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Abstract :

| Searcled informationfor each type of antennas and the meghtmhindHFSS and CST
is for getting some basic ideas of this projécised thesesoftwarego build up the structusdor
each type of antennas, ande theseoftwaresto run simulations for each type of antenrfas
experience The experiences learned from using these computer programs for simulations will

help me to become a better engineer in the future.



Table of contents:

Y 013 1 = xS OO P PR PPTPRRT 2
Yoo [ [ 1o ] o PP PPPPPPPPPPRRPI 6
BACKGIOUNG =ttt eeea bbb e e e e e e e aan 7
Maxwell's equationand the wave equation..............coovvvviviieeeeeeeeeeeeceeee e 7

D] oL =P PP TP PP PP PR 9
BaNAWIALN.....euiiiiiiiie e 10

(0] F= U 72 [ o PP PUPPPPPPRR 10
Size VS. WaVelENGLhL... ..o e ann 10
(€101 ] a0 [ o] =T o T3 TP 12
The Finite Element Method (FEM)...........oooriiiiiiiiieme e 13
The FiniteDifference TimeDomain Method (FDTD).......couviiiiiiiiiiiiiiiiccceeeeeeeee 15

N L Y2 £ R 17
MUSHhroom Cell @NTENNA..........uueiiieee e e nnne e 17
PatCh @NtENNAL........oo i eree e e e e e e e e s seer et et e e e e e e e aaeas 20
LoV (= 1 (=T o = U PURPR 22
Dielectric patChantenna...........coooiiiiiiiieeee e e e enenee 23
SPIFAI BNTENNAL. ... e 25
CST & MATLAB ...t e e e anerenee e 27

Y Y = O 0T = 30
RESUILS ..ttt ettt et e e e eeer et ettt e e e e e e e e e e e e e e s e aammne e e e e e e e e e e a e nr e b e e nnnne 31
MUSHhroom Cell @NTENNA..........uueiiiiei e eerrer e nene e 31
PatCh @NtENNAL........oo i eree e e e e e e e e s seer et et e e e e e e e aaeas 37
Dielectric patCh antenmal............oeiiiiiiiiii e 55
SPIFAIANTENNA. ... ..ot 57

0] o T0d 118153 [0 0 1 PP PUPRPR 60
(2] ] [oTe =1 o] )20 PP PPUPPPP 61



Figures:

Figure 1. Examples with arbitrary volumerfsice, and line currents for electric and magnetic

(o101 =T TP PRPPRRRPPPNt 8
Figure 2. Short Cut Of HESS L0.......ooiiiiiiiiiiii e eree s e e e e e e e eeeeeannnes 14
FIQUIE 3. HESS WINGOW........oeeieiiiiiiiii i e e e e e e emrma s s e e e e e e e e e e e e e e e aeannnneaeeaaaaes 14
Figure 4.Short cut of CST microwave StUALO............covveiiiiiiiiimmme e smmeeeeeeeees 16
Figure 5. CST microwave Studio WINAOM ...........ciiiiiieieeeiceeeiiieiees e e ee e eeeverer e e e e e e e e e 16
Figure 6. A single mushroom cell antenna................uuueeiieemiiiiiiiiiiiiiieeee e 18
Figure 7. Example of a patch antenna with a body model and without........................... 20
Figure 8. Example of 8 DOWE anteNN@L...........c..uuiiiiiiiiiiiieeeiiiie e 22
Figure 9. Example of a dielectric patch antenna...............cccooiiceeeveiiiiiiiiii e, 23
Figure 10. The area A, B, C, and D of the patch arebofm® 45mm ................cceevveivivveeen. 24
Figure 11. The code output from MATLAB COUES...........uuuiiiiiiiiiieeeiiiiiiieeee e 27
Figure 12. The spiral shows in CST by loading MATLAB code.file............cccoeeeeirieeennnnn. 28

Figure 13. Left side of this figure shows the whole materials, and the right side of this figure
shows the zoonAn of the PCB board area form the left figure..........cccooeiiiiiiiiceeiiiiceeen. 29

Figure 14. The result from Sievenpiper's example............cccueveiiieemiiiiiiiiiiiiiieeeeeee e 31
Figure 15. The result from Sievenpiper's example, but via is twice larger, Q.3mm.......... 32
Figure 16. The result from Sievenpiper's example, but via is four times larger, 0.6mm..32
Figure 17. The result of the FFS from Ref. a low-profile dipole antenna.......................... 33
Figure 18. The result of a higdpsilon mushroom FSS.............cccoiiiiiiiiieeeiee e 33
Figure 19. The result of a narreg@ap MUShroom FSS...........oooviiiiiiiiiieeceeee s 34
Figure 20. The result of a wigap MUShroom FSS............ooiiiiiiiiiiiee e 34
Figure 21. The result of a narregap airfilled mushroom FSS.............ccoovvviiiiceeeeiiiiens 35
Figure 22. The result of a wiggap airfilled mushroom FSS.............ooiiiiiiiiiiiiiieni 35
Figure 23. The result of a higépsilon mushroom FSS with a relatively large height......... 36
Figure 24. The best result for shoulder patch antenna................cccooceei i 37
Figure 25. The result for the feed that is at 20% of patdth and 20% of patch length with the

Figure 26. The result for the feed that is &#@26f patch width and 20% of patch length with the

patch length changing from 60mMm t0 QOMUML...........uuuuiiiiiiiieeeiiib e 39

Figure 27. The result for the feed tlimat 60% of patch width and 15% of patch length with the
patch width changing from 10mm t0 30MM............oiiiiiiiiiiieee e eeeeeeeeees 40

