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Abstract

Present packaged GaAs “traveling-wave” transistors produce instantaneous 5-20 GHz CW net gain with 17 dB

X-band noise figure. The devices employ self-aligned input electrodes. A versatile new broad-band microwave

package has been developed.

The GaAs traveling-wave transistor is a small-sig-

nal microwave amplifier that combines a GaAs Schottky-

barrier field-effect transistor with a thin-layer trans-
ferred-electron traveling-wave amplifier, The GSAS FET

input section produces a charge-density fluctuation
which passes into a long traveling-wave drift region in-

stead of into the usual load resistor. The signal is

carried through the traveling-wave region from cathode
to anode in the form of a traveling space-charge wave,
and it undergoes a broad-band exponential growth as it
moves. At the anode end of the device, charge associ-
ated with the wave is discharged into an output trans-

mission line attached between a small output electrode
and the anode contact. By providing a large spatial

separation between input and output, the traveling-wave
region makae it possible to obtain a very high gain-

bandwidth product.

The maximum broad-band stable gain is established

by two forms of output-to-input feedback. There is an
internal feedback mechaniem (1) which is essentially
the same as the feedback mechanism which causes super-
critical Gunn diodes to oscillate. There ia also an

external or circuit feedback mechanism (2) associated

with coupling between the output and input transmission
lines. The internal (Gunn diode) feedback mechanism

limits the traveling-wave gain to less than about 30 dB.

It is fundamental to the traveling-wave part of the de-

vice and is not easily modified. The external (cir-

cuit) mechanism limits the overall gain, which can be

greater than the traveling-wave gain if the input and
output contribute to the gain. The external feedback

can be made almoat arbitrarily small by proper device
and circuit design.

Present packaged devices produce stable instant-

aneous CW net gain from about 5 GHz to about 20 GHz, as

shown in Fig, 1. The best noise figure achieved to

date is 17 dB at 9.3 GHz with 10 dB net gain. The for-
ward-to–reverse gain ratio (ieolation) is 50 to 36 dB
between 8 and 16 GHz, under normal operating conditions,

Compared to the best previously reported 12 GHz results
(2), the isolation is about 25 dB greater, the gain-

bandwidth product ie about 8 dB higher, and the noise
figure is about 7 dB lower. Independent voltage-con-

trolled amplitude and phase modulation are obeerved,

as in previoue devices.

The performance improvements have been due to
improvements in both device fabrication and circuit de-

sign. The material employed for the devices is va or-

grown epitaxial ~allium ar $senide, with 0.4 Vm of n on

1.0 pm of 5 x 10 5 n on chromium-doped semi-insulating

substrates. We will show how the in-situ-grown n+

capping layer makes it possible to obtain very low re-

sistance ohmic contacts: After the ohmic contact met-
allization is deposited on the top surface, the exposed

n+ is etched away; then when the final input and output

Schottky-barrier electrodes are evaporated, the metal-
lic edge of the cathode ohmic contact serves as a shad-

ow mask which enables the input gate electrode to be
aligned very close to the cathode. Thie eelf-aligned

procedure further reduces the gate-to-source resistance

of the input FET section.

Fig. 1 Instantaneous Net Gain
vs. Frequency

As the input section is made better, it becomes
more advantageous to improve the packaging ao that ex-
ternal or circuit feedback effects are reduced and iso-

lation is improved. For most of the current results,

we have employed a 5f)-ohm OSSM package, with b-ias volt-
ages applied to the input and output electrodes through
bias tees in the external RF circuit as well as to the

package iteelf, For future devices we have developed

a new package which itself accommodates all bias con-
nections, This package will be seen to have the form
of ~ 1/2” copper cube with either OSM or OSSM connect-
ors mounted on opposite faces. A 0.360” diameter cyl-

indrical hole in the bottom of the cube accepts a

etandard transistor or integrated–circuit header, on

which is mounted not only the device chip but also
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bypass capacitors, input and output bias tees and With further improvements in the device, we expect
blocks, and input and output quarter-wave microstrip to increase the average gain in the 8-16 GHz range to
matching sections. All bias connections are made to about 35 dB and to increase the total net-gain band-
the pins of the header, it is very easy to mount and width to over a decade. In addition, we expect to re-
demount devices, and broad-band microwave tuning is duce the X-band noise figure to about 6 dB. The device
facilitated. Both packages have good microwave prop- has ultimate application as a general-purpose, high-

erties in the frequency range 4-18 GHz. gain-bandwidth, small-signal amplifier and signal pro-
cessor.
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