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Study of Wideband Handset Antennas on Ceramic Substrates
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Abhstract ( Key words: ceramic substrate,
miniaturized antenna, integral equation, method
of moments. )

In this project, the concept of equivalent vol-
urne current and method of moments are applied
to study the radiation charscteristics of minia-
turized antennas on ceramic substrates,  This
approach has the Hexibility of spatial domain
method of moments and incorporates the ef-
fects of layered medium. It is more flexible
than the conventional mode-malching technique,
and takes less computation time than the FDTD
method. The current distribution is obtained by
solving the integral equation. Then, the radi-
ation characteristics such as input impedance,
scattering parameters, and radiation patiterns
can be derived from the current distribution.

1 Imtroduction

Materials with high dielectric constant become
more important recently due to their capability
to reduce the physical size of microwave com-
ponents in applications like wireless communica-
tions. In [1], a modified transmission line model
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is proposed to study cavity-hacked microsirip
antennas.  The antenna arrays are placed on
thick substrate with high dielectric constant Lo
reduce its dimension. In |2], a portable medium-
gain active array antenna consisting of active mi-
crostrip antennas i= implemented on a ceramic
substrate of high dieleciric consiant for mobile
satellite communications.

[n |3, the broadside fundamental T My, mode
of an aperture-coupled cireular dieleciric res-
onator( DR} antenna using very high dielectric
constant is studied. In [4], a small integrated mi-
crowave multi-chip modules{ MCMs) using high
dielectric constant (e, 110} substrate is pro-
posed for applications in electronic 1ol collec-
tion. In [5], substrate perforation exterior 1o a
patch antenna is suggested to lower Lthe effective
dielectric constant of the surrounding subsirate.
The surface wave leakage can thos be reduced
without affecting the desired radiation charac-
teristics,

In this work, we study the radiation char-
acteristics of patch antennas printed on a sub-
strate with high dielectric constant. Since sur-
face waves might be excited to reduce the radi-
ation efficiency, we first use an artificial waveg-
uide to enclose the substrate so that no surface
wave leakage can occur. The size of the waveg-
uice 15 large enough so that the radiation can
be “guided” along the waveguide. The corrent
distribution on the patch surface is then used 1o
calculate the radiation pattern in Lhe absence of
the artificial waveguide,



2 Solution Procedure

Figure 1 shows a patch antenna printed on a sub-
strate which is enclosed in a rectangular waveg-
uide.  The waveguide iz used to confine any
surface wave modes that might be excited and
guided in the substrate which has the form of a
digleciric slab waveguide, The problem is thus
modeled as a patch antenna embedded in a lay-
ered medium enclosed by a rectangular waveg-
uide. The patch is located at the bottom of layver
{M). The feld potential in each layer can be ex-
pressed as
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where o(r) and t{-*;(:ﬁ} are the potentials of
the TM. and TE, mode, respectively, in layer
(0), 2¢ = z+de with 1 < # < N, brenm
1,.,“{!:3 — (nx/a)® — (mw/b)%. The prime on zeros
means that the n? + m? = 0 term is excluded.
Mext, the tangential electric and magnetic felds
in layer (£) can be derived. The Debve's poten-
tial and tangential electric and magnetic fields
in layers () and (t) can be obtained in a similar
WaY.

By imposing the continuity of tangential elee-
tric and magnetic felds at interfaces belween
neighboring layers, four recursive relations for
the reflection coefficients are obtained.

At z = —dpy, impose the conditions that the
tangential electric fields are continuous, and the
electric surface currents on the patch accounts
for the discontinuity of the tangential magnetic
fields. Hence, the tangential electric fields at
z = —dpy ecan be expressed in terms of the
Fourier coefficients of the electric surface cur-
rents. lmpose the Anal boundary condition that
the tangential electric field on the pateh is equal

to the impressed field 1o obtain a set of integral
equations,

Next. apply method of moments to solve Lhe
integral equations for the eurrent distributions.
A set of basis lunetions are chosen to expand the
electric surface currents. The same ser of basis
functions are also used as weighting funetions.
Then, take the inner product of these weighting
functions with the integral equations 1o obtlain a
matrix eguation.

