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ABSTRACT
A record high power added @&ffency is

obtainedfrom a GaAs On Indator (GOI)
MESFET. AlLO, obtained by the wet

oxidation of Al GaAs in steam, is used as

the insulatingbuffer layer. The indating
buffer results in elimination of buffer
leakage and enhanced charge con®d5
pum gate length GOl MESFETs exhibit a
PAE of 72 % at a drain voltage & Volts
at4 GHz

INTRODUCTION
High performance power amplifiers with
high power added efficiency (PAE) are a
crucial requiremenfor modern wieless
communication applications. While GaAs
and InP based HEMTs [1] and HBTSs [2] are
viable candidatedor these needs, GaAs
MESFETs are very attractive due to their
relative simplicity and lower codq8]. We
have developed GaAs On Insulat@Ol)

devicesfor a high eficiency and linearity
technology [4]. AJO, obtained by the wet

oxidation of AlGa_As in stean{5] is used

as the insulatindpuffer layer, which results

in the elimination of substrate leakage
currentleading to higher output resistance
and improement in the pirfeoff
characteristics. This gets translated to high
efficiency operation as a power amplifier.
At 4 GHz, PAE of 67.7 % at a low drain
bias of 3 Volts, with output power 75
mW/mm was obtained. With harmonic
tuning [6], a PAE of 72 % was achieved. To
the best of our knowledge, this is the
highest reported PAE for a GaAs MESFET
under these comgbns.

FABRICATION
The epilayer structure and device schematic
of the GOI MESFET is shown in fig 1 and 3
respectively.
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Fig 1. Epitaxial layer structure of the GOI
MESFET

The LT-AlGaAs layer below the buffer
layer insulator, serves as aettgrer for
Arsenic releaseduring oxidation and helps
in minimizing any charge depletion
resulting from oxidtion [5]. The undoped
GaAs cap layer protects the active device
from any unwanted oxation from the top.

The fabrication starts with mesa isolation by
BCI/CL/SICl, based reactive ion etching,

simultaneously xposing the Al GaAs
buffer layer from the side. Next is the
lateral wet oxidation of the flggGaAs. The
in team which is
introduced into a quartz fuace maintained
at the desired oxidation temperaty@20°
C)by means of nitogen carrier gas bubbling
through vater at 85° C (fig 2).

oxidation is done

Loosely capped furnace end

Nitrogen

Oxidation furnace ,Sample flow

2A1As +3H,0 —*> ALOy +2AsH,

Fig 2. Oxidation Furnace Schematic

After this, the GaAs cap and the thin AlAs
etch stop layers are removed using selective
citric acid based etching anphosphoric
acid based etching respectively. Then,
Ni/Ge/Au/Ni/Au contacts are eparated
and alloyed to form the source and drain
regions. Next the 0.35 uym Ta@s are
written by E-
beam lihography. Rcess etching islone
by selective citric acid based etchant.
Ti/Pt/Au Schottky metallization completes
the device. Control MESFETs are also
fabricated in the same fashi, except that
the oxidation step is omitted.
' Gate

y N

AlpO3 Insulator

Fig 3. GOl MESFET schematic

RESULTS and DISCUSSION
The DC |-V characteristics of the GOI
(oxidized buffer) and the control MESFET
are shown in fig 4a and 4b.
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1Vto-2V,step=-05V
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Fig 4 a. |-V characteristics of the
0.35 um x 100 um GOl MESFET

As evident, the oxidizethuffer results in a
lower output condctance, and also better
pinchoff chaacteristics due to the
elimination of substrate leakage. Thg,l
(channel current at \&0) of the GOI
MESFET is 270 mAnm and that of the
control MESFET is 400 mAnm. The peak
On of the devices israund 190 mB8nm.

The two terminal diode
breakdown vtiage is 11V (@ 1 mA/mm

current ). The slight current rechion
comes about due to backdegon at the
oxide-channel interface. However this has
been minimized to b@ut 130 mMA/ mm

which

Vgs =1 Vto-25V,step=-05V

[ (mA/mm)

V 4 (Volts)

Fig 4b. I-V chaacteristics of the
0.35 um x 100 um GOl MESFET

corresponds to charge density in the '/

2 .
cm range, much lower than the previous
observed values of over 300 mm [4];
due to the As gettering effect of the LT
AlGaAs buffer. S-pameter measurements

were done on HP 8510B network analyzer.
1500

Oxidized
@ Id =170mA/m

1000

T
-,
7 500 | E
Control
@], ~220mA/ mn;
[0 J T Y N T T T I I I e
1 2 3 4 5 6

V ds (volts)

Fig 5. Extracted RF output resistance of the
oxidized (GOI) and control device
(width=100um)
The short circuit current gain cutoff
frequency fand the maximum oscillation
frequency f were determined to be 23 GHz
and 75 GHz respectivelyfor the GOI

device, at Y=3V and |= 170 mAmm.
These were 23 GHz and 70 GHz for the
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unoxidzed device. Thet’S are similar as

expected, indicating that elech velcity is

unaffected by the oxidatigorocess. The f

of the oxidized device is higher due to an

improvement inr The extracted RF output

resistance (from s-pameter datafor the
oxidized and control device is shown in fig
5.

Power and efficiency measurements were
performed at 4 GHz using the ATN LP1
load pull system. The GOI device had an
efficiency of67.7 % at a low drain bias of
3V with an associated output power of 75
mW/mm; underclass B biasing conditions
[fig 6]. The highest eftiency obtainable
from the control deice was 58 %under
similar conditions. This is illustrative of the
benefit of the insulatinduffer in having
superior charge control and sharper pinchoff

characteristics.

Vgs=3V, I4 =1mA

P__Gain (dBm)
(%) dvd

P, (dBm)
Fig 6. Power and efficiency measurements
for 0.35 um x 150 um GOI MESFET
The GOI device pgormed very vell even
with an ultra low drain bias of 1.5 V, with a

PAE of 57 % and ,; of 30 mW/mm. Class
A operation (s = 5V, lis = 200 mAmm)
resulted in a §;; of 410 mW/mm with a
PAE of 48 %. All the measurements were
optimizedfor maximum effciency.

Active Load Pull measurements
[6,77 with 2'nd and 3'rd harmonic
matchng, resited in a PAE of 72 % [fig 7]
at an output power level of 85 mW/mm at 4
GHz with V_ of 3 V. These results
represent the highest reported PAE for a
GaAs based MESFET operating under the
above coniions.

Vd =

=)

P,  (dBm)

Fig 7. Power and efficiency measurements
for 0.35 pm x 150 um GOI MESFET with
Active load pull and harmonic matching.

CONCLUSION

We have demonstrated GOI (GaAs On
Insulator) MESFET technology for high
efficiency wireless communications. The
GOl devices with an Aluminum Oxide
insulatingbuffer exhilited PAE of72 % at

4 GHz and a lowVgs of 3 V, at an output
power of 85 mW/mm, aecord for GaAs
based MESFETSs under these ctiods. 1.5

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



volt operation was also demonstrated with a
PAE of 57 %. This performance is achieved
by the insulatingbuffer which results in
elimination of substrate leakage, better
pinchoff chaacteristics and iproved
charge control.
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