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Analysis and Application of a Two-Port
Aperture-Coupled Microstrip Antenna

Wen-Jen Tseng and Shyh-Jong Chulgmber, IEEE

Abstract—A two-port aperture-coupled microstrip antenna was z
analyzed using the method of moments together with a mixed f
potential integral equation (MPIE). The antenna contains two Microstrip Antenna
microstrip-line ports (i.e., a feeding port and a coupling port). The Patch Substrate
field coming from one microstrip line on the circuit layer is fed
into the patch through an aperture on the ground plane. Part of j_

the field is then coupled back to a second microstrip line through

another aperture on the same ground. The influences of the stub

lengths, along with the positions and sizes of the apertures, on the

coupling power and the resonant frequency were investigated. As y
an application, a feedback antenna oscillator was designed using AN el
the present structure where the antenna served not only as a
radiator, but also as a feedback resonator. The oscillation was
stable and with a clean spectrum at the frequency of 9.79 GHz, Apertures ~—— Ground

which was only 0.2% different from the design one. An effective Plane
isotropic radiated power (EIRP) of 39 mW was achieved. The _L
measured cross-polarized fields were at least 15 dB lower than te
the copolarized ones. %) T
Index Terms—Feedback antenna oscillator, method of mo- Micmsm-p//(@ Circuit
ments, tow-port microstrip antenna. Lines Substrate

Fig. 1. Geometry of a two-port aperture-coupled microstrip antenna.
|. INTRODUCTION

A CTIVE transr_mttmg a’?te””?‘ﬁv which are Lormed by Mised a two-layer configuration where the microstrip lines and
tegrating active circuits with antennas, have attracteg, patch were fabricated on different substrates separated by a

much attention due to the advantages of compact sizes, | Wund plane. A nonresonant aperture on the ground provided

yvelghtjs, agdf low: costs. .'lrlhe p_owehr n the active antgn_ e path for the power coupling between the patch and the
:jsirgégyuf: diatreodmoi? gjclhaetogr:?er:nz a:zt'vrﬁog'tm:;t t?g d'?\{vo microstrip lines. Although the spurious radiation might
signs, the antenna was treated as a. load of the oscilla?egr reduced due to the shielding of the ground, the double

! uses (feeding and coupling) of the aperture would limit the

[1], [2]; thus, an extra resonator was needed in designiré% ; oo : ) :
. . ) sign flexibility and might cause a direct coupling between
the oscillator. For a more compact configuration as well as.

a wider injection-locking bandwidth [3], some investigator?'crosmp lines (due to the close spacing between lines). It is

have used the antenna directly as a feedback resonator Of%e&tloned that none of the above two-port antennas had been

oscillator [4]-[7]. The antennas used in these designs (Whigﬁalyzed. The antennas were designed experimentally or by

possessed multifunctions) were with two ports, i.e., a feedif§ind approximate methods. _ _

and coupling port (to the active circuit). Chare al. [4], In this paper, a tv_vo—po_rt aperture-coupled microstrip an-
connected the two microstrip-line ports to the nonradiatirlgt;na' as shown in Fig. 1, is proposed and analyzed. Based on
edges of a patch antenna, while Martinez and Compton [5] & configuration of the traditional aperture—coupleq mlcrpstrlp
Liao and York [6] attached the feeding microstrip line to th@nténna [8], [9], an extra slot on the ground plane is fabricated
radiating edge and placed the coupling line in the proximity s1der the patch to couple a fraction of the antenna power to
the nonradiating edge. Since the microstrip lines and the actR@other microstrip line on the circuit substrate. This struc-
circuit were fabricated on the same substrate side as the pdtl§ Possesses the benefits of the aperture-coupled antenna.
was, spurious radiation might be excited and deteriorate therthermore, by changing the position and the size of the

antenna performance in the above designs. Avitailal. [7] second slot, the feedback power can be designed with more

" ) ved Julv 9. 1997 revised D ber 1. 1097, Thi flexibility. The method of moments, together with a mixed
anuscript received July 9, ; revised December 1, . This wo ol . :
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Il. ANALYSIS The quantities with a superscript* (* —*) correspond to the
Fig. 1 shows the configuration of the two-port antenniNknown amplitudes of the excitegl(—)-going quasi-TEM

