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Abstract: A power amplifier MIC with power combining based on AIGaN/GaN HEMTs was fabricated and meas-

ured. The amplifier consists of four 10 X 120pm transistors. A Wilkinson splitters and combining were used to di-

vide and combine the power. By biasing the amplifier at Vps =40V, Ips = 0. 9A,a maximum CW output power of

41. 4dBm with a maximum power added efficiency (PAE) of 32. 54% and a power combine efficiency of 69% was

achieved at 5. 4GHz.
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1 Introduction

With the development of the wireless com-
munications, telecommunications, date communi-
cations and aerospace systems, the demand for sol-
id-state power amplifiers has been continually in-
creasing over the last decade. GaAs technology is
currently used to realize power amplifiers at high
frequencies. However in many applications, GaAs
will not meet the future system requirements be-
cause of the thermal and electrical limitations of
the GaAs transistors. Under such circumstance,
the third generation wide band-gap semiconduc-
tors with an order of magnitude or higher break-
down voltage along with excellent thermal prop-
erties began to emerge.

As the representation of the third generation
semiconductors, the GaN high electron mobility
transistors (HEMTs) on SiC are very attractive
for power applications for microwave and milli-
meter wave. In recent years there have been sev-
eral reports on the large-signal performance of
AlGaN/GaN HEMTs as devices with high output
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power'"*! . So far there have been few reports on

microwave integrated circuits based on AlGaN/
GaN transistors*~% . In this paper we report on
design,fabrication and performance of a MIC C-

band power amplifier.
2 Technology and fabrication

Figure 1 shows the layer structure of the
transistor which is an Aly , Ga, s N-AIN-GaN mul-
tilayer grown on a semi-insulation 4H-SiC sub-
strate. The wafer was grown by MOCVD. An av-
eraged electron mobility of 1250cm®/(V « s) and

Z were ob-

a sheet carrier density of 1.4 X10%cm"
tained by Hall measurement. The transistor was
fabricated using for ion implant mesa isolation
and Ti/Al/Ti/Au for ohmic contacts resulting in a
contact resistance of 1.2Q » mm,and Ni/Au for
0.8um gate. A 10 X 120um transistor delivers
1340mA corresponding to the current density [Ipss
= 1.11A/mm. A 120pm device demonstrates a
maximum tranconductance of 240mS/mm and a
threshold voltage of V, = — 5.2V. Small signal
measurements yield a cutoff frequency of fr =
13GHz and a maximum frequency of oscillation of
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fmx = 18GHz.

i-AlGaN 5nm

n-AlGaN 10nm

i-AlGaN 5nm

AIN 1Inm

GaN 3pm

4H-SiC

Fig.1 Layer structure for transistor grown by MOCVD
3 Circuit design

Figure 2 shows a picture of the amplifier
which is one stage C-band internal match power
amplifier consisting of four 10 X 120um tran-
sistors, Wilkinson splitters and Wilkinson combi-
ning. The input and output ports are matched to
50Q. With the increase of the device power, the
input impedance of the device decreases rapidly.
Thus the input port was difficult to match to 50Q.
However, power combining is a good idea to solve
this problem. A Wilkinson combining and dividers
were used to combine and split the power and use
to transform the impedance of the transistor-".
This transformation allows for easier matching of
the HEMTs and for less area consumption than
the tradition Wilkinson combining. Because of the
small signal model is given at the bias point Vps =
30V, Ins = 0.5A, the design is based on the
model.

Fig.2 AlGaN/GaN based C-band MIC consisting of
four 10 X 120pm transistors, Wilkinson splitters and
Wilkinson combining

4 RF performance

The amplifier was been packaged in a pack-

age,the size of which was 13mm X 12. 5mm. All
the measurements have been carried on the test
fixture in 50Q environment (Fig. 3).

Fig.3 Amplifier test fixture
4.1 Small signal performance

The measured small signal performance of
the amplifier at the bias point Vs = 30V, Ips =
0.5A is shown in Fig. 4. Under small signal condi-
tions the amplifier shows the optimal frequency of
around 5GHz,but at the large signal conditions it
shifts to 5. 4GHz at the bias point Vs =40V, I
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5
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Fig.4 Small signal performance difference between
the design (dotted line) and the measure (solid line)
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= 0. 9A. Figure 4 also shows the difference be-
tween the small signal simulation and measure-
ment at the bias point Vs =30V, Ips =0.5A. The
difference is caused by the indetermination for
the length of the bond wire.

4.2 Large signal performance

Figure 5 shows the power performance of the
amplifier at 5. 4GHz. By biasing the MIC at Vs =
40V, Ips =0.9A,a maximum CW output power of
41.4dBm (13.8W) and a maximum PAE of
32.54% were measured. The output power at 1dB
gain compression point is 39. 8dBm (9.5W). At
this bias point,it consumes 42.4W DC power with
a total DC current of 1. 06 A, and a DC voltage
40V.
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Fig.5 CW power performance of the amplifier at
5.4GHz Bias point: Vs =40V, Ips = 0. 9A. Poymax =

41. 4dBm, PAE, ..« = 32. 54% and P43 = 39. 8dBm

For a 10 X 120pm device at bias point Vg =
40V, Ips = 0. 26 A, the transistors are capable of
delivering a maximum RF power of 37dBm at
5.4GHz. Thus we can obtain the power combine
efficiency of about 69%.

The bandwidth of the amplifier under large
signal conditions is also tested. We have a fre-
quency sweep with a constant input power which
made the output power near the 1dB gain com-
pression. Figure 6 shows the bandwidth about
800MHz (5~5.8GHz) with a £ 0.5dB gain flat-
ness.

5 Conclusion

Microwave integrated power amplifiers con-
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Fig. 6  Output power and gain versus frequency at

fixed input power near 1dB gain compression  Bias

point: Vps =40V, Ips = 0. 9A

sisting of four parallel 10 X 120pm AlGaN/GaN
HEMTs and Wilkinson combiner were designed,
fabricated and measured. The highest CW output
power at 5. 4GHz was 41. 4dBm with a maximum
PAE of 32.54% and the power combine efficien-
cy of 69%.
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