) Wave Wave
WavePortl OK
3) 2, Update T1 T2
4H) T1 Terminal Line New Line 1
Wave Port : Terminals
Humber of 2 lTpdate |
Hame Terminal Line I
Undefined |
= Undefined
4.3 Wave
200,103,0
0,0,4 1 200,113,0 0,0,4
T1 T2 Terminal Line defined Next
5) Next New Pair 4.4
Terminals: Differential Mode: Common Mode:
Positiwe | Hegatiwe Hame Ref. Z Hame Ref. Z
T1 Tz Diffl 1000hm Comml 250hm
4.4
4.4 1, Diffl 100Q , 25Q
D1 Next
6 50Q
1
4.5 2
2 D2
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4.6
4.6.1
Add Praperty
Project Wariables IIntrinsic Variables I Const ar
Hame et % Value {7 Dptimization {7 Tuni
Hame I Yalue I Uni t I
Value |mil| Fset 113 mil
4_5A 4.5B
Project\Project Variables Add
4_5A set 113mil OK 4.5B
4.6.2
set
2
12 CreatRectangle 12
Command |
Hame Yalue Unit
Command CreateRectangle
Coordinate Sy, .. Global
Fosition Omil , $=et-3mil , 4mil
Aols z
Hiize 200 mil
¥5ize =] mil
4.6
4.7
Gremeral Adva.m:edl Forts= I Defaultsl
Analysis
Add Solition Setup
Solution =] GH b
| oz ~] 4.7
—hdaptive Solutions
5GHz 3

Maximum Humber of Paszes:

Maximum Delta 5 Per Pass: 0.0z

|3 S 0.02

4.7
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4.8
Optimatrics Add Parametrics
4.8.1 Sweep
Add/Edit Sweep Dialog X
Variabl |$set _:J Yariable Description
F=et Linear Step from 110mil to 130mal,
" Single val Add 3
f* Tinear =t,
llelete
Start [110 [niz ~] [ odtese |
Stop [130 jmiz =]
Step |5 [mil | ok | Cancel
4.8.1
Setup Sweep Analysis Sweep Definitions Add 4.8.2
Add/Edit Sweep Dialog 4.8.1 $set
110mil 130mil 5mil
Add OK
4.8.2
Sweep Definitionz Table
I F=et
Setup Sweep Analysis ||| |F 1iOmil
s 2 115m1l
Sweep Definitions |Table I reneral | Caleculations
3 120m1l
Syne #| Variable | Description [ [haa | 4 125mil
F=et Linear Step from 110mil to 13530mil, step=Smil i 3 130mil
4.8.2 4.8.3
4.8.2 Table
Table 4.8.3
48.3
Sweap Definitinnsl Table I General FCaleulations calculations
Add Solution
Selution Calculation Setupl:LastAdaptive
Setupl ; Lasthdaptive
= e Setupl
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4.8.4 4.8.4

Edit Calculation

calculation
—Caleulation
Inzert Buantity Into Expression |
Category Quantity Funection
Desi=n: — Yariables Zot (aveFortl: 01, Wave dB10 AI
= I J Output Variables Zot MaweFortl: I, Yave dE20
Eeport - Terminal 5 Farameter Zot (NavePortl D1, Have eXp
_T}'pei ITermlnal & Farameters LI Terminal ¥ Parameter Zot (WaweFortl D1, Yawve im
Terminal £ Parameter Zot MaweFort]: Comml, log
Do . - Fower Zot MawveFort]: Comml, logl0
Jdution: ISetupl : Lastﬁ;daptweﬂ VIRE Zot (HavePort] Comnl W mag
Yoltage Transform Zot (WaweFortl:Comml, i ol ar
TR CM |2 (favePort2:12, B
Zot MaweFortZ D2, Have » | |rect
KN [ JEL =
4.8.5
category Z0 Quantity 1
Re 4.8.5 “ Inset Qua...”
Output Variables
Hame I Expressian
1 |ZK reff('ﬁavePo:iM,'ﬁ'avePortl:modelJ)
Hame: IEI‘j | hdd I lpdate Dlelete
Expressio relT WavePortl D1, $avePortl :model])

4.8.6

InsetQua...” Expression Name
“ZK” Add ZK Output Variables 4.8.6

484

Sweep Definitions I Table “eneral |Calewlations

Sim. Setupl Sweap Sitariimg Foomi

Setupl |7
[T Sawve Field:

4.8.7 Save File

1 ”

Optimetrics

Iﬁl ParametricSetupl |
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4.9

4.9.1 $set  113mil

$set 113mil

‘ﬁ"\ Solution Data: d2 - HFSSModell - |EI|£

Deszign [$zet="113mil’

