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Introduction:.
A promising sensing technology utilizes AlGaN/GaN high electron mobility transistors (HEMTs). HEMT structures have been
developed for use in microwave power amplifiers due to their high two dimensional electron gas (2DEG) mobility and saturation
velocity. The conducting 2DEG channel of AlGaN/GaN HEMTs is very close to the surface and extremely sensitive to adsorption of
analytes. High-temperature effects on the electrical behavior of AlGaN/GaN HEMTs have been evaluated. dc measurements have been
performed for different illumination and temperature conditions. The unpassivated devices present a good ohmic contact technology up
to 550 °C in air. These high-temperature electrical measurements have also shown the existence of electrical traps. These traps are
sensitive to the bias point, the illumination, and the temperature.

2.Part HEMT:

1.HEMT Fabrication

-The drain current of HEMT device can
be written as [2]:
𝐼𝑑 = 𝑊𝑞𝑛𝑠 (𝑥)𝜈(𝑥) (1)

The HEMT structures typically consist of a 3 μm thick undoped
GaN buffer, 30 Å thick Al0.18Ga0.82N spacer, 220 Å thick Si-doped
Al0.18Ga0.82N cap layer. The epi-layers are grown on thick GaN
buffers on sapphire substrates. Mesa isolation is performed with an
Inductively Coupled Plasma (ICP) etching with Cl2/Ar based
discharges. Ohmic contacts are produced by e-beam deposited
Ti/Al/Pt/Au patterned by lift-off and annealed at 850 ºC. Polymethyl
methacrylate (PMMA) can be used to encapsulate the source/drain
regions, with only the gate region open to allow liquid solutions to
access the surface. The mobility at room temperature and density of
the 2DEG in Al0.18Ga0.82N heterostructures are 1140 cm2/Vs and
7.6×1012 cm−2, respectively. High temperature Hall measurements
were performed on an Accent HL5500 Hall measurement system
with aHL5590 hot stage in vacuum from room temperature to 500 ◦C
with 25 ◦C interval[1].

𝑛𝑠 can be written therefore as follows:
𝜀(𝑥)
𝑛𝑠 = (𝑉𝑔 − 𝑉𝑡ℎ 𝑥 − 𝐸𝐹 )
(2)
𝑞𝑑
The 2DEG density shows a direct proportional relationship to the
conduction band offset. The band gap of GaN and AlN are found to
decrease with increasing temperature . Figure 3,b shows the calculated
temperature dependence of the band gap of GaN and Al0.18Ga0.82N and
the conduction band offset of an Al0.18Ga0.82N heterostructure. The
band gap of GaN and AlN were calculated using the Varshni equation:
𝐸𝑔 𝑇 = 𝐸𝑔 0 −

𝛼𝑇 2
𝑇+𝛽

(3)

The gap width of the ternary AlxGa1-xN can be written as:
EgAlGaN 𝑇, 𝑥 = 𝑥EgAlN 𝑇 + 1 − 𝑥 EgGaN 𝑇 − 0.6𝑥 1 − 𝑥

(4)
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In conclusion, high temperature transport properties of 2DEG in
Al0.18Ga0.82N heterostructures have been investigated by means of
high temperature Hall measurements from room temperature to
500 ◦C. The 2DEG density decreases with increasing temperature
from room temperature to 250 ◦C, and then changes to increase with
increasing temperature at higher temperatures. It is thought that the
decrease of the 2DEG density from room temperature to 250 ◦C is
caused by the reduction of the conduction band offset at high
temperatures. The increase of measured 2DEG density is attributed to
the increased background electron concentration in GaN layers at
high temperatures. Theoretical calculation of the 2DEG density and
subband occupations in Al0.18Ga0.82N heterostructures at various
temperatures is consistent with the experimental results,
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