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Antenna

Anten, hava ile elektronik cihazlar arasindaki gecis yapisidir. Antenler, elektrik sinyallerini havaya elektromanyetik dalga
olarak isirlar, havadaki elektromanyetik sinyalleri ise elektrik sinyaline donutsturtrler.

A usually metallic device (as a rod or wire) is used for radiating or receiving electromagnetic waves. An antenna is
a transitional structure between free-space and a guiding structure (Balanis; Antenna Theory). Ortamda ortama
gecisin efekif alani, antenin efektif isima alanidir.

Antenna is a device that converts electrons into photons or vice versa. A transmitting antenna converts electrons into
photons while a receiving antenna converts photons into electrons.

The beam width of an antenna measure at half of the maximum power received by an antenna or the 3 dB beam
width of the antenna is termed as half null beam width.

Power radiated from an antenna per unit solid angle is called radiation intensity. Unit of radiation intensity is watts per
steridian or per square degree.



Antenna Performance Parameters



Antenna parameters

Radiation resistance
Directivity

Antenna gain

Beamwidth

Effective aperture

Friis transmission equation




Antenna Performance Parameters

 Common antenna performance parameters include:
— Return Loss - Impedance
— Gain and Directivity
— Frequency coverage
— Bandwidth
— Beamwidth
— Polarization
— Efficiency
— Field Patterns
— Front to Back Ratio and Side loobes
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Antenna Basics J\ \

e How i1s radiation achieved?
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fr/€r

« Wavelength is key: %, where A =




Beamwidth (05, @)

* Beamwidth (B, ®@;) of an antenna is the angle
defined by the points either side of boresight at
which the power is reduced by 3-dB, for a given

plane.
— For example if B;, represents the beamwidth in

the horizontal plane, @ represents the
beamwidth in the orthogonal (vertical) plane.

— The 3-dB (Guctn yariya distigi) beamwidth
defines the half-power beam.
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/Mil.ill lobe maximum direction

Main lobe

Half-power point (right)
Half-power beamwidth (HP)

Beamwidth between first nulls (BWFN)




dBi versus dBd

«dBi indicates gain vs. isotropic antenna
e|sotropic antenna radiates equally well in all directions,
spherical pattern, Gain=1, Gain(dBi))=0 dBi

«dBd indicates gain vs. reference half-wavelength dipole
*Dipole has a doughnut shaped pattern with a gain of 2.15 dBi

dBi =dBd +2.15dB

Measured antenna



Antenna Gain

 Relationship between antenna gain and effective area

o ATA _ ARt TA
G = antenna gain /12 C 2

A, = effective area

f = carrier frequency

¢ = speed of light ( 3 x 108 m/s)

A = carrier wavelength



ANTENNA BASICS

§ 3

The Gain of an antenna with losses is given by:
another is:

G 4nn4d Where N = Efficiency
A? A = Physical aperture area G= X n
A

wavelength BW, BW,

Gain of rectangular X-Band Aperture
G=14LW Where: Length (L) and Width (W) are in cm

Gain of Circular X-Band Aperture
G= dz'q Where: d = antenna diameter in cm
1 = aperture efficiency

Gain of an 1sotropic antenna radiating in a uniform spherical pattern is one (0 dB).
Antenna with a 20 degree beamwidth has a 20 dB gain.

3 dB beamwidth is approximately equal to the angle from the peak of the power to
the first null (see figure at right).

Parabolic Antenna Beamwidth: BW = 704

Where: BW = antenna beamwidth; A = wavelength; d = antenna diameter.

Where BW, .. . pare the elev & az

beamwidths in degrees.

Peak power
to first null

For approximating an antenna pattern with:
T3 (1) 4 rectangle;X=41253,nm”m[ =0.7
(2) An ellipsoid; X = 52525,7]"_,,“.”, =0.55

3 dB Beamwidth

.5 power
.707 voltage

Antenna
Radiation
Pattern




Antfenna Field Regions

FFar-tield region
(Fraunhofer region’)

Radiating near-field region
(Fresnel region)

Rreactive
near-field region




Pattern of antennas
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pattern
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Radiation pattern
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Antenna Pattern 3D

DiagLn DLITiEs /

> ——-%90’ principal
plane pattern

& = 0° principal plane pattern \
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Beamwidth = 5°




Approximating the antenna pattern as a rectangular area:

/ b

a=rsin®. b=rsin ¢. area=ab=rsin 6 sin ¢

r

G - Area of Sphere ___Anr? ___4n
A s Area of Antenna pattern  y2gin® sing ~ sinb sind
Where 8=BW,, and ¢= BW, _ _ _
For small angles. sin ¢ = ¢ 1n radians. so:
oo 4mn 47 _ 4 n(360° 360°) _ 41253 41253
sing sin® ¢ O (radians)y B\ 27 2w b O (degrees) BW, BW, (degrees)

The second term 1n the equation above 1s 1dentical to equation [3].

41253

W, BW,

Converting to dB. G_.(dB) =10 Log ’ ‘ with BW, and BW, in degrees



Approximating the antenna pattern as an elliptical area:

Area of ellipse = 7w ab = [ (r sin 8)/2 ][ (r sin ¢)/2 ]= (7 12 sin O sin ¢)/4

G = Area of S_phere = 4itr D) 4 s 16
Area of Antenna pattern ' m r2sin® sing sinf sind
Where 6=BW,, and = BW,
For small angles. sm ¢ = ¢ in radians. so:
PO 16 _ 16 ( 360° 360°) _ 52525 52525
sing sin@ ¢ O (radians) 9\ 2 27 b O (degrees) BW, BW, (degrees)

For a very directional radar dish with a beamwidth of 1° and an average efficiency of 55%:
Ideally: G=52525. or in dB form: 10 log G=10 log 52525=47.2dB

With efficiency taken into account. G = 0.55(52525) = 28888. or in log form: 10 log G=44.6 dB
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Types of Antennas

* Wire antennas

* Aperture antennas
* Array antennas :O

e Reflector antennas dipole loop slot patch

°* Lens antennas

e Patch antennas :JGGG\

helical horn reflector




Antennas come in a wide variety of sizes and shapes

Antenna types

ANTENNAS
A 1 1 i 1 1 1
End fires Loops Dipoles Stubs Slots Apertures
i . i | I
— Polyrods Folded Arrays Patches
= dipoles
_|
erces Conicals Arrays
— Yagi-Udas [ ]
Curtains W8JKs
| LOQ | | 1 |
periodics Twin lines Lenses Spirals Horns Reflectors
1 |
Conical L 1 . L L
| spirals Vees L.ong wires Flat Corner Parabolic
| I ' ] | !
- Biconical Beverage Rhombic Radomes |- FSS

,i—)?}}

ﬁ?elical antenna

2

}a

Horn antenna

Parabolic reflector antenna




Different Antennas




EuEEEa AXIAL-MODE HELIX
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YAGI-UDA D=8 L/A
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Horn antenna

* Rectangular or circular waveguide flared up

RECTANGULAR (PYRAMIDAL) HORN

« Spherical wave fronts from phase centre D=75%7
* Flare angle and aperture determine gain il L il
%/// |
«Aperture antennas derived from waveguide technology (circular, E f e
rectangular) I l ol
/ ‘ pattern
Can transfer high power (magnetrons, klystrons) /;f///j/// ot
Rectangular

«Above few GHz waveguide

*Will be explored inprace during the school

CIRCULAR (CONICAL) HORN

D = 6.5 nr?/3? Aperture

=Tr

<& D

Field
pattern

Circular
waveguide




a b E-PLANE
HORN
b
INTERSECTION
OF FLARE WALLS
FLARE APERTURE
yd
H-PLANE
b / HORN




The aperture dimensions of a pyramidal horn are 12x6 cm and operating at a frequency of 10 GHz.
Find the beam width and directivityv.

Frequency = 10 GHz

3x10°
l=—"—+ =3cm
10x10
d=12cm and w=6cm
. A 0
Beamwidth: ¢z = SGE =14
By = 672 —33.5°
W
4.5wd
pmrergnmzd—? =36=15.56dB
A
7.5wd
Directiviy =—"2 = 60

!



Horn Example

Example: An E-plane horn has Ry =20A and a =0.54.
(a) The optimum aperture dimension for maximum directivity
IE.-" = .a..J'I:r]leE — t]k‘\g':% - 6.3;‘]&-

(b) The flare angle for the optimum directivity

ry IS
tan(y /2) = b'/2 — 6.3A/2 —0.1575
R 204
w/2=8.95"
w =179

(¢) The optimum directivity 1s

(0.5A)6.34) 1
22

Dopt =10.2 1 MI.ZSJ 25.7=14.1dB




Parabolic conducting reflector Geometry and operation

For a parabolic conducting reflector
surface of focal length f with a feed at the
focus F

In rect. coordinates |
D
z = (x2+y?)/4f |
In spherical coordinates |
T

p = fsec? y/2

tan v /2 = D/4f



Primary
reflector

Feed
antenna
Concave
ggcnovr‘le(;(ary secondary
reflector reflector
Supports
Axial-feed Off-axis or Cassegrain Gregorian

Offset-feed



Feeds

Front Feed Offset Feed /
ﬁ / s )
—-
VN \.

HH.. Cassegrain Feed
'\
\ Simple Pyramidal horn Simple Conical

Gregorain Feed

Q@ Corrugated Conical Horn



Microstrip Antenna Design




Micro-strip Antenna

 What is Micro-strip Antenna ?

* A Micro-strip patch antenna consists of a radiating patch on one
side of a dielectric substrate which has a ground plane on the
other side.

* |Invented by Bob Munson in 1972 (but earlier work by Dechamps
goes back t01953).



(a) Microstrip line (b) Electric field lines

(¢) Effective diclectric constant



Rectangular Microstrip Feedline formul

c

f ’Sd Wavelength

Effective Width and Height

A=

W
for F<l -
= 8';1 & : +0.04(1——-)
= \[1-{»12—
2= (%2, 1)
fg%ﬂ,. W 4H
W s, +1 s, -1
for FZI Eqr = 2 =
2 /1+12—
W
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The characteristic impedance of the microstrip may be written as

Solving

=

w
d

-

where

JE_E W 4d
1207 Wid= 1
L ‘/E:[W;"d + 1.393 +0.667In(W/d + 1.444)]
this equation forW/d vields
A
_Be” wid<?2
e2d -2
2| B-1-In(2B—1)+—_ {]n(B—1)+0.39— 0.61 } W/d>2
7T 2g, €,

A e +1 e —1
A — o ' + I 0-23 + 0.11
60 2 g +1 g,

377

22,5



Microstrip Antenna Applications

Used in mobile satellite communication system.
Direct broad cast telivision(DBS).

Wire less LAN’S.

Feed elements in coaxial system

GPS system.

Missiles and telementry

UHF Patch Antennas for Space



Why we use Microstrip Patch Antennas ?

Flat surface makes them ideal for mounting on airplane
Impedance matching fairly simple
Microstrip patch antennas have a very high antenna quality factor(Q).

Q represents the losses associated with the antenna and a large Q leads to narrow
bandwidth and low efficiency.