-
Simulation: ISetupl LI ILastﬁ;daptive ;I |¢

Conver gence I Frofile Matrix Data |

[T 5 Matri: [ Gamma - Export. .. I liwalent Cirouit Exp-:-rtl
[T T Matriz | Z0

[ Z Matri: [T AL Freg: |5 (GHz] VI

Freg I Port ZO:WaweFortl:Dl I Fort Z0:WaweFortl:Comml I Fort ED:'l'l'aveP-:-rtE:DEI Fort Z0O:'
ﬁ WavePortl:D1  T0. 445 0. OTEEES 0 0
-'l'l'aveP-:-rtl :Comml 0. OTEEES 8. 365 i i
- WavePortZ:DZ O i &3. 707 0. 4326

_-'l'l'avePu:-rtEZC-:-mml i i 0. 4326 8. BE1
4.9.1 set 113mil
Optimetrics parametriSetp Analysis

HFSSModell Parametric nalysis on Local Machine - RUNNING
|

Solving: $zet="110m1l’

[ [=

Setupl: Solwing Ports on Local Machine - RUNNING
|
Adapting WawePort?, Fasz 5

‘ s

4.9.2
4.10
Optimetrics parametriSetp View Analysis Result
result Table $set 1
4.10.1A
Result Plot
1 4.10.1B
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‘ﬁ\ Post Analysis Display 110.00
IParmetricSetupl j ‘J

100.00

Result | Frofile |

[T Show complete output

K:FregiBingle wlue at63HZ

| f=at |EK: FreqSingle w. . I E
1 110mil 73. 3583573023446 g ]
20.00
2 115mil 95, G3ATAS1AEZ101 E
3 120mil 100, 472852098676 =
4 125mil 100, 32482642532 —
.11I:I.I:II:I 116.00 120.00 126.00 120.00
5 130mil 101, 162925225419 ¥t iy
4.10.1A 4.10.1B
4.11
4.11.1 $set
Project Project Variab Optimetrics
11.1
Variables
Properties: d2
Froject Wariables | Intrinsic Variables I I:-:nnsta.ntsl
i Value {* Optimization i Tuning " Sensitiv
Hame Include Min Unit Max Unit
W
4.11.1 $set
4.11.2
Optimetrics Add\Parametric
Setup Optimization Goals Variables
General
4.11.2.1 Goals
1) 2) 3)
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- Add Solution setupl:LaseAdaptive
Setupl
LaseAdaptive Sweep
- Calculation “ ZK”
- “ ZK 100" 100Q
100Q
Goal 0, ZK 100 O

- Acceptable 0.05

Goals |Variables I General I

Optimize IQuasi Hewton LI
Max. Fo. of {1000 [T Sawe Fields
—Cost Function
Solution Caleulation Calec. Range

Setupl | Lasthdaptiwe|ZE-100

4.11.2.2

add | Delets | it Caleulation| it Cal. Rangs. | 1it GoalfWeight.]
feceptable 0. 05 Hoize IEI.EIEIEII
4.11.2
Variables
Variables 4.11.3

Setup Optinization

Goals Yariables |General I

Yariable | Owerride

Starting Value | Unit

4.11.2.3

General

4.11.3
General

4.11.4 Parametrics
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ParametricSetuplx

Setup Optinization
Goals I‘.l’aria'l:-les GETLETEJ-'

Parametrics *arametricletupl

o Solwe the parametric sweep before
optimization
Solwe the parametric sweep during
optimization

Optimetrics

[# Update design parameters’ walue after opl

4.11.4 4.11.5
Optimetrics Paramertic Setupl

Optimetric Setupl 4.11.5
4.12

OptimizationSetupl Analysis 4.9.2

HFSS
4.11.3

4.13

OptimizationSetupl View Analysis Result Result View

Plot

o0 - — _— —_ —_—

A
/\

20.00 \ I \
- \\\hh _-l_ \,d_,hhmh
oo - I — ——— e e

leraton

Cont
&
—
-—'---'-_-

4.13.1 Cost ZK 100

ZK 100
Result View Plot , 4.13.3

4.13.2 : ZK 100 < 0.05 $set
36
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4.13.2 HFSS

- Acceptable cost

limit NOT satisfied.

