INTRODUCTION

CST Microwave Studio



Background of the simulation method

* Finite Integration Technique (FIT)

» First proposed by Weiland in 1976/1977.
» Originated from FDTD (Finite Difference Time Domamethod,
which was proposed by Yee in 1966.
— A spatial discretisation scheme to numerically solve
electromagnetic field problems in time domain.

— Since it is a time-domain method, solutions can cover a
wide frequency range with a single simulation run.

— Unlike FDTD, FIT discretises the following integral form
of Maxwell’'s equations rather than the differential one
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Grid, meshcell

e 1. Splitting the studying domain up into many dmal
grid cells (orthogonal, hexahedral).

— The electric grid voltagesand magnetic facet fluxds
are allocated on the primary grid.

— In addition, the dielectric facet fluxdsas well as the
magnetic grid voltages are defined on the dual grid.
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Discretisation of Maxwell’s equations

o 2. Maxwell's equations are formulated for each of
the cell facets separately.

— Faraday’s Law

» Left hand: the closed integral on the equatioafsdide can be
rewritten as a sum of four grid voltages.

* Right hand: the time derivative of the magnetixftlefined on
the enclosed primary cell facet

» Repeating this procedure fea=-2fBd A ce=-Zb
for all available cell facets ‘ ‘

 Summarizes the
calculation rule in a matrix i
formulation and ; AR N
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Discretisation of Maxwell’s equations

— Ampere’s law
 Introduce the definition of a corresponding duatcete curl

operatolC
Ch=—d+) .

« Similarly the discretisation of the remaining digence equations
Introduces discrete divergence operators Ssand

Sd=q . Sh =0

 Finally, we got the complete discretised set of
Maxwell’'s Grid Equations (MGESs):

Cez—ib. 6h=id+j.
dt dt



Discretisation of Maxwell’s equations

— Material relations:

* Introduce inevitable numerical inaccuracy due
to spatial discretisation.

* The coefficients depend on the averaged
material parameters as well as on the spatial
resolution of the grid



Leap-frog scheme

e The transient solver (time domain) is based on the solution of the
discretised set of Maxwell’'s Grid Equations.

e Substituting the time derivatives by central differences yields
explicit update formulation for the loss-free case:
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« Calculation variables are given byandb. Both types of
unknowns are located alternately in time.
— For example, the magnetic flux at t = (nAt) is computed from the

magnetic flux at the previous time step t Atnand from the electric
voltage at half a time step before. att = (n+12)
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Stabllity criterion

« Definition of stability: “A bounded input produces a bounded
output, as the iteration time progresses”.

» For stability to be maintained, the field must not change
significantly from one point to another and a wave must not
propagate more than one spatial field point in any one iteration of
the algorithm. Eriz:aaangcaeted . < - X

iteration of the
Yee Algorithm

e o o0 V
o EXxplicit time integration schemes are conditionally stable. The
stability limit for the time stept is given by the Courant-
Friedrichs-Levy (CFL) criterion




Stabllity criterion

« How to model a curved structure using the Yee cell arrangement?

— Can not model a curved surface exactly
— Must approximate it as a series of discrete steps
— Technique known as the STAIRCASE APPROXIMATION

Intended
Surface

Staircase
Approximation

| . -
In the discrete domain, the ”"[—/\\4

velocity of propagation is

a function of the spatial
discretisation used. This
effect is called numerical
dispersion of the grids.
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Novel techniques on mesh discretisation

 PBA (Perfect Boundary Approximation)
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CST STUDIO SUITE ™

CST MICROWAVE STUDIO® is a specialized tool for the fast and accurate 3D EM simulation of high frequency problems. Along with a broad
application range, CST MICROWAVE STUDIO® offers considerable product-to-market advantages: shorter development cycles; virtual prototyping
before physical trials; optimization instead of experimentation.

T MICROWAVE STUDIO®,

CST EM STUDIO® is an easy-to-use tool for the analysis and design of static and low frequency structures. Applications include: actuators,
brakes, EMC, generators, measurement, motors, sensors and shielding.

