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Amplifying Active Reflect-Antenna Using a
Microstrip-T Coupled Patch—Design
and Measurement

Dhanesh G.Kurup and Anders Rydberg, Member, IEEE

Abstract—A compact design of an amplifying active reflect-an-
tenna using a novel microstrip-T coupled-patch antenna is pro-
posed. Thedual-polarized portsof themicrostrip-T coupled-patch
antenna provide excellent RF isolation aswell asdcisolation. The
dcisolation helpsin avoiding additional coupling capacitorsin the
RF path, thereby achieving reduced layout size and cross-polariza-
tion levels for the active reflect-antenna. The gain and monostatic
radar cross section (RCS) measurement of the active reflect-an-
tenna has been carried out using a time-domain technique based
on a single dual-polarized antenna and vector network analyzer.
The measured monostatic RCS and gains are then compared with
the calculated ones using two different modeling approaches.

Index Terms—Active reflect-antenna.

I. INTRODUCTION

ITH THE advancement in the design of microwave inte-
W grated circuits and monolithic microwave integrated cir-
cuits, active integrated antennas and their applications has been
agrowing area of research over the last decade [1]. The appli-
cation of active antennas ranges from its function as a smple
space—circuit interface such as an on-chip active antenna ele-
ment to large spatial power-combining arrays [2]. While most
of the papers concerning spatial power combining use the in-
cident and reflected beam of the array on the opposite sides of
the array, some of the active array architectures recently pro-
posed require the incident and transmitted beams of the array
on the same side of the array, e.g., retrodirective arrays [3] and
amplifying reflect-arrays [4]. Since the receiving and transmit-
ting beams are located on the same side of the array, these ar-
rays, in general, can be classified as active reflect-arrays. One
of the principal requirements of the active reflect-arrays is to
differentiate between the interrogating signal or incident beam
from the answering signal or reflected beam. A common way
to achieve thistask is to use polarization diversity between the
interrogating and answering signal, asin theretrodirective array
reported in [5], and the power-combining reflect-array reported
in [6]. Therefore, the design of active antennas for these ar-
rays becomes more challenging for achieving a monolithic de-
sign, as most of the usual dual-polarized antennas (DPAS) are
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of multilayered type or complex [7]-{10]. For achieving polar-
ization diversity, the reported retrodirective array in [5] uses a
two-layer aperture-coupled antenna with a cross-shaped patch,
whereas the amplifying reflect-array reported in [6] uses a con-
ventional slot coupled patch with displaced slots. In this paper,
we propose the design of an amplifying active reflect-antenna
by using a novel dual-polarized patch antenna with electromag-
netically coupled microstrip-T junction feeds. The DPA, called
a microstrip-T coupled-patch antenna [11], has the principal
advantage that it is compact and, therefore, suitable for active
antenna integration. The proposed antenna also has the advan-
tages of excellent RFisolation and inherent dc isol ation between
the ports. The inherent dc isolation helps us in eliminating dc
blocking capacitorsin the RF path of signal-processing circuits,
e.g., an amplifier in the case of the amplifying type reflect-
array. It has also been observed that the bandwidth of the mi-
crostrip-T coupled-patch antenna is comparatively larger than
other single-layer feeding methods such as the probe and edge
coupled feeding methods [7].

Accurate characterization of the single active reflect-antenna
element is a crucia factor for the overall design success of the
active reflect-arrays. The monostatic radar cross section (RCS)
of the active reflect-antenna element is one such factor required
for the design of the complete array. Due to the small aperture
size and the usua low antenna gain of the reflect-antenna ele-
ment, the monostatic RCS measurement can be challenging due
to the weak reflected signal. Classical methods for the measure-
ment of the monostatic RCS involves two orthogonally polar-
ized probe antennas where one functions as the interrogating
antenna and the other functions as the listening antenna. This
method is proneto errorsdueto the mutual coupling betweenthe
probe antennas and their large sizes compared to the low-pro-
file active antenna element at close distances[12]. In this paper,
we follow a measurement technique for the gain and monos-
tatic RCS of the amplifying reflect-antenna element based on a
single dual-polarized probe antenna and a network analyzer op-
erating in the time domain. Further, for studying the interaction
of the active components on the transmit—receive performance
of the amplifying reflect-antenna (ARA), we designed apassive
reflect-antenna by bridging the dual-polarized ports of the mi-
crostrip-T coupled-patch antenna with atransmission line. The
gain measurements of the active reflect-antenna are then com-
pared with the prediction based on a single antenna and on the
measurement based on the passive reflect-antenna.
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Fig. 1. Layout configuration of the amplifying active reflect-antenna.