Restarting the

optimization may result in a better optimum. HFSS
F=et | Cost |
110mil 26, B4Z
115mil 4. 4632
120mil 0. 47285
125mil 0. B3245
130mil 1.1624
120, 33692371 T141mil 0. 77831
108, Tmil 100 4.13.3
118. 5Tmil 4. 2516
119, 11307TB2525859mil 5. 4683
119. 9559045436 T3nil 0. BEO9E
1) 100Q $set
110,00
r
]
o
W
g | ¥
3
100,00
g
L]
@
£
o
=
E i
" a0.00
-
r-1
z
=
ﬁ |
# 50.00
i
T
= i
kil ]
w |
F10.00 e . . . . . . .
14000 11500 12010 12500 130’00
F=at [rnil]
4.13.2 ParametricSetuplx
4.13.2 100Q $set 119.5mil
2)
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14.13.3 Pset 120mil
4.14
4.14.1
Properties: d2 )
Cost 120mil
Froject Variables |Intrin5ic Variables I Cu:-nsta.ntsl
oy "jalue  Optimization = Tuning
Hame | Yalue | Tnit 4.14.1
feet 120 mil
4.14.2 $set
Properties: dz
: _ 120
Froject Wariables IIntrinsic Variables I Cnnsta.ntsl
i ¥alue i Tuning {7 Sensitiwity i S
- - - 4.14.2
Hame I Im:ludel Min I Unit I Maz I Unit I
Fset |7 119.2 mil 120 mil 4.14.2
4.14.3
Optimetrics Add\Parametric 4.11.2

Gaals  Verisbler | Gynerad |

[ Varinkle | Override | Startiag ¥alus | Unit | Tacleds | Win | Unitx | Bax | Unite | Bin Step | Units [ B Step | Units

Fl.ﬂ. I 185 mil ¥ 1182 ail 130 wil L} mil oLio% mil
4.14.3
4.11.3 “ Advanced”
Optimetrics OptimetricSetupl Optimetric
Setup2 OptimetricSetup2 Analysis
Cost 0.05 0.3.
4.14.4
4.14.3 $set=119_41mil Cost

E"@ HFEEMadell

----- :j‘) Optimization iz done
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0.19861 Cost < 0.3 Done
2.0 Result |Prnfile I
View: i% Table
160 i Flot
f=at | Caost
- 119 5mil 0. 70731
1.00
g 119, 5502A593A061mil 1. 573
119, 4Tmil 0. 54937
nsm 119. 514511503 TA4mil 1. 1745
119, 44mil 0. 38652
- 119, 44FR41710036mil 0. 91417
: : . : ; 119, 41mil 0. 19861
4.14.4 Cost
$set 119 _41mil
119.41-103 -6=10.41mil.
119.41mil 103mil emil
10.41mil
4.5
1
2) Cost
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5.1

S Yy X

5.2 HFSS

5.1

HFSS

Xi
y Xi S(y, xi)

HFFS

mil

5.2.1

Z0
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5.3
5.3.1 5.3.2
54
* Valne " Optimization = Tuning
Hame | Yalue | Unit |
fafr L
[ [5ex B mil
—$a}' 1.35 mil
—$az 4 mil
5.4.1
5.4.1
55
5.5.1 “ Sweep Definitions”

Sweep Definitions |Table I Feneral I Caleulations

Syne #l ‘.l’ariablel Dezecription
Fax Linear Step from Bmil to 8mil, step=lmil
Fay Linear Step from 0.6TSmil to 2.025mil, =step=0.BTSmil
$az Linear Step from 2mil to Bmil, step=mil
5.5.1