Figure 28. The result for tifeed that is at 60% of patch width and 15% of patch length with the
patch width changing from 30mm t0 50MM............ooiiiiiiiiier e 40

Figure 29. The resutor the feed that is at 20% of patch width and 100% of patch length with the
patch width changing from 10mm t0 30MM............ooiiiiiiiiiieee e eeeeees 41

Figure 30. e result for the feed that is at 20% of patch width and 100% of patch length with the
patch width changing from 30mm t0 50MM............oooiiiiiiiiier e 42

Figure 31. The result for the feed that is at 40% of patch width and 100% of patch length with the
patch width changing from 10mm t0 30MM............ooiiiiiiiiiieee e eeeeeaeees 43

Figure 32 . The result for the feed that is at 40% of patch width and 100% of patch length with
the patch width changing from 30mm t0 SOMUML...........covviiiiiiiieee e 43

Figure 33. The result for the feed that is at 50% of patch width and 100% of patch length with the
patch width changing from 5mm t0 25MM..........uiiiiiiiii e 44

4



Figure 34. The result for the feed that is at 50% of patch width and 100% of patch length with the

patch width changing from 25mm t0 45MM............cooiiiiiiiiieee e 45
Figure 35. The result for the feed that is at 50% of patch width and 100% of patch length with the
patch width changing from 45mm t0 65MM.............oooiiiiiiieee e 45
Figure 36. The result for the feed that is at 0% of patch width and 100% of patch length with the
patch width changing from 10mm t0 30MM............oooiiiiiiiiieee e 46
Figure 37. The result for the feed that is at 0% of patch width and 100% of patch length with the
patch width changing from 30mm t0 50MM............ccooiiiiiiiiee e a7
Figure 38. The result for the patch width is 10mm and the patch length is 70mm with feed
position changing from 0% to 50% with the patch length.............cccoooiiieeeiiiiiciiiie, 48
Figure 39. The result for the patch width is 10mm and the patch length is 70mm with feed
position changing from 50% to 100% with the patch lengt..............ccciiiieriiiiiinnnennnn.. 48
Figure 40. The result for the patch width is 10mm and the patch length is 72mm with feed
position changing from 0% to 50% withe patch length..............ccccooiiiiiiiceciiiiicciee e, 49
Figure 41. The result for the patch width is 10mm and the patch length is 72mm with feed
position changindgrom 50% to 100% with the patch length..............ccccooiiiieeeiicceeeen. 50
Figure 42. The result for the patch width is 15mm and the patch length is 66mm with feed
position changing from 0% to 50% with the patch length.............ccooooiiiiceeiiiiiii 51
Figure 43. The result for the patch width is 15mm and the patch ler@fimis with feed

position changing from 50% to 100% with the patch length.............ccccooiiieeeiiiieenn. 51
Figure 44. The result for the patch width is 15mm aedpiich length is 68mm with feed
position changing from 0% to 50% with the patch length.............cccoooiiieeeiiiiiiiiie 52
Figure 45. The result for the pateidth is 15mm and the patch length is 68mm with feed
position changing from 50% to 100% with the patch length.............ccccooiiieeeiicieeen. 53
Figure 46. The rest for the patch width is 43.3mm and the patch length is 55mm with feed
position changing from 0% to 50% with the patch length.............cccooooiieeeiiiiiiiiie e, 54
Figure 47. The result for the patch width is 43.3mm and the patch length is 55mm with feed
position changing from 50% to 100% with the patch length..............cccooiiieeeiiieeen. 54
Figure 48. DielecCtriC reSUltS fOr @r@a.A ..........eeeiiiiiiiiii e 55
Figure 49. Dielectric results for area.B.............ooooviiiiiirii i 55
Figure 50. Dielectric reSults fOr ar@a.C..........ueviiiiiiiiii e 56
Figure 51. Dielectric results for area.D............ooooviiiiiiie i 56
Figure 52. Sparameter from CST MIiCrowave StUAIQ..........ccoeeiiiiiiiiieemiiiieieeeeeeeee e 57
Figure 53. Spiral antenna directivity at 0.55 GHZ.............ccccooiiiiiieccicceeeee e, 58
Figure 54. Spiral antenna directivity at 0.6 GHZ..............cooviiiiiiieciiiiiiiee 58
Figure 55. Spiral antenna directivity at 0.625 GHz...............coooviieeee e, 58
Figure 56. Spiral antenna directivity at 0.7 GHZ.............ooiiiiiiiiiceniiiiie e 59



Introduction :

HFSS fromAnsoft and CST microwave studio arery popular computer softwares that
are used for antenna modelssign Before buildng antennagpeople can use tee softwares to
help themfor finding the resultshey want There are lots of different types of antennas in the
world. And, there aralifferent theoriebehind thee antennas arifferent methods behind the
two computer softwaredn this project,we will use HFSS or CST to build structures and
simulate for different type of antennas, which ameushroom cell antenna, phtantenna

dielectric antenna, and spiral antenna.



Background :

Before doing analysis, we need to understaoche basic ideas of antennas. What
Maxwell's equations and the wave equatdipple, bandwidth, polarization, sizs.wavelength,
the finite element method, and the find#ference timedomain method are.

Maxwell's equations and the wave equation

Maxwell's equation was published by Jam Clerk Maxwell in 187&xwell's equations
describe the electric and magnetic phenomena at the macroscopicT levejeneral forms of

time varying Maxwell equationare :

1) prE="F .M
s

2) psf="HP,3
it

3) pdD=r

4) pdB=0

The quantitie®f these equatiorare defined as :

B is the magnetic flux density. (Wb/
D is the electric flux density. (Coul/f)

E is the electric field intensity. (V/m)

H is the magnetic field intensity. (A/m)
J is the electric current density. (Afm
M is the magnetic current density. (Viin

r isthe electric charge density. (Couffin



In freespace, the relations between the electric and magnetic field intensities and flux densities

are :
5.) B=mH
6.) D=1, E

m =4p3 10 Henry/m is the permeability of free space, dngk 8.854% 10" *farad/m is the

permittivity of free spacezquation 1.) to 4.) are linear but not independent of each other.

