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Multiport Network Model for CAD
of Electromagnetically Coupled
Microstrip Patch Antennas

Rajan P. Parrikar and Kuldip C. GuptBellow, IEEE

Abstract—In this paper, electromagnetically coupled (EMC) patch
patch-antenna configurations on two-layered dielectric substrates
are investigated. The radiating patch is located on the top of
the upper substrate and is excited by feed circuitry underneath
it on the lower substrate. The electromagnetic field problem is
transformed into a network problem and a multiport network
model (MNM) is developed to characterize the three-dimensional
(3-D) fields associated with the radiating structure. Antenna
characteristics such as input impedance and radiation pattern are
computed using the MNM model and the approach is validated feed Ground Plane
by comparison with experimental results. clrcuitry
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I. INTRODUCTION

HE advent of sophisticated printed circuit techniques —
in recent years has spawned several novel circuit and C1__
antenna configurations, a major advance being the microstrip
patch antenna [1]-[4]. In this work, a network model amenable
to computer-aided analysis and design of a planar microstrip
patch-antenna configuration employing two substrate |ayeF_§g. 1. Atwo-layer circuit-antenna configuration suitable for hybrid integra-
wherein the circuit elements are fabricated on the lowé?™
substrate and the radiating patches are located on the upper
substrate, has been proposed. The excitation of the radiatifige feed circuitry is located on the lower substrate at the
patch is effected via electromagnetic coupling between thrgerface of the two layers. On the other hand, for antennas
patch and the feed circuitry on the lower level underneath taesigned for integration with monolithic circuit configurations,
patch. The advantages of using two-layer configurations atge lower substrate is GaAs (about 100 to 150 thick) and
1) flexibility in design for optimizing both circuit and antennahe upper dielectric is a thin (1- to 2m) passivating layer
parameters thus providing the best surface real estate usgggically silicon nitride).
2) an increase in radiated power and, consequently, increasegthe early investigations into electromagnetically coupled
bandwidth and efficiency [3], [6] caused by a larger patch-tge\C) feed mechanisms for radiators considered printed mi-
ground-plane spacing; and 3) a reduction in spurious radiatigistrip dipoles [8], where various configurations of printed
from the feed circuit discontinuities [7] resulting from thejipoles were examined for optimizing characteristics such as
decrease in the spacing between the feed circuitry and fig\qwidth, efficiency, and radiation. These studies employed

ground plane. both the circuit models using transmission line theory [1] as

_Two types of structures suitable for both hybrid and mongge|| 45 the rigorous moment method for EMC printed dipoles
lithic circuit integrations have been suggested recently [24]. [@]_

typical configuration suitable for hybrid integration is shown An experimental study of a proximity-coupled EMC mi-

in Fig. 1. In 'this' case, the thickness of'the lower SUbStraE?ostrip patch antenna was presented in [10] with a demon-
(where the circuit elements are located) is much smaller th@f?ation of a bandwidth of 13%. The study also showed
that r? thhﬁ ur;pelr I?yer. Th? lotV\;Er SLiEs;ra:cetrt]y pically Tasc?oss-polarization levels to be 20 dB below the copolarization
much higher dielectric constant than that of the upper 1aygly o5 a generalized rigorous moment-method analysis to the
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circular-patch antenna was carried out [13] and the effect of
the line feed and patch overlap on the VSWR investigated. U
[~ Upper Substrate

b
These full-wave analyses led to the development of guidelines 4(_
for electromagnetically fed microstrip patch antennas for botfptch Lower Substrate
the rectangular and circular shapes [14]. 2
In the recent past, extensive experimental investigations into _ZC_ f
/7 L

rectangular EMC patch antennas have been reported [15]-[17]

along with detailed parametric studies. \ +— Feed Line
The work reported_hereln takes a network approach knowh; v| & _),/w/(_

as the MNM technique. In Section Il, some backgroune—¢ —

and salient features of the MNM approach are enunciatee-2

Section Il deals with a detailed development of the MNM for

the three-dimensional (3-D) fields associated with the EMC Ground Plane

antenna configuration. In Section IV, the numerical resultsy. 2. The two-layer EMC patch configuration.

obtained by using MNM on sample cases and their validation

by comparison with experimental results are presented. IIn in direct tact with th ich of b ial feed
Section V, a summary of this work is presented. INes in cirect contact wi € paich of by coaxial 1eeds

