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Abstract; In order to study the performance of Li-N dual-doped ZnO thin film prepared by electron
beam annealing technology, the Li-N dual-doped ZnO precursor films were prepared by sol-gel spin-
ning method and annealed by electron beam. The accelerating voltage, focus beam current and an-
nealing duration were fixed at 10 kV, 123 mA and 5 min, respectively. The electron beam current
was within the range from 0.7 mA to 1.9 mA. Finally, the Li-N dual-doped ZnO films were ob-
tained. When the electron beam current is more than 1.5 mA, the result of X-ray diffraction shows
that the samples are a compound polycrystalline films of hexagonal ZnO and cubic ZnO, and the
metal Zn generates in the films which contributes to the green light emission. SEM pictures show that
the grain size increases with the electron beam current. There is not much change in grain size when
the electron beam current is more than 1.5 mA and it is about 60 nm. The analysis of photolumines-
cence (PL) and Raman spectra show that Li and N have doped in the ZnO lattice. The doped Li
contributes to the purple light emission in the PL spectra and the vibration mode related to the doped

N replacing O is observed in Raman scattering spectra.
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Fig.1 Preparation flow diagram of ZnO precursor film
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Tab.1 Electron beam annealing parameters
Hefh HE/ REWE, W/ FERHOEE/
i kV mA mA C
A 10 123 0.7 500
B 10 123 1.0 600
C 10 123 1.5 700
D 10 123 1.9 800
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tron microscopy , SEM, SIGMA ) Wi 8 i 2 1 &% W
T30 5 38 55 9566 2 { ( Photo luminescence, PL,
F-4500) 70 A B ) 06 2 PR BE BB 325
nm ; F| FEOEH S %L ( Laser Raman spectrom-
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Fig.2 XRD patterns of sample A, B, C and D, respectively.
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Tab.2 Grain size of sample A, B, Cand D nm

A B C D
7N ZnO (100) 10.38 - - _
NJ Zn0 (002) 13.07 17.42  68.58 29.87
NI Zn0O (101) 8.75 13.14  21.53 30.03
S777 Zn0 (200) - - 17.54 26.74

Zn (100) - - 29.35 26. 87
NI Zn0O (102) - 9.09 17.90 27.28
NJ Zn0O (110) 9.46 18.91 23.25 22.69
AT Zn0 (103) - 9.75  47.95 58.58
NI Zn0 (112) - 12.36 19.76 19.78
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Fig.3 SEM images of sample A(a), B(b), C(c) and D(d), respectively.
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Fig.4 Sectional views of sample A(a), B(b), C(c¢) and D(d), respectively.
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Fig.5 PL spectra of sample A, B, C and D, respectively.
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Fig. 6 Room-temperature Raman spectra of sample A, B, C

and D, respectively.



298 K it

N %39 %

A (LO) AT, A, (LO) A FHBHA N S
Vo FI(80) Zn, DLRALE VR (50) Zn, 195 Gt
A G X R BARE S B .C D 1] BEAL T4 B & Btk
&, WEPETERER V, 1 Zn, 8L, 3X 5 XRD
H1 PL B (4 73 B 25 SR AH A

E, (high) 5 TH 2 Zn0 7577 £F5F AH B9 R E
g UL — 25 ULBARE B LC.D ¥R ZnO £F
BEW 45K, E, Chigh) 7 FHLE ZnO (445 5 52
YA I T B A R B R ARG
BN, E, (high ) 75 TS50 B AR XA, 2 BH IR 1Y)
S8\ RO B X 5 XRD % & SEM & 43 #r
ZER 3, TERES B IS WA E 2 NP =
PR (43T 274 em ™ F1513 em ' [T L 2
BB NBA Zn0 FT5 | 5 BNz 2 4 s
KIEAT T BRI, — K 275 em ™' F
510 em ™RGSR N AR O 7 i 51 19 &) 35

PR 513 em YRR IEAERES €D T
A ATREE R THE SFERE MR,

4% ®

-2

ASCHIH sol-gel il 5 i Li-N L4819 ZnO
HTORASE S, BIFSE T FL - SRR AR T 2006 e
PRI, D3R5 AT 5 SR R 3, it IR KR 1Y
B 3R KR EE T R TR 5 A A o A
I AR R B AE K, MR E T 1.5
mA ZJ5, SRR ST 208 60 nm, B A B A DL 1Y)
75 Zn0 FISE T Zn0 BIRA 2 dbil ik, H e
K Si GAJF ZnO OV, A4 )& Zn HERY, Zn0: Zn
SO A TR R I 20 K T O BUR 6 IE 398
nm FFFT A9 & 606 LA K Fr 2 3% 274 em ' R 513
em PRGN FRAICE Li 1N BB A ZnO
g,

Z % X #.