Maxwell's equations in phasor form are :

7)) P3E=-juB- M
8.) P3H=jubD+J
9) pdD=r
10.) pdB=0

V ¥
Jix, v, 2) Afm? - Mix, v, ) Vim? Xl (A WAV
¥ ¥ — ——
- > —
\ 8
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Figurel. Examples with arbitrary volume, surface, and line currentslémtric and magnetic

currents



In a source free, isotropic, linear, and homogeneous region, Maxegllatios in phasor form

are:
11.) P3E=-jwm
12.) P3H=jwl E

These two equations can be solwedhe following equation
13.) P3P3E=-jw®3H=wm E

Then it can be simplified to

whereconstantk = wy/mi  (I/m), which is called the wavenumber, or propagation constant of

the mediunf1].

Dipole

The line of force created between the arms of a small efdedipole. In the first
guarter of the time period, the charge haxhed its maximum value, and the lines have traveled
outwardly a radial distancé /4. In the next quarter of time period, the lines have traveled
another/ /4, which is total of//2 from the initial point, and the charge density has begun to
diminish. Which means the lines of force have been created by opposite charges and traveled a

distance/ /4 during the second quarter of the first half peifigld



Bandwidth

Thebardwidth of an antennaan be defined as the frequency rangedh#tnna performs
with respecto some characteristic amdnforms to a specified standafithe bandwidth can be
considered as the range of frequencies, which are on either side cérter frequencynput
impedance, pattern, gain, polarization, ei@ defined as the characteristi€ee characteristics
of an antenna are not vary in the same manner or affected by the frequency, so there is no unique
characterization of the bandwid For different cases, the specifications are set to meet the
particular application's need3he distinction is the variation between pattern and input
impedanceAnd the pattern bandwidth and impedance bandwidth are use to emphasize this
distinction. The bandwidth is usuallyofmulated in terms of beamwidth, side lobe level, and

pattern characteristi¢8].

Polarization

The polarization of an antenna is definedtlas polarizationof the wavethat antenna
transmitted Different parts of the patterrmay have different polarizations because the

polarization of the radiated energy varies with the direction from the center of the gBienna

Sizevs.Wavelength

There is a relationship between the wavelength of an antenna and the size of an antenna.
The wavelength/ is defined as the distance between sugcessive maxima, minima, or any

reference points at a fixed instant of time.

16.) ) =22

The phase velocity,, is defined as :
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17)) u =Y= ¢
b

p

The phase constanvill be different with three types of medium, which are lossless, general
lossy, and good conductor.

In lossless medium,

18.) b=wfm

In general lossy,

19.) b =1m(g)

In goodconductor,

20.) b=1Im(g)=wmg2

As the length of the antenna increase, the beam becomes narrowedB e8mwidth of each

21.) < < 3-dB beamwidth=90
22)) | =//4 3-dB beamwidth=87"
23.) l=//2 3-dB beamwidth=78"
24.) | =3//4 3-dB beamwidth= 64
25.) | =/ 3-dB beamwidth=47.8

In each pattern, the maxima and minima repeat every integral number of half wavelength. The

space between a null and a maximum in each of the wave pattéri#s [8].
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Ground plane

It is not able to builcan infinite size of a ground planen an antennabut a very large
structure can be approximated closbe radiation characteriss of antenna, which are current
distribution, pattern, impedance, etc., can be modified considerably by the edge Eifeetsare
two methods, which are Moment Method (MM)daGeometrical Theory of Diffraction (GT)D
can be used for the edge effects. The moment method is the solution that is described in the form
of an integral It can be use to handle any shape. It requiresg a digital computer for
numerical computations. It is also referred to a low frequency asymptotic. When the size of the
radiating object is largehanwavelength, high frequency asymptotic techniques can be use for
analysis. This is als@onsideringas Geometrical Theory of Diffraction (GTD), which was
developed by KellerThe advantageof GTD are, 1.) It is simple to use, 2.) It can be used to
solve complicate problems that do not have exact solutions, 3.) It provides physical insight into
the radiatbn and scattering mechanisms from the various parts of the structure, 4.) It yields
accurate results which compare extremely well with experiments and other methods, 5.) It can be

combined with other techniques such as the Moment Mg8&jod
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The FiniteElement Method (FEM)

The finite element method, FEM, is a tool for solving differential equations. Those
differential equations are in electromagnetics, solid, and structural mechanics, fluid dynamics,
acoustics, and thermal conduction. FEM is a favan&thodthat is usingn many branches of
engineering because of it has ability to deal with complex geometries. This is done by using
unstructured gds, which refers to as meshes. Thastiuctured meshes allow for higher
resolution locally in order to selve good structures of the geometry and fast variations. The
FEM is better suited for problems with oblique and curved boundaries and fine structures that
many reed higher resolution locallffhe FEM has another good ability, whigh the method
gives awell-defined representation of the searched function everywhere in the solution domain.
This makes it to be able to apply many mathematical tools. The exXplititilafor updating the
fields in timedomain simulations cannot be derived in the general case is the disadvantage of the
FEM. A linear system equations need to be solved in order to update the fields. The FEM
requires more computer resourosbjch are CPU tira and memory7].

