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Patch Afitgnna in Isotropic Plasma: Resonant Frequency
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ABSTRACT

A method hasbeen developed to compute the resonant frequency of a rectangular microstrip
antenna immersegd in a linear isotropic plasma medium using Wolf's dynamic dielectric constant
model. The results obtained ard in agreement with those obtained using spectral domain technique. It

I . N .
has been observed thatithe antenna resonates at a higher frequency inside the plasma than in free space.

1. INTRODUCTION |
i

Microstrip antennas arg capable of low profile

mounting on the aft-end of re-entering vehicles'.

During the voyage of such vehicles, the mounted

antenna encounters plasma medium. It is shown in

this communication that when the antenna
encounters plasma medlum. its resonant frequency
changes from that in the free- -space medium.
Results obtained using the theory developed have
been compared with those obtained by spectral
domain tmmitance :(SDI) analysis.

2. THEORY ' ,

)

The resbnant t‘requency of a rectangular
microstrip antenna of length L dnd wndlh w
radiating into free- space surroundmgs is glven by

l
v, I 1
fo=e—|l5 | +[F
’ Mﬁm“‘”] [LH )
where

C,', nd (E=E,E,)

- or
€ayn = i A,

C:lwu (““ = t‘lﬁ) . (2)

|
= A function of dimensions of the antenna.

Cayna (€ = €,€,) = Dynamic capacitance between
the patch and ground plane, when the substrate
dielectric constant is €,.

Cuyn (€ = €,) = Dynamic capacitance, when the
space between the patch and the ground plane is
free- space ! .

= Speed of electromagnetic wave in free-
space :

m and n = Mode numbers.

For! the antenna immersed in plasma,
Cyyn (€= €,) is replaced by Caynp (€ =€,8,), Which is
the dynamic capacitance, when the space between
the patch and the ground plane is filled with plasma
having dielectric constant

2
2

fr ?)

f, = Plasma frequency

J, = Resonant frequency of the antenna in
plasma medium. )

Thus, Eqn (2) is modified as |

€ - Cd nd (8 = Eoer)
g = o r
o Cynp (E =E,E)) 4
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_ Cdynd (e= Eoer)/cdyn (e= eo) - Edyn
Cdy,,p (e= eoe‘,)/ Cayn (€= €,) €iynp  (5)

1

where
C,.i(E=¢,L)
yrip p) . - .
Edynp = den ®2= is the dynamic dielectric
Cdy,; (e=¢)

constant of the microstrip 'line radiating’ into free-
space surroundings, when the space between the
patch and the éround plane is filled with plasma.
Following Wolf’s procedure, the dynamic dielectric
constant are

Cdyn (Eoex) = Ca. dyn + 2C¢L, dyn + 2C¢ W, dyn (6)

C - Co,:‘a‘ - GOSXLW
o.dyn ™ 5,.0, - hd,5, 0

1
CcL, dyn= '5— CeL. stas
n

®
1
CeW. dyn=—8— CeW. stat ©)
2 otherwise
ee W
CeL.stat=—l_ 1 - == L
2 VoL Z(W, h,¢,) h (10)
€€
CzW :lal=lr . : - *"L w
’ 2 vaw Z(L, h,¢&,) an

V,Z(W,h,¢t) V,Z(L,h,t,)
PR Z (W, h,e=1) -Z(L,h,g=1) (12)

Z(Y, h,e,) = p

1

120x [Y
—= [=+1.393
«lE,ﬂ(Y, e,,)[
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+0.667 1n(1+ 1.444}}
h (13)
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‘The modulus is taken in Egn (M) to ensure
that (i) if e, > 1, then 1 < e, <€, (ii) ifg, < I,
then g, <g <1 :

In Eqns (6) to (14), €, = é, or €,, depending on
the surroundings and Y = L or W, depehding on the
direction of propagation in, the microstrip line
assuming the quasi-transverse electromagnetic
mode. !

