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Analysis of Stripline-Fed Slot-Coupled
Patch Antennas with Vias for
Parallel-Plate Mode Suppression

Arun BhattacharyyaSenior Member, IEEEOwen Fordham, and Yaozhong Liu

Abstract—The paper presents an analysis of slot-coupled scattering of the parallel-plate mode from the vias. To design
stripline-fed patch antennas with vias around the slot to for first-pass success, the effect of the vias must be included
minimize the power launched into the parallel-plate mode. A in the analysis

moment-method scattering formulation is invoked to include the M . tigat h d | d t | f
effect of vias on the impedance characteristics of the antenna. any Investigators have developed accuraie analyses O

Coupling between the stripline feed and the ground-plane Microstrip-fed slot-coupled patch antennas [1]-{8]. Only em-
slot is obtained by invoking reciprocity. Two design examples pirical results have been reported for slot-coupled patch anten-

were fabricated and the measured input impedances verify nas with “stripline” feeds and mode-suppressing vias [9]. Anal-
the accuracy of the analysis. Vias considerably modify the yqis of vias used for interconnecting striplines/microstriplines

impedance and resonant characteristics of a patch antenna. : . . -
Radiation efficiency of patch antennas with and without vias is 'S réPorted in [10]. In [11], experimental results for a stripline-

studied and proper location of the vias is shown to drastically fed slot coupled patch antenna with mode-suppressing vias
reduce power in the parallel-plate mode. are reported. However, no analysis of the mode-suppressing
vias is presented. In this paper, we introduce a model to
analyze stripline-fed slot-coupled patch antennas with vias
around the slots. The strip is located at the interface of two
. INTRODUCTION dielectric layers. To obtain a reasonable coupling between the
HE slot-coupled patch is an attractive radiating elemeftripline and the slot, the upper dielectric layer (slot side)
for phased arrays since it is simple to fabricate and tisould be thinner and of higher permittivity than the lower
feed circuit does not disturb the radiation patterns [1]-[8flielectric layer. Such an asymmetric stripline feed sustains
There is an increasing demand to integrate patch antennas Wikrostrip-like fields, but vias are still required to suppress
monolithic microwave integrated circuit (MMIC) devices suctihe parallel-plate mode.
as phase shifters and solid-state power amplifiers (SSPA’s) fofOur formulation applies the method of moments (MoM)
phased-array applications. The MMIC’s are typically placedith Galerkin's procedure in the spectral domain. The entire
underneath the ground plane of the patches to allow dirg¢pblem is divided into two coupling problems: 1) coupling
interface with a heat sink. The input ports of the SSPAetween the slot and the stripline feed in the presence of vias
often must be isolated from the feed circuit with anothédnd 2) coupling between the slot and the patch. The vias
ground plane to avoid potential feed-back/oscillation problemr@e modeled as cylindrical scatterers with ground planes at
However, introduction of this second ground plane allowgoth ends. To make the analysis accurate, the fields on the
parallel-plate modes to exist in the feed circuit layers, whicHot aperture are represented by several mutually orthogonal
have a “stripline” configuration. The lowest order parallel-plateiodes. Lorentz’s reciprocity theorem is then invoked to con-
mode has zero cutoff frequency. When a significant amount@fuct a generalized equivalent circuit for the coupling between
power is launched into the parallel-plate modes, the radiatifie slot modes and the feed line. The interaction between
efficiency of the patch antenna is reduced. Also, the paralléhe slot and the open end of the strip line is ignored; thus,
plate mode can cause mutual coupling between elements of @ solution is not a full moment solution. The equivalent
array, which may alter the amplitude and phase distributioicuit consists of a generalized transformer and two general-
from their intended values. ized shunt admittances (admittance matrices). One admittance
In a stripline-fed slot-coupled patch antenna, the para”é'patl’ix represents radiation from the slot on the feed side of
plate modes are excited at the slot discontinuity in the uppg&e ground plane and includes the effect of scattering from
ground plane. A practical way to suppress the para||e|-p|5ﬂ@ vias. The other admittance matrix represents radiation on
modes without significantly affecting the stripline mode is tghe patch side of the ground plane and includes the scattering
introduce conducting vias around the slot. However, the inpliem the patch metallization. A general matrix formulation is
impedance of the patch antenna changes significantly duedtgsented to handle the scattering problems in both sides, and
the input impedance seen by the feed line is deduced from the
Manuscript received August 13, 1996; revised December 19, 1997. equivalent circuit. To verify the accuracy of the formulation,
The authors are with Hughes Space and Communications, Los Angeles, C . .
90009 USA. comparisons between computed and measured impedances are
Publisher Item Identifier S 0018-926X(98)02681-7. presented.
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Il. COUPLING BETWEEN SLOT AND FEED LINE ?
Yy

