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D,, =141mm,D, =105mm, L = 200mm 3FF 50 1R L1 2

EB R 7 SERRR SO0

(b) H i k%
Kl 4-4 FAREmR UK 26 1 254 s 2 K

TRIE SEFRAE T B A HEI\ R 2k, 2R 2 TARAE X BB, TAESECN
8.2-12.4GHz.
Ry TAERIPE, 0 X I BUIFR R T I SR NI

a=22.86mm,b=10.16mm . |G L34S ) AHESE

2B S 15 HL 1) A R R WA 2 1) 3 2 BB
T HRHILBFHIRN N axb, WYNDARTIAR 4°=D,, x D, » WU\ L H)f

HEIAR 2. FTRAH A 1 RAGFZRZ A 75
G =10.8+101g(D, xD, / 2*)~ AG,, — AG,(dB)

AG,,AG, TTULHH 1 13, 2% a, f T HAR 29 K75,

R1=LXDH
D, —a
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S, =A/(8AL,) X6

S, =A>/(8AL,) X7

a=8S, = 8

B=8S, X9

R 1 AG,,AG, HEHE Ca,pilXNA A )

a,p AG,, AG, a,p AG,, AG,
0.1000 0.0011 0.0024 1.6000 0.2919 0.6157
0.2000 0.0046 0.0095 1.7000 0.3292 0.6960
0.3000 0.0103 0.0214 1.8000 0.3688 0.7813
0.4000 0.0184 0.0381 1.9000 0.4105 0.8718
0.5000 0.0287 0.0596 2.0000 0.4544 0.9675
0.6000 0.0413 0.0858 2.1000 0.5003 1.0683
0.7000 0.0562 0.1169 2.2000 0.5485 1.1744
0.8000 0.0733 0.1528 2.3000 0.5987 1.2858
0.9000 0.0928 0.1935 2.4000 0.6510 1.4025
1.0000 0.1145 0.2391 2.5000 0.7054 1.5247
1.1000 0.1384 0.2895 2.6000 0.7618 1.6522
1.2000 0.1646 0.3448 2.7000 0.8203 1.7853
1.3000 0.1931 0.4051 2.8000 0.8807 1.9240
1.4000 0.2238 0.4703 2.9000 0.9431 2.0682
1.5000 0.2568 0.5405 3.0000 1.0074 2.2180

4.3 BB
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a. CST¥JUAHE
T JF CST A4, % # New Project->MICROWAVES&RF->Antennas->Waveguide

(Horn,Cone,etc.)->Time Domain->Dimensions:mm;Frequency:GHz;
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Create a new project

Choose an application area and then select one of the workflows:

EmMc s EML

G Antennas

h Circuit & Components

Radar Cross Section

Biomedical, Exposure, SAR

*0“5 Optical Applications

‘ Periodic Structures

Mext = Cancel

Create a new project

MICROWAYES 2 RF | Antennas

Please select a workflow:

K 4-5

ide (Horn, Cone, Flanar (Patch, Slot, etc.)

Wire

Phased Array, Unit Cell

Waobile Phone, Integrated Reflector

Diglectric Resonator

RFID

= Back

%] 4-6

MNext = Cancel
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Create a new project

MICROWAYES & RF | &ntennas | VWaveguide (Horn, Cone, etc.) | Solvers | Units | Summary

The recommended solvers for the selected workflow are:

© Time Dt
2

Integral Equation
for electrically very large antennas

ﬁ; Frequency Domain

< Back MNext = Cancel

K 4-7

Create a new project
MICROWAYES & RF | Antennas | Waveguide {Horn, Cone, etc.) | Solvers | Units | Summary

Please select the units:

Dimensions: | mm ¥
Frequency: GHz '_
Time: | hs ¥
Temperature: [ Kelvin '_
Yoltage: Y ¥
Current: & X,
Resistance: Ohm X
Conductance: 5 M
Inductance: nH ;
Capacitance: pF s

< Back | MNext = | Cancel

%] 4-8
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[S] C5T STUDIO SUITE [

Create a new project
MICROWAWES & RF | Antennas | Wawveguide (Horn, Cone, etc.) | Solvers | Units | Summary
Click 'Finish' to create a new project and a template with the following settings:
Template MName: Antenna - Waveguide_4
Units Solver
Cimensions: mm H
Freguency: GHz

Time: ns Time Dormain
Temperature: Kelvin

Antennas which consist of waveguide elements or which transform energy from guided
farm {waveguide, coaxial line) to radiating by 3 gradual transition, &.g. horn or conical
elements.