The general recipef the FEMis solving a differential equation. The equatiori[$]=s
. L is an operators is the source. Andf is the unknown function, ich is computed in the

region W. 1.) Subdivide the solution domaifw into cells or elements. 2.) Approximate the

solution by an expansion in a finiteumber of basic functions. 3.) Mke the residual,

r= L[f]- s , as small as possible. 4.) Test or weighting functioms,, for weighting the

residualr . 5.) Set the weighted residuals to zero and solve for the unkrip\h

13



High frequency suctural simulator (HFSS¥ designed by Ansoft CorporatioHFSS is

using FEM modeling for analyzind@he figures showed below af@r giving an idea about how
to start HFS$rogram and how it looks like.

Figure2. Short cut oHFSS 10

. Ansoft HFSS - Project1 - HFSSDesigni - 3D Modeler - [Project1 - HFSSDesignl - 3D Modeler]
1 File Edit ‘iew Project Draw 3D Modeler HFSS Tools ‘Window Help

=18 ]
D ERE X0 | uE24R|0 B0 Zln%|[ =tk tiss|MS3Saleeleald)i
B[~ 3ICUcCoodeBmL0Os 2R & =

Sl % & m[ e a? dh][in i ih |2 ]recum
@|[E[] % # m| @ a|
L, Coordinats 5y
EEE '5 Flanes “2
= Projectt -6 Lists
-8 HFSSDesign
-2 Definitions
Project
REE]
Mame | Walue I Unit |
4| I LI
Wariables ( [ LI
x|
o
4

Y= 1ES

|

Mothing is selected

Figure3. HFSS window

After the HFSS is opened, we can start to build up the structure by using the tools that it

provides. Then, we can use HFSS to simulate the structure that we havéddifure 3
showed, the structure that is built into HFSS needs to be buiDisface.
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The FiniteDifference TimeDomain Method (FDTD)

The finitedifference timedomain method, FDTD, is one of the popular computational
methods for microwave problems. The FDTD is simple to program, more efficient, easier for
dealing with different problems. Dealing with boundaries that are not alignedhsitGartesian
grid is its major weakness. The FDTD uses explicit tate@ping, which makes it more efficient
than timedomain FEM. The FDTD does not neethatrix to be stored, which reducdse

memory's usage, and it can solve problems with a large nurhib@knowns. A timestep limit
in three dimensions of the FDTD & < h/c\/§ (Dt is the timestep, h is the cell size, and is

the speed of light, which is arour@® 10°m/s.). The FDTD cannot be used in eddy current
problems because of its short limit of the tistep. The FDTD is used in the propagation of
electromagnetic waves problems and the geometries problems where characteristic lengths are
comparable to avavelength. To perform an FDTD simulation and then Fourier transform
selected signals in time is a powerful way for finding resonant frequencies of a microwave
cavity. The major advantage of tindemain methods of the FDTD is that a single FDTD run can
produce frequencglomain result at any desire number of frequencies, and while the simulation
proceeds, the time signals from an FDTD simulation can be Fourier transformed. The FDTD is
now the basic tool in CEM, and research artiffégs

For the 1D wave egtion,the FDTDdivides the zaxis into intervals of lengttbz and

the timeaxis into intervals of lengtibt. The important parameter R =cDt/Dz, which isthe
number of the grid cells the exact sahmipropagates in one tinstep.For R=1, Dt = Dz/c.

This choice ofDt is called the magic time step. The errors of the spatial and temporal difference
are mostly canceled. The signals propagate exactly one céiingestep for either direction. For

R<1, Dt<Dz/c. When is theR smaller, the numerical dispersion is strondesr R>1,
Dt > Dz/c. This algorithm is unstable. Wheat > Dz, the signal of the true solution propagates

more than one cell per time step, and that tgossiblg7].
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CST microwave studio is ugy FDTD modeling for analyzingThe figures showed

below arefor giving anidea about how to start CST microwave studio program and how it looks
like.

Figure4. Short cut of CSTnicrowave studio

EST MICROWAYE STUDIO - [Educational Yersion] - [Untitled_0]

EE Fle Edit View WCS Curves Objects Mesh Solve Results Macros Window Help ===l
DS -B@ & Q[0 748 @ sRQQw [L[E] S| W a2 0% @fe ]

PRBEENEE L kR ke | S e 3 e e | B G
#IFFHOF BSOS ML (LG REEN|SE T SO0 /xR0 L [ EEE

|/ GOV TP |y BlMEAE| S hec|meR|ew
— ix

~{_] Comporents
E-0 Materials

~{_7] Faces

{2 Curves

D WS

-7 Wires

{7 Lumped Elements
~{_7 Plane ‘Wave
{7 Farfield Source
~{_7 Parts

{1 Field Sources

{1 Excitation Signalz

~{_] Field Monitors

{21 Valtage Moritors =<

~{_7 Probes
E-_ Mesh Control
~{Z7 1D Results
-7 20430 Results
{7 Farfieldz

{7 Tables

B Untited 0 [ii3 Untiled 0 |

%” Narme | Yalue Description | Type —
T Urdefined - |

-

=

J Global

[
Ready | High Frequency |Raster=1.000 |— FEC ,m_,FIS_IK_

Figure5. CST microwave studivindow

After the CST microwave studio is opened, we can start to build up the structure by using
the tools that it provides as like using HFSS. Then, we can use CST to sithelateicture that

we have built as wellAs figure 5 showed, the structure that is built into CST is createeDin 3
space.
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Analysis :

Mushroom cellbntenna

In manyantennasa ground plane or reflector is used by a flat metal. When the antenna is
too dose to the conductive surface, the image current will cancel the currents in antenna. This
will made antenna to have a poor radiation efficiency. This problem is often solved by heaving a
guarterwavelength space between the radiating element and thedgpdane. When there are
multiple antennas sharing the same ground pliweesurface current can made unwanted mutual
coupling.A smooth conducting sheet has low surface impedance, but an array of mushroom on a
flat metal sheet can cause the high impedasarface.The surface impedance of a single

mushroom cell is defined as :

ju
26. =-__ -
) * 1- WALC
where
27.) L=mh
P COW =+

h is the height between the mushroom cap and the ground fhaiethe grid periodw is the
distance between the mushroorasis the relative permittivity of the PCB.

