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NUCCJEJOBAHUE TEMIEPATYPHBIX XAPAKTEPUCTHUK
YCTPOUCTB HA BA3E GAN HEMT
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AnHortanus. B HacTosIIeM TOKyMEHTE pacCMaTpUBAIOTCS ITEPEMEHHbBIE TEMIIEpaTYPHBIC Xa-
pakrepuctuku ycrpoiictB AlGaN/GaN HEMT. Jluzaiin konctpykuuu ycrpoiictea AlGaN/GaN
HEMT u ero ocHoBuble xapaktepuctuku mpu 300K ObUIM M3y4eHBI C MOMOIIBIO MTPOrPAMMHOTO
obecnieuenus Silvaco simulator. B pe3ynbTare MomennpoBaHus ObIJIO YCTAHOBJIEHO, YTO TEMIIepa-
Typa OKa3bIBAaET ONPEACICHHOE BIHMsHUE HA TIEPEIaTOYHbBIC XapaKTePUCTHKH, BBIXOIHbIC XapaKTepH-
CTHKH M XapaKTEPUCTHKH UATIA30HOB YHEPTONIOTPEOIICHUS, UTO BIUSAET Ha paboune XapaKTepUCTUKU
YCTPOMCTBA.
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Abstract. In this paper, the variable temperature characteristics of AlIGaN/GaN HEMT devices
are discussed. The structure design of AlGaN/GaN HEMT device and its basic characteristics at 300K
were studied by Silvaco simulation software. Through simulation, it is found that temperature has a
certain influence on the transfer characteristics, output characteristics and energy band characteristics,
which has an impact on the performance of the device.
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GaN is a new type of semiconductor material, which is at the forefront of global
semiconductor research and is becoming a key material for microelectronics and opto-
electronic devices. Compared with the first generation semiconductor materials (such
as silicon), it has a larger band gap, higher mobility, better thermal stability, and can
work at higher temperatures, and has obvious advantages in manufacturing high power
density, high frequency, and high temperature devices. Compared with second-gener-
ation semiconductor materials, such as aluminum nitride, GaN has higher hardness and
wider band gap, allowing higher power, frequency devices to be manufactured with
higher efficiency and shorter wavelengths.

HEMT is the high electron mobility transistor, which has the advantages of high
speed, high power and low noise, especially the electron mobility is very high, and can
achieve high-speed and high-power amplification and switching operation. It is usually
made of GaN or GaAs, high frequency characteristics and high temperature stability,
widely used in communication, radar, satellite communication and other fields.

1.AlGaN/GaN HEMT device characteristics

1.1 Working principle of AIGaN/GaN HEMT device

AlGaN/GaN HEMTs work by controlling the gate voltage to adjust the width of
the electron trap layer, thereby controlling the flow of current through it. This device
has the advantages of high frequency, high power and high temperature, so it is widely
used in the field of RF and power electronics.

Figure 1 shows the structure of the AlGaN/GaN HEMT device. The structure of
AlGaN/GaN HEMT devices is usually composed of a substrate, GaN layer, AlGaN
layer, and metal electrodes. The substrate is usually a silicon substrate or a sapphire
substrate, which is used to provide mechanical support and thermal management of the
device. GaN layers are typically GaN materials used to provide electron transport chan-
nels. The AlGaN layer is typically an AlGaN material used to form a gate structure that
controls the concentration of electrons in the channel. Metal electrodes are used to pro-
vide electrode contact and current injection. A heterojunction is generated at the inter-
face of AlGaN material and GaN material, and this heterojunction will form 2DEG,
which is mainly near the GaN side.
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Figure 1- Structure diagram of AlGaN/GaN HEMT device

1.2 DC characteristics of AlGaN/GaN HEMT devices

The output characteristics, transfer characteristics and transconductance curve
of the device in the DC characteristics:

(1) Saturated drain current

Saturated drain current refers to the drain current when the electrons in a two-
dimensional electron gas reach saturation state at a given drain voltage. This parameter
reflects the carrier concentration and electron mobility of two-dimensional electron
gas. In general, the larger the saturated drain current, the higher the carrier concentra-
tion of the two-dimensional electron gas, the better the electron mobility.

