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Fig. 1. (color online) Atomic configuration of the wz-(a) and zb-(b) GaN/AIN SL and the possible locations

of cation and anion antisites are denoted.
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3.63%, AT E I FAE R EME N 2.10%. NEZ
HrufihiR 7 G54 o BN JE AL B, B F AR A AN
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N [t B 2s 5 2p Z (AN HE R AR, 39K T e
i 08, AR BRI, (EIX AN T i 5 4G
BRI A, BATIEARBIRIB IR LB A B
™45 1) GaN /AIN 55 A% 14 2 0 B B, v B
B 43752 1.564 eV F10.716 eV.

X RAB AL B0 N B 25 44 1) GaN /AIN
SRR, Mg, Si 70l B 071525 EiR WA A& &5
AT SR, TR G R K 2 5. BAJE kR
A BARI LA 5 2 X B, PR A BEAG A . ) SR 56
BRI LAME NS5, (HN F3R 7 20t 543 1
BN SRR I AN S T DU I, FiTid FH 7 iR
HAERZETTUMENSER. WNR2PITLEH, &
[ (145 28 AR R AHRT T R B 2RI s R RECH L T
i R R, X BRI B TR AR A
K&, Mg (0.65 A) 5 T4 L AP (0.50 A)
FGa’t (0.62 A) BT EREKR, BALWGRBAE
SERIEIG TSIt (0.42 A) B TS TR K
AT (0.50 A) FlGadt (0.62 A) BR8N, (H
& SitT BT AL Ga BT IAES B, 5 NE

THHFBOR, BB )E, SABNETH
SUERASIEZAK. 28 LRTE, 2% )5 51 R K
ARG

R RTINS G HLA AIN AT GaN [ 5% 4

a, c X c/alth, WHSH u, W Eg

Table 1. Lattice constant (a, c), the ratio (¢/a), in-

plane parameter (u) and energy gap (Eg) for wz-GaN,
wz-AlIN, zb-GaN and zb-AIN at 300 K.

a/A ¢/A  ¢/a u Eg/ eV

wz-AIN

K'Y 3.119 4.991 1.600 0.385 4.175
CHR[27]  3.134 5.001 1.596 0.383 4.210
XHk[24]  3.113 5.041 1.619 4.245
CHA 28]  3.110 4.994 1.606
SEHG 29, 30] 3.112  4.982 1.601 0.385 6.250
wz-GaN

AL 3.186 5.176 1.625 0.376 2.033

R ([27]  3.227 5.260 1.630 0.377 1.810
TR [24]  3.245 5.296 1.632 0.376 1.450
R [28]  3.199 5.226 1.634 0.377

LB [29]  3.189 5.185 1.626 0.376 3.510
zb-AIN

AL 4.365 3.179(A1$%)
SCHR[27) 4.399 3.460([H)#%)
SCHR[24]  4.394 4.130([14%)
CHR[28)  4.390

S [29]  4.380 5.340([714%)
zb-GaN

AL 4.460 1.947
CHR[27)  4.565 1.660
CHR[24]  4.590 1.280
SCHR (28] 4.538
SEHG 29, 31] 4.500 3.299

K2 R AINEY Gk GaN/AIN B8 & 7R R I
R a, o/ A

Table 2. Lattice constant (a, ¢) for wz-GaN/AIN and
zb-GaN/AIN at 300 K.

ST B L R B B S
KB% BMg BSi KBk BMg B
a 3.179 3.186 3.182 4.46 5.982 5.944

c 41.104 41.228 41.167 33.840 33.840 33.840

3.2 TEREE

N T HRRABIAE GaN /AN # fi i 1k 2 rh 4248
fofase tk, FATHF 7t Mg, SiJR T35 NIX P i i
AR R JR T B AE. 2% 53 IR A I 2% T L
AR AL o T 1) M 2 FR P, T R R K 2 I 2% I
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] ]
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Position
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GaN/AIN j# G AN R AL B 10 2% B A A
Fig. 2. (color online) Defects formation energies in wz-
and zb-GaN/AIN SL by replacing different positions.
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3.3
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(b) i — TDOS
. : /.f/
Al : s
2 b~ op

PDOS/states-eV 1!
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R (a) LHEERSiH; (b) N 45
Fig. 3.

(color online) TDOS and PDOS for ideal structure of wz-GaN/AIN (a) and zb-

GaN/AIN (b) and the Fermi level keeps at zero point.
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Fig. 4. (color online) PDOS for Mg-substition of wz-GaN/AIN SL: Mg substitute for Al4 (a), Ga8 (b), Al13
(c) of Fig. 1. (a); Mg substitute for Al4 (d), Ga8 (e), Al13 (f) of Fig. 1. (b).
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Fig. 5. (color online) PDOS for Mg-substition of zb-GaN/AIN SL: Mg substitute for Al4 (a), Ga8 (b), Al13
(c) of Fig. 1. (a); Mg substitute for Al4 (d), Ga8 (e), Al13 (f) of Fig. 1. (b).

