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Introduction

Typical Flow Chart of the Filter design and Tuning process
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Introduction:
Improved Flow Chart of the filter design and tuning process
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Introduction: cGeneral Optimizer Setup

Parameterization Definition of Goal function| | Optimizer Choice
. S-Paramemude in dB
B %
20 , | . 51,2
% 52,2
= 7
40 / | d=30.616 iﬁ i ﬁiw w -
!

[Ses16] — / Genetic Algorithm

= N Particle Swarm Optimization
-70 1 Melder Mead Simplex Algorithm
80 ! Intepolated Quasi Mewton
-98.95 0.975 1 1.025 1.05 [1.0875| 1.1 [1.1125| 1.15 1.175 1.2 1.225 1.25 :Dassic FIQWE"

Frequency / GHz

1. Define structure parameters

Mame | Value | Description

X res_tune:s lengt 59168
< res_tuned_lengt 5.2251 IAdd new goal ... 3 Edit... l Remave &ll Remoye |
X res_tune:r_lengt 50041 /_TI

B res_tuner lengt 5.9817 I Type I Operator Target / ] Range \l Weight EI

Parameters Goals Ilnfo ]Specialsl

5 B 15111 min ~| 00 1.0875.1.1125 / 1.0
2. Define parameter ranges
I | Parameter | Min | Mz | ‘
X res_tune_lengt 5.9168 £.1584
[ res_tunerlengt 52251 54333 CST
[ fes_tuner lengt 50041 52084
6 B EREE 5917 | 62259 EuMW Manchester Oct 2011 www.cst.com




Introduction: Optimizer Results

Only a few parameter considered yet, in
general there are a lot more parameters to

consider

S-Parameter Magnitude in dB

094

096

098

Frequency { GHz

102 104 1.08 108 11 112 114 118 118 12
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*51,1
52,1
=512
52,2

M ame Yalue Description
a a0 zide-length
b
blend blend radius
s 25 cagting hight
coupl_tuner_12 wh length of coupling zorew 1-2
coupl_tuner_23 ih
EpEr 1.3 teflon
h_bottann 20.4 207
h_top 1.7 1.8
hole_radiuz 258
k12 22
k23 185
ke_offzet b ERBRAER0E3E22  offzet from center face 5.EE
1_battom .65 6.5
. bop 13.3 15.4
rez_tuner_lengthl 6.35 35
rez_tuner_length?2 573
res_tuner_lengthd  res_tuner_lenagth?
rez_tuner_lengthd  res tuner_lenathl
wall_thickness ]
wire_r 5 feed wire radiuz
CST
www.cst.com
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Introduction: General Optimizer Setup
Parameters lGoaIs I Info | Specialsl

Reset min/max 2 % of initial value IV Use current as initial values Opt]m]Z]ng the StrUCture USing Nelder
Mead Simplex Optimizer only for

Parameter ‘ : l Max [ Samples l Initial ‘ Current ’ Best !; <
I keofsst 5488 5712 3 56 56 G5 resonator‘s lenghts
[T r_bottam 6,517 5 B6.65 6.65
M rtop 12.034 13566 5 e Parameters Goals Ilnfo I Specialsl
[X res_tuner_lengt 5.9168 6.1584 3 6.035 6.035] 1 I Kad ik Goal.., LI Edi | Bemova il R
X res_tuner_lengt 5.2251 5.4383 3 5322| 2
[ res_tuner_lengt 5.0041 52084 3 5004 | 3 Type | Operator Target (| Range Y weight [ <]
X res_tuner_lengt 5.9817 62259 3 61037346 6214 6214| 4 B L1 -|og L U 10
l- slot_depth 14.7 15.3 5 15 15 15 _
[T slotw 539 5.61 5 55 5.5 55
e x| Paametes| Goss o | Speciak |
wit S ial PR ¥ F
l_ Parametersl biosis I ko issaid Nelder Mead Si 5] - Final calculation with the best parameters so far is running.
~Optimizertype—— [ 5topping criterion
Algorithm: Nelder Mead Simplex Optimi
" Genetic Algorithm Goal function level: |0'0 Nunmber of evaluations: 182
{solver: 182, interpolation: 0}
¢ Particle Swarm Optimization Minimal Simplex size: |1e-006 First goal function walue = 0.2654206
. Last goal function wvalue = 0.05418396
&' Nelder Mead Simplex Algorithm IV Max. number of Evaluations: | 200 Best goal function walue = 0.05417905
" Interpolated Quasi Newton r~ Choice of initial point set Last solwver evaluation time = 00:02:48 h
‘& (il " Latin hype cube distribution Best parameters so far:
" Noisy latin b be distributi
- . Noaisy latin hype cube distribution a3 tuber leangthl = 603532
General settings i N o =
* Uniform random distribution res_tuner lengthZ = 5.32243
™ Nomalize goal function values res_tuner length3 = 5.0041
[ Include predefined point in initial point set res tuner lengthd = 6.21421
OK | Cancel I Help |
Start | Close I Apply I Help

8 EuMW Manchester Oct 2011 www.cst.com
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Wve to the Future

To summarize

* In general many parameters to consider

» Wide parameter ranges necessary in order not to miss an optimum
-> global optimizer strategies required

EuMW Manchester Oct 2011 www.cst.com
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Local vs. Global Optimizers

Classic Powell

Wve to the Future

Interpolated Quasi Newton
Trust Region Framework
Nelder-Mead Simplex Algorithm
Particle Swarm Optimization
Genetic Algorithm

local global
Initial parameters already Initial parameters give a
give a good estimate of the / ' ‘ poor estimate of the
optimum, parameter ranges =~ [ optimum, parameter
are small / [ ranges are large
Beispiel: i 4 -
W.a\{eg.mde Corner Goal: - L - Y :
Minimize 511 L S -
11 EuMW Manchester Oct 2011 www.cst.com
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WG Corner: Landscape Visualization (1)

10 —0.84738445 10

—2.78896648

.