(2) transconductance

The transconductance of a HEMT device is the gain between its output current
and input voltage, usually expressed as the change in output current per unit voltage.
The transconductance of HEMT devices is much larger than that of MOSFET devices,
which is due to the high electron mobility, low carrier concentration, and large electric
field strength of HEMT devices.

(3) Threshold voltage

The threshold voltage refers to the voltage required to form a conductive channel
in an AlIGaN/GaN HEMT device. Since the AlGaN layer in the AIGaN/GaN hetero-
structure can form an electron gas on the GaN surface, the threshold voltage is reduced.
In general, AlIGaN/GaN HEMT devices typically have lower threshold voltages than
conventional GaN materials. In a transistor, the threshold voltage Vth refers to the sit-
uation where the reference value of the output signal begins to change when the voltage
of the input disturbance signal reaches a certain level.

(4) Band gap width

The band gap width of a HEMT device refers to the band gap between the con-
duction band and the valence band of a HEMT device, also known as the band gap.
Band gap width is an important parameter of HEMT devices, which determines the
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electrical performance and application range of the devices. Generally speaking, the
larger the bandgap width, the better the electrical performance of the device, but the
more difficult the preparation is.

2.Simulation of variable temperature characteristics of AlGaN/GaN HEMT de-
vices

2.1 Device Structure

According to the basic structure knowledge of AlGaN/GaN HEMT device, the
device structure is designed in the simulation software, and the specific structure is
shown in Figure 2.

Figure 2 — Basic structure diagram of AIGaN/GaN HEMT device

2.2 Influence of temperature on transfer characteristics

The transfer characteristics of HEMT devices generally show an S-shaped curve,
which includes three important parameters: threshold voltage, saturation current, and
transfer conductance. The transfer characteristics are simulated and analyzed, and the
results are optimized to improve the performance and stability of the device. Under the
device structure in this paper, the simulation conditions are: V4=1V, V4=-8V~0V,
Vtep=0.1V. The simulation results are shown in Figure.3.
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Figure 3 — Device transfer characteristics at different temperatures

Saturated drain current can reflect the carrier concentration and electron mobility
of 2DEG. In general, the higher the carrier concentration of 2DEG, the better the elec-
tron mobility. It can be seen from the transfer characteristic curve that the saturated
drain current Id decreases with the increase of temperature, and the saturated drain
current of 250K is the largest, which proves that 2DEG at this temperature has the
highest carrier concentration and better electron mobility, which also means that the
performance of the device deteriorates with the increase of temperature. The slope of
the curve is that the slope of the transconductance of 250K is the largest, and the trans-
conductance value is also the largest. The transfer characteristic diagram can observe
the threshold voltage of the device. As shown in Figure 3, it can be roughly seen that
the threshold voltage Vy, of the device is about -6V.

The simulation extracted the threshold voltages of 250K, 300K, 350K, 400K and
450K. Table 1 shows the threshold voltage data at different temperatures. Through Ta-
ble 1, It can be seen that the threshold voltage increases with the increase of tempera-
ture.

Table 1 — Threshold voltages of devices at different temperatures

Temperature (K) Threshold voltages (V)
250 -6.0
300 -5.96
350 -5.91
400 -5.82
450 -5.70
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In additio, combined with Figure 3, we can further find that with the increase of
temperature, the threshold voltage of the device increases, but the saturation drain cur-
rent decreases. At 250K, the threshold voltage of the device is minimum, but the drain
current is maximum. This indicates that the output performance of the device may be
better at lower temperatures, but it also faces the risk of limiting the stability of the
device. On the contrary, with the increase of temperature, the threshold voltage will
increase, but the drain current will decrease, so that the thermal stability of the device
will be enhanced. Therefore, when selecting the operating temperature of the device, it
Is necessary to consider the performance, stability and actual working conditions of the
device.