107303-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % ]  Acta Phys. Sin. Vol. 64, No. 10 (2015) 107303

0.4
(a) s | (®) s [© s
-~ -p - - P -~ -p
I
0.2
i
! W ]
?.., Wi
8 b \
N
2 04 N =
@a (d) s |(e) s [ () s
2 - --p -~ -p - - -p
o
b
\
0.2 b y A
' - ! heo S ] .
\ LTI . P UNFTRY
(PRI / ! 1 MYy
' " ' i~ ' , VA
1 - “ \ || ' ) \ l‘
4 \
0 \\ ’ \ ‘\ /- | \ \ ,/ \

it /eV
6 (FTIR) Si B RABLFEA 45K GaN/AIN ST A RAZEE () BEE 1 (a) Al4 fR
1 Si R (b) BALE 1 (a) Ga8 FLE NI Si JiF; (c) BAIE 1 (a) AL MLEN SiJiF; (d) BREE 1 (a)
Al FTENN BT (o) BAFE L (a) Ga8 FTRM N BT, (f) BAFE 1 (a) Al FTRM N T
Fig. 6. (color online) PDOS for Si-substition of wz-GaN/AIN SL: Si substitute for Al4 (a), Ga8 (b),
Al13 (c), of Fig. 1. (a); Si substitute for Al4 (d), Ga8 (e), All3, (f) of Fig. 1. (b).
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Fig. 7. (color online) PDOS for Si-substition of zb-GaN/AIN SL: Si substitute for Al4 (a), Ga8 (b),
Al13 (c), of Fig. 1 (a); Si substitute for Al4 (d), Ga8 (e), Al13 (f) of Fig. 1. (b).
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RO A R A WS, o o S OK e, a1 A, Si5 A H 15 A% i T P AT A7 FL T 23K
PR ZR TR n B FARPE . T, AT S R SR BRI L TS R Si
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Ja T EERIE R HLT R IR 5. X T A B
BORUE, 45 2% SR I LT R AL I X, Ji 7 TR SR 4
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LPEEN 15 UK R I e EAR D BEAR A,

ik, WE4— 7ol BLE H, AT R Bk
HH SRR, BRET RS AR RN
FESER, SIS B b 2R R RE S AR AL, T AE Mg 1
AR A, Mg B FEAR T 2 RS, S T HtiE
REZR, FEARAN s A8 FL IR, I 7 i REFETT, MITn AT
DA Rt 3 i 52 £ IS IR IKEE, SEBLEEINE A% 1A
0 p B, LA N B S50 A A R L
Wt e e AN R, ARG INARE. T SiBIRm
JEBR AL

MRA v 7 RE AT 1 RE 20 A T LA
Mg 5B p B4 2 Si S B n Y FRT 8 5t v A 2R A e K 2
Bak, NS LB A SEIUE R p B Kon USSR R
T IR SCHE.

4 % #®

AR SR 5 i R B B B — 1 iR BT T
Ji% STt B Mg Fl Si 73l 45 2% T IN B R AR 8RR 45
P GaN/AIN M g i 1k R, AT B 2 E ik RN 4,
PRGN L T R AR AL, S5 IR R I Mgl Si#5
eI AE N EEN 8 S A 25 5 S H B 4 B — &
BT A PEX, R ERE T szt gt 5 P JRH X
Mg B4 T INEEN 25 F (1 A B X B, R Rk FE ] H
RICRE. 1X R 2S00 b AE LR 45 M DS B p
RIS e SRt — ok RO S 2%, mI i i i s A 45 1
SEHLH p 4Bk

XA Bk — 2D o MRl N, A BT 3 AR 4
¥, B 2 A5 R 1y BRI, JU IR T N 4
P B /N 5. I H R BB 244 Ak R AR N ER
— RN TR, TR BRANER AR R T, Mg Bk R
R p B S, SiB Ak R n ALY 544,
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Abstract

First-principles calculation is a quite powerful tool for explaining experimental phenomena and predicting the
properties of new materials. Based on the first-principles calculation within the density functional theory, the energetic
stabilities and electronic properties of Mg and Si doped GaN/AIN superlattices with wurtzite and zinc-blende structures
are investigated. The results show that there is no variation in formation energy if the doping position is changed when
the impurities are doped in the well (GaN) region, and the same situation also happens in the barriers (AIN) region.
Thus it is equivalent for dopants to replace Ga atoms in the cation site of wells or Al atoms in the cation site of barrers.
However, the formation energies of these dopants in the well region and the barrier region are different. Compared with
the formation energy in the barrier region, it is much lower in the well region. That is to say, the impurities in the
cation site (Mgaga, Mgai1, Siga and Sia)) present lower formation energies in the wells of GaN/AIN SLs with wurtzite
and zinc-blende structures. In addition, the impurities in zinc-blende GaN/AIN superlattices present lower formation
energy than in the wurtzite structure. The negative formation energy illustrates that the defects are spontaneously
formed if Mg-atom is mixed into the wells of the zinc-blende structure. Therefore, in experiment, for the zinc-blende
superlattice structure, preparing p-type semiconductor needs less energy than preparing n-type semiconductor. And
for the wurtzite superlattice structure, preparing p-type semiconductor needs the same energy as preparing n-type
semiconductor. Furthermore, the relationships between the distribution of the electronic states and their structures
are analyzed. It is found that the different kinds of dopants lead to different band bendings, owing to the modified
polarization fields. The spatial distributions of electrons and holes, plotted by the partial charge densities, reveal that
electrons and holes experience redistributions by Si or Mg dopants in different phases. The band gap of doped GaN/AIN
superlattice decreases and the projected density of states also accounts for the change of defect formation energy. The
calculated results provide a new reference for the fabrication of modulation-doping GaN/AIN SL under desired control,

which could be considered to control phase.

Keywords: GaN/AIN superlattice, the first principle, Si and Mg dopants, the density of states (DOS)
PACS: 73.21.Cd, 71.15.Mb, 73.20.Hb, 73.20.At DOI: 10.7498/aps.64.107303
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