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CST Desian-Environment Analysis and design of static and low
- frequency EM applications

Simulation of free moving
charged particles

Welcome to CST DESIGN ENVIROMMENT

3D EM simulation of
high frequency
problems

: Create & new project

——
=
CsT
MICROWAVE
TUDIO,

DE | [ —— . .
CST EM STUDIO CSE_I?;D%CI)CLE csSTT%%slga\ “Circuit tool” which combine
results from other CST

Signal and power

integrity and EMC/EMI 4PETUD@ cgﬁ‘;om simulators

analysis on printed
circuit boards

Signal and power integrity and
S ponanousing e EMC/EMI analysis of cable harnesses

3 More Files...
&= helix cst

|- cxets?_conector.cst
&= connector3.cst

& conector.cst

v Comm ]

[T Abways startwith the selected module
[] Open the Quick Start Guide
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CST MWS Simulation Method

FIT: Finite Integration Technique
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Maxwell Equations

Maxwell Grid Equations
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Calculation

Domain
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CST MWS Transient Solver B meEevE

STUDID

4 )

Material Equations

5:8E dZMee
B=pH =) b=M h
j=6E+I j:Moe+Js

\- )

/ Transient Solver ‘ ‘ l \

hi+1 — hi —At Mu—l Cei+]/2 _' . . ‘ >
ei+3/2 _ ei+1/2 At Ms_l [éhm _ji+1] h' ei+1/2 hi+t ei+3/2
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CST MWS User Interface

Efr\e Edit View WCS Curves Objects Mesh Solve Results Macros Window Help
W EHQE| @ W%

b= -B(8] \

GeROLORY |

4 @ov+aaq
| || B

7

SAXROE|/xE|S B

g

(el
PIGRCAE
STUDIC

s -

[=I][x]

Navigation Tree
C8 Companents
8 Groups . .
8 il Project type selection
[ Faces
@ Curves .
S (environment parameters) _—
res
0 Lumped Elements p— — e gotatav N
otate View Plane
G Plane wave Create a New Project ¢ L= | | [T
G Farfield Source =TT + ;an
- [ ] E
G Forts Select atemplate for the new project Description . 1 @ Zoom
g Field Sources | [ T—4—__| &, Dynamic Zoom
@ Excitation Signals <None> - - | = f
| —l_| otation Center
@ Field Monitors Antenna (Horm, Waveguide, Pl | —1_ |
% Voltage Manitors . Pl S | Unhide All
Prab ntenna (Flanar] | | Mo
g Mtisheéontm\ Arntenna (Wire) ] "‘*—‘k;_\ i WCS
= Antenna Array Unit Cell (FD) 1 q_'-""‘-"——_._. . e
1D Results Connactor (Coaxial) | T & Clear Picks
& 20/30 Results Cannectar (Multipin) Units: mr, ghz b [T Pick
& Farfields Couplar iPlanar. Microstrip, cpw) Background: vacuum . [T i
(& Tables Coupler (Waveguide) E Boundaries: all open | \\\\ Mean Last Twe Points
EDA hesh: optimized for mabile phones ™1 g w. de Port:
EMC-EMI Prablem {retioiimit=20, = | [T @ Waveguide Ports..
Filter (Planar, Microstrip, cpw) merge thin layer fixpoints=an) | 1| W Discrete Ports...
Filter (Wawvequide) Bounding bax. visible - \\\\ [ — [E] Field Monitors...
F35 - Unit Cell (FD) Energy-Based Mesh Adaption e o N 1| [@ Voltage Moniters...
fTat = ; L | | Pron
- ) —\\\\ -\ ] | Probes.
Navigation Tree T TN
|
-___\ ‘1-“—-_\ ¥
m—— T i
N i
] N Drawing Plane P~
Show this dialog boxwhen a new projectis created \l\J\I\J:[
| unitied 0 | @ unttea_o [
% | Name \Va\ua \Desmmion Type |A m
B
Undefined -l
Variables List Project Messages
=
Wind
= INAOWS
: - ||
=\ Global K L

Reset view to full size High Frequency  Raster=1000 PEC m Hz s K
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1st Example: Dipole Antenna
Initial Setup

