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I ECST MICROWAVE STUDIO®

Some selected Application Areas

 Classical MW

— Waveguide, Antenna, Filter, Coupler, Balun,
Splitter, Cavity, Connector

« EMC/EMI
« Sli
« FSS, RCS
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CST MICROWAVE STUDIO®

Solver

General Purpose Solver 3D-Volume

 Large problems

!]‘ Transient | « Broadband
* Arbitrary time signals
i E Frequency  Narrow band / single frequency
* -7 | » Small problems
Domain

Eigenmode

. Closed Resonant Structures

* Periodic structures with Floquet port modes o

« Strongly resonant structures, narrow ba
e Cavities

'r

Resonant

1

FD
Resonant

Multi-Level
Fast Method
of Moments

B—
 Strongly resonant, closed structures

 Large Structures
« Dominated by metal
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General Purpose Solvers
Time Domain — Frequency Domain

Frequency Domain calculation
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Transient Analysis

Comparison: PBA - Staircase

PBA
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Comparison

Transient-PBA, Transient-Staircase, Frequency Domain

Solution Technique CPU - Time

Transient PBA

2 minutes, 30s

Frequency Domain

3 minutes, 36s
Slower than PBA: 1.44

Transient Staircase

24 minutes, 26sS
Slower than PBA: ~10

CST
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FSS-Surfaces

Periodic Structures
Typical application for Frequency Domain Solver
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Bandpass- / Bandstop Behaviour
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Periodic Arrays

Frequency Selective Surfaces (FSS)?

Periodic assemblies of identical elements arranged in a
one- or two-dimensional array.

These

periodic structures are either an array of

apertures in a thin metallic sheet or metallic patches

on a dielectric substrate
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Applications

Ghost ships
Rapidly retractable antennas, some of
which are concealed behind frequency

- | selective surfaces (FSS)

FSS Radomes

Multi-channel
radiometer filters

(Photo by Kockums AB). Stealthy wallpaper to
block Wi-Fi signals

CST

FSS horns and waveguides Optically tunable FSS
and reflector antennas arrays on Si WWW.estcom s Jan-14 ﬂ
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Conducting and Aperture arrays

Complimentary Arrays

Combination of conducting and aperture arrays of
similar shape when put one on top of each other forms
a “complete” perfectly conducting plane

I

CST

Band Stop Band Pass .
L’_

Www.Cst.com e Jan-14
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Passive and Active arrays

Methods of Excitation

Fundamentally any periodic array can be excited in two
ways:

=Incident Plane wave E; (passive array)

s|ndividual Generators connected to each elements
(active array)

For an active array the voltage generators must have the
same amplitude and a linear phase variation across the

active array in order to qualify as a periodic array
CST
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The unit cell
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Dx

The unit cell can be defined as the basic building
block (can be an arbitrary resonant shape) of the
array that repeats itself infinitely defined by the
periodicity Dx, Dy and the angle in-between o

CST
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CST STUDIO SUITE™

Solvers

* Time Domain
— 0 phase between elements

* Frequency Domain !

T

— Arbitrary phase between elements

Boundaries

Thermal Boundaries

EEEEEE

CST
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Periodic Setup in MWS

Single Element modelled in MWS

Periodic Unit Cell boundaries in MWS

Boundary Conditions
Boundaries Thermal Boundaries
Boundary Temperature FPhasze Shift/Scan Angles Uit Cel

51 [« ] periodicity: 22

52 (1] periodicity: 149

Grid angle [51-552): |45 degrees

S S2 e
\ZA:.L‘\’% I Fit unit cell to bounding box
DTG

[ Ok ][ Cancel ][ Help ]

s1
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Excitation Ports: Floquet Mode Setup

Settings for Floquet Boundaries

Froperties oK.

E dit Floguet port:
Cancel

Mumber of Floquet modes:

2 2

i

Floguet modes

N [TE |TM % [v [Beta v apha |4

1 ® 0 i 4377 D0

2 r K 0 i ;4377 D0

3 3 W 1 i 126,034

4 - o1 1 i 126,034

5 3 10 126034

g [ 1 0 126034 [w]
ax. order tax. order "

1 1

[[] Circular polarization (LCP, RCP instead of TEOD, THO0)

Sort evaluation point

Frequency: Theta: Phi:
15 a i
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Transmission coefficient

In-band (transmission through)
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E field animation at 1GHz E field animation at 10GHz
r
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Coupling modes & Casacaded arrays