Q can be reduced by increasing the thickness of the dielectric substrate. But as the
thickness increases, an increasing fraction of the total power delivered by the source
goes into a surface wave

UHF Patch antenna
UHF Patch Antennas for Space

These antennas are capable of supporting high data rates to at least 10 Watts of
transmitted power.



Shapes of Microstrip Patch

(a) Square (b) Rectangular (c) Dipole (d) Circular e) Elliptical




Feeding Techniques

patch’\
e Coaxial feed '» v

e Microstrip feed L A .

-« >

* Proximity coupled microstrip feed
* Aperture coupled microstrip feed
* Coplanar wave guide

* Line Feed

hI dielectric (g,)

ground\)‘

1-Microstrip Line Feed : In this type of feed technique, a conducting strip is connected directly
to the edge of the microstrip patch. This kind of feed arrangement has the advantage that the
feed can be etched on the same substrate to provide a planar structure.



2-Coaxial Feed

The Coaxial feed or probe feed is a very commor
technique used for feeding Microstrip patch
antennas.

The main advantage of this type of feeding
scheme is that the feed can be placed at any
desired location inside the patch in order to
match with its input impedance.

This feed method is easy to fabricate and has low
spurious radiation.

However, its major disadvantage is that it Coaxia
Ground Plane Connector Substrate Patch
provides narrow bandwidth and is difficult to
model since a hole has to be drilled in the
substrate . and the connector protrudes outside
the ground plane, thus not making it completely
planar for thick substrates .

Patch

Probe fed Rectangular Microstrip Patch
Antenna from top
Substrate

Coaxaal

Ground Plane
Connector

Probe fed Rectangular Microstrip Patch Antenna
from side view



3-Aperture Coupled Feed

In this type of feed technique, the radiating patch
and the microstrip feed line are separated by the
ground plane..

Coupling between the patch and the feed line is
made through a slot or an aperture in the ground
plane.

The coupling aperture is usually centered under
the patch, leading to lower cross polarization due
to symmetry of the configuration.

The amount of coupling from the feed line to the
patch is determined by the shape, size and
location of the aperture.

Substrate 2

Aperture-coupled feed




4-Proximity Coupled Feed

This type of feed technique is also called as “the
electromagnetic coupling scheme” .

The main advantage of this feed technique is that it
eliminates spurious feed radiation and provides very high
bandwidth due to overall increase in the thickness of the
microstrip patch antenna.

This scheme also provides choices between two different
dielectric media, one for the patch and one for the feed line
to optimize the individual performances.

Matching can be achieved by controlling the length of the
feed line and the width-to-line ratio of the patch.

The major disadvantage of this feed scheme is that it is
difficult to fabricate because of the two dielectric layers
which need proper alignment.

Also, there is an increase in the overall thickness of the
antenna.

Microstrip Line

Substrate 1

Substrate 2

Proximity-coupled Feed



Advantages

Low fabrication cost, hence can be manufactured in large
guantities.

Easily integrated with microwave integrated circuits (MICs).
Capable of dual and triple frequency operations.

Supports both, linear as well as circular polarization.

Low cost, Less size , Low Mass.

Mechanically robust when mounted on rigid surfaces.

High Performance

Light weight and low volume.



Disadvantages

Narrow bandwidth associated with tolerence problem
Lower Gain(Nearly 6db) .

Large ohmic losses in feed structure of arrays.
Excitation of surface waves.

Most microstrip antennas radiate into half-space .
Relatively low efficiency (due to dielectric and conductor losses) .
relatively high level of cross polarization radiation
Spurious feed radiation (surface waves, strips, etc.)
Inherently low impedance bandwidth.

Low efficiency .

Extraneous radiation from feeds and junctions.
Low power handling capacity.



Remedies

Low power and low gain can overcome by arrays configuration.

Surface wave associated limitations such as poor efficiency,increased
mutual coupling, reduced gain and radiation pattern can overcome.

The band width can increase up to 60% by using some special
techniques.

In addition, as the substrate thickness increases, the radiation Q of the
antenna decreases.

Thus, impedance bandwidth increases with increasing substrate
thickness.



Optimizing the Substrate Properties for Increased
Bandwidth

The easiest way to increase the bandwidth of an MSA is to :

1) Print the antenna on a thicker substrate.

 However, thick substrates tend to trap surface wave modes, especially if the dielectric constant of the
substrate is high .

* Finally if the substrate is very thick, radiating modes higher than the fundamental will be excited.

2) Decrease the dielectric constant of the substrate.

 However, this has detrimental effects on antenna size reduction since the resonant length of an MSA is
shorter for higher substrate dielectric constant..

* |n addition, the directivity of the MSA depends on the dielectric constant of the substrate.

3) Stack two patches on top of each other separated by a dielectric substrate or spacers.

 The application involved two identical circular patches stacked on top of each other. The lower patch was
fed using a coaxial probe feed, and the top patch was electromagnetically coupled to the lower one .



Rectangular Microstrip Antenna

In

Radiating Radiating
slot #1 slot #2

Substrate

Ground plane

225<€6-<12
W is tuned to get

~ desired impedance
¥ Coordinate System For
Each Radiating Slot

A
A A
/

|

|

s/ |

|

7, |

7 (0] |
1 |

w ]

(r.6.,0)

Y

Wz

Ground plane s

t Ay
h < A,
(0.0031, < h < 0.051,)

Easy to fabricate
Simple to match

Low spurious radiation
Narrow bandwidth
Good for low h



Design of MSA patch length and width

Step 1: Calculation of the
Width (W) -

c

Step 2: Calculation of the Effective Dielectric Constant. Thas
is based on the height. dielectric constant of the dielectric and
the calculated width of the patch antenna.

W =

1
E-41  E

r_l h _E

Step 3: Calculation of the Effective length
(s

| A =
eff =3¢ =

Length of Patch (L) = L,;,— 2AL
Length of Substrate (L,) = 6k + L
Width of Substrate(W} ) = 6h + W

Step 4: Calculation of the length extension AL
w
(err +0.3) (5 + 0.264)

AL = 0.412h 7
(2err —0.258) (5 +0.8)

Step 5: Calculation of actual length of the patch
Where the following parameters are used

f, 1s the Resonance Frequency

W 1s the Width of the Patch

L 1s the Length of the Patch

h 1s the thickness

g, 1s the relative Permittivity of the dielectric substrate

¢ 15 the Speed of light: 3 x 108



Rectangular Patch - Fields

sin [kTW sin(0) sin(qb)] KL
f@o,p) = W cos (7 sin(8) cos(c;b))
5 sin(@) sin(¢)

Fr(6) = cos (%sin(ﬁ)), ¢ = 0°

sin (kTW sin(@))

Twsin(ﬂ)

Fy(0) = cos(0)

¢ = 90°

An approximate expression of the bandwidth for VSWR < 2, |T'| < %

BW — 3.771 |Er— 2 h (W)
o . (Er)z A-D L




Radiation patterns of a rectangular microstrip
patch antenna

H - plane



Example

Design a rectangular macrostnp antenna using a substrate (RT/duroid 5880) with dielectrnic
constant of 2.2, f# = 0. 1588 cm (0.0625 inches) =0 as to resonate at 10 GH=.
Solurion: Using (14-6), the width W of the patch is

30 f 2
W = = 1.186 cm (0.467 1n)
21 ¥V 2.2 4+ 1

The effective dielectrnic constant of the patch 1s found using (14-1), or

22+1 2217 01588 e e
e =5 T35 1.186 -
The extended incremental length of the patch AL 15, using (14-2)
(1.972 + 0.3 180 0.264
- + 0.3) O 1588 -+ 0.

AL =0 1588(0.412)

1.186
1.972 — 0.258) | ——— + 0.8
( ) (D_IEEE - )

= (L0831 cm (0.032 1n)

The actual length L of the patch 15 found using (14-3), or

A 30
L = o 2Aal = — 2(0.081) = 0.906 cm (0.357 1n)

2(10)-/1.972

Finally the effective length 1s
r .
Le=L4+2Al =< == 1.068 cm (0421 in)

An expenmental rectangular patch based on this design was bult and tested. It 15 probe
fed from undemeath by a coaxial line and 15 shown 1n Figure 14.8(a). Its principal E- and
H-plane patterns are displayed in Figure 14.19{a.b).



Ornek: Design microstrip antenna fo=1.85GHz

-

P,

- W )
T (.. +0.31 = 4+0.264|
- C 8r+ —l[' - - v el Jff )
i = Erer = + = 1+12 AL =0.412h - ,
21, [t = B 2 | w | i h
2/ (&, — 0. ‘38]—+08,
c=3x 10”8 m/sec g =119 € =119
g =119 h=1.59 mm h=1.59 mm
fo=1.85 GHz W=31.9 mm W =319 mm
Theratore. Therefore |, Therefore |,

1s euqal to 10.7611

W=31.9 mm =0.0319m Erefr

The effective length of the patch L, now becomes:

Ly =L+2AL g"QZT =10.7611

For a given resonance frequency f, . the effective length is given by as:
mm.

The value of A7 15 6.72x10! mm

therefore , the value of Z _, 1is24.7 mm & value of L will be 23.36



Ornek: Design microstrip antenna fo=3GHz

1

\ Patch ererr = (5) + (55) [1+12 4] * A=0.1m=100mm

GND dimension: A
[(2.33) + 1] [(2.33)— 1]
= > + > X

(0.508 x 1073) _% !
, 4 Substrate ,1 +12 (38.749 x ‘10—3)] = 1.665 4+ 0.665(1.1573) 2z = 2.2832
Figure -Structure of the patch Eresr+ 0.3)(5+ 0.264 Ay = < = (3 x 108) = 0.0662
g P AL = 0.412h ((Er; _ﬂlzigg(%mﬂ))‘ T Neer (36),/(2.2832)
. [ = Ag AL — (0.0662) 3
i o 2 o = 0.412(0.508 x 107°) x = i S—— 2(0.2651 x 107°)

2fr~j Er+1

= 0.03257 = 3257 mm = 33mm

(38.749%107%)
=2 . (38.749x1073)
2(36G) ./(2.33) i [(2:2832) — 0.258] [ 2270 + 0.8]

= 38.749 mm _ 0.04138
156.0975

= 0.2651 mm
= 0.03874 m



Designing
Microstrip Patch Antenna
by Using HFSS




Designing the Microstrip patch

* HFSS stands for high
frequency structure
simulator

* ANSYS HFSS software is
the industry standard for
simulating 3-D full wave
electromagnetic fields.

cnapier 1.
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bar
B~ Toolbars
3D Modeler
Window
Project
Manager
with project
ree
Progress
:dne..mage Window
anager — ik
Status
bar

Property Window
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lution Setup
Frequency Sweep

