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Abstract

Demand for capacity and bandwidth increasing day-by-day in the area of wireless
communication. One of the solutions is the utilization of frequency bands for broadband communication
that is related to satellite communication. Mostly Ka-band is used in satellite communication. In this paper,
an attempt is taken to design an optimized resonant-cap Ka-band oscillator. To obtain oscillation from Ka-
band IMPATT device, it has been embedded in a resonant cavity for which resonant cap structure is used.
From this study, it is found that the supply D.C voltage from the top of the diode provides a matching
network between the diode and the load to achieve maximum power. Keeping the breakdown voltage of
the IMPATT diode fixed, the variation of bias current helps for detailed study and mechanically tuning has
been done with a variation of cap height, Cap diameter as well as by varying the position of the short using
sliding short tuner and verified experimentally. Optimization result is made to get maximum output with
maximum efficiency for an optimized cap height, diameter, and position of sliding short tuner. With these
facts the work is presented difference tuning methods for the resonant cap IMPATT oscillator.
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1. Introduction

Wireless and satellite communications are rapidly growing industries which are slated
for explosive growth in emerging countries as well as countries with advanced economies. From
the radio to satellite TV, the Internet to cellular communication, people are communicating more
now than ever before. And it is precisely this communication that is causing exponential growth
in science and technology standard of living and economic power. This fact alone is what
separates the first world from the developing. The research in the area of wireless
communication has been progress in many ways. Authors have been working on MIMO
techniques for efficient communication. Similarly the mobile equipment location and velocity
have been analyzed for the same. Nevertheless the handoff has been left for efficient and
seamless service by many researchers [1-4]. But the dominant trend in wireless communication
systems is towards broadband applications such as multimedia file transfer, video transmission
and Internet access. These applications require much higher data transmission rates than those
currently used for voice transmission applications. To achieve these higher data rates,
substantially larger bandwidths and higher carrier frequencies are required. A key roadblock to
implementing these systems at K-band (18-26.5 GHz) and Ka-band (26.5-40 GHz) is the need
to develop hardware which meets the requirements for high data rate transmission in a cost
effective manner.

IMPATT (IMPact Avalanche ionization Transit Time) diode is a PN Junction diode
operates at reverse bias to break down and can generate RF power, when it is properly
embedded in a resonant cavity. In course of research different structures of IMPATT diodes are
being developed by different scientists using different semiconductor materials. These days
IMPATT diode can operate up to a frequency of 450 GHZ. Thus, it is covering microwave,
millimeter wave, sub-millimeter wave range of frequencies. Because of the availability of these
HF ranges, IMPATT diode day-by-day becoming very important in the field of different type of
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communications mentioned above and also becoming a strategic device for the use of defense
people.

By means of different methods of tuning IMPATT diodes can be turned over a wide
frequency range. In our problem the IMPATT diode had the optimum frequency of 36 GHZ (Ka-
band), but these diodes can give a reasonable amount of power from a frequency range of 34 to
37 GHZ and can offer many sub-bands under Ka-band for different types of communication.
Though here the authors have indigenously developed the resonant cavity with a post and cap
structure, but the suitability of this method is compared at the end with other methods of tuning
such as varying bias current, position of sliding short tuner etc.

The resonant cap IMPATT oscillator was first reported by Lee [5] for the millimeter wave
band an owing to their simplicity of construction and good performance in microwave and
millimeter wave frequency bands made it very attractive. A wide variation of mechanical tuning
by varying the sliding short tuner for a resonant cap IMPATT was observed by Misawa and
Kenyon [6] for low frequency IMPATT diodes. In 1972 Groves and Lewis [7] vary various
structural parameters of the resonant cap to obtain maximum power output at low frequency.
Mallik et.al [8] in 1983 derived an empirical formula using their experimental data related to cap
diameter and the oscillation frequency. Computer aided design and analysis of broadband
communication performed by authors [9-10]. Also, the IMPATT oscillator has been utilized for
the same and used for Ka band [11-14]

2. Design

Demands on wireless communications have motivated the development of RF front-end
circuits toward tens of gigahertz to achieve high-data-rate transmission. Ka band oscillators are
especially designed for low cost commercial applications. The explosion of cellular phones and
the Internet follows the next large communications technology, broadband communication
research for large amount of bandwidth that translates to large amount of information.