II. CONFIGURATION OF THE AMPLIFYING
ACTIVE REFLECT-ANTENNA

The layout configuration of the amplifying active reflect-an-
tenna designed is shown in Fig. 1. As can be seen from Fig. 1,
the passive antenna part of the active reflect-antennadesigned at
afrequency of 10.034 GHz consists of two similar electromag-
netically coupled microstrip-T junctions on the adjacent sides of
asguare microstrip patch. The small width of the microstrip-T
causes the direction of the currents in the two arms of the mi-
crostrip-T close to the patch to be in opposite directions and
opposite to the exited TM-mode currents in the patch. There-
fore, the normal patch radiation pattern is affected very little
by the microstrip-T. For a given patch dimension, the param-
eters in attaining matching at the ports are the dimensions of
the microstrip-T and its spacing from the patch. Therefore, the
microstrip-T junction acts as an impedance transformer, trans-
forming the high radiation resistance of the patch to the desired
low impedance, which, in our case, is 50 €2. As can be seen
fromFig. 1, apart fromthemicrostrip-T coupled passive antenna
part, the other constituent building blocks of the ARA are the
sandwiched amplifier between the dual-polarized ports and the
dc-bias circuitry for the amplifier. Since the microstrip-T cou-
pled patch is used as the radiating element, the dual-polarized
ports of the antenna are dc isolated. Thus, additional coupling
capacitors, which may increase the cross-polarization and de-
sign complexity, can be avoided in the RF path of the amplifier.
The substrate used for the design has a thickness of 0.5 mm,
e, = 3.0, and tan § = 0.003. The microstrip-T coupled-patch
antenna was designed using a method-of-moments-based com-
puter-aided design (CAD) tool.! The dimensions of the mi-
crostrip-T coupled-patch antenna with identical port configu-
rations, fabricated on a substrate of size approximately 6 x
6 cm is shown in Fig. 1. The total length of the antenna in
Fig. 1, which is approximately 1.7 cm, may be further reduced
for array applications by bringing the bends closer and with ac-

IMomentum EM Simulation Tool, Agilent Technol., Palo Alto, CA.

1961

curate characterization of the element. For the amplifier part of
the active reflect-antenna, we used a packaged pseudomorphic
high electron-mobility transistor (pHEMT) transistor (Agilent
ATF-36077) having a manufacturer specified gain (] So: | refer-
enced to 50 ?) of about 11 dB at the design frequency. It isto
be noted that in the configuration of Fig. 1, the transistor is not
matched to optimum gain because of the 50-£2 input impedance
offered by the microstrip-T coupled patch to the transistor ports.
However, it may be possible to attain a match for the transistor
by adjusting the dimensions of microstrip-T and its spacing with
the patch. This method is useful for designing active antennas
with optimum noise figure and gain, as in [13], or active an-
tennas with high efficiency, as in [14]. One of the crucia pa-
rameter of the active reflect-antenna element isits stability over
the frequency band of interest. Although stability of the active
reflect-antenna el ement over the tuning range of the antennahas
been verified experimentally, it is desirable to predict the sta-
bility beforeimplementation. For asingle active reflect-antenna
element with active components isolated from radiating part, it
may be possible to theoretically examine the stability by map-
ping the antennaimpedancesto theinput and output of the active
circuit through the transmission lines. A two-port stability anal-
ysis technique for active circuits, such as the method described
in [15], may be useful in this context. Factors such as the prox-
imity of the active components with the antenna and the strong
electromagnetic fields due to finite ground plane along the sur-
face where active devices are located has to be taken into ac-
count for accurate stability analysis. The methods described in
[16] and [17] to study the interaction between the active compo-
nent and antenna is promising in this context. For large arrays
involving the active antenna, the modeling of overall stability
may be even more challenging due to the mutual coupling be-
tween the elements and computational complexity in the anal-
ysis. The measurement of the dual-polarized passive antenna
part of the amplifying active reflect-antennawas separately car-
ried out for its return loss and isolation between the ports in
[11]. The measured return loss and isolation between the ports
at thetuning frequency of 10.034 GHz are approximately 27 and
32 dB, respectively. The 10-dB return-loss bandwidth of 2.1%
for the microstrip-T coupled-patch antenna is higher than the
bandwidth attainable using usual matching techniques such as
a quarter-wave transformer for an edge coupled-patch antenna
or for a coax fed patch antenna on a similar substrate [7]. The
isolation between the ports, which is better than 27 dB for the
entire <10-dB returnlossrangeisalso adesirable characteristic
for active antenna applications [11]. Therefore, the proposed
method of using amicrostrip-T coupled patch for the active re-
flect-antenna not only makes the design low profile, but also
helps us in achieving excellent electrical performance in terms
of isolation and bandwidth. The measured radiation patterns of
the microstrip-T coupled-patch antenna [11] was also found to
be similar to the characteristics to a square patch antenna.