CST EM STUDIO®

CST PARTICLE STUDIO® is a specialized tool for the fast and accurate design and analysis of 3D electron guns. This new software is based on
- the multi-purpose electromagnetic solvers of the CST STUDIO family and incorporates their powerful modelling capabilities in addition to
1 successful algorithms of the MAFIA-TS simulators.

CST DESIGN STUDIO™ represents a universal platform to manage the entire design process of a complex system beginning with a first layout and

I.Iul closing with the final solution. By constructing elementary sub-systems, the user can analyze the behavior of the complete system in small
*l segments.

CST DESIGN STUDIO™

CST PCB STUDIO™ is a tool for the investigation of Signal and Power Integrity and the simulation of EMC and EMI effects on Printed Circuit Boards
o.\‘o (PCB).

CST PCB STUDIO™

CST CABLE STUDIO™ is a tool for the analysis of SI, EMC and EMI effects in cable systems including single wires, twisted pairs as well as
complex cable harnesses.

©)

CST CABLE STUDIO™



Start CST

e CST Design Environment

Welcome to CST DESIGN ENVIRONMENT

: Create a new

A
Create a new model ) « h D)E }_,.
CST CSTEM STUDIO CST PARTICLE
MICROWAVE STUDIO
STUDIO
0o s ©°
CST DESIGN CST PCB STUDIO CST CABLE
STUDIO STUDIO

.. (53 More Files...
More eXlStIng mOdeIS «— | = microstrip line_waveguide. cst

- prototype_nogpgap_70-30-10.cst

= optimised. cst
A7 prototype_70-25-4.7-2_cont-gp.cst
Open existing models

oK

[~ Always start with the selected module
[~ Open the Quick Start Guide




Start CST

 Template for the new project

Create a New Project

—Select a template for the new project— [ Description

<None >
Antenna (Horn, Wavequide)

Antenna (Mobile Phone)
Antenna (Planar)
Antenna (Wire)
Antenna Array Unit Cell (FD)
Connector (Coaxial)

Connector (Multipin)

Coupler (Planar, Microstrip, cpw)

Typical geometry

Coupler (Waveguide)

%W(Pli:;ro?ﬁgosmp, cpw) ﬁ::;dmvzm \ . .

o e e N
IC Package Bounding box: visble environment
LTCC

RCS - Large objects (I-solver) o
RCS - Small objects

Resonator
RETN ﬂ

ok | cancel | Help

[V Show this dialog box when a new project is created




The first model with QuickStart Guide

* Help -> QuickStart Guide...

|

Help Contents

Online Support...
Reset Online Support Password

QuickStart Guide...

About...

QuickStart Guide 5
Problem m
© fransi
O Ef-;%r:r:’u;ujef,

O Frequency Domain Analysis

Next

QuickStart Guide X
He
Transient tep
= Set units




Procedures of a simulation

— 1. Set units (mm, ns, GHz)
— 2. Set background material (normal) |
— 3. Define structure (draw the geometry) =

— 4. Set frequency (range)

— 5. Set excitation (port and signal)

— 6. Set boundary condition (open add space)

— *. Set mesh properties

— 7. Set field monitors (E-field, H-field and far-field)
— 8. Start solver (T-solver)

— 9. Analyse results
« S-parameters (return loss s,,;, transmission coefficient s,,)
« Radiation patterns (far-field)
 Current distribution & current flow




Transient

First simulation model — microstrip line | -

— 1. Set units (mm, ns, GHz)

§olve|F_lealts Macros Window Help

= - Lal — £
El Units... | Analyze results
Background Material. .. <<Back
Materials 4

() Freguency... _ X|

() Boundary Conditions... Dimensions: Temperature:

Waveguide Ports...

, Frequency: Time:
Qi Ccrete Pore. TR - -
[ New Plane wave...
W New Farfield Source... Voltage: Current:
Field Source... I‘ j IA ;I
Excitation Signals 4

% Lumped Elements...

&) Field Monitors... Inductance: Capacditance:

[@ Voltage Monitors... |+ R I 5 4|

&= probes...

e oK cancel | hep |
(E"|

Wi

ADS Co-Simulation...