3. Results
2D Reports
Fields

i Solution Type Z
T
@ Model
Geometry/Materials
@
Sol

Designing the Microstrip patch



Design specification of rectangular patch antenna

3D model

e Ground: Wg,lLg

* Substrate: Wg, Lg, h, €,

* Microstrip line(feed): Wf, Lf

Matching Techniques

e Radiated Patch: W, L Tgli]c‘ro.?;lﬁi'p 7y

* Lumped Port: 1mm Line -

e Radiation measure wall: R 2 4 z =JZR, W
| /45

Tum uzunluklar dalga boyunun katsayi carpimi ile ifade v

Edlllr Substrate | I |
Assigning boundary: Perfect E &

Assigning excitation: Lumped Port, Radiation M4 impedance transformer




Analysis of patch antenna

Analysis setup

e solution freq

* max number of passes
 max Delta S per pass

Freq sweep

e starting freq

e attenuating freq

* number of counting

Analyze



Ornek: Design microstrip antenna
fo=2.4GHz, er=4.4, h=1.5mm

8
A = %=23:;1()09=0.125m=125mm
W =2 - 0.038m=38mm
2 [er+1

2

1
&+l &-1 12h]™ 2_
eopr=t + 214 2 =424

A/2

Leff = 2\/?” = 30.34mm

Eoff+0.3)(5+0.264)

AL = 0.412h(

=0.69
(eff—0.258)(+0.8) mm

Length of Ground Plane, L,=A

Width of Ground Plane, Wy=A

-
9 Afeers

=60mm

Length of Substrate, L=L+Ag/2=59mmm

Width of Substrate, W,;=W+Ag/4=68mm



ANSYS Electronics Desktop - Project - HFS5Design1 - 3D Modeler - SOLVED - [Project - HFS5Design - Modeler]

— *
B File Edit View Project Draw Modeler HF3S Tools Window Help - &8 %X
4 Cut  ¥) Undo | Select: Objed - % [@ + Pan [ = @ | mOMove | fpg| @D unite pm-seit | [ | £ Fillet - & - @measure - | HEGrid H @ Model -
53 Copy (¥ Redo @SelectbyName o @ lauRotate" [ ] ﬁF{atate ﬁ B} Subtract |'§.Jlm|:|rint '9\ 7 Chamfer | <~ == Ruler W - || |:| wacuum =
Save Zoom - . :
[ Paste X Delete ® - [ orient ~ = | g Mirror | Gl | (9 Intersect = | B - | units 3D -l R S Material
Desktop View Crraw Model Simulation Results Automation a ﬂ
Project Manager o x @ E-El Model
@ Project1* [-37 Solids
-3 Sheets
=3 PerfectE
- GMND

1 CreateRectangle
I Cowverlines
.3 RadPatch
b CreateRectangle
[0 Coverlines
-3 Rectanglel
—1 CreateRectangle
.8 CoverLines
E-E Lumped Port

-3 Feed
1 CreateRectangle
LI Cowverlines
-1, Coordinate Systems
[+-4&% Planes
-5 Lists

[ I
0 30 60 (mm)

Message Manager

O3 = & Progress

MNothing is selected




AMSYS Electronics Desktop - Project]

File Edit VYiew Project Tools Window Help
] = I I E |G save Archive # Cut  ¥) Undo
. . ‘i E Restore Archive | 53 Copy (¥ Redo
Open Open Save Save Close -
Examples As % Paste X Delete
Desktop View Simulation Automation
Project Manager )
I:l Definitions
Properties It
Mame Value I LIt | Evaluated Value |

%@

HF55 Q3D  Circuit lcepak Maxwell Twin
ot - * - Builder

B Update Definitions
E: Remove Unused Definitions
8| edit Definitions -

E Project Variables

li Datasets

EE- Event Callbacks

= 0N

General
Options

Help AMSYS

-




AMEYS Electronics Desktop - Project
File Edit Wiew Project Tools Window Help

] ] = * |G Save Archive 4 Cut ¥ Undo

E Restore Archive | 53 Copy (™ Redo
Mew Open  Open Save  Save Close -
Examples As % Paste 2K Delete

Desktop View Simulation Automation

Project Manager a
-

= Definitions
----- (L3 components
----- (221 Symboals

..... [21] Footprints
----- (L Padstacks 1

----- [ Packages

-2 Materials
----- (23 surface Materials

Properties a

I MName | Walue | LInit | Evaluated Value |

T LN

Q30 Circuit lcepak Maxwell

HF55

-

&

- -

HF55
HF55 30 Layout
HF55-IE

Launch Savant

Launch EMIT

-

Twin
Builder

B Update Definitions
B: Remove Unused Definitions
8 edit Definitions ~

EPrnjectH‘ariables

[i Datasets

EE- Event Callbacks

= 0N

General
Options

Help ANSYS

-




= ) = | Untitled - Paint - %
Home View

AMSYS Electronics Desktop - Project] - HFS5Design2 - 30 Modeler - [Project] - HFS5Design2 - Modeler]

- >
B File Edit View Project Draw Modeler HFS5 Tools Window Help - &
, Cut Undo | Select: Objet  ~ & [@ % Pan @, Fit Al N oW B Move | fpg| [P Unite [ Split = | e Fillet 3+ & - m@Measure - 3 Grid * @ Model -
1 Copy Redo 9! Select by Name ® ® «F Rotate ~ 0 L L ] EEP-:-tate ﬁ‘:'- K Subtract [ Imprint | (3] | 0 Chamfer | <=~ | == Ruler XV - & g vacuum -
Save Zoom '
[ Paste < Delete = « [ Orient ~ L A | g Mirror | Gp | (@ Interse = S| B v Units 3D - Bl G| S Material
Desktop View Draw Model Simulation Results Automation (7]
Project Manager 2 x @1, Coordinate Systems. | 7
- Project1* : 4} Planes ‘
&g HFSSDesign2 (DrivenModal) - Lists
=11 Definitions
----- [:l Components
_____ (3 Symbols 2 set Model Units *
----- D Footprints
..... (3 Padstacks W Draw rectangle Select units: >
Add a rectangle to the model L
----- (£ Models .
[ Rescale to new units
----- (£ Packages
Material
-3 Materials [I]:4 | Cancel |
----- (L] Surface Materials
----- (2] Scripts
Properties o x
Name |Va||.|e| Linit | Evaluated Value
€ > |
|
Variables o 15 3 (mm)
Message Manager 1 x IProgress W
< >
4 590, 522px 1} 101 1600 = 900px -




ND

Desktop View Draw Model Simulation Results Automation (7]
roject Manager o ox EI"’-’@ Model
1B 2020-Microstrip* E|._7 Solids
=g HFSSDesign1 (DrivenModal)* E! FR4_epoxy
&[22 Definitions B Boxl
wff] CreateBox
| -4 vacuum
E|I:I Sheets
53 PerfectE
-0 GND
L reateRectangle
n L
Properties: 2020-Microstrip - HF55Design1 - Modeler
Command
Name | Value | Unit | Bvaluated Value Description
Command CreateRectangle
N Coordinate Sys... Global
w Position -Lg/2 -Wa/2 Omm 62 5mm , 62 5mm | Omm
| Axis z
[ [xSize La 125mm
e Wg 125mm

[ Show Hidden

[ ]
0K I Cancel Apply 0 35 70 (mm)
e A A A




GND - Properties: Name, Color

E-s Model — it
I_:,I Solids Properties: Project] - HF55Design1 - Modeler
-3 Sheets ]
== Perfect E B
&
_____ - Expand All Mame | Walue | LUnit | Evaluated Value Description | Read
..... C Collapse All _Name GMD [
5 R Orientation Global [
Select ¥ —
----- = Model [v B
""" | Edit » Group Model [
= R Display Wirefra... [ [
..... Group » | :
£ Creste 3D C . Material Appea... [ [
..... reate omponent... |
Cal
G Ly | | [ color — [
5.0 Fe A  Assign Material... Transparent 0 r
""" = View ¥
o L Properties...
-1, Coordinate & < 3
-5 Planes Create Array ...
€9 Lists [~ Show Hidden

Create Open Region ...

Update Open Region Padding...

QK | Cancel

Assign Boundary »
Assign Excitation *
Assign Hybrid b
Assign Mesh Operation *
Plot Fields »

Plot Mesh...



GND - Properties: Assigh Boundary - Perfect E

- Model
-7 Selids
-3 Sheets
-3 Perfect E
e | El" -
EI Expand All
O Collapse Al
== R Select >
----- = Edit >
2-3 Re
..... Group >
_____ | Create 30 Component...
= I:I Lump = Assign Material...
-3 Fe
..... = View >
L. Coordinats = Properties..,
[ Coordinate 5 i
.48 Planes Create Array ...
- Lists Create Open Region ...
Update Open Region Padding...

Assign Boundary > Anisotropic Impedance..,
Ascsign Excitation > Aperture..,
Assign Hybrid > Finite Conductivity...
Assign Mesh Operation > Half Space...
Plot Fields > ST
Layered Impedance...
Plot Mesh... Linked Impedance...
Plot VRT... Lurnped RLC... —
] Master... 0
b e Perfect E..
Perfect H...
Radiation...

A N lmde b cmmmrame AT AN DR A 10 WV



Substrate

Desktop WView Draw Model Simulation Results Automation §
Project Manager o x EI--’-@ Model
=[] 2020-Microstrip* E-&7 Solids

[-# HFSSDesignl (DrivenModal)* E|' FRA_epoxy

m-(Z7 Definitions B4 Boxd

i a CreateBox
: ' vacuum
E|I:I Sheets

£ Perfect E

Properties: 2020-Microstrip - HF$5Design1 - Modeler
Command
Name Value | Lnit | Evaluated Value Description
Command CreateBox
Coordinate Sys... Global
Pasition -Ls/2 -Ws/2 Omm -29.5mm , -34mm , Omm
XSize Ls 59mm
¥Size Ws G8mm
ZSize h 1.5mm

[~ Show Hidden

OK I Cancel Apply

| 0 35 70 (mm})




Substrate — Assign material

AMNSYS Electronics Desktop - Project] - HFS5Design2 - 30 Moedeler - [Project] - HFS5Designd - Modeler] — *
B File Edit  View Project Draw Meoedeler HFSS  Tools Window Help - & X
I I 4 Cut ¥) Undo | Select Objedt  ~ % [@ < Pan @), Fit Al i WO |\ | @ BOMove |fg| D unite  mSpit | 5] | (Rl 97| A v @ Measure - FHE Grid * @ Model -
53 Copy (™ Redo (S Select by Name % B -}l Rotate = QFit Selected 8 Q 9 O M L ,é L] ﬂRotate i} [ Subtract [ Imprint @ | €1 chamfer | ==~ | L o= Ruler x - W g vecuum b
Save Zoom : )
Paste Delete - Orient ~ [~ Mirrar Intersect = h v Units M e ateria
: X R ) s ™~ 3D G 2 Material
Desktop View Draw Model Simulation Results Automation a A
Project Manager o = @l E-gs Model
E|" Project1* E-47 Solids
(-8 HFSSDesign2 (DrivenModal)* E--g: vacuum
2L Definitions E|l_l_/| W
|2 Components (. Expand All
... Symbols =03 Sheets Collapse All
|7 Footprints -3 Perfec
: Select »
[0 Padstacks @-l#, Coordinate 5
|23 Models =] P.Ianes Edit 3
..[01 Packages -5 Lists
120 Materials Group 4
..|7 surface Materials Create 3D Component...
.| Seripts
& Assign Material...
View ¥
Properties...
Properties 1 x Create Array ...
Name I Value | Unit I Evaluated ‘u"aluel | Create Open Region ...
Name Box1 Update Open Region Padding...
Material "wacuum” "wacuum” Assign Boundary N
Solve Inside F Assign Excitation )
Origrtati Global
g on oba Assign Hybrid »
Mode! W Assign Mesh Operati »
Group Model ssign Mesh Operation
Display Wi... |_ Plot Fields >
Material A...
= [ Plot Mesh...
Color [ —
Trangparent 0 | Plot VRT...
[ |

