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Preliminary investigations have been made into the use of SIS

(superconductor-insulator-superconductor) diodes for possible roles in sub-

millimeter imaging systems. These diodes are particularly well suited for

incorporating into systems involving printed antenna arrays on quartz

substrates. In a novel approach using semiconductor devices at high

frequencies, a GaAs FET was used as a mm and submillimeter detector and

mixer. Since the FET is a three-terminal device, it also has interesting

possibilities as a L.O.

1. SIS Submillimeter Mixers

Extremely low noise millimeter wave detectors and mixers have recently

been reported which depend on single-particle tunneling between two super-

conducting films separated by a thin oxide layer. The metal-oxide tech-

nology for making superconducting-insulating-superconducting (SIS) junc-

tions is highly advanced and can be used to fabricate submicron devices

suitable for submiliimeter applications.

The combination of excellent low-frequency sensitivities and well-

developed fabrication technology make the SIS mixers particularly attrac-

tive for systems using antenna structures and arrays at higher millimeter

and submillimeter frequencies. The high-frequency limit of SIS devices has

never been clearly established experimentally or theoretically. The strong

nonlinearity, characteristic of tunneling, indicates that the local oscil-

lator requirements of a heterodyne detector would be very low. Furthermore,

the absence of series resistance make these devices approximate the ideal

mixer parameters. 2
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In order to investigate SIS properties in the submi11imeter N

diodes were fabricated on quartz substrates with a diameter of 0.7 im, a

junction capacitance of ~100 fF, and a normal resistance (Rn) of about

lOfl.3 They were immersed in liquid helium and illuminated with focused 693

GHz radiation from an optically pumped formic acid laser. They showed a

strong video response to the radiation which could be differentiated from

the regular Josephson effect since it was not affected by a magnetic field.

Harmonic mixing experiments were set up to further probe the detection

mechanism at higher frequencies. A V-band klystron, illuminating the SIS

device, generated currents at the fifth harmonic which then mixed with car-

cinotron radiation at 3^3 GHz, as shown in Fig. 1. Although there was no

antenna structure, T.F signal-to-noise ratios of 30 dB were achieved.
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The carcinotron was subsequently mixed with a laser line at 550 GHz in

a second set of experiments. These results indicate that by coupling the

radiation in more efficiently, by further reducing junction area, by tuning

out the junction capacitance with a series inductance these devices will be

useful as high-sensitivity submil1imeter mixers and heterodyne receivers.

Completely superconducting antenna structures have recently been

fabricated in the general twin-dipole configuration described for Schottky

diodes. Because of the simplicity of fabrication these systems have been

designed to be our first completely monolithic antenna array of ten diodes.

These systems will be further optimized in subsequent experiments by

adjusting their impedance by introducing multiple junctions.

2. FETs and Three-Terminal Devices

There has been considerable interest in explorinq three-terminal devi-

ces for possible detector and source applications in the submillimeter.

In examining this field we first determined that millimeter and sub-

millimeter radiation could be effectively coupled into, and detected in,

high-frequency FETs. Video response was readily obtained at 800 GHz, and

carcinotron radiation at 350 GHz was mixed with the 5th harmonic of a 70

GHz klystron, producing over 45 db signal-to-noise ratio in the IF.

Since response has previously been observed4>5,6,7 -jn similar devices

at visible frequencies, an interesting experiment would be to mix two

visible lasers with submillimeter IFs and extend heterodyne technology into

that region of the spectrum.

In going to the optical region, we focused a He-Ne laser at 6328 A and

a tunable, stabilized dye laser pumped by an Ar+ laser onto the vicinity of

the gate with a -3 pm diffraction limited spot. The FET gate was 0.5 um
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long by 52 pm wide, and the FET was mounted in the common source configu-

ration and biased in the linear region rather than in the saturated

region.2>3,4,5 j n e ip signal was taken from the drain terminal. Below 40

GHz the IF was down converted to 500 MHz by directly injecting an L0 into

the gate. At the higher IF frequencies the klystron or carcinotron was

coupled in via a closely placed waveguide.

A number of mechanisms for the observed mixing are considered, such as

photoconductivity and consequent modulation of the depletion width.

Further, since the FET can function as a three-terminal oscillator while

simultaneously detecting submillimeter radiation or optical beats, it

offers interesting device possibilities, such as self-oscillating mixers or

subharmonic LOs. The implication of these experiments are for applications

to measuring and locking optical wavelength sources to far IR and rf fre-

quency standards and to very wide bandwidth optical communications.

In addition to these experiments in the optical, we feel that the FET

and analogous structures have an important role to play as mixing elements

and sources 'n the near millimeter. The basic antenna units lend them-

selves to forming arrays and other rather complex imaging systems.
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