QuickStart Guide X
Hep

Transient

First simulation model — microstrip line | s

= Set backaround material

Define structure

Set frequency

— 2. Set background material (normal) e

§otve| Results Macros Window Help ,‘Ier
E':g == Back d P rties Analyze results
cKgroun ro ANalyze results
Background Material... | : be o
Materials > —Material properties <<Bacx
Material -
) Freguency... fype _
- [ ST -] ™ Mt yers
_ Epsilon: Mue:
1.0 1.0
I’ Waveguide Ports... I !‘lho S
W Discrete Ports... Ihermal :
w New Plane Wave... INormaI ;l IO'O
W New Farfield Source... Thermal cond. (W/K/m): Heat capadity (kJ/K/kg):
Field Source.... 0.0 0.0
Exditation Signals » ~ Surrounding space
n e [~ Apply in all directions
= Lower X distance: Upper X distance:
Vi Monitors...
g Prd;:e oners Lower Y distance: Upper Y distance:
e
- 0.0 [0.0
ﬁ Lower Z distance: Upper Z distance:
a [o.0 [0.0
L oK apply | close | Hep
ADS Co-Simulation...




£
Help

Transient

First simulation model — microstrip line | s

v Set backaround material
= Define structure

Set frequency

— 3. Define structure (draw the geometry)| oo ...

Ob_iedSIMed'l Solve Results Macros Window Help x|
Pick » Analyze results
() Clear Picks d e
Xmin: Xmax:
I Faces » L‘;‘ Sphere... | \_> ]-W/Z IWIZ —I
Sub-Project... 0 Cylinder... - : Ymax:
% Eliptical Cylinder... IZ/" It
New Component ‘
£ Cone... . Zmax:
u? Extrude... O Torus... l IH
@ Rotate...
: t:
Bond Wire... PCB v
i / | =1
Material:
[ | b |
New Parameter x| ’: Nane’ | Value | Description Type |..:J
—Define missing parameter e H 1.58 None ;]
Pamt&: I w Qesssssssessscassnssssssassasssad| L 1 m None
Cancel I w 40 Width of PCB None
Value: |40 Tt
Desaription: | Width of PCB S
P
; i
K




First simulation model — microstrip line

— Define the material (if needed)

x
Problem type: IDefauIt ﬂ

General | Conductivity | Dispersion | Thermal | Densiy |

General properties
Matenal name:

[FR4

Type:
INormal ;l

Epsilon: Mue:
[4.4 [1

— Color

|—| T | El:’/. Transparency 1FIO°/.

o

I~ Draw as wireframe

[~ Draw reflective surface

v A&llow outiine display

[~ Draw outline for transparent shapes

[ Add to material library

|0K|Canoel Apply |  Hep




First simulation model — microstrip line

— Draw the ground plane

* A metal (PEC — Perfect
Electric Conductor) block with
very thin thickness
(t=0.035mm)

e Same W and L as substrate

Microstrip line
layer

FR4 Substrate

— Draw the microstrip line

* A narrower metal block with
the same thickness and length
as ground plane

* The width is the value you
calculated: ms_w

PEC ground plane
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Help

Transient

First simulation model — microstrip line | s

v Set backaround material
v Define structure

= Set frequency

— 4. Set frequency (range) setcuctaten

Cat inAdary canditione
o>t boundary conaitons

Cud Bald it
>et neld monitors

§o|ve|&esldts Macros Window Help

;j; Units... Analyze results
(%] Background Material... <<Back
Materials »

LQ] Freguency... |
ED Boundary Conditions...
Model Intersection Check...

Waveguide Ports... Frequency Range Settings x|

@ Discrete Ports...

= (o |
w New Plane Wave... IO 0
W New Farfield Source... e I
Field Source... Fmax:
. {10.0 Help |

Excitation Signals 4

% Lumped Elements...

(@] Field Monitors...
(@] voltage Monitors...
=) Pprobes...

o

-]

ADS Co-Simulation...