In order to calculate the radiation field, the
waveguide is removed, and each laver is extended
to infinity horizontally, The Debye's potentials,
tangential eleciric and magnetic fields in this
open structure can be derived in a similar man-
ner.

Next, the same sets of basis functions as used
in the closed structure are used 1o expand the
surface currents. The expansion coefficients {1,
and {u,} are obtained by solving (77). The :-
component of the felds in laver()) can be ex-
pressed as s function of the surface currenis. The
radiation{far} field is then ealeulated by apply-
ing the stationary phase approximation. Thus,
we have
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where k; = kpsinfcosd, ky = fpsinfsind, and
m is the intrinsic impedance in layeri0). The
tangential field components are then derived as
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3 Results and Discussions

Figure 2 shows the input impedance of a patch
anlenna on a substrate backed by copper. The
patch and substrate are enclosed by a rectangu-
lar waveguide with the cross section of 4 m hy
4 m. The cross section is wide enough that the
frequencies considered are higher than the cutoff
frequency of the dominant mode of the waveg-
uide. The waveguide serves the purpose of con-
fining the surface wave modes which can cause
leakage. The impedance shows a resonance near
f = 280 MHz, and the bandwidth is quite nar-
row as in conventional microstrip antennas.

Figure 3 shows the distribution of E, ampli-
tude underneath the patch, The fields mainly
concentrate underneath the patch, and become
vanishingly small away from the patch.

Figure 4 shows the phase distribution associ-
ated with Figure 3. The phase over the left half
remains about the same, and the phase over the
right half is 180° out of phase. FPhase varies
rapidly near the center line of the patch and
around the perimeter of the patch.

The amplitude and phase informations are
combined to give the real and imaginary part of
the E, component. The real part is much larger
than the imaginary part, indicating that the E,
field component is in phase with the driving volt-
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Consider a rectangular cavity where the top
and bottom surfaces are perfect electric conduc-
tors, and the four side surfaces are perfect mag-
netic conductors. The resonant frequencies of
the eigen modes in such a cavity are [(mn/a)? +
(nw/b)? + (pm/d)?|V/? 2n, /lioE1€, where a,b are
the widths of the top surface, and d is the dis-
tance between the top and bottom surfaces. The
resonant frequency of the TMigg mode is 300
MHz.

Compared with the F. components of the cav-
ity model, it is observed that the edge effect
along the edges at y = ¢, = w,/2 is much stronger
than that in Figures 3 and 4. The strong field
near the driving stub also contributes to the de-
viation of the resonant frequences,

4 Conclusions

A layered-medium formulation is proposed to
study the radiation characteristics of a patch an-
tenna on A substrate with high dielectric con-
stant. An artificial rectangular waveguide is used
to eliminate the effect of surface wave leakage.
The current distribution is then used to caleulate
the radiation field by using stationary phase ap-
proximation. Input impedance and feld distri-
butions are presented Lo discuss the major mech-
anism of radiation.
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Figuee 10 Confignration of a patch antenna enclosed

Figure 3 Distriburtion of E. amplitade noderncark
b a pecrangnlar wavegicle,

the patch, paramerers the saime as in Fig 2. =
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Figure 22 [nput bopedance of & pateln antenna in
A throe-lavered medinn enclosed by s rectangnlar
wavepnide, M = 0L N = 1. ¢ = &, hy = 2 mm.
£ = fg. ¢p = WMy e3 = Fy gy = 592 % 7 5/,
a=dum b=dm e, =200 0, =2 m oy =5 0m.
w, =0 en.

Fignre 4 Distribotion of £, phase andeenesthe tlee
pateh, parameters the satee a5 i Fig,2, @ = —dy —
hyf2. f = 280.5 MHe.
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