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Abstract: High temperature operation and long term stability are important requirements for gas sensor. The
response of Pt-circular Schottky diodes fabricated on undoped AlGalN/GaN high-electron-mobility-transistor
(HEMT) structure to hydrogen gas at various temperatures, ranging from 25 to 200°C has been investigated.
A 5 nm-thick of catalytic Pt Schottky contact is formed by electron beam evaporation. Both forward and reverse
currents of the device increase upon exposing to hydrogen gas. Although a slight change of forward and
reverse current 1s obtained at room temperature upon exposure to hydrogen but both currents drastically
mcrease with the increase of temperatures. The time-transient characteristics show the average current
increment and decrement speed of 27.6 and 17.6 nA sec™', respectively at constant forward bias of 1 V and

temperature of 200°C.
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INTRODUCTION

In view of increased use of fuel cells as a new clean
and viable energy source to replace petroleum, hydrogen
sensors are strongly demanded to avoid hazardous
explosion. Since, so-called sensor networks are making a
rapid progress, the sensor material i1s preferably a
semiconductor which can realize an integrated on chip
with ultra low power processing electronics and wireless
RF circuit such as used for radio frequency identification
(RFID) chip (Usami and Ohki, 2003). Until now, there have
been many reports on chemicals sensors using metal-
oxide compound semiconductors, such as SnO, and ZnO
(Yamazoe and Miura, 1992; Morrison, 1982). However, the
sensing mechanism of these compound semiconductors
1s related to various defects such as oxygen vacancy and
metal vacancy.

High temperature operation and long term stability
are important requirements for gas sensor. Silicon-based
gas sensors carmot be operated above 250°C, preventing
them for applications at high temperature (Luther et al.,
1999). GaN and SiC based materials are known as wide-
bandgap semiconductors that show great promise for
electromc devices operating at high temperatures.
Simple Schottky diode or field-effect-transistor structure

fabricated on GaN and SiC (Casady et al, 1998) are
sensitive to a number of gases, including hydrogen and
hydrocarbons (Kim et al, 2003a). To make such gas
sensors, a catalytic metal such as Pd or Pt can be used
since they show stable sensing response and also
suitable for high temperature operation.

AlGaN/GaN heterojunction has been shown to
form a potential well and a two-dimensional electron
gas (2DEG) at  the lower heterointerface. These
structures are well-known for possessing  high
electron mobility in the 2DEG channel, highest sheet
carrier concentration among [II-V  material system,
high saturation velocity, high brealkdown voltage and
good thermal stability. The expected advantages of
using undoped-AlGaN/GaN compared to doped
structures are; (1) lower gate leakage current, (2) lower
pinch-off voltage and (3) less noise due to less impurities
in AlGaN barrier layer. These are the reasons why many
groups prefer non-modulaton doped mtride HEMT
structures (Rizzi and Liith, 2002). In addition, lgher
mobility can be obtained by undoped-material compared
to doped material. Therefore, it is expected to provide
faster time-transient sensing response. The mobility of the
studied material was confirmed to be two times
higher than n-doped AlGaN/GaN structure reported in ref.
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(Matsuo et al, 2005). The 2DEG concentration and
mobility of the samples at room temperature are
6.61x10" cm ™~ and 1860 cm?/Vsec, respectively.

In this study, the sensing characteristics of hydrogen
gas sensor utilizing Pt/AlGaN/GaN HEMT structure
studied at various temperatures are reported.

EXPERIMENTAL

An undoped-AlGaN/GalN HEMT structure used for
hydrogen gas sensor is shown in Fig. 1. The AlGaN/GaN
epitaxial layers are grown by metal organic chemical vapor
deposition (MOCVD) on 430 pm-thick c-plane sapphire
substrate. The epitaxial structures consist of a 25 nm-thick
undoped AlGaN, a 2 um-thick undoped GaN and a buffer
layer.

Figure 2a and b shows the device structure
fabrication after certain processes, the device fabrication
process starts with 100 nm-thick S10, deposition using
plasma-enhanced chemical vapor deposition (PECVD) at
280°C with a SiH,/NH,/He gas system to act as mesa
patterning mask. Then, a mesa 1s formed by mductive-
coupled plasma (ICP)-assisted reactive ion beam etching

B Undoped-AlGaN/GaN

with a Cl-based gas system consisting of BCl,, Cl, and Ar
gases. The etching pressure is 5 mTorr and the etching
rate is around 0.1 um min~'. Next, the removal of Si0O,
mask 1s carried out before ohmic contact formation.
The ohmic contacts are formed by deposition
of TI/AVTiI/Au (20 nm/50 nm/20 nm/1 50 nm) multilayers
followed by rapid thermal annealing at 850°C for 30 sec in
N, ambient. After that, the device surface is covered with

Undoped-AlGaN (25 nm)