[22]. In either of these two cases, the fields underneath the
radiating patch are essentially invariant along thdirection
(that is, in the direction perpendicular to the ground plane). In
There are several well-known techniques available for thiee present EMC antenna configuration, the fields underneath
analysis and design of microstrip patch antennas and thbg radiating patch, however, vary in all the three mutually
fall broadly in the following four groups, namely: 1) theorthogonal directions. Hence, the MNM developed in this
transmission line model [1]; 2) the cavity model [18]; 3)paper has to account for these field variations. Furthermore, the
electromagnetic full-wave techniques using numerical methoelectromagnetic coupling mechanism from the feedline to the
[19], [20]; and 4) the multiport network model techniqueadiating patch calls for a different viewpoint and approach to
[21]-[23]. modeling of the excitation. These factors invite development
In this paper, the MNM has been developed for the EMGf a MNM that is a significant extension of the earlier version
patch antenna. The MNM was initially developed for anabf the MNM developed for single-layer patches so as to
ysis and design of single-layered microstrip patches at thecurately characterize the EMC antenna structure encountered
University of Colorado at Boulder [21]-[23] and may béere.
considered as an extension of the cavity model formalismThe fields associated with the feed structure and the ra-
[18]. Some of the key features of the MNM technique aratiating patch are identified and modeled separately by their
1) it allows incorporation of feed junction reactances; 2espective subnetwork components. The fields responsible
mutual coupling between the edges of the patch and otlier the radiated power and the power loss due to surface
circuits nearby can be accounted for; 3) it is applicable twaves are also delineated and modeled by another subnet-
patches of composite shape; and 4) it allows application wbrk component, which is characterized by an equivalént
network solution techniques making it ideal for CAD sincenatrix. Finally, the subnetworks are combined to construct the
it is computationally quicker and less expensive than fulbverall network model of the radiating configuration and the
wave analysis methods. The present paper extends the MK#evant antenna characteristics such as the input impedance
approach to two-layered EMC patches. and radiation pattern are then determined from the overall
network model. Each of the subnetworks will now be discussed

Il. ANALYSIS AND DESIGN APPROACH

IIl. THE MULTIPORT NETWORK MODEL FOR THEEMC PatcH  Separately.

For purposes of illustration of the development of MNM,
the hybrid configurationts < k), shown in Fig. 2, is con- A The Patch Network
sidered. In this two-layer EMC radiating patch configuration, The modal field distribution in the region underneath the
the radiating patch is located on the top of the upper layer apdtch resembles that of a resonant electromagnetic cavity. The
excited by a microstrip line directly underneath the patch gratch network (PN) models the electromagnetic fields in this
the interface of the two substrates. region by viewing it as a two-layer open cavity that is sur-

The MNM has been used extensively for the analysis amdunded by perfect magnetic walls (zero-tangential magnetic
design of single-layer microstrip patch antennas and arrdiedd) on the sides and perfect electric walls (zero-tangential
[22]. This approach essentially converts the electromagnegilectric field) on the top and bottom, as shown in Fig. 3. The
boundary value problem of the radiating configuration intelectromagnetic field distribution in the cavity is expanded in
an equivalent network problem and the entire structure tisrms of an infinite series of 3-D field modes satisfying the
characterized by three (or more) interconnected multipdsbundary conditions at the cavity walls. The fields associated
subnetworks. with the metallic feed structure are considered as equivalent

The MNM has been used hitherto for the analysis arfdources” for the fields associated with the radiating patch.
design of single-layer microstrip patches fed by microstrigfith this viewpoint, it follows that the coupling from the
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Fig. 3. A two-layer open electromagnetic cavity. electric conductor placed therein nullifies the effect of the

equivalent electric current elements on the Schelkunoff surface
with the implication that only equivalent magnetic current
elements need be placed on the Schelkunoff surface. The
portion of the Schelkunoff surface denoted by BCGF coincides
with the metallic feedline with the result that the tangential

