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Fig. 1. (a) Thermoionization of the impurity around the edge dislocation; (b) ionization by

collision with the conduction band electron of the impurity around the screw dislocation.
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Table 1. Material parameters of wurtzite n-GaN.

SRR AL ZHUE
FANHE S ko /eo 10.4
ML RS m/mo 0.22

e TR wpo /meV 91.2
c il A A% 4/ nm 0.5185

TEE RIS B, it Re = it R v] B R v
SPHRIRES, R rT LA B TR R 1 B RE R
# pn, YA Nais, €p1, ep2, B NZHUT (11) XX ER
TR T BEAT IS, RIATA3 2RO L T) 6L

R
Nscrew = Ndis/(/B + 1)7 (12&)
Nedge = 6Ndis/(ﬁ =+ 1) (12b)

22 £ W

PISEERFE Ay 027 JE 24 2.75 um, MOCVD
JEEKRS S, 627 JE R 373 um, HVPE J7i%
ERKESCHERYES R KA ZHEA R X
Pert Pro MPD & X S 2B AT 5 AR 1 2 4 & T )
% (FWHM), MAZE SR A 2 fros. H Srikant
J7 5 OV ) A A3 51 27 TH Y AL A (bwist), THIAMBTRE
1 (tilt) 7379024 0.13885° F10.07182°, 15 7] MR {7 4
BEA Nedge = Blaist/ (4.35b24,.) = 1.3x107 cm 2
M Nocrew = B%,/(4.3502,,0,,) = 1.3 x 10% ecm™2;
T 627 T A 1 5% # (twist), T 451 &F A (tilt) 7>
5l 29 0.03721° F10.01896°, 3 71, MR AL %5 &N
Nedge = 95107 em™2 Fl Nyerew = 9.4x10% cm=2.

(o)
(302)
0.14 7
0.12 | (101)  (201) -
o 010 O 02%: MOCVDESikES: |
= L . g ) A
E 0.08 H002) Srikant J7 G i
£ L ® (2% HVPEH ZHFES
& 0.06 Srikant J7iEIA 7
0.04 | (203) 7
r(002) (104) (302)
0.02 i ooy (102) i
0 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n

0 10 20 30 40 50 60 70 80 90 100
i/ (°)

B2 (MTIRR) 027, 627 F 5 & b w5 S A A L R
Fig. 2. (color online) Width of w-scans as a function of in-
clination angle ¢ for sample 02# grown by MOCVD and
62# grown by HVPE. The symbols are experimental data,

and the lines are fits to them using Srikant model.
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Fig. 4. (color online) Comparison between the fit to all
the experimental FWHM and that to part (excluding
(203)) using Srikant mode for sample 62%#. The solid
curve is the fitted total FWHM curve, including (203),
while the dashed curve fit to part, excluding (203).
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Fig. 5. (color online) Experimental pyp vs. T datas

(points) of 4 samples from [13-15] fitted in terms of

relaxation energy for shallow donor using our Model

(solid lines). The dislocation density of these samples
has been determined by EPD.
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Table 2. The comparison of dislocation density between the experimental values and our model values

through fitting of pug vs T data (unit: 108 cm™2).
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Abstract

We develop a new method to determine the edge and screw dislocation density in wurtzite n-GaN film. The method
is to fit the van der Pauw variable temperature Hall-effect measurements with a analytic expression of low-field electron
mobility in n-GaN. Our calculations take the comprehensive effect between the dislocation line and the shallow-donor
defects as the main cause to depress the carrier mobility. Because of the crystal distortion near the dislocation line,
the energy is so high that shallow-donor defects in the GaN crystal can be captured near the dislocation line. In other
words, the shallow-donor defects distribute in lines along the dislocation line, but the shallow-donor defects along the
screw and edge dislocation line have different energy levels. The shallow-donor defects take energy from lattice and
the carrier, which is in relaxation process, then deliver the energy through ionizing. So, it is found that the following
assumptions need to be made in order to obtain the model function for the mobility over a wide temperature range: i)
there are 6 shallow-donor defect lines around one dislocation line; ii) two donor energy levels belonging to the screw and
edge dislocation respectively must be taken into account; iii) the exchange energy between the carrier and the shallow-
donor defect is Aiwr,o, the energy value of polar optical phonon. Under these assumptions, experiments indicate that our
calculation function can fit the experimental curve best. The values of dislocation density from our model and others
determined by x-ray diffraction or by chemical etching method are in good agreement, and the values of donor energy
levels from our model and Rode iterative method to solve the Boltzmann equation are also in good accordance with
each other. This method is applicable for the wurtzite n-GaN films grown by various preparation technologies under any
condition, which is for the sample with the peak-mobility temperature about or under 200 K, not for the sample with
the peak-mobility temperature about or above 300 K, which room-temperature mobility usually is about or less than
100 cm?/(V-s).

Keywords: gallium nitride (GaN), Hall mobility, dislocation density, rode iterative
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