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20 GHz GaAs IMPATT DIOOE ENVELOPMENTFOR SOLID STATE TRANSMITTER*
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TRWElmtronic Systems Group

Redondo Beach, CA. 90278

ABSTRACT

Double drift Read GaAs IMPATT diodes were
fabricated for K Band from high qualitYM~
material. Single diode oscillator performance
of 4.36w output and 19% efficiency were obtained
at the flange of a reduced heiqht cavity. A
maximum power of 5.37W was obtained at a reduced
efficiency.

IPITRc)DUCTION

Efficient and reliable solid state components
are raluired for future satellite ccnnmunications
applications. High efficiency and hiqh outpuk
power IMPATT diodes are essential for the
development of solid state power sources. RaAs
IMPPTT cif.odes have been designed, fabricated and
evaluated for operation at 20 GHz. Hiqh quality
double drift Read (DDR) profile GaAs layers were
grown bymolscular beam epitaxy (MBE). The
profile design was evaluated by large siqnal
computer simulation. Diodes were processed and
packaged in ‘pill’ configuration. A reduced
height cavity was used to evaluate the rf
performance. The objectives of this program
were 4.5 Watts of rf output power and an
efficiency of 20%.

DIODE FABRICATION

At 20 GHz, a double drift Read doping profile
provides the hiahest efficiencies in GaAs
IMPATTs. Large signal canputer simulation at
TRW and elsewherel have given efficiencies
greater than 25%. These results do not include
series resistance which when included reduce the
predicted values to approximately F@O-22%. The
20 12HzDoR dODinCJprofile is shown in Fi~ure 1“
The complex eight layer structure is well suited
for the ME process. The sharp Profile

_*This work supportsd by NASA Lewis Research
Center Contract No. NAS3-22492.
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is essential for obtaining high efficiencies.
The MEE epitaxial process inherently has low
substrate temperature and slow growth rate. The
Varian FE 360 at TRWutilizes two Si sources
for donors and two Be sources for acceptors.
The multiple furnace configuration provides the
sharp transitions in the LO-HI-LO profile that
are necessary for high efficiency IVPATTS. A
swondary ion mass sp=troscropy (SIMS) wan of
sample 302 can also be seen in Figure 1. The
sharp, well defined features of the dopinq
profile are easily seen in this figure.
Microprocessor control of furnace shutters
provides for exact and reproducible doping
profiles. The WE material was characterized
by C-V profiling, SNS analysis and Hall
measurements. The net effective dopinal profile
measured by C-V tmhniques provides a sensitive
and convenient method of monitorin9 the dopinq
levels and layer thicknesses. Across-the-wafer
uniformity of better than five percent in
breakdown voltage is routinely obtained.
Elactron and hole nobilities of the c!ri.ft

DEPTH PROFILE MBE 302 TRW
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FIGURE 1 Doping profile and SIMS analysis of 20
GHz IVPATT diode.
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regions are at the theoretical level; IJ,n=6500

cm2/V-sm at T::3C10°K for NO(Si)=l.5E16 cm-3. A

series of epilayers were qrown around the
simulated ‘optimum’ profile by varying the
doping levels and layer thicknesses.

Oiodes were fabricated by the standard TRW
baseline GaAs ]MPPTT process. A Pt-TiW-Pt-Au p+
contact metallization was employed. This
surface was TC bonded to a gold plated Type 11A
diamond heatsink. The top metallization
utilized a AuGe-Au ohmic contact. The sinale
mesa diodes were packaged usinq the TRW ‘pill’
tmhnique with ceramic rings and cross ribbons.
A packaged diode is shown in Figure 2.

FIGURE 2. SW photograph of IMPATT diode
package.

RF CIRCUIT

To obtain maximum diode output Power, a prOPerlY
desiqned cavity is essential. One of the most
important factors affecting the diode output
power is the impedance match between the diode
and the circuit. Because the INPPTT diodes
developed at TRWare very low impedance devices
(on the order of one ohm), the circuit must
present a coinpat.ihly low coaxial impedance to
implement the best match possible. Then the
circuit must be designsd so that it may
transform this low impedance to the very high
impedance (350+%50 ohms) of the full heiqht
waveguide output.