» Select new project in CST MWS

rUnils u1
111 M 7
» Select “Antenna (Mobile Phone)” template
’mm ’Kelvin v]
» Confirm units ey e
L ’GHZ ’ns v]
t:
» Confirm environment (air) Pk gty
Material type: CIEEE:
[CIhultiple layers
Mue: itance:
1.0
Fho (kg/m”™ 31
INarmal v] 0.0
Thermal cond. (WK m) Heat capacity (kd/K/kg)
0.0 0.0 e —
—
Surrounding space
[Tl Applyin all directians
Lower X distance Upper ¥ distance
0.0 oo
Lower Y distance: Upper distance:
0.0 0.a
Lower £ distance Upper Z distance
0.0 0.a
INSTITUICOES ASSOCIADAS QK ] ’ Apply ] ’ Close ] ’ Help ]
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1st Example: Dipole Antenna

Cylinder

MHarme: 0K

Arrrn_up

Geometry Drawing

Fressien
Origntation: 7% oY @z
Cancel

U
11

Cuter radius: Inner radius:
05 0

» Draw cylinder ©

HCenter “Center:

] 1]
.,

» Name: “Arm_up”

Transform Selected Object

Operation QK.

» Dimensions (in mm)

) Translate Use picked points Preview

III o

© Scale tion vector
Apply

Vi WES Cuom ot Mk Jobve By Myt Winom iy
= 4 M+ RL B o) s e s =

> Material: Perfect Electric =~
Conductor — “PEC” =

.....

> Select object in
navigation tree

> Object transform " Z -
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1st Example: Dipole Antenna

i
Discrete Edge Port

Excitation and.Simulation Setup

==

Porttype Properties

@ S-Parameter MNarne:
L

. 1 %oltage Impedance: 500 Ohms
> Insert discrete port ¥ _
© Current [C Manitor voltage and current
Help

fion

» Setup frequency range @ , v i

0.0 DN -5
%3 2 2

» Run Transient Solver 00 00 0
[[JUse picked points as location

~
Transient Solver Parameters

Solhver seftings

=
Accuracy! [ ]
30 +| dB [] Stare result data in cache
Frequency Range Settings u
Stimulation settings 9 24 g "
. - []Inhomogeneous port accuracy .
Sourceype: | gllRots enhancement Fmin:
Iode: |41 -| [ Calculate modes only Simplity Model... 1
[ Superimpose plane wawe Cancel
excitation = Frnax:
S-parameter setlings
3 _ rep |
[“INormalize to fixed impedance [ S-parameter symmetrias

- Help
Ohms | S-Farameter List... |

Adaptive mesh refinement

[T] Adaptive mesh refinement | Adaptive Propeties |
Distributed computing

[[] Distributed computing [ Distribute matrix calculstion

MPI computing

[ZIMPI computing | MFI Properties...
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1st Example: Dipole Antenna

) Lt fon Ve WS Cuves Ofgom Meh Jobve Beswin Mposs Widew Help
1D Results siecsial e —ua
i L4 =80 L1

o -
S8 Guomgiom S-Pararneter Magniude n di

> In navigation tree goto =

8 LurgeaEisnm

1D Results

0 Sy
0 Smith Chart

o Port Signal

[ CST MICROWAVE

y
i Eif{File] Edit View WCS Curves Objects Mesh Solve Besults Macras W
1 2Nt [ (] New.. CTRL«N
0 Energy e—— Pl ILEh bl e
Close |
B2  sove CTRLSS —
Save As..

16y savean
| Archive As... 0 -

» Can export results in =

Change Problem Type ~ »

Recent Files

txt file or i
TOUCHSTONE format \"""m

@ S polar
@ Ga Smith Chart
%[ Balance

INSTITUICOES ASSOCIADAS B3 Enengy 3
= D&dwm Meshing |7 Agilent ADS Component..
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1st Example: Dipole Antenna

L@ Lumped Elements

Setting Monitars 5 Plane Wave

--[@ Farfield Source
- Ports
-0 Field Sources

» Add Field Monitors (navigation iy s I
tree + right mouse bottom): (9 Field Montors

:g%:'uﬂg !| New Field Monitor,,_—
; =L Mesh Cantral
0 E'flEId @ 2.2 GHZ EI% 10 Results

