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Abstract: We propose and fabricate an AlIGaN/GaN high electron mobility transistor (HEMT) on sapphire substrate using

a new kind of electron beam (EB) lithography layout for the T-gate. Using this new layout,we can change the aspect ratio

(ratio of top gate dimension to gate length) and modify the shape of the T-gate freely. Therefore, we obtain a 0. 18um
gate-length AIGaN/GaN HEMT with a unity current gain cutoff frequency (f1) of 65GHz. The aspect ratio of the T-gate
is 10. These single finger devices also exhibit a peak extrinsic transconductance of 287mS/mm and a maximum drain cur-

rent as high as 980mA/mm.

Key words: GaN; HEMT; T-gate; layout
EEACC.: 2560

CLC number;: TN386 Document code: A

1 Introduction

In order to meet the future needs of wireless
communication,a number of studies have been carried
out for wide bandgap semiconductors such as SiC and
GaN'"'. AlGaN/GaN high electron mobility tran-
sistors (HEMT) are an excellent candidate for high
power and high frequency applications at elevated
temperatures due to their superior material proper-
ties *%) .

The improved growth in combination with new
device structures, such as an AIN interlayer between
barrier and buffer,and field-plated technology has al-
lowed devices with an output power in excess of 30W/
mm at 4GHZ'"', more than one order of magnitude
higher than in state-of-the-art GaAs devices. One of
the main challenges for these transistors is to increase
the frequency of operation to the Ka-band (26 ~
40GHz) . As the gate length (L,) decreases,the relia-
bility of transistors decreases and gate resistance (R,)
increases, which are dominant factors limiting
HEMTSs’ high frequency performance.

In an attempt to alleviate such detrimental prob-
lems associated with the decrease of L,,researchers
have proposed various technologies to produce a T-
gate. Historically, there were two main technologies
to form a T-gate:the multiresist process and the die-

lectric-defined process. Comparing the two technolo-
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gies,the multiresist process is simple but offers a low-
er aspect ratio (ratio of top gate dimension to gate
length) ; the dielectric-defined process modifies the as-
pect ratio and the shape of the T-gate,but its efficien-
cy is poor since it needs EB lithography twice.

In this paper,we provide a new method to form
T-gates that combines the merits of the two technolo-
gies. We retain the triple-layer resist structure (PM-
MA/ PMMA-MAA/PMMA) ,but change the design of
the T-gate layout. As shown in Fig. 1, we divided the
layout of the T-gate into three zones: Zone 1 defines
the foot of the T-gate; Zone 2 forms the head of the
T-gate,and Zone 3 improves the shape of the T-gate.
Therefore, by changing the distance between Zone 1
and Zone 2,we can change the aspect ratio. Through
changing the exposure dose of Zone 3 and its distance
from Zone 1,we can control the shape of the T-gate.
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Fig.1 Layout of T-gate

(©2008 Chinese Institute of Electronics



% 98 Chen Zhigang et al. :

A High Performance AlIGaN/GaN HEMT with a New Method for T-Gate Layout Design 1655

s e

Fig.2 SEM photo for T-gate of AlIGaN/GaN HEMT

As a result,we obtain a T-gate with an aspect ratio of
10 and a current gain cutoff frequency of 65GHz.

2 Device fabrication

AlGaN/GaN HEMT epitaxial layers were grown
on c-plane (0001) sapphire substrates by metal organ-
ic chemical vapor deposition (MOCVD). We em-
ployed a typical AlIGaN/GaN epitaxial structure. The
layers were a 2um GaN buffer layer and a 20nm
Al,Ga,-, N barrier layer. The mole fraction, x, was
0.27. Neither layer was intentionally doped. From
Hall measurement (at room temperature) , the struc-
ture showed a two-dimensional electron gas (2DEG)
sheet density N, of 1.0X10%cm™* and a 2DEG mobil-
ity ;2 of 1645cm*/(V « s).

Device processing began with a mesa isolation
using Cl;-based inductively coupled plasma (ICP)
etch. A Ti/Al/Ni/Au multilayer™ was deposited by
e-beam evaporation to form the ohmic contact. The
evaporation was followed by rapid thermal annealing
at 830C in N, atmosphere for 35s, and the specific
contact resistance, as estimated by the transmission
line model, was about 7X107°Q « cm®. After rinsing.,
the surfaces of the devices were coated with an opti-
mized triple-layer E-beam resist ( PMMA/PMMA-
MAA/ PMMA) and the T-gate pattern was defined
by a Raith 150 electron-beam lithography system. Af-
ter depositing Ni/Au for a Schottky contact and lift-
off,we obtained the T-gate of the device,as shown in
Fig. 2.

3 Results and discussion

Figure 3 shows the current-voltage (I-V) charac-
teristics of a 0.18um AlGaN/GaN HEMT. This
HEMT is well pinched off. The maximum drain-
source current [4 is about 980mA/mm under a gate-
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Fig.3  I-V characteristics of the device under CW measure-
ment

source voltage (V) of 1V. The pinch-off voltage is
— 2.7V (Fig. 4(a)). The maximum DC transconduct-
aANCe gum.max 18 287mS/mm under a drain-source voltage
Ve of 6V and a V, of —1.8V,as shown in Fig. 4(b).

The S-parameters were measured in a frequency
range from 0 to 20GHz in 0. 05GHz steps using an
HP8720D vector network analyzer. An extrapolation
of the unity current gain cutoff frequency (f;) to
65GHz was obtained for the single finger gate (40 X
0.18ym) under a V4 of 9V and V, of — 1.5V, as
shown in Fig. 5.

Though we obtained a 0.18m gate-length Al-
GaN/GaN HEMT with a current gain cutoff frequen-
cy fr of 65GHz, the highest fr of AlGaN/GaN
HEMTs with a similar length has reached 77GHz" .
The expression for the fr of a AIGaN/GaN HEMT is:
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Fig.4 Transfer characteristics (a) and transconductance per-
formance (b) of devices
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Fig.5 Measured current gain of a 40 X 0. 18um AlGaN/GaN
HEMT (V4 =9V, V,=-1.5V)
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where v, is the electron saturation velocity, C,, is the
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gate-drain parasitic capacitance, R, and R, are the
source and drain parasitic resistance, respectively,and
7. 1S the channel charging time. Current gain cutoff
frequency fr is decided not only by gate length L, but
also by many other parameters. Among them,electron
saturation velocity vy, and channel charging time z.
are related to the quality of epitaxial layers. The
source and drain parasitic resistance R, and R, are
controlled by the ohmic contact resistance. In the fu-
ture, we can modify the quality of epitaxial layers and
decrease the ohmic contact resistance to obtain higher
current gain cutoff frequency.

4 Conclusion

In summery, using a new method for the T-gate
layout design,we obtained a T-gate with an aspect ra-
tio of 10 and a 0.18um gate-length AlGaN/GaN
HEMT with a current gain cutoff frequency of
65GHz. Moreover, the peak transconductance of the
device is 287mS/mm when V, = — 1.8V and the max-
imum drain current [, is about 980mA/mm under a
Ve of 1V. The good performance of AlGaN/GaN
HEMTSs on sapphire substrates shows their potential
for application in microwave circuits.
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