QuickStart Guide K
Help

Transient

First simulation model — microstrip line | s

— 5. Set excitation (port and signal)

§olve|&esdts Macros Window Help

g Units...

[%] Background Material...
Materials

&) Freguency...

@ Boundary Conditions...

Model Intersection Check...

—General

IEJ Waveguide Ports...

x|

Name: |1 ~

Normal: 45 1O SRS 17

Apply

Orientation: % postive € egative

Text size: | > large

= Help

dds

W Discrete Ports...

[ New Plane wave...

W New Farfield Source...
Field Source...

Exditation Signals
3% Lumped Elements...

(9] Field Monitors...
Voltage Monitors...
@ Probes...

By Transient Solver...

3 Frequency Domain Solver...

(E |

% Integral Equation Solver...

ADS Co-Simulation...

~ Position

Coordinates (% Free € Fullplane € Use picks

Xmin: |-ms_w‘|l - I0.0 Xmax: |ms_w'1c\ +|0.0

Zmin: |0 - Jo.o Zmax: [kh*H  + [0.0

[V Free normal position Ypos: |0

—Reference plane

Distance to ref. plane: IO

—Mode settings

= | Multipin port

Number of modes:
Define Pins,, I I 1 __%
I- _J|FIQ

[~ Impedance and calibration " Polarization angle

Define Lines, .. I I0.0

v Set backaround material
v Define structure

v Set frequency

= Set excitation

Cat nAarv condifiane
>EL Doungary conaigons

& f
Direction of port 2 ZJL‘X
Y-negative

Direction of port 1
Y-positive

o L



Microstrip line

The microstrip line => transmission lines

e Size of the port

— On one hand, the port needs to be large enough to
enclose the significant part of the microstrip line’s
fundamental quasi-TEM mode.

— On the other hand, the port size should not be chosen
unnecessarily large because this may cause higher order
waveguide modes to propagate in the port.
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Microstrip line

* Solve -> Waveguide port

Genesal

Name

Onentatior:  (3) Positive () Negative

v

=

Right extension )

7

Left extension

> Bottom extension

(substrate)

Mode settngs
5*h (] Mukipn post

O
|
a
:
:




First simulation model — microstrip line

— 6. Set boundary condition (open add space)

§olvelgmits Macros Window Help

tuy Units...
Background Material...

Materials »
Q Freguency...

Model Intersection Check...

|i Waveguide Ports...
\@ Discrete Ports...
w New Plane Wave...
W New Farfield Source...
Field Source...
Number Ports Consecutively
Exctation Signals ’
% Lumped Elements...
(&) Field Monitors...
(@] voltage Monitors...
(= probes...
By Transient Solver...
&?‘ Frequency Domain Solver...
a E
¥ Integral Equation Solver...

ADS Co-Simulation...

—

Boundary Conditions x|

Boundaries I Symmetry Planesl Thermal Bomclaliesl Boundary Temperatwel

[V &pply in all directions

Type: |open (add space) A [open(addspace) - |

El
i Iopen[add space] ;I e Iom[addspace] LI
[4

2T lopen (add space) Zmav; lopen (add space) LI

Cond:; |1UDU S/m Open Boundary... |

0K

QuickStart Guide Y

Transient

+ Set units

+ Define structure

v Set frequency
v Set excitation

Help

v Set background material

= Set boundary conditions

Start solver

Analyze results

<<Back

Set field monitors




QuickStart Guide

Help

First simulation model — microstrip line | "ew
— 7. Set field monitors ﬁm

§°|V¢l8=5llt5 Macros Window Help St solier
NQ = SLal L SOV
m Unis.. _ Analyze results
(%] Background Material... —

Materials » Z<back
() Freguency...
5 soundary Condcns. x

Model Intersection Check... Labeling
[l waveguide Ports... IVNME |e-field (F=5) [V Automatic labeling
@ Discrete Ports...

