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Abstract
Microstrip patch behaves like a resonant circuit/cavity with 
multiple resonant frequencies, generates significant amount of 
second harmonic radiation depending on the non-linearity of the 
device. Location of the device that maximises fundamental power 
output is not the position for minimum second harmonic power. An 
optimum location of the diode on the patch has been suggested. 
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I. Introduction
To get the functions of radiation and power generation in the same 
element active antenna are introduced. Microstrip patch antenna 
integrated with two terminal active devices like Gunn diode serves 
both the purpose of radiating antenna and power generator. It is 
called an active antenna or a quasi-optical transmitter. Number of 
such antennas may be integrated to form an array for generating 
high power main beam which can also be electronically scanned 
or steered [1-3]. As a matter of fact, the number of publications 
on photonic beam forming [4] and non- mechanical steering [5] 
for this kind of arrays are increasing day by day.
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Fig. 1: Active Microstrip Patch Antenna

The main features of developing active antennas are to achieve 
(1) highest possible radiated power, (2) stability of the mode of 
oscillations and (3) spectral purity of the output [6-13]. Perfect 
matching between the antenna and device is essential to fulfil the first 
condition. This has been done by considering the device-antenna 
nonlinear interaction instead of considering them as independent 
units. This step is preceded by the design of the antenna itself for 
most efficient radiation at the desired frequency. This requires 
determining the dimensions of the microstrip resonator as well as 
its frequency response characteristics for ascertaining the purity 
of the waveform. Thus it covered the third criterion. Choice of 
substrate with higher dielectric constant improves both amplitude 
and frequency stability of the patch oscillator though substrate with 
lower dielectric constant is preferred for radiation efficiency.
Microstrip patch behaves like a resonant circuit/cavity with 
multiple resonant frequencies, generates significant amount of 
second harmonic radiation depending on the non-linearity of the 

device. Location of the device that maximises fundamental power 
output is not the position for minimum second harmonic power. 
Therefore, an optimum location of the diode on the patch has 
been suggested. 

II. Active antenna output and diode integration
In an active antenna (fig. 1) there are two ways of integrating 
the Gunn diode on it. The central idea is, obviously, to realize 
maximum radiated power from the antenna.
 It is not simply the question of finding the condition for maintenance 
of oscillations and the corresponding amplitude of oscillations. In 
the first instance it is the position of the diode on the patch, where 
as in the second instance it is related with the appropriate design 
of the quarter-wave transformer. 
The steady state output from an antenna as 

                             (1)
Power radiated 

                             (2)
Maximum power radiated is found by putting, 0

dPr
dGr

=  which 
gives

                 (3)
The value of αd is chosen to be the dynamic conductance of the 
diode. From this relation the value of l1 i.e., location of the diode 
to obtain maximum radiated power is determined as 

            (4)
The value of l1 as given in 

              (5)

where  
Now, maximum power becomes

              (6)
This indicates that the maximum power radiated is a function of the 
radiation conductance, non-linearity and location of the diode.
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Fig. 2:  Antennas with Diode at Different Positions
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II. Comparison of Different Sets of Patches
An active patch working nearly at 9.5 GHz has been designed and fabricated by using 0.787 mm thick Takonic TLY-5-0310-CH/
CH substrate with . The conducting material has 0.502/sq ft copper metallization with a metal thickness of 0.018mm. 
The antenna is supported from the other side by a thick aluminium plate, which serves the purpose of heat sink as well as provides 
mechanical support for experimental observation. A screw type low power MA/COM-49104 diode has been used as active device 
connected to the patch through a microstrip transformer. Two sets of five patches have been fabricated at two spot frequencies (fr) of 
9.0 GHz and 9.5 GHz by using 0.787 mm thick Takonic TLY-5-0310-CH/CH substrate with  . The entire scheme is shown 
in Fig.2 Radiation patterns are measured for three patches namely A-3, A-5 and a passive patch is shown in Fig. 3. An M/ACOM-
49106 medium power (50mW) diode has used for the five patches to get a comparative picture. 
The results are summarized in Tables 1 and 2:

