
of coherent detection without incurring the same level of
receiver complexity.

5. CONCLUSION

An optically preamplified digital PPM receiver with an elec-
trical domain filtering regime consisting of a matched filter in
cascade with a PDD network has been rigorously analyzed
for the first time. Under the assumption of Gaussian received
pulse shapes, sensitivity curves and an examination of the
pulse-shaping network behaviour have been presented. The
penalty incurred by removing the pulse-shaping network has
also been considered, and has been shown to be about 1.9 dB
for high PPM coding levels, but is lower at the optimum
coding level. The strong potential of the receiver configura-
tion has been demonstrated by results surpassing not only a
comparable optically preamplified OOK NRZ receiver, but
also surpassing the fundamental sensitivity limit of such a
receiver and approaching the sensitivity of coherent detection
systems, though it should be remembered that such impres-
sive performance is obtained at the cost of bandwidth.
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ABSTRACT: An impedance compensation method is used to integrate
an actï e de¨ice with a microstrip patch antenna to design an actï e
microstrip antenna for lower UHF applications. This method maintains
the size-reduction aspect of the microstrip antenna. The fabricated actï e
antenna is experimentally tested. The experimental findings re¨eal the
suitability of this new method in broadband actï e microstrip antenna
design for lower UHF applications. Q 1997 John Wiley & Sons, Inc.
Microwave Opt Technol Lett 14, 28]31, 1997.
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1. INTRODUCTION

Recent development in microwave and millimeter-wave
solid-state devices and integrated circuits have made it possi-
ble to implement active devices directly behind a planar

w xantenna element 1, 2 . The concept of the active microstrip
antenna and its array is particularly attractive for radar,

w xsatellite, and mobile communication applications 3 . At-
tempts have been made by many researchers to design active

w xmicrostrip antennas for various applications 4, 5 . The inte-
gration of microstrip circuits and antennas is now being
considered for many current and future applications due to

w xthe perceived benefits of compactness and low cost 6 . In the
present impedance compensation method, an attempt is made
to design a broadband microstrip antenna by varying the bias
voltage of the active device. This method maintains the
size-reduction aspect of the microstrip antenna at lower
UHF. Experimental findings are in good agreement with the
proposed method.

Ž .Contract grant sponsor: DST Government of India .
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2. DESIGN TECHNIQUE

A rectangular microstrip antenna is fabricated with a dielec-
Ž .tric material used as a substrate RTrDuroid with « s 2.2 .r

w xWith the expression 7

c
f s ,r 2 L «' eff

Ž .the dimensions of the patch L s W s 10.52 cm are deter-
mined, in order to resonate the antenna at 974 MHz. The
feed point of the rectangular microstrip antenna is found

w xwith the expression 7

2 Ž .R s R cos p x rL .in es 0

Figures 1 and 2, respectively, show the return loss and the

Figure 1 Return loss of the passive microstrip antenna

Figure 2 Smith-chart plot of the passive microstrip antenna

Smith-chart plot of the fabricated microstrip antenna. In the
impedance compensation technique, the passive antenna is
designed at a slightly higher frequency. Then, with the use of

Ž .the Smith chart impedance plot , a monolithic amplifier is
selected whose input impedance compensates for the antenna
impedance in the required frequency region. Thus, a re-
duced-size active antenna can be built for low-frequency
applications. In this article, a monolithic amplifier is selected
with the use of the Smith chart. Its input impedance compen-
sates for the antenna impedance in the lower-frequency

Ž .range i.e., 400]700-MHz range .
An active patch antenna with devices integrated directly

w xinside the patch suffers a very high cross-polarization field 6 .
w xAlso, it has been reported 8 that a transistor may affect the

radiation pattern far less than the passive parts of the ampli-
fier, such as matching stubs, bias circuits, and bends. With the