-5 —14.43845864 -5

// .
) ‘
19]0 =5 0 5 10

Classic Powell:

A local optimizer that
robustly finds an optimum
within the given parameter
bounds. Sometimes, many
iterations are necessary
when closing in on the
optimum.

12

—4.73054851
4-6.67213053
1-8.61371256
1-10.55529459

1-12.49687662

—16.38004067

EuMW Manchester Oct 2011

—17.786697
—18.3216227¢C

-10

=10 =5 5 10

Quasi Newton:

A Search algorithm for expensive
problems: The parameter space
is sampled in each variable
direction. EM simulations are
only performed for these
discrete parameter space
points. A model is created from
these evaluations and used for
optimization. During the search,
the model is updated regularly
by real evaluations.

-0.8473844
-2.7295303
-4.6116761

1-6.4938219

1-8.3759678

0 ™ \ 1-10.258113

~12.140259

—14.022405

—15.904551

www.cst.com

EuMW 2011

—0.84738445

—2.72953030

—4.61167614

—6.49382198

—8.37596782

—10.25811367

—12.14025951

—14.02240535

—15.90455119

—17.78669704

Nelder Mead

An optimizer for more complex
problem domains with good
convergence behavior: Uses

relatively few evaluations if the

problem has a low number of
parameters (i.e., less than 5 ).
In geometry, a simplex or n-
simplex is an n-dimensional
analogue of a triangle.

CST
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WG Corner: Landscape Visualization (2)

—0.847384 —0.84738445 —0.84738445

—2.729530 —2.72953030 —2.78896648

—4.611676 —4.61167614 —4.73054851

-6.493821 —6.49382198 —-6.67213053

-8.375967 =B EIEEETES -8.61371256

-10.25811 AGBEETIET -10.55529459

~12.14025 —isaavasest | ~12.49687662

~14.02240 1202240535 ; -14.43845864

~15.90455 15.00455110 ~16.38004067

—17.78669 _17.78669704 —18.32162270

Particle Swarm  Genetic Algorithm Trust Region
A global optimizer that uses a A global optimizer that uses a Framework (TRF)
higher number of evaluations high number of evaluations to A fast and  accurate
to explore the search space, explore the search space, optimizer that converges
also suited for larger numbers suited for large numbers of robustly and finds an
of parameters (hint: use parameters or very complex optimum within the given
distributed computing). problem domains (hint: use parameter bounds using a

distributed computing). low number of evaluations.

CST
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Introduction

A possible solution to speed up the tuning
effort is ,,pretuning®:

Advantage:
local optimizers can be used in addition

EuMW Manchester Oct 2011 www.cst.com
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Groupdelay

Coupling Bandwidth,
Group delay

Wve to the Future

Coupling-Coefficients and Td-Values
computations are available via Macro

GroupDelay-Macros and 1D
ResultsTemplates available for CST-MWS

: _ g Ty g
/1\ ‘\\‘ 9 == AR » AR,
VRN - and CST-DS
QD
//\ /’ﬂ\ Fya = g . [i P _ -
L \{1 5 e @ . o T ey
A @y g w3
I 4 oo
"f\\x,-';:’/f\\\ e T o 1eg° L 4
/ %[Ta‘z (Fys = Tan)] ary
/ | my g 15|T D4
. —————
% o
H,.'r.lr\\\.-"-,i_.r'x._,/ﬂ\' H = o vz o (u’q _“’;] (% —m‘].]
; P @ [(Ts = L) U ~ )] [ e
/ | L s W %
2 oy ok ol [ " ™
i3]
P E‘-,’!\ﬁ.f\\ R e 0 180 0 180 O 180 [ms -, [aﬂf - w;J
/ E g [(Cae ~ T} (T - T)] Bl ] | | b L @ I m,
% ke | “ ks
LILF] Gy 6y Wy @y WE @y @y g
g 4 O 1800 180 O 180 2
i . I:,ﬂ/ % k= = _ : RTIT | I I I | I I | I kf.:ﬁ =[ﬂ9-;- —&.l'4] +[w?—ﬂz] _ k;:, _ k.; _ kij
/ @y [[Id‘j_ln‘]-“in'ﬁ_lﬂ}] EEEEE EE a, @
Ld
[T Wy Wy @ oy g s Gy Wy dg Wes
Fig. 3. Coupling values in terms of group-delay and frequency-crossing parameters.
EuMW Manchester Oct 2011 www.cst.com
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Defining the Specifications

Tchebychev Filter

-
.
=
™~
=

=3
L

x
Tchebyzcheff Filker % Order = 4
Filter Orcler [« Bandwidth = 25 MHz (rel. BW=2.3%)
Bandwidth in MK |25— Center Frequency = 1100 MHz
aneiwidti in iz Passband ripple = 0,01 dB (1,100747 VSWR)
Center Frequency | 1100 Return loss = -26,3828 dB

. o Fle Edt View WCS Curve ol;jets Mesh Solve Results [Macros| Window Help
Given Value Normed g values: SERELTEI A EEIEEN | Rt | % @ |@F
¥ Inzertion Loss [Passband ripple] dB | | 0 ====s=sssemsessmsesemeseeeeeeseeeeeee B EHOI I BRRE VLN EER(E Enymvamacm.n el Rt =
g1=0,7129 jsasaiaE sens RSN .. ...~ [§ il
[ Passhand ¥S'WwWh g2_1’2004 I AOOA|/AMALIBEPIC amwe B elrr|e| |
nm - D 9@'*‘@\@@@\\@\“?\ Construct >
[~ Return Loss dB I g3 =1,3213 e — e :
Componen! its s
g4 = 0, 6476 ? @8 Grou;s File >
[8 Materials [ Fiter Analysis Group Delay Computation
k. I Cancel | Help | g5 =1 , 1008 gz‘fv; Graphics »  Inverse Chirp Z-Transformation
[8 Wes Report » Smith Chart - Phase Rotation
[d Wires Results >.- Tchebychev-Factors
. . Corresponding coupling coef 3:'5..5’5 e e |
Cavity Design (rey R
l i k_E =35,07 (0,0318809)
k1_2 =27,03 (0,0245688)
k2_3 =19,85 (0,0180464)
k3_4 =27,03 (0,0245688)
k_out = 35,07 (0,0318809)

