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Abstract—A record-high power-added efficiency (PAE) is ob- 200 A GaAs, cap
tained from a GaAs on insulator (GOI) MESFET. Al, O3 obtained - 30 A AlAs
by the wet oxidation of Aly.9sGaAs in steam is used as the insu- 50 A InAs, n=10"
lating buffer layer. The insulating buffer results in elimination 10x(5 AInAs,n++ /10 A GaAsn++)
of buffer leakage and enhanced charge control. 0.35m gate- 50 A Alg 7GaAs, n=1x107/cm?
length GOI MESFET'’s exhibiting a record PAE of 72% at a 100 A Al( 5GaAs barrier, n=1x1017/cm?
drain voltage of 3 V at 4 GHz are demonstrated. 1000 A GaAs channel n=dx1017

Index Terms— GaAs transistor, high efficiency, insulating 50 A Alp3pGaAs spacer, undoped
buffer, low voltage, MESFET, wireless technology. 100 A grade ,Alj ggGaAs to Aly 30GaAs

500 A Al 9gGaAs oxidation layer
l. INTRODUCTION 3000 A LT-AlGaAs

S. 1. GaAs Substrate

ICROWAVE power amplifiers are fundamental compo-
nents for wireless mobile commumcatlonj sqtelllte an,(_:ilg_ 1. Epitaxial layer structure of the GOl MESFET.
space technology, and phased-array radar applications. Output

power, efficiency, linearity, and large signal gain are the most ) . ) _
important characteristics of a microwave power amplifiel? the pinchoff characteristics. This gets translated to high-

Higher efficiency would allow for lighter and smaller powef£fiCiENcy operation as a power amplifier. This is so as the
sources, reduced cooling requirements and increased operafiigstrate leakage in an FET is a component of the total
time. Low drain bias operation is highly desirable for wireles&UITent that does not get modulated by the gate, it directly

handset applications, as lighter and smaller batteries cantfpisiates to lost power and, hence, reduced efficiency. At 4

used making the module compact. While GaAs- and InP-bas(é_H'Z’ power-added efficiency (PAE) of 67.7% at a low drain

high electron-mobility transistors (HEMT’s) [1] and heteroP1as Of 3V, with output power 75 mW/mm was obtained. With

junction bipolar transistors (HBT's) [2] are viable candidate8&'monic tuning [6], a PAE of 72% was achieved. To the best

for these needs, GaAs MESFET's are very attractive due $pOUr knowledge, this is the highest reported PAE for a GaAs

their relative simplicity and lower cost [3]. We have developelf ESFET under these conditions.

GaAs on insulator (GOI) devices for a high-efficiency and

linearity technology [4]. AlO; obtained by the wet oxidation Il. GOl MESFET FABRICATION

of Al,Ga,_.As in steam [5] is used as the insulating buffer The epilayer structure and device schematic of the GOI

layer, which results in the elimination of substrate leakaddESFET is shown in Figs. 1 and 2, respectively. The LT-

current leading to higher output resistance and improvemekiGaAs layer below the buffer layer insulator serves as a

getterer for Arsenic released during oxidation and helps in
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Fig. 3. GOl MESFET schematic. Vg (volis)

(b)
and phosphoric-acid-based etching, respectively. Thér: 4. Drain |-V characteristics. ({g) GOV, = 0.5V to =2 V, step
Ni/Ge/Au/Ni/Au contacts are evaporated and alloyed to forr@._o") V) (b) Control MESFET'S [ = 0.5V 0 =2.5 V, step= —0.5
the source and drain regions. Next, the 0.3B- T-gates
are written by E-beam lithography (E-beam lithography

performed at Hughes Research Laboratories (HRL), Malibu, . e Zsom

CA). Recess etching is done by selective citric-acid-based & 400 420083

etchant. Ti/Pt/Au Schottky metallization completes the device. }? 300 150 :";3“

Control MESFET’s are also fabricated in the same fashion, ,n w

except that the oxidation step is omitted. g 200 100 8

:'33 100 GOl {5 3
[ll. RESULTS AND DiscussioN DC AND 0 b e do -
SMALL -SIGNAL RF MEASUREMENTS -3 25 ,\2/. -14(5&,(-)11&3-5 0 05
The dc |-V characteristics of the GOI (oxidized buffer) gs

and the control MESFET are shown in Fig. 4(a) and (b). ()

The devices have a gate length of 1pfh. As evident, the 600 reo

oxidized buffer results in a lower output conductance and . T

also better pinchoff characteristics due to the elimination of :@ S0o0f 200 g“

substrate leakage. Thi., (channel current avy; = 0) of S a00f o

the GOl MESFET is 280 mA/mm and that of the control < 300 ?’)

