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Abstract : AlGaN/ AIN/ GaN high electron mobility transistor (HEM T) structures with a high-mobility GaN thin
layer as a channel are grown on high resistive 6H-Si C substrates by metalorganic chemical vapor deposition. The
HEM T structure exhibits a typical two-dimensional electron gas (2D EG) mobility of 1944cm?/ (V - s) at room

temperature and 11588cm?/ (V - s) at 80K with almost equal 2D EG concentrations of about 1 03 x 10%cm™ 2.

2

High crystal quality of the HEM T structures is confirmed by triple-crystal X-ray diff raction analysis. Atomic force
microscopy measurements reveal asmooth AlGaN surface with a root-mean-square roughness of 0. 27nm f or a scan
area of 1 m x 1 m. HEM T devices with 0. 8 m gate length and 1 2mm gate width are fabricated using the
structures. A maximum drain current density of 957mA/ mm and an extrinsic transconductance of 267mS/ mm are

obtained.

Key words: AlGaN/ GaN; HEMT; MOCVD; power device; SiC substrates

PACC: 8115H; 6855

CLC number : TN304 2% 3 Document code: A

1 Introduction

GaN-based wide band gap semiconductors
have tremendous potential for applications in high
power electronic and optoelectronic devices,which
has prompted sgnificant research in epitaxial
growth and development!™ ®'. Recently, Al GaN/
GaN high electron mobility transstors (HEM Ts)
have attracted much attention due to their potential
for high power , high temperature,and high fre-
quency applications. SC has a much higher thermal
conductivity than sapphire and therefore is very
promisng as a high power device substrate. Al-
GaN/ GaN HEM Ts grown on SC substrates’® *
with record power performance have been repor-
ted. It has also been demonstrated that the two-di-
mensional electron gas (2DEG) mobility of Al-
GaN/ AIN/ GaN heterostructures can be dramatic
ally improved by usng a thin AIN interlayer be-
tween the GaN and AlGaN layers™ ™. Shen et

EEACC: 2560S; 0520F; 2560P
Article ID : 0253-4177(2006) 09-1521-05

al.™ reported a room temperature mobility of

1542cm’/ (V - s) with a 2DEG concentration of
1 02 x 10®cm’? for an Al GaN/ AIN/ GaN hetero-
structure grown on SC substrate by metalorganic
chemical vapor deposition (MOCVD) .
Recently , we have successully grown high
quality Al GaN/ GaN heterostructures on sapphire
substrates™ ' . In this paper, the growth and
characterization of GaN-based HEM T structures
on SC substrates areinvestigated. By introducing a
thin GaN layer with high mobility as the electron
channel ,we created an improved Al GaN/ AIN/ GaN
HEMT structure that was grown on high resstive
6H-SC substrate by MOCVD. The unintentionally
doped GaN thin layer with high mobility was in-
serted between the AIN interlayer and the GaN
high-resistive buffer layer , which was proved to
further improve channel transport properties com-
pared to our previoudy reported results™ **'. By
employing the combination of the GaN channel lay-
er with high mobility and the AIN interlayer ,we
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obtained high quality AlGaN/AIN/ GaN HEMT
structures on 6H-SC substrates, whose 2DEG
mobility and concentration at room temperature
were 1944cm’/ (V - s) and 1. 03 x 10%cm™? ,re-
spectively. HEM Ts were success ully fabricated u-
sng these structures. A HEM T with a 0. §i m x
1 2mm gate periphery exhibited a maximum drain
current densty of 957mA/mm and an extrinsc
transconductance of 267mS mm.

2 Device structure and fabrication

The AlGaN/AIN/ GaN HEMT structures
with high mobility GaN thin layer as channel were
grown on high redstive 6H-SC substrates by
MOCVD. A cross section of the structure is shown
in Fig. 1. The growth of the HEM T structure be-
gan with a thin AIN nucleation layer ,followed by
deposition of a 1. 3 m undoped high resistive GaN
buffer layer. Then a 100nm high mobility GaN
channel layer ,a 1nm AIN interlayer ,and a 20nm
undoped Al GaN barrier layer were grown in se
quence. The thin undoped GaN channel layer with
high mobility has a better crystal quality and there-
fore decreases electron scattering in the channel ,
which improves the 2D EG transport properties.

Undoped Al GaN layer
AIN interlayer

High mobility GaN layer

High resistive GaN layer

AIN nucleation layer
HR 6H-SC substrate

Fig. 1 Schematic cross section of the AlGaN/AIN/
GaN/ SC HEMT structure with a high mobility GaN
thin layer as channel grown by MOCVD

The crystalline qualities and structural proper-
ties of the samples were characterized by triple
crystal X-ray diffraction (TCXRD) measurements.
Their surface morphology was analyzed by atomic
force microscopy (AFM). Variabletemperature
Hall effect measurements were performed usng
the Van der Pauw technique.

The HEMT structural materials were then
processed into devices with gate lengths of 0. § m
and gate widths of 1L 2mm. First ,source and drain
ohmic contacts were formed by rapid thermal an-
nealing of electron-beam evaporated Ti/ Al/ Ti/ Au

in N2 ambient. Then ,device ilation was achieved
by usng multiple-energy helium ion implantation.
Finaly ,the Schottky gate was defined by lift-off
technology ,with the gate metallization being real-
ized by usng electron-beam evaporated Ni/ Au.