$ax

$ay

$az
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5.5.2 “ General”
e General lCalculati-:nns ]
Starting Point
Desizn VWariable | Owerride | Value | Tnits |
fafr | 4.4
Fax |7 E mil
Fay [v 1.35 mil
Far |7 4 mil
5.5.2 General
5.5.3 “ Calculation Range”
Sweep DNefinitions ] Table ] General Caleulations l
Solution | Calculation | Calculation Range
Setupl : LastAdaptiwve IK FregBingle walue at SGHz)
5.5.3 Calculation Range
5.6
| Fa | Fay | $az |EK: Freg(Zingle w. . | Pax | Fay | $az |EKZ Freq(Single ¥ | Fax | Fay | faz |EK: FreqiSingle w. .. l
1 Bmil 0.BTSmil Zmil 31. BEEB3Z843533 10 Tmil 0. BTSmil 2mil 29. 3160924474262 (19 Smil 0. 6TSmil Zmil 26. 9132344372535
2 Bmil 0.BTSmil 4mil 50.9531333565294 11 Tmil 0. BTSm1l 4mil 47. 9307175113541 |20 8mil 0. BTSmil 4mil 44. 0049991524525
3 Bmil 0.BTSmil Bmil B3.BZ59127TTT3798 12 Tmil 0.BTSmil Bmil S5T. 0207501059235 |21 Gmil 0. B7Smil Amil 5A. 0725049357362
4 Bmil 1.35mil Z2mil 32.23868361410668 13 Tmil 1. 35mil 2mil 29 2435954207031 |22 8mil 1. 35mil Zmil 2A. 0T4149R355596
5 Bmil 1.35mil 4mil 50.0019459079509 14 Tmil 1. 35mil 4mil 45 0104054050351 |23 8mil 1.35mil 4mil 43. 022975R442341
B Bmil 1.35mil Bmil BO. 24R3TSAR421345 15 Tmil 1. 35mil Bmil 54. 9B1B03TSE85T4 |24 Bmil 1. 35mil Fmil 53. 0421454554536
T Bmil 2.025mil 2mil 51. 0458530044528 16 Tmil 2. 025mil Zmil 2T. 996STTSSE096E |25 Gmil 2. 025mil Zmil 2. 2279457245737
8 Bmil 2.025mil 4mil 49. T83507A22919T7 1T Tmil 2. 025m1l 4mil 43, TZ3ATETSSESE4 |26 Bmil 2. 025mil 4mil 42 T195124945T54
9 Bmil Z.025mil Bmil 59. 4857561552558 158 Tmil 2. 025mil Bmil 55. 6515570113321 |27 Gmil 2. 025mil Amil 51. 97TS08529R5455
5.6.1
1) $ax emil
Say 1.35mil Zo 50.00195
$az 4nmill
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57
1. HFSS “ Design Properties”
Project “ Project Variables”
2. “ Intrinsic Variables” F
XY Z “ Constants”
“ Project variables”
3. “ Project variables” 5
i Value % Optimization = Tuning " Sensitivity " Statisties
“ Tone” Tone
5. Optimization
5. “ Include”
6. ok
i Value % Optimization " Tuning {7 Senzit
Hame |Inc1ude| Min | Init | Max Unit
Fafr I_ 4.2 1 6
Fax |7 T mil 9 mil
Tay [# 0875 mil 2. 025 mil
Far |7 z mil 4 mil
5.7.1
7. Optimetrics
i Goals
Goals |‘.l’=ariables|General|
Optimize IQuasi Hewton ;I
Max. Ho. of |tooo [T Sawe Fields
Cost Function
Selution | Calculation | Cale. Range Cnnditinannall'l'l'eightl
Setupl : Lasthdaptiwe ZE-50 Freg(Bingle . .. = 1] [1]

5.7.2 Goals
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ii Variables
Goals Wariables |Gener=al|
Yariable | Override | Starting Value | Tnit | Include | Min I Tmits | Mac | Imits |
Fax |7 a m1l F T mil g mil
Fay |7 1.35 mil F 0675 mil 2.025 mil
far |7 3 m1l F 2 mil 4 mil
5.7.3 Variables
iili General
roals I‘.l’ariables IGIE1'H31’=5l:|-|
Parantrics -
o Solwe the parametric sweep before
optimization
Solwe the parametriec sweep during
optimization
W Update desi|poceptable e Foise [0.0001
5.7.4 Variables
8 OK Optimetrics OptimetricsSetupl
5.8
Optimetrics  OptimetricsSetupl
emil 1.35mil 4mill 0.0019.
5.9
i Value {7 Optimization " Tuning % Sensitivity {7 Statisties
Hame | Includel Min | Unit | Mz | Unit | Initial Disp. | Unit |
Fafr |_ 2.2 B.B 0. 44
Fax F 5.5 mil B.5 mil 0.1 mil
Fay F 0. BTS m1l 2,025 mil 0.135 mil
Faz F 3 mil B mil 0.5 mil
5.9.1
OK
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5.10

Optimetrics

Calculations | Variables I General I

Cutput Farameters

Max. Ho of Iterations/Sensitivity Ill:l

[T Sawe Field:

Solution Caleculation

. Las t.l,ui:ip tive|TE

Setupl

Caleulation Range

tput

Master Ou

Freq(Single walue at SGHz)

5.10.1

Calenlations Yariables IGeneralI

variab1e| Dverridel Starting value| UnitI Include | Min | Units | Mo | Unitsl Initial Disp.l UnitsH