Atribute I

i}

15

30 (mm)

Message Manager

Assign material

1 x

Pragress

[@ Hide 0 Messages ||™ Hide Progress




Substrate - Material

HF55  Tools  Window Help

[ ANSYS Electronic

B File Edit View Project Draw Modeler

H ¥ cut Undo  Select Edge - % @ +} Pan @), Fit an B a m @ |\ 9| @®  mamvoe |fg| P unite mspit | 5] | E Filet 9| & v @Measure - 3 Grid @ Model -
=53 Copy Redo S Select by Name ® .}. Rotate = '::_'\ Fit 5e B O 9 O fu 'L é L} ﬁ Rotate ﬁ L' Subtract E_.; Imprint | (3] | €0 Chamfer | ==~ = Ruler XY - || |:| vacuum o
save [, Paste 2 Delete = Zo::m @ orient - @ e M| @ L A | g Mirror Elh [ Int =] N 7| Ew v | Units 3D || (- = waterial
Desktop View Draw Model Simulation Results Automation 9 A
Project Manager o x E--f@ Model
E|-- Project1* &/ Solids

FRA_epoxy

- HFSSDesignl (DrivenModal)* :
d —-” Boxl

é 30 Components

’@ Madel

Select Definition X

Materials ] Material Fitters

Search Parameters

Search by Name Search Criteria Libraries [ Show Project defintions [~ Show all libraries
| * by Name " by Property [sys] AmoldMagnetics FS
| [sys] ChinaSteel

| Relative Pemittivity | | |EelDamet, ad

Relative Relative B~
/ e Lawien o Pemittivity Pemeability Cond
1 0
FR4_epoxy SysLibrary Materials 44 1 0
] gallium_arsenide SysLibrary Materials 125 1 0
| |GE GETEK ML200/RG200 ftm} SysLibrary Materials 39 1 0
| |GILGML1000 {tm}) SysLibrary Materials 312 1 0
] GIL GML1032 ¢tm) SysLibrary Materials 32 1 0
] GIL GML2032 ¢m) SysLibrary Materials 32 1 0
] GIL MC5 ¢m) SysLibrary Materials 32 1 0
] glass SysLibrary Materials 55 1 0
] glass_PTFEreinf SysLibrary Materials 25 1 0
: gold SysLibrary Materials 1 0.99596 41000000sie v
p . F— - . . — —— -
View/Edit Materials .. Add Material . Clone Material(s) Remove Materills) | Expott to Libary... | l ]

0 35 70 (mm)

Mef oK | cancd | hep |F_="-‘55 7 x

- (i) Mormal completion of simulation on server: Local Machine. (2:48:28 PM Apr 16, 2020)
_:5 HF55Design1: Solutions have been invalidated. Undo to recover. (3:01:41 PM Apr 16, 2020)
_;5 Adaptive Passes did not converge based on specified criteria. (3:09:08 PM Apr 16, 2020)

R PO A C I RN I, { - NSRS PR N SRR SRS [P | o o S <300 TR o A R L 07, 12 0, 1 N 1T B BT Y, 1

Ready Iy Hide 10 Messages || = Hide Progress
(3]




Radiated Part

- - Mo — *
= NS
Select: Edge - % @ b Pan @, Fit All 9 a8 @ |\ O|®  DPMove |fpg| [P unite M Spit | 5] | & Filet 9| e - @ Measure - FHE Grid * & Model -
® Select by Mamea " o a}. Rotate - ':::_'\ Fit Se 8 o 9 O fﬂ 1 AJ; L] EIDJ‘ Rotate EF'; [ Subtract @ Imprint | [3] | £ Chamfer | <>~ ' o= Ruler XY M |:| vacuum -
Zoom - a )
® - [ orient - me ™| O L | g Mirrer | G | (@ Inter = | B - | units 3D - G| B material
Desktop Wiew Drraw Model Simulation Results Automation [7] A
Project Manager o x EI--‘@ Model
=-EF Project1* E|._7 Solids
E1-¢8 HFSSDesign1 (DrivenModal)* -8 FR4_epoxy
é 3D Components E||_7 Box1
g Model ) CreateBox
@ Circuit Elements []--s Vacuum
+-EF Boundaries E|I:I Sheets
[+ B} Excitations L—‘_ll:l Perfect E
&% Hybrid Regions
.8 Mesh Operations | CreateRectangle
- JF Analysis [0 Coverlines
@ Optimetrics 3 RadPatch
=-FF Results | CreateRectangle
EJ s Parame Properties: Project] - HF5SDesign] - Medeler
#_ Gain Plot
@ Gain Plot| Command
&8 Gain Plot
+]-[f] Port Field Disg Name Value | Unit | Evaluated Value
ﬁ Field Overlay Command Create Rectangle
5--?ﬁR2dlahon Coordinate Sys... Global
fel-i Definibens Position /2 W/Z h 14 5mm _-15mm . 1.5mm
Puti Z
ASize L 2%mm
YSize W 38mm
[ |
0 35 70 (mm)
< >
Message Manager | > @ Progress a3 x
(i) Interpolati [~ Show Hidden -
(1) Normal c
1\ HFS5Des
A\ Adaptive 0K | Cancel -
Fa I B 2l

Mothing is selected

1y Hide 10 Messages || — Hide Progress

15PM




Radiated Part — Properties (Name, Color)

AMNSYS Electronics Desktop - Project] - HF55Design2 - 30 Modeler - [Project] - HF5SDesign2 - Modeler] — X
B File Edit View Project Draw Modeler HFSS Tools Window Help - 8 %
| I 4 Cut ¥) Undo  Select Edge - % [@ (% +} Pan @ | OMove | fpg| [P unite [m-Split | ] | @ Fillet 9| & - E@Measure - HEGrid * @ Model -
53 Copy (™ Redo ® Select by Mame 2 B G}:Rotate' n DE',R-Jtate fj‘:'; [, Subtract @ Imprint | £ Chamfer | <=~ gr." == Ruler xY - | |:| vacuum =
Save Zoom ) ) = )
[ Paste { Delete ® - [ orient ~ A | 4 Mirror = S| B - units 3D - B G | S material
Desktop View Drraw Model Simulation Results Automation (7] A
Project Manager 1 X EI--‘@ Model
= Project1*
&p HFSSDesign2 (DrivenModal)* =-&F Rogers RT/duroid 5870 (
=[] Definitions E||_._/‘ Box1
..... [Z Components a CreateBox
..... (2 Symbols I:I Sheets
..... [Z Footprints E|I:I Perfect E
..... (2 Padstacks -3 GND
..... (21 Models 1 CreateRectangle
..... (23 Packages : [ Coverlines
-0 Materials E|I:I Unassigned
----- |2 surface Materials
_____ [ Scripts Expand All
Collapse All
m-ls, Coordinate Syster
-4 Planes Select *
- Lists Edit >
Properties 3 x
Group ¥
Name | Value | Unit I Evaluated Value | | Create 3D Component...
Name Rectanglel
Orientation | Global M Assign Material... ;
Model £2 View >
Group Mode| Properties...
Display Wi... I_ .
Create Array ...
Material A... I_
Calor | Create Open Region ...
Transparent 0 | Update Open Region Padding...
Assign Boundary ¥
Assign Excitation ¥ I
Attribute | < Assign Hybrid > 0 20 40 (mm)
Message Manager s=uiNisniopeation o I = @ Progress 3 x
E|--- Project1 (C:/Users/ckk/Documents./Ansoft /) Plot Fields 3
@ HFS5Design2 (DrivenModal)
b Q Cannot create rectangle with zero length/width. (5:59:52 AM Apr 14, 202 Plot Mesh...
Plot VRT...

Edit properties for the current selection J Hide 1 Messages || = Hide Progress




Radiated Part — Assign Boundary- Perfect E

AMSYS Electronics Desktop - Project! - HFSSDesign2 - 3D Modeler - [Project] - HF35Design2 - Modeler]
B File Edit View Project Draw Modeler HFSS  Tools Window Help

I I # Cut ¥} Undo

53 Copy ™ Redo
[ Paste X Delete

() Select by Name
Save

Desktop View Draw Model

Project Manager a =

=& project1*

1.8 HFSSDesign2 (DrivenModal)*
-2 Definitions

----- D Components

----- [Z Symbols

----- [Z7 Footprints

[0 Materials
----- [Z3 Surface Materials

..... (27 seripts

Select: Edge &2 3
®

Simulation

Properties o =

Name | Walue I Linit IEvaIuated ‘u’aluel |

Name Rectangle1
Crientation | Global

Madel |7
Group Model

Display Wi... |_
Material A... |_

Calor ]
Transparent 0 |

AMtribute |

Message Manager

E|--- Project1 (C:/Users/ckk/Documents/Ansoft/)
E@ HF55Design2 (DrivenModal)

Assign Perfect E Boundary

@ (% + Pan @, Fit Al @4 E N o9 | @ BIMove | fg| [ Unite [ Split £ Fillet 9|k - eBMeasure - Grid *1 @ Model -
% -}Rotate hé @lFit Selected 8 O 9 'L A_J; L} ﬂRotate i? [y Subtract @ Imprint @ &1 Chamfer | === | L = Ruler Xy - |3 |:| vacuum -
Zoom ’ )
+ [ orient - M <« R L & g Mirror | G | [ Intersect = ot B v units 3D || (- A = Material
Results Automation N
B Model
47 Solids
=4 Rogers RT/duroid 5870 (
-7 Box1
I0) CreateBox
3 Sheets
=3 Perfect E
. E-E GND
‘I CreateRectangle
il Coverlines
=3 Unassigned
== o
Expand All Anisotropic Impedance...
Collapse All Aperture...
E-l, Coordinate Syster Finite Conductivity...
4% Planes Select
. Half Space...
-4 Lists Edit
Impedance...
Group Layered Impedance...
Create 3D Component... Linked Impedance...
£}  Assign Material... Lumped RLC...
Master... h §
View PerfectE..
Properties... Perfect H..
Create Array ... Radiation...
Create Open Region ... Slave...
Update Open Region Padding... Symmetry...
Assign Boundary PML Setup Wizard...
Assign Excitation I 5
L4 Assign Hybrid ] 20 40 (mm)
Assign Mesh Operation 3 x [ Progress a x

Q Cannot create rectangle with zero length/width. (5:59:52 AM Apr 14, 202
_:}, Invalid part name: Valid characters are letters, numbers, underscores. (6:0+

Plot Fields

Plot Mesh...

Plot VRT...

