L,/ rivs 80(10). 1005-1010(2006)

o0
&
8

¢

% l. -
‘egmo

>

Theoretical study of 2 x 2 planar array of equilateral triangular patch
microstrip antenna on ferrite substrate
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thy tical nve U

atl This papet presents ol the radut properties ol a 2x2 elument planar armay of cquilateral  tnangular patch

< mtenna butlt up on a magnetized lemite substrate N Coy o be O m the presence of plasma medium The far zone FM-mode and 1*-
avonon § CJds are dennad using vedion wave function Jues and pattern aon approaches The resulis are oblaincd both m plasma
Computanon of maximum ficld miensity half power beam width (HPBW), tull null beam width (FNBW) and otha
«meong parameters such as radiation conductance, divectivity and quabity factor has been made for the plasma and the fiee space medium
it ol s theorctical analysis suggest that due 1o lemite substiate this planar airay antenna can be oputated at lower frequency range and theie
ol vz ol such antenna when designed on NiC oFeQ, fernte substiate

Lo e free space

5440 Ha 5240 Fd

Inoduction

aal past. mictostip antennas butlt up on ferrite substrate
'hndine increasing attention to the numerous scientist and
‘as Fene materials have a significant amount ot
opy at miciowave frequencies  This anisotropy gets
Audby applying external d ¢ magnetic tield 1n ferrite mate-
.I\ and hrings about non-reciprocal behavior in them

Manc e ently, with the availability ot low loss commercial
lh\\vunc. feitite substrates have been used 1in miciostrip
M applications to provide loading for antenna size
o Miciostip antennas on pure dielectric substrate have
" lensively analysed in these years due to ther advan-
*oter bulky antennas The band width of such antennas in
';l"'""“"‘ v1ange 1s typically ot the order of | percent and

Henottried at lower ultia high frequency (UHF) due to
" igesize considerations

l .
“hantennas when mounted on aeirospace vehicles en-

[
*rplisma medium during their travel in space Tt has been

'chm\ndmg /\uthx-n—

puinted out that the radiation properties ot microstiip antennas
n plasma medium me moditicd to a gieat extent due to the
generation of electroacoustic waves n addition to electromag-
netic waves [1-5]

This paper describes the radiation characteristics ot a 2 x 2
planar array of equilateral triangular patch microstrip antenna
built up on a territe substrate N1, .Coy .Fe, (, O Design
requirement and substrate characteristics considered for this

analysis are histed in Table |

2. Radiati

field expr

The geometry and coordinate system of planar array antenna 1y
shown in Figuie 1. Tt consists of tour identical tiangula
microstrip patch elements ot arm length a, on a fernite substrate
N1, 6200 02F€ 9440, Of thickness /i and substrate permittivity
FI’
separated by a distance o, and those along y-axis are sepurated
by a distance d, Each patch can be excited by a mictostrip
transmission line connected to the edge or by a coaxial line from
the back at the plane ¢ =0. We have considered the patch as

1062
The array elements which are positioned along x-axis are
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Table 1. Design requuement and subsirate characteristics of fante
subsirate N1, 0 .Cog o Fe O

Design frequency (H) 10 GH/
Relauve permittivity (¢,) 1478
Dicletnie loss tangent (o d, ) 00008
Magnetic 1oss tangent (tn8,,) 0 005

Apphed d ¢ magnetic buas hicld (/7)) 796 x 10° Amp/m

Saturaton magnctizanon (jgM.) 003 Tosla
Patch dimension (a) 0022 mcter
Subsuate thickness () 00016 mclct
Gytomagnetic rano () 176 x 10" 1ad /sec Tesla
Separation between the array (loment

along v oand v-aws aaspectively W = d oy Af2

Progressive phase excrtation difference
along v and y-axis respectively (ﬁ\ I’\) n/2

a cavity which acts as a disc resonator - Among the various
modes that may be excited in such dise resonator, we have
considered TM, mode with respect to z-axis Here, mand n aie

mn
the mode numbers associated with a- and vy -directions

respectively
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Figure 1. Configuration and coordinate system ol 2x2 element planat
array equilateral triangular patch airay microstnp antenna on fernte
substrite

The E component of field inside the cavity lor dominant
maode is given as

E.= Ay, l[’.’. cos (271'\'/'\/3(—1 + 211'/3) cos(2my/3a)