II1. MODELING AND MEASUREMENT OF THE
ACTIVE REFLECT-ANTENNA

The characteristics of the amplifying active reflect-antenna
studied are its monostatic and bistatic-RCS patterns [18] and
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Fig. 2. Two methods followed for modeling the ARA. (8) Single-antenna
method. (b) Passive reflect-antenna method.

the effective isotropic power gain (EIPG) [19], [20]. Two dif-
ferent approaches were followed to model the EIPG. Inthe first
method, hereafter referred to as the single-antenna method [see
Fig. 2(a)], the ARA ismodeled as an interconnection of the hor-
izontally polarized antenna (HPA), amplifier, and the vertically
polarized antenna (VPA). Assuming that the horizontally and
VPAs have the same gain Gy, the EIPG for the ARA EIPG,
using this model can be written as

EIPG, = G3G, €))
where GG, istheamplifier gain. Inthe second modeling approach
[see Fig. 2(b)], hereafter referred to as the passive reflect-an-
tenna method, a passive reflect-antenna is fabricated similar to
Fig. 1 and of the same size by bridging the ports of the mi-
crostrip-T coupled-patch antenna with a microstrip line and re-
moving the amplifier and its associated bias circuitry. The EIPG
of the ARA can be written asthe product of the EIPG of the pas-
sive reflect-antenna EIPG,, and the amplifier gain G, as

EIPG, = EIPG,G, 2

The EIPG of the amplifying or passive reflect-antennacan be
found out from a monostatic RCS measurement. The classical
measurement setup [ 12] for the monostatic RCS needstwo sepa-
rate orthogonally polarized probe antennas similar to the bistatic
RCS measurement method [see Fig. 3(a)]. However, due to the
small aperture size and low antenna gain of the reflect-antenna
element, the reflect-antenna element and the probe antennas are
located in close proximity, yet at the far field of each antenna.
If we use high-gain probe antennas such as horn antennas, their
sizes becomes large. This results in geometrical errors in the
monostatic RCS measurement setup when the vertically and
horizontally polarized probe antennas and the active reflect-an-
tenna element are close together. In the method followed for the
monostatic RCS measurement, we used asingle DPA, as shown
in Fig. 3(b). A similar setup using a DPA with a high degree of
isolation between the ports has al so been used for the character-
ization of the ARA in [6]. The DPA used in our measurement is
the microstrip-T coupled-patch part of the ARA showninFig. 1
[11]. The magnitude of the forward transmission between the
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Fig. 3. (&) Setup for the measurement of the bistatic RCS of the ARA using a
VPA and HPA. (b) Setup for the measurement of the monostatic RCS using a
single DPA.

orthogonally polarized ports of the DPA |S»; | for this case can
be written using the two-way Friis transmission formula as

8 o (A
|Sa ) = G,.G.G:Gj <47rR> 3)
where GG,. and G, are the receiving and transmitting antenna
gains of the active reflect-antenna, respectively, and G, is the
amplifier gain. The broad side gain of the transmitting and re-
ceiving parts of the DPA are equal and are represented as G4
in (3), A isthe measurement wavelength, and R is the distance
between the reflect-antenna and DPA [see Fig. 3(b)]. Using the
definition of monostatic RCS #,,, [18], we can write

)\2

Om = GTG(J, Gt - (4)
47
Therefore, from (3) and (4), we can write
(47T)3R4
Ty = |Sa1 |2 At (5)

The product G,.G, Gy, which is the EIPG, can be written in
terms of o,,, as

dro,,

. ©)

It is to be noted that the same analysis, i.e., (3)—«6), holds
for the passive reflect-antenna, as well as with G, = 1 and
EIPG, replaced with EIPG,, in (6). From (5) and (6), we can
see that, by measuring the forward transmission between the
DPA ports, |S2;| using a vector network analyzer, we can find
the monostatic RCS and EIPG of the active or passive reflect-
antenna element.