W Hide 2 Megsages || ™= Hide Progress




Feed Line

Project Manager T X EI"K'@ Model
=] 2020-Microstrip* E"p olids
& g3 HFSSDesign1 (DrivenModal)* Es FRA_epoxy
[-[20 Definitions = Box
L. CreateBox
| -4 vacuum
-3 Sheets
-2 Perfect E
3 GMD
- RadPatch
- Rectanglel
_ | CreateRectangle
L[ Coverlines

Properties: 2020-Microstrip - HF55Design1 - Modeler

Command
MName Walue | Lnit | Evaluated Value Description
Command CreateRectangle
u Coordinate Sys... Global
u Position Ls2 awfi2 h 14.5mm , -0.5mm , 1.5mm
| Ais z
| xSize Lamdag/4 15mm
: ¥ Size wi Tmm

[~ Show Hidden 0 35

oK I Cancel Apply

70 (mm)

Frogress




Feed Line— Assign Boundary- Perfect E

AMSYS Electronics Desktop - Project] - HFS5Design1 - 30 Modeler - SOLVED - [Project] - HFS5Design1 - Modeler]

B File Edit View Project Draw Modeler HFS5 Tools Window Help

| I , Cut  ¥) Undo  Select: Edge - @ + Pan @), Fit Al 848 5 MmO |\ 9@ Mo 1 Fillet 9| & - e@Measure - 3 Grid * m  Model -
53 Copy Redo S Select by Name = B s Rotate ~ Fit Selected 8 Q9 ﬁ:j O Ml a7 u D?Rotate 5 3 Chamfer | ===+ o= Ruler - IO g vecuum i
Save Zoom .
[ Paste X Delete ® - [ orient ~ me | O L A g Mirrar Nt B- o units - B G| B Materia
Desktop View Draw Model Simulation Results Automation (7] A
Project Manager o x @ C-4gs Model
-] Project1* 2P Solids
£ HFSSDesign1 (DrivenModal)* -4 FR4_epoxy
é 3D Components E|u_/‘ Box1
..... i Model ‘[ CreateBox
@ Circuit Elements -4 vacuum
+-EF Boundaries E|I:I Sheets
[ Excitations Ell:l PerfectE
éﬁ’ Hybrid Regions E| O3 GND
----- B8 Mesh Operations | | CreateRectangle
-JF Analysis 1 Coverlines
@ Optimetrics =) IZI RadPatch
=] Results Expand All Anisotropic Impedance...
ES 5 Parameter Plot 1 A
erture...
a_ Gain Flot 1 Collapse All .P- -
& Gain Plot 2 Select 5 Finite Conductivity...
- Gain Plot 3 Half Space...
Port Field Display EID Lumpe: Edit ? Impedance...
..... i -3 Fee
% Field Overlays = I Group > Layered Impedance...
[]---? Radiation -
-1 Definitions Create 3D Component... Linked Impedance...
m-le#, Coordinate Sy M Assign Material... Lumped RLC...
-5 Planes Master...
- Lists View » PerfectE..
ey Perfect H...
ey o Radiation...
Create Open Region ... Slave...
Update Open Region Padding... Symmetry...
Assign Boundary > PML Setup Wizard...
Assign Excitation 3 ]
. . 35 70 (mm)
Assign Hybrid >
Message Manager Assign Mesh Operation 3 1 @ Progress o x
(i) Interpolating frequency sweep complete. Converged. {2:48:28 PM Apr -
(i) MNommal completion of simulation on server: Local Machine. (2:48:28 Pl Plot Fields >
_ﬂ HF55Design 1: Solutions have been invalidated. Unda to recover. (3.0
_;3 Adaptive Passes did not converge based on specified criteria. (3:09:08 Plot Mesh...
R T TP OVt T, T SR SO TSR D! m hd
Plot VRT...

Assign Perfect E Boundary

1% Hide 10 Messages || = Hide Progress

319 PM
TUR

4/16/2020 54




Feed — Lumped Port

Project Manager 3 x Wl = Model
£ [EF 2020-Microstrip* E||_7 Solids
7§ HFSSDesign1 (DrivenModal)* . - FR4 epoxy
=-[27 Definitions =47 Boxl
ff) CreateBox

-5 vacuum
E|I:I Sheets
£} Perfect E
-0 GND
(- RadPatch
- Rectanglel
=53 Lumped Port

E|I:I Feed
e CreateRectangle
.0 Coverlines

Properties: 2020-Microstrip - HFS5Design - Modeler

Command
Name WValue I Uit I Evaluated Value Description
Command CreateRectangle
| Coordinate Sys... Global
| Postion Ls/2 -0.5mm Omm 29 5mm . -0.5mm . Omm
[ |Ads X
| YSize 1 mm Tmm
| |zsee h 1.5mm

[ |
0 a5 70 (mm)

=1

[~ Show Hidden Progress

QK I Cancel Apply




Feed — Lumped Port

AMSYS Electronics Desktop - Project - HFS5Design2 - 30 Modeler - [Project] - HFS5Design2 - Modeler]

B File Edit View Project Draw Modeler HFSS

Tools Window Help

ﬁ;j
sy

AN
T
.

@ | @ DIMove
n)_f u EE Raotate
A g Mirror

H Grid * @ Model -

* 13 [ vacuum -
- i G| S Materia

2N

| I , Cut ¥ Undo  Select Edge - w @ +} Pan @), Fit Al 8 a
53 Copy Redo &) Select by Mame ® % a}-Rotate - Fit Selected 8 Q
Save Zoom
[ Paste 2 Delete ‘@ « [ orient - @ =
Desktop View Draw Model Simulation Results Automation
Project Manager 1 x E--f@ Model
-3 Project1* B Selids
&3 HFSSDesign2 (DrivenModal)* (=-&F Rogers RT/duroid 5870 (
=-[Z1 Definitions E-47 Boxl
..... [Z1 Components ) CreateBox
..... (£ Symbals E|I:I Sheets
..... |27 Footprints |_=_|I:I Perfect B
----- [0 Padstacks E||:| feed
..... 21 Models ¢ bl CreateRectangle
..... [C1 Packages i [ Coverlines
E1-[20 Materials =+ GND
..... |23 surface Materials ; -1 CreateRectangle
----- (3 scripts =
553 radp Expand All
R Collapse All
Q g Select
=3 Unassigi
oo Ea
1 €
...... O Group
-2, Coordinate Syst Create 3D Component...
-2 P.Ianes Assign Material...
€2 Lists
View
Properties...
Create Array ...
Create Open Region ...
Update Open Region Padding...
Assign Boundary
Assign Excitation
£

Assign Hybrid

Message Manager

Assign Mesh Operation

Wave Port...
Lumped Port...
Floquet Port...
Terminal...
Incident Wave
Linked Field
Voltage...
Current...

Magnetic Bias...

@ Cannct create rectangle with zero length/width. (5:59:52 AM Apr 14, 24
_;} Invalid part name: Valid characters are letters, numbers, underscores. (6
M\ Boundary 'PerfE2": Boundary lost its assignment due to geometry modific
_;} Waming - Boundary "PefE1" and Boundary "PefEZ' overdap. (6:11:184

Assign a Lumped Port Excitation

A m B 4 9 08 A

Plot Fields

Plot Mesh...

Plot VRT...

I = @ Progress

-

W Hide 4 Messages || ™ Hide Progress
623 AM
4/14/2020 ES




B’ File Edit View Project Draw Modeler

H

Draw the part line. *When you are finished, the port edit dialog will Zoom

reappear.

!LH

Reference coordinate system is Global

Positioni(Reference) = [50, 0, 0]Jmm
Position2(EdgeCenter_85) = [50, 0, 0.5]mm
Cistance = 0.5mm

X Distance = Omm

' Distance = Omm

Z Distance = -0.5mm

Angle(P20 - P10) = 0.5729386977deg

Close

500hm- NewlLine

Feed — Lumped Port

AMSYS Electronics Desktop - Project] - HF35Design2 - 30 Modeler - [Project] - HF55Design2 - Modeler]

HF35  Tools Window Help

+ Pan Fit Al

S Rotate ~ Fit Selected |

- . Orient =

esults Automation

= | @r O~
A -
\v -

60 Measure

== Ruler

= Grid
A

In Plane

* m Model -
- I g vacuum =
- |j (1 = Materia

N

Model

P Solids

-4 Rogers RT/duraid 5870 (

E|._T/' Box1

: o ) CreateBox
E|IZI Sheets

-3 Perfect
-3 feed
| CreateRectangle
[ Coverlines
3 GND
I CreateRectangle
: [ Coverlines
E|I:I radpart
(I CreateRectangle
.. Coverlines
- Unassigned

E|I:I Rectanglel
| CreateRectangle
[ Coverlines
f-1#, Coordinate Systems
H-4= Planes

i€ Lists

HoTd '®', "', or '2' key to constrain relative movement.

Using F3/F4 to toggle hetween point and dialog entry mode.

Uze context menu to choose In Plans movement, 0

Message Manager

a Cannot create rectangle with zero length.fwidth. (5:59:52 AM Apr 14, 2020)
_:}, Invalid part name: Valid characters are letters, numbers, underscores. (6:04:43 AM Apr 14, 2020)

_:L Boundary ‘PerfEZ": Boundary lost its assignment due to geometry modifications and has been deleted. (6:10:44 AM Apr 14, 2020)
_:L Waming - Boundary ‘PefE1" and Boundary ‘PefE2’ overdap. (6:11:18 AM Apr 14, 2020)

Enter the vertex

o ] @ ﬂ

o = @ Progress

s

W Hide 4 Messages || — Hide Progress | di: 0 dy:

6:24 AM

471472020 E5



Radiation

ANSYS Electronics Desktop - Project] - HFS5Design1 - 30 Modeler - SOLVED - [Project] - HFS5Design1 - Madeler] - x
W7 File Edit View Project HF55  Tools Window Help = S
I I 4 Cut  ¥) Undo  Select Edge ® @ +} Pan @), Fit an B a m @ |\ 9| @®  mamvoe |fg| P unite mspit | 5] | E Filet 9| & v @Measure - 3 Grid @ Model -
53 Copy (¥ Redo ® Select by Mame = é -}: Rotate = '::_'} Fit Selected 8 O fu 'L hf, L] DD; Rotate ﬁ L' Subtract @ Imprint ':.’!“ £ Chamfer | ===~ .’ = Ruler XY - || |:| vacuum =
Save Zoom _— .
[ Paste X Delete & - [ orient ~ m e o i > | g Mirror | fli | (@ intersect = Sor| B+ units 3D || (- = & Material
Desktop View Draw Results Automation 9 A
Project Manager Ef@ Maodel
E|" Project1* E||_7 Solids
E1-g HFSSDesign1 (DrivenModal)* -8 FRA_epoxy
g9 3D Components =47 Box1
..... 8 Model Q) CreateBox
@ Circuit Elements 5 vacuum
#-EF Boundaries E||_7 %Phere1
-8 Excitations g L) CreateSphere
ﬁ Hybrid REgIOI:'IS Properties: Project] - HFS5Design1 - Modeler
----- B Mesh Operations
[]"'ﬁ Analysis Command I
@ Optimetrics
MName Value I Unit I Evaluated Value
Command CreateSphere
Coordinate Sys... Global
ﬁ Gain Plat 3 = Center Postion (0,0 .0 mm Omm , Omm , Omm
& Port Field Display = Radius Lamda 125mm
2 % Figld Overlays
[]---? Radiation
20 Definitions
£ >
I Show Hidden
[ |
o 100 200 (mm)
0K I Cancel | Apply I
Message Manager a3 =
(1) Interpolating frequency sweep complete. Converged. (3:09:08 PM Apr 16, 2020) “8 Project] - HFSSDesignT - Setupl: Adaptive Pass #3 - Solving single frequency for adaptive meshing ... on Local Machine - RUNNING
(i) Momal completion of simulation on server: Local Machine. (3:09:08 PM Apr 16, 2020) | » |
_:5 HF55Design1: Solutions have been invalidated. Undo to recover. (3:22:37 PM Apr 16, 2020)