2.3 Influence of temperature on output characteristics

The output characteristic is also an essential feature of simulation for Al-
GaN/GaN HEMT devices. This feature can help us to understand the variation of the
output current and output voltage of the device with the grid voltage, so as to evaluate
the performance of the device. Output power is the product of output current and output
voltage, which is an important index to measure the performance of the device. Under
the device structure simulated in this paper, the simulation conditions are: given Vg4=-
5V and Vy=-3.5V, V3=0~12V, and Vs, = 0.2V.
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Figure 4 — Output characteristics of the device at Vyg=-5V

A comparative analysis of Figure 4and Figure 5 shows that when Vg increases
from -5V to -3.5V, the output current increases at the same temperature, indicating that
with the increase of Vg, the output current increases, and the electron mobility in the
device also increases, proving that the output characteristics are controlled by V4. At
the same temperature, with the increase of the grid voltage, the grid voltage reaching
saturation current also increases. Under the same gate voltage, the high temperature
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device reaches the saturation output current with relatively low gate voltage. the series
resistance between source and drain of devices with high temperature is larger, which
will lead to the decrease of channel electric field strength and electron saturation rate,
so higher drain voltage is needed to achieve electron saturation rate.
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Figure 5 — Output characteristics of the device at Vy=-3.5V

2.4 Influence of temperature on energy band characteristics

In semiconductors, conduction band refers to the band with the highest electron
energy, and valence band refers to the band with the lowest electron energy. The energy
difference between them is called the band gap, and the size of the band gap determines
the conductive property of the semiconductor.

This simulation extracts the conduction band peaks and valence band peaks of
250K, 300K, 350K, 400K and 450K, and lists all the values in Table 2.

Table 2 — Conduction band peak, valence band peak and Forbidden bandwidth
of the device at different temperatures

Temperature Conduction band Valence band peak Forbidden bandwidth
(K) peak (eV) (eV) (eV)
250 8.97293 5.08580 3.88713
300 8.95137 5.08665 3.86482
350 8.92730 5.08746 3.83984
400 8.90098 5.08850 3.81248
450 8.87266 5.08968 3.78298
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Figure 6 — Influence of temperature on forbidden bandwidth

It can be seen more intuitively from Figure 6 that the forbidden bandwidth de-
creases with the increase of temperature. In GaN, as the temperature increases, the
thermal excitation of electrons and holes in the semiconductor material increases, lead-
ing to changes in the band structure. With the increase of temperature, the band gap of
valence band and conduction band will shrink, which will lead to the increase of effec-
tive mass of electrons and holes, which is not conducive to the aggregation of 2DEG,
and thus lead to the decrease of electron mobility. As a result, the performance of
HEMT devices decreases with increasing temperature.

The above simulation results show that in terms of transfer characteristics, the
carrier concentration decreases with the increase of temperature, which proves that the
electron mobility of the device decreases with the increase of temperature. In terms of
output performance, under a certain gate voltage, the output curve decreases with the
increase of temperature, indicating that the electron mobility of the device decreases
with the increase of temperature. From the point of view of the change of device energy
band at different temperatures, the band gap will shrink with the increase of tempera-
ture, which will also lead to the reduction of electron mobility. These characteristics
all reflect the increase of temperature and the decrease of electron mobility of the de-
vice.

4 Concluding Remarks

With the development of The Times, the development of GaN materials and GaN
HEMT devices has attracted much attention from various countries. In this paper, only
high temperature characteristics of GaN HEMT devices are studied, but simulation re-
sults show that GAN HEMT devices perform better at low temperatures, and their per-
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formance is improved by increasing electron mobility and carrier concentration. In ar-
eas such as aerospace and medical devices, where device performance is demanding,
equipment is not only required to operate at high temperatures, but also to operate at
extremely low temperatures. Therefore, the research on low temperature characteristics
can be carried out based on this paper in the future to further understand the advantages
of GaN HEMT devices and promote its application in more fields.
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