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Growth optimization of GaAs-based InAs/AlSb 2DEG structure

CUI Xiao-Ran'?, LYU Hong-Liang', LI Jin-Lun*?,

SU Xiang-Bin™?,

XU Ying-Qiang™’*, NIU Zhi-Chuan®"’

(1. School of Microelectronics, Xidian University, Xi’an 710071, China;
2. State Key Laboratory for Superlattices, Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China;

3. College of Materials Science and Opto-Electronic Technology, University of Chinese Academy of Sciences, Beijing 100049 , China;

4. Department of Missile Engineering, Shijiazhuang Campus, Army Engineering University, Shijiazhuang 050003, China;

5. Institute of Photonics and Photon-Technology, Northwest University, Xi” an 710069, China)

Abstract: InAs/AlSb two-dimensional electron gas (2DEG) structures were successfully grown by MBE equip-
ment. 2DEG characteristics of samples were improved by optimizing the the thickness of AlGaSb buffer layer, the
thickness of InAs/AlSb interface layer, and the thickness of AISb spacer. The InAs/AlSb 2DEG structure sample
with an electron mobility of 20500 cm®/V - s and a sheet electron density of 2.0 x 10'*/cm’ were achieved when
the thickness of AlISb spacer is fixed at 5 nm. It provides a reference for the research and fabrication of InAs/AlSb

HEMT.
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WE: RA 4 FKIER A (MBE) SMFELK T InAs/AISh — 4 FREMFER. HLR AR Y, B
AlGaSb % = )8 £ 0 InAs/AISh A& B E % AISh I8 5 2B, 2RI Xt T AR Z 4 F R4 T A,
FEBEEELNS om i, KE T FRE FEHE N 20500 em’/V - s, B HE AT FE 2.0 x10%/em’ #
InAs/AISb = % i T R &M &, & InAs/AISh & b T3 H X &R & T Rl &R HET S5FKE.
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Introduction

The first high electron mobility transistor ( HEMT)
is fabricated with GaAs channels and AlGaAs barriers in
1978""%). Since then, several material systems like
InAs/AlSb have been studied. The combination of InAs
and AlISb leads to a staggered band lineup (type-II) as
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well as one of the largest conduction band discontinuities
among I11-V based heterostructures”. Such a deep
quantum well allows excellent electron confinement, high
electron concentration and enhanced radiation tolerance.
There are also high values of carrier mobility, saturation
velocity, and electron sheet charge density in an InAs
channel'®”’. InAs/AlSb HEMTs exhibit similar perfor-
mance as the established InGaAs/InAlAs HEMT at one-
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fourth of its power dissipation. All these advantages make
InAs/AlSb material system a promising candidate to ap-
ply in high-speed devices and low-power circuits'*'"!.

However, due to lack of zinc blende insulating sub-
strates with lattice constant matched to InAs, S.1. GaAs
substrates are used for the growth of InAs/AlSb HEMTs
widely, which causes 7% lattice mismatch between an
InAs channel and a GaAs substrate.

In this study, InAs/AlISb 2DEG structures are
grown on S. I. GaAs (100) substrates by MBE. The
growth parameters are optimized by series of experiments
to achieve better performance.

1 Experiments

In this study, all samples were grown on S. 1. GaAs
(100) substrates. The growth temperature represented
thermocouple temperature. To monitor deoxidization, in-
situ reflection high energy electron diffraction (RHEED)
was used. AFM was used to measure surface morphology
in contact mode. Electron mobility and sheet electron
density were measured by Van der Pauw measurement.

The structure of InAs/AlSb 2DEG was shown in
Fig. 1. After oxide desorption process, GaAs buffer was
deposited. Then AISb and AlGaSb buffer layer were
grown. On the buffer layer, AISb/InAs/AlSb sandwich
structure was deposited. Due to the amphoteric behavior
of silicon in III-V compounds''’ | there was an InAs lay-
er for Si doping. InAlAs etch stopper and InAs capper
were grown subsequently.

Fig.1 Structure of InAs/AlSb 2DEG
1 InAs/AlSb 4t r T/ 454

2 Results and discussions

2.1 Thickness of AlGaSb buffer layer

Since the thickness of AlGaSb buffer layer has an
influence on surface morphology, samples (a-f) were
grown at different AlGaSb buffer thickness (100 nm, 250
nm, 500 nm, 750 nm, 1 um, and 1.5 pm). As shown
in Fig. 2, after deoxidization and 200 nm GaAs buffer
layer depositing, AISb buffer and different thicknesses of
Al ,sGa, »5Sb buffer were grown on S. 1. GaAs substrate
at growth rate of 0. 67 ML/s. Then a 5 nm GaSb layer
was deposited on Alj ;s Ga, ,s Sb buffer layer to prevent

oxidation.

Fig. 2 Schematic diagram of GaAs/AlSb/AlGaSb/GaSb
buffer layer
B2 GaAs/AlSb/AlGaSb/GaSb 2% )2 /R E K

The surface morphologies of a series of samples are
shown in Fig. 3. From these images, there are pyramidal
mounds on the surface of AlGaSb layers. These mounds
are formed by monolayer spiral steps centered around
screw dislocations originated from the interface between
the AISb and GaAs'"'. Such kind of images can also be
seen on the surface of InAs or GaSbh epitaxy on Si sub-
strates' "™ These abreast mounds show rectangle ba-
ses. With AlGaSb thickness increasing, heights of the
mounds get lower and fissures resulted from the boundary
of neighboring mounds coalesce. The RMS values of the
samples are shown in Fig. 4. From Fig. 4, we can see
that sample (e) is the smoothest one. It can also be
found that from 100 nm to 1.5 pm, the RMS values de-
crease and the surface gets smoother.