The reflection coefficient from the surface is defined as :

29)) R=Zs

s the impedance of the free spatke reflection coefficient is used for finding the reflected

17



field. When the height from the surface is zero, the reflection coefficient can be defined as :
30.) E =RC,

E, is the incident field.

When the height from the surface is one, the reflection coefficient is defined as :
31) E. =R{, e*®

For a perfect conductor it becomes :

32) E =-E,e*® =gl

Comparing 35.) and 36.) will get a ratiBe'”. Which can calculated the impedance of a surface
and the magnitude and phase offéection coefficien{2][3][4][5] .

Figure6. A single mushroom cell antenna

18



We are goindgo use HFSS for simulating mushroom cell antenna. Sievenpiper's example
will be included in the examples.eWiill change fewparameters for more simulations and see
how the result changes by changing via size, mushroom height, relative gap width, and relative
dielectric constant.
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Patchantenna

The mtch antennas aritie microstrip antennas have a close relation, which nigpos
antennas are referred to as patch antenna. The patch antenna's radiating elements and the feed
lines are constructed on the dielectric substrate. There are lots of shapes of the radiating patch
which are square, rectangular, thin strip (dipole), ut&ng elliptical, triangular, and other

configuration. The patch antenna has a metalhpgliaced above a ground pldB¢

Figure7. Example of a patch antenna witb@dy model and without

There are four popular configurations that are used to feed microstrip antennas are the
microstrip line, coaxial probe, aperture coupling, and proximity coupling. The microstrip line
feed is easy to build, and simple to match by controlling the inseigroaitd simple to model.

When the substrate thickness increases, the surface wave and spurious feed radiation increase,
which can be designed for limiting the bandwidth. The coaxial line feed uses the inner conductor
of the coax to attach to the radiatipatch when the outer conductor is connected to the ground
plane. The coaxial probe feed is also easy to build and match, and has low spurious radiation. It
also has narrow bandwidth, but it is difficult to model. The aperture coupling is the most difficult

to build of those four. It has narrdvandwidth,is easier to model, and has moderate spufjus

20



For this patch antennaie are goindo use Ansoft to do some simulations on the shoulder
path antenna. We will use the HF&Srun the simulationby changing the position ohé feed
on the patch antenna thre size of the patclror the position simulations, the position of the feed
will be changing from 0% to 100% of patch width and from 0% to 100% of the patch length. For
the size simulations, th@osition of the feed will stay at the same percentage of the patch width

and the patch length, but the size of the patch will be changing.
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Bow-tie antenna

Bow-tie antenna has two triangular metal plates that are symmetrical to eaclit atner.
also be simulated to a wire along the periphery of its surface which reduces the weight and the
wind resistance of the structuréhe input impedances and radiation patterns of wire-t@w
antennas have been computed by using the Moment Method when chabotes the ground
plane. The bowie antenna does not present as broadband characteristics as corresponding solid
biconical antennaThe bowtie antenna is more narrowband than the biconical surface of

revolution or triangular sheet anter{Bg

Figure8. Example of a bowiie antenna
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Dielectricpatchantenna

Dielectric patch antenna made by replacing a metal patch by a dielectric brick on a patch
antenna. The relative dielectiwonstant of the dielectric brick neetdsbe very high. There is a
thick dielectric disk antenna above a ground plane, and they are separated by a narrow gap with a
lower value of the dielectric constant. When the height of the dielgtah increases, the
resonant frequency of the dielectpatch antenna changé&¥hen the distilled water is used for a
dielectric material, the resonant frequency can be tuned at le&824®y increasing the height
of the distilled water. When the metal patch is replaced by aldssvdielectic brick the
conduction currentso lorger exist. When the dielectric is very thick and the relative dielectric
constant is high, both polarization currents and the resulting bound surface charge density will be

large[6].
33) J, = je,.,)e,E

€, Is the relative dielectric constant of the dielectric bri&l(.is the polarization curref].

Figure9. Example of a dielectric patch antenna
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In thisantennawe going to have &0mm? 60mm ground plane, antenna heightasim,
the dielectric patch igt5mm?® 45mme 15mm. And will changethe positions of the feed in the
patch area45mm? 45mm. For the simulation, we will breathe area of a45mm? 45mm into
four pieces which are A, B, C, and D part§he position of feed will be changing from 0% to
100 % of half patch width and from 0% to 100% of half patch length for part A,-ft66% to O
% of half patch width and from 0% to 100% of half patch length for part B, fi@®% to 0 %
of half patch widh and from100% to 0% of half patch length for part C, and from 0% to 100 %
of half patch width and frorL00% to 0% of half patch length for part D.

FigurelO. The area A, B, C, and D of the patch ared@hm?® 45mm
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Spiral antenna

The equiangular spiral is a geometric configuration.slisfacecan bedescribed by
angles. It is used fadesignng frequency independent antennBesignating ie length of the
arm is for specifying a finite size antenna. When the total arm length is comparable to the
wavelength, the lowest frequency of operation occling. shape of an equiangular plane spiral

curve can be derived as :

34) E:f'(q)=Ad§L£-q
g G

|- OOt

where A is a constant and is the Dirac delta function.