[ 1 ] WANG H, ZHAO Y, WU C, et al. . Ultraviolet electroluminescence properties from devices based on n-Zn0/i-NiO/p-Si
light-emitting diode [J]. Opt. Commun. , 2017, 395.:94-97.

[ 2 ] MSEDDI S, TEKELI F, NJEH A, et al. . Effect of initial stress on the propagation behavior of SAW in a layered piezoe-
lectric structure of ZnO/AL,0,[J]. Mech. Res. Commun. , 2016, 76:24-31.

[3] FRE, &, AXAK, F. Zn0 WBAERK KA RIMPIERENIT [J]. RIKFFREIIR, 2015, 32(1) :17-24.
LUO J T, ZHONG X, ZHU M D, et al. . Growth of ZnO thin film and its surface acoustic wave properties [ J]. J.
Shenzhen Univ. Sci. Eng. , 2015, 32(1) :17-24. (in Chinese)

[ 4 ] PALIWAL A, SHARMA A, TOMAR M, et al. . Carbon monoxide (CO) optical gas sensor based on ZnO thin films [ J].
Sens. Actuators B; Chem. , 2017, 250.:679-685.

[ 5] VITHOBA L. PATIL, SHARADRAO A , et al. . Fabrication of nanostructured ZnO thin films based NO, gas sensor via
SILAR technique [ J]. Sens. Actuators B; Chem. , 2017, 239.1185-1193.

[ 6 ] SHARMA V, KUMAR P, KUMAR A, et al. . High-performance radiation stable Zn0O/Ag/Zn0 multilayer transparent con-
ductive electrode [J]. Solar Energy Mater. Solar Cells, 2017, 169 :122-131.

[ 7] ZHOU J, WU X Z, XIAO D B, et al. . Deposition of aluminum doped ZnO as electrode for transparent ZnO/glass surface
acoustic wave devices [ J]. Surf. Coatings Technol. , 2017, 320:39-46.

[ 8 ] &Kk, Wi, #5F%, F. Wit Ce BA% Zn0 SSMDCHEILIERERISE M []. R ALF FIR, 2011, 27(2)
505-512.

YU C L, YANG K, YU J M, et al. . Effects of rare earth Ce doping on the structure and photocatalytic performance of
Zn0 [J]. Acta Phys. Chim. Sinica, 2011, 27(2) :505-512. (in Chinese)

[ 9 ] ANDRADE G R S, NASCIMENTO C C, LIMA Z M, et al. . Star-shaped ZnO/Ag hybrid nanostructures for enhanced pho-
tocatalysis and antibacterial activity [J]. Appl. Surf. Sci. , 2017, 399.573-582.

[10] MBAMARA U S, OLOFINJANA B, AJAYI O O, et al. . Friction and wear behavior of nitrogen-doped ZnO thin films de-
posited via MOCVD under dry contact [J]. Eng. Seci. Technol. , 2016, 19(2) :956-963.

[11] KRAMER A, ENGEL S, SANGIORGI N, et al. . ZnO thin films on single carbon fibres fabricated by pulsed laser deposi-
tion (PLD) [J]. Appl. Surf. Sci. , 2017, 399 .282-287.



53 4] T, 4 BT AR QAT Li-N B2 200 Zn0 I 299

[12] YING M J, CHENG W, WANG X X, et al.. Surface-polarity-dependent ferromagnetism in arsenic-implanted ZnO films
prepared by MBE[ J]. Mater. Lett. , 2015, 144.12-14.

[13] STEFAN M, GHICA D, NISTOR S V, et al. . Mn’* ions distribution in doped sol-gel deposited ZnO films [J]. Appl.
Surf. Sci. , 2017, 396.1880-1889.

[14] KIM S, KIM C H, JEONG C H, et al. . Effect of energetic electron beam treatment on Ga-doped ZnO thin films [ J].
Cur. Appl. Phys. , 2014, 14(6) .862-867.

[15] PARK C H, KIM S, KIM C H, et al. . Effect of energetic electron beam treatment on transparent conductive ZnO thin
films [ J]. Thin Solid Films, 2013, 548 :263-269.

[16] MINEMOTO T, NEGAMI T, NISHIWAKI S, et al. . Preparation of Zn, _ Mg O films by radio frequency magnetron sputte-
ring [ J]. Thin Solid Films, 2000, 372(1-2) :173-176.