/ A electric field on it vanishes. Hence, the equivalent magnetic

Equivalent magnetic currents
on the periphery of feed line

current elements on that portion of the surface are zero. The
primary sources of excitation to the open cavity are then the
= electric fields along the periphery of the feedline tangential to
b the surfaces ABCD, EFGH, and CDHG. To account for these
~< ~< tangential electric fields, equivalent magnetic current elements
given byM = E x n are placed along the periphery of the
feedline, as shown earlier in Fig. 4. Since the feedline in this
configuration lies very close to the ground plaie < h,),
the magnetic current distribution may be visualized as being
localized in the ground plane along the periphery of the
feed structure. The foregoing discussion for application of
feed structure to the radiating patch is via equivalent sourdke Schelkunoff equivalence theorem applies to the hybrid
representing the fields of the feed structure [24]. configuration such as the one shown in Fig. 1. To use it
The equivalent sources for excitation of the patch awmn a monolithic configuration (wherk, < k), a different
obtained by placing equivalent magnetic current elements Sthelkunoff surface must be selected [24].
the periphery of the feed structure, as shown in Fig. 4, by The development of th& matrix for the PN follows from
application of the Schelkunoff equivalence theorem [25], [26fhe analysis of the cavity fields. In the first step, the edges
In applying the equivalence principle to a region of interesvf the patch are subdivided along its physical periphery into
that region is further divided into two parts: the “sourcemaller segments and ports are placed on each of these seg-
region,” where the actual sources are known to reside, and thents. The number of segments is determined by examination
external “field region,” where the field produced by the actualf the field variation along the edges of the patch. If the field
sources is to be evaluated. The “source region” is then boundedies rapidly along a patch edge, a large number of ports
by a closed surface, also known as the “Schelkunoff surfacejust be placed along it so that the variations are accurately
and equivalent electric currentd & n x H) and magnetic accounted for. Typically, however, the patch is excited at a
currents M = E xn) are placed on it. The closed Schelkunoffrequency that is in the vicinity of its dominant mode (Td)
surface has to be chosen judiciously so that the applicationreonance for which the field distribution along the radiating
the equivalence theorem can facilitate the computation of tedges is uniform. Therefore, the number of ports along the
fields due to the actual sources. radiating edges in this case is kept to a minimum to reduce
In Fig. 5, the feedline penetrating the two-layer cavity ithe computation time, the actual number determined iteratively
denoted by BCGF and, hence, the source region can dmethat numerical convergence is ensured. The edges of the
identified to be that enclosed by the rectangular box denotiegtd structure are also subdivided into a number of smaller
by ABCDEFGH and the field region is the volume enclosed lsegments and ports are located on each of them. The locations
the rest of the open cavity. The Schelkunoff surface, thereford, the ports in this case represent the presence of equivalent
is chosen to be that which encloses the rectangular bavagnetic current sources.
ABCDEFGH (excluding the face denoted by ABFE). Using A schematic diagram showing the placement of ports along
Love’s equivalence principle [26] (a form of the Schelkunofthe patch and the feedline is shown in Fig. 6. The fields at
equivalence theorem), the volume enclosed by the Schelkunbi# “patch ports” due to a magnetic current element at a
surface is replaced by a perfect electric conductor. The perféfeted port” are computed and a hybrid matrix representation

Y

- a

Y
<

Fig. 4. Equivalent magnetic currents on feedline periphery.
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of this relationship is obtained. Th& matrix is obtained by
an appropriate transformation of the hybrid matrix [24]. ? ? ?

It was stated that the region underneath the radiating patch
is treated as a two-layer open cavity. The exact field solutiQfput Feed O
for the resonance frequencies of modes of a two-layer cavkyt o— ® o
entails calculating the roots of a transcendental equation in o
the complex plane [27] and the resulting numerical work is
cumbersome and computationally intensive. To get around this
problem, an effective dielectric constant, which allows the two- J; J; $
layer cavity to be treated as a homogeneously filled single layer
structure, may be defined by a simple expression of the form
(refer to Fig. 3) [24]eer = €182(h1 + ho)/(e1 by + £2ha). Foed ports connected to Patch

Fig. 8. Block diagram of the feed network.

)

5 &6

B. The Feed Network

The The feed network (FN) characterizes the fields asso-This modeling approach is valid for other variations of the

ciated with the feed structure located at the interface of tifefd network also. An interesting example is of a resonant
two layers. feeder patch located on the lower substrate to act as a source

Refer once again to the configuration of Fig. 2, Whel’%f excitation o_f the radiating patch on the upper substrate. This
the patch is excited by a simple feedline undermeath it. fgeder patch is designed to have dimensions that are sr_na_ller
cross section of this arrangement, shown in Fig. 7, showdn@n and a resonance frequency close to that of the radiating
resemblance to a two-layer asymmetric stripline configurati®{ch. These objectives can be met if the lower substrate has
with the feedline, bound on the top and the bottom by tif Nigher dielectric constant than the upper one.
patch and the ground plane, respectively. This suggests that _
the feedline configuration may be treated as a transmission Ifie The Edge-Admittance Network
structure supporting the quasi-TEM mode of propagation. TheThe edge-admittance network (EAN) models the fields
asymmetric stripline configuration is analyzed by using thexternal to the patch, namely, the fringing fields, the radiated
static spectral domain technique [28]-[30] and its parametdiald, and the surface-wave field. The EAN is connected to the
such as the effective dielectric constant and the characterigtdge ports of the PN.
impedance are obtained. An equivalent planar waveguideThe EAN for each edge of the radiating patch is identical to
model is then constructed from these parameters [31] and twat for single-layer patches [21]. It consists of combinations
dimensional (2-D) planar analysis is used to computeZhe of capacitances (to account for the fringing electric field),
matrix of the feed structure. inductances (to account for the fringing magnetic field) and