éAeaf =r ea(f—fo), =p/2 (i
35.) rl_ . =r=i 0 9=p/ il Where A= r g %
q=p2 i 0 ,elsewherg,

In wavelength, 21.) can be written as :

36) =L 2 A = pcl ) wheref, = (/)
VA ' a

Anotherform of 21.) :

37) f =£Inger—8:tany Inger—8=tany(lnr - In A)
a cA=+ A=

1/a is the rate of expansion of the spiral gndis the angle between the radial distanceand

the tangent to the spirdfrom equation 22.), changing the wavelength will vary the vari#ble

The total lengthL of the spiral can be defined as :
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Y2

€ L8 g o
38) L=fer %g +10

"¢ CH = EI
Reducehe function by using 21.) :

1
39) L=(r,- ro) 1+

r, and r, are represent the inner and outer radii of the sfdtal
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CST & MATLAB

For spiral antenna, we need to use MATLAB codes and CST microwave. gtind\ochimedean

spiral can belescribed in polar formr(,q) :
40.) r =a+bg"
a andb are real numbers. ién x =1, it is a normal Archimedean spira. is the number of

turns of the spiral, antl is the distance between successive turns of the dpirst, using

MATLAB codes to create a spiral, which is showed below :

Units - meters

Figurell The code output from MTLAB codes
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Then, open CSTicrowave studido create a new project. Loading the MATLAB code
into CST file by creating curve points, which is showed below :

Figurel2. The spiral shows i@ST by loading MATLAB code file
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After that, start to run the simulations or add some materials that you want for the
simulations. The following example is showed blow has water matéetbn,spiral,and PCB

board :

Figurel3. Left side of this figurel®ows the whole materials, and the rightesad this figure
shows the zoonn of the PCBboard aredrom the left figure

As the figure above, the blue square, which is water, has the size of

300mme 300mme 150mm, Teflon has the size ofSmm?® 75mme Imm and e, =2.2, PCB is

75mme 75mme 1.é6mm and € =4.4, and the parameterize trace's width Gs3mm and
thickness isThe simulations will be running at 0.55, 0.6, 0.625, 0.7 GHz.
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MATLA B Codes :

clear all

N =10; % number of full turns;

step =pi/l2; % discretization step (orig pi/6)
b =0.3; % separation between turns in mm
a = b*step*4/(1 - cos(step*4)); % offset  from center in mm
%orig a = b*step/(1 - cos(step));

n =1; % power

theta =[0:step:2*pi*NJ;

r = a + b*theta.(1/n);

X = r.*cos(theta);

y = r.*sin(theta);

theta =theta + pi;

rl =a+ b*theta.”(1/n);

x1 = r.*cos(theta);

yl  =r.*sin(theta);

plot(x, v, 'b" , ‘LineWidth' , 2); grid on; hold on;
plot(x1, y1, ", 'LineWidth' , 2); grid on; hold on;
axis( ‘'equal' ); title( 'Units - meters' )

z=[xyl;

save( 'spirall _new.txt' ,'z" - ASCIl' );

z=[x1' y17;

save( 'spiral2_new.txt' , 'z, -ASCII" );
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Results :

Mushroom cellbntenna

After running the simulation of the mushroom cell antenna by Ansoft progesulis are

showed on following.

Sienpipper's exampls with D =2.44mm, w=0.15mm, h=1.57mm

, via=0.15mm , andi ,=2.51:

Phase [rad]

D=2.44mm, w=0.15mm, h=1.57mm, er:2.51 with via = 0.15mm
Normalized frequency [D/I g]

3 0.05 0.1 0.15 0.2 0.25 0.3 0.35
i Tretyakov 150
N Seivenpiper
2r R\ HFSS |

100

150

o
Phase [degrees]

0 |-
ab {50
-100
2k
-150
3 I I I I I

5 10 15 20 25 30
Frequency [GHz]

Figurel4. The result from Sievenpiper's example

31



From figure 15 and 16/ou can see the results change by increasing via size from 0.3mm

to 0.6mm of Sievenpiper's example.

D=2.44mm, w=0.15mm, h=1.57mm, er=2.51 with via = 0.3mm
Normalized frequency [D/I g]

3 0.05 0.1 0.15 0.2 0.25 0.3 0.35
- Tretyakov || 150
N Seivenpiper
2r AN .
N\ HFSS 100
ir 150

Phase [rad]
o
o
Phase [degrees]

B -50
-100
2F
-150
3 | | | | |

5 10 15 20 25 30
Frequency [GHz]

Figurel5. The result from Sievenpiper's example, but via is twice larger, 0.3mm

D=2.44mm, w=0.15mm, h=1.57mm, er=2.51
Normalized frequency [D/I g]

3 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Tretyakov 150
‘ Seivenpiper
\ HFSS 100
l |- -
50 —
=) 8
g 5
o Of 0 k=)
%]
£ 3
* &
Ak 1-50
-100
2
-150
3 1 1 1 1 1
5 10 15 20 25 30

Frequency [GHz]

Figurel6. The result from Sievenpiper's example, but via is four times larger, 0.6mm
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From figure 17to figure 23, the results are showed by changing relative mushroom
height, relative gap width, and relative dielectric consfEinbse examples are with = 3.5mm
, W=0.5mm, h=1mm, andi ,=2.2 :

D=3.5mm, w=0.5mm, h=1mm, er:2.2
Normalized frequency [D/I g]

005 01 015 02 025 03 035 04 04 0.5

4 T
Tretyakov 200
3F ) Seivenpiper ||
= HFSS 150
2 |
100
o
— [0]
g 1r b o
8 50 5
2 s
[
£ Oor 0 §
o
1k _-50
-100
2+
-150
-3 L L L L L
5 10 15 20 25 30

Frequency [GHz]