Fax &

2

mil |7 5.5 mil B.3 mil 0.1 mil
$ay [+ 1.1 mil [~ 0.BTS mil 2,025 mil 0.1 mil
$az ¥ 4 mil [+ = mil 5 mil 0.1 mil
5.10.2
i
Setup Sensitivity Analysis
C:alculatinnsl ¥ariables Seneral I
Paranctrics  [CRNRGRRRRRN -
Solwe the parametric sweep
before analy=sisz
Solwe the parametric sweep
during analysis
5.10.3
OK Optimetrics SensitivitSetupl
511
SensitivitySetupl
512
SensitivitySetupl Result
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& Post Analysis Display ax

Opti... Cost
SensitiwvitySatupl ;I
o= SensitivitySetupl
timizationSetup
sitivitySetupl 5.12.1
% Plot  X: |fay |
FM 5.12.2
¢ Jan 2004
Faz
5.12.1 Table
Inputl Output Fune. Value 1=t T Znd D
Fax ZK: Freq(Single w .. 49.T —1.04e+t006 -7, Bet+011
Fay ZE: FreqiSingle w .. G0.5 Z.39=+005 -1.4Tet011
faz ZK: Freq(Single » .. 50.T 1. 32eH006 -1.69e+012
5.12.3
5.12.2
| - - -
50.00 T
| -
L 3
45.00 PR
T -
5.70 5.80 590 6.00 6.10
$ax [mil]
5.12.4 1.35mil 4mil
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i - oge - 1
50.00 el - N ¥
45.00
[
i K
40.00
35.00
0.20 1.00 1.20 1.40 1.60
$ay [mil]
5.12.5 emil Amil
60.00
i - e
40.00 = \n\\\
T )
20.00
0.00 /
_2["[“]_—J—J—J—J——J—J—J—J——J—J—J—J——J—J—J—J——J—J—J—.
3.70 D 4.00 4.20
$az [mil]
5.12.6 oemil 4mul
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6.1

6.1.1

Tune
W
20.00 v ——
ref ol ave P art1)
in=<mil
Y1 ——
70,00 ref ol ave P art1)
=S mil
g 1 —4
=] o ref ol ave P art1)
T =B mil
g E0.00
5 R J—
E' ¥ ref ol ave P art1)
=7 mil
7
50.00
v —i
ref ol ave P art1)
n=Smil
L
40.00 A
4.40 4.0 4.20 5.00 520 |refZoiavePart1])
Freq [GHz] e 10mil
1
50Q gmil  9mil
Tune w 6mil Zo 62Q
Tone
, ( 2), 0K
Local Wariables |
= Value " Optimization {* Tuning THE Senszitiwity " Statistics
Hame | Includel Min | Unit | Mz | Unit | Step Unit
W |7 g mil 8.5 mil 0.1 mil
2
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2. HFSS Optimetrics Analysis, Tune Tune

3. Real Time

4. Save Fields

5. “ Sim. Setups” “ setupl”
HFSS

=101 x|

[ Real Timi [ Sawe Field: [T Sweep

Sim. Setups | Tune

8

o0
(]

Hominal
E

Tune fbort I

Sate I Fewert I I g
Rezat I Clase I LI _’I

3 Tone
6. Nominal 3 8.5mil
a. Sweep
b.
C.
7. Tune
6.1.2 Tone
= 73 HFESModell Tone w 8mil
G‘) A variation (w="8. 5mil" ) haz been requested [ HFSS

\1) Tuning on HFSSModell has been started (12:14
\1) A variation (w="8.4mil’ ) has been requested [
\1) Tuning on HFSSModell has been started. (12:11 Tone w
\1) A variation (w="8.Zmil" ) hasz been requested [ 8.6mil

\1) Tuning on HFSSModell has been started. (12:10

Tone 8.2mil

\1) A variation (w="8mil’ ) haz been requested [1Z 4
4 HFSS
Result Sweeps “ Sweep Design and Projectvariaable”
Tone 8.2mil,8.4mil,8.5mil 5
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Y 1 Zo Rel 6
% Sweep Design and Froject wariable s Iv¥
Hamel Type I]:Iescripti-:-nl 4mil 6 w 8.2mil Z0
amil i
Freq Frimary Sweep A1l Values 5::1 50Q W 8.4mil Z0 50Q

| YT T Tmil R
3. EZmil
g 4mil 5
3. omil
10m1l

v !
E ¥ ref ol ave P ot
50,00 =32 mil
| | N 6
48.00 re(Zolif aveF a1
=S amil
6.1.3 Tone
“ Closs” 7
w 8.5mil 0K 8.5mil w
“ Don’ t Apply” Tone Cancel Tone

%

Apply Tuned ¥ariation

0K I Don' t Apply | Cancel

7 Tone

6.1.4

Tone
Optimetrics
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