One of the principal concerns in the single DPA measure-
ment method is the coupling from the transmitting port to the
receiving port of the DPA. This can result in the phase cancella-
tion of the reflected signal with the coupled signal between the
vertically and horizontally polarized ports of the DPA. In the
method, we followed themutual coupling between thevertically
and horizontally polarized ports of the DPA when it radiatesinto

EIPG, =
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Fig. 4. EIPG of the amplifying reflect-antenna. m: calculated using the
measured gain of the single antenna. o: calculated using the measured EIPG of
the passive reflect-antenna. e: measured.

free space and is removed prior to the measurement using the
time-domain gating facility of the vector network analyzer. For
the measurements of the active and passive reflect-antennas, the
time gated signal between the portsof the DPA is converted back
into frequency domain using the fast Fourier transform (FFT)
facility of the network analyzer. The gating technique used for
thevector network analyzer (Anritsu-360B) isthetimebandpass
mode with a sweep bandwidth of 4 GHz. The gating interval is
approximately 11 ns and the range R is 5.4 cm.

IV. COMPARISON OF MODELING APPROACHES WITH
THE MEASURED RESULTS

The calculated EIPG of the amplifying reflect-antenna using
the modeling approaches discussed in Section |11 is compared
with the measured results in Fig. 4. It can be seen from Fig. 4
that the EIPG calculated using the single-antenna method [see
Fig. 2(a)] isless erroneous compared to the measured results at
frequencies below the tuning frequency of the antenna. In gen-
eral, the single-antenna approach yielded more optimistic gain
results than the actual measured EIPG. Ascan a so be seen from
Fig. 4, the EIPG calculated using the passive reflect-antenna
method [see Fig. 2(b)] follows the measured EIPG with ap-
proximately 1-2-dB accuracy for most of the frequencies. From
the comparative study, it can be concluded that it is very im-
portant to preferably characterize the full active reflect-antenna
or at least the equivalent passive reflect-antenna for accurate
modeling of the array in which the active reflect-antenna ele-
ment is involved. The large error in the single-antenna method
is due to the drop in antenna gain because of the influence of
feed-line radiation and the bends that are close to the antenna
On the other hand, measurement of the passive reflect-antenna
eliminates these source of errorsin the modeling, as its monos-
tatic RCS is used first to find the EIPG EIPG,,. Therefore, the
EIPG,, which is used in (2) to determine the EIPG of the ac-
tive reflect-antenna, involves the influence of the stray radia-
tions such as from the feed and bends. The S-parameter-based
model usedin[6] for the active reflect-antennabased on an aper-
ture coupled patch may also be extended to the devel opment for
the single-layer active reflect-antenna when the feed line bends
are far away from the radiating edge of the patch.
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Fig. 5. e: measured monostatic RCS of the amplifying reflect-antenna
normalized to the maximum measured monostatic RCS of the passive
reflect-antenna. o: measured normalized monostatic RCS of the passive
reflect-antenna. m: calculated amplifier gain using the measured monostatic
RCS of the amplifying reflect-antenna and the passive reflect-antenna. A:
measured gain of the isolated amplifier.

