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Outline

Overview CST STUDIO SUITE

Accelerator related examples with
— CST MICROWAVE STUDIO

— CST EM STUDIO

— CST PARTICLE STUDIO

New key features in version 2006B
Summary
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|:| CST STUDIO SUITE™

Products Inside

D)
CST EUDIOT"’I ﬁ

> CST MICROWAVE STUDIO®

H
I
-;I
CST DESIGN STUDIO™

AN

CST PARTICLE STUDIO™

<

<

DC kHz MHz GHz THz ‘a
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Used discretization technique

4= 0

o,
o,
[t
\\\
\ FIT+PBA FIT = Finite Integration Technique
PBA = Perfect Boundary Approximation

© Representation of rounded objects
© Simple explicit Time Algorithm
(like FDTD, but no staircase meshing, no matrix inversion) CST
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CST STUDIO SUITE
Interface
_ e Easytouse 3D

Ew [t Vew Coporants Dmulsdoe Berkn Wingee bk

Fm.n'ii_l ANE (F@!rINKiceRE [adicu/huiEhBe | F IR ° Fu”y parametric
— ] Optimiser

Automated

Postprocessing
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Mechanical CAD Systems

CATIA S

ICAP 2006 — Chamonix-Mont Blanc

SAT...

51L...

IGES {up to 5.3)...

VDA-FS (up to 2.0)..,
|_— STEP (AP203, APZ14)...

Autodesk Inventor (up ta 7).,
ProfE Releasa 16 ko 2001, ,,
CATIA Release 4.,

/ CATIA Release 5.,
ADS Model. ..
Coventor'Ware., .,
Sonnet Model. ..

DaF...

Yoxe! Data...

Arbitrary Voxel Data

Ulrich Becker e




E CST MICROWAVE STUDIO®

Some selected Application Areas

e Classical MW

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

 EMC/EMI

e Sl

e RFID

« Medical
— Mobile Phones & SAR -
— CT/NMR
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CST MICROWAVE STUDIO®

Solver

General Purpose Solver 3D-Volume

» Large problems

) T Transient | « Broadband

L . . .

* Arbitrary time signals

* Narrow band / single frequency
e Small problems
 Periodic structures with Floquet port modes

i Frequency
+F Domain

Special Solver 3D-Volume: Closed Resonant Structures

!E Eigenmode . Stro_n_gly resonant structures, narrow band _.--__-_ -.-.:_
e Cavities D
o
! kD, Strongly resonant, closed structures %éeﬂ.!
Resonant Resonant

Multi-Level
I Fast Method
of Moments

» Large Structures
* Dominated by metal
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Example Superconducting Cavity

easy construction via Macros ->

Construct -> Superconducting Cavity

[ Superconducting cavity (half cell) @

]
" ]
i ]
3
\

!'.. ry"i".__ ....... -

‘- il § rz

-"-.__

r xlen2 |

..... rm .".r.............1-.”.1-. 4 B, JA——— ®» U
N | den2 57832 |z [1033 |
w12 | e (42
wi [19 | w2 [©2 |
[ 1] 8 ] [ Cancel ] [ ]
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Template Based Postprocessing

.-'-"-.dd new postprocessing step...

| m | = =

' Result name

. -Frequenc_l,l [Mode 1]

| O-Factar [Perturbation] [Mode 1]
Total Logs [Perturbation] [Mode 1]
Tatal Energy [Mode 1]

Shunt Impedance [Mode 1] beta=1
'R over 0 [Mode 1) beta=1
Woltage (Mode 1]

:.T.;almp-lla-nte hame
30 Eigenmode Result
30 Eigermode R esult
30 Eigenmode Result
30 Eigermode R esult
30 Eigenmode Result
30 Eigermode R esult
30 Eigenmode Result

alue
1.27021

3.132456e+004
5.095663e+005
1

8.7 2267 6e+005
27.84E1
2.955593e+005

CST
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Efficient simulation of high order Eigenmodes
by choosing a frequency target

-

Eigenmode Solver Parameters

Salver zethings Start
Method:  [JDH ) Optimnize...
Modes: 10 Far. Sweep...

) Chooge number of modes
autoraticany (0.0 500G Hz] Specials

(%) Freguency target |30

II IIIm

Simplify bodel...

[ ] 5tore all result data in cache

[-factor calculation
[ ] Calculate external B-factor

[ Use perturbation method

Adaptive meszh refinement

Enable

- Apply

Diztibuted computing
[ 1 Remate sakver run

ICAP 2006 — Chamonix-Mont Blanc

Type
Mop.itor
Plane at x
Lrequency
Phase
Maximum-2d

E-Field (peak):i
Mode-1

5

33.356

A _degrees
8.80119e+008 V/m at 4.70588 / -6.47859 / 2.35294

Ulrich Becker e
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V/m

-80e8
.79e8
-14e8
-06e8
-04e8
-Z2Be8
-23e?
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I Comparison and Cross Verification