In this piece of work, it has been tried for the design of Resonant cap IMPATT Oscillator
for Ka Band operation. It can be useful in satellite broadband communication further it has been
optimized using mechanical tuning. Authors have used a resonant cap cavity in which the
device is placed between the bottom broad wall of a millimeter wave guide and the bottom face
of a circular metal disc in the resonant cap, as shown in Figure 1. A constant current power
supply is used as a bias through the post and the disc structure of the resonant cap. The
purpose is to study the effect of the cap diameter and cap height of a resonant cap IMPATT
oscillator and the effect of plane of the short on the oscillation frequency and power output. The
output power can be optimized when the device-circuit interaction will take place. The basic
theory of the design is explained as follows.
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/ Through E-H tuner to load
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Figure 1. Schematic representation of Ka band IMPATT Oscillator

The resonant cap consists of disc-post structure with a flat disc in the H plane. The disc
and bottom broad wall of the waveguide forms a radial line cavity around the diode. The
generated microwave power propagates in the radial direction of the disc, and is getting coupled
to the waveguide through the open vertical edges of the radial cavity. The disc of the resonant
cap acts as an impedance transformer and helps to match the impedances between the low
impedance diode and the high impedance waveguide so that maximum generated RF energy
can be transferred to the load.
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These post and disc structure also provides a low pass = type filter to bypass the ripple
present in the power supply. The resonant cavity is such that it can be also used as an external
heat sink for the IMPATT diode.

When direct current (DC) bias is applied to the input terminals of the oscillator, AC
energy is produced at the output terminals. AC signal and radio frequency (RF) are
synonymous, in the simplest terms. Also an oscillator can be defined as a DC to RF energy
converter.

The total current is composed of conduction current and displacement current only
because the diffusion current is negligibly small. The total current density is given by the
expression.

5(€E)
St

ltotar = 0 (N, Vgn + P, Vgp) +

The spatial variation of electric field in the space charge layer is obtained from
Poisson’s equation as:

=21, — Ny + (p-n)]

Where:

E = electric field,

q = electronic charge,

Np= ionized donor density,

Na= ionized acceptor density,

p = hole density,

n = electron density,

€ = permittivity of the semiconductor.

The device negative resistance and reactance are obtained from the following:

ZR = f(‘)NX dx.
ZR
Conductance G = e
Zo+ 2725
Z
Susceptance B = - ———
Zo+ 25

With electromagnetic radiation effects much more subtle at Ka-band frequencies, and with
greater susceptibility to parasitic effects and losses, significantly greater attention is given in the
technique, particularly at high power levels. The experimental setup, and its result are explained
in the following section 3.

3. Experimental Setup and Results

This work is going to present different tuning methods for resonant cap IMPATT
Oscillator. But the study of an amplitude control and stability is a different aspect and thus not
considered here. The experimental arrangement for the study of resonant cap Ka-band IMPATT
oscillator is as shown in Figure 2.

Indigenously developed Ka-band SDR IMPATT diode is used. The diode oscillates over
a range of 34 to 38 GHz with a breakdown voltage of 45v. A maximum power output of 90 mw
for a maximum dc bias current of 140mA for occurrence of the oscillation. A variation of
oscillation frequency and power output due to the variation of dc bias current is shown in Figure
3. In the graph the power output increases non-linearly with dc bias current and reaches a
maximum value and then starts to fall gradually but the frequency increases more or less
linearly. It is because in the G-B slot of Figure 4 where the circuit locus takes a turn. Therefore,
the negative conductance corresponding to the point of intersection between the active and
passive characteristics decreases after reaching a maximum.
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Figure 2. Experimental arrangement of resonant cap Ka-band IMPATT oscillator
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Figure 3. Plot of oscillation frequency and Figure 4. G-B plot of Si- IMPATT for different
power output vs DC bias current dc bias current density

The dimension of the resonant cap has a major impact on output power and frequency.
As [8], the relation between frequency and cap dimension is depicted as:

_ _ 045C
f=C/r = )

Where D is the diameter of the resonant cap and L is the height of the resonant cap. It has been
experienced with the variation of the cap height, keeping the cap diameter constant and vice-
versa.

IMPATT diode always operates at reverse bias to break down. As the breakdown
voltage is fixed, it shows with varying the bias current so that the tuning is done. This
experimental result is shown in Table 1(a) and 1(b) respectively.