The circuit used for RF evaluation of the 20 GHz
GaAs diodes is the reducd height wavequide
circuit shown in Figure 3. The diode is located
in the center of the floor of the wavquide at
the bottom of a coaxial well. The impedance
transform is performsd over two sections.
First, a low coaxial impedance (-0.8 ohms) is

presented to the diode in the coaxial swtion.
To achieve this low impedance the center
conductor was enlarged to a diameter just
sliqhtly smaller than that which would produce
higher order modes of oscillation in the coaxial
sation. An extrmnely tight fit of the inner to
outer conductor aided by a very thin dielectric
insulator (<1 roil) allows this low impedance.
The first impedance transform occurs in this
coaxial well with the use of the transformer
shims. With enlarqed holes in the transform
shims, gradually the impedance rises away from
the diode. The second impedance transform
occurs in the wavquide output section after the
coaxial to wavaquide transj.tion. This impedance
transformation is made up merely of two quarter
wave wavequide sections stepped up in height t.o
the WR-42 full height waveouide. Since the
value of the characteristic impedance Z. is

proportional to the wavequide height b, th~s
quarter wave transformer gradually increases the
impedance according to the heiqht of the
waveguide section. The bandwidth for this
transformer was found to be sufficiently greater
than 4 GHz usinq only 2 steps as shown in the
figure.

An improvement incorporated into the circuit to
increase the performance is the low pass filter
lccated in the bias line above the top wall of
the waveguide. This filter serves a variety of
functions. It pravides dc isolation for the
bias line, it provides the proper harmonic
terminating impedances, and most importantly it
establishes an additional tuning element
rec!uired to stabilize the diode at its operatina
frequency.
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FIGURE 3. Reduced height wavequide cavity for
20 GHz GaAs IMPATT.
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With the development of high power 20 GHz CaAs
IMPATT diodes at TRW it became a common
occurrence that the oscillator circuit usina
these devices would saturate in power at hiqh
bias levels. This is a phenomenon not well
understood which manifests itself in a decrease
in power output with an increase in bias drive
after a sufficiently hiqh bias has been
achieved. It is suspected that this result is
due to oscillations on the bias line or
subharmonic oscillations in the circuit
producing power at undesirable frequencies and
thus sacrificing power output at the
fundamental. In an effort to reduce the effects
of this phenomenon we first attempted to
diminish bias oscillation by using E?rackett’s

method.2 A clc pass, rf choke was put into the
bias line but no change was observed in the
power saturation. Next we focused on addressing
the problen of generation of subharmonic
oscillations in the circuit. In an effort to
prevent oscillations at the first subharmonic
freuuency a radial filter was implemented in the
coaxial well of the bias line beneath the floor
of the wavequide. Unlike our attunpt at using
Brackett’s method, this filter was placed as
close as possible to the diode to stafn the build
up of subharmonic oscillations close to the
diode plane. With the filter implemented the
diode bias could be driven higher and power
output increased as much as 2 db before power
saturation occurred.

RF PERFORMANCE

With this reducd height circuit a maximum
dc-to-rf conversion efficiency of 19.03% has
been achievsd with a power of 4.36 Watts using a
single GaAs IMPATT diode. In addition, a
maximum power output of 5.3 watts has been
achieved. These results are reported as
measured at the oscillator cavity waveguide
output flange. The performance data is
summarized in Figure 4.

m Hiqhest EfficieffiY(%~ E!Q&I_@ Frecuencw ( atiz)

rlKR26ts-1 19.03 4.36 18.08

0KR26C-5 18.3 3.80 18.09

= Hlchest power(W1 Ef f Iciency(%) Freauenw 03Hz}

CI(R21F-4 5.37 15.5 18.28

0KR2%C-15 4.78 16.1 19.93

0KR26B-4 4.67 14.1 19.10

0KR6tl-1 4.67 18.3 18.12

0KR26C-5 4.57 15.2 20.99

THERMALRESISTANCE

The results reported herein were obtainti with
junction temperatures of less than 250”C. At
TRW, we make thermal resistance measuranents
usin~ three different methods. All involve
pulsmq the devices, measurina the voltage
response as the junction heats or cools, and
then comparing against a known reference. For
these 20 GHz GaAs IMPATT diodes, thermal
resistance values were measured as low as 7°C/W.
Typical values for the better diodes evaluated
are in the 10-15”C/W range.
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FIGURE 4 Summary of rf performance at 20 GHz.
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