+C()s(4m/3u) n

A territe slab may support various guided modes and these
propagating modes get affected in the presence of apphed
magnetic bias field A strong bias field may be obtained easily
along the plane of antenna by placing two pole pieces of magnet

in close contact with substrate When Propagyy,
electromagnetic waves fake place along this by, el n
mfinie ferrite having two orthogonal feeds, (wq phar,
modes namely lett hand circularly polarized (LH(‘p,th
right hand cucularly polarized (RHCP) mode are gener

The magnetic properties of fernite substiate afteg
maodes. theretore the effective permeability fi, Haty \

arrcularly polarization and left hand circularly polariy g,
be given as |6-8]

l+ W,
#.’/Ik “'.. .-
I+,
l‘,m #'l (u,,+(!)

wheic @, and @, are the precession and forced prey
trequencies, 1espectively and may be defined as

Wy = uyH, @, = puyH, and © =21/,
The expression of the resonant trequency ol conw,
cquilateral triangular microstrip antenna on ferrite subw
TM,, mode 1s given as

2«

H,

j - ——p——
3u h__, U,

Other field components aie obtamed by solving Maw
equations By image theory, the ground plane may beip
by an image of the top conductor The magnetc curent
exist along the edges of trangular conductor and m.
evaluated from

M =2(Exn),
where n 1s a unit vector normal to the aperture

The total tar zone fields of planar ariay antennd ¢
cxpressed by the fields of a singic element posttioned
origin multiphed by a factor which 1s reterred to as the
factor This method 1s widely known as pattern multiphs
approach Thus, using the expression of angle el
equilateral triangular patch microstrip antenni and neg!
the coupling between the elements, the total fieldo™ '
array antenna can be expressed as [9-12]

E (total) = E (single element placed at the ongin) X™"!
factor (AF)

Jlized
As the entire array 1s taken as unitorm, the norm-"ﬂ:
. nJs

of the array tactor (AF) 1s obtained and may be writte

2
sin(My  /2) x_lxi‘f(_lfu

1
AF,(0.0) = 57 wn(w,/2) N (v,
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L the case ot 2 x 2 element planar array of equilateral
"

lat patch microstrip antenna on territe substiate, the EM
.; mode fields are given as

2 mode

nyw [— F, o sing+F, cuw] x%

sn\w/\) x sin(y ) )

TN sn(y . /2) ®

1., -1y [F‘ cosB cosgp+ F, 0s6 sin d)]>(4l

sn(y )

) )
sy, /2)

aniy | /2)

©

- Zln/l/,miv’/,\umf.,(uf - mf,)xcxp(:ﬂ,,/)/:
. ‘\p[ llil,u sin 0;(\\0/\/5)

1 \Ill{ﬂ‘, L uos¢+ﬂ\}

TR

4 \Iﬂl

i)ﬁ(/il, d, smb cosd+ [J‘)}

aln{[il_, d, sin0 cosg 4 ﬂ\}

s x|E.+E, .
un{()i(ﬂl, d, sin@ cm¢+ﬂ‘.) nluo

i

f, d,sn0 cosp+ B, and W, =f,d snd

wefi, M N = elements placed along the v-axis and

\

rl\ 1spectively, B« By = progiessive phase excitation

s along 1= and v-duections respectively, EgeoEy
rl‘lvncm\ ol towal electric field vectors tor EM-mode, Epr =
Telectric field vector tor P-mode, F, F, = vector electric
Pl for v-component and  v-component, respectively,

1007

E,". El“ =P-made electric ficld vectors tor x-component and 1 -

component respectively. 3, = phase propagation constant toi

EM- mode givenby 274/, B, = phase propagation constant

tor P- mode given by 3, c/v, « = velocity of hight, v = root mean

square thermal velocity of electron, A = plasma frequency
>

w,

5 a
parameter given by (Ivm;,,-w') angular plasma

fiequency. @ = angular source frequency, 1, = tice space
impedance equal 1o 1207 ohms
3. Field patterns

‘The expiession for total hield pattern R(6. &) 1~ obtained as

R(O.9) = Ey,|" +|E,, (i

Then, the radiation tield patierns in the E-plane (¢ = 0) and
H-plane (¢ = 71/2) are given as

5

R(0.0)~|E, | +|Eq | = miw? (|r +|R[F en’s).