0 H'fleld @ 2.2 GHZ [ Monitor ) |

Labeling

o Farfield/RCS @ 2.2 GHz rore TR ez e -

Type

@ E-Ej @ Frequen ) Time
) H-Field/Surface gurrent Frequency: 2.2

Specification

Iﬁ. Farield Source

- FPorts
g Field Sources L RETETE Finin: 1
- Ll _— i ©) Current density Frnax 3
= ﬁ- Field konitars ©) Power loss density/(SAR)
e-field I:f=22:I () Electtic enargy density 0 Pla.ne
— Magneig energy density DAg:i\::fation: @x Oy 02 -
""" © Farfield/RCS Bosition - é
' =
- Probes E
Lg% Mesh Control ook J [ Ay | [ cancel | [ Hew | -
R A Meanlin X,——
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1st Example: Dipole Antenna

Improving simulation

:

’
Boundary Conditicns

N‘nal Boundaries I Boundary Temperature |

» Boundary Conditions ->

Themal:

Symmetry Planes
\ lane: [iscrhamal{'l’=mnst.} v]

o YZ plane: magnetic (Ht=0) xzb

r B
Transient Solver Parameters u

Solver settings Start -

XZ I . 1 H - ACCUracy:
0 p ane' magnetlc ( t O) T - dB 7] Store result data in cache Optimize

Far. Sweep...
Stimulation settings

Source type: [ All Ports - Inhomogeneaus port scouracy
e enhancement Specials..

o XY plane: electric (Et=0)

tode: All Calculate modes anly Simplify Maodel

Superimpose plane wave

T —

» Transient Solver
S-parameter settings
Close
[ Normalize ta fixed impedance S-parameter symmetries
Help
50 Ohms S-Parameter List.

Adaptive Properies..

X pl
—
o Adaptive mesh refinement ’
\<. [¥] Adaptive mesh refinement

[T] Distributed computing Distribute matrix calculation

MPI computing

[CT k4P computing MPI Froperties...
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1st Example: Dipole Antenna

Adaptive mesh results

» In navigation tree go to 1D
Results -> Adaptive Meshing

oS S —— '
11 e e
o Mesh cells X 7
N\
: \N\ /7
o Solver time \\ ///
VA
> Transient Solver =
o Deselect “Adaptive . !

mesh refinement”

0 Press Apply
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1st Example: Dipole Antenna

. CS Cuves Obiects Mesh Solve flesuts Macros Wingow Help
Near-field results e R Y-
= ee
s
G
- - s
» In navigation tree go to 2D/ i
3D Results -> E-field or H-field: -
o Field components
G IS linesr Z:;::M ;,;mn (F=2.2) [1] -
. Rarimmcad | 67,500 deu/n st 0.5 4 0 7 38
o Amplitudes |
et : ‘gﬂ;?:.;':‘i.}’:}t‘mfiiw
0 Phases e
i File] Edit View WCS Curves Objects Mesh Solve Results Macros W oy R S Ve R ol 6
[ New... CTRL~N | 5 @@ 3 @. %
= iln;e - | |
» Can export results in txt g o
(hang; Problem Type »
1| Reset Project
", Select Template...
) Import 4
= Bport
= print T
Print Preview
Print Setup...

Distributed Computing...

2 Preferences...
\ License.

Project Info...

3 Stnith Cha

3 Balance

3 Energy OUCHSTONE...
ISR [ Adaptive Meshing

Plat Data (ASCI)...
[ Solvertime il

4 Meshcells l
B Delta S
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1st Example: Dipole Antenna

Far-field results

] aalEe |

» In navigation tree go to

Faiekd Plot

Farfields:

o Field components

1Pt e 180 <180 e

o Co-pol. and Cross-pol.

[Pt e potr s Wldgee [ G S|
B (S |

o Polar, 2D or 3D

o Rad. Efficiency

o Directivity or Gain

» Can export results in txt

file or in GRASP format \
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Upsl RL+C
Clo
Nav i Save CTRL+S
| SaveA

' Change Problem Type
Reset Project

23

3 Select Template...

@ dmport b

= Export E

& Print..
Print Preview
Print Setup...

Distributed Computing..
Preferences...