The geometry of a slotline-fed aperture-coupled patch is
shown in Fig. 1. To determine the electromagnetic coupling .
between the slot and the feed line, we assume that the feed e
line extends from-co to +oc0 alongx and place the slot axis - LU Qo 1

along y. We then use Lorentz’s reciprocity theorem [12] to ] --_--“—
_construct the equivalent circuit. The electric field in the slot striptne
is expressed as

Eﬂlot = Z ‘/sn é;n(x; y) (1) \

whereV,,, is the modal voltage and,,, is the modal voltage X h, slot L) A/FO
vector [13] for thenth waveguide modéThe modal voltage
vectors are orthonormal so that St

// Esn (2, Y).Em (2, y) de dy = b,n 2 b, y1as &
slot

whereé,,,, is the Kronecker delta. The voltage discontinuity l
across the slot can be determined by invoking Lorentz’s z
reciprocity theorem [12]. Following the procedure detailed ilflig. 1. Top view and side view of a stripline-fed slot-coupled patch element
[2], [7], the discontinuity in the modal voltagAV is derived with vias for parallel-plate mode suppression.

to be

z=h,+h,

ound plane

AV =3 T, Vin ©)
where
: +/9 /2 . LAAN
T, = _¢ Snt/2) / Con X idy  (4) av
Bmt/2 —i/2 [Vl

and ! andt are the length and width of the slat,, is the
propagation constant of the feed line, ahg is the modal
magnetic field vector of the feed line. In derivifig, the slot
is assumed to be narrow and the slot’s field to be uniforfig. 2. Equivalent circuit representation of the patch antenna in Fig. 1.
alongz. Fig. 2 shows the circuit representation of (3). In the
equivalent circuit the column matri¥;] represents the modal =~ ----===-====-==-----=co------ beinlabi

. y Magnetic Wall
amplitudes of the voltage across the slot. Note that the turns T
ratio of the transformer is a row matrix, according to (3).
A lumped admittance matrix must be added to account for Vias <
radiation from the slot into the feed layers (power coupled into  x
undesired guided-wave modes). Another admittance (matrix) Stripline™ o
represents power coupled to the patch. In the following section,

S\Z—;length =1, width=1¢)

the admittance of the slot due to radiation into the feed layers
will be considered.

IIl. GALERKIN'S PROCEDURE FORSLOT ADMITTANCE Magnetic Wall

In this section, we invoke Galerkin's procedure to formurFig. 3. Arrangement of vias around a ground plane slot.
late the feed-side admittance of the slot in the presence of

conducting vias. The top-view of a slot with vias is shown 'the self and mutual impedances, therefore, the final results are

Fig. 3. We assume uniform current distribution on the OUt?rli ensitive to small errors in the via current distribution. Let

surface of each via. The formulation can easily be extended . _ | 9 3 ...y pe the current amplitudes induced on

for sever_al l_)a5|_s functions on _each via. However, a unlform ias by the slot aperture fields. Then, using Galerkin's test
current distribution assumption is reasonable, because the fB? edure, we obtain the following equations:

layers are usually electrically thin (less than),iwhich does

not allow the longitudinal current to vary rapidly along the via

axis. Furthermore, stationary expressions are used to obtain
1we consider the slot as a rectangular waveguide, carrying several wave- . I <Z’ j> + <Z’ 5> =0, i=1,2- N (5)

guide modes. j=1
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where (i, j) is the mutual reaction between tligh and jth In practical feeds, the vias pass through an asymmetric
vias and(i, s} is the mutual reaction between the slot antivo-layered dielectric structure, so a multilayered analysis is
the ith via, with the via current amplitudes set to unity. Th@ecessary. The-directed via currents will nhot produce any

mutual reaction between the slot aitll via can be expressedTE. mode [14, p. 10], therefore, we need to consider the

in terms of the slot modal voltages as TM. mode fields only. The TM field components can be
] ] constructed from the component of the electric displacement
(@ s) :Z Vin (é; ) (6) vector D, [14]. In the two-layered structure bounded by

ground planes at = 0 and z = hy + h, (Fig. 1), D, can
where (i, s,,) is the mutual reaction between thh via and be expressed as

the electric field of thexth waveguide mode spanning the slot. (2)
The reaction terms will be deduced later. Substituting (6) inD, = AH02 (kyp) cos(er-2), 2 < (14)
(5) we obtain the following matrix equation: BHS (k,p) cos{ks.(z —hy — hs)}, 2> hy