(E-plane) [IW]

R,,(0.¢)=|E,,,|: +|l'.¢,|'. =i’ (|F,| ARSI

The values of R, and R, are calculated o1 a case taking
f=1GHz,u=22cm, £, =14 78, Applied d ¢ magnetic bias field
(H)=796x 10* Amp/m, Saturation magnetization (uy,M,) =
003 Tesla, d, d, = A2 and the phase difteience
ﬁ. =[] v = 7T/2 The r1esults are plotted i Figures 2 and 3 {or

two diflerent planes (¢ =0 and ¢ = 7,2 )for A= 101 ¢ infree
space and 1n Figures 4 and 5 tor two different planes (¢ — 0 and
9=m/2)A=05 1e i plasma medium for TM, | mode of
excilation Pattern charactenstics of planar anay are computed
inlable 2. Compatison between 1adiation properties of the planar
array anternd on dielectric and fermite substrate are shown in
Table 3

Tablc 2 Pattern charactenstics of the 2 x 2 clement planar anay ot tiangular miciostrip patch antenna on fernte substiile

StNo Pattern ¢=0 planc ¢=0 plane ¢ - m/2 planc ¢=n/2 plane
haracterstics A=10 A=05 A=10 A=05
RHCP LHCP RHCP LHCP RHCP LHCP RHCTP LHCP
I Half-power beam width
(HPBW) 60° 80° 140° 150° 60" K0° 140° 150°
2 Full null beam width
(FNBW) 120° 140° 180° 280° 120° 140" 180° 2H0"
A Direction of max . .
radiation 90° 90° 180° 180° 20° 90 180’ 180"
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Figure 2. E plane tadiation paticins of 2x2 element planar artay and single-element
cquilateral tnangular patch miciostnp antennas on ferrite substiate for A = 10
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Figure 3. H-plane radiation patteins ol 2x2 ¢lement planar array and single-element
equilateral triangular patch microstup antennas on lernte substrate for A = |
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Figure 4. E-plane radiation patierns of 2x2 element planar array and single-element
equilatcral triangular patch microstrip antennas on ferrile substratc for A = 05

(plasma)

4. Other antenna parameters

4.1 Radiaton conductance

The total power radiated can be il
Ui,

by employing Poynting’s theorem dnd .

as . "

P, = (%) (%) {RcHJ(Ex"“

.

The lactor Y215 due to the fact thaih
15 radiated through the upper hal| \p.\\;
and S s the total spherical surtace yie

A {Rejj;(l-,,,ng B,

Thus, the expression for radiated I
EM-modes 15 obtamed using the ielay,
\

2n en
P =(Af4n,) Ju jﬂ {lEm
xr* sin6 dod¢

NG
Heie, Az(l—wf,/w'} and o
the plasma to source frequency rati

The 1adiation conductance of an anien
EM-mode can be defined as

G, =2 R/V§

42 Directivity

The directivity of an antenna s defimed.
ratio of the maxwum radiation intensitv|
per unit sohid angle) to the average ra
mtensity It can be expressed as

D, =4 z{mux (!IE,,,!1 i EE,,;W )}

(£ [leal [zl sno s

J

4 3 Quality factor

A parameter specifying trequency selec
of a resonant circuit 1s the quality factor 0
can be defined as the ratio between ¥
stored 1n the system and the energy 10"

The total Q of a microstrip rudmunll;:
comprises contributions due to the [|~
. Jectric
Q,. conductor loss Q,, and dielec!
quality factors, so
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Table 3. Companson between radiation properties ol the 2x2 element planar array of tnangular microstrip
patch antcnnd on pure dielectric substrate and ferrite substrate n 7™M mode

Palch Resonant Radiation Quahty Direcuive
dimensions frequency conduction factor gam
(melers) (GHz) (mho) By
Pure-diclectric substrate 0022 597 0003 71756 6518
£ =232
h o= 00016
Fernte substrate. LHCP 0022 12 1 H6x10Y 25218 75
L, = 1478
n = 000106
Fernic substrate. RHCP 0022 09 7 356x10 ¢ 259 09 60625
(, = 1478
h = 00016
=104 11Q, +17Q,. (17)  as well as 1n tree space have been studied by considenng
i presence ol bias magnetic field in the direction of propagation
o, oW/P.

oW P=(fuo) h.