3 Resultsand discussion

Figure 2 shows the TCXRD spectrum of the
HEMT structure. In the figure, four diffraction
peaks are clearly observed. They were identified as
GaN (0002) , Al GaN (0002) ,9C (0006) ,and AIN
(0002) ,as shown in the figure. The full width at
half maximum (FWHM) of the GaN (0002) peak
was 3 9 from the rocking curve measurement.
This small value of the GaN FWHM was attribu-
ted to the high epitaxial quality of the GaN layer.
The Al content in the Al GaN layer was deter mined
to be about 18 % by usng Vegard' slaw of linearity
of lattice constant composdtion for a ternary com-
pound.

GaN(0002)
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Fg.2 TCXRD spectrum of the HEM T structure

The surface morphology of the HEM T structure
was characterized by AFM and is shown in Fig. 3.
The sample exhibited a very smooth surface with a
root-mean-square roughness (RMS) of 0. 27nm for
a scan area of 1M m x 1 m. No cracks or obvious
pits were observed in the surface of the sample.
Surface pitsin AlGaN/ GaN HEM T structures u-
sually indicate the surface termination of threading
disocations™ ™. This shows that our AlGaN/
AIN/ GaN HEMT structures grown on 6H-SC
have both smooth surface morphology and high
crystal quality.

Figure 4 shows the temperature dependence of
the 2D EG mobhility and concentrationinthe HEM T
structure. The measured temperature varied from
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Fg.3 AFM image of the surface of the HEM T struc-
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80 to 700K. 2DEG mohilities of 1944cm?/ (V - s)
at room temperature and 11588cm’/ (V - s) at 80K
were realized. As the temperature increased from
room temperature,the mobility decreased dowly.
The mobility was still as high as 968cm’/ (V - )
at 400K and 577cm’/ (V - ) at 500K ,showing the
potential of the HEM T structure for high tempera
ture applications. The 2D EG concentration was al-
most independent of the temperature when the
temperature varied from 80 to 700K. A concentra
tion of 1 03 x 10”cm™* was achieved both at room
temperature and 80K, indicating that the 2DEG
was almost entirely confined in the channel. The
excellent 2DEG trangport properties were mainly
attributed to three factors: (1) The high mobhility
GaN channel layer provided a high quality electron
transport channel and therefore increased the
2DEG mohility , which was proved by the Hall
measurement and our previoudy reported re
sultd® ! (2) The insertion of a thin AIN inter-
layer increased the effective conduction band off set
A E: and reduced alloy disorder scattering from the
Al GaN barrier layer. Thus it was very effective to
suppress the electron penetration from the GaN
channel into the Al GaN barrier and al 0 increased
the 2DEG mobhility; (3) The use of 6H-SC as sub-
strate gave the epitaxial films better crystal quality
due to its closer lattice match to GaN.

The direct current (DC) characteristics of a
typical device with a 0. 8 m x 1L 2mm gate periph-
ery were measured using HP4155 semiconductor
parameter analyzers. Figure 5 shows the typical
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FHg.4 Temperature dependence of the 2DEG mobility
and concentrationin the HEM T structure
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Fig.5 Current-voltage (lasVas) characteristics of the
HEMT

current-voltage (les~Vas) characteristics of the de
vice. The gate was biased from 1 to - 4V in steps
of - 1V. The maximum drain current densty was
measured to be 957mA/ mm at a gate bias of 1V.
The device exhibited excellent pinch-off character-
istics and pinched off completely at the gate bias of
- 4V . The knee voltage was between 3 and 4V . At
gate biases of 1 and OV ,no obvious current drop
was observed even for a gate bias of up to 10V.
This was primarily due to effective heat snking
through the SC substrate, which has excellent
thermal conductivity. In contrast ,at high current
levels,a serious self-heating phenomenon was ob-
served in the HEM Ts grown on sapphire due to the
poor thermal conductivity of sapphire substrate,
l[imiting the maximum drain current and output
power™ . The DC trander characteristics of the
same device are shown in Fig. 6. At a gate bias of
- 2 8V ,a maximum extrinsc transconductance of
267mS mm was measured ,which was much higher
than the transconductance of 200mS mm previous
ly obtained on devices usng sapphire as sub-
strate'™® . The improved DC performance suggested
the excellent current handling capability of the de-
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vices ,resulting from the combination of high ther-
mal conductivity of SC andfurther improvement of
the material quality.
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Fig.6 Trander characteristicsof the HEM T

4 Conclusion

High quality Al GaN/ AIN/ GaN HEM T struc
tures with high mobility GaN thin layer as channel
were grown on 50mm high resistive 6H-SC sub-
strates by MOCVD. Based on these structures,de-
viceswith a 0. i m x 1L 2mm gate periphery were
fabricated succesgully. High 2DEG mobilities of
1944cm?/ (V s) at room temperature and
11588cm?’/ (V - s) at 80K were achieved with al-
most equal 2DEG concentrations of about 1 03 x
10 cm™?. AFM measurement revealed a smooth
Al GaN surface with an RMSof 0. 27nm for a scan
area of 1 m x 1M m. The device exhibited a maxi-
mum drain current density of 957mA/ mm and an
extrindc transconductance of 267mS mm. The re-
sults clearly suggest that the HEM T structureisof
high quality and is promisng in device fabrication,
due to the combined employing of the high mobility
GaN channel layer ,AIN interlayer ,SC substrate,
and optimized growth parameters.
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