Fig. 5 shows a comparison of the monostatic RCS of the
amplifying reflect-antenna and the passive reflect-antenna nor-
malized to the maximum gain of the passive reflect-antenna.
The normalized monostatic RCS of the amplifying reflect-an-
tenna should be equal to the amplifier gain, but only at the fre-
quency where the normalized passive reflect-antenna RCS is
equal to zero. The calculated amplifier gain using the measured
monostatic RCS of the amplifying reflect-antenna and the pas-
sive reflect-antennais a so compared with the measured gain of
the isolated amplifier with a 50-£2 source and load impedance.
The measured gain (]S2;|) of the amplifier is shown in Fig. 5,
whereas | S1;] and |S22| of theamplifier are approximately con-
stant at —3 and —8 dB, respectively, all over theband. Thecorre-
sponding measured S-parameters for the antenna can be found
in [11]. As can be seen from Fig. 5, at the tuning frequency of
the microstrip-T coupled patch, the measured isolated amplifier
gainisamost equal to the normalized gain of the amplifying re-
flect-antenna. On either side of the maximum active reflect-an-
tenna gain, the amplifier gain cal culated from the measurement
of the passive and active reflect-antenna showed a ripple with
respect to the isolated amplifier gain. Thisis due to the depen-
dence of the amplifier gain on its source and load impedances.
The 50-2 source and load impedances used in the amplifier
measurement is attained only at the resonant frequency of the
antenna. At frequencies other than the resonant frequency of
the antenna, the source and load impedances of the amplifier
is equal to the complex impedances of the antenna presented
through the sections of transmission lines.

Monostatic RCS pattern of the active refl ect-antenna el ement
isa parameter of interest for designing retrodirective arrays [3]
since the reflected beam from the array is usually steered to
the same location as the source of the interrogating signal. On
the other hand, the reported amplifying reflect-arrays such as
in [4] and [6] uses the receiving and transmitting beam in dif-
ferent locations. For this case, a bistatic RCS pattern of the ac-
tive reflect-antenna element is more interesting. We study both
the monostatic and bistatic RCS pattern of the designed ampli-
fying reflect-antenna. For the monostatic RCS pattern of theam-
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Fig.6. Normalized monostatic RCS pattern: measured (circles) and calculated
(solid line) using the measured patterns of a single antenna.
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Fig. 7. Normalized bistatic RCS pattern: calculated using the measured
monostatic RCS pattern and the measured E-plane pattern of the single antenna
(circles) and the measured H -plane pattern of the single antenna (solid line).

plifying reflect-antenna, the scattering parameters between the
vertical and horizontally polarized ports of the DPA (|.S21 ) [see
Fig. 3(b)] ismeasured at aconstant far-field distance for various
angled. The measurement was carried out at 10.034 GHz, which
is the resonant frequency of the isolated microstrip-T coupled-
patch antenna. In the isolated amplifier—antenna approach, the
normalized monostatic RCS pattern can be cal cul ated asthe nor-
malized sum of the measured E- and H-plane pattern of the
single antenna [11]. This is because the amplifying active re-
flect-antennareceive and transmit signal in the E- and H-plane
of the microstrip-T coupled patch, respectively. The calculated
and measured monostatic RCS patterns of the amplifying re-
flect-antennaare shown in Fig. 6. It can be seen from Fig. 6 that
the calculated monostatic RCS pattern almost follows the mea-
sured monostatic RCS pattern in broadside. The difference be-
tween the measured and cal cul ated monostatic RCSfor largean-
gles from the broadside may be attributed to the feed-line bends
and the interference from the amplifier. Due to the small aper-
ture size of the amplifying reflect-antennaand nonavail ability of
high gain probe antennas of small size, the bistatic RCS of the
amplifying reflect-antenna was not separately measured. How-
ever, the bistatic RCS pattern can be cal culated asthe difference
between the monostatic RCSand E-plane gain of the passivere-
flect-antenna. The bistatic RCS pattern using the single-antenna
approach should beequal toitsnormalized H -plane pattern. The
measured H -plane pattern of the singleantenna[11] and the cal-
culated bistatic RCS pattern are shown in Fig. 7.
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V. CONCLUSIONS

A novel amplifying active reflect-antenna compatible with
monolithic integration techniques has been designed using ami-
crostrip-T coupled antenna. Two different modeling approaches
have been pursued to study the amplifying reflect-antennafor its
monostatic RCS and EIPG. From the comparison of the mod-
eling approaches with the measured resullts, it is found that the
passive reflect-antenna method yielded least deviation with the
measured ones. On the other hand, the single-antenna approach
yielded only approximate result. The DPA method using time-
domain gating of the network analyzer has proven to be a flex-
ible and accurate technique for monostatic RCS measurement
of active reflect-antennas. The proposed amplifying reflect-an-
tenna finds application as an array element in the design of am-
plifying reflect-arrays.
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