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ABSTRA~

A mmolithic Voltage ocntrolld oscillator (VCO)
has ken constructed using a GaAs dcuble-drift
Read IMPATT as the active elsment and a similar
diode biased below breakdown as the varactor. The
chip producd 120 mw ~ak power over an electroni-
cally controlled tuning range between 47 to 48 GHZ.
A ccmputer analysis based on characterized circuit
paramters has been used to predict the performance
of the chip.

INTRODUCTION

The similarity of doping profile for hyperabrupt
varactors and GaAs Read IMPATT dicdes suggests an
approach to the development of a mmolithic varac-
tor tuned oscillator. 1 f 2,3

Figure 1 shows the profile of the doping concentra-
tion and the electxic field within a Read IMPATT.
For the IMPA~ dicxie, the spike deterrrrines the
avalanche zone and improved the D2 to rf conver-
sion. When the diode is biased below breakdown
voltage, it can also be used as a varactor. 4

At zero bias voitage, the built–in @tential is
confined within the charge spikes. The depletion
width is the spacing between charge spikes. As the
reverse bias voltage increases, the depletion width
widens toward the edge of the device. Normally ,
the depletion region will reach the device edge
near the breakdown voltage as required by the
IMPA’IT design. Therefore, the capaci@nce ratio of
an IMPA’IT diode is roughly the ratio of the total
device length over-the avalanche zone length. This
ratio is generally greater than three for a ()-band
diode.

In the present work, a double-drift Read IM!?A’IT
doping profile was used to test the VCO design.
Although double-drift IMPATTs have higher efficien-
cy than single-drift dicdes, the lownmbility of
holes results in a high parasitic series resistance
and reduces the device Q when a double-drift IMPAITT
is used as a varactor. This effect will be sew in
the test data which follows.
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CIRCUIT DESIGN

The circuit dC2S!L~ was based upon the ~nOlitiiC
IMPATT oscillator reported in reference 5. TO
inocrprate the varactor into the oscillator, the
following issues must be considered:

1.

2.

The varactor requires a separate dc bias volt-
age. There:Eore, the IMPA~ and the varactor
must be EC .isolatd.

The varactor will be rf-cmupled to the oscil-
lator. Stronger coupling w~ll give a greater
frequency twning range, but the parasitic
series resistance in the varactor will load the
oscillator, thereby reducing the output pmer.

A coupled line is used to estab].ish the interaction
between the IMPATT and varactor as shown in Fig. 2.
The oscillator resonator is a section of 25 ohm
microstrip line. The output coupling is made
through a high @dance tap. A long taper is used
to transform the inpedance from 50 ohm to 90 ohm.
The location of the 90 ohm tap determines the de-
gree of load coupling. The varactor is omnected
in shunt to another 25 ohm microstrip line section,
which is located alongside the resonator (forming a
owpled line) . The gap between the line elements
is 10 pm. The remaining circui-kry provides the
varactor bias.

Pm analysis of coupled lines appropriate to the
present case is given in reference 6. The highest
sensitivity to varactor tuning occurs when the
cmupled line length is but a quarter wavelength.

Measured circmit parametersF~~~~
A detailed design was accomplished with
a computer.
in the analysis.

EXPERIMENTAL RESULTS

‘I’he monolithic V(J2 was fabricatd on a double-drift
Read profile GaAs IMPATT wafer. The fabrication
procedure is described in reference 5. A picture
of tie completed chip is shown in Figure 3.

A transition between waveguide and microsfiip line
was built using anti-pdal finline. A bias tee is
also included in the transition for the IMPATT
diode. The insertion loss of the transition is in
the range 0.5 to 0.8 dB over the entire waveguide
band.
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Fig. 1. ~ping Profile and Electric Field within a Fig. 2. Schematic Drawing of the VCO Circuit.
Single-Drift IMPA’IT Diode.

Fig. 3. Photqraph of the VCO Chip.
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The VCO was tested in pulse operation using a
pulse width of 300 ns ad a duty cycle of 6%.
Figure 4 shows the o~ration frequency and the out-
put pwer as a function of the varactor bias volt-
age. A 1 @z tuning range is achieved. The Per
drops nmnotonically as the varactor bias voltage is
lowered. Below 3.5 V, oscillation is no longer
obtained. This phenommon strongly suggests that

the series resistance of the varactor diode pro-
vides excessive loading to the IMPATT dicxle.

Figure 5 shows the frequency tuning of another
oscillator at two different bias current levels.
The capacitance of the varactor diode was measured
as a function of voitage and the zero bias series
resistance of the varactnr was calculated. The
measured capacitance value and a voltage–dependent
series resistance were used as input for ccrnputer
analysis. The relationship between the ~ and the
voltage is assumed to be

R~(v) = RSO X [5 - &J,4.

where ~. is the zero bias series resistance. Co
is the zero bias capacitance. The factor of 5 is
the ratio of total device length over the avalanche
zone length. This equation assumes that the deple-
tion region extends equaliy into p– and n-drift
regions at all the bias voltage. Since C(V) is
msasured, RS(V) can be calculated accordingly.

The prediction is shown as the third curve of
Fig. 5. The agreemmt between the analysis and
experiment is excellent. Below 4 V bias on the

varactor, no oscillation can be observed from the
Vco . However, the resonance frequen~ can still
be predicted by the ccmputer. The load cnnductice
predicted by the computer program increases mono-
tonically as the varactor bias voltage decreases.

The high series resistance of the varactor limits
the performance in tun ways:

1. It reduces the resonance frequency tuning
range.

2. It loads the oscillator so heavily that no
oscillation can take place.

Figure 6 illustrates the effect of series resis-
tance in the mcdel calculation. One curve is the
simulation of the experiment as shown in Fig. 5.
The other is the prediction of the mdel under the
assumption of one–tenth the series resistance.
This value of series resistance would ke typical of
a single–drift device where only n-type GaAs is
used. Also slmwn for reference is the measured
varactor capacitance versus voltage. The tuning
range for the small resistance case is 2.87 GHZ.

CCNCLUSICN

A nmnolithic Q-band GaAs IMPATT diode voltage–
controlled oscillator has been built and tested.
A frequenq tuning range from 47 to 48 GHz was
achieved with 120 mw psak pwer. Ccmputer predic-
tions based on measured circuit parameters accu-
rately predict the operation frequency. The key
limiting factor in the power and tuning is the
presence of large parasitic series resistance in
the varactor. By utilizing a single-drift doping
profile, improved performance can be expected.
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Plotted in Fig. 7 is the load conductance for the
twa values of series resistance. The low varactor
resistance case shams a much lower conductemce,
which would result in oscillator output throughout
the entire varactor bias range.
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