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GaN-based materials with wide band gap and stability at high temperature are suitable for high-temperature
and high-power devices. However, large number of threading dislocations (TDs) existing in GaN will perhaps
prevent device quality from further improving. These TDs mainly result from mismatch between GaN and
substrate. Low temperature buffer technology has greatly improved GaN quality. After that severa methods have
been experimented to improve further. For example, epitaxia lateral overgrowth, pendeoepitaxy and double buffer
layers method exhibited reduction in TDs. In recent years, isoelectronic Indium (In) doping has been used to
improve the quality of epilayers“’z]. In this paper, we will report the effects of In-doping in GaN on two
dimensional electron gas (2DEG) in AlGaN/GaN heterostructures. We found that In-doping is effective for
improving electron sheet density of 2DEG. Wet chemical etching indicates that In-doping improved crystaline
quality of GaN. It is proposed that In-doping modified growth kinetics and improved quality of GaN.
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Fig.1. schematic diagram of AlGaN/GaN heterostructure.

Table 1. Doping situation and layer thickness of heterostructures:

sample A B C D
AlGaN layer UD",40nm UD,40nm S-MD™, 60nm Si-MD, 60nm
GaN layer In-doped, 133nm  UD, 200nm  In-doped, 133nm UD, 200nm

Notes. *UD denotes unintentionally doped.
** Si-MD denotes Si modulation doped at middle 20nm of the barrier, upper and lower 20nm barriers act as
spacers.
***|n-doping reduced growth rate, so that In-doped GaN is thinner than undoped GaN.

contribute to conductance™, but the 2DEG in upper heterojunction dominates the conductance. In AlGaN layer,
Al content was estimated to be 0.2. Electrical properties of the samples were measured through Hall
measurement.  Wet chemical etching was performed to investigate crystalline quality of GaN because the etch pit



is related to defects sites ! . Scanning electron microscope (SEM) was applied to determine etch pit density
(EPD) through plan view and growth rate through cross-section view.

Electrical properties of the sampleswerelisted intable 2.  We can see from the table that: (1) The mobility of
sample B is higher than that of sample A at room temperature and 77 K, while sample A has 1.4x 10" cm? higher
electron sheet density than sample B; (2) Sample C has higher mobility and electron sheet density than sample D.
Difference of electron sheet density between C and D is around 1x 10"cm%; (3) Sample A and D has almost the
same electron sheet density, while mobility of sample A is higher than that of sample D. All of these results

Table 2. Electrical properties of the heterostructures:

Sample RT Mohility RT Electron sheet 77K Mobility 77K Electron sheet
(c’IV's) density(cm?) (c’IVs) density(cm?)
A 1132 2.36x 10" 4322 2.26x 10"
B 1258 9.14x 10% 4497 8.72x 10"
C 1204 3.4x 10% 3583 3.04x 10"
D 1166 2.38x 10 2829 2.26x 10"

indicate that In-doping in GaN enhanced 2DEG performance through increasing electron sheet density without
Si-doping.

Wet chemical etching shows that EPD in In-doped GaN is much lower than that in undoped GaN (Photos not
shown here). We can estimate from SEM observation that EPD of In-doped GaN is 4x 10'cm® while that of
undoped GaN is 7x 10%cm, and it can been observed that average size of etch pits in In-doped sample seems
smaller than that of undoped GaN. These characters show that In-doped GaN is more resistive to etching. This
shows that In-doping reduced defects and improved crystalline quality of GaN. And it should be benefit for
improving mobility of 2DEG. However, effect of In-doping on mobility is not as significant as reduction of EPD.
Mohbility is influenced by many factors other than crystalline quality. Perhaps improvement of GaN crystalline
qudlity is counteracted by other factors. This problem is till under investigation.

SEM cross section view shows that In-doping significantly reduced growth rate of GaN from 1.2nm/hour to
0.85mvhour. This indicates that In-doping modified growth kinetics. Chung™ proposed that In-doping prevents
Ga atoms from incorporating and local V/  ratio near growth surface is higher than input. This benefits for
improving GaN crystalline quality. Chung!® also reported that deep levels were reduced by In-doping. So that it is
reasonable to assume that electron increasing results from reduction of electron traps. And, increasing of electron
sheet density is benefit for screening ionized scattering. So that, mobility improvement may partly resulted from
increasing of electrons.

In summary, we found that In-doping enhanced 2DEG performance by increasing electron sheet density. Wet
chemical etching shows that In-doping improves crystalline quality of GaN. SEM observation shows that
In-doping reduces growth rate of GaN, which could be attribute to modification of growth kinetics of GaN.
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