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one degree. The usuval solution of using a long linear array feeding
a ¢ylindrical reflector was adopted and it remained to design the lin-
ear array, which in the present case was to be 300 wavelength long.
Methods for obtaining such an array are: 1) The pillbox
or sectoral lens, 2) The end fed slot array, 3) The linear array
where all elements are fed through equal lengths of waveguide. With
the second solution the pattern varies with frequency and the design
is complicated by mutual effects between slots. The first and third
solutions avoid this difficulty and are essentially similariin (1) the
pover distribution is done continuously by spreading of the wave and
bending by refraction or reflection, in (2) it occurs at the junctions

along the feed system.
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Fig. 9. Equivalent network of linear microstrip array.

Fig. 10. Microstrip antennas for X band.
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found from the modal expansion to be

The input impedance to a coaxial probe-fed rectangular patch may be
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Cavity Model MSA
x-y plane is considered. The electric field in the cavity can be written as
22 b (Y)  mmd X
? E= ijo‘ng 2 Z = = ( ) (1)

K—k2, LT

m=0n=0

where k%= €,(1—j8)k§, ko= 2mf/v, f = frequency, v = speed of light, €, = relative

dielectric constant, 8 = loss tangent of dieﬁgctric, o= 37710, k2, = (mm/a)* + (nm/b)?,

€0m€on
ab

and 2 for m#0, and dis the "effective width" of a uniform strip of z directed source current of
one amp at (x’y’). The inner series in (1) can be summed in closed form. This is equivalent to

Jo(x) =sin(x)/x, ¢,,,(x,y) = cos(mmx/a) cos(nmy/b), €y, = 1 for m=0

Thus, Z,; and Z,, are computed in precisely the same way as was the input impedance for the
one port discussed earlier. The mutual impedance, Z;,, is computed using

‘f’mn (xltyl)¢mn (xz,yz)

2 : m'rrd)
Ke— ko

-2
Jo ( 2a

Zyy = —jouol),

m,n

From the Z parameters, the S parameters can be easily computed and compared with measured

results as shown in Fig. 3 for the case of a rectangular microstrip. It is seen that the agreement
is excellent.
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MSA

_E,___Akz—kﬁ, __Ak— k1o
- 2 2 — ;
Ex k*— km k kOl
It is particularly illuminating to plot k, kg, and kg in the complex k plane as was done in Fig.
2. For E/E, to be e/™2, equation (2) requires that

(2)

Ak-knl—klo-L(A+%)- (3)
But
L 1y _ 1
E--— 2865- 2Q, (43)
km—k10=1_7..._.?.r_=£.___._w __=7T_C (4b)

(4¢c)

(The parameters k and L are defined in Fig. 2.) Thus, combining (3) with (4),

1
Ak _ ko —kio _ ¢ _ A+ A
k k b 20
For the case of the feed point taken on the diagonal of the microstrip, A=1 and therefore
a 1
—=14+—=]"
b 0 |-

The sense of rotation of the CP wave produced by the antenna fed at point 2 will be left hand
circularly polarized. By simply feeding at point 4 instead, the sense is reversed.
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Fig. 9 (a) Patch antenna with metallization removed to lower basic operating frequency
and posts added to then raise it.
(b) Typical tuning range of patch antenna.
Standard patch antenna of same size operates at 1465 MHz. After [48].
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The axial field components A, and £, satisfying the Helm-
holtz equations can be written as follows:
5
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Fig. 4  Current flows on inner surface of equilateral-triangular patch
with point A as a feed point

a Current flow for 2nd-order mode
b Current flow for 3rd-order mode
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Fig. 7  Radiation patterns in xz-plane for equilateral-triangular micro-
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a Calculated result at 1583.8 MHz; selecting A as a feed point
b Measured result at 1608 MHz; selecting A, as a feed point
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MSA 2
E k—kyo .
EiﬁAk“km_i-J {4)
where [y
__ cos(ny'/b)

cos (nx'/a) )
The + sign in eqn. 4 designates the left-hand (LH) and o
the right-hand (RH) CP waves, respectively. One way to b=15.9 cm
determine the feed position (x’, y') for given a and b is by
examining eqn. 4 in the complex k-plane, as shown in
Fig. 1, which states that the phasors (k — k,,) and (k
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> K
. K=plane 1 1
K“] K KQT K" I"(———0=16.1 cm —)—l
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0 I Fig. 2  Feed loci for a rectangular CP microstrip antenna
F Substrate thickness 0.32 cm; ¢, = 2.62
K=K O feed point
10 lr LHCP
—--- RHCP
1
l p =
Fig. 1 Geometric relations of phasors k,q, ky,, and k in k-plane for
CP operation
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Fig. 18. Reflection coefficient of a microstripline fed stacked antenna (Fig. 17).
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Fig. 4 Equivalent circuit of a patch antenna with a cross slot.

0
@
S -10
Y
2
g —20
@
>
e
@ —30
(<]
o
—4 1 I | L 1
¢ —-120 —60 0 60 120
6 (deg)

Fig. 8 Measured radiation pattern. Frequency=1.6 GHz,
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