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A Voltage Tunable 35 G;Hz Monolithic

GaAs FECTED Oscillator
K. Lubke, H. Scheiber, and H. Thim

Ab,rtruct-MonolithicaIlv intemated FECTED-oscillators have been
fabricated with high yield, ‘high r;fiabllity and precise frequency control.

With unoptimized circuits 12 mW with 1.4V0 efficiency in cw-operation
and 25 mW with 2Vo efficiency in pulsed operation have been obtained.

These results represent the highest power output and efficiency of
monolithic TED and FET oscillator in thk frequency range.

I. INTRODUCTION

I T HAS RECENTLY been demonstrated [1]- [3] that planar

field effect controlled transferred electron devices

(’ ‘FECTED’S”) are capable of producing several tens of milli-

watts at ka-band frequencies with efficiencies of a few percent

and are attractive candidates for applications at higher frequen-

cies as they are not subject to the transit-time (1/f 2) limitation

conventional TED and FET oscillators are suffering from. This

advantage is a result of the reduced electron injection at the

cathode contact of a planar transferred electron device. The

electron injection is controlled by a negatively biased Schottky

gate that prevents Gunn domain formation. The usual transit-time

(’‘Gum”) oscillations are thus suppressed.

Instead, a stationary high field domain forms in the gate-drain

region that exhibits a frequency-independent negative differ-

ential resistance. The FECTED is thus inherently a broad band

device and has indeed been operated over a fairly wide range of

frequencies [1]. However, in these experiments unpredictable

bonding wire inductances made it impossible to design an

oscillator for a desired frequency and kept reproducibility low.

In order to overcome these problems monolithically integrated

FECTED oscillators have been fabricated. The results obtained

with oscillators will be reported in this letter.

II. DEVICE/CIRCUIT STRUCTURE

Fig. 1 shows a cross sectional view of the active element

(FECTED) used in the MMIC version. It consists of a 0.9 ~m

thick MOCVD-grown active n-layer (IVD = 5 x 1016 cm-3), a

Schottky drain contact, an ohmic source contact and a 0.5 pm

long Schottky gate with an integrated 10 pF capacitor to source.

The device width is 400 ,um.

Fig. 2 shows a photograph of a 5 x 5 mrri2 monolithic

oscillator chip. The circuit is similar to the microstrip version

used previously [1] with one exception: the dielectric resonator

used in the hybrid version has been replaced by two sections of

transmission lines symmetrically connected to the drain contact

of the FECTED [4]. The length of these two bars (” Y‘’ section)

has been chosen such that they provide inductive impedances to
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Fig. 1. Cross sectional view of the FECTED.

the drain contact. The oscillation frequency is that frequency at

which these inductances compensated the device capacitance. Of

course, this is valid only if the two other (mushroom-like)

resonating elements provide ground potential to both gate and

source at tlhe same frequency. The length of these two shorted

transmission lines is h/2 at 35 GHz.

EXPERIMENTAL RESULTS

FECTED oscillators monolithically integrated with circuits of

the type shown in Fig. 2 have produced output power levels as

high as 25 mW with 2% efficiency and 12 mW with 1.4%

efficiency in cw operation. The devices have been tuned over 1

GHz by varyinlg the negative gate voltage. Fig. 3 shows output

power, efficiency and gate voltage plotted against frequency. As

can be seen from these plots the frequency of operation varies

linearly with gate voltage over a few hundred megahertz. Fig. 4

shows several spectral characteristics measured at three different

frequencies. As expected the line width decreases with increas-

ing frequency. However, a comparison with spectral characteris-

tics obtained with discrete dielectric resonator loaded FECTED

oscillators /1/ /2/ /3/ shows that the MMIC oscillator version

is noisier due to the lower quality factor of the MMIC res-

onators.

It shoulcl be emphasized that all devices fabricated from one

batch yield~ed identical results demonstrating that yield is high

when monolithic integration is employed.

IV. CONCLUSION

Monolithically integrated FECTED-oscillators have been fabri-

cated with higlh yield, high reliability and precise frequency

control which is primarily a consequence of eliminating bonding

wires used in hybrid circuits. With unoptimized circuits 12 mW

with 1.4 % efficiency in cw-operation and 25 mW with 2%

efficiency with 1 ps long drain voltage pulses have been ob-

tained. These :results represent the highest power output and

efficiency of a. monolithic TED and FET oscillator in this

frequency range. Higher efficiencies should be obtainable with

improved coupling circuitry. Of course, FECTED oscillator
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Fig. 2. Photograph of an MMIC FECTED oscillator.
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Fig. 3. Output power, efficiency and gate voltage verus frequency of a cw

operated MMIC FECTED oscillator.
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Fig.4. Spectral characteristics ofan MMICFECTED oscillator

efficiencies are lower than those obtainable with transistor oscil-

lators at least at lower frequencies but they are presumably

comparable at higher frequencies (above perhaps 50 GHz) as

circuit matching of a two-terminal device is certainly easier.

Also FECTED’S do not need extremely small gate dimensions

like FETs since FECTED’S are not subject to the transit-time

limitation.
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