t_d1 =18,153 ns
t_d2 = 30,566 ns
t_d3 =51,798 ns

t_d4 = 47,057 ns CST
t_d5 =71,78 ns

17 EuMW Manchester Oct 2011 www.cst.com




Groupdelay: Determine FlatPhase

Wve to the Future

—
™ 5
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Ldd

1. Short all resonators 2. Move deemebdding distance

3. Untill flat phase is found 4. Rotate focal point to e.g. short

0.15
S-Parameter Smith Chart:
o - Bl = cnith Chart: F*‘IESE Offset Adjustment \
Frequency / GHz ‘ z S

FHASE
Phase-Offset [Dag) |2 v Ma
Port-Murmber I1 v Ski

| Perfarm Batation I Delete all Markersl

© 0.300000 ( -0,000000, 15.963894 ) Chm -1

€ 1.100000 {-0.000000, 16446226 ) Ohm a ¢ Gi 0.900000 { 0.000000, -0.412648 ) Ohm

g . delay = = Ol @ 1,100000 ( -0,000000, 0,019186 ) Ohm CST

18 EuMW Manchester Oct 2011 www.cst.com




Groupdelay: Tuning of 1st Resonator

g
.
=
N "
=
=3
L

Group Delay Time inns
18.047

1111

15

10

ns

003625
1.0298 1.0 11 115 1.1704

Frequency / GHz

Only two variables at a time!!

1D Tem: late 0D Tem= late
Template Based Postprocessing Template Based Postprocessing

10 Resuits | 0D Results | 10 Results 0D Results |
Iﬁ-‘«dd hiew postprocessing shep... Iﬁ-‘add hew postprocessing step...
Rezult name Template name Result name Template name Walue
1 | Group Delay 1[171(1] Group Delay Time 1 | Group Delay 1111 _frequency + 00 Walue from 10 Besult  1.08305
? Sade S-FParameter ? Group Delay 1011[1]_max + [0 Yalue from 10 Result 523785

CST
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Groupdelay: Tuning of 2nd Resonator

20

-
-
=
at
g |
=3
= £
L

Only two variables at a time!!

42.325
40

30

0.28565

Group Delay Time in ns

)

1.0411 1.06 1.08 11 1.1162
Frequency / GHz
EuMW Manchester Oct 2011 www.cst.com




Groupdelay: Tuning of

Resonator

21

-1.9053e-008

S-Parameter Magnitude in dB

Group Delay 1

(D1(1)

coupling between 2nd and 3rd

146

1.0664

1.08

1,02 11 111
Frequency / GHz

Nearly perfect

blend
<

coupl_tuner_12
caupl_tuner_23
epsi

h_bottem

h_top
hole_radius

K12

[ZE]

ke_offset
1_bottom

I_top
res_tunei_lengthl
tes_tuner_lenglh?
ves_tuner_length
tes_tuner_lenght
wall_thickness

wire_t

§7.184
ka3=185
k23=154
80 k23=183
k23=18
k23=18.2
70
60 // //
50 ////
40
37.654 iy
1.0831 1.09 11 111 112 1.1246
Frequency / GHz
S-Parameter Magnitude in dB
-1,9193e-008 ¥ L 3
511
%[ Hame Value
o 10 [ T S|
a 0
. / S z !
@ -20 blend 5
] v c 5
75 0 / NN e |75
75 coupl tuner 23 75
: N =
204 40 h_bottom E
17 T v h_top 7
hole_radius 25
25 50 Kz ar
o I‘ (&) 182
182 ke_offset 5679897142722
5673897142732 60 T ks
1= _top 133
133 50 oo 4
6.1072215204614 res_tuner_length? 5165 ]
515 - e
res_tuner_length2 81727 s tuner_lengihd  res_tunelengihl
tes_tuner_lengthl L0512 1.06 107 1.08 1.09 11 11 112 113 wall_thickness 3

3
)

EuMW Manchester Oct 2011

Frequency / GHz

wire_i

Perfect, dL(tuner2)= 15 mue-m!

www.cst.com
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Pin-Probes: Tuning of the 3rd Resonator

1. Short out all resonators 2. Add two small discrete po
except the pair considered for to excite the modes
coupling

3. Couplmg bandw1dth

-2.0429e-008 T

*

-41.653

50

100 {4

124,98 J—

44444

22 EuMW Manchester Oct 2011 www.cst.com




Even/Odd Eigenmodes:

u/m
1.21e9
7.87e8

 3.31e8
| 1.39e8
' 5.79e7

2.37e7

Even-Mode

S . on 5
Maximum-2d  1.21292e+009 U/m at -43 7 2 / 19.27 - .
_Frequency 1.86876
»Flhs&‘ 0 degrees

0dd-Mode

E-Field
Monitor HMode 2
LN
Plane at x  -43 R B
Maximum-2d 1.21423e+069 U/m at -43 /7 2 7 19.27 * . _ s .
Frequency 1.089 2 "
~
Pﬁase\\ 8 degrees

| CST
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Filter Tuning via Groupdelay: examples

g
.
=
™~
=
-
—
= i
L

Iris Coupled Cavity

Tuning of a Dual Mode Filter

Filter

Template Based Postprocessing

/,’\ 10 Results 0D Results |
U A i &p...