[Ro][I] = —[ST][V 5] () with k. = \/kjer — k2 and k.. = ,/kico — k2. The above

O(i;*xpression is valid for the regiop > r. In the region

self and mutual reactions between via currents &H is * < r, the Hanl_<e| functlonh_féz)_(.) should be repla_ced by
a rectangular matrix with elements that are mutual reactidi¢ Bessel functions(.). Continuity of D. atz = A, gives a
terms between slot modes and via currefitsis the current r_elat|0n between A and B. Fro_tﬁz, We can T'nd the magnet|c_
amplitude vector for the vias and@s] is the modal voltage field components in each_ region. Contmglty of the tangential
vector across the slot surface. From (7) the unknown curréﬂ?gn_et'c field at = A, yields the following transcendental
amplitude vector can be found in terms of the slot mogd§&auation:
voltage as ki,

[1] = —[Re]~ ' [ST][V's)]. ®) g

where [Rv] is a square matrix with elements consisting

ka.
tan (k. hy ) + €i tan (k. hy) = 0. (15)
2

The above equation can be solved numerically fpr Each
The reaction between the vias and field across the slot is giveal root corresponds to a propagating parallel-plate mode.
by Considering all possible TM parallel-plate modes, the dis-
i - placement vector componeht, can be written as
(Vias, Sloty = [I]" [SI][V's]. 9)

AH (kpip)filz), p>r
We substitute (8) into (9) to obtain Z o (knip)fi(2)

D. = | (16)
(Vias Sloy = —[Vs]"[s1]" [Re] ™' [SI[Vs].  (10) N Bidkup)fi(z), p<r
Note that[Rv]” = [Rv] becausdRv] is a symmetric matrix. here Z
Therefore, the contribution of the vias to the admittance matrix i b
of the slot is £ COS((km;);) z < Iy
&) = | COS(K1 /1
[Vso] = [S1]7 [Re] ™' [S1]. (11) cos(kaihn) cos{kzi(z = —ha)}, 2> by
(17)

The total admittance matrix seen by the slot is

andk,, is theith solution of (15). It can be shown th#t(z)
forms a complete set of orthogonal functions [14, p. 68], with
where[Y'ss] is the self-admittance matrix of the slot whoséhe orthogonal relation given by

elements are the self and mutual reactances between the ,» F() 5 (2) o

orthonormal slot modes. Equation (11) holds if more than one ——dz =0, iFj,h=h +hy (18)
basis function is used to represent the current on a via. In ’° e(2)

that case, the order of thgzv] matrix would be increased This orthogonal relation is used to expand the via current
to Np x Np, wherep is the number of basis functions usedn terms of the parallel-plate mode functions. After algebraic
for each via current. The order §§7] matrix would increase Manipulation, the expression fof; in (16) is obtained as

accordingly. k2T
4ly;

[Vslof = [Ysv] + [YVss] (12)

AiII()

A. Self and Mutual Reactions of Vias
A uniform surface current on a cylindrical via can pavhere K; represents the quantity inside the square bracket.

expressed as Ty; andT5; are integrals given by
h
»_ o . T:/ fi(z)/e(z) dz (20)
I'=g6(p—r) (13) = (2)/2(2)
h
where I, is the total current on a via; is the via's outer Ty, = / f?(z)/e(z) d. 21)
radius, andp = 0 is the location of the via’s center. ' o
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For a two-layered medium bounded by ground planes=atd  In (30), (z,, ;) is the relative coordinate of the slot's center
andz = hy+hs, T7;, andTs; have the following closed forms: with respect to the via-center. The slot is assumed to be
Ty = cos(kr, ih)tan(ky,ihy )/ (kvsier) electrically narrow. The above equation is used {ors,)

in (6), with 4; given by (19) and/, set to unity.
+ tan(kyoihs)/(kazies)] (22) ’