Fig.3 AFM images of AlGaSb grown at various thickness.
(a)100 nm, (b) 250 nm, (c¢) 500 nm, (d) 750 nm, (e)
1 pm, and (f) 1.5 um
K3 R[EJEEERY AlGaSb 22 vh 2[5 77 Wb i il ik B
(a)100 nm, (b) 250 nm, (c¢) 500 nm, (d) 750 nm, (e)
I pm, and (f) 1.5 um

However, due to the conductivity of AlGaSh is rela-
tively higher than AISb, thick AlGaSb buffer layer will
cause current leakage problem. As shown in Fig.5, with
the increasing thickness of AlGaSbh buffer, [ of InAs/
AlSb HEMT increases. Considering the current leakage
problem caused by thick AlGaSh buffer layer, the proper
thickness of the AlGaSh buffer layer is determined to be
250 nm.

2.2 Interface thickness between AISb and InAs
As shown in Fig. 6, AlSb/InAs/AlSb structure was

grown. InAs capper layer was deposited on AISb barrier

of
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to prevent oxidation. In AlSb/InAs/AlSb sandwich struc-
ture, there is no common cation or anion between AlSb
and InAs. And electron mobility of the sandwich struc-
ture with InSh-like interfaces is higher than the structure
with AlAs-like interfaces'”?'. The InSh-like interface is
adopted in this structure, and the shutter sequence is
shown in Fig. 7. Since the thickness of interface can also
affect electron mobility, samples (a-d) were grown at
different interface thickness (2 nm, 3 nm, 4 nm, and
5 nm).

Van der Pauw measurement results of samples (a-
d) are shown in Fig. 8. From Fig. 8, electron mobility
gradually decreases from sample (a) to sample (d) with
the increased thickness of interface layer. In this work, 2
nm InSh interface is the proper thickness which can
cause the decrease of electron density near the interface.
The decrease of the electron density near interface can
reduce the interface scattering. This makes high electron
mobility in InAs channel.
2.3 Thickness of AISb spacer

Since the thickness of AlSb spacer has influence on
electron density and electron mobility in InAs channel, I-
nAs/AlSb 2DEG structure samples (a-d) were grown
with 3 nm, 5 nm, 7 nm, and 9 nm AlISb thickness. With
a 5 nm AISb spacer, the typical electron mobility of
InAs/AlSb 2DEG structure is 20500 ¢m®/V - s, and the

Fig. 6
structure
K 6 AlSb/InAs/AlSb = B4 45 2K

Schematic diagram of AlSb/InAs/AlSb sandwich

Fig.7 Shutter sequence used to grow InSb-like interface
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Fig.8 Electron mobility versus InSb interface thick-
ness (a)2 nm, (b) 3 nm, (¢) 4 nm and (d) 5 nm
€18  R[W)JE R InSb Fif (9 1 T 1B B Fa M 45 2R
(a)2 nm, (b) 3 nm, (c) 4 nm, and (d) 5 nm

sheet electron density is in the range of (2.0 +£0.3) x
10”/em?’.

As shown in Fig. 9, electron sheet density decreases
with the increasing AlSbh spacer thickness. Electron mob-
ility increases from 3 nm to 5 nm AISbh spacer, then de-
creases from 5 nm to 9 nm AlSb spacer. When the spacer
thickness increases from 3 nm to 5 nm, fewer electrons
transfer to InAs channel from Si doping layer. Therefore,
the ionization impurity scattering is reduced, and elec-
tron mobility increases. And with the increasing thick-
ness of AISb spacer, the confinement ability of quantum
well weakens, which results in a decrease of the electron
mobility .

3 Conclusions

Al, ,sGa, ,5 Sb is designed as a buffer layer to ac-
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Fig.9 Electron mobility and sheet density versus thick-
ness of AISb spacer. (a) 3 nm, (b) 5 nm, (c) 7 nm,
and (d) 9 nm

K9 A[EEERE AISb B &g 2= 9 & RIS R (a) 3
nm, (b) 5 nm, (¢) 7 nm and (d) 9 nm

commodate the large lattice mismatch between AlSb/I-
nAs/AlSb sandwich structure and the S. I. GaAs sub-
strate. The proper thickness of Al ,;Ga, ,5Sb buffer layer

is determined to be 250 nm leading to improved surface
morphology and less leakage current. Due to interface
layer thickness between AISb and InAs has an effect on
electron mobility, the thickness of InSh was investigated
and the optimum thickness of InSb interface layer is 2
nm. The proper thickness of AISh spacer is about 5 nm.
And the electron mobility of InAs/AlSb 2DEG structure
is 20500 ¢cm’/V - s with a sheet electron density of 2.0
x 10”/cm’. High-quality InAs/AlSb 2DEG structures
were grown in this study and this type of device has po-
tential application in high-speed and low-power inte-
grated circuit design.
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