Group Dilay Time/ s

Result name Templ

1 | Group Delay Time_Max1 +0DY

? Group Delay f_at_x1 +0DY

'3 GioupDelayf_at_2nd Max  +0D0%

4| Group Delap Time_2nd_Max  +0D%

5| DifF + M |

g | diLTD + M (

Q T Group Delay Time_Min +0DY

-]
Settings. | Delete | Ewvaluate I llil Delete &l | Evaluate &l
Close Help |

Hairpin
Filter

) [
pimar \'\/\

Froquency | GH;

24 EuMW Manchester Oct 2011 www.cst.com




Method of Porttuning

5P
4, 2453008 - '{. - 7
10 H F

\
T
ER LN}

Frequency / Gz

Discrete Ports are
assigned at the
Resonators

EuMW Manchester Oct 2011 www.cst.com
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Method of Porttumng

» Sl Ratind G T N

Sofp
Bl B8 Draw neg. L and © folkdiscre |
) [¥ add Capacitances

[¥ Create Links
™ Differential Ports and Blocks

[~ Create Report

':::L::::::: Cancel |

-

(o Botteap 3g 000 0Tl

S
o0 Mame |‘u"alue
L | PortC_3 34.9641914
.- {Part_C_4 349641514
S S | Part_C_5 34.9641914
I i Pont 34.9641514
2C3..c65et1mt1allytoOF s b L3 18097085
‘and then tuned via e e Pt 1.8037085
. © | Pat L5 1. 8097085
optimisation (GA: 51mplex) ’ i T
o NN S =: |Port LB 18097085
16 ° NEEEYainn T Port_cap_3 0.0349642
o] i Y [ PO N N IR
E 0 o i N Port_cap_4 00349642
~
c34 o 0] . S Port_cap_5 00349642
= . 0 frdn o P Port_cap_f 00349642
5 o4 0% E T S I O I Port_ind_3 1.8097085
C i 7 1 1.02 1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2 Pl:lrt Ind 4 _‘I EDB?DEE
ck fox] Frequency / GHz - = .
Pert_ind_5 1. 8097085
Part_ind_& 18097085
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Method of Porttuning

3. Use Tuner for C3 and C4 to
manually adjust a good filter - 55555555
SEERERRRREEEE

Portind du 000000000

response SR
l pg%
I Pon. oA | 3p :
X SPararneters Magritude
10 Select additional parameter: ISeIect... j E E E E E E 11"
0 —Parameter Mo, 1 —Parameter Ma.2
Marme: 3 Marme: c4
-107- Max: |1EI M |1'3
20 4-
o
=
307 -li4a44 -160.634
oI T
=01 |-150 Mir: |-1?u
v Update results after releasing only
B0+ Update simulation task for active view anly t t
1 I I 1.08 1.1 1.12 1.14 1.16 1.18 1.2
C Hi
= - Frequency [ GHz

27 EuMW Manchester Oct 2011 www.cst.com




Method of Porttuning

Coupling between resonators are designed as negative Cs (act as TLs 90 deg)

Ny

1. Use Tuner for C3 to
Cé to manually adjust
a good filter response

S-Parameters Magnitude

51,1

clB
c23
c3
c24
cd
c45
ch
cEE
ch

108 11 112 1.14 116 118 12 cs I

Frequency / GHz

28 EuMW Manchester Oct 2011 www.cst.com




Method of Porttuning

Coupling between resonators are designed as negative Cs (act as TLs 90 deg)

E ]
[ 23 4F
¥H]

[

L l Fo
o3 fFT
Port_cap 5 {F

=
l

Parameters IGoaIs I Info I Specwalsl

Reset mindmay “0.3 % of initial valug

¥ Use cunent as initial values

| Parameter | Min | tax | Samples ‘ Iritial | Current Best l;l

[T Potind5 -1.87614 180428 & -1.8097085 -1.81 1.4

[T Potind 6 -1.81614 180428 § -1.8097085 -1.81 1.8

X cl6 72214 726488 B T.24313  7.243 7243

X 23 E72536 E7EGE4 & E.745E E.74E B.74E

[ c3 1171584 -116.4576 & 16805 116808 -116.808

[x c34 208658 209714 5 203286 2093 2033

& ot 1639928 163016 & JIE3E0Z 1B3802  -1E3A02

[ cib 2738 280027 & 27988 2792 2.792

X o5 1643536 -163.3704 & -IB38EZ  -1B3862 163862

[ cB6 21047 211411 & 210773 2108 2108

X B -1BE7IF -117.6643 & 118213 118219 118219

Start I Cloze Apply | Short | Help |

29
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Pprt_cap_5 {F TCS{F
|

PFr‘t_cap_*l F_—
od fF

- 1 2. tuned via optimisation

S-Pararneters MagnitLide in dB

\ [ <
VAR [N 522
/i [N

/ | | \
! N N\
Vi
i
I
i

Frequency / GHz

www.cst.com
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Inverse Chirp-Z Transformation

[5j CST MICROWAVYE STUDIO - [5_four_cavities_invchirpz]

5 File Edit View Components Simulation Results Window Mgcroslﬂelp

The chirp Z-Transformation can be used as a DE-L@s e [ o

‘ ‘ ‘ ‘ ‘ Import VBA Macro...

more flexible means to calculate discrete Fourier == e \LaO2 G
transforms. In particular, the unit circle version

Calculate Power
Combine Excitations

(known as chirp-transform) can be used to create cose O
a high-quality zoom function. (R

Filter_LC_circuit |
Group Delay Computation |1
T _

En

Filter Analysis

:
1

S-Parameter

SParameters Magnitude in dB

Inverse Chirp-Z response

InvChirpZ Port_1 Real Part

o Ao A - - IN
e — IRAVENSIR

@B

-60

Time in ns

7701 1o iCZ-BandWidth 115 12

Frequency / GHz

>
7
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Inverse Chirp-Z Transformation

I Chirp 2 1(1)

-0

Tuning of 1st resonator |

30 1

40 +-

50 1

Ares_funer_lengthl=5.0432
{res_tuner_length1=5.8619

res_tuner_length1=6.3238348133341
res_tuner_length1=56.3132000225676
res_tuner_length1=6.3020230707434
res_tuner_length1=5.691
res_tuner_length1=5.956

res funer lengthl=5.2920958433327
res_tuner_length1=6.3559

res_funer lengthl=5.2301

res funer lengthl=6.417

res_tuner_length1=5.2245
res_tuner_lengthl=6.1623
res_tuner_length1=6.2867
res_tuner_length1=6.2102781083345
res_tuner_lengthl=6,19786
res_tuner_lengthl=6.2227

res funer lengthl=6.215927762248

Turéled to a niu'n.dip

20 40

Inv Chirp Z 1(1)