MESFET is 380 mA/mm. The slight current reduction comes & 200 100~

about due to back depletion at the oxide-channel interface. = Control Y = 2

However, this has been minimized to about 100 mA/mm, e 100 5,

much lower than the previous observed values of over 300 R T e T

mA/mm [4], which is due to the As gettering effect of the Vgs(val’cs)

LT AlGaAs buffer. Assuming an electron velocity ofxd 107 .

cm/s, this current depletion corresponds to a charge density in (b)

the 10'! /cnm? range at the oxide semiconductor interface. THeg- 5. Transconductance characteristics of (a) GOI and (b) control MES-
nominal two-terminal gate—drain diode breakdown voltage whETS (as =3 V).
around 10.5 V, defined at 1 mA/mm of reverse bias current.

From the transconductance characteristics of Fig. 5(a) agfficiency and linearity when the device is used as a power
(b), it is clear that the insulating buffer results in much sharpamplifier [7].
gm Characteristics near pinchoff. This is due to the elimination S-parameter measurements were done on an HP 8510B
of substrate leakage. A highgy, near pinchoff simultaneously network analyzer. The short-circuit current gain cutoff fre-
with sharper turnoff characteristics serves to improve both thqgency f; and the maximum oscillation frequengy,.. were
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Fig. 6. Extracted RF output resistance for the GOI and control devices. @
a
determined to be 22 GHz/75 GHz (GAl; = 168 mMA/mm) 15 80
and 23 GHz/67 GHz (controll; = 178 mA/mm) at V, = 10 370
3 V. The f;’s are similar as expected, indicating that electron T 5 160
velocity is unaffected by the oxidation process. Thgs of % 0 505,;
the oxidized device is higher due to an improvementjn 5 s 4003
The extracted RF output resistance (frerparameter data) for 5 i 305
the oxidized and control device is shown in Fig. 6. It is clear p 10 207
that the improvement in output resistance in the GOI device -15 72 110
is not merely a dc phenomena, but is also obtained at higher -20 10~ 0

frequencies. The increased output resistance helps to improve
the fi.ax/f: ratio, as seen from the following relation:

£

-20 -10 0
P (dBm)
1
(b)

Fma = ritrgt+7Ts ’ GOl and (b) control MESFET'’s. (Sourcé!s = 0.77/21.6, load state:
2\/T + 27 fr74Cqa Iy = 0.78/8.)
IV. RESULTS AND DISCUSSION LARGE-SIGNAL POWER, 20 ey 60
EFFICIENCY, AND LINEARITY MEASUREMENTS .15 _ _»_ 50

Power and efficiency measurements were performed at é 10 F : _140 E
4 GHz using the ATN LP1 load—pull system. The GOI device \:/ 5 E 1=
had an efficiency of 67.7% at a low drain bias of 3 V = i q30 &
with an associated output power of 75 mW/mm; under class- < 0 1072
B (I; = 2 mA) biasing conditions, as shown in Fig. 7(a). A% S E g ] £
The highest efficiency obtainable from the control device ok £ =4GHz | 10
[Fig. 7(b)] was 58% under similar conditiond, = 3 V, 15 Eononpeeseecee OO pmMGOL © 4
I; = 3 mA), which was considerably lower than the GOI 300 20 -10 0 10 20
sample. Low drain-bias operation, as said earlier, is crucial P, (dBm)

for wireless handset applications.
The GOI device performed very well even with an ultrar.=_") ¢57/16.3.

low drain bias of 1.5 V, with a PAE of 57% and,,;

of 30 mW/mm. All the measurements were optimized for

maximum efficiency. When optimized for maximum powerSince the biasing is near Class-A, the output power is given as

the gain in power was around 1 dB, but the corresponding drop
in efficiency was around 5%-10%. Near Class-A operation for

load stateI'; = 0.57/6.6.)

