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We present a study of electron scattering processes in AlGaN/GaN two-dimensional electron gases.
A theoretical study of the effect of deformation potential scattering from strain fields surrounding
dislocations is presented. The most important scattering mechanisms limiting electron transport are
identified. We find that for AlGaN/GaN 2DEGs, mobility is limited by alloy scattering at high
2DEG densities. For AIN/GaN 2DEGs, interface roughness scattering limits mobility at high densi-
ties; there is a large improvement by the removal of the alloy barrier. At low 2DEG densities,
dislocation scattering from charged cores and strain fields are the dominant scattering mechanisms.

Introduction The effect of dislocations on electron transport is generally assumed to
occur by coulombic scattering from a charged core. Here, we show that deformation
potential scattering from the strain fields surrounding dislocations is as important as the
charged core in carrier scattering. To study the effect of strain field scattering on elec-
tron transport in AlGaN/GaN 2DEGs, we evaluate the contribution of all scattering
mechanisms to electron mobility.

Dislocation Scattering in 2DEGs The effect of dislocation scattering on electron trans-
port in 2DEGs has been a relatively unexplored area. Recently, we derived the scatter-
ing rate for a 2DEG electron in the presence of a charged dislocation line [1]. In addi-
tion to the possibility of the core being charged, there exist strain fields around
dislocations. These strain fields cause a perturbation of the potential for the effective
mass electrons, and will cause scattering.

The strain field around an edge dislocation is given by
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The strain field leads to a compression/dilatation of the unit cells around the disloca-
tion. The deformation potential theorem of Bardeen and Shockley tells us that the shift
in the conduction band edge due to this is given by
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where Zj; are the components of the conduction band deformation potential tensor in
GaN. For the conduction band (CB) perturbation, the CB deformation potential EffB at
the I'-point of bandstructure is used. Using this as the scattering potential, we derive
the momentum scattering rate for 2DEG electrons in the Born approximation, using
Fermi’s golden rule. We derive the 2DEG electron mobility limited by strain field scat-
tering of threading edge dislocations to be
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where % is the reduced Planck constant, kg = \/27tng is the Fermi wavevector for the
2DEG, Ny is the dislocation density in cm~2, y is the Poisson ratio for the crystal, m*
is the conduction band effective mass, Z{® = —8.0 eV is the conduction band deforma-
tion potential, and b, is the Burgers vector for the dislocation. Ifﬁgf‘i" (ns) is a dimension-

less integral depending only on the 2DEG carrier density?).

All Scattering Mechanisms How strong is the effect of deformation potential scatter-
ing from the strain fields around dislocations? To evaluate this, we calculate the effect
of all scattering processes affecting electron mobility at low temperatures. We consider
scattering by background unintentional donors (Npak ~ 10'7 cm™), scattering by the
alloy disorder due to finite penetration of the wavefunction into the alloy AlGaN bar-
rier (this is absent for AIN barriers), interface roughness at the Al(Ga)N/GaN hetero-
junction (4 =25 A, L =10 A), scattering from remote surface donors (Nguf = 75),
acoustic phonon scattering, and dislocation scattering.

Low temperature mobility reveals important facts about impurities in the heterostruc-
ture and gives valuable clues for the design of better devices. We plot the calculated
low temperature ‘mobility map’ against 2DEG sheet density in Fig. 1. The highest re-
ported experimental electron mobilities [2] are also plotted in the same figure for both
alloy (AlGaN) and binary (AIN) barriers.

From the plot, it is clear that alloy scattering is severe, and is the main low tempera-
ture mobility limiting scattering mechanism. At high carrier densities (15 > 103 cm™2),
it starts affecting even room temperature electron transport. The reason is that electron
mobility limited by polar optical phonon scattering at room temperature is
p3RES ~ 2000 cm?/V's, and as is evident from Fig. 1, alloy scattering reaches that value
when ng exceeds 1013 cm?.

Removal of the alloy barrier by growing thin AIN layers causes a marked jump in
the mobility for high sheet densities [3]. This is depicted by a jump from the curve of
alloy scattering limited mobility to interface roughness limited mobility. In Fig. 1a, the
empty circles represent data for AlGaN barriers and the filled circles for AIN barriers.
Since this translates to a higher conductivity, introduction of a thin AIN layer at the
AlGaN/GaN interface is an attractive technique for high-electron mobility transistors.

As is evident, dislocation scattering dominates electron transport properties at low
sheet densities. Figure 1b shows the effect of different dislocation densities on maxi-
mum achievable electron mobilities. Note that deformation potential scattering from
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Fig. 1. a) Scattering processes limiting electron mobility in the Al(Ga)N/GaN 2DEG system evalu-
ated for Ngig = 5 x 103 cm~2; experimental data is also shown (circles). b) Effect of dislocation
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scattering for three different dislocation densities

the strain fields of dislocations is as important as charged core scattering. Inverted
arrows show the peak mobilities achievable for the respective dislocation densities.

In conclusion, we studied the effect of strain fields or dislocations on electron trans-
port properties. We have identified the chief mobility limiting scattering mechanisms for
various 2DEG densities. The identification of the chief scattering process in HEMTs
has led us to propose a method for an improvement of conductivity.
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