20 100

-10

-20 1

resonator«:

Tuning of 2nd

-B0

N

res_tuner_length2=5.73
res_tuner_length2=5.75865
res_tuner_length2=5.70135
res_tuner_length2=5.8724
res_tuner_length2=5.5303
res_tuner_length2=5
res_tuner_length2=4.5
res_tuner_length2=5.6
res_tuner_length2=5.07 14435036402
res_tuner_length2=5.04809
res_funer_length2=5.0963
res_tuner_length2=5.15
res_tuner_length2=5.1
res_tuner_length2=5.2
res_tuner_length2=5, 1634767 10799
res_funer_length2=5. 222066866498
res_tuner_length2=5.2513619443475
res_tuner_length2=5, 1927717886485
res_tuner_length2=5.2074193275732
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1D Template

Template Based Postprocessi

10 Rezults | 10} Hesultsl

/

I.-’-'«dl:l new postprocessing step...

Result name
il v Chip 2 1(1]

Template name

|rverze Chirp £-Transformation

2 | theory_inwChirpe tet

E1nv. Chirp 2

— Frequency Domain

X

[GHz »|

F-center |1 E

Bandwidthln_z

+ Load 10 Data File [project and extern

[ ]
Evaluate |1|LI Delete Al | EvaluateAIIl

OD Template

il Template Based Postprocessi

10 Pesults 00 Resuls |

—
—
=
™
g.
=
= i
L

I.-’-‘n.cld new postprocessing step...

Result name Template name

B e Chirp 2 1[1]_Min + 00 % alue from 10 Result

==0D value fro

10 Result: [#=1.col, y=2 col]
fIrtv Chirp 2 1(1)

Select OD-Result
I y-Minirmum

Conzidkred «-Fange 1
Template Based Postprocessi
Rl I-I 4

" toly 1D Results 0D Results |

Walue

f* subbindow  =high: I
18 IAdd new postprocessing step...

Result name

| po

r— Time Domain
T-shart ID_ Ins j
T-stop 100
 Selected Port and Mode
= | Part |1 tode |1

Resolution factar I‘l 'I

¥ Apply cas™2-Filter

o]

Cancel |

33

[lass | Help BB I Chip 2 1(1)_min + 0D
— ST T e =
(]9 \l Cancel I G e x|
B 10 Resul: [#=1.col, y=2.cal)
| Iree Chip 2 101) =l
Select 0D-Result:
I v at given j
theory_invChirpZ\ o<t / _
L -10.427 T 7 ~ Conzidered #-R ange
: & tatal b3 I‘I'B354
S20 P RO ! submwindaw Igg—
ID.D
B I R R Y EEEEEEEEEEE T T R L
TSR B | St IO SN SO S ok I Cancel | Help |
_50 ) ARy Up R . S
-59.104 i ; t

0 5 10
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Template name

Walue

Walue from 10 Fesult | -45.1504
|
= | & | ® || oekeai || Evaluat=ail]
Cloze | Help




Inverse Chirp-Z Transformation

1D Resut\compare

Wve to the Future

—
™ 5
=
e~
=
=5
=
Ldd

-10.294

20 4

Tuning of coupling between
1st and 2nd resonator

-30 4

4n 4

-56.926

50 4

*12=215
4 k12=21,78
w12=22

F12=02,22

- theory

-10.435

5 10

Inv Chirp 2 1(1)

15

13.804

-20

Bk

40

Tuning of coupling between
2nd and 3rd resonator

-50

___________________________________________________________________________

k23=13.5 | -39.046908
k23=18.87 | -33.8165752 | __
k23=18.13 : -40.498944

k23=185
k23=1887
k23=1813

60,207
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Inverse Chirp-Z Transformation

S-Parameter Magnituds in dB

-2, 2005003 § 1
#3511
#3521
-5
: : ' : FF522
B s L Rt SR EEEE R EEERE e S i
A T St { TR O EEL R I A | B
,60_
-82.953 t t t t+
1.0495 1.06 1.08 1.1 1.12 1.1399
Frequency / GHz
1D Results\compare
-10

ke_offset=5,6
res_tuner_length2="5,2380607919093
theary

=70
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Introduction of a single Crosscoupli

b

1
L
T
1

T L

'_
'_

T

S-Parameters Magnitude in dB

0
s
51,2
52,1
52,2
50
£
Select additional parameter: |Select hd
-100 ’ &1 : |
T e | . . . .
lax: | 0.5 Nax:
e b T Tuned using the Simplex Optimizer
-150
posees S-Pararneters Magritude in dB
T 0
51,1
. o | T Iy 51,2
Q00 1000 1100
Frequency / Mrz S T 50 | 52,1
- 52,2
S Parameters Magritude in dB
N -30 1
St1
s12 -40
52,1
52,2 =04
-50
/ 5 e
Select additional parameter: |Select. B 770 4
® -
-100 | I
Mame: oross. Mame: _80 1
Manci 1 790 i
-150 -100 i i t t t t t t t t t
1 950 980 950 1000 1020 1040 1060 1080 1100 1120 1140 1160 1130
Freauency / MHz
200 L
200 1000 1100
[ Updake resuls after releasing only
Frequency / Mrz ¥ Undaks simulation task For active view onk
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Introduction of a single Crosscoupling
Resonator 1