========

= Smith Chant
& orSalqnce
-0 Energy
& B Adaptive Meshing
[ Solvertime
[+ Meshcells
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~fd Detas

ew WCS Curves Objects Mesh Solve Results Macros W
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-----

[ e

PR r—
ched, e adctston oz

[ T T ——

¥ Agilent ADS Component.
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1st Example: Dipole Antenna

Structure Parameterization

» Select “Arm_up” in
navigation tree

> Edit object #

» In define cylinder, change —

Zmax to variable “L”
» Transient Solver

o Par. Sweep

o Add watch S;; indB

0 New Seq. &
New Par. “L”

» Check & Start

INSTITUICOES ASSOCIADAS
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A T T TR T Y

P

-
Cylinder

MName:
Arm_up

Orientation X

Cuter radius:
0.5

Xcenter:
0

Zmin
0.5

egments:
0

Componant

component]

8]

Presigw

oy @z

Cancel

Inner radius:
0

Yeenter:
0

”
Parameter Sweep

Sequences

- Sequence 1

Result watch

@ Wam

[S1iinds  J

1

-
Parameter S@ﬂer

"

Samples NG|

[V Swaep

QK

Cancel

ity

Help

MNew Se Mew Par...

it.. Delete

Distributed co ;

[T Use distiibuted computing

Edit.

Check Start

i Lo,

Delete

IEEE Communications Society Portugal Chapter
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1st Example: Dipole Antenna

Mesh Operations

> Enable mesh view @

» View global mesh'properties G

» Change local mesh of
“Arm—u p” -

53]
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e (8t View WES Cyrm Ogjects blsh Johw frois Mposs Wingow Hel
-8la

-,
Mesh Properties
Mesh type:
lHexahedraI vl
ity contral
Linesp avelength:

1

Lowwer mes\imit:

[T

K

Apply

Cancel

il

Update

5 g
@ Mesh line ragb limit: Simplify kaodel...
:
FUECRIG S S8 1019 i I, t mesh step:
) ] Lot Mk Properte: componantLtem v )
(e err— | Ll |1 nan |
= A

# Datoult —

e % || ¥l Autamatic mesh generation

CFPe——— -3 besh summarny

Masenal based nrbrsme:
Considee e silascn Min. mesh step: I
Conader o boundng bo
0.166ERT 13
< Lis local #cige rinement fnctor & —
— B Max. mesh step: Py

Mt s st with = 962471 13

D Exsen 2 tonige by —

o ety N teshcells: Mz:

o ety | 14544 102 L
- e = = o b
I Do & Do [l oo 10 Renuty'c5i 4B

Nare Vb Dencrton Tree
3 é‘
.! sl |

Hish Freawence  faster= 20000 MesheelieldS44 Mermal mem GHr m K
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Visit CST Website

WWW.CSt.com

https:/ funw.cst.com/

{? <

ﬂ 3D EM Field Simulation - CST Comput.

CST COMPUTER SIMULATION TECHNOLOGY

Applications Products Showroom Events Support Corporate

Complete Technology for

Advanced Technology wi .
3D Electromagnetic Simulation

t's in our Genes
ST STUDIO SUITE 2010

Choose Complete Technology for your electromagnetic simulation
needs. Profit from our broad range of solver technology in an intuitive
interface.

Find the solution best fitted for your problem in your market area:

Microwave & RF

Passive microwave & RF component design...

Signal Integrity / EDA

Signal Integrity is an ever increasing concern...

EMC / EMI

Electromagnetic Compatibility and Electromagnetic Interference...

Charged Particle Dynamics

Dynamics of free moving charged particles in electromagnetic fields..

Low Frequency

Structures which are very small in comparison to a wavelength...

Impressum | Contact | Sitemap | Careers | Log in

REGISTER NOW

Whats new?

CST STUDIO SUITE 2010 -
MNow Shipping
more...

CST University Publication
Award 2009: Winners
Announced

more...

CST Previews New Tool for
Multi-Physics Simulation at
EUMW 2009

more...

Efficient sensitivity analysis
methods introduced in CST
MICROWAVE STUDIO 2010
more...

CST Previews Major Product
Release at EUMW 2009
mare...

Selex assesses lightning
protection systems for Radar
with CST MICROWAVE STUDIO
more...

more news. ..

