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Electronic tuning of ?valanche transit time oscillators has been treated

explicitly by Gilden and Hinesl and bath theoretically and experimentally by

other sz, s.

Since moderate output power fram these devices IS now being realized, the

ease of electronic tunability suggests their use as transmitters in miniature salid

stote altimeters and low power communication systems. This paper presents

experimental data taken to determine the frequency modulation characteristics of

avalanche transit time oscillators.

The active element is a diffused silicon mesa diode, similar to the one

described by Misawa4. The iunction is formed by diffusing boron 2.4 microns deep

in epitaxial silicon. The substrate is arsenic doped to a resistivity of .008 ohm

cm and the epitaxial layer has a thickness of 7 micrans with a nominal resistivity

of 1 ohm cm. It is known that a high boron concentration in silicon leads to an

excessive number af lattice defects, resulting in a high density of micro plasmas.

Therefore, a surface concentration Iawer than customary far the fabrication af

varactor diodes was chosen. The uniformity of the Iunction was further improved

by applying a multiple predepasition post-diffusion technique. The resulting

impurity prafile is represented in Figure 1. The iunctions are of a nearly abrupt

type with a sharp breakdown of 80 to 85 volts. Using conventional contacting and

masking techniques, mesa diodes with a iunction diameter af approximately 100

micrans are farmed and after dicing, individual diodes are mounted in a microwave

pill package with o cose capacitance of-.25 ~pf and a lead inductance of~.3

nhy. The diades exhibit typically a iunction capacitance of .4 -.5 p/.tf at break-

down.

The basic ascillatar cansists af the diade maunted in the re-entrant portian of

a radial mode cavity. It is machined of copper ta imprave heat dissipation, has an

internal volume of less than .02 in.3, and employs Iaop coupling. Figure 2 shows

a photograph of an ascillatar with the external dimensions af a DO-5 power diode

header, The cavity alone hos a calculated resonant frequency of 17 GHz and an

effective capacitance of about .15 p~f. Figure 3 shows oscillating frequency VS.

diade iunction capacitance. Moximum cw output power measured for oscillators

operated at an ambient temperature of 25 C was 100 m watts at current levels of

40 ma. The microwave to dc efficiency was in this case more than 3%. In typical

production Iats, 75% af the diodes gave between 40 and 60 m watts of micrawave
pawer at current levels of 30 ma.

The oscillator was aperated over an ambient temperature range fram -70°C ta

100°C with a frequency drift of 2.5 x 10-5 parts/°C.

A modulating valtage applied in series with the dc bias was used to obtain

frequency madulatian. Figure 4 shaws peak-to-peak frequency deviation of a

typical ascillatar as a function of applied rms voltage. These data were taken by

observing the sideband nulls as the amplitude of the modulating signal was varied.
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The plot of Figure 4 is linear to within measurement accuracy, which is approxi-

mately ~ 2%. Figure 5 shows photographs of the spectrum for various modulation

indices. The symmetry of these displays, the relative magnitude of the frequency

components, and the autput, abserved through an envelape detector, indicate

negligible amplitude modulation.

Using a battery to supply dc pawer and a microphone to achieve frequency

modulation, an avalanche transit time oscillator has been used to transmit voice

communication over a distance of 1/3 mile with approximately 5 m watts output

power. Stondard waveguide barns with a naminal gain af 17.5 * 1.5 db were used

as receiving and transmitting antennae. The receiver consisted of a conventional

microwave receiver, slightly detuned to provide FM to AM conversion.
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FIG. 1 - Impurity Profile of Oscillator Diode

FIG. 3- Frequency of Oscillation os a
Function of Junctian Capacitance at
Breakdown

FIG. 2- Microwave Osci Ilator with DO-5 Outline

FIG. 4- Frequency Deviaticm VS Applied
Voltage (RMS) for a Typical Diode; 10:30 MA
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a) m= 3.8, Horizontal Sweep = 1 MC/cm b) ~ = 5.5, Horizontal Sweep = 3 MC/cm

C) m a 8.’7, Horizontal sweep = 3 Mc/Om d) m = 14.9, Horizontal Sweep” 3 ~clcm

FIG. 5- Photographs of Spectrum Ana[yzer Displays for various Modulation
Indices fm :600 KC
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