InvChirpZ Port_1 Real Part

-10.565

dB

-72.357

-27.565
-30

dB

37

-30

-40

-50

-60

-40

-50

-60

-70
-72.357

20 =

\ fo=1100
i fo=1101

""""""""""""""""""""" fo=1102
fo=1103

Time in ns

3 3.3746

Resonator 3. =

hirpZ P

fo=1090

Sy

fo=1091
fo=1092
fo=1093
fo=1094
fo=1095
fo=1096
fo=1097

fo=1098
fo=1099
fo=1100
fo=1101

fo=1102
fo=1103

\ f0=1109

30.381

35

Time in ns

40 42.312

EuMW Manchester Oct 2011

Resonator 2

InvChirpZ Port_1 Real Part

-26.869 ===
30

-40

-50 \

© T~a

-67.119

Time in ns

Resonator 4

InvChirpZ Port_1 Real Part

-27.045

13.656 14 14.5 14.996

fove fo the Fuduee

fo=1090
fo=1091
fo=1092
fo=1093
fo=1094
fo=1095
fo=1096
fo=1097
fo=1098
fo=1099
fo=1100
fo=1101
fo=1102
fo=1103

fo=1090

30 fo=1091

-40

dB

-50

-53.148
56.335 60 65 67.405

Timeinns

www.cst.com

fo=1092
fo=1093
fo=1094
fo=1095
fo=1096
fo=1097
fo=1098
fo=1099
fo=1100
fo=1101
fo=1102
fo=1103
fo=1104
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Real World Example: 7-post Filter *)

—
-
o
4
=
=

=
L

Center frequency: 7.55 GHz
Bandwidth: 100 MHz
Rel Bandwidth: 1.3 %
Insertion Loss:  -0.01 dB

s1,1
52,1

[512 307
52,2

p Return Loss: - 26 dB
mesL
miErmna e
@ S-Paramet'aa—:?;?u‘rtude in dB

| [32.397]
i |

-40

-50

-60

-70

-80

-90

-100 ; :
7.3 7.35 7.4 7.45 7.5 7.55 7.6 7.65 7.7 7.75 7.8

Frequency / GHz

Best results obtained by Group delay Tuning
CST

*) By courtesy of MESL Microwave Limited, Edinburgh

38 EuMW Manchester Oct 2011 www.cst.com




7Post Filter: method of InvChirpz

Comparison of the InvChirpZ-resonse between

groupdelayed tuned filter and Theory

1D Results\compare

B R R e b

-90

Note the high sensitivity -

at resonator 3 and 4

(parameter ph3 and ph4

respectively)

39

EuMW 2011

Wve to the Future

== Een

B0 N e N
; H H H A H H * ph3 H | i
________________________________________________________________ —— ph3=4,0419293058379 : f
1 ; ; ; | | ph3-4,04441188343¢7
A e e R | fromemeeee Frr| —— ph3=4,0451211913221 ; ;
| : : : i |—— ph3-4,0461851531501 : :
______________________________________________________________________ = ph3-4,05001
L S e R S e e e &
-77.017 +— ; ; ; ; ; ; ; ; ; ; ; ;
7.5561 9 10 11 12 13 14 15 16 17 18 19 20
EuMW Manchester Oct 2011 www.cst.com
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7Post Filter: Method of InvChirpz -

Final results by individually tuned posts

1D Results\compare_final

best results
Theory

S-ParameﬁeLMaujtude in dB
d=0.1

____________________________________________________________________________________________________________________________

--------------------------------------------------------------------------------------------------------------------------------------

-110 t . : : t t :
7.3 7.35 7.4 7.45 7.55 7.65 7.7 7.75 7.
Frequency [/ GHz
EuMW Manchester Oct 2011 www.cst.com
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=301
-35 1
-40 -
-45 4
-50 4
-55 - : ! : : :

-60 R T AN A o | | | facedistance_1 -3.5703713166821-0.0020708448507035-.0038

7PostFilter: Method of InvChirpZ °

S-Paramet ; itude in dB

o] ; s e e d_?'

T
|
S N o S Oy TPy SRR RRSr BRI

e M A e e
e e e
20 ' ' : ' ' '

(26

65 4 AN S SR | || facedistance 2 -4.0022064900113+0.0010056176544821- 0006372 | ...
75 DO R S N | M facedistance 3~ -4.0230879722653-0.00078967608360601- 000867 |
Ry NN S N — S | facedistance_4  4.03-0.00035797592058834-9.85%-5 [
S S T EEE R R
50— A S S W S M S
-90 H H H H H H

51,1
52,1

[51,2ﬂ

52,2

Frequency / GHz

Result of the new 3D simulation

EuMW Manchester Oct 2011

7.4 7425 7.45 7.475 7.525 7.55  7.575 7.625  7.65  7.675 7.

7

1D Resuts\manual_v4

—
-
=
e~
=
=5
=
Ldd

Wve to the Future

e,

T

3rd_Pass
Theory

\

V4

I

-60
-70
-77.733
-2.1875 0 2 4 6 8 10 12 14 16 18 19
www.cst.com
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Agenda

= Application of Local optimization strategies
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4-Pole Bandpass Filter (2.3% fractional Bandwidth)

. S-Parame| g=n 025 |J_Jde in dB
: : : : s1,1
51,2
52,1
52,2
d=44
70 . . : : : : : . .
1 102 104 106 J10875|[11125) 114 115 118 1.2
Frequency / GHz
W
. 1D Resultﬁ;m Simulation bpe: IFrEquen.;_l,l Darnain Solver j Froperties... | .-’-'-.u:u:eleratiu:un...l
s11 init
-5 s21 init Settings Goalz | Ik I
i rd A
A5 / \\ [ Cerl I.-'l'-.du:l new goal ... j Edit... | Femave &l | Femno
20
T v \ \ ISum of all goals j
32 / \ | D | Type | O perator | Target | Range | Wwieight
-3
P i R 0 1D Result 511 i ~| oo 1.0875..1.1125 1.0
-40 o Y
5 Inita [ @ 1D Result 521 i j 0.0 1.03..1.07 1.0
R A% | \ .
50 x4 10 Result: 521 it j 0.0 1.13.1.15 1.0
-55 \‘D'T

1.03 1.04 1.05 1.06 1.07 1.0/1.0875| 1.1 1.1125].12 1.13 1.14 1.15
Frequency / GHz