which contains an antenna layer.{, ¢,) and a circuit layer modes. . /

(eve, t.), separated by a ground plane. Microstrip lines one BY appl;//mg the open end condition at= z, + [} and
and two on the circuit substrate are the feeding port and the= e + e andithe f'eﬂ continuity at = z; andx = .,
coupling port, respectively. The patch on the antenna substr{tg amplitudesiy; and Bf; can be related tol;” and B by
has a lengthl, and a widthiW. Power couplings between the AL =(1+A47)/(1- GJFQJ?@I}) (3)
patch and the microstrip lines are through two apertures on the B — By /(1— C:Fijglé) )
ground. For simplicity, the feeding aperture (with a length . N : _

and a widthV;) is fixed under the center of the patch. Thé\ISO, using the reciprocity theoremd; and B;" can in
coupling aperture, which has a length and a widthW,, is turn be_determlned from the magnetic currefds and M.,
located with distanced, (in the z-direction) andd, (in they- respectively, as follows [9]:

direction) from the feeding aperture. Both the microstrip lines, — 20 1 (C_Qj’ﬁl,f B 1)/ J /

are symmetrically fed to the apertures with matching stubs of? 2WorN/Z, W, Y W,

lengthsi (_feeding port) qndc_(coupling pprt). _ _dfoe_j,g(x_w) 5)
The solving procedure in this paper is similar to those in [8] 1

and [9], so only the key steps are mentioned here. Firstythe By = —(6—2%‘”2 - 1)/ dy/ dx M, e—i8@—zc)

directed electric currenf, (neglecting they-directed current) 2WeNZ, W, W

on the patch antenna is expanded by a set of entire-domain (6)

functions. Since the widths of the apertures are electricalijith Z, being the characteristic impedance of the microstrip
small, the electric fields in the two apertures are also assume® 7, = (t./We)v/1to/Eotest-

to be z-directed and are expanded using piecewise sinusoidafThe vanishing of the tangential electric field on the patch
functions. Then, by invoking the equivalence principle, the twand the continuities of the magnetic fields over the two
apertures are closed off and replacedipgirected equivalent apertures give the following equations:

magnetic curreqts _above and belovy the gr(_)un_d plane. TBg(Jp)JrEg’(Mf)JrEg(MC) -0 @)
ensure the continuity of the tangential electric fields across P ! p s s ;

the apertures, the magnetic currents below the ground planga(Jp)JrHa (My)+Hg (M) =Hy —He (My)—HZ (M)

should be equal to the negatives of those above (which are (8)
denoted byl ; and M, for the feeding and coupling apertures, HE(J)4+HE(Mp)+HE(M,) =HES, —HS(My)— HS(M,)

. . . . a\vp a f a ¢ m c f c ¢
respectively). The electric and magnetic fields due to these ©)
currents can then be found via the vector and scalar potentials
with appropriate Green’s functions [10]. where the fields with a subscript™are related to the currents

To avoid treating the nonuniform current distributions oflrough the Green’s functions of theitenna layer, and those
the microstrip lines, the lines are modeled as rectangulith “c” are through the Green’s functions of thiecuit layer.
waveguides [11], [12]. The waveguide consists of a top add'€ superscriptsp,” “ f,” and “c" denote that the equations
bottom electric wall of widthd¥., (the effective width of the hold over the areas of thgatch, the feeding aperture, and
microstrip line) and two magnetic sidewalls of widths equdhe coupling aperture, respectively. By casting (1) and (2) into
to the substrate thickness. The ¢-directed) magnetic field (7)—(9) and using the relations of (3)-(6), the currefysi,

H/, associated with the quasi-TEM mode of microstrip-lin@nd M. can be solved using the Galerkin's method of moment,
one (feeding line) can be written as from which the scattering parameters and the radiation fields

of the two-port antenna can be obtained.

eiBlz—zs) 4 A;ej'a(“”_“”f), for x < xy
H’r‘}:l = A}—Ie_jra(x_xf) + AI_ICj’B(J}_J}f),
forzy <z <wz;+1;
1) lll. RESULTS FORTWO-PORT MICROSTRIP ANTENNA
and the magnetic field;;, of microstrip-line two (coupling |, this section, numerical results for the two-port aperture-
line) is given by coupled patch antenna are presented. The dielectric constant
- i8(m—z.) and the thickness of the antenna substrate are chosen to be
Be , for x < z, .
HS, = { Bheife—=e) 4 B cife—se), (2) Era = 2.33 and ¢, = 0.787 mm, and those of the circuit

substrate are,.. = 2.2 and¢. = 0.508 mm. For an operating
frequency of approximately 10 GHz, the length) (and the
where 3 = k,\/e.g With c.¢ being the effective dielectric width (W) of the antenna patch are, respectively, estimated to
constant of the waveguide:;(=L/2) and x. are thex co- be 8.0 and 7.5 mm using the cavity model, and the width of the
ordinates of the aperture centel’)s(lg) equals the summation microstrip lines is calculated as 1.57 mm for a characteristic
of the matching stub’s lengthy(i.) and an extension lengthimpedance of 5d2. The feeding aperture located under the
Al associated with the open-end effect of the microstrip lineenter of the patch has a fixed side; x Wy of 4.2 x