= Back Finish Cancel

K 4-9
b. EEIFEA
O ZHKE

*2

Parameter Value
DE 104.46
DH 138.46

F 10.3
L 200
Lambda 20.1
al 22.86
bl 10.16
t 2.54

@ B
R Modeling->Shape->Brick, EL#%4% Esc 8, 3 H & 1, f K 2 FHIEdE, Layer
% PEC, GJ@5ERE Al 4-10 B,
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L i
rectwaveguideQut -
-(a1+t)/2 (a1+t)/2
Yrmin: Yrrax:

H{b1+t)/2 (b1+t)/2

Zmin: Zmax:

-Lambda/2] | o

Component:

componentl -
Material:

[PEC

v [ Hep Q

K 4-10 SR EFREWSEE R

4-11 FEP 3 CST FAY
@ FALI Y
& W\ IT42 0 : Modeling->Curves->Rectangle ; Modeling->Curve Tools->Cover

Planar Curve;

Rectangle
Mame:
rectanglel
Xrmax:
| (DH+t)2 Cancel
s
-(DE+t)/2 (DE+E)/2
Curve:
| cunvel - |
4-12
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Cover Planar Curve

Name:

face

Preview
Curve

g

[ curvel: remnglel Cancel

Component

cnmponentl -
Material:

PEC i |

Help

K 4-13
& BCE O AR I ) A R A B
e 42T : Modeling->Picks->Pick Face;
WHE AR HFALE: Modeling->Transform->Translate, 1% 5 5 W& 4-14 Fiw.

rTrans\(c:rm Selected Object ﬁ

Operation

© Transkte D E:i:_

I:?I 7o [C]Use picked points

) Rotate i

. || Invert translation vector

() Mirrar
Repetitions

-
Repetition factor: 1
Translation vector
¥ |0 A 6 Zal L
Origin
Shape center

X0: | Y0 ] zo: [
Change destination
|| Component: | Material:

:compunentl PEC

. Il““lll T ikEngy ‘i-lll““ csT
ine: RSy ||I1l-‘ Il\l||| Wiy r
-‘i‘ Ilgi“g l||| Il|||||‘ D4
b

ll
I l‘\\“

K] 4-15 mw\ 42T CST FY

& OB\ EE
I3 N 3%E H i S AN W\ B 142 1 , Modeling->Shapes->Loft, Il B 61 22 5¢ 5l 5 a1 4-18
FrRo
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E0H00-
B W -

B+ | Extrude...
'ﬂ Fotate...

@ Enfts,

K 4-16

mwuﬁmmlm
| ||||||||||Im
=L

iy

=  nu.g@@, v =

. %
] 4-18 MW\ EE[) CST 154

& EHN

1 Modeling->Boolean->Add i & (%4~ PEC JZ2E B — M1

& i

IR o3 I B R FE A T

P25 A W\ . Modeling->Shape tools->Shell Solid or Thicken Sheet;

SERMIEA KL CST 224, i 4-20 Fiw.

10



c. WETEKM
OEEyES AT
Simulation->Frequency({/j 5 I # Ju [ : 8.2GHz-12.4GHz);

@ PiHIL AR

FERIA SR RIRSCR

Shell o |
o ——
S
) Qutside
) Centered _ Cancel
Thickness: — .
t |

-
Frequency Range Settings m
=
(8.2 |
Cancel
Frnax: —
124
4-21

A

Simulation->Background(i% & A Normal);

11
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Background Properties

Material properties
Material type:
[Normal v] I Properties... ]