A typical FN will have one port at the input and severatonductances (to account for the radiated power and surface-
output ports which get connected to the input ports of theave loss). A section of the EAN is shown in Fig. 9.

PN. The FN itself may consist of two or more subnetworks The edge conductance of the EAN accounts for the power
depending upon the layout of the feed configuration as shoflow by two different mechanisms, viz., radiation and surface-

in Fig. 8. In this figure, segmenty" represents the planarwave loss. It has been shown [2] that the surface-wave power
waveguide model for the portion of the feed structure unddoss is relatively small and may be neglected for electrically

neath the patch and the ports of this segment are connectethin substrates and, hence, the major contribution to the edge
the ports of the PN. Segment™represents the short sectionconductance is considered to come from the radiated power.
of microstrip line outside the patch, as is usually the case fohe edge conductance is an equivalent ohmic conductance
a practical configuration. whose value is such that it dissipates a power equal to that



PARRIKAR AND GUPTA: MULTIPORT NETWORK MODEL FOR CAD OF MICROSTRIP PATCH ANTENNAS 479

2 P
2 2

JEE e ottt

|

[} { L 9 L [} EAN
|
|

|

|

! |

|I G _—‘|—q) _—L Radiating Edge

|

|

! | L L - o— PATCH

! e— FN |—e—] NETWORK
Fig. 9. Section of the edge-admittance network.
radiated by the edge of the patch. If the voltage distribution Radiating Edge
along an edge is given bfi(z), the edge conductand®, is
given by [21] + + + + +

2P,
G, = 1W— (1)
W/n [ (=) de EAN

Wherex_ is the distance along the edge of the_ pa_tCh &nds Fig. 10. Overall multiport network model of the configuration.
the radiated power calculated for a voltage distributfga).

Typically, the edge of the_ patch is divided inte™uni- e they, ports of the edge in the same manner as the edge
formly spaced segments with ports placed on each one @, yctance in the former of the two edge-conductance models
them. The edge conductance connected to each of these pQds ssed earlier
is distributed unlfor_mly and, hence, is equal @ /n. Th's Closed-form expressions are available for computation of
method for calculation of the edge conductance requires an,e eqge capacitance. These expressions are usually derived

priori_knowledge of the voltage distribution along the edgg,, rigorous hybrid mode-matching solutions which are then
of the patch. If the patch is operated in the vicinity of it e fitted [33].

dominant resonance frequency, the voltage distribution alongy,o edge inductance accounts for the energy stored in

the two rad_latlng edges is constant and the z_slbove integiil fringing magnetic fields at the edge of the patch. When
may be easily evaluatec_;l. Howeve_r, for frequenmes_ away fro[_% patch antenna is operated near the dominant resonance
resonance, the caI(_:uIat|0n of the !nte_gral leads to maccuraqpe%uency, as is usually the case, the voltage distribution along
due to the change in V°_'ta9_e _d|sFr|bu_t|on along the edge of the, edge is uniform and, hence, the voltages at the adjacent
patch. To overcome this limitation in the edge-conductanﬁ%rts are equal. Therefore, there is no current flow through

model, another formulation has been developed recently gpd edge inductance of Fig. 9 and it need not be included in
is known as the generalized edge-conductance network [32},o EAN network.

In the new edge-conductance model, the radiating edge is
divided into a number{.) of small sections, each of widthy 1o Overall Network

W,. It may be noted that because of the mutual coupling )
among various sections, the total radiated power is not equaPnce the subnetworks have been characterized the overall

to the sum of the power radiated from each individual sectiof®€twork model of the radiating configuration is obtained by
The self-conductance termgs; are given by [2] connecting the three networks (PN, FN, and EAN) together.