Press releases Exhibitions (15)

Workshops (14) Training (27)

Done N+ ] ow: Mostly Cloudy, 16* € s [ Sumi19*C [ Mon:18*C {_;\ J)
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2"d Example: Microstrip Patch
Geometry Drawing

» New Project [

» Draw “Ground”, “Substrate” and “Patch” &

» Define discrete port ¥
(use local coordinate system) i

» Setup frequency range (1 to 3 GHz) @
& Field Monitors @ 2.2 GHz

> Run transient solver &
Ground 0.02 Copper
Substrate -40 40 -40 40 0.02 3 RT5880
Patch -28 28 -21 21 3 3.02 Copper
' @’ E IEEE Communications Society Portugal Chapter ‘ lt[;‘utf‘tt:ﬁnt'i'[ff
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2"d Example: Microstrip Patch

Coaxial Feed (Part 1)

» Copy S;; dB curve & delete discrete port

» Macros -> Calculate -> Analytical Line

Impedance

» Draw “Inner Conductor” cylinder: &

& Impedance Calculation

Select Type

@ Coax

) Btrip Line

) Thick Strip Line

© Thin Microstrip

@ Thick Microstrip

©) CoplanarWaveguide w/t ground
) CoplanarWaveguide

© Thick Coplanar Waveguide

O Difterential Stripline

© Suspended Microstip

© Inverted Suspended Microstrip

Include Dispersion

Geaometry Data.

d4 [0 D [298
o Select “Ground” (repeat for “Substrate”) PR

o) Object -> Boolean -> Insert -> “Inner

onductor”

v i “vUwiwuvi

Fhase Delay and Line Length

Frequency:

5 Linelength:

permittivity Impedance static ’r
eps: [208 70 [4978 .
eps_eff= 2.08
[ Calculate ] l Cancel I l Help I
0 Phaseshift. 0

0.45
1.49
1.8

Inner Conductor
Dielectric

Outer Conductor

IEEE Communications Society Portugal Chapter
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-20
-20

0

Copper
Teflon (g, = 2.08)
Copper
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2"d Example: Microstrip Patch

Coaxial Feed (Part 2)
i L
[ Extrude Face @1
> Pick lateral face of “Inner Conductor” =
Dielectric
. . H /<. : Jze picks
> Object -> Extrude -> create “Dielectric” o[ 1o ;
I wist [deg.)
> Repeat for “Outer Conductor” :;pe,-(deg)
0w
» Pick top face of “Dielectric” = compar e
companent] -
> Object -> Local Modifications -> Move Face (-3) Teton (7D o)) -
N ——

» Repeat for “Outer Conductor”

Inner Conductor 0.45 Copper
Dielectric 1.49 -20 0 Teflon (g, = 2.08)
Outer Conductor 1.8 -20 0 Copper

instituto de
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2nd Example: Microstrip Patch
Waveguide Port

» Pick bottom face of “Outer Conductor” =

> Select Waveguide Port &
> Run Transient Solver

> In navigation tree see 2D/3D Results -> Port
Modes

» Compare S;; curves
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General

-
Apply
Mormal # Yoo @z

Freview
Orientation @ Positive ) Negative

Text size: '—Di > large

Paosition

Cancel

Help

Coordinates @) Free ) Full plane @ Use picks

Hmin:  -1.125 - 0o Hmax: 1125 + 00

Ymin: <1112 - 00 Ymax: 8875 + 00
[/ Free normal position Zpos: -20

Reference plane

Distance to ref. plane: i]

Mode settings
[T Mutipin part MNurmber of modes

‘ Define Pins 1 E

[[] Single-ended

Impedance and calibration Falarization angle

‘ Define Lines.. ‘
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2nd Example: Microstrip Patch

Simulation of a body above antenna

» Copy E- and H-planes radiation patterns

| | | l 1l L] | ;
Brick A [ = ]
> Copy Sll dB curve r \ \ \
New MterlPacameters x: h I
H 1] ”. Problemtype: | Default - 70 70
» Create brick of “Body”: @ - - e
o Create new material “Body” | = 4”57
_ _
Color 1 i aterial. .| Help
. — 0% Trensparency  100% II
> Run Transient Solver . ] L
7] Draw reflective suface
Allow outline display
[] Draw outline for transparent shapes
> See Sll Curve &. 7] Add to material library
radiation patterns
0K | [ Cancel ] [ Apply ] [ Help
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Questions ?

ﬁ

After a CST simulation ...
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