Iy Hide 11 Messages || = Hide Progress




Assign Boundary - Radiation

ANSYS Electronics Desktop - Project] - HFS5Design2 - 30 Modeler - [Project] - HFS5Design2 - Modeler] — X
B File Edit View Project Draw Modeler HFSS Tools Window Help - 8 x
I I 4 Cut  ¥) Undo | Select: Edge - ® @ < Pan @, Fit Al 9 a8 E Q@ |\ | @ [MMove |fg| D Unite  mSplit | [ | (O Filet G|+ @ Measure - 3HEGrid *H @ Model -
E3 Copy (™ Redo Select by Name B B hRotate - @ FitSelected [ @ C) | @ M | L £ | =  pFRotate | §F| [ Subtract [ imprint | [F] | £ chamfer | ==~ | L o= Ruler Ny - 3 g vacuum M
Save Zoom — » )
[ Paste X Delete ® « [ orient ~ me | & L & g Mirror | Gy | (D Intersect = S| B - units 30 < || - = material
Desktop View Draw Model Simulation Results Automation o A
Project Manager 1 x EI--‘-'@ Model
EI" Projectl® E||_._/‘ Solids
& HFSSDesign2 (DrivenModal)* Es Rogers RT/duroid 5870 (
-2 Definitions
----- D Components
----- [Z] symbals -
..... i o7 -
..... g ::::;: L0 Expand All Anisctropic Impedance...
..... [Z3 Models -3 Sheets Collapse All Aperture...
..... [ Packages IZI Lumpe: Select R Finite Conductivity...
- Materials =3 Perfect Half Space...
..... (23 surface Materials B feec Edit 2 Impedance...
..... |2 Scripts
Group > Layered Impedance...
Create 3D Component... Linked Impedance...
Assign Material... b =
Master...
View ’ Perfect E...
] Bopetis= Perfect H..
12, Coordinate Sy: AT Radiation...
&5 Planes Create Open Region ... Slave...
B9 Lists i .
Update Open Region Padding... Symmetry..
Assign Boundary > PML Setup Wizard...
Assign Excitation b
Assign Hybrid >
Assign Mesh Operation >
Plot Fields >
Plot Mesh... [ ]
< 0 100 200 (mm)
Plot VRT...
Message Manager I = @ Progress a3 =
Q Cannot create rectangle with zero lengthi/width. (5:59:52 AM Apr 14, 2020) -

L Invalid part name: Valid characters are letters, numbers, underscores. (6:04:43 AM Apr 14, 2020)
J} Boundary "PerfEZ’; Boundary lost its assignment due to geometry modifications and has been deleted. (6:10:44 AM Apr 14, 2020)
M\ Waming - Boundary "PerfE1" and Boundary "PerfE2' overlap. (8:11:18 AM Apr 14, 2020)

W Hide 4 Messages || = Hide Progress




HFSS-Radiation-Insert Far Field Setup — Infinite Sphere

AMSYS Electronics Desktop - Project] - HFS5Design2 - 30 Modeler - [Project] - HFS5Design2 - Modeler] - *
B File Edit View Project Draw Modeler HFS5 Tools Window Help - 8 x
H I 4 Cut  ¥) Undo  Select: Edge Solution Type... 9 a B @ |\ | B Mmoe |fjg| P unite mspit | B | & Filet 97| & - e@Measure - FEGrid *H m  Model -

23 Copy (¥ Redo | (B Select by Name List... 9090 @ M| L £| =« | gFroate | {F| [ subtract [@ imprint | [B) | £ Chamfer | =~ | L = Ruler I - T g vacuum M
e [ Paste X Delete & Validation Check.. me R | O L A& | g Mirror | G | [ Intersect = Nt B v | units 3D - B G| S Material
1] " vze A
Desktop View Draw Maodel Sim ~ SrEERL N
Submit Jeb...
Froject Manager a BT z
t Motes...
E|-- Project1® 1 1t Hotes
7 HFSSDesign2 (DrivenModal)* Toolkit
-2 Definitions
_____ |23 Components 3D Model Editor
..... 123 Symbols Set Object Temperature...
""" {21 Footprints Design Settings...
----- |21 Padstacks
..... 123 Models Model
..... |2 Packages Boundaries
- Materials Excitations
----- |23 surface Materials Hybrid
..... 123 Scripts
Mesh Operations
Analysis Setup
Optimetrics Analysis
Fields
Radiation Insert Far Field Setup > Infinite Sphere...
Results Insert Near Field Setup > Antenna Parameter Overlay...
Boundary Display (Solver View) T T SR
Compute Antenna/Max Params...
Design Properties...
Design Datasets...
[ ]
< 0 100 200 (mm)
Message Manager 1 = @ Progress 1 =
Q Cannot create rectangle with zero length/width. (5:59:52 AM Apr 14, 2020) -

_:5 Invalid part name: Valid characters are letters, numbers, underscores. (6:04:43 AM Apr 14, 2020)
L Boundary "PerfEZ": Boundary lost its assignment due to geometry modffications and has been deleted. (6:10:44 AM Apr 14, 2020)
_:5 Waming - Boundary 'PerfE1" and Boundary "PefEZ' averap. (6:11:18 AM Apr 14, 2020)

Mot enough memory reserve!

J Hide 4 Messages || ™ Hide Progress




HFSS-Radiation-Insert Far Field Setup — Infinite Sphere

B ANSYS Electronics Desktop - Project - HF55Design2 - 30 Mo - - x
B File Edit View Project Draw Modeler HFS5  Tools
I I 4 Cut  ¥) Undo | Select: Edge - ® @ < Pan @, Fit Al 9 a8 E Q@ |\ | @ [MMove |fg| D Unite  mSplit | [ | (O Filet G|+ @ Measure - 3HEGrid *H @ Model -
E3 Copy (™ Redo ®Se|e-:t by Mame ® & d}nRotate' QFitSelected 8 O 9 O f[] 1 5 L] D?Rotate ﬁ By’ Subtract @Imprint ”-‘; 0 Chamfer | <==~] L == Ruler XY - || |‘_‘| vacuum M
Save Zoom = » )
[ Paste X Delete - [ orient - me x| O | A g Mirror | Gy | (D Intersect = SNt B - units 3D B G B wateral
Desktop View Draw Model Simulation Results Automation o A
Project Manager 1 x EI--‘-'@ Model
EI" Projectl® E||_._/‘ Solids : =
: @ HFSSDesign2 (DriventModal)* Es Rogers RT/duroid 5870 ( Far Field Radiation Sphere Setup
E1-23 Definitions E|u_/‘ Box1 = _ o
_____ (2 Components L) CreateBox Infinite Sphere ]Coordlnate System] Radiation Surface
..... [Z] symbals E-s_ vacuum
""" {1 Footprints E‘"‘_) %Fherﬂ Name |Ir|fin'rte Sphere1
..... (23 Padstacks : i) CreateSphere
..... [ Models =3 Sheets PHi
..... [ Packages -3 Lumped Port
-2 Materials E|IZI Perfect B Start |D |deg j
----- |23 Surface Materials -3 feed
..... (23 Scripts | CreateRectangle Stop |3G’D' |deg ﬂ
[ Coverlines )
=1 GND Step Size |5 |deg j
_| CreateRectangle
[ Coverlines Theta
3 radpart
-~ CreateRectangle Start |ﬂ. |deg j
[d Coverlines
g1, Coordinate Systems Stop |3€D |deg j
-4 Planes
B Lists Step Size |4l |deg ~|
Save As Defaults | View Sweep Points... |
oK | camcel |  Hep |
I ]
< > 0 100 200 (mm)
Message Manager 0 = @ Progress a3 =
Q Cannot create rectangle with zero lengthi/width. (5:59:52 AM Apr 14, 2020) -

L Invalid part name: Valid characters are letters, numbers, underscores. (6:04:43 AM Apr 14, 2020)

J} Boundary "PerfEZ’; Boundary lost its assignment due to geometry modifications and has been deleted. (6:10:44 AM Apr 14, 2020)
M\ Waming - Boundary "PerfE1" and Boundary "PerfE2' overlap. (8:11:18 AM Apr 14, 2020)




Radiation- No view

_:3 Invalid part name: Valid characters are letters, numbers, underscores. (6:04:43 AM Apr 14, 2020)
1\ Boundary 'PerfE2": Boundary lost its assignment due to geometry modifications and has been deleted. (6:10:44 AM Apr 14, 2020)
_:3 Waming - Boundary "PerfE1" and Boundary ‘PefEZ" overdap. (6:11:18 AM Apr 14, 2020)

Mothing is selected

SYS Electronics De g gn2 - 3 ectl - H 2 ele o
B File Edit View Project Draw Modeler HFSS Window Help
| I 4 Cut ¥ Undo  Select: Edge - % e 4 Pan @) Fit Al e a E@ |\ 9| ® DM |fg| @ unite @ Split = | €3 Finet 97| v @ Measure - Grid o Model -
3 Copy Redo S Select by Name ® ® hRotate ~ | G Fitselected [ @ S | @ M| L L | = | gFrotate | [F| [ subtract [§ imprint | (] | £ chamfer | ==~ | o= Ruler Xy - IO g vacuum -
5 Z
e [ Paste ¢ Delete & eom @ orient - e k| O L A | g mirror | G | [ Intersect = N7 B v | Units 3D || (- & Material
Desktop View Drraw Model Simulation Results Automation 7] A
Project Manager Active View Visibility: Project] - HFS5Design2 - Modeler *
Z
B Project1*
= -%;“HFSSDesignz (DrivenModal)* 3D Modeler ]Color Keys ] Amray Setup | Boundaries | Excitations ] FieldsReporter]
=
g 3D Components / Name | visibilty
..... e @ M.ode.l T [Baxd
@ Circuit Elements 7 [feed
-EF Boundaries ~lonn
-8 Excitations 1
& Hybrid Regions _radpart
B Mesh Operations | * |Rectanglel
..... }? Analysis i Sphere1
.{E Optmetrics
Results
Port Field Display
Mg Field Overlays Name |
[]---? Radiation
=-[Z1 Definitions
----- D Components
_____ P [ Done |
..... (2] Padstacks []---IA Coordinate systems
..... (23 Models -4 Planes
..... [ Packages - Lists
(L1 Materials
----- (2 surface Materials
..... (2 Scripts
[ I
< > 0 100 200 (mm)
Message Manager I @ Progress 3 x
Q Cannot create rectangle with zero length/width. (5:59:52 AM Apr 14, 2020) -