Figure 3 Return loss of the active microstrip antenna with 3-V bias
voltage

Figure 4 Return loss of the active microstrip antenna with 4.5-V
bias voltage
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above facts taken into consideration, a monolithic amplifier
MAR-7 and bias circuits are placed in a suitable position on
the ground plane so that there is no coupling present be-
tween the active part and the radiating element. The active
device along with the biasing network is placed exactly at the
center of the patch on the ground plane, where the field is
assumed to be zero. Also, the discrete components are con-
nected with the possible path size being kept to a minimum
and with highly insulated coaxial wire being used. A compara-
tively large ground plane is used in the proposed method.
Figures 3 and 4 show the return-loss plot of the active

Ž .microstrip antenna antenna with amplifier when bias volt-
ages of 3 and 4.5 V are applied, respectively.

3. RESULTS AND DISCUSSION

Open-air radiation pattern measurement is carried out for
rectangular and active microstrip antennas. Figure 5 shows

the H-plane radiation pattern of an active rectangular mi-
crostrip antenna. Figure 6 shows the active circuit and the
microstrip antenna. The gain of the active microstrip antenna
is found to be 11 dB; that is, 3 dB more than a passive

Ž .microstrip antenna without amplifier when a bias voltage of
3 V is applied. For a bias voltage of 4.5 V, the gain is found
to be 12.5 dB. The cross-polarization level is 16 dB lower in
both cases. However, it is observed that the cross-polarization
field increases with increasing bias voltage. An increase in the
ground plane significantly contributes to pattern characteris-
tics, and also plays a significant role in impedance compensa-
tion. The radiation patterns obtained for microstrip antennas
and active microstrip antennas with different bias voltages
are consistent. The return loss of the active microstrip an-

Ž .tenna is found to be y15.5 dB 1.4:1 VSWR over a wide
Žrange of frequency 395]700 MHz for 4.5-V bias and 370]

. Ž740 MHz for 3-V bias . For microstrip antennas without

Figure 5 H-plane radiation pattern of active microstrip antenna
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Figure 6 Microstrip antenna and the active circuit with biasing
network

.active device the frequency range is measured to be 40 MHz.
Thus it is observed that increasing the bias voltage of the
amplifier decreases the bandwidth and increases the gain.
Also, the cross field increases with increasing bias voltage,
thus leading to radiation from the active device and the
biasing network.

4. CONCLUSION

The impedance compensation technique is found to be a
suitable method to design reduced-size microstrip antennas
even at low frequency. The bandwidth of the active mi-
crostrip antenna is considerably higher, which is a notable,
feature, as microstrip antennas are inherently narrow band.
The enhancement of gain with suitable bias voltage is an-
other important feature that can be exploited for many
potential applications. The optical integration and the sug-
gested impedance compensation technique will go a long way
in the application of microstrip antenna in many emerging
fields.
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ABSTRACT: The method for handling a transient electromagnetic prob-
lem with arbitrary time dependence of a medium parameter is proposed.
The method is based on the e¨olutionary approach, which reduces the
problem to a Volterra integral equation. A parameter’s arbitrary time
¨ariation is approximated by a stepped function. The problem is exactly
sol̈ ed at each step by ¨irtue of the same resol̈ ent. Various parameter
time dependences are considered. Q 1997 John Wiley & Sons, Inc.
Microwave Opt Technol Lett 14, 31]36, 1997.

Key words: transient electromagnetic problem; e¨olutionary recursion;
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1. INTRODUCTION

Exact consideration of electromagnetic processes in a medium
with time-varying parameters is possible, as a rule, when

w xparameters change abruptly 1]6 . If parameters change in a
more complicated manner, exact solution can be obtained

w xonly in special cases 7 . In general cases such an analysis is
carried out approximately. As this takes place, an initial
electromagnetics problem is investigated either by numerical
methods or within approximations corresponding to a small

w xor great parameter value, such as in 8 . In this article a
method for handling a transient electromagnetic problem
with an arbitrary time dependence of a medium parameter is
proposed. In the case of parameter’s jump changing, the
problem solution is obtained exactly by the use of a resolvent

w xmethod 6, 9 . In so doing, no restrictions on the jump
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