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Fig. 1. (color online) Width of w-scans as a function of
inclination angle 1 for sample 17# grown by MOCVD
and 32# grown by HVPE. The symbols are experi-
mental data and the lines are fitting curves by using

Srikant model.
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1 17%, 32% K Srikant A& S
Table 1. Parameters of samplel7#, 32# fitted by
Srikant method.

) tilt/(°) twist/(°)

*iul_é] N N N N
MAEGR  WE MASE  EE

17# 1.74 0.10 0.09061 0.00198 0.11191 0.0144

32# 1.55 0.14 0.08443 0.00158  0.15281 0.00369

van der Pauw 2 i 2 /K R MWK K H
ECOPIA 2 & ff) HMS-5000/HMS-5500 4= [ 5 4%
T R RIMAR . WA BN 1T mA, B
5.5 kG, =R 0.5 K, 5T 10 mm x 10 mm,
R AR, WY B 80520 K, AR 45 S
2 Fios.

3 HRSITE

B2 B, seot 28 A0 (10) R AR, R
PEANAH Nais A1 6, 1 (11a) £ (110) 2045 219 7]
W 48 % B 5 XRD J7 v 45 R A 1R 4T 1) — Bt

AT % SCHR 8] I R IERE & i it A7 1 U4,
AL il AU, & B, T HAZES % 2 5 EPD 45 R
A, sk 2 frd).

240
i 5.2 1
2 200f £
| )
> S
L o160t 48 o
o
K ™
= 32 i (A 3L H4.4
5 120 ;z’gxﬂf&( ) o 32* i (A) $
= A LTHRERL (A0 A 1THRRSR(AR0) =
H g Rl 10 B
< u D # AL (SCHR[8]) %
i ARSI [
40 13.6
0 100 200 300 400 500
/K

B2 (MR G) ASCTist 17#, 327 B /RIERE %
OEEES

Fig. 2. (color online) Experimental (points) and model
(solid lines) mobility for sample 17# and 32#. The
latter is determined by a least-square fit to our shal-

low donor energy relaxation calculation method using
Eq. (10).

#2 XRD 2 EPD siin g R 58 A a4 R iR
Table 2. The dislocation density comparison from the experimental values and our model values through
fitting ppy vs T data (unit: 108 cm=2).

— ARTE XRD 8k EPD S2i 45 5 AR SO IR ITR UG 45 R
BEE/um R Bk LA AL VA S SE AT XA = EPA DA ps¥ivk:d
L7#[A ] 525 ~ MOCVD  Si 2.1 8.6 10.7 1.8 8.5 10.3
327 A 6.73 HVPE 1.9 16.1 17.9 2.2 14.5 16.7
D8] — MOCVD  Si — — 20 2.1 15.3 17.4

#3 SRR (17#, 327#) SRR MR (27, 627) iR LLiK
Table 3. The strain comparison between the Mott transition materials (17#, 32#) and the material without
Mott transition (2%, 62#).

s (002)/(°)  (004)/(°)  (102)/(°)  (204)/(°)  a/nm  c/nm  AKFRAE/%  BEMNAE/%
17# 179128 37.0610 24.0515 54.6089  0.3183  0.5191 —0.18 0.11
32#  17.8530 37.0075 24.0557 54.6096  0.3184  0.5190 —0.16 0.10
2%# 17.3331 36.4814 24.0530 54.6159  0.3183  0.5190 —0.20 0.11
62#  17.6387 36.8115 24.0534 54.5966  0.3188  0.5185 —0.04 0.01

750 2 2, o T SSRR A, BB R
TR T 10 cmS, BB E R IET
300 cm™2/(Ves). T S HE R B A 5 0 2 R A
YT IREE (IR T 10" em). 178 AT R b RLA
o EE A, L, (U SRR TR AT

B2 S HA R FALE B, 4, 25
FRATT P AR AL P38 AR K, e A o i
— D PR AEAA RN 117 Rk, AR 17#, 32#
FEMEEAT T w-20 4344, 23 A& T (002), (004),
(102), (204) PUAS & T HOATES AT, ansk 3 s, R
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FEAR, (10) W 2B W s R E. oA (10) 20
®W, REBTEN, ERIERE TS B EE
Wi, BERIER R E MR % S AR, BRIER
A 1WA AR 8 2 v, AT AR O b B 5
E. Nk, FRATT STk [4] B I & 45 SR 3t 1T 73
&, i 3 Fis. Mavroidis 25 14 X #E 5 No. 1#HT
T =R %, JEE 118 um S JE I8N 0.94, 0.82,
0.56 um, HAEEHE4T 7 IYK van der Pauw A2k E
IRBEMR, F R A
_ (nsbib — nsafta)®
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THE T 201 3 2 0 IR IR FE RV IRER oy,
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(12a)

(12b)

JERVEIRITFE R, nga, pa T~ 21105030 1) — 22 4%
MFIREAERITBE,; ¢ Rt R, asR
KW, TGHLIHIR T A ARG, FFRess A
WEME, Wk 4 fral). Horb 7] IR A7 RS 5 B iR 2 H
RS

o (5 + 2)A-Z\Tdis NdisAB
A]Vedge - 1+ ﬁ (1 + 6)27 (138“)
A]\/vdis NdisA/B
A]\fscrew = ) 13b
1+8  (1+p)? (136)

LR ANgis, AB G4 .