. ’ '
As explained earlier, when the antenna is
T v,

radiating into plasma, €,,, is tb be repiaced by €

pdyn
and thus Egn (ls is modified as ]

2 2 172

f= Vo { m)\ [(n J
r= !
2V 4yn || Werr L.y (15)

where, following Garg and Long’, the effective
.lenéth L.y and the effective width W, can be
obtained using the formyla

(W= W), €,(W)+0.3

Ly=L+

2 , Etp(W) -0.258 (16)
120X h
th = ’*ﬁvr—“"“_":‘“
Z(W, h, C(p) E‘PE W) an
|
120=n
Z(W,he,) = o [W/h + 1.%93

P

+0.667 In(W/h '+ 1.444)]

-172

(e,+¢€) (e,~€)[ 10k

) =—3"=+1 { *TJ

. Similarly, W,; can be obtained by inter-
changing L and W in Eqns (16) to (18).

The R.H.S. of B‘qn (15) contains 'the terms

€pdyns Legr and W, wl?ich are funFtions of €,. €, is
a function of f, [Eqn (3)]. Thus, the R.H.S. of
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Figure 1. Patch antenna indicating dimensions

Egn (15) is also ‘a function of £, and, therefore, can

be expressed as , i

S, =F(f,) (19
with
12 2 172
Vo "'m n
F(f,):——————[ L+
2\/Epdyn w‘” [Lfﬂ) (20)

Now Eqn (19) can be solved for f, using
standard numerical techniques. .

3. RESULTS !

Results for a rectangular patch antenna (Fig. 1)
of length (L) = 4.2 cm and width (W) = 2.3 cm on
a PTFE substrate (¢, = 2.32) of thickness
h =13 md\ are provided here for its dominant
transverse magnetic (TMy,) m'oglc. The results
obtained usling the brcscm‘ technique and the sDI*?
technique have bee‘n compared. Itfis very difficult
to apply SDI technique to predict the resonant
frequency of the patch antenna iin a dispersive
(plasma) medium. To avoid the mathematical and
computatifmal problems involved, an indirect
method whs adopted. Different €, values between 0
and 1 were taken. ']“hcn.SDl technique was used to
calculate the resonant frequencies for each value of
these €, vallllucs. Then for each g, value, the plasma
frequency was calculated from the corresponding

resonant frequency j‘using Eqn (3). Plasma
)
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Figure 2. Variation of resonant frequency in plasma medium
with fp/f, where L=42 mm, W =23 mm, A =3 mm,
€ =2.32,d =1 mm (feed prob. diameter).

frequencies obtained by the SDI technique in this
process were then used to find the resonant
frequencies of the antenna using the theory
developed. A comparison between these resonant
frequencies (solid line) with the resonant
frequencies obtained using the SDI technique
(dashed line) at different f/f values is made in
Fig. 2. Both the curves follow each other very
closely and the deviation between them.is less than
0.5 per cent, which indicates higher accuracy of
this rr'lethod in comparison to the SDI technique.
Figure 3 shows the variation of resonant frequency
in dominant TM,, mode of patch antenna in plasma
medium with the corresponding resonant frequency
in free-space for different €, values. These curves
are increasing monotonically, indicating that the
antennas resonate at a higher frequency in plasma
than in free-space. It is further oléserved that there
is a.nominal increase in resonant freqency with
increase in €, value. Fégure 4 is the curve indicating
the variation in the resonant frequency of antennas
in plasma medium with their aspect ratios for
different patch widths. It is observed that the
resonant frequency in plasma increases with
increase in aspect ratio of the antenna. It is also

397



DEF SCI J, VOL 47, NO 3, JULY 1997

10 ]
gp = 053

& = 027

RES. FREQ. IN PLASMA (GHz)

{
0 T T v 1
0 2 4 . 6 8
RES. FREQ. IN FREE SPACE (GHz)
Figure 3. Comparison of resonant frequenciés in plasma with

that in free-space (L is varied, to vary the free.space
resonant frequency). !

observed that the resonant frequency in- plasma
increases (i) rapidly with decrease in L when W is
kept constant, and (ii) slowly with decrease in W
when L is kept constant.

4, CONCLUSION

It has been found that the proposed theory
predicts resonant frequencies with a higher
accuracy (99.5 per cent) in comparison to the SDI
technique. It can also be inferred that there is a
possibility of detuning of the antenna, as the
re-entry vehicle carrying such an antenna enters
into the ionosphere and gets surrounded by plasma.
This detuning can result ip a possible signal
blackout, unless adaquate precautions are taken.
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Figure 4. Plot of resonant frequency in plasma vs aspect ratio
for different patch widths.
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