Multiple layers

HEEH

Surrounding space H

[] Apply in all directions

Lower X distance: Upper X distance:
0.0 0.0
Lower Y distance: Upper Y distance:
0.0 0.0
Lower Z distance: Upper Z distance:
0.0 0.0
K 4-22
Simulation->Boundaries(% &/ open (add space));
Boundary Conditions u
| Thermal Boundaries I Boundary Temperature
Boundaries | Symmetry Planes

[ Apply in all directions

Xmin:  open (add space) ~ Xmax: gpen (add space) -
Ymin:  open (add space) ~ Ymax: open (add space) -
Zmin:  open (add space) - Zmax open (add space) -
Cond.: | 1000 |=im [ OpenBoundary... |

Com ) ol ) b

K 4-23

@ i & E

PEHR T . Modeling->Picks->Pick Face;

WEMKTWH, WAZS G E R AU E (Number of modes =5) :
Simulation->Waveguide Port;

@ wERES
Simulation->Field Monitor->Farfield (RCS) (1 .024%: 10.3GHz).

12
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Monitor w

Labeling
Name: farfield (F=10.2) [¥] Automatic Bbeling
Type Specification
() E-Field (@ Frequency () Broadband
_) H-Field and Surface current Frequency: 10.3
) Surfa t (TLM
_) Surface current ( only) i 02
©) Power flow
= Frmax: 12.4
_) Current density
_) Power loss density/SAR Position
() Electric energy density [luse subvolume

(") Magnetic energy denstty
@ Farfield/RCS

X¥min: [ -82.5| Ymin: |-65.5) Zmin: |-26.6

a1 Xmax:| 82.5¢) Yrmax: | 65.5¢) Zmax: | 212.0
) Field source

[T Export farfield source

Help

[ oK ] [ Apply ] l Cancel ]

&l 4-25
2B B
a. B E
Simulation->Start Simulation->Source type: All Ports Modes: All
19 Calculate modes only & HH BEE T, R v+ 5w FL AN AT BEAN I I 0 B, AT
e AR A

Time Domain Solver Parameters

Solver settings

tal
Mesh type: |Hexahedral -

Optimizer...

Accuracy: -30.0 ¥ dB [] Store resuft data in cache
Par. Sweep...

Stimulation settings

Source type: m [~ Inhomogeneous port Acceleration...

accuracy enhancement

[}
) |E
)

= Specils...
Mode: All x [¥] Calculate modes only B
Superimpose plane Siititiodels;
excitation
Apply
S-parameter settings
Close
Mormalize to fixed impedance S-parameter symmetries
50 e Lt figh
Adaptive mesh refinement
Adaptive mesh refinement
Sensitivity analysis
Use sensitivity analysis
L
ENIE O
b B H )
Simulation->Logfile->Solve Logfile;
Solver Results ]
Build version: 2013.5 Release from 2013-11-22 (change 280344) -

Starting adaptive port meshing.

Mode calculation for port 1:

F-Calc 10.3

1, ]

Port Mode Type Z-Wave Z-Wave-Sigma Z-Line F-Cutoff

1 1 TE 539 1.73e-005 — 737

1 2 TE 375 1.24e-005 — 14.6 {5
1 3 1E 231 9.01=-006 — 19.7

1 4 1E 212 9.502-006 — 2

1 s ™ €70 9.582-005 — 21

[CF] e

13
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4-27
105 FdR = AR OA 12.4GHz, Jir DAAE SR S5 ) IR\ R 2 v I A 1 s 3 it
BEE MR A T AT BL T
3 H LA HA R
a THWHE
Simulation->Start Simulation->Stimulation settings (Source type :Port 1;Mode :1)

Time Domain Solver Parameters l&

Solver settings
Mesh type: |Hexahedral -

Accuracy: -30.0 ~ dB || Store resuft data in cache

Start

Optimizer...
Par. Sweep...