A 118 um (20 ' | B

320 F v 0.94 um (GELRANHUS) a/ﬂ/g/fnT\B\

< 0.82 pm (SR ZIME) g

a0} > 036 pm@%mzum@/aﬂf |

; oo | ABIREIME )

5 200t g
o
3

# 160 | -

% |

% 120 F 0 0.24 pm(MEEMEEZ) -

i 0 0.12 pm(fH=AYFE2ZE) |

80 L ¢ 0.26 pm(PHEAYESZ)

ARSCREAS A 2
0 50 100 150 200 250 300
E /K
3 (MTEM) (10) 6 STk [4]) i & 4L 3 IRZh T

B R MR GRS
Fig. 3.
(points) of sample No. 1 from Ref.[4] fitted using
Eq. (10).
etch to 0.94 um; <, after second etch to 0.82 ym; »,
after third etch to 0.56 um.

(color online) Experimental pg vs T data

A, as grown, 1.18 um thick; Vv, after first

4 OCHK[4] No. 1FEd (I813) RIIE 28, J) MR AR 3 L M 22

Table 4. Fitted parameters of sample No. 1 from Ref. [4] (Fig. 3.) and our calculation values based on error theory.

1.18 um 0.94 pm 0.82 pm 0.56 pm
JERE 1 RZE 5 2 REIM S 5 3 REIM S
Ngis/10% cm—2 4.8940.02 6.5540.03 6.9140.04 7.61£0.06
8 5.67+£0.08 5.3740.06 5.4240.07 5.3940.09
ep1/meV 15.140.02 13.940.2 13.840.2 13.740.3
ep2/meV 58+1 671 68+1 7242
Nicrew/108 cm—2 0.73+0.01 1.0340.01 1.0840.02 1.1940.03
Nedge/108 cm™2 4.1640.05 5.524:0.07 5.834:0.08 6.440.1

MR A W] R, B R0 IS, AW AL 44 1k
TR AL, 7R BB, (H B AR,
R T RAL AR 2B T B P AL A —F 7).
WA A SR B AR, R R L v i T e 4k
Epi1, Epy b sish A H B 2RI, T SCR [4] 1)
TEAE A RO IR — EL4ERFAE 108 cm 3 LA BJF

T A, XK, SRR S A R AL FE
FATLE I Rode AR % 101 315 0% (= IR 3 T
WENG6.9x10' em ™3, (7AE % E N 1.4x10° cm—2)
S — BRI TR E 1017 em 3 B RRE B R I
TR 20 PR B e VR B, RSP T R AR
7, R Y OB R, A SO 4 RE S AL
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Fig. 4. Ionization energy of shallow donor versus its

concentration from Table 4.
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Abstract
An analytical model for electron mobility in a class of wurtzite n-GaN, whose carrier concentration is over 10*® cm™3
(Mott’s critical limit), is developed. With the dislocation density and two donor levels serving as the important parame-
ters, the proposed model can accurately predict the electron mobility as a function of temperature. The edge and screw
dislocation densities in two samples, which are respectively grown on sapphire (001) by metal organic chemical vapor
deposition and hydride vapor phase epitaxy, are determined by using this model which is discussed in detail. It is shown
that the data-fitting of pn-T' characteristic curve is a highly suitable technique for accurately determining the edge and
screw dislocation densities in n-GaN films. Quantitative analyses of donor concentration and donor activation energy

—3 much lower than the critical

indicate that the impurity band occurs when the carrier concentration is under 10'7 cm
carrier concentration of Mott transition (10'® cm™2). Such a behavior can also be confirmed by the results from solving
the Boltzmann transport equation by using the Rode iterative method. Another anomaly is that the dislocation density
in Mott transition material perhaps is lower than that of material with carrier concentration under 10*® cm™3. This
fact indicates that the cause of Mott transition should not be the shallow donor impurities around dislocation lines, but
perhaps the deeper donor impurities or other defects. In the theoretical model calculation, two transition characteristics
together with the donor distribution and its energy equilibrium are taken into account. Based both on the Mott transi-
tion and the H-like electron state model, the relaxation energies for the shallow-donor defects along the screw and edge
dislocation lines are calculated by using an electrical ensemble average method. Besides, an assumption that should be
made is that there are 6 shallow-donor defect lines around one dislocation line. The research results show that the Hall
mobility should be taken as the live degree of the ionizing energy for the shallow-donor defects along the dislocation
line. The experimental results indicate that our calculation function can be best fit by the experimental curve, with the
values of dislocation density being between our model and others determined by X-ray diffraction or by chemical etching
method, which are all in good agreement with each other. The method reported can be applied to the wurtzite n-GaN
films grown by various preparation technologies under any condition, with the peak-mobility temperature about or over
300 K, whose Hall mobility near 0 K perhaps is over 10 cm?/(V-s) and even 100 cm?/(V's).

Keywords: gallium nitride, Hall mobility, dislocation density, Mott transition
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