Figurel7. The resulof the FFS from Refior a low-profile dipole antenna

D=100mm, w=7mm, h=10mm, er=10
Normalized frequency [D/| g]

3 0.4 0.5 0.6 0.7 0.8 0.9 1
Tretyakov | |150
oL Seivenpiper | |
HFSS 100
ir 150
m
—_— []
3o o g
— [}
@ =)
£ ar 150 @
a &
o
-100
2+ 4
-150
-3r —
-200
4 | | | | | |
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Frequency [GHz]

Figurel8. The result of a higlepsilon mushroom FSS
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Phase [rad]

Phase [rad]

D=45mm, w=0.2mm, h=10mm, er=4.4
Normalized frequency [D/I g]

0.1 0.15 0.2

0.25 0.3

0.35 0.4 0.45

Tretyakov
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Frequency [GHz]
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Figurel9. The result of a narroigap mushroom FSS

D=100mm, w=7mm, h=10mm, er=4.4
Normalized frequency [D/| g]
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Figure20. The result of a widgap mushroom FSS
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D=45mm, w=0.2mm, h=10mm, er=l
Normalized frequency [D/I g]
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Figure2l The result of a narrowgap airfilled mushroom FSS

D=100mm, w=7mm, h=10mm, er=1
Normalized frequency [D/I g]
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Figure22. The result of a widgap airfilled mushroom FSS
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D=2.44mm, w=0.15mm, h=1.57mm, er=10
Normalized frequency [D/I g]
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Figure23. The result of a higlepsilon mushroom FSS with a relatively large height
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Patchantenna

After running lots of simulationsf changing patch sizes and feed positjome found
out thatthe most of good resultsvhich havdower value than2dB, have feedutsidethe patch.
We came out with a result on following figure, which is when feeat ihe position of 15% of
the patch's width and 60% of the patch's length ( When the patch's width is 43.3 mm and the
patch's length is 55 mm).

a|w]

25 Jan 2008 Ansoft Corporation 15:34:53 Y10
XY Plot 1 dB(S(P1,P1)) [db]

HFSSDesign1 pifa_width=43.3mm,
Setup1 : Sweep1

Y1 —
dB(S(P1,P1)) [db]
pifa_width=43.3mm,
Setup1 : Sweep1

Y114
dB(S(P1,P1)) [db]
pifa_width=43.3mm,
Setup1 : Sweep1
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Feed Z=0.15 —
Feed %06 dB(S(P1,P1)) [db]

pifa_width=43.3mm,
Setup1 : Sweep1

dB(S(P1,P1)) [db]

Y1
-1.00 dB(S(P1,P1)) [db]
pifa_width=43.3mm,
Setup1 : Sweep1

Y1 —&—
dB(S(P1,P1)) [db]
pifa_width=43.3mm,
Setup1 : Sweep1

-1.50
500.00 550.00 600.00 650.00 700.00 750.00 Y1 —0—]

Freq [MHz] dB(S(P1,P1)) [db]
pifa_width=43.3mm,
Setup1 : Sweepl

XY: 576.49MHz 0.27 |

Figure24. The best result for shoulder patch antenna
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The following figureswhich are figure 25 to 4are the results that have fematsidethe
patch.From figure 25 to 47, the result, which rhsvalue lower than2dB, has the feed on the
edgeof the patch. Which means the feed is outside of the patchFagese 25 and 26 are the
result from the feed that is at 20% of patch width and 20% of patch lemdgtthanging patch
sizes Figure 25 has the patch width changes from 5mm to 25mm, ametitte length changes
from 30mm to 60mm. Figure 26 has the patch width changes from 5mm to 25mm, and the patch

length changes from 60mm to 90mm.

28 Jan 2008 Ansoft Corporation 01:48:47 Y1
XY Plot 1 dB(S(P1,P1)) [db]
HFSSDesign1 pifa_width=21mm, pifa,
Setup1 : Sweep1

0.00— Y1 -

dB(S(P1,P1)) [db]
pifa_width=23mm, pifa,
Setup1 : Sweep1

Y1 —C—
dB(S(P1,P1)) [db]
pifa_width=25mm, pifa,
Setup1 : Sweepl
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pifa_width=7mm, pifa_|
Setup1 : Sweept
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Y1 ——
dB(S(P1,P1)) [db]
pifa_width=9mm, pifa_|
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500.00 550.00 600.00 650.00 700.00 750.00 Y1 —F—]

Freq [MHz] dB(S(P1,P1)) [db]

0 pifa_width=11mm, pifa,
XY: 507.35MHz 048 | Dl vt o

Figure25. The result for the feed that is at 20% of patch width and 20% of patch lengtmevith
patch length chamgg from 30mm to60mm

38



Ansoft Corporation

01:54:17
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Figure26. The result for the feed that is at 20% of patch width and 20% of patch lengthevith

700.00 750.00

patch length chamgg from 60mm to 90mm

Y1
dB(S(P1,P1)) [db]
pifa_width=17mm, pifa
Setup1 : Sweepl

Figure 27 and 28 are the resuitsm the feed that is &0% of patch width and 5% of
patch lengthwith changing patch sizegigure 27 has the patch width changes fiiimm to

30mm, and the patch length changesm 40mm to 80mm. Figure 28 has the patch width

changes from 30mm to 50mm, and the patch length changes from 40mm to 80mm.