Ve o1 Y =
M /] 3 A 1 "
N 7/ T
/| l\\ ) ’fﬂ ]. /// \\ | { m. 'J JY 1
A lx Ut .}}f |
l\\/ ! I
" Pass Band
Coupling TE and TM modes by nesting rings allow Cascaded arrays give higher
for dual polar dual frequency filters to be designed BW and the separation allows

to control the roll-off rate

CST
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Example: Wideband Tripole AFA

3 layer FSS setup

1w

A

layer 1 antenna layer 2 filter layer 3 antenna

Transmission [dB]
)

/3.1mm : 7 ; : ; ;
top view layer 3 Y I (SN0t SO SOt SRS SRR A

3.1mm I 1515"‘_"‘| S } e QY@E 2 N IO . R . . -

perioqicity

I Copper (metallic) o ¥ : : —TrpoleAFA ]|
[ Taconic (dielectric) layer 1 i : : = = =Single Tripole FSS

-18 B "] ++++++ Double Layer Tripole FSS|

: =~ Tripole Slot FSS
—20 i I I
6 8 10 12 14 16
Frequency [GHz]
200 ! ! ; ; ‘ ‘ !

I T

Reflection Phase (Degress)

= Tripole AFA reflection phase| : ! :
1 1 L 1 1 | i’

6 7 8 9 10 1" 12 13 14

Frequency [GHz]
CST

a%  Example provided by Ryan W. Davies, Ivor L. Morrow www.cst.com e Jan-14
%7 DCMT, Cranfield University [dSt]-] — Py
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Infinite Dipole Array

_

Unit cell dimensions

length (I)=7.7 rare, thickness of
substrate (s)=0.1 rare,
perodicity in X (Dx)= 101,
periodicity in ¥ (Dy)F 101, Unat cell boundaries on
width (w)=0.35 rar the side walls

e converged after 3 adaptive passes — 6480

tetrahedral mesh cells

e Total run time - broadband frequency
sweep with 10 frequency samples 23 mins.

CST
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Conical finite array

axis of symmetry

S
P N
7 %ﬂl\\\\%\\ Smm overlap of
ialeotri
T \\\\}\ R dielectric

H n“\ \'\\ b
TN

AW,
AITALARRRY \
WA
H\H\ \\\‘ N
| 1\\\ Wiy

conform the sector
to form the cone

Printed dipole elements on a sector with polar
periodicity of 12.85°

CST
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Conical finite array modelling

magnetic wall (H=0)

open boundaries

circdlar waveguide,

0.1mm thick substrate
with low loss ( tand=0.0001)

Dipole dimensions
I=7.7mm, w=0.35mm
polar periodicity=12.85 degree

electric wall (E;=0)

-Computational effort greatly reduced by

symmetry boundary conditions/PBA (total of 2
million mesh cells) csT

www.cst.com e Jan-14

- ]


../../../Projekte/2005.04_Brasil_Messe_Workshops/3.%20Workshop%20in%20Campinas/Talks/CST-000-Overview.ppt
http://www.cst.com/

Conical finite array modelling

S-Parameter in dB

-18

-28

1I6 1';'

13 14

12 15 19
fin GHz
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Small horn with ring elements

S-Farameter Magnitude in dB S' Param eter I n d B
= . . . . csT
' s11 e
548
228

FSH ring elements give 22
higher gain values for a horn i
aperture much smaller than Ces

of the dipole array presented
earlier . y CST
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Filter Simulation

Solver Selection
Meshing Techniques
Accuracy

Tuning Hints
Examples

CST

www.cst.com e Jan-14 ﬂ
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Solver Selection

~ Method
"~ General Purpose

Time Domaln (TD) Frequen Cy Domain (FD) % Resonant: Fast 5-Parameter

" Resonant: 5-Parameter. fields

tesh type:
IHe:-:aheu:IraI Mezh j

Eigenmode (E)

Modal (Resonant Fields)
Lossy/Lossless

CST
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—Mesh density contral

Lines per wavelength:
Lower mezh limit:

o =

" Mesh ling ratio limit:

0K,
Apply

Cancel

Jiog
' Smallest mesh step:

ID.DE

Specials...

Help |

v Automatic mesh generation

r— Mesh summan i
tin. mesh step: M

oz J102
Max. mezh step: MHy:

|3.0053 |57
tezhicells: Mz

|243208 44

Extremly small variations of tuning elements: require small mesh steps and thus long run times

PBA helps greatly to keep number of mesh cells low,
Resonances requires long run times, AR Filter settings critical

1h 5

2 min (2.7 GHz PC)

Tirne / ns

0

-20

-40

-60

-80

S-Parameter Magnitude in dB

A A

s11

s21

V “

Y

T o

[

|

/

16 162 164 166 168 1.7 172 1.74 1.76 1.78 18 1.82 184 186 1.88 1.9

Frequency / GHz

www.cst.com e Jan-14

S1,1 AR

S21 AR

CST

5

|



../../../Projekte/2005.04_Brasil_Messe_Workshops/3.%20Workshop%20in%20Campinas/Talks/CST-000-Overview.ppt
http://www.cst.com/

Solver Selection: Resonant Fast S-Param.

— Methad

" General Purpose

Mezh twpe:

{* Fesonant: Fast S-Parameter

i Resonant: 5-Parameter. fields

Robust and fast solver
for filters and
highly resonant structures

Hexahedral Mesh

d

Resonant Fast S-Parameter Solver Advantages:

* PBA inside

* lossy dielectrics
* insensible to high mesh ratios, small mesh steps
* handle S-parameters for port modes under cutoff (required for submodeling in CST DS)

Trp = E-Field (peak)
Mode type = TE

Accurac = 1.36137e-013
Foutoff = 1.1846

Beta = 26-9967 1/m
Have Imp = 511.819 Ohms
Plane at x = -16

Frequency = 1.75

aaaaaaaaaaaaaaaaaaaaa

—

—
—

12 min (2.7 GHz PC)
\

www.cst.com e Jan-14
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Solver Selection: Eigenmode

Terminology: Coupling Bandwidth

Even/Odd Mode Multi Eigenmode
' NG
: & f2 Y 1708 (ozese013, 1679 ofm |
IE\ [ 1 0 1720 (-9.384e016, -2.578)0hm 06
\\E; 1735 (5.237e-013,  1046) Ghrn
— P fo — 1.751 (-1.031e-015, -0.8145) ’ohrﬁ

I / \ g ¥
7 \ f4 _,5 1.767 (2.453e-013,  1276) Chm

T 1781 (5856016, -1.£89) Ohm
1 f5 [ 1791 texeos, 113 onm
f6/ ® 2000 (1.743e-016, -8.262) Ghm
: l

1500 (-351e-016,  £.33) Chm

7 N

f

:

=\
.
z

K34= (f4-f1)(f6-f3)/K12=
=(1767-1735)(1791-1708)/66= 40.24MHz
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Accuracy: PBA

1. Adaptive mesh refinement
of untuned filter

es/lambda

2. Tuning Step

30 Lines/Lambda = 51000 cells
TD (AR) Solver time: 256 s
Resonant (MOR) Solver 91 s

SParameter Magniude in &5

RN

" A

A

10 ; / H \
i \

/

T

155 16 165 17 175 18 195 15 15 2 205 21 205 22 255 23

3

13 135 14 1% 15

slight readjustedment of

> only one parameter

by 0.0125mm!!

CST

Resonant (MOR) Solver 414 s

esh Proj
aaaaaaaaaaaaaaaaa ®
= il 2000008
[ o ]
Line: length: 5
Ero— T
m A \ | Lowermeshlmit ]
| Js0 =
& Mesh ine ratio liit Update_ | \
4 [10 i !
Specials. ‘ \ ‘
' Smallest mesh step: l
00
I Help |
¥ Automatic mesh generation
- Mesh summar
Min. mesh step N
[0.25 [
Max mesh step: Hy:
[21117 [46
= | Mashesks Nz
171270 174
Frequency / Gz
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Accuracy: Staircase

Mesh density was increased:
Results did not converge to the PBA-results

Comparison Staircase vs. PBA

|

Ll

e
LY
i
T
=

Se=E

‘n—&-ﬁ
LT R e

=L EENAR

1

89.000 Cells. 2.5 min 354 000 Cells. 27 min
(1.7 GHz Laptop)

dB

Ory

T - !

!

!

%ﬂ\\
s

\-\

e

Y
TN TN
§ 4 AR
e
Wi,

[oerzera fios
Meshoels:

Ne
FEE [z

%=20 y=178.49

ix=su iy-108

5Mio, 2.5h
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Accuracy: Hexa-Mesh vs. Tetra-Mesh

Convergence using different Mesh types and Solvers

284 __ . . : i
28 [0 N S .
275 | /
1) TD -FD Show e
same curve A
R I R YE
%ﬁzzzﬁm Eseesiaas Jil 3 ii =AW
‘{* 5 Sl 38 3 N
e I i I H Eedd N A S

21 |4
205 | L
2 |
195 |
19 i
185 ||

1,795 poee.
163532

_________________________________

................

________________________________________________

5 # FO_Hexa 1) —
ok B0 Hesa MMOR
C I W FO_Hexa_MOR_fine 2
W FO_Hexa MOR_finest )
: o PO _Tefra 3)
: FO_Tefra_coarse
AT E— 1) Da—

................................................

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

_____________________________________________________
............................
--------------------------------------------------
_______________________________
..............................................
------------------------------------
_____________

___________

1) TD vs FD must show same
results

2) PBA (Hexa) shows

convergence very early.

(Refinement doesn‘t change

solution anymore).

3)Tetra converges towards

higher frequencies.

...........

19

1.92661

CST
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Accuracy:. Hexa-Mesh vs.

Convergence check using Tetra Mesh

£
i,

Tetra-Mesh

3 adaptive points to
generate a refined mesh
according to the appearance
of the various modes!

Solver Parameters ll
Wlesimesoes _ '
SR ANS Salver setiings |
‘ﬂh‘@%"“w Methad: e
- [ Sawe all field results Opfinies |
T ITetrahedraIMesh | :
e’ I™ Store result data in cache
i‘aﬂ‘%‘} Accuracy [tetrahedral mesh]: Par. swesp... |
Sy Sy
ii%%% |1e-9 j [~ Calculate modss only
T )
%ﬁ‘é‘gﬁ Specials... |
45@?&  Excitation sefings———— S-parameter settings———— |
g%i%::% Fart: Mode: [~ Morm to fired impedance Apply |
] s {
%%? I1 d I1 d I50 Ohms Cloge |
ok R
B
; !"."" % — Frequen mples \\ Help |
: / |Aut0| Samples | Fram | Ta \ | LU nit l;l
daptFreq. [ 1 1.7 GHz

70/
ya

v
2

B
>
5715
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A
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Froperties... |
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Accuracy: Hexa-Mesh vs. Tetra-Mesh

Check of Groupdelay Hexa vs. Tetra Mesh

Meshplane at x= 8 ( Index= @)

Groupdelay

& FO_Hexa
A O _Hexa MCR
W FD_Tetra
¥ TD_Hexa

13135 14 145 15 155 156 165 1.7 175 18 1.85 19 1.55 2 205 2.1 2,15 2.2 2.25 2.3 2.35 2.4

Frequency in GHz

Shape of groupdelay practically identical between Hexa and Tetra mesh.
Deviation of Tetra results due to facetting: the resonators appear
smaller in size and thus shifts groupdelay towards higher frequencies csT
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Filter Tuning: Submodels

funing of a Combline Filter - e
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Filter Tuning: Submodels-——="=">"
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Only two types of submodels are required to completely describe the filter egT
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Filter Tuning: Groupdelay, Examples

Tuning of a Dual Mode Filter
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Filter Tuning: Inverse Chirp-Z

The Inverse Chirp-Z Transformation

Mistuned Coupling K12
(between Resonator 1 and 2)

S-Parameter Magnitude in dB

Mistuned 2nd Resonator

S-Parameter Magnitude in dB
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Physically Large Structures (>>A)

Time Domain Solver or MLFMM Solver

ETC antenna

Electric field of ETC &
car antenna at 900 MHz

....



../../../Projekte/2005.04_Brasil_Messe_Workshops/3.%20Workshop%20in%20Campinas/Talks/CST-000-Overview.ppt
http://www.cst.com/

New MLFMM Solver

m Discretization by Method of Moments
® ,Open” formulation
m Surface mesh only (triangles)
® Much less elements than volume methods
® Dense matrices
o .

Every element couples to
all other elements

CST
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New MLFMM Solver

B MLFMM scales very good for large problems (>> )
® O(N log(N))
® [terative solution only (matrix does not exist)

B Features of first version

m Surface triangles

m 1st, 2nd and 3rd order elements

®m PEC and dielectrics (loss free & lossy)
m Delta gap source, plane wave

B Direct and iterative solvers (MLFMM)

B S-parameters, farfields, surface current
CST
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RCS Examples

CST
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Surface Mesh on Apache Helicopter
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Summary

» Solver Suite in CST MICROWAVE STUDIO

— Time Domain

— Frequency Domain

— Fast resonant

— Eigenmode

— MLFMM

— Coupled with CST DESIGN STUDIO

e ....appliedto
— Filter applications
— Periodic structures
— Large structures (>> A)

CST
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