J Hide 4 Messages ||~ Hide Progress




J

Parametrik degerlerin degistirilmesi

| I 4 Cut ¥ Undo  Select Objedt ~ & [@ (% + Pan @), Fit An B a @ |\ )| @ | MmMove |fpg| P unite mspit | B | € Fillet - & - i@ measure - HEGrid * @ Model
53 Copy ™ Redo (5 select by Name B ® -}iRotate - ':::_'5 Fit Selected 8 J 9 O M A ] D?Fl-:tate ﬁ‘:'_; [ Subtract [ Imprint (=] | E0 chamfer | ===~ e = Ruler XY - 1 [g vacuum
Save Zoom .. :
4 Paste X Delete & - [ orient ~ M e R | & L & | g Mirror | i | (9 Intersect = S| e - | wnits 3D il | A = Material
Desktop View Drraw Model Simulation Results Automation
Project Manager 1 x |_—‘_|-.:_ Model
- 2020-Microstrip* i Selids
- R HFSSDesign1 (DrivenModal)* . -8 FR4_epoxy
-0 D E||_7 Box1
! a CreateBox
| -8 vacuum
-3 Sheets
-3 Perfect E
Properties: 2020-Microstrip - HF gD esign
Local Varables |
& Value " gPptimization / Design of Experiments £ Tuning " Sensitivity " Statistics
Namel I Value I Unit | Evaluated Value Type Description I Read-only I Hidden I
wf L 1 mm 1mm Design [ |_
Lamda 125 mm 125mm Design [ ~
L 25 mm 25mm Diesign I_ I_
Lamdag 60 mm &0mm Design |_ |_
Lg Lamda 125mm Design [ |_
w 38 mm | 38mm Design [ ~
Wg Lamda 125mm Design [ ~
h 15 mm 1.5mm Design |_ |_
Ls 59 mm 59mm Design [ |_
Ws 53 mm B8mm Design [ ~
L4 >
- v Show Hidden
Add... Add Amay.. Edit... Bemove ¥ |
oK I Cancd Lpply [ |
0 a5 70 (mm)




AMSYS Electronics Desktop - Project! - HF55Design2 - 30 Modeler - [Project] - HF35Design2 - Model
B File Edit View Project Draw Modeler HFSS Tools Window Help

I I / Cut ) Undo  Select: Edge - w (@ +} Pan @, Fit An

E3 Copy ' Redo (5 select by Name ® B «Fu Rotate - ':::_'h Fit Selects
Save Zoom
DE Paste X Delete & - - Orient =
Desktop View Drrawe Model Simulation Results Automation
Project Manager o = E--f@ Model
= Project1* £l Solids
£ €} HFSSDesign2 (DrivenModal)* =4 Rogers RT/duroid 5870 (
é 3D Components E||_7 Box1
..... ‘ @ Madel i CreateBox
@ Circuit Elements Es vacuum
+-EF Boundaries E|I_:J %Fhere'l
[--E} Excitations L)y CreateSphere
ﬁ Hybrid Regions E||:| Sheets
----- BH Mesh Operations IZI Lumped Port
..... & W =1 Perfect E
@ op| & Paste Ctrl+V £ feed
- Re . ----- 1 CreateRectangle
[ Por O Add Solution Setup... _____ LT Coverlines
..... Fie List... == GND
[3...";7 Ra Anahze Al ----- _| CreateRectangle
J H .
=123 Definiti - . [0 Coverlines
_____ 23 cor Revert to Initial Mesh 5B radpart
..... 3 syr Apply Mesh Operations -~ CreateRectangle
..... C Li
""" (2 Fox Clear Linked Data . L Coverlines
..... oordinate ems
3 Pa . Coordinate Syst
----- [ Mo Metwork Data Explorer... ¥ Planes
B Lists
----- Pac
i g Ma Create Savant Project...
_____ [£3 sur Create EMIT Project...
..... (17 scripts

Analysis

Driven Solution Setup
General |0ptiuns I Advanced I Hybrid I Expression Cache | Dervatives I Defaults I

Setup Name

| Enabled [~ Solve Ports Only

— Adaptive Solutions
Solution Frequency: ¥ Single i~ Multi-Frequendes i~ Broadband
Frequency | 2.45 GHz LI
Maximum Mumber of Passes I &
%" Maimum Delta S I 0.02
™ Use Matrix Convergence Set Magnitude and Phase. .,

lUse Defaults |

HPC and Analysis Options...

oK I Cancel



Project Manager
=] Project1*

=g HFSSDesign2 (DrivenModal)*
459 3D Components

----- Ei Madel

- Analysis

..... Results
[#-[f Port Fiel
----- Field Cw
|§;|---§J Radiation
=1-[Z3 Definitions

----- (L1 Symbols
----- |:| Footprin
----- (2 Padstad
----- [C1 Models

@ Circuit Elements
+-EF Boundaries
(B Excitations
5P Hybrid Regions

..... BH Mesh Operations

X

7 x @ Sl Model

ST E3 Copy
I@ Optimetr F e

Paste

Rename

Delete

Properties...
Disable Setup
Add Frequency Sweep...

Analyze

Submit Job...

Revert to Initial Mesh

Add Mesh Linked Solution Setup
Apply Mesh Operaticns

Clear Linked Data

Create Quick Report...
Perform FFT on Report ...
Perform TOR on Report ...

B4 Solids

-4 Rogers RT/duroid 5870 (
B Boxl
E e 0] CreateBox
-4 vacuum

=47 Spherel

-3 Sheets

IZI Lurnped Port

-3 Perfect E

Ctrl+C EEdc ectan
Ll CreateRectangle

Ctrl+V ] Coverlines

F2 iND

Ll CreateRectangle

] Coverlines

adpart

LI CreateRectangle

g Coverlines

Delete

Systems

Analysis

Edit Frequency Sweep

General | Interpaolation I Defaults I

Sweep Mame:

Sweep Type:

—Freguency Sweeps [251 paints defined]

I Interpolating

[ Enabled

Distribution

I8 | inear Count

Points

Add Above

Add Below

Delete Selection

Preview ... |

Time Domain Calculation... |

Cancel




Project Manager
=] Project1*

Test: Return Loss, S11

o x

£1-&f HFSSDesign2 (DrivenModal)*

@ Circy
- Bour
B Excil

G-I Port
----- Field

-~ Radi

=27 Definitior

é 30 Comnmmante

Create Modal Sclution Data Report
Create Fields Report

Create Emission Test Report

Create Far Fields Report

Create Antenna Parameters Report

Create Report From File...
Delete All Reports
Report Ternplates

Uzer Defined Solutions...
Create User Defined Solution

Dataset Solutions...
Output Variables...

Link Output...
Update All Reports
Open All Reports

Create Document

Create Quick Report...
Perform FFT on Reoort ...

B Model

547 Solids

El! Rogers RT/dureoid 5870 (

=7 Boxl

Ctrl+V I ﬂ CreateBox

>

¥

¥

Rectangular Plot
Rectangular Stacked Plot
Polar Plot

Data Table

Smith Chart

3D Rectangular Plot

3D Polar Plot

3D Spherical Plot
Rectangular Contour Plot
Smith Centour Plot

i

? | CreateRectangle
& Coverlines
£ Systems

) Report: Project] - HF55Design - Mew Report - Mew Trace(s)

Context
Solution: |5E1J_|p 1: Sweep j
Domain: |S-.-'-.'EE|:| ﬂ

| en o

|Ipdate Report

[v Real ime

Cutput Variables. .. | Dptic:ns...|

Trace l Families ] Families Display ]

Primary Sweep: |Freq

|| Al

=
]
]
Range
Function...

X [v Default | Freq

v:  |dB(S(L,1)

Category: Quantity: al Function:
Variables <none =
Output Variables ang_deg
e — e feg va
¥ Parameter ang_rad
Z Parameter arg
VSWR cang_deg
Gamma cang_deg_val
Port Zo cang_rad
Lambda
Epsilon dB 10normalize
Group Delay dB20normalize
Active 5 Parameter dBc
Active ¥ Parameter irri
Active Z Parameter mag
Active VSWR normalize
Passivity re
Design

\y

~N
Mew Repaort

Close




0.00

-12.50

dB(5(1,1))

-25.00

-37.50

Test S11

S Parameter Plot 1

HFSSDesign1 4

Curve Info

— dB(5(1,1))
Setup1 : Sweep

Freq [GHZ]




Test — Pattern

T —— |
lel [ Paste Ctrl+V
UZ Create Modal Solution Data Report -]
n
ta Create Fields Report ]
ric Create Emission Test Report ¥
hi Create Far Fields Report ] Rectangular Plot
Iy: Create Antenna Parameters Report ] Rectangular Stacked Plot
SE
I Create Report From File... Radiation Pattern
im [ Delete All Reports Bl
ﬂ 3D Rectangular Plot
>
.5 Report Templates D Polar Plat
£ User Defined Solutions... 3D Spherical Plot
IR
ic Create User Defined Solution H] Rectangular Contour Plot
iaf Dataset Solutions... ‘ F
e
pe Output Variables...
ibg Link Cutput...
el
ot Update All Reports
el Open All Reports
G? Create Document ¥
eri
ac Create Quick Report...
o Perform FFT on Report ...
T T T T T T T

Perform TDR on Report ... 2_;'25 2_'5
- Solution Data...

Tune Reports ...
B 52 Browse Solutions... difications and has been deleted. (6:10:44 AM Apr 14, 2|
W ) 18 AM Apr 14, 2020)
gj ! Clean Up Solutions... AM Apr 14, 2020)
A Import Solutions... using HFSS - Solving Digtributed. (6:45:50 AM Apr 14, 2{
] Apply Soched Variation... -

Project1*

&€ HFSSDesign2 (DrivenModal)*

@ Circu
f-EF Boun
r|- %3 Excits

+....I+]

[

=
=
=)
o

e

[

&[] Portl
----- Field
|§;|---§J Radiz

223 Definitior

:55age Manager

A g
Az

é 30 Crrmnnnante

Create Modal Solution Data Report
Create Fields Report

Create Emission Test Report

Create Far Fields Report

Create Antenna Parameters Report

Create Report From File...
Delete All Reports
Report Templates

User Defined Solutions...
Create User Defined Solution

Dataset Solutions...
Output Variables...

Link Qutput...
Update All Reports
Open All Reports

Create Document

Create Cuick Report...
Perform FFT on Report ...
Perform TOR on Report ...

Solution Data...
Tune Reports ...

Browse Solutions...