The threeZ matrices representing the PN, FN, and EAN
ng (2) ae combined using the segmentation method [34], [35]. The
90A procedure results in & matrix (1 x 1), which represents the
input impedance of the antenna structure. The overall network

Gii =

where }; is the free-space wavelength. . R,
The edge conductance terms due to mutual coupling BB9del is shown in Fig. 10. _

tween various sections of the edge are evaluated by examinind "¢ Segmentation method also gives the voltages at the

the interaction between two infinitesimally small magnetiE N"EAN connected ports. The voltage distribution so obtained

current elements [24]. is expressed as an equivalent magnetic current distribution

The edge capacitance of the EAN accounts for the ene E}d_is used for the Comput_ati_on of th_e radigtion field and the
r-field patterns of the radiating configuration.

stored in the fringing electric field at the edges of the patclf.
The fringing capacitance is defined as the excess of the total . _

capacitance of the patch over that which would exist if the: Hybrid Matrix for PN

patch is considered as a 2-D capacitor with magnetic walls atThe objective of the field analysis for the region underneath
the open edges. The edge capacitance is distributed uniforrtlg radiating patch is to obtain thé-matrix characterization
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of the PN which models the interaction among the “patch 0
ports” and the “feed ports.” This process is simplified by the
introduction of an intermediate calculation wherein a hybrid 5
matrix is first computed.
This hybrid matrix relating voltages and currents at the feecéla -10
and the patch ports is defined by [24] e
|:VE:| i |:[H1 1][H1 2]] |:VF:| (4) - -15
1] [[H2a][Heo]] Lig e
where 20
Vg Vvector containing the edge port voltages; , \ . .
Iz vector containing the edge port currents; A a5 38 37 a8 3o
Vr vector containing the feed port voltages; ' ‘ ' ' ' '
B Frequency (GHz)

Iz vector containing the feed port currents.

The submatriXH; ] relates the voltages at the edge ports to tHég. 11. S 1 versus frequency—Pmesh and MNM.
impressed voltages at the feed pofts.-] links the edge-port

volta_ges to the gdge-port currents with the feed port Sh(_)rt?gchnique gave a resonance frequency of 3.63 GHz with a
In this state the fields underneath the patch may be Cons'de&ﬁesponding bandwidth of 3.9%. (The bandwidth is defined
to have no variation in the direction and the configuration ¢, he range wherein VSWRC 2.) The calculation of the

can, therefore, be treated as a 2-D planar structure and it$efiection coefficient was in the plane perpendicular to the
matrix can be computed from Green's function analysis [3Ilaich edge and the feedline of Fig. 2. The results show that

[34]. [H21] relates the currents and voltages at the feed POy, \nm approach gives a fairly accurate prediction of the
with the edge ports open and 3-D analysis is used to obtill. )~ ce behavior of the antenna.

this submatrix[H»-] relates the currents at the feed ports due
to the impressed currents at the edge ports with the feed p%tSParametric Studies and Comparison
shorted and 2-D analysis is applicable to its computation. Wi.th Experimental Results

The Z matrix for the PN is obtained from the hybrid matrix

by simple matrix manipulation [24]. In this section, the effects of the change in width of the
radiating patch, the dielectric constants of the substrates and
IV. NUMERICAL RESULTS AND DISCUSSION the width of the feedline on the input impedance and the
reflection coefficient, are presented.
A. Segmentation and Far-Field Calculations 1) Effect of Patch Width on Input Impedanc&he depen-

dence of the input impedance of the EMC patch antenna

Once theZ matrices of the FN, the PN, and the EAN(_:om‘iguration on the patch-feedline overlap (c/a), with the

are evaluated, they are C(_)mbined by using th_e segmentatb%qch width as a variable parameter, is investigated in this
method [24], [34], [35] to yield the overall [¥ 1] impedance g pqection. The physical and electrical characteristics of the

matrix of the radiating structure (Fig. 10). The segmentatiQy,cture studied are (see Fig. 2)= 2.22 cm, w = 2.4 mm

procedure also yields the voltages at the edge ports so that - ¢; - By = 1.5874 mm, by = 0.794 mm, & = 2.2
the far-field radiation patterns of this configuration can b&nd €y = 2.3’3 ’ ’ '

calculated. This case has been subjected to extensive experimental

In this section, the results obtained by us_ing the MN%vestigation [17] and will be used to validate the MNM model
model for EMC patch antennas fed by a simple feedling.: has been developed in this paper.

are compared with those obtained by full-wave analysis andFig. 12(a) shows the variation in the real part of the input

expe_rimenta_l resul_ts from literature. The generic Conﬁguraﬂ%pedance for a patch width= 1 cm. The experimental value

of Fig. 2 is investigated. of the input impedance is seen to peak at around 45%

whereas the value obtained by MNM reaches a maximum at

¢ = 50%. Similar curves are shown for patch widthsbof 2

cms andb = 3 cms in Fig. 12(b) and (c), respectively. The
The configuration of Fig. 2 was analyzed by using both titaree plots are now presented in a composite form in Fig. 13.