h .
Ty = ? [1 4 Sn(2ky.ih1)] C. Self Reaction of the Slot
1

) To find the[Yss] term in (12), we need to obtain the self-
M (23) reactions between the modal fields on the slot. We introduce
c0s? (kazh2) two infinitely long magnetic walls on either side of the slot,
whereSn(x) = sin(2)/x. The self reaction of a via is given byrunning perpendicular to the slot axis as shown in Fig. 3. In the
S presence of these fictitious magnetic walls, the parallel-plate
(Io, Io) = =15 Z AiHé )(kf”'r)T“' (24) modes become plane waves as opposed to cylindrical waves,
! which simplifies the analysis considerably. If the magnetic
The mutual reaction between two vias of currefitsand I>  wg|ls are several wavelengths away from the slot location,

h
+ 2 [1 + Sn(2ko2ihs)]
262

is derived as ) the self-reaction computation will be sufficiently accurate for
L, L) =—11 K, — T, H (k,; dl most applications.
s ) o ZZ: 21 Jyiaz idlo (kpiprz) The electric field of thexth mode in a narrow slot can be

(25) expressed as

where p;5 is the distance between the center of via 1 to a Een = Tespy. (31)

surface point of via 2. The integration is taken around thﬁ1e equivalent magnetic current is given by
contour of via 2. If the vias are sufficiently separated from

each other such that < p;», the mutual reaction simplifies M, =& X 264, 6(2) = yM,,, 6(2)
to —t/2 <z <tf2. (32)
— ¢ HD (ke : . . .
(I o) = =D I Z KiHg™ (kpiri2)Thi (26)  The magnetic current component can be expanded in a Fourier
! series as
wherer,, is the center-to-center distance between the two vias . (i) )
and K; is defined in (19). The normalized mutual reaction for M, =y Z My, cos(2miy/w)é(z) (33)
use in (5) is given by ’

T where w is the separation between two fictitious magnetic
(L) -7 (2) . eer
(i, J) = 1. —E :AiHo (kpirio)Thi. (27) walls. Now consider a magnetic line current at= =z,

t i represented by

B. Mutual Reaction Between a Via and the Slot my; = yé(x — xg) cos(2miy/w)é(z). (34)

_ The mutual rea_lction_between current on a via and a modﬁ’éing a mode-matching procedure, the magnetic field pro-
field on the slot is defined as duced by the above magnetic line current is given by

(Via, s,) = // (Esn X ﬁﬂ).é dx dy (28) wk,; .
slot, hyi(f, Y % xo) - 2k31T21 eXP{:Fka(x a xO)}
where &;,, is the modal electric field vector for theth slot - cos(2miy/w). (35)

mode andH, is the magnetic field vector produced by the via _ _

current. The magnetic field vector can be determined ffdm he+ a_nd— signs Corr_espond to > Zo al_ndx <, regions,

in (16) using the procedure detailed in [14]. For the slot showWRSPectively To; is the integral defined in Section 1lI-A:,;

in Fig. 3, the aperture field is directed alongtherefore, the is the lowest order zero of (15) artd; = | /k>, — (27i/w)?.

y component of the via’s magnetic field is of interest. At th§o obtain this result, we assumed that only the lowest order

slot location, this component of the via's magnetic field is TM, mode is excited, which is valid for thin dielectric layers.
X

H,, = jw Z AiHEQ)(k'pi ) o (29) ;Jks)ltn?nsgseirsposmon, the magnetic field produced by sitte

. . _ ' /2
The via is a_lssumed to be Iocatedpat_: 0. Equatlo_n (29) is H,, = Z M‘;Q cos(2miy/w) / hyi(x, y, 23 o) dxq.
substituted into (28) for{,, and the final expression for the - —1/2

mutual reaction becomes (36)
A ys+1/2
(Via, s,) = jwe,t Z ? ! / The mutual admittance between thegh andnth slot modes
i Jys=1/2 is given by
(2) s 2
e i (k”’ Y ) dy.  (30) Vss(m, n) = // erm Hyn dz dy. (37)
o V l‘? + y2 slot,
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After double integration we obtain Morched Toad

—2weg S;i) E Sli) o B -
Yss(m, n) = Z —kmkilwaiTm

(1 = jkeit — exp(—jkrit)] (38)

