International Journal or Scientitic & Engineering Research, Volume 4, Issue 60, June-2013

ISSN 2229-5518

International Journal of Scientific & Engineering Research, Volume 4, Issue 5, May 2013

ISSN 2229-5518

1588

Electrical characteristics of AlGaN/AIN and
AlGaN/GaN HEMTs

Payel Sarkar, Arnima Das, Maitreyi Ray Kanijilal

Abstract— MESFET and HEMT have very small gate length below 0.5um and they achieve amplification at a very high frequency range.
In particular High-electron-mobility transistors have shown current gain to frequencies greater than 600 GHz and power gain to frequencies
greater than 1 THz. These devices have an improved transconductance and carrier saturation velocity due to the decrease in gate to
source separation. HEMT offers high power efficiency, greater consistency and broader bandwidth and is thus ideal for use in the THF
range (300 GHz to 3 THz) of wireless communication. The electrical response of HEMT formed with AlGaN/AIN and AlGaN/GaN are
compared against each other to find the most suitable heterostructure for the application at high frequency regime.

Index Terms— 2DEG, Cutoff frequency, HEMT, High-electron-mobility transistor, Nitride semiconductors, Power devices, THF range,

Wireless communication

1 INTRODUCTION

IGH-electron-mobility transistor (HEMT), also known as

hetero-structure FET (HFET) or modulation-doped FET

(MODFET), is a field-effect transistor incorporating a
junction between two materials with different band gaps (i.e. a
hetero-junction) as the channel instead of a doped region (as is
generally the case for MOSFET). A commonly used material
combination is GaAs with AlGaAs, though there is wide varia-
tion, depending on the application of the device. Devices in-
corporating more Indium generally show better high-
frequency performance, while in recent years, gallium nitride
HEMTs have attracted attention due to their high-power per-
formance. Also another powerful competitor to gallium ni-
tride is the aluminium nitride.

Silicon Carbide (SiC) is chosen as the base material for the
HEMT discussed in this paper. SiC is a good substrate for high
frequency, high power devices based on GaN as it can handle
ten times the power density of a sapphire substrate that is cur-
rently being used, due to its extremely high thermal conduc-
tivity (4.9W/cm-K). In addition, the epitaxial film qualities of
both GaN and AIN are superior when grown on SiC and this
should lead the HEMT with better frequency response, higher
performance and increased reliability.

AlInN and AlGaN are choice materials for forming the het-
erojunction with AIN and GaN. Since, this would lead to four
different combinations, but for simplicity, only the Al-
GaN/AIN and AlGaN/GaN pairs are considered in this pa-

per.

2 STRUCTURE

2.1 Comparison of Semiconductors
It is very useful to do a comparative study of various semi-
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conductors to realize the advantages of using SiC as substrate
material. The various parameters such as Lattice Constant,
Thermal Conductivity and Band Gap have been compared for
various semiconductors of group IV, IV-IV and III-V.

TABLE 1
COMPARISON OF SEMICONDUCTORS

Material Lattice Thermal Band Gap
Constant Conductivity (V)
(A) (W/em-K at
~300K)
Si 543 1.56 1.11
SiC (3C) 436 3.6 2.3
SiC 3.07 3.7 3.3
(4H)
SiC 3.07 4.9 3.0
(6H)
GalN 3.18a 2.0 3.44
AN 3.11a 3.2 6.28
AlInN 3.11. - 0.7—6.28
3.54,
498,
AlGaN 3.14 - 3.44 —
apprx 6.28
GaAs 5.65 0.54 1.43
AlGaAs 5.63 0.55-212 1.42 —
2.16
GalnAs 5.86 0.05 0.74
Sapphire 4.76 0.35 9.9

It can be easily noted from the table the relative band gap
differences that would later help in studying 2DEG formation
and other characteristics.From the above table it can be very
well inferred why GaAs/ AlGaAs is the choice combination for
fabricating HEMT. It is also evident from the data presented
that at a higher power range the performance of GaAs would
be significantly poorer to GaN or AIN. Sapphire, upon which
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the GaN/AIN epitaxial is currently grown, has a very low
thermal conductivity and higher band gap. Also the lattice
mismatch percentage to GaN or AIN is very high. In this re-
gard SiC is a very promishing substitute which has almost ten
times higher thermal conductivity and lattice constant match-
ing with low band gap material. Also the crystal defect on a
SiC will be minimized as only a very thin slice of it is needed
to be used.

It has been studied how the low energy band gap difference
AlGaN/GaN heterostructure differs from the high band gap
difference AlGaN/AIN HEMT while forming the 2DEG. The
2DEG formation is an intricate part of working principle of
HEMT, which is also called the heart of the device.