~Type — Specification

w New Plane Wave... - & E ~
" * . quGIcy ime
W New Farfield Source... Bl

Field Source... " H-Field/Surface current Frequency: |5

Number Ports Consecutively " Power flow P Ioo—'

Exctation Signals 4 -

9 " Current density C. o
% Lumped Elements... " Power loss density/(SAR)
HMW [ :> (" Electric energy density -?Pla'ne
Voltage Monitors... PN ; ; Activate
Magnetic energy densi
(=) Pprobes... Y Cenety Orientation: & % C v 2
: " FarfieldRCS .

B Transient Solver... Position: [o
ﬁ Frequency Domain Solver...
i) Integral Equation Solver...

ADS Co-Simulation...




First simulation model — microstrip line

— 8. Start solver (T-solver)

_Solvelgesits Macros Window Help

T Units...

(%] Background Material...
Materials

() Freguency...

(-]} Boundary Conditions...
Model Intersection Check...

Waveguide Ports...
Discrete Ports...

New Plane Wave...

New Farfield Source...

Field Source...

Number Ports Consecutively
Exditation Signals

% Lumped Elements...

[S] Field Monitors...

Voltage Monitors...
(= Pprobes...

emMiLE

Transient Solver Parameters

Mode: |1 ;I

—Solver settings
Accuracy:
[-40 ~| a8 I Store result data in cache
— Stimulation settings
Sour : [~ Inhomogeneous port
ce type IPort 1 zl s .

[~ calculate modes only

I superimpose plane wave

[ Transient solver...

3 Frequency Domain Solver...

G

{3 Integral Equation Solver...
ADS Co-Simulation...

™ Distributed computing

excitation
—S-parameter settings
I™ | ormalize to fixed impedance [~ S-parameter symmetries
|50 ohms S-Parameter List,,, |
— Adaptive mesh refinement
[~ ‘Adaptive mesh refinement: Adaptive Properties, ., |
~ Distributed computing

I” Distribute matrix calculation

—MPI computing
[~ MPI computing

MPI Properties, ., |

x

il

QuickStart Guide Y

Help

Transient
v Set units
 Set background material
+ Define structure
 Set frequency
v Set excitation
+ Set boundary conditions
v Set field monitors
= Start solver
Analyze results

<<Back




£
Help

Transient

First simulation model — microstrip line | s

v Set backaround material
+ Define structure

v Set frequency

— 9. Analyse results e
e S-parameters

v Set field monitors
_ retum IOSS S]_]_ = Analyze results

+ Start solver
<<Back
— transmission coefficient s,

S-Parameter Magnitude in dB

0
S1,1
5[ 1DResuts 771\ VU e b - N 2,1
#-[Z3 Port signals ' ; : ;
#-E3 IS linear E E E E
&3 Islds el xR AR R R A R R SRR RS s S
& arg(s) | : . :
© @ Spol 5 a s s
@G Smith Chart 7 . K N T R SR | S, SO
L3 Balance v ; : ;
&3 Energy : : ; :
R S RERRTEIE U o REELEE & SEELEL T8 SEELE T LLh \ILLIL I LS I IIElL DL L L LT EE e e ol St AELE T TEL
P N - oA A LY (.-
T . e Mo o
-70 t
0 2 4 6 8 10

Frequency / GHz



First simulation model — microstrip line

e Warning: Maximum number of pulse widths simulated,

solver stopped.

Steady state accuracy limit: -40 dB
Maximum number of time steps: 2443
Time step width:
without subcycles: 2.909497e-003 ns
used: 2.909497e-003 ns
Number of threads used: 2

=

Maximum number of pulse widths simulated, solver stopped.

Please note that the steady state energy criterion has not been satisfied.