Ansoft Corporation 14:43:06
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Figure27. The result for the feed that is@% of patch width and5% of patch length witlthe

patchwidth changng from 10mm to 30mm

Ansoft Corporation 15:01:10
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Figure28. The result for the feed that is@6 of patch width and5% of patch lengthvith the

patch width chanigg from 30mm to50mm
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Figure 29 and 30 are the resuhsm the feed that ist&0% of patch width and 00% of
patch lengthwith changing patch sizes. Figure 29 has the patch width changes from 10mm to
30mm, and the patch length changes from 40mm to 80mm. Figure 30 has the patch width

changes from 30mm to 50mm, and the patch length changes from 40mm to 80mm.

o] -]

29 Jan 2008 Ansoft Corporation 12:59:27 Y1 —O—
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Figure29. Theresult for the feed that is at @0of patch width and00% of patch length witthe
patch width changg from 10mm to 30mm
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28 Jan 2008

Ansoft Corporation
XY Plot 1
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Figure30. The result for the feed that is2f1% of patch width and00% of patch lengthwith the

patch width changg from 30mm to50mm

Figure 31 and 32 are the resutsm the feed that is &0% of patch width and00% of

patch lengthwith changing patch sizes. Figure 31 has the patch width changes from 10mm to
30mm, and the patch length changes from 40mm to 80mm. Figure 32 has the patch width

changes from 30mm to 50mm, and the patch length changes from 40mm to 80mm.
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28 Jan 2008 Ansoft Corporation 15:04:24 Y1 —O—
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Figure31 The result for the feed that is4% of patch width and00% of patch length witthe
patch width changg from 10mm to 30mm
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28 Jan 2008 Ansoft Corporation 15:22:18 Y1 —O—]
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Figure32. The result for the feed that is41% of patch width and00% of patch lengthvith
thepatch width chanigg from 30mm to50mm
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Figure 33, 34, and 35 are the resditam the feed that is &0% of patch width and
100% of patch lengthwith changing patch sizes. Figure 33 has the patch width changes from
5mm to 25mm, and the patch length changes fr66mm to 80mm. Figure 34 has the patch
width changes frol@5mm to45mm, and the patch length changes freé@mm to 80mmFigure
35 has the patch width changes frdbmm to 65mm, and the patch length changes fradmm

to 80mm.

2]
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Figure33. The result for the feed that is%@® of patch width and00% of patch length witthe
patch width changg from Smm to25mm
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Figure34. The result for the feed that is5% of patch width and00% of patch length with the

patch width changing frorB5mm to45mm
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Figure35. The result for the feed that is5i% of patch width and00% of patch length with the

patch width changing from 45mm to 65mm
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Figure 36 and 37 ar&e resultfrom the feed that is &% of patch width and.00% of
patch lengthwith changing patch sizes. Figure Bés the patch width changes from 10mm to
30mm, and the patch length clgas from 40mm to 80mm. Figure 3ias the patch width

changes from 3@m to 50mm, and the patch length changes from 40mm to 80mm.
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Figure36. Theresult for the feed that is @% of patch width and00% of patch length with the
patch width changing from 10mm to 30mm
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Figure37. The esult for the feed that is 8% of patch width and 1@ of patch length with the

patch width changing from 30mm to 50mm

Figure 38 and 39 are the resultstbé patch width is 10mm and the patch length is
70mm. Figure 8 has the feed positisrchanging from 0% to 100% with patch width, and from
0% to 50% with the patch lengtkigure 39has the feed position changing from 0% to 100%
with patch width, and from 50% to 100% with the patch length
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Figure38. The result for the patch width is 10mm and the patch length is 70mm with feed
position changing from 0% to 50% with the patch length

28 Jan 2008 Ansoft Corporation 01:25:33 Y1 —O—
XY Plot 1 dB(S(P1,P1)) [db]

HFSSDesign1 nimz=0.5, nimx=0

Setup1 : Sweep1

—_— = Y1 —+—
dB(S(P1,P1)) [db]
nimz=0.55, nimx=0

1 Setup1 : Sweep1
| / / e
-2.00

dB(S(P1,P1)) [db]
nimz=0.6, nimx=0
Setup1 : Sweep1

Y1 —K—
dB(S(P1,P1)) [db]
4.00 nimz=0.65, nimx=0
Setup1 : Sweep1

dB(S(P1.P1)) [db]

Y1 —+—
dB(S(P1,P1)) [db]
nimz=0.7, nimx=0
-6.00 Setup1 : Sweep1

Y1
dB(S(P1,P1)) [db]
nimz=0.75, nimx=0
Setup1 : Sweep1

-3.00
500.00 550,00 600.00 650,00 700.00 750.00 Y1
Freq [MHz] dB(S(P1,P1)) [db]

. nimz=0.8, nimx=0
XY: 638.83MHz 1.99 | Setup! : SweepT

Figure39. The result for the patch width is 10mm and the patch length is 70mm with feed
position changing fror60% t0100% with the patch length
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Figure 40 and 41 are the resultstbé patch width is 10mm and the patch length is
72mm. Figure 40 has the fepdsitions changing from 0% to 100% with patch width, and from
0% to 50% with the patch length. Figure 41 has the feed position changing from 0% to 100%
with patch width, and from 50% to 100% with the patch length.
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Figure40. The result for the patch width is 10mm and the patch length is 72mm with feed
position changing from 0% to 50% with the patch length
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Figure4l The result for the patch width is 10mm and the patch leng®msnAvith feed
posiion changing from 50% to 100% with the patch length

Figure 42 and 43 are the resultstbé patch width is 15mm and the patch length is
66mm. Figure 42 has the feed positions changing from 0% to 100% with patch width, and from
0% to 50% with the patctehgth. Figure 43 has the feed position changing from 0% to 100%
with patch width, and from 50% to 100% with the patch length.
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Figure42. The result for the patch width iSrhm and the patch length6&mm with feed
positionchanging from 0% to 50% with the patch length

Figure43. The result for the patch width is 15mm and the patch length is 66mm with feed
position changing from 50% to 100% with the patch length
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