2.2 2DEG Formation

The 2DEG formation of the combination pairs concerned is
different from each other. The typical device conception is
shown along with the 2DEG formation to understand this bet-

ter.
Source Gate Dirain
m B N i
n-AlGaN :
e WZDEG
L
Substrate !

Fig.1. HEMT structure and 2DEG formation in AIGaN/GaN HEMT

been reported. The drain current flowing through the channel
in HEMT is contributed by electrons and the two-dimensional

electron gas takes the main role to control the current. The
drain current is expressed as [1]
ID = qnsvsatz (1)

Where, n; is the sheet carrier density, vy, is the saturation ve-
locity of the electrons in the channel and Z is the gate width.
To study the variation of drain current with drain to source

voltage eqn. (1) is expressed as
Ip.= f (Vps, Ves) (2)

3.2 Transfer Characteristics
Transconductance is an important characteristic of active de-
vice which controls the electrical performance. The trancecon-

ductance is expressed as

Al
Vs,

8&n = ®3)

Using the relation of vy with g, in the equation of Ip the trans-
consductance has been studied for the different heterostruc-

tures.

3.3 Cutoff Frequency
Cutoff frequency is another important parameter which has
been studied to find out the frequency response of HEMT for
different material combinations. Cutoff frequency can be ex-

pressed as [1]

= 8
" 27(Cus +Cop)

®)

This formation in the diagram is only a schematic study for

preliminary tests.

4 RESULTS AND ANALYSIS
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Fig.2. HEMT structure and 2DEG formation in AIGaN/AIN HEMT

3 THEORY

3.1 Drain Characteristics
The electrical response of a device can be analysed initially by

studing its output characterics. Here at the begining the varia-
tions of drain current (Ip) as a function of drain to source volt-
age (Vps), for a constant gate to source voltage (Vgs), have

The results obtained by using the above relation for for both
AlGaN/AIN and AlGaN/GaN HMTs have been shown in
Figs.3-7. The only factor differentiating the results for different
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Fig.3. Drain characteristics of AIGaN/AIN HEMT
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heterostructures is the materials. The gate to source capaci-
tance is the main concerning factor in the high frequency per-
formance of a FET. In AlGaN/GaN the value of Cgs (= 1.45 pF)
is higher than in AlIGaN/AIN (Cgs = 0.7 pF) [1]. The sheet car-
rier density which could be much higher for AlGaN/AIN
combination due to the higher band gap of AIN, but here it is
kept at 1x10% cm? for both. The effective gate length and gate
width are considered respectively at 0.29 ym and 0.1 cm.

The drain characteristic is plotted considering the satura-

tion current 1.2 A/mm at Vgs = 0.
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Fig.4. Drain characteristics of AIGaN/GaN HEMT

Similar results are obtained in both AlGaN/AIN and Al-

case of AIN (Fig 6) than the GaN counterpart (Fig 7). This is be-
cause of the higher band gap of AIN. Also, it has been observed
that the drain characteristics are almost similar for both the mate-
rial combinations discussed above.

The varying transconductance of the two devices yielded in-
teresting results in the study of cut-off frequency. Several plots
have been drawn to study and compare the nature of the cut-off
frequency in the two material combinations.
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Fig.6. Transfer characteristics of AlIGaN/GaN HEMT

Figs. 7 - 10 represent the variation of cut-off frequency as a
function of transconductance and gate to source voltage by using

the equation (4).

The considerable difference between the transfer characteristics of
the AlGaN/AIN and AlGaN/GaN HEMT may be noticed here.
There is a considerable large drain current for same gate bias in

GaN/GaN ( Fig 3 and Fig 4 ) because the sheet current density
has been considered same for simplicity. 800 Cutoff Frequency Vs. Gate lo source voltage
The transfer characteristics have been shownin Fig.5 and Fig.6
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_ - inition of transconductance overall. The variation of gate to
Fig.5. Transfer characteristics of AlGaN/AIN HEMT . . . .. 8
source capacitance is responsible for the variation of f;
Also it is noticeable that the plot for cut-off frequency against
transconductance is almost linear because they bear the linear

relationship. Where as, the variation of cut-off frequency with the
gate to source voltage is slightly exponential in nature which is

IUSER © 2013
http://www.ijser.org



International Journal or Scientitic & Engineering Research, Volume 4, Issue 60, June-2013

ISSN 2229-5518

1591

International Journal of Scientific & Engineering Research Volume 4, Issue 5, May-2013

ISSN 2229-5518

relevant with equation (4) as Cgs depends on Vs,

x 10" Cut-off Frequency Vs. Transconductance
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Fig.8. Cutoff frequency against transconductance for AIGaN/AIN
HEMT

5 CONCLUSION

HEMT becomes a promishing device in the high frequency
regime of the latest ventures of science and engineering, so
there is lot of studies to be done on this, both theoretically and
experimentally.
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