43 EuMW Manchester Oct 2011 www.cst.com m

o




=
(=]
™~
=
- i
-
L

4PostFilter: Parameters:

Frequency J GHz

44 EuMW Manchester Oct 2011 www.cst.com

1oz 104 1010875 11 [1.1125 114 116 118 12 |



4PostFilter: Result Comparison

Nelder - Mead Simplex 6.5304 284 -116.703 10.8331 -173.935 6.06555
Genetic Algorithm 4.6469 497 -101.677 -3.12807 -147.783 -3.7497
Particle Swarm 9.4008 451 -71.691 -2.31349 -125.868 -4.65223
Quasi-Newton 15.7412 66 -133.449 -5.62373 -147.671 -0.730258
S-Parameters I‘Taamtudﬂ—‘
d=0.025
3 kT g —— S1,1GA
P : --h-- 51,1 Initial
—l— 51,1 Mewton
—¥— 351,1P5

45

—— 51,1 Simplex

104 105 106 1.07 1.091.0875 11
Frequency [ GHz

EuMW Manchester Oct 2011

115k 113 114 CST
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4PostFilter: 2nd step - Fine Optimization

Nelder - Mead Simplex 0.0517 352 -109.806 4.32482 -164.966
Genetic Algorithm 0.0653 1953 -100.589 -0.23677 -151.744
Simplex + GA 0.0508 1953 -109.279 4.09072 -164.547
. S-Parar’ndai:cl):.:cﬁﬂ;?nitude
: ; : $1,1 GA
: : : 51,1 Simplex
-10 1 """" """"""""""""""""""" 51,1 Simplex + GA
e~y [s=261
V- Ty JE SRR 0 O T I S S PN 5 VN AT NN W ¥ £ S
[a1]
o
-50- ------------------------------------
-60- -------------------------------------------------------------------
1 T T S e TR T R
D80 -
-90

1.08 1.041.0875 09

1.095 11 1.105 1.11.1125 115 1.12

Frequency / GHz
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4PostFilter:Tuning Parameters/FaceConstraints
-> TRF Optimizer

\ Parametiized face -B.1

Parametrized face -5.16
FParametrized face of castingwall .3

Farametrized face 10.8

47 EuMW Manchester Oct 2011 www.cst.com



4PostFi

lter: Results

Nelder Mead: 70 lterations

Goal Value
2.2
Sum of al godls 1
0_10 Result: 511 09
3_1D Result: 521
4_1D Result: 21 08
167 . ; 07
1 b [ .- | facedistance_1 -5.5590333007655 Parametrized face -6.1
' facedistance_2 -4.7409102801817 Parametiized face -5.16
1.2 1 L """"" facedistance_3 0. 76372544 257057 Parametrized face of castingwal .3
1 P facedistance_4 9727378450007 Parametrized face 108

0.3 1

0.6 1

0.4 4

024

50
Optimizer Step

TRF: 1

Goal Yalue

sum of al goals

0_1D Result: 511
2_1D Result: 521
4 1D Result: 521

facedistance_1

facedistance_2

4 o g 10 12 14 1o 18
Optimizer Step

facedistance_3

Lz

facediztance_4

EuMW Manchester Oct 2011

0+

—
-
o
4
=
=

=
L

Wve to the Future

1.03 104 105 106 107 108 109 1.1 111 112 113 _._
Frequency / GHz

5 Iterations

é&::f‘sofar
S-Parameter M[ 4=p .25 |0 dB
w( S
/ \ L
/ \\ "I \ ’—SZIZJ
J AL TN
i (VY K
v i N
N
1.05 1.07 |1.0875|1.1]|1.1125 ]2 1.15

Frequency / GHz

1D Resul|1 d=0.025 |

i d=2e

1.12

1.08

1.06

11
BE140452203368 Parametrized face 6.1
-4.8580310433415 Parametrized face -5.16
0.83864122848554 Farametrized face of castingwall .3
11.323478867037 Parametrized face 10.8
www.cst.com

1.15

[1.4125)2

CST




Convergence Speed (animated)

Inital
Best so far

NelderMead

102 1.04 106 108 11 112 114 116 I RF
Frequency / GHz

1.02 1.04 1.06 1.08 11 1.12 1.14 1.16
Frequency / GHz
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Agenda

=Solver selections, accuracy

EuMW Manchester Oct 2011
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Solver Selection

R R

g
.
=
™~
=

Eu

_ Time Domain (TD)

E‘ Eigenmode (E)

Modal (Resonant Fields)
Lossy/Lossless

E‘ Frequency Domain (FD)

General Purpose

t ethod
¥ General Pupoze
" Resonant: Fast 5-Parameter

" Resonant 5-Parameter, fields

CST

53
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Accuracy vs. Meshdensity |

Type High Frequency Mesh

Meshplane at y 8 ( Index=12 )

-1.9193e-008

-20

40

€0

-80

-83.546

0.99883

52

®=-91.219 y=8 2=h4B.
ix=8 iy=12 jiz=23
S-Parameter Magritude in dB

. ’ ’ +511

52,1

-s51,2

52,2
L S~
105 11 115 12

Frequency / GHz

EuMW Manchester Oct 2011

Mesh Properties k

Mezh type:

r— Mesh density control
T DET 1) th:
10

Lower mesh limit:

= Mesh line ratio limit

|1D.D

% Smallest mesh step:

\ IU.US /
I Mration

H

Apply

Cancel

il

= | pdate
I-ID 3: \ Specials...

i

implify Model...