WL G bl dr iy
VA
A

Undoped-GaN (2000 nm)

Sapphire (430 um)

VA
VA

—SSTO55

Fig. 1: Material structure used for hydrogen gas sensor
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Fig. 2: Schematic structure after each step of fabrication process. (a) top view and (b) cross-sectional view
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Fig. 3: (a) Fabricated device (top view) and (b) schematic of cross sectional device structure

300 nm-thick $10, film using PECVD m order to realize a

O g e 22
planar connection from circular Pt Schottky contact to @ "
external contact pad for electrical measurement purpose. 04 f ]
Consequently, this Si0, dielectric layer at Schottky 03 In high purity H ",
contact area 18 etched out using BHF etchant so that a
Schottky contact can be formed on AlGaN surface. Then, g 02
Pt circular Schottky contact with a thickness of 5 nm and =
a diameter of 600 um is formed by electron-beam § 01 Invacuum
evaporation. Finally, Ti/Au 1s deposited to form an 3 00
electrical interconnection from Schottky contact to
external circuit. The completed fabricated device is shown 01l 1
in Flg 3 4 T = Room temperature 1

o2 b, IR L, :
-2 -1 0 1 2 3 4
THE SENSING PERFORMANCE
Voltage, Va (V)

The current-voltage (I-V) measurement 1s carried out 10 ®)
to evaluate the response to hydrogen gas. Typical I-V
characteristics measured in vacuum and high purty Inhigh purity Hz
hydrogen ambient at room temperature are shown in oan |
Fig. 4a and b. Tt can be understood here that the rectifying T<E\ ' \.._ ~ Invacuum i
characteristics of fabricated diode degrade towards = '-...
ohmic-like characteristics where large reverse currents are g - :
generated. S o1l = ]

As shown in Fig. 4a and b, both the forward and "y ]
reverse currents show a slight change of current upon .
exposure to hydrogen. The shght change of current T = Room temperature
may due to the diffusion rate for hydrogen atom 0,001 s s v R P
through the catalytic metal is very slow at room 2 1 0 1 2 3 4
temperature (Kim ef al., 2003b). Thus, it can be said that Voltage, Va (V)
the sensitivity of gas sensor is quite low at room
temperature. Fig. 4 I-V characteristics of fabricated gas sensor

The responses of the fabricated diodes are also
investigated at various temperatures ranging from room
temperature to 200°C. As shown in Fig. 5, a large current
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t Hz flow: 1.5Sccmr

Current, | (mA)
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Fig. 5:I-V characteristics of fabricated gas semsor
measured in high purity hydrogen ambient at room
temperature, 50, 100, 150 and 200°C
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Fig. 6: The cyclic time response of current at T = 200°C
and V =1 V for the Pt/A1GaN/GaN Schottky diode

change by the same amount of H, concentration is
observed as the temperatures increase up to 200°C.
This change is considered to be due to more effective
catalytic dissociation of H, on the Pt surface can be
realized at ligher temperatiwe (Song er al, 2005).
However, as shown m Fig. 4a and b, the device shows
ohmic-like characteristics where large reverse currents are
generated. We suggest that it should be a reason for
discrepancy where the curve of reverse current measured
at room temperature show higher values than reverse
current measured at 50 and 100°C.

Figure 6 shows the time-transient response measured
temperature of 200°C and forward bias, V, of 1 V. It can be
seen that there 1s sufficient cracking of H, for the diode to
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Fig. 7: Increment and decrement speed of current during
absorption and desorption of hydrogen

be a sensitive gas sensor. The slopes are very steep
which show that the response of the sensor is relatively
fast at each cycle. Figure 7 shows the merement and
decrement speeds of current at each cycle. The data are
extracted from the slopes at each cycle shown in Fig. 6.
Congtant speed is obtained at each cycle where the
average of increment and decrement speed of current 1s
estimated to be 27.6 and 17.6 nA sec™’, respectively.
These increment and decrement speeds of current
correspond to the hydrogen adsorption and desorption
rates, respectively. The increment speed 13 much faster
than the decrement speed for each cycle meamung that the
absorption of H, is faster than desorption. This is because
a desorption process requires thermal energy supply,
leading to a longer decrement time.
CONCLUSION

Pt-circular  Schottky diode was  successfully
fabricated for gas sensor application. Both the forward
and reverse currents of the device increase upon exposure
to hydrogen and both currents also increase with the
temperature. This indicates that the diffusion rate for
hydrogen atom through the Pt metal 1s enhanced with the
increase of temperature. The time transient response
shows a constant current increment and decrement
speed for each cycle where the average of increment
and decrement speed 1s estimated to be 27.6 and
17.6 nA sec™, respectively. The increment speed is much
faster than the decrement speed for each cycle, meaning
that the absorption process of H, is faster than desorption
process.
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