Table 1: Calculated and Measured Operating Frequencies for Two Set of Five Patch Antennas

Antenna Length l
(mm) Width w (mm) l1 

mm
Calculated fr 
(GHz)

Measured fr 
(GHz)

% Error in
frequency

A-1 10.202 12.483 5.87 9.5 9.77 2.84

A-2 10.202 12.483 4.33 9.5 9.76 2.74

A-3 10.202 12.483 3.5 9.5 9.646 1.54

A-4 10.798 13.176 5.453 9.0 9.036 0.34

A-5 10.798 13.176 Arbitrary 
location 9.0 9.82 9.11

Table 2: Measured Active Antenna Power and Efficiency at the Operating Frequencies

Antenna Operating 
frequency (GHz)

Bias voltage (V)/
Current (mA)

RF Power (mW)
EIRP (mW)

dc-RF conversion 
efficiency

in Patch in w/g 
Cavity in w/g cavity in patch

A-1 9.77 12.64/381 29.8 64.10 186.83 1.42 0.62
A-2 9.76 11.90/390 35.9 50.35 225.10 1.17 0.77
A-3 9.646 11.10/420 64.33 63.10 403.6 1.55 1.38
A-4 9.036 11.00/303 1.0 55.60 6.14 1.42 0.03
A-5 9.82 10.70/322 2.57 47.21 16.10 1.18 0.075

Tables 2, list the operational parameters of the antennas like frequency power etc. Power values have been calculated by using 
passive antenna gain to be 7.97 dBi. It is found from the Table 2 that patch A-3 (l1 = 3.53 mm) gives highest radiated power though 
the position of the diode on the patch should be A-2 (l1=4.33 mm).

Fig. 3: Radiation Patterns are Measured for Three Patches Namely A-3, A-5 and a Passive Patch
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When the diode is placed further up (l1 < 3.53 mm), radiated 
power is found to decrease along with significant deviation in 
operating frequency [12]. 

III. Harmonics in AMPA
An active antenna can be represented by a large number of parallel 
resonant circuits. Experimental observation on the radiated field 
shows the presence of second harmonic component. An active 
antenna (integrated with Gunn diode) basically operates on the 
principle of distributed parameter oscillator with the patch as 
distributed parameter circuit element and the diode as a non-
linear negative resistance device. Because of the non-linear 
current voltage characteristics of the Gunn diode and the harmonic 
resonant character of the microstrip patch, the system undergoes 
harmonic oscillations (fig. 4).
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Fig. 4: Second Harmonic Power in Active Patch Antenna

IV. Conclusion
It is observed that the location of the diode at which the fundamental 
power is maximum, is not the position of minimum second 
harmonic generation. Moreover a commercially available diode 
has a finite dimension, not a point source [12]. When the diode is 
placed at the point where the fundamental power is maximum it 
infringes into the susceptible zone of second harmonic oscillations. 
Therefore the diode has been placed so as to avoid the susceptible 
zone of second harmonic oscillations. Fortunately it has been 
found that in doing so, the generation of fundamental power is 
not much affected. With this arrangement power output from an 
active antenna designed to operate at 9.5GHz.was 64.33 mW 
(EIRP~403.6) almost equal to wave-guide tuned oscillator. The 
frequency error is 1.54%, which also confirmed the proper design 
of the patch. Conversion efficiency (dc to rf) achieved was 1.38% 
in contrast to 1.55% when the diode has been placed in a wave-
guide. Owing to the perfect matching between the device and 
antenna a large Q value has been realised (~156). Bias tuning band 
width of such a rectangular patch is only 2.16% which is very low 
and is one of the disadvantages of active microstrip patch antenna. 
A 10.198X12.283 sq.mm rectangular patch exhibited a locking 
gain of 25 dB, a locking range 3.6 MHz at 9.799 GHz. 
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