MNM approach discussed in this paper and PMesh, a fulthe curves for these physical dimensions indicate that a 50-

wave moment method analysis algorithm [20] developed 8t match is attainable for patch widths lying in the 1-2 cm

the University of Colorado at Boulder. The comparison faiange. Accordingly, the patch width may be varied along with

the input reflection coefficient$ is shown in Fig. 11 for the patch-feedline overlap to get the desired input impedance

the following physical and electrical parameters= 2.5 cm, match.

b=4cm,c=125cm,w=5mm,e = ¢ = 2.2, and 2) Effect of Patch Width on Resonance Frequenthe

hy = hy = 1.58 mm. effect of changes in the patch width on the resonance frequency
The resonance frequency using the Pmesh code was foofidhe patch antenna is presented in Table I. The results of

to be 3.62 GHz with a bandwidth of 4.6%, while the MNMMNM analysis are juxtaposed with the experimental results.

B. Comparison of MNM Results with
PMesh Full-Wave Analysis
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TABLE |
40 - CoMPARISON OF RESONANCE FREQUENCY MNM wITH EXPERIMENT (¢ = 50%)
F b (cm) | foxp (GHz) | fnowm (GHz) | % difference
= 1 4.28 4.31 0.7
A oFr /S . . 2 4.10 4.16 1.46
Experiment 3 4.02 4.10 1.99
£ MNM
4
20
P TABLE I
b7 EFFECT OF FEEDLINE WIDTH ON RESONANCE FREQUENCY AND
\ , . INPUT IMPEDANCE UsING THE MNM (b = 1 cm, ¢ = 50%)
10 . . N
10 20 30 40 50 w (cm) f; (GHz) Rin_(ohms)
0.15 4.315 76.5
Patch-Feed Overlapc(%) 0.20 4.310 94.6
(b) 0.24 4.310 105.0
0.30 4.310 107.3
30 ey
™ 2 F
E Y ¥ o_X
C 7. —>»| w1 b
>~ 10 e o mm—— Experiment in | w4
= MNM Y 4 X'
= 10
<—Cc —>
0 " 1 " J { 2 1 A ( a }
10 20 30 40 50 Fig. 14. Patch-feedline topology.
Patch-Feed Overlap ¢ (%)
(©

Fig. 12. (a) Real part of input impedance with patch-feedline overlap féPr a patch width ob = 1 cm and a patCh'fee(_j“ne qverlap of
b = 1 cm. (b) Real part of input impedance with patch-feedline overlap far = 50%. R, represents the real part of the input impedance

b = 2 cm. (c) Real part of input impedance with patch-feedline overlap f({rat the input of the feedline of length:™) at the resonance

=2 om frequency. As a first step in the process of obtaining a value
of 50 Q2 for R, Z, at the plane XX (see Fig. 14) with a

It is observed that as the patch width increases the resonagis&n width of feedline is calculated and the value is then

frequency decreases monotonically. impedance transformed to the location of the input. It is seen
3) Effect of Feedline WidthThe width of the feedline is an that the resonance frequency is relatively unaffected by the

important parameter in the EMC patch antenna since it affegiglth of the feedline, while the input impedance in the case

both the characteristic impedance of the input line as well aged increases with an increase im."

the excitation voltage. The dependence of the input impedancd) Effect of Substrate Dielectric Constants op; S The

of the antenna with feedline width/" is presented in Table Il final part of this parametric study is an examination of the

o~
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TABLE 1l
EFFeCT OF SUBSTRATE DIELECTRIC CONSTANT USING
MNM FOR PATCH-FEEDLINE OVERLAP ¢ = 50%

e = 2.2 es= 2.33
b (cm) |Syimin (@) | fr (GHz) [ S1imin (ab) | fr (GHz)
1 -11.4 4.33 -15.05 4.31
2 -14.16 4.21 -20.4 4.16
3 -8.01 4.15 -12.76 4.10

effect of the dielectric constant) of the lower substrate on

(3]
(4]
(5]
(6]

(71

(8]

antenna performance. The data in Table Ill indicates that a
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