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Fig. 1. Illustrations of a mosaic layer structure with the

lateral coherence length, tilt in (a) and twist in (b).
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Table 1. w-FWHM of reflections of sample 59%, 60#, 12# (unit: (°)).

FTs (002)  (004) (006)  (105)  (104)  (103)  (102)  (203) (101)  (201)

s A/ (°)  0.00 0.00 0.00  20.58 25.14 32.04 43.19 51.38 61.96 75.09

59%# 0.07068 0.07056 0.06222 0.07777 0.07776 0.07959 0.08514 0.09102 0.09463 0.09843
FWHM 60# 0.06522 0.08278 0.06667 0.07823 0.08210 0.07958 0.08670 0.09011 0.09578 0.09710

12# 0.12244 0.08230 0.07010 0.12661 0.11353 0.11178 0.10590 0.10821 0.08823 0.08484
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Fig. 2. (color online) Width of w-scans as a function

of inclination angle 1 for sample 59%# and 60# grown

by HVPE. The symbols are experimental data and the

lines are fits to them by using Srikant model.
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model(solid lines) mobility for sample 59% and 60%;

(color online) Experimental (points) and

the latter is determined by a least-square fit to mo-
bility model through using Eq. (3b) and (3a), respec-
tively.
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£2  FER 597, 60%, 12% 45K Srikant 7% W-H 595 ST R LA 345 MR 45 SR 10tk
Table 2. The comparison of dislocation densities of sample 59%, 60%# and 12# determinated from the fitting

methods including the Srikant, W-H and mobility, respectively (unit: 108 cm=2).

oy ERKTZE Srikant 7% W-H J7ik ERITREMS

" JEE /um R B BHEEE JINEEE AR WA Y WA TN B R
59%  5.45 HVPE Si 1.3 7.2 8.6 0.87 2.8 22.5 24.6
60%  3.89 HVPE JEf= 1.1 6.7 7.8 1.2 1.5 6.9 8.4
12# 773 MOCVD  Si — — — 0.50 0.39 8.0 8.4

Bl 4 v 597 A i I AEE B4R b 607 R — A
s, AR R/ (BT Y A% K L /) 9 796 nm,
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A, AN TEBUR A o B 90° fdh, H o
/N P o T 428 428 il 4D B8RO, TR, FWHM B
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Fig. 4. (color online) W-H plot, Ag, (FWHM along
g direction) versus g, for a series of symmetric re-
flections for samples 59% (filled circle), 60% (open tri-
angle) and 12# (filled square). For the three sam-
ples, the mean mosaic tilt estimated from the fitting
are 0.0579°, 0.0676° and 0.0439°, respectively. The
straight line is a fit using Eq. (2).
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1.5 pm PAF5 AN B k). R R B A i R
T AR, SRR AR R R AL S
LR B 10% BAF, 40 S 200 i S AL B A, D0t
L)AL A 50U £ 22 B Brist / Beine KT 2.0,
B, T Bowist/Beite = 2.0 7E A Srikant 77 74 M 2&
o AEm AR, S0, R — 22 W-H 7V e
Ly, > 1.5 pm, 7 RER DRI A AE R 1.
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Fig. 5. (color online) Width of w-scans as a function of

inclination angle v for sample 12# grown by MOCVD.
The symbols are experimental data and the lines are

guides to the eye.
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Fig. 6.
model(solid line) mobility for sample 12# grown by

MOCVD; the latter is determined by a least-square fit
through using Eq. (3b).
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Abstract

Dislocation densities of two hydride vapor phase epitaxy-grown hexagonal GaN samples, which are Si doped and
unintentionally doped respectively, are determined by triple-axis X-ray diffractometry and van der Pauw variable tem-
perature Hall-effect measurement. The dislocation densities of these two samples should be at the same level from the
X-ray testing, the w-FWHM (full width at half maximum) values of all corresponding reflections for these two samples
are almost the same. But from the Hall-effect measurements, the dislocation density values should be different from each
other remarkably, because the unintentionally doped sample belongs to Mott transition material, while the Si-doped
one does not. This fact indicates that the X-ray testing is perhaps inaccurate under some conditions, although the
triple-axis X-ray diffractometry is a highly suitable technique for discriminating different kinds of structural defects such
as edge and screw dislocations that lead to characteristic broadening of symmetric and asymmetric Bragg reflection.
The experimental result obtained so far (say, for hot-electron bolometer) shows that the dislocation density value from
mobility fitting model is in good accordance with that from w-FWHM fitting using Srikant method. The anomaly that
the dislocation density from w-FWHM fitting is much lower than that from mobility fitting for the same sample (sample
59%), indicates that dislocations located in grain boundary may not be tested by triple-axis X-ray diffractometry. Ac-
cording to mosaic model, the layer is assumed to consist of single crystallites, called mosaic blocks, which are assumed
to be slightly misoriented with respect to each other. The out-of-plane rotation of the block perpendicular to the surface
normal is of the mosaic tilt, and the in-plane rotation around the surface normal is of the mosaic twist. The average
absolute values of tilt and twist angles are directly related to the FWHM values of the corresponding distributions of
crystallographic orientations. So, the X-ray testing can determine the average orientation of the grains with the same
interplanar distance, excluding the information about the grain boundary at which X-ray cannot interfere because of
disdortion of lattice. The experimental results and calculation analyses indicate that the dislocation density value from
Srikant model is accurate when the ratio of twist angle to tilt angle exceeds 2.0, or the magnitude of the lateral coherence

length is larger than 1.5 pm.

Keywords: gallium nitride, high-resolution triple-axis X-ray diffraction, dislocation density, grain

boundary
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