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T ZnO FeiZE W) 5 R BRI ST A0 18 i
PR LI (DFT) (158 —PEJEEL B10 %) BZO i 1
BIHLBADE R PEEAT T HIE.

2 STy ik

SR K v L A R A W S AR, BA e Al 4 S
(99.99%) h TAESAK, {6 B384+ e b+ T BZO
WL W S B A Ak AR R 99.95%11) B,O3 5 4%
ZnO (B,03 : 2 wt.%) i B4, B+t IR 1 56 /e T H
(R3S VEVRUH A8 5 WS VE 30 min, FEAE B 1K
P Y 30 min, $5 i s Al AR, S i AR
JEELAE A 5 x 1075 Pa, S@ SN 50 mL/min, kT
SR 0.6 Pa, A8 iS5 T TR B 4 45 mm, Bk
“h 30 kHz, WS D% 50 1 Wiem?, 4 i E />
51k 180, 190, 200, 210 £ 220 °C.

FIH Accent HL 5500 248 /R Wik 28 48 0 4F
) FL 22 0 T 2 B0 AT I . 3 B ) 6 27 P A A
K Cary 5000 U840 - v W, - 20405 HGBETE.
FIFH Rigaku Dmax-2400 %! X 5 4744 (XRD, Cu
Ko, & = 0.15405 nm) % il 5 [ REBLIEA T 45 ds R
TIE. % () T RSEAT: S 1) JELJE t Deektek 150 8 55 B X

BEATI R, SR 207 1000 nm.
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h 340 eV. WSO BE W R MEAN R F I P RE A

1.0 x 1072 eV, I KAEH 114 0.3 eVinm, #: KN )
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HH, 5 P &5 o O B e G B AR A G R (]
2(a), ¥ 2(b)) #H—5, F-ATLE 200 °C 44 (1) BZO
TR R 5k, M 26.1 cm?/(V-s).

)

26 |-
7
@
7
Z o4l
g
Q
o
HH; 22- [ ] ™
f —
]
\-
1 L 1 L 1 L 1 L 1
180 190 200 210 220
HHEIREE /°C

3 BZO UL F A B I B AR % R

a2 AR H 2 T AR N 5

p = 1/gnuy 2
AN, R LR p R TR n AT R
up FEFI e, BT BZO IR R 3R 1K 2 AT T
WA, FTEA, ug B p B2 e 3.
WL 3 A%, 200 °C TR R f i, K, 200
°C I ¥ p A, Ky 7.03 x 107* Q-cm (n = 3.4x 10%°
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i) (b) AL (TDOS) Koy A% [ (PDOS)
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FH % BEvZ BB THET ZnO f PR S5 RN, So vy Ay 1
T Zn 3d BWfeE, (31 O 2p S MKAHHAE
PSS, iy aly 56 19K, D27y BB SR B s/, (H
Je PR U 55 55 S0 2 8] PR 7T B0 22 T AN 5% i o
ZnO o145 K KO O R R A0 A 2324 e
5(b) AT LU Y, AL T SOKRBER M B S vl - 12
1 B 2p, O 2p K& Zn 4s T HLES L. B5%)5 BZO
VS A0 5 =Bl Zn 3d, O 2p, B 2p & B 2s ML T
BB G, S WO 2R T SR A2 K B 2p, O
2p M Zn 4s WL EIER K. AN, 4B 2%10 B 2p ML T
BUBLEPORBERIEA I T — ARt = REH.

5 % #

AR SRkt EL UL RE PRI BR, BL BLO3 5

A% ZnO M EER, 4% TARHLPH, & o] WL AN 20 b
XA F ) BZO MR, RGBT T AR
XF P il 2% 1) BZO SRR 52 M. 45 S B R 25
A T 52 AT JEG U 2 R W A K. B A A U G,
V(1) & o R R, A R RS IOK, RT
HRAEE, BZO R (1 IE SR T AR, v AT
JIE ok JSE 45 2 B0 R (1) 4 s o Ak, HL AR R AR
ZE. {E 200 °C IHl#% T HLFHA S 7.03 x 1074 Q-cm,
400—1100 nm ¥ 437 ik %24 89%[) BZO wifB. B
RS BRSBTS
T ZnO FEEH, MR n B AR, Ot
BT, POKBERHE N T T 2 B 2p, O
2p K Zn 4s T ELIESE. R g RN EH
JHE BB BH P b I FH (PG LB %, 58 e i B il R 1)
BZO JH AL T B i b Sz at BEat.
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Abstract

The properties of boron doped ZnO (BZO) films are investigated by the pulsed DC magnetron sputtering technique and the plane
wave pseudo-potential method based on the density-functional theory. Highly conductive and transparent BZO thin films are prepared
using a B,0O;3 : ZnO ceramic target. The effects of the substrate temperature on the structureand electrical and optical properties are
systematically investigated. The results show that by increasing the substrate temperature appropriately, the crystallinity, grain size,
and carrier mobility of BZO film are improved, and the resistivity is reduced. BZO films of low resistivity (7.03 x 10~* Q-cm) and high
transmittance (89%) from 400—1100 nm are achieved at an optimal substrate temperature of 200 °C. The theoretical results show that
B is doped in ZnO mainly in three forms, i.e., in the forms of substitutional Bz, atoms, octahedral interstitial site (Bjp), and tetrahedral
interstitial site (Byr). Among them the formation energy of By, defect is lowest, and its concentration may be the highest in all the
sample concentrations. After incorporation of B, the Fermi level goes through the conduction band. The sample shows a typical n-type

metallic characteristic and the optical band gap increases significantly. The carriers originate from the orbits of B 2p, O 2p and Zn 4s.

Keywords: BZO film, first principles calculations, magnetron sputtering, solar cells
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