[~ Store result data in

— Stimulation settings
: v [~ Inhomogeneous port
Source type: [Port 1 ~| S :
Mode: 1 ~] T calaate modes only

™ Superimpose plane wave
excitation

—S-parameter settings
I” | normalize to fixed impedance [~ S-parameter symmetries

|50

ohms 5-Parameter List, ,, I

l—

Special Solver Parameters

Waveguide | Steady State | AR-Filter | Lossy Metal | Solver | PBA |
Maximum number of pulses: Energy balance limit:
x| [0.03

Par. Sweep... I
Simplify Modell

Apply |

Close l

Help I 0K Cancel Help




First simulation model — microstrip line

« Accuracy enhancement over the wide frequency band

— Inhomogeneous port accuracy enhancement (Solve ->
Transient solver)

x
—Solver settings
[ =@ I~ Store result data in cache Optimize.. I . B} 21 _
Par. Sweep... | : \\[\ S— S—— Without
r~ Stimulation settings . i i B 1
. S IPAE
Source type: |All Ports - jals. .. GVV\[\A N, - . '
e - [ RAATAV: Ve ATA
vodes [ - Sty o, LA
L‘ Frequency / GHz
— S-parameter settings
Close
™ Normalize to fixed impedance —I
Help |

|5:3 Ohms S-Parameter List, .. |

N
— Adaptive mesh refinement . \
[~ Adaptive mesh refinement Adaptive Properties, ., I - \f\ Wlth IPAE
~ Distributed computing 0 \! \ /\\ =
N BLURTATAYAY aVa Vs W
[ Distributed computing " Distribute matrix calculation B — v ...... v ........ y ................ V ....... \( i \{Y vV\(
~MPI computing ” s o

0 2 4
[~ MPI computing MPI Properties, ., FiRRuescy.f oz




Dipole antenna

e Drawing the geometry of dipole antenna
— A cylindrical rod with a gap
— Radius — 0.5mm
— Gap - 0.5mm

Dipole rod - Gap rod




Dipole antenna

e Set up the port — discrete port
— Select the circle centre points P1 and P2
— Define the discrete port 1 (P1 point to P2)

S A/@0A|l /s xE|Q

Pick drdé\center point (c)

§olve|3esdts Macros Window Help

N .
gy Units...

Discrete Edge Port B

/

W New Farfield Source...

Field Source...

) ~Port type ~Properties

oo et (¥ S-Parameter Name: Iﬁ

Materials L4
@) Freguency... " Voltage Impedance: I50,0 Ohms
(-] Boundary Conditions... '\ Ciarent I [Morstor vk el et /

Model Intersection Check... /
; —Location
. Waveguide Ports 21 v o /
(¥} crete ports | o o |-0.25
& New Plane Wave...

XZ "|"2 22

[

Number Ports Consecutively

¥ Uise picked points as location

o Jo.2s

Exditation Signals »

Preview

dulldh

g
/
i




Dipole antenna

e Analyse the far-field (Radiation pattern)
— Setup the observation in Monitor

After simulation, check the result in the navigation
tree -> Farfields -> farfield (f=2.4)

x|
Labeling
’,Name: |farfield (f=2.4) [V Automatic labeling
~Type —Specdification
" EField  Frequency ¢ Broadband =-[& Farfields
(" H-Field/Surface current Frequency: |2.4 |
" Power fiow Fmin: [0
" Current density s o
" Power loss density/(SAR) _ |4 Left Polarisation
= Echs y densit 2D Plane | [+4 Right Polarisation
= e _ I” | activate
iaas : Orientation: % x v 2
* FarfieldRCS
Position: |0




Rectangular patch antenna

« Calculate the parameters values

 Model the antenna with
— Insert feeding
— Quarter-wave Transformer matching feeding

e Analyse the results
— Return loss
— Radiation pattern

— Surface current distribution
e Before simulation

— Monitor — H-Field / Surface current: f=2.4GHz T
. . =-Ea Surface Curren
o After simulation S (29 11
& X
— 2D/3D Results -> Surface Current ka v

[ z
> h-field (f=2.4) -> Abs .
[+ Tangential



Tutorials in CST help

 Press F1, or select Help -> Help content in the
main menu at the top of the interface.

HiaH Getting Started Video

Tutorials Overview

."F‘-ﬂ}
» — )
%: Examples Overview



Online resources

e CST website:

— http://www.cst.com/
— http://www.cst-china.cn/

 Forums
— http://bbs.rfeda.cn/
— http://www.mwtee.com/forum.php

* Any other good resources, please share with me ©