0.00
Ctrl+V

»

»

»

* Rectangular Plot

» Rectangular Stacked Plot
Radiation Pattern
Data Table
3D Rectangular Plot

»
3D Polar Plot
3D Spherical Plot

] Rectangular Contour Plot

»

T T T T | T T T T
225 2.50

difications and has been deleted. (6:10:44 AM Apr 14, 202
18 AM Apr 14, 2020)



Test — Pattern

Max: 3.4 Gain PlOt 1

5

0
dB(GainTotal)
0

Qeta (deg)

120

dB(GainTotal)

-25

Min: -23.3




Test: E-Pattern

@b
B File Edit View Project Report2D HFS5 Tools Window Help
| I . Cut  ¥) Unde  [T] Docking Windows ~ & Zoom In @), Fit Al
23 Copy Redo W Layouts Bl zoom out [
Save Zoom Pan
[ paste ¢ Delete
Desktop View Simulation Results Automation 7] A
Project Manager o x Gain Plot 2 HFSSDesign2
E‘" Project1* " Curve Info &
£-## HFSSDesign2 (DrivenModal)* dB(GainTotal)
'g 30 Components Setup1 : LastAdaptive
_____ P @ Model Freq="3GHz' Phi="0deg"
- = dB(GainTotal)
@ Circuit Elements ® Setup : LastAdaptive
=-EF Boundaries Freq="3GHZ Phi=5deg’
[+ Exdtations Context o o — dB(GainTotal)
&P Hybrid Regions ontex Trace Famiies | Families Display Eetupja:gL:;Lsggg}g; )
Solution: . : req= 1=10deg
----- BB Mesh Operations Setupl:lastAdaptive v Families : 1 available dB(GainTotal)
=" i ., r _— Setup1 : LastAdapti
= ﬁ Anag":;pl Geometry: |Infinite Spherel - (+ Sweeps (~ Available variations Freuqz'aeb-?j' Ph?:l:',g:eg'
W Variable Value Edit — dB(GainTotal)
@ | Sweep | Setup1 : LastAdaptive
Optime trics Freq="3GHZ Phi="20deg’
i x
= Results Freq 3GHz Use all values J —— dB(GainTotal)
E " Select values Setup1 : LastAdaptive
- sParameher Plot 1 Freq=3GHz Phi=25deg’
£+ dB(S(1,1) — dB(GainTotal)
Q_ Gain Flot 1 Setup1 : LastAdaptive
# dB(GainTotal) Freq="3GHz Phi="30deg’
. —— dB(GainTotal)
E‘® Gain Plot 2 Setup1 : LastAdaptive
#+ dB(GainTotal) Freq="3GHzZ Phi=35deg’
- Port Field Display —— dB(GainTotal)
----- I-E Field Overlays Setupj : LasTAdg[_)tlve .
T 25deq W Freq="3GHz Phi='40deg
[ZI---‘;’ Radiation —— dB(GainTotal)
-[Z1 Definitions Select All | Clear All | Setup? : LastAdaptive
_____ [:l Components Freq="3GHz Phi='45deg |
..... 123 Symbols Sweep: (¢ Default J
. T
----- [Z3 Footprints Update Report . | 5 |
Nominals: »
""" 2 Padstacks [¥ Real time
----- 23 Models
----- [_1 Packages
{23 Materials Qutput Variables... | Options... | New Report | Apply Trace | Add Trace | Close
..... I ﬁ Eﬁiﬁ Hiﬁiii b
Message Manager 1 = @ Progress 1 =
_g Boundary "PerfEZ": Boundary lost its assignment due to geometry modffications and has been deleted. (6:10:44 AM Apr 14, 2020) -

_E Waming - Boundary 'PerfE1" and Boundary "PefEZ' averap. (6:11:18 AM Apr 14, 2020)
Q Simulation was aborted by user on server: Local Machine. (6:41:53 AM Apr 14, 2020)
(i) An interpolating frequency sweep with 451 points has been started using HFSS - Solving Distributed. {6:45:50 AM Apr 14, 2020)

T P P P B S S 4 irAC.ER ARA Ao 4& mnam

651 AM

4/14/2020 ES




Test: E-Pattern

Gain Plot 2 HFSSDesign1 4

0 Curve Info

—— dB{GainTotal)
Setup1 : LastAdaptive
Freg="2.45GHz' Phi="0deg"

-180



Test: H-Pattern

(]

B File Edit View Project Report2D HFSS Tools
| I 5 Cut

[T] Docking Windows = % @ zoom In |$|
53 Copy Redo .‘ Layouts = aZoom Out

Save Zoom Pan
[ Paste X Delete

Window Help
¥) Undo

@, Fit Al

@ Fit Sel

Desktop View Simulation Results Automation

@ N

Project Manager f ®
=+ Project1*
E1-¢ HFSSDesign1 (DrivenModal)*
é 30 Components
..... ‘g Model
@ Circuit Elements
[-EF Boundaries
-8 Excitations
& Hybrid Regions
..... BH Mesh Operations
[—]ﬁ Analysis
54 Setupt

Results
B 5 Parameter Plot 1

. dB(GainTotal)
Port Field Display

. % Field Overlays
[]---@’ Radiation

20 Definitions

Gain Plot 3

0

&

Context
Solution: |Setu|31 : LastAdaptive ﬂ
Geometry: |Infinite Sphere |

Update Repart

Iv Real time

Qutput Variables. .. | Oph’ons...|

Trace Families l Families Display ]

Families : 1 available

f* Sweeps ( Available variations

Variable Value Edit

HFSSDesign1 4

Curve Info

—— dB(GainTotal)
Setup : LastAdaptive
Freq="2.45GHz" Phi="80deq"

| " Use all values

(* Select values

=

Select Al |

W

Clear Al |

Sweep: (* Default

]

Mominals: | L, Lamda, Lamdag, W, h, wf ﬂ

New Report| Apply Trace | AddTrace|

Message Manager

(i) Interpolating frequency sweep complete. Converged. (3:09:08 PM Apr 16, 2020)

(i) Momal completion of simulation on server: Local Machine. (3:09:08 PM Apr 16, 2020)

I\ HFS5Design 1: Sclutions have been invalidated. Undo to recaver. (3:22:37 PM Apr 16, 2020)
I\ Adaptive Passes did not converge based on specified criteria. (3:23:26 PM Apr 16, 2020)

T P SRR . 1 - SR U SR SR SUUR PP 1 TS < TR P ORI L 1. T T T T T T ST Y, E 1)

Ready

0 = M Progress

-

1 Hide 15 Messages || = Hide Progress | Ang

1040111 | Mag




Test: H-Pattern

Gain Plot 3 HFSSDesign1

0 Curve Info

—— dB({GainTotal)
Setup1 : LastAdaptive
Freq="2 45GH=z Phi="90deg"

-180



SQUARE PLANAR MONOPOLE ANTENNA



Square Planar Monopole Antenna

1991 yilinda Honda tarafindan dizlemsel bir disk tekel anteni
incelendi.

Japon televizyonlariicin bu anteni (90-770 MHz) gelistirdi.

1992'de tum S, C, X ve Ku bantlari icin geri donus kaybi 10
dB'den fazla olan, yani 1:18 bant genisligi oldugunu bildirdi.

Diuzlemsel bir monopol, geleneksel bir monopolun tel
elemaninin bir dizlemsel eleman ile degistirilmesiyle
gerceklestirilir.

Kare olan duzlemsel eleman, bir toprak dizleminin Gzerine
verlestirilir ve bir SMA konektoru kullanilarak beslenir.



Monopole Antenna Types

BW=2:1 BW=6.4:1

BW=3.8: | BW=3.8:1 BW=3.8: 1 BW=23:1

(a) square (b) notching (c) beveling (a) step rectangular (b) circular (c) octagon (d) spline-shaped

top metal
substrate
—— ——
BW=9.5:1 BW=8.3:1 bottom metal
(d) beveling+shorting (e) double feed (f) trident-shaped feed

BW=3.2: 1 BwW=3.2:1 BW=3.8:1
(e) U-shaped (f) Knight’s helm (g) two steps circular



Square Planar Monopole Antenna

W
A= - |
= ) W
W = 0.3\ |
W, —T|7_Ih_
h=002" e

Konnektor capi 0.01A alinir.
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Gain (Far Field report — 3D Polar Plot)

Gain Plot 1

dB(GainTotal)




E-Pattern (90derece)

Gain Plot 2 HFSSDesign1  #

0 Curve Info

— dB({GainTotal)
Setup1 : LastAdaptive
Freq="2 45GHz Phi=0deqg"

-180



H-Pattern (O derece)
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Dipole Antenna



Dipole Antenna Design

Konnektor capi 0.01A alinir.
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Gain (Far Field report — 3D Polar Plot)
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E-Pattern (90derece)
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H-Pattern (Oderece)
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Anten Parametreleri Olctimu:

Isima Paterni

S11-Return Loss, VSWR
Gain



Adapters

PCB Connectors

Konnektor Tipleri

Female



Measurement methods

Vector Network ananlyzer

‘ Impedance matching measurements

Antenna under test Horn

it

Directional coupler

VNA

Radiation measurements ‘




Yansimasiz Oda




Radome

Bu nedenle, anten sistemini havanin bu olumsuz etkilerinden, dis erisim tehditlerinden korumak icin radom
kullanihr.

Radom, anten Uzerinde olumsuz etkiler yaratan toz, su, su buhari, riizgar, bocekler, partikiller, gines radyasyonu,
vs.den anteni korur. 250 km/saat riizgar hizina dayanabilmelidir.

Radomun i¢ sicakligi -50 — +60°C olmasi durumunda calisabilmelidir. Isitma yapilacaksa tamamen kuru havayla
yapilmalidir. Radom Uzerine ¢cok yagis distuglinde antenin diseydeki polarizasyonu kaybolur.

Onemli olan kilifta kullanilan malzemenin elektromanyetik dalgalarin gecisine olabildigince uygun olmasidir.
Bu yapinin adi RAdar DOMe (yani radar-kubbe) kelimelerinden tiretilmistir.

Bu koruyucu kaplama, elektromanyetik dalgalari olabildigince az yansitmali, sogurmali (absorbtion), kirmal
(diffraction) veya sacmalidir (scattering) ve gecis kayiplari yine olabildigince az olmalidur.

Dieltrik malzemede yapilmalidir. iletken olamaz. Polypropilen

Bir radomda dalgalarin, hem gidis ve hem de gelis yonundeki zayiflama oranlari ayni olmalidir. Bu nedenle bir ,,Cift
Yonlu Zayiflama” s6z konusudur. Bu Cift Yonli Zayiflama degeri kopukli bir malzemeden yapilmis bir radomda
tipik 0,3 dB civarindadir, yani bu ylksek frekansli enerjide yaklasik bir toplam %7 lik kayba karsilik gelir. Radar
denklemine gore ise bu yaklasik %2 lik bir menzil kaybi demektir.

Ucagin burnunda riizgar ilk karsilayan bolge olan radom, radar antenlerinin tzerine yapilan kaplama olarak
ozetlenebilir. Radom, ucaga aerodinamik bir 6zellik kazandirir.

Ayrica hizli bir sekilde donen antenler sayesinde yakindaki personeli kazara carpmalara karsi korurlar.



Radome

e Ucagin burnunda ruzgari ilk karsilayan bolge olan radom, radar
antenlerinin Gzerine yapilan kaplama olarak 6zetlenebilir. Radom,

ucaga aerodinamik bir 6zellik kazandirir.

* Ayrica hizli bir sekilde donen antenler sayesinde yakindaki
personeli kazara carpmalara karsi korurlar.



Kaynaklar

* https://www.ece.ucsb.edu/~long/ecel45a/ampdesign.pdf

* Amplifiers, Prof. Tzong-Lin Wu. EMC Laboratory. Department of Electrical Engineering.
National Taiwan University
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