Table 1(a). Variation of output power and frequency with cap height for a cap diameter of

(D) =2.7mm
Cap Height (mm)  Output Power (mW)  Frequency (GHz)

1 53.1 39.48
1.1 60.24 35.52
1.2 66.95 34.61
1.3 73.9 33.75
1.4 82.25 32.92
1.5 85.01 32.14
1.6 89.01 31.4
1.7 87.25 30.68
1.8 85.29 30

1.9 79.79 29.34
2 73.01 28.72
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Table 1(b). Variation of output power and frequency with cap diameter for a cap height = 1mm
Cap Diameter (D) (mm)  Output Power (mW) Frequency (GHz)

2.1 32.01 43.54
2.3 42.34 40.91
25 60.67 34.57
2.7 74.85 36.49
2.9 84.85 34.61
3.1 87.41 32.93
3.3 77.25 31.4
3.5 59.15 30

3.7 43.14 28.72
3.9 32.22 27.55
4.1 2412 26.47

3.1. Mechanical Tuning

As mentioned that the paper dealing with optimal tuning of IMPATT diode to get an idea
about the best method for tunning so that a diode can operate over a wide range. Variation of
oscillation frequency of the oscillator by varying mechanical parameters of the resonant cavity,
such as cap height, cap diameter and the position of the sliding short tuner is called mechanical
tuning. The dependence of the oscillation frequency on the cap height and cap diameter was
investigated and presented the Table 1(a) and (b). It is observed that the oscillation frequency
decreases with the increase of cap diameter and cap height as per the relation. “(D+L)/A =K”
given by Groves and Lewis and Mallik et.al where ‘K’ is a constant and equal to 0.45 and A is
the operating wavelength ‘D’ is the cap diameter and ‘A’ is the post length. The above formula
tells that for a particular value of ‘D’ and ‘L’ the corresponding frequency when equal to the
optimum design frequency of the diode then the power output is maximum.

In the first method of tuning a variation of bias current from a range of 50 to 160 mA
results a variation in the frequency range of 34 to 38 GHz. Again by varying the cap height or
cap diameter a frequency variation of 28 GHz to 40 GHz is possible. On the other hand a
frequency variation of 34 to 37 GHz is possible for a variation of the position of sliding short
tuner 3 to 8 mm range. But from the diode a maximum power output of about 85 mW on an
average is obtained in all the methods and at a distance of A/2 from the position of sliding short
tuner.

The variation of power and frequency due to variable position of slide soft tuner is
plotted in Figure 7. For a cavity resonator the frequency of oscillation is given by:

=o2 2+ () + ()

Where ‘a’ is the broad plane dimension, ‘b’ is the narrow plane dimension and ‘d’ is the length of
the rectangular cavity resonator. Now variation of the position of sliding short tuner represents
the variation of the length of the cavity and thus resonant frequency is varying. The graph of
Figure 5 is showing the power at different resonant and anti resonant condition of the cavity.

The output spectrum of the resonant cap Ka-band IMPATT oscillator was investigated
by using a spectrum analyzer and the resulting photograph is shown in Figure 6.
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Figure 5. Variation of output power and frequency with position of the sliding short tuner

An Optimized Resonant-cap Ka-band IMPATT Oscillator for Broadband... (L.P. Mishra)



558 m ISSN: 2302-4046

-6308NM 36.806CHZ SOMNZ/

Figure 6. Output spectrum of resonant cap Ka-band IMPATT oscillator

4. Conclusion

Earlier works were related to tunning of IMPATT oscillator at X-band, but our paper is
for Ka band Oscillation. In this paper three different methods of tuning of a Ka-band IMPATT
oscillator are described. Out of these three methods variation of cap diameter or cap height
gives a wide range for tuning of about 12 GHz but in the other two methods, which are very
easy but gives a frequency range of variation of only 3 GHz. Thus this paper gives a clear
insight to the designer and user of Ka-band IMPATT oscillator. A coherent study of tuning
properties of resonant cap IMPATT oscillator at Ka-band has been carried out by mechanical
and electronic means. It is experimentally observed that output power of IMPATT oscillator
passes through a maximum, with an optimum combination of cap diameter and cap height.
Thus after comparison, it is being found that the method of tuning by variation of cap height and
cap diameter shows the effective result.
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