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Abstract : MOCV D-grown 0. 2% m gate-length AlGaN/ GaN high electron mobility transistors (HEM Ts) are fab-
ricated on sapphire substrates. A peak extrinsic transconductance of 250mS/ mm and a unity current gain cutoff
frequency (fr) of 77GHz are obtained for a 0. 2% m gate-length single finger device. These power devices exhibit
a maximum drain current density as high as 1. 07A/ mm. On-chip testing yielded a continuous-wave output power
of 27. 04dBm at 8GHz with an associated power-added efficiency of 26. 5% for an 80 X 14 m device.
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1 Introduction

Microwave power devices with conventional
semiconductors are approaching their performance
limits. To meet future needs in wireless communi-
cation ,research is being directed to wide bandgap
semiconductors such as SC and GaN'" .

Al GaN/ GaN high electron mobility trans stors
(HEMTs) are excellent candidates for high power
and high frequency applications at elevated temper-
atures due to their superior material properties”** .
As a result of improvements in material growth
and processing technology ,microwave power densi-
tiesfive to ten times greater than those of corre
sponding GaAs based devices have been demon-
strated. These higher power densities will lead to
the smplification of the desgn and fabrication of
monolithic microwave integrated circuits
(MMICs) . GaN-based HEM Ts are typically grown
on either SC or sapphire substrates. GaN HEM Ts
grown on SC have demonstrated power densties
beyond 9W/ mm at the X-band (compared to
6 AW/ mm for GaN HEMTs grown on sap-
phire“*") and the thermal conductivity of SCis
superior to that of sapphire,but sapphire is chea
per. Mainly for this reason ,we have fabricated our
GaN HEMTs on sapphire substrates. Flip-chip
(FC) technology can help solve the thermal conr
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duction problem'®’ .

In this paper ,we present the microwave per-
formance of MOCVD-grown Q 2% m gate-length
Al GaN/ GaN high electron mobility transi storsfab-
ricated on sapphire substrates. These sngle finger
devices exhibit a maximum peak extringc transcon-
ductance of 250mS mm and a unity current gain
cutoff frequency (fr) of 77GHz. On the same wa
fer ,a maximum drain current dendty of 1 07A/
mm is obtained for the 80 x 1 m gate-length de-
vice.

2 Device fabrication

A 50mnrdiameter wafer was supplied by the
Department of Electrical and Electronic Engineer-
ing at HKUST. The device structuresin this study
were grown by metal-organic chemical vapor depo-
sition (MOCVD) on sapphire substrates. The typi-
cal epitaxial structure is shown in Fig. 1, which
consistsof a2 %1 m undoped GaN layer followed
by a3nm undoped AlGaN layer. Above that

2nm undoped AlxGai- xN _ x=0.33 0.38
15nm rAlxGar- N 3.5x10%cm- 3
3nm undoped Al xGai- xN
2.3 m GaN
Sapphire

Fig.1 Epitaxial structure of the GaN wafer
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isa 15nm AlGaN layer with a doping density of
about 3 5x10"cm™®. The top layer is a 2nm un-
doped AlGaN cap layer. The sheet resistance is
about 352/ 0.

Device processng included mesa isolation u-
sng a chlorine-based inductively coupled plasma
(1CP) etch ,followed by Ti-Al- Ti-Au-based ohmic
contact deposition and annealing!”. Air-bridge
technology was used for the multi-finger gate pow-
er device. Electron-beam lithography was then used
to define the Ni-Au T-gates with footprints of
0. 2% m, and a multi-layer photoresistor struc
ture’® was optimized and used to obtain the T-
shaped gate. Figure 2 shows an SEM photo of the
T-shaped gate.

[ 022 m

Fig.2 SEM photo of 0. 294 m T-shaped gate

3 Resultsand discussion

DC measurements were performed on the fab-
ricated devices usng a HP4155A semiconductor
parameter analyzer. The maximum peak transcon-
ductance was 250mS/ mm at a gate voltage of -
4. 6V. The pinchroff voltage was - 5 2V ,as dem-
onstrated in Fig. 3. Figure 4 shows the forward and
reverse gate diode characteristics. The forward
turnron voltage (measured under a 1mA/ mm for-
ward gate current) was 1 85V ,and the reverse
gate current was - 10. 7% A/mm at - 20V.On an
80 x 1 m power device ,an on-chip maximum drain
current densty as high as 1. 07A/ mm was obtained
when the gate voltage was 0. 5V ,as shown in Fig.
5.

An extrapolation of the unity current gain cut-
off frequency (f+) to 77GHz was obtained for the

0.04 10.25

-10.20
0.03 L

—0.15

A

5, 0.02

/
¥

I
/(S/mm)

10.10 ¢

J

C

0.01F
40.05

0.8F

0.6

L/mA

0.4 )
-430nA 1185V

——

0 s

-20 -15 ~10 -5 0 5

VN

Fig.4 Forward and reverse gate diode characteristics
(Wg =4Q m)
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Fig.5 Pulse measurement of 80 x 1 m power de-
vice's |-V curves

single finger gate (40 x 0. 2% m) device ,as shown
in Fig. 6. A continuouswave output power of
27.04dBm at 8GHz and a drain voltage of 10V
with an associated power-added efficiency of
26. 5 % were obtained for a 80 x 1 m device (Fig.
7.
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Fig.7 Power performance of the 80 x 14 m device (f
=8GHz; Vg =10V)

4 Conclusion

We have fabricated 0. 231 m gate-length micro-

substrates. A maximum peak transconductance of
250mY mm at a gate voltage of - 4 6V was obta ned.
On the power device orrchip test ,a CW output power
of 27. 04dBm with an asoodated PAEof 26 5% wasea
chieved at 8GHz and 10V drain bias. The good per-
formance of GaN/ AlGaN HEMTs on the sgpphire
substrate shows their potential for gpplications in mi-
crowave power drcuits.
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