The subscript II” and “I” denote the matching-stub region0.58 mn?. In the calculation, five entire-domain modes are
and the microstrip-line region aof < z¢(or z.), respectively. used to expand the patch curresif and three piecewise

forz. <z <z.+10,
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Stub length I, (mm) Stub length I, (mm)

Fig. 2. Calculated scattering parameters and resonant frequency as functfdfls 3. Calculated scattering parameters and resonant frequency as functions
of the feeding stub lengthy. Substrate parameters;, = 2.33, t, = 0.787 of the coupling s‘tubllength:. Iy = 1.2 mm. The other parameters are the
mm; & = 2.2, £, = 0.508 mm. Patch sizeL x W = 8.0 x 7.5 mn¢. Same as those in Fig. 2.

Aperture sizes and distancé;; x Wy = L. x W, = 4.2 x 0.58 mne;
d, =0, d, = 5.2. mm. Coupling stub lengthi; = 2.9 mm.

sinusoidal modes are for each of the aperture curréfijs
and M.

Fig. 2 illustrates the variations of the scattering parameters
and the resonant frequency of the antenna, as functions of
the tuning stub lengtli; of the feeding port. The coupling
aperture has the same size as the feeding one and is placed

0

-10

-20

—S»

Sa1

11

—_
g
n

=
(=4

beside it with a distance of, = 5.2 mm (d, = 0). The
stub lengthi. of the coupling port is specified to be 2.9 mm.
For each length,, the resonant frequency is found as that
with a minimum return loss4;;) in the frequency domain.
(The same definition is used for the resonant frequencies in
the following figures.) The results for a traditional aperture-
coupled antenna with the same dimensions are also calculated “© 4
and shown for comparison. It is seen that the variations of the

return loss and the resonant frequency are approximately the

same for the two antennas, which implies that the introduction

of the second port has a minor effect on the design of the paig§ 4. calculated scattering parameters and resonant frequency as
and feed configurations (provided that the coupling betweémctions of the normalized aperture distance in thdirection @d, /W).
ports (S21) is not too strong). The resonant frequency for thg t:hogél'ifnzlzié_az_mm' le = 2.9 mm. The other parameters are the same
minimum return loss of the two-port antenna is 9.87 GHz

(atly = 1.3 mm), which is only 0.6% away from that (atport remains below-20 dB. This again demonstrates the weak
ly = 1.1 mm) of the single-port antenna. Note that whilgnfluence of the coupling port on the patch and feed design.
both the return loss and the frequency change dramaticalyn the contrary, with the increase bf the coupling power
the coupling power{»;) varies a little with an increase &f, (S,,) increases dramatically from28 dB (atl, = 0 mm) to
as long as the stub length is not in the regiori ok 0.8 mm _7 dB (atl. = 2.9 mm), corresponding to a coupling power
where large return losses are obtaingg, (> —7.5 dB). Also range as large as 21 dB.
note that due to the weak coupling and the open-end effectfFig. 4 depicts the variations of the scattering parameters and
the return loss at port-255,) keeps at large values. the resonant frequency as functions of the normalized aperture
The influence of the coupling stub lendthon the scattering distance2d, /W (with d, = 0). The aperture sizes are the
parameters and resonant frequency are shown in Fig. 3, whesene as those in Fig. 2 and the stub lengths are fixed to be
the position and the size of the coupling aperture are the salpe= 1.2 mm andl. = 2.9 mm. When the coupling aperture
as those in Fig. 2. The feeding stub lendthis fixed to is moved far from the feeding aperture, the two-port antenna
be 1.2 mm. As can be seen, whénchanges, the resonantacts like a single-aperture antenna, and the return $iss
frequency hardly changes and the return loss at the feedangd the resonant frequency approac®4 dB and 9.93 GHz,
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Fig. 5. Calculated scattering parameters and resonant frequency as functfdgs 6. Calculated frequency responses for the antennas with different cou-

of the normalized aperture distance in thelirection @d../L). d, = 5.2 mm,  pling aperture lengthd... The stub lengthé; andl. are, respectively, 1.1

Iy = 1.2 mm,l. = 2.9 mm. The other parameters are the same as thoseand 4.6 mm forL./Ly = 0.5, 1.3, and2.9 mm for L./L; = 1.0, 1.6,