Y - W, /P, =1/tand

lae W 1 the energy stored 1n the antenna element, P, and
wet loss factors due to the conductors and dielectric,
winly @ s the conductivity of the conductors

nerey stored 1n the tnangular 1adiating element 1s given

e 1f2) [ - () v dy (18)

onclusion

1dution charag teristics of 2 x 2 planar array ot equilateral
zalat patch mictostrip antenna on ferrite substrate in plasma

of e m waves The results of the anay geomely are compated
with those of single-element of equilateral triangular patch
microstrip antenna Figures 2 and 3 illusuate the radiation
patterns of 2 x 2 element planar array of equilateral trianguli
microstrip antenna tor two planes (¢=0and ¢ =m/2)n hee
space It 15 ubserved that the beam sphits up mnto major and
minor lobes and corresponding position of maximum radiation
1s shifted The 1adiation patterns of a single element antenna fot
both RHCP and LHCP waves contain only one major lobe of
considerably wide beam width. while the array geometry for
both RHCP and LHCP waves produces a ducctive beam with a
narrow beam width The radiation field patterns of this anay
antenna indicate that beam width with LHCP waves 1s larger
than that with RHCP waves. Figures 4 and 5 illustrate the
radiation patterns of 2 x 2 element planar array ot equilateral
tangular microstrip antenna for two planes (¢ =0 and ¢ = 71/2)
in plasma medium (A=05) From these tigures, 1115 observed

that the shape ot the field patteins has been

120° 90° 60° changed and it redistributes the field intensity

@ =699 (EPlana) |

s ttern
805 (Plasma) The computed values of patter

characteristics of the planar array are given in
Table 2 It 1s clear from this table that half power
beam width of the patterns 1n free space 15
300 relatively small 1n comparison to plasma
medium Thus it reveals that the patterns aie
more directive 1 free-space than in plasma
medium From Tables 4 and 5, 1t 15 clear that
the effect of plasma on radiation conduction
of single element as well as planar array ot
equilateral triangular microstrip antenna in

-10 20 -20
{indB)

e §
il : Pline radiation patterns of 2x2 element planar array an
lngului patch microstrip antennas on fernte substrate for A

0° RHCP mode 1s significantly weaker than the
LHCP mode The directivity of 2x2 element

d single-¢lemen planar array of equilateral triangular microstrip

=05 (plasma) antenna with LHCP waves s little higher than
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Table 4. Anienna parameters Lot single ddement and 2 % 2 planai array al u lar patch my P avienn
~ Ll
fernie substrate with RHCP waves N
Plasma G, o single G, tor 2x2 D, for single D tor 2 x2 Q, for 0 forg
S No parametes clement plana element planar single Planay
(A) (mho) anay (mho) (dB) artay element artay
I 10 | SRExI0°S 7 356x10°F 4751 6625 444 418 259 Koy,
2 09 1 428x10°° 6 R19x107° 1755 6414 453 155 270 25
1 08 1 26810 > 6152 x10 ° 4758 6244 402 635 2K4 450
4 07 [ 109x10 5 §5379x10 * 4761 6 108 472 281 302 91y
5 06 9 468x10 ¢ 4517x10 ° 4764 599 442 119 325 ug)
6 05 TOUIXI0®  3673xI07° 4766 5 RS 492 774 153 601
7 04 4743x100 2 829%10° 4768 574 501 674 NS 47y
8 013 4 743x10 @ 207ix10 ¢ 4769 5523 515 001 421 11
9 02 Ilolxio-" I 09%10 477 5248 526 961 400 222
10 [N} I SRx10 ¢ 6 370x10-¢ 4771 4 93] 539 417 504304
11 00 0o 0o 4771 4772 - -

Table 5 Antenng parameters  for smgle doment and 2x2 planar vy cquilateral tiangular patch miciostip antenng o

fernte substiale with LHCP waves

Plasma G, for sngle G, lor 2x2 D tor sngh D for 2 x2 Q o Q tor 2x

S1 No paramelcy clement planai clement planar single plana

(%.9) (mho) artay (mho) (i) array clement aray

! 10 281x10° 1 1ox10* 4 7306 75 449 784 252 Iy
2 09 2520x107° 1071104 4742 7151 402 144 258 2%
) (] 224210 -° 1 013x10 * 4 748 6767 475 140 206027
4 07 I 959x10 * 9 28710 * 4754 6 475 488 K47 179 728
5 0o 1678x10 ° B 142x10 -} 4 758 624 S03 111 299 760
o v 1397x10°° 6751x10* 4702 6 061 518012 328 8
7 04 1 1H17x10°% 5 237x10 ° 4765 5021 534 831 300 350
L 01 K 3Tx10 374110 * 4 764 S 77 552062 413 67
9 02 5578x107" 2364x10° 477 5435 570 413 469 49
10 0l 2 TREx 10~ 1 3xie ! 4771 5024 590 006 5771 K52

11 0o 0o 00 4771 477 - -

that with RHCP waves tor all the plasma fiequency and tree
space The total quality tactor of planar array antenna with LHCP
waves 1s lower than that with RHCP waves
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