[17] HE G H, ZHOU B H, SHEN H, et al.. Photodetectors for weak-signal detection fabricated from ZnO: (Li,N) films []J].
Appl. Surf. Sci. , 2017, 412 .554-558.

[18] ZHANG Y Z, LU J G, YE Z Z, et al. . Effects of growth temperature on Li-N dual-doped p-type ZnO thin films prepared
by pulsed laser deposition [J]. Appl. Surf. Sci. , 2008, 254(7) :1993-1996.

[19] 2L, &P E, FR, 5. BR-EEREH & Li-N XS p 8 Zn0 MWL e R AtERE [T]. wEAZ S
I, 2010, 59(5) :3473-3480.

WANG D Y, GAO S X, LI G, et al.. The structure,optical and electrical properties of Li-N dual-acceptor doped p-type
ZnO thin films prepared by sol-gel method [ J]. Acta Phys. -Chim. Sinica, 2010, 59(5) :3473-3480. (in Chinese)

[20] ZHOU D Z, LI B, WANG H L, et al. . Fabrication and electrical characterization of Li-N dual doped ZnO thin film tran-
sistor [ J]. Appl. Surf. Sci. , 2014, 305 .:474-476.

[21] TIAN LJ, ZHOU D Z, MA Y B, et al. . Effects of annealing temperature on the electrical characteristics of Li-N co-doped
polycrystalline ZnO thin film transistors [ J|. Superlatt. Microstruct. , 2017. (in Press)

[22] Eiesh, ke, ¥, 4. Si(001) #1K BINEED ZnO M4 5007 [J]. Z R4k, 2010, 31(2) :209-213.
ZHAN H H, HUANG B W, WU Y P, et al. . Growth and investigation of zinc blende ZnO on Si(001) [J]. Chin. J.
Lumin. , 2010, 31(2) :209-213. (in Chinese)

[23] &4, &Lk, KB, ARSI BRI 004 [1]. %hEAF 3, 2011, 27(6) :1312-1318.

YU C, QIU K Q, CHEN Q Y. Thermodynamic analysis of silicothermic reduction zinc oxide in vacuum [J]. Acta Phys.
Chim. Sinica, 2011, 27(6) :1312-1318. (in Chinese)

[24] CAGLAR M, RUZGAR S. Influence of the deposition temperature on the physical properties of high electron mobility ZnO
films by sol-gel process [J]. J. Alloys Compd. , 2015, 644 .101-105.

[25] NAKAGAWA T, SAKAGUCHI I, MATSUNAGA K, et al. . Control of point defects and grain boundaries in advanced ma-
terials ; optical properties and diffusion induced by Li doping in ZnO [J]. Nuc. Instrum. Methods Phys. Res. B, 2005,
232.343-347.

[26] HUR T, JEEN G S, HWANG Y, et al. . Photoluminescence of polycrystalline ZnO under different annealing conditions
[J]. J. Appl. Phys. , 2003, 4(9) :5787-5790.

[27] #BE, A4t Boter. SILERIIR Zn/0 HORIZOGIERRIICR [J]. ZR5IR, 2005, 26(2) :225-228.

LIN B X, FU ZH X, LIAO G H. Effect of Zn/O on photolum inescence of ZnO on Si [J]. Chin. J. Lumin. , 2005, 26
(2):225-228. (in Chinese)

(28] fkwedd, S, Tikpk. PANBEXT Zn0: Zn ZOLTERESS MTERERY M [J]. R 5], 2006, 27(2) :206-210.
ZHANG X S, LI L, WANG D J. Crystal property of ZnO: Zn thin film improved by post-deposition heat treatment [ J].
Chin. J. Lumin. , 2006, 27(2) :206-210. (in Chinese)

[29] &7 44, sL&M, £B-F, ¥. p M Zn0: N HEAPS ZOLRAHEDSE (1], FPEHZ . HEZAHAF RIS, 2012,
42(8) :819-826.

LI W J, KONG CH Y, QIN G P, et al.. The investigation on Raman, optical and electrical properties of p-type ZnO: N
film [J]. Sei. Sinica Phys. , Mech. Astronom. , 2012, 42(8) :819-826. (in Chinese)

[30] ASMAR R A, ATANAS J P, AJAKA M, et al.. Characterization and Raman investigations on high-quality ZnO thin films



300 V- - S ¢ %39 %

fabricated by reactive electron beam evaporation [ J]. J. Cryst. Growth, 2005, 279(3) :394-402.
[31] KASCHNER A, HABOECK U, STRASSBURG M, et al.. Nitrogen-related local vibrational modes in ZnO: N [ J]