Stimulation settings

Source type: |Port 1 v| [ Inhomogeneous port Acceleration...
accuracy enhancement

= Speciak...
Mode: [ calculate modes only B
Simplify Model...
Superimpose plane wave @

excitation

Apply
Clase
Help

S-parameter settings

Mormalize to fixed impedance

50

‘Adaptive mesh refinement

[Tl Adaptive mesh refinement

Sensitivity analysis

[T use sensitivity analysis

4-28
b 1D Results

7E 1D Results H S, AL Hh 28

S-Parameter [Magntude in dB]

-20
Sy
24 4
226 4
28 4
230 4
32 4
34 4

361 | / | | ; | | ;
8 8.5 9 9.5 10 10.5 11 11.5 12 125 ﬂ
;

-38
Frequency / GHz

51(1),1(1)

i Vokage Standing Wave Ratio (VSWR)

TIRTR S
i 1 N———— ‘
1.14
112
11
1.08
1.06
1.04
1.02

VSWR1(1)

8 8.5 9 9.5 10 10.5 11 115 12 125 ﬂ
;

Frequency / GHz

] 4-29
c.Farfield
77 7] ¥ :Farfield->Abs
Farfeild Plot->Directivity

14



CST

m

| ¥

T

Type Farfield
Approximation enabled (kR >> 1)
Honitor farfield (f=16.3) [1{1)]
Component Abs

Output Directivity
Frequency 16.3

Rad. effic. -B8.83344 dB

Tot. effic. -B.84163 dB

Dir. 20.88 dBi

Farfeild Plot->Polar(Cut angle: 90 (phi);

CST

o

]

@435 Farfeild->Abs

Farfeild Plot->Gain(IEEE)

CST

5

| ¥

T

Type Farfield
Approximation enabled (kR >> 1)
Honitor farfield (f=16.3) [1{1)]
Component Abs

Output Gain

Frequency 16.3

Rad. effic. -B.83344 dB

Tot. effic. -B.84163 dB

Gain 28.84 dB

CST

o

]

d. E-field, H-field

EB R 7 SRR R SCIR

Farfield Directivity Abs (Phi=90)

0
Phi= 90 30—
i
i

e
= 120
Theta / Degree vs. dBi

K 4-30

K 4-31
Farfield Plot-> Polar(Cut angle: 90 (phi); Step Size:

Farfield Gain Abs (Phi=90)

o
30 Phi=270
60

0

-

Theta / Degree vs. dB

K 4-32

28.9

1.7

5.22

-1.2
=-7.17
-13.1
-19.1

b4

L.

Step Size: 1)

farfield (F=10.3) [1(1)]

Frequency = 10.3

Main lobe magntude =  20.9 dBi
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 15.0 deg.
Side lobe level = -10.5 dB

dB
28.8

1.7
5.21

-7.18
-13.2
-19.2

1)

farfield (F=10.3) [1(1)]

Frequency = 10.3

Main lobe magnitude =  20.8 dB
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 15.0 deg.
Side lobe level = -10.5 dB

1 & E-field, H-field and surface current WS A1 28, 2 [l BV 45 .45 SR an i 4-33

B

15



EB R 7 SRR R SCI0

CST 593

521

i’ 4. 41

S
2.05
2 34
1.82
0. 298

P 4-33 I 0 v AR HEE R\ R 28 (10 2 T FRL AL 07 B 45 R
g WO RKRAE, %P 0 H A HE R WK 281 3250 07 [ A

0=0,0=0, FMWHENIS, FWAERREEN20.84B, HAIE @M EES

B THEART . [FI, SR EM AN I ) SR SR B ARSI N 34E —20dB LA
T, BRI AR IR A RS Kb RE I R 45 B2 — 2 MR ZE 1,
XEPAN IR EEE T E, 1B B A HEI\ R R 454, DL
JrE

4.4 KRR
FHERIN\ R 2 RSF $UR 00 R s D, =80mm, Dy =38mm, L =80mm G R~F

a=22.86mm,b=10.16mm, Lambda=29.1mm i BE . t = lmm ’ i CST #4 @A It

P30, ST A AT\ A L 37 S A5 DL o

4.5 LWREATEK

1. iCSR USRI HAE F R 28
1) B\ R 2k S11 ALEJ: HeAs ik il 26
2) TR K. EE A
3) LR EE S I 25 A0 LS R F 1A
4) Sy BT B mIR 26 A S R E IS I O
2. SERRINGRE AL
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