Py = LAVAI =50 mwW

Fig. 7. Power and efficiency measurements for 036 x 150 um (a)

Fig. 8. Near Class-A measurements for the GOl MESFET. (Source:

the GOl MESFET Vg = 5 V, I; = 200 mA/mm) resulted

where AV and Al are the large-signal voltage and current

in @ Fou of 335 mW/mm with & peak PAE of 48%. Thegyings From the above relationAV = 8.5 V, and AT =
maximum saturated power was 420 mW/mm (18 dBm) Thegg ma (or 306 mA/mm). The theoretical expected voltage and

results are shown in Fig. 8.
For the given load match, with;, = 0.57, the resistancé
can be calculated to be 183 as follows:
Zp  1+Tg
Zy  1-Ty

current swings (for perfect Class-A operation) can be estimated
from the dcl-V characteristics of Fig. 4(a) and (b) as

Al = Lax (at Ve = 0.5 V) = 350 mA/mm.

where 7 is 50 Q2. SinceR is also the slope of the load line
AV/AI = R=183Q

"The close agreement of these numbers; calculated from the
measured power performance and expected from the dc char-
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acteristics, demonstrate that there is a close match between the A0 Af=100 KHz?
50 Ex it whaiant

dc and large signal RF performance with the GOI technology. s T 0 s 0 5 10
Power measurements were also done for AO0wide Pj, (dBm)

devices. Thely,, of the GOI and control devices was 27 and

39 mA, respectively. The maximum PAE for both the device ()

is compared as a function of the bias condition (Fig. 9). THed- 12. IR measurements at 8 GHz with 100-kHz offset.

bias is varied from Class-B, through Class-AB toward Class-A.

Clearly, the GOI device is superior to the control device ovgljr Force Base Laboratories, Dayton, OH, using the system

the entire bias range. from Maury microwave. We performed two-tone IMD mea-
surements at 8 GHz. The two tongsand f, are separated by

Active Load—Pull Measurements with Harmonic Matching 100 kHz. The basic principle of two-tone IMD measurement

Providing the optimum loads at the harmonics can lead to éﬁ]ShOWﬂ in Flg 11. The third-order nonlinearities result in the
improvement in efficiency [6] Active load—pull measurementdnwanted products near the signal frequency in the output as
[8] with harmonic matching were done at Hughes Spa&own. The IMD is a measure of how much below the carrier
and Communication. With a near short circuit at the secofgitput power are these third-order terms. An intermodulation
harmonic and a near open circuit at the third harmonic, a PA¥oduct termed as Pcan be defined as the power level
of 72% (Fig. 10) at an output power level of 85 mW/mm athen the carrier power becomes equal to the third-order IMD
4 GHz with Vg, of 3 V was achieved. The third harmonicPower, as shown in Fig. 12(a) and (b), which plot the results
termination was near open circuit, while the second harmorfié IMD measurements for both the samplesiat = 3 V.
termination was near short circuit. To the best of our knowlthe IP; product is similar in both samples, around 20 dBm.
edge, these results represent the highest reported PAE fdp ggeneral, if the IR is 10 dBm above the 1-dB saturated

GaAs-based MESFET operating under the above conditiongower, the amplifier is considered to be fairly linear. The GOI
technology satisfies this criterion, simultaneously obtaining

high efficiency. The carrier-to-intermodulation separation is

Linearity Measurements
slightly higher in the GOI sample.

A power amplifier for wireless applications has to satisfy
stringent linearity specifications depending on the system it is
used in. This makes it very important to have an estimate on
the linearity performance of our GOl MESFET’s. The linearity We presented the dc, RF, and large-signal performance
measurements are done in collaboration with Wright Pattersdata for the submicron GOI technology. It is demonstrated

V. CONCLUSION
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