Fig. 2. and1.8 mm for L./L; = 1.5. d;, = 1 mm. The other parameters are the
same as those in Fig. 2.

respectively (see Fig. 2). At the distance Zof, /W = 1.39 . .
(d, = 5.2 mm), the results correspond to those of Fig. 3 4f the +z-direction should be the same as those in the

l. = 2.9 mm (where the coupling power is a maximum). It idirection, which is exactly the case in our calculation.

seen thatS,, increases by degrees as the distance decrease&inally, Fig. 6 illustrates the frequency responses for
A coupling power of—4.2 dB is obtained fokd, /W = 1.22 the structures with three different coupling aperture sizes
(where the distance between the neighboring aperture edge%L'iB/Lf = 0.5, 1.0, and 1.5). The dlstance_ betvvger! the
only 0.375 mm). On the other hand, the resonant frequency %ghbormg edges of the aperturés (see the inset) is f|xe_d
little change and the return loss of the feeding port remai be 1.0 mm. For each structure, the stub lengths are adjusted

below —20 dB when the normalized distance is not smallél® that_ a maximum coupling power (minimum return Ioss_)
obtained at the resonant frequency. The resultant feeding

than 1.39. However, as the coupling aperture gets closer'(jo q i bl h velv. 1.1 and
the feeding one, the resonant frequency starts varying and coupling &) stub lengths are, respectively, 1.1 an
mm forL./L; = 0.5, 1.3, and2.9 mm for L./L; = 1.0,

a
the return loss becomes larger and larger. At the point% - ;
2d,/W = 1.22, the return loss raises te13 dB, which is a and 1.6 and 2.8 mm fok./ Ly = 1.5 [Note that when the size

result of the strong coupling between the two ports. Note th%ft the coupling aperture is reduced, the struc.ture IS more like
single-aperture antenna, so that the required feeding stub

when the normalized distance is larger than 1.56, the coupliﬁa:;1 thi Id h that (1.1 f inal f
aperture is totally outside the boundary of the patch. ength, would approach that (1.1 mm) for a single-aperture

Calculated plots given in Fig. 5 correspond to the sca’tterir‘?‘ntennal (see Fig. 2)]. It is seen that without sacrificing the

parameters and the resonant frequency versus the moverhgi " 0SS, increasing the coupling aperture length would

of the coupling aperture in the-z-direction. The distance raise the coupled power and also increase the bandwidth. The

between apertures in thedirection ¢,) is fixed at 5.2 mm. maximum coupling powers fcmc./Lf =0.5,1.0, and1.5 are
: . —16.5, -7, and—4 dB, respectively.

As is known, the coupling power depends on the level of the

magnetic field at the coupling aperture. From the cavity model

of the patch antenna, the-glirected) magnetic field beneath V. AN APPLICATION: FEEDBACK ANTENNA OSCILLATOR

the patch is maximal atl, = 0 and approaches zero near As an application of the present antenna, we design an
d. ~ L/2 where a virtual magnetic wall is located. Thus, ag -band feedback antenna oscillator with low feedback power
can be seen in the figure, increasigresults in a fallingSz;. ~ (low-resonatorq factor). The oscillator contains an amplifier
(Notice that, unlike the present case, the decreasing,pin and a weak-coupling antenna resonator, as shown in Fig. 7.
Fig. 4 is caused by the reducing of the coupling aperture’s argatra microstrip lines connecting the two elements are required
under the patch.) Although wheli, /L > 1.07 the aperture to adjust the loop phase for oscillation. The power from the
is moved totally outside the patch, the fringing magnetisutput of the amplifier is fed to the feeding port of the antenna,
field still contributes to a nonvanished coupling power. Notend part of it is then drawn from the antenna coupling port
that since the coupling is not strong.f < —7 dB), the to the input of the amplifier to be enlarged. To start the
frequency is unchanged arftl; is below —20 dB no matter oscillation, the closed-loop gain should be larger than 0 dB
what the distancd,, is. It should be mentioned that from theand the electrical length of the loop should be a multiple of
symmetry of the cavity field, the results for the movemer2r at the center frequency. As derived in [13], an oscillator
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Fig. 7. Geometry of a feedback antenna oscillator.