Fig. 4. Waveguide simulator for active impedance measurement.
whereoy = 2,0, = 1,7 # 0. E9 is given by
2 necessary to yield reasonable input resistance for the patch
EW = 2 / €xm cos(2miy/w) dy. (39) antenna. o .
wo; J_y/2 We measured the active input impedances of two patch
arrays using the waveguide simulator technique [15]. A rect-
The above expression fafss(m, n) defines the elements ofangular waveguide was fabricated withand b dimensions
[Y'ss] in (12). corresponding to two and one element spacings, respectively.
One end of the waveguide contained a slot-coupled patch
centered in the cross-section, with the waveguide wall shorted
by the patch ground plane. Two passive half-patches on either
To find the input impedance seen by the feed line, Wgde were shorted to the narrow walls of the waveguide.
determine the patCh-Side admittance of the slot. We use th@e arrangement is shown in F|g 4 and is equiva|ent to the
same procedure as in Section Ill. In this case, the equivalifvironment in an infinite array scanned t@ 24 the H-plane.

IV. INPUT IMPEDANCE

slot-admittance matrix can be expressed as The waveguide was terminated in a good match using a tapered
, absorber. A stripline-to-coaxial transition was connected to
[Yslot] = [Ysp] + [Y's5'] (40)  the feed to interface with the vector network analyzer. LRL

) ) _calibration was used to de-embed this transition and establish
where the prime denotes the admittance for the patch sid@ accurate reference plane located at the edge of the slot.
[Y'ss'] is the patch side self-admittance matrix of the slot The active input impedance of the patches was computed
modes if the patch metallization is not present. Following; the 24 scan angle. The eight vias nearest to the slot
(11), [Y'sp] is given by were included in the analysis of the stripline-slot coupling.
On the patch side, the reaction computations in (41) used
Floquet modal analysis with 600 Floquet modes. Three slot

modes were included for the numerical results presented

where[5P] is the ml_ﬂua' reaction matrix between slot modegg e However, subsequent numerical tests showed that a
and the current basis functions on the patch surface[ Bpfl single slot mode provided similar accuracy. Fig. 5(a) and

is the self- r_:md mutual-reaction matrix between_varlous curr shows the comparison between computed and measured
basis functions on the patch surface. To obtain the eleme

[¥'sp] = [SP]"[Rp] ™' [SP] (41)

modal fields are used for an infinite patch array [15]. be
The input impedance seen by the feed line can be obtaine

directly from the equivalent circuit shown in Fig. 2. The inpu{he

impedance is given by

ween the computed and measured data found to be good.
o find the effect of vias on input impedance, we computed
impedance of a patch for three different feed configu-
rations: 1) the feed in array environment and no vias; 2)
1 . fed in isolation with no vias; and 3) fed with eight vias
7= [T]"{[Y'slo§ + [Y'slot]}[T] (42) around the slot. Fig. 6 shows the impedances for the three-feed
configurations. The impedance levels and resonant frequencies
where the elements of the column matfi# can be obtained differ considerably from each other. The profound effect of
from (4). The[Yslof and[Y'slof] matrices are given in (12) vias on input impedance is apparent in the comparison.
and (40), respectively. Motivated by these results, we used the numerical model
to study the effect of vias on the impedance characteristics of
a patch array. We computed the active input impedance with
V. RESULTS AND DISCUSSIONS four vias (dia.= 0.096 cm) placed symmetrically with respect
The entire formulation was programmed in FORTRAN antb the slot axes. Three different curves in Fig. 7 resulted from
used to design stripline-fed slot-coupled patch arrays fortlaree different locations of the vias. The resonant frequency
20-GHz application. A rexolite substrate was chosen for tlfdefined as the frequency corresponding to the peak input
patch layer. The feed strip was located at the interface msistance) and resistance depend strongly on the distance
two different substrates: TMM-10 between the strip and tHeom the vias to the slot. As the vias approach the center of
slot's ground plane and TMM-3 between the strip and thée slot, the resonant frequency increases considerably. This
bottom ground plane. The asymmetric stripline structure wabenomenon can be explained physically. Resonance occurs
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1,00 2.00 3.00

0.00

R.X, Ohms x 1072

1.70 1.80 1,90 2.00 2110 2.20 2.30

Freqg, GHz x 1071
Fig. 6. Active impedance versus frequency of a patch array with different
feed situations. Curve a: input resistance with no via, feed in array environ-
ment. Curve b: no via, feed in isolation. Curve c: eight vias around the slot.
Curve d: measurement with eight vias. The curves denoted by primes are the
corresponding input reactance counterparts. All dimensions are same as in
Fig. 5(a). Scan angle- 24°.