Help

— Mesh summary

Min. mezsh step: M
|0.436329 |48
b ax. mezh step: My
|2.53553 |53
Meshcells: Nz
|56.212 24

M ame Walue

a 4n

b a

blend 5

s 20
coupl_tuner_12 w.h
coupl_tumner_23 7h

epar 1.3

h_biattamm 204

h_top 1.7

hole_radius 28

k12 21.7

k23 182

ke_offzet B.E7I097142732
1_bottam B.6R

_top 13.3
rez_tuner_lengthl  B1072215294614
res_tuner_lengthg2 516G

res_tuner_length3

res_tuner_lengthd

res_tuner_length?

res_tuner_lengthi

wall_thickness 3
Wire_r A
CST
www.cst.com




Accuracy vs. Meshdensity Il

Type

Meshplane at y

High Frequency Mesh
8 ( Index=17 )

S-Parameter Magnitude in dB

%=-58.41 y=8
ix=3 iy=17

-2.373e-008

¥

k.

*51,1
52,1
-3l
*32,2

82625 1

53

11
Frequency [ GHz

11356

Mesh Properties x|

tesh pe:

~ Mesh densit

20
= Mesh line

0.002

Lower mesh limit:

I‘ID.D

" Smallest meshsy

Apply |

control

ratio limit:

— kMesh surmmary

v Automatic mesh generation

Canecel |
Update |

\ Specials...
implify bodel... |

/ Help |

Min. mesh step: N ES
| 000341182 |73
Max. mesh step: N [T3
|2.08574 |73
Meshcells: Mz
{139,968 |28

EuMW Manchester Oct 2011

Mame

a

b

blend

o 25
coupl_tuner_12 7h
coupl_tuner_23 635
EpEr 1.3
h_biattarm 204
h_top 1.7
hale_radius 25
k12 21.7
k23 18.2
ke_nffzet A6
r_hattarm 665
_top 133
res_tuner_lengthl 5.8
res_tuner_length?  4.94

res_tuner_lenagth3

rex_tuner_lengthd

res_tuner_length?

res_tuner_lengthl

wall_thickness 3
Wire_r A
CST
www.cst.com




Accuracy vs. Meshdensity Il

Type High Frequency HMesh
Heshplane at y 8 { Index=24% )

-2.2656e-008

SParameter Magnitude in B

®=-70.523
ix=0

-20

-0

-60

{\Uf A

-82.826

1.0467

54

i1
Frequency / GHz

iy=24

-5t
4521
-51,2
*52,2

1.14%4

Mesh Properties

Apply

|x

Cancel

U pdate
Lowwer mezh limit:

= Mash line ratio limit;

I'ID.D

& Smallest mesh step:

Specials...

Sirnplify Model .

L

Help

v automatic mesh generation

— Mezh zummarny
Min. mezh step: M
|0.009411862 {104
Man. mesh step: My
|1.73804 10z
Meshcells: Mz
|315.180 ]

M ame

EuMW Manchester Oct 2011

blend

C

coupl_tuner_12
coupl_tuner_=3
epsl

h_battarn

h_top

hale_radiusz

k12

k23

ke_offzet
1_hattam

I_tap
rez_tuner_lengthl
res_tuner_lengthz
rez_tuner_length3
res_tuner_lengthd
wall_thickness

wire_r

www.cst.com

25

75

£.35

1.3

204

1.7

25

217

182

56

E.E5

133

R85

497
rez_tuner_lengthz
res_tuner_lengthl
3

5

CST




Accuracy vs. MeshdenSIty

Variable / Mesh Coarse 10/10 Fine 30/30 | 40/40 60/60
20/20

Coupl_tuner_23 7.5 mm 6.35 6.35 6.35 6.35
Ke_offset 5.68 5.6 5.6 5.45 5.45
Re_tuner_L_1 6.107 5.8 5.85 5.722 5.731
Re_tuner_L_2 5.165 4.94 4.97 4.924 4.942
k23 18.2 18.2 18.2 18.22 18.22
CPU Time (HEX MOR) 26s 129s 485s 18m 60m
Coupl_ tuner 23
Re_tuner_L_2

P1(U,U,W) -21.5, 5 et

v IR - Ke_offset CST

|P2 - P1]| 4.97
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FD General Purpose Tet-Mesh

(6 steps/lambda)

S-Parameter Magnitude in dB

Mesh tppe:

1.02 1.03 1.04 1.05 1.06 1.07

K

I Tetrahedral

tesh density contral

Type High Frequency Hesh

4
P A R AR

T N RNy v
Vé

W
24,

=

Steps per wavelenath:

IB 3:
pdate

I, number, af steps:

=

Apply

Cance]

Specialz...

Simplify kodel..

PR b

Help

v
Uvsa

v

</

S

2/
AN

o

v
VAV,

A

el
Ve
N

b
LS

)

1

L

T [

M. Cluality:

ID.DBBS493

. Quality:

ID.S?D‘I 3

Average Quality:

ID.528229

=

4

\/

Type High Frequency HMesh
Background material is displayed

56 EuMW Manchester Oct 2011 WWW.CcSt.com

1.08 1.09 14 111 112 113 114 1145
Frequency / GHz

Special Mesh Pr:

116 1.47  1.18

Mesh Method  Surface: Gereral | Yolume: Delauna}ll

¥ Surface optimization

— Surface zmoathing

I —J— high

= Curvature refinement

Curvature refinement ratio:
Mz, number of steps from curvature ref.:

v Anisotropic curvature refinement

n.oz

300

r— Density transitions

rapid —J— zmooth

—Small feature supprezssion

Size of smallest feature [O=no suppr.]:

S —
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Some Guidelines

- Start out with a rather coarse mesh models
* Don‘t use meshadaptation

* Pretuning is helpful to apply local optimizer
strategies

* Select the appropriate solver

- Refine the mesh and retune again
(Parameter ranges are a lot smaller)

until parameter changes are smaller than a
given manufactoring tolerance

EuMW Manchester Oct 2011
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CST
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Summary

e CAD Modeler easy to use with respect to
parameterization

«CST Complete Technology™: TD, FD, E, Th
eVarious optimizer strategies

«Optimization and parameterization control via
complex post processing templates

«Various meshing techniques available

eFlexible link to circuit simulator CST- DESIGN
STUDIO including CST- MICROWAVE STUDIO -
submodels

« Various tuning procedures available for a successful
tuning
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