CENTER 9.7857GHz SPAN 288 . BMHz
0 _ %RBW 1.8MHz UBW 3BkHz SWP 5@. Bms
- I = Fig. 9. Measured radiation power spectrum of the feedback antenna oscil-
g lator.
§ _ _ .
% ' Fig. 9 shows the measured copolarized radiation power
] spectrum of the designed antenna oscillator. The oscillating
éo 2 frequency is 9.79 GHz, which is only 0.2% different from the
g » Caleulati design value. The effective isotropic radiated power (EIRP) is
g P culation 39 mW, which is calculated using the expression [15]
A Measurement
30 , ' ' P, [47R]?
8 9 10 1 12 EIRP= -~ 10
a | (10)
Frequency (GHz)
. where G,. = 15.9 dB is the antenna gain of the receiving
Fig. 8. Measured and calculated frequency responses of the two-port ﬁn- - - is the di b h
tenna.l; = 1.538 mm, I, = 1.638 mm.d, = 0, d, = 5.2 mm. The other NOMN antenna,it = 1.15 m is the distance between the

parameters are the same as those in Fig. 2. oscillating antenna and the horn antenfa,= —21.67 dBm
is the received power, and, = 30.7 mm is the free-space

with low feedback power has the advantage of wide injectiofyavelength. The front-to-back power ratio is measured to be
locking bandwidth, which is useful in designing spatial poweg dB, which is less than the calculated value (13 dB). The
combining arrays and scanning active antenna arrays [6], [1dktra back-radiating power may come from the radiation of the

The parameters for the substrates and the patch are chag@plifier and the microstrip-line discontinuities on the circuit
as those described in Section Ill. The commercial SOﬂW&g@bstrate_ The measuréd and H-plane radiation patterns are
LIBRA is used to design the amplifier with a NE32484A higlshown in Figs. 10 and 11, respectively. For comparison, the
electron-mobility transistor (HEMT). The measured smalkalculated patterns are also presented. Since in the calculation
signal gain at the design frequency of 9.81 GHz is 10 dffe patch current and the aperture electric fields are all assumed
[with Vps = 2 V and Vgs = 0.2 V (or Ip = 10 mA)], to be z-directed, no cross-polarization fields are obtained in
which is approximately the same as the simulation one. @fe two primary planes. Also, it has to be mentioned that the
the other hand, to satisfy the requirements for oscillation aggiculated field patterns of neglecting the radiation from the
weak coupling, the antenna coupling power is set-8dB, coupling aperture are approximately the same as those shown
which corresponds to an open-loop gain of 1 dB. To achieyg the figures, as is the result of weak coupling design (small
this, we let the two apertures have a same size of 4.2 induced magnetic current on the coupling aperture). It is seen
0.58 mnt with a distanced, = 5.2 mm (d, = 0) and then from Figs. 10 and 11 that the measured 10-dB beamwidth is
vary the stub length$; and!/.. The results come out to beahout 140 in the E-plane and 170in the H-plane. The cross-

ly = 1.538 mm andl. = 1.638 mm. With these parameters,polarization powers are 15 d&¢plane) and 20 dBK-plane)
a separate two-port aperture-coupled antenna is fabricated gjyger than the copolarization ones.

measured. Fig. 8 shows the results. At the center frequency of

9.81 GHz, the return loss of the feeding port is approximately

—17 dB and the coupling power is9 dB. The 10-dB return- V. CONCLUSIONS

loss bandwidth is 3%. It is seen that the numerical results agreén this paper, we have analyzed a two-port aperture-coupled
quite well with the measurements. Finally, the microstrip-linmicrostrip antenna. The analysis was based on the method
length for fitting the oscillation phase requirement is evaluated moment coupled with an MPIE, which showed good
based on the calculated phases of the antenna and the amplifigreement with the measurement. As an application of the
By integrating these circuits together, a feedback antenpeposed two-port antenna, a feedback antenna oscillator has
oscillator design is completed. been designed and demonstrated.
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Fig. 10. Measured and calculatédplane radiation patterns of the feedback [9]

antenna oscillatorf = 9.79 GHz.
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Fig. 11. Measured and calculatétiplane radiation patterns of the feedbac
antenna oscillatof. = 9.79 GHz.

It was pointed out that provided the coupling betwe
ports is not too strong, the input return loss and the reson:
frequency of the antenna are dominated by the configurati

[10]

[11]

[12]

[13]

[14]

[15]

of the feeding port. The position and the size of the coupling
aperture limit the maximum level of the coupling power. As

a rule of thumb, the farther the coupling aperture from tr
patch center, the lower the coupling power level. In additiol
a larger aperture size would result in a higher power level a
a wider bandwidth. Also, it was observed that the couplin
power could be controlled flexibly by the stub length of th:
coupling port. Without any tuning, the oscillating frequency ¢
the fabricated antenna oscillator was very close to the des

frequency, which demonstrated the accuracy of the desig
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