(b) -1.0

Fig. 5. Computed and measured active impedance of a patch in a wavegditle 7. Computed active input impedance of a patch antenna (in array
simulator shown in Fig. 4. Element spacing 0.876 cm x 0.876 cm, environment) with and without vias. £— no via and feed in array, 5—

h1 = 0.038 cm, ho = 0.0635 cm, e; — 9.8, es — 3.27, e3 — 2.53, o via and isolated feed, -« — with four vias, coordinate of the vias are
50 strip line. With respect to the slot center, the via coordinates for eigk#0.1, £0.2), —o — four vias, coordinate of vias aret(.1, £0.13). Via

vias are £0.1,+0.3) and 0.1,40.13), respectively. Via diameter 0.096 diameter= 0.096 cm. Patch size 0.37 cmx 0.68 cm, slot size= 0.32 cm

cm, stub length= 0.0648 cm (with end effect of 0.0038 cm). Impedance< 0.02 cm, array element spacirg 0.876 cmx 0.876 cm. Scan angle
computed/measured with respect to the source end of the slots. (a) Patch @z¢emaining parameters are same as in Figf 5 17-22 GHz clockwise.

0.35 cmx 0.68 cm, patch substrate thickness0.084 cm, slot size 0.29

cm x 0.025 cm. (b) Patch size 0.37 cr 0.68 cm, slot size 0.271 cr

0.025 cm, patch substrate thicknes€.088 cm.f = 18-23 GHz clockwise. The effectiveness of the vias can be quantified in terms of

—L— computed, —o — measured. radiation efficiency defined as: efficieney(power coupled to
patch side)/(total input power). From the equivalent circuit in
Fig. 2 and (42), the efficiency can be obtained directly from

when the inductive reactance of the slot in the patch sidetf®e equivalent conductances on the two sides of the slot as

nulled by the capacitive reactance of the slot in the feed side. T

7 . » - [T]"[Gslot][T]

The vias in the feed side reduce the capacitive reactance of the Efficiency = [T {[Gsio] + [GsIof}[T]

slot because vias are inductive in nature. Near resonance, the

patch-side reactance has a negative slope (frequency respavisere [G'slof and [Gslot] are the real parts ofY slof and

of a typical lossy cavity). To counterbalance a smaller value ff slot] matrices in (42). Note thdt7slof is the summation

the capacitive reactance, a positive frequency shift must occof .two matrices, as given in (12). Without vid$;sv] should
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the input impedance of an isolated patch with and without vias

around the slot feed. Four vias were placed symmetrically with

respect to the slot axes. The vias alter the input impedance
of the antenna and shift the resonant frequency higher. The
resistances at resonance with and without vias are 154 and
118 €2, respectively. The corresponding resonant frequencies
are 18.1 and 17.9 GHz, respectively.

VI.

We presented a technique to analyze slot-coupled patch
antennas fed by stripline with vias around the coupling slot.
The accuracy of this model was verified by design, fabrication,
and measurement of two antennas for a 20-GHz application.
We found that vias have a profound impact on the input
impedance. The mode-suppressing vias improve the radiation
properties of a patch antenna in the following three ways:
1) gain improves because the available power for radiation
increases; 2) for array applications, parasitic mutual coupling

CONCLUSIONS

Fig. 8. Radiation efficiency versus frequency of a patch antenna with ag@used by the parallel-plate mode is eliminated; and 3) edge
without vias. Via coordinates are same as in Fig. 7. Curve a: no via, isolaigfffraction due to the parallel-plate mode is eliminated.

feed, curve b: four vias at{0.1,+0.2), curve c: four vias at0.1,+0.13).
Remaining parameters are same as in Fig. 7.

Fig. 9.
without vias. —e— with no vias, —A— with four vias. Via coordinates
are &0.1,£0.2). Other dimensions are same as in Figf = 1523 GHz
clockwise.

be set to a null matrix. The radiation efficiency was computed’!
and plotted in Fig. 8. Without vias, the radiation efficiency

Input resistance versus frequency of an isolated patch with and

The model presented here is useful for active array ap-
plications where a stripline feed is required to isolate the
feed circuitry from the active devices. At higher frequencies,
smaller via-spacing must be used around the slot to insure
that parallel-plate mode resonances do not occur. The effect
of the vias on the input impedance of the antenna becomes
substantial and must be included in the design tool. Our model
predicts the resulting impedance values accurately enough for
first-pass design success.
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