Transient-PBA, Transient-Staircase, Frequency Domain

Solution Technique |CPU - Time

I .
L . 2minutes, 30s
by

Transient PBA

3 minutes, 36s

Sh 24 minutes, 26s
Slower than PBA: ~10
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ECST DESIGN STUDIO™

Coupling of Circuit and EM Simulation:

« CST MWS Blocks

» Analytical Blocks: Microstrip, Stipline, WG, ...
 Transistors, Diodes

» Planar EM Coupling: Sonnet

» Coupling to mode matching: Mician

Main Applications:
» Antenna Feeding networks
 Splitting of complex EM Models

Teal

L T
Tige_ww

3| 1] i
Twddki00

ITI. T

Multiplexer
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Co-Simulation
CST DS - CST MWS

Toggle between Circuit-Block View and 3D Model View

Easy optimisation and parameter sweeps for complete circuit model

F:I' CST DESIGN STUDIO - [netzwerk_antenne2_opt2] - @

-8 x

@hFle Edt View Components Simulstion Resuls Window Help

DE-V@& =) B =mr T NR R

= Projects £ L‘l—‘ I—l|—|_[ I- = Recenily used biocks
et contseriboptd DRI L S i : : [ R :
%= Drawing .

B Impedances [S-Parameters 51 Zar anla ns el ] Y : e nal ]

B S-Parameters [S-Parameter co R

= & Blocks
DS1
D52

. . . Ds3
D54

D35

DSE
Ds7
® % Ds8
® ¢ Ds3

© w @ Dsio
L@@ DS
L@ @ Ds12

® @ D513

® @ D514

® % D515

® @ D516

= @ DS17

v Dsig

# D519

% Dsz0

% D521

¥ D522

9 D523

9 D524

2 Mws1

¥ MwSPARAT
% MwWSPARAT_T
@ MWSPARA1_2

Miscellaneous
Transmission Line
Waveguide
Microstrip
<l T Gircuit Basic

v |- = Cireuit Sericanductor
ORIl I T

Citcuit Rf

Laix | AT

Name [ Vabe | Dessiiption | Tope MS
amp(1 0o Uridefined fi|
ampl2 oo Undefined

amp03 oo Undefined

ampl4 oo Undefined

ampll5 0o Uridefined

amp0B oo Undefined

amp07 oo Undefined

amcd 00 Undefined [oe] c s l
Global |l

Ready

La b

mn GHz ms °C| Y A Ohm S pF | nH
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)

Sensors: Inductive, Capacitive
Actuators
NDT
Transformers
Motors
Magnets

ICAP 2% — Chamonix-Mont Blanc

CSTEM STUDIO™

Some selected Applications

CST
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9);: CST EM STUDIO™

Solver Overview

Solver

'e: Electrostatic

s Magnetostatic

n Stationary Current

Low-Frequency
'F
(new: EQS-Solver)

- Temperature

* ik
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Co-Simulations
CST MWS - CST EMS

Ferrite magnetisation Thermal Analysis of electric losses

Flass i r = =%TF
Fasisue-ld = 47805 Afe a1 2.80TS F

1. Static Magnetisation — CST EMS 1. Currents: CST MWS
2. HF Analysis — CST MWS 2. Temperature Analysis: CST EMS

CST
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Thermal Calculation

CST EM STUDIO 2006B is
able to perform a thermal simulation
inlcuding surface and volume losses

from a previous eigenmode simulation

ﬂ Temperature, ..
¥ Heat Source,.,
Thermal Loss Diskribution, ..

4% Thermal Surface Properties. ..

Select Thermal Loss Distribution

Source:

Eigermodes [Mode 1] b | Cancel

Source parameters; :
Specialz...
Frequency:

N.27021 Delete Source

Scaling factar (RS power]:

Help
1.0 |

[] Consider vwolume losses

[“]iConsider surface lozzes

ICAP 2006 — Chamonix-Mont Blanc

CST
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— CST PARTICLE STUDIO™

e Gun and Collector Analysis
 Wakefield Analysis
e Link to MAFIA PIC codes

18 Ulrich Becker e
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Particle Emission

Particle Source Definition:

19

Scalable Particle Density

4
Ty, &
v,
GO
%‘:“‘

r
S

PAVAVAN 5 AV, o
iy

SRS
SRSESSES
&8

Ly
15
IS
RN
F
St

AN
S8

Edit Particle Source

particle]

— Prarkial 2

P
f Particle type:
Ielectron 'I

Unit charge walue:

|-1 JB02177e-0149 =

Unit mass value:

|E|.1 09390e-031 kg
Save.. y

> ﬁarticle densiw%

Load... |

Fit. G ETS
Murnber of particles: 701

@ Adjust density to mesh J

— Emigsion madel

Tempoaral behaviour:
@ Static  © Transient

Define Static Model... |

[P |

K I\ sy |
\

Cancel |
Gl L 02d New Particle Definition From Library il
Particle Definitions: 1 arne:
Electron IUranium 0k I
Heliurn lon
Praton Description: Canhcel |
Uranium ion with bwo mizsing ;I
electrons

Particle Definition Library

LI Renarme |
I:ha[ge: |3204354B'D1 9 C Delete |

M azs: |3.98084E-D25 kg
Help |

Ulrich Becker e www.cst.com

G/M Ratior 5.0434e+005C kg
CST




Particle Emission

Static Emission Models:

Define Static Emission Model |
Emigzion type: H H H
x oty Emission Dialogue
Name; 22
Iparticle‘l — Fixed emission————————— [~ Space charge limited erm. —— — Thermianic emiszsion
E type: . .
—Particle properties———— [ Patticle density——————————————— MEI WP Type: T emperature:
Particle type: [R— J— I‘Jollage j % Divergence |3UD K
------------ H H H Energy value: = Child- i
P —— o e Static Emission — EnldLanamr T Falei et
i - Mumber of particles: 701 M d I : E mitting potertil UEGIEESEEE
Lrit charae walue: : oge Energy spread: j Ir B2

1. B02177e-019 = v adiust density to mesh ID— % Iputentlal'l

- Emiszion model - Emit, potential «alue: ~ Field-induced emission
Urit rass walue: . ~ Emitted curment I-'I oon W [w Calculate factors
IW kg T;mpc-ral beha(\jc-ur. ™ Density setting Li o
+ Static Tranzient AT TEEON
Walue: eference patential: 15425 A Ts
Load... | Sawe.., | Define Static Maodel... | |2 A Ip tentials j .
I\ - L - : Exponential factar:
— Kinetic settings——— | Fief\potential value: BE3e9 /syl am 2]
oK I Aol | Cancel Help | Mawwellian distribution bins: |'I oo W
1 — Salid state parameters
Start angle distribution; Yirtual calyode distance: Conduction band gap:

4.54 g

| o IR\
SO
p

Fixed emission (predefined current and energy)

Additional features:

1

2. Space charge limited emission (Child‘s law)
*Random energy spread

3

Thermionic emission (Richardson-Dushman) e T T et
. . .. . velocity distribution
/ 4. Field induced emission (Fowler-Nordheim) g Y J
_ _ _ CST
5. Automatic maximal selection ,.Q
20 ICAP 2006 — Chamonix-Mont Blanc Ulrich Becker e B
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Secondary El

Mew Material Parameters: i
Problem ype; IDefauIt ;I
General | Conduchivity | Diizpersion I Thermal
Farticle Emizzion Properties | Denzity

Ermizzion tpe: [efault

!

— General options

Max. secondaries per hit: |'||:| Max. generations: |1
|

— True secondary electrons

Energy: IE?E-.B t: IEI EE b3 Ilj 70 s |1,54

SEY: |1.8848 t2. |0.80 t: [1.00

— Rediffuzed electronz

Energy: |0.041 f: [0.25 r (0,104

o
P1inf. |02 2 |20 g [05
B

~ Backscattered electrons

Energy: |10 P1 hat; |0455 et: [0.26 W, |B0.86

sigma: | Plinf. |0.02 g2 20 p [1.0

ectron Emission

Emission type: | Furman [Copper] j

~ |Mone
I General option] Furman [Steel I

Mar. secondd Lser Def. [Steel]
Izer Def. [Copper]

source electron 2. generation

1. generation

(] I Cancel | Apply | Help

21
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Secondary Electron Emission

xample: Collector

Eo= 50 keV
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Wakefields

Beam Position Monitor

Port 1

ot bean fi%gagzgn e Beta smaller than 1

Beta = 0.75 = - .

Char ge - 1e-008 J * Resistive wakes cst
(simulating skin effect losses) m
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Wakefields

Collimator

Clamp to range: (Min: 8/ Max: 3880) U/m

3aan ]
2719 1
2531 A
2344 1
2156 A
1969 -
1781 1
1594 -
1486 -
1219 -
1631 1

B4t A

656 1.
169
281

a
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CST STUDIO SUITE™ 2006B

(currently in beta-phase,
released in couple of weeks)

New Key Features
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Time Domain Solver - Subgrids

1.9 Million cells 260.000 cells

Here: Subgridding reduces number of cells by factor > 7
CST
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Subgridding

\
BEN4 I Tl
i
o
" i SR
i
%=6.08511 y=3.8576 z=8 x=2 .02 y=-2_4721 z=0
ix=236 iy=152 iz=4 ix=35 iy=1 iz=4
z= B ( Index= 4 )
titled_0 | ]
| [Raster=1.000 |Meshcells=1,246,752 | Marr | |Raster=1.000 |Meshcells=62,311 |

CST
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Some More New Features...

Linux version of MWS-T + F solver modules
64 Bit version of all solvers

Solver Speedup for most hardware platforms
Slanted WG-ports for HF TET solver

SPICE-like Time Domain Solver integrated Iin
CST DESIGN STUDIO

ICAP 2006 — Chamonix-Mont Blanc Ulrich Becker e




Summary

« 3D Solution of Maxwell's equations
using Finite Integration Technique

e Different Mesh Types + different solvers
=>» Easy Cross Verification increases reliabilty

e Accelerator related examples with
— CST MICROWAVE STUDIO
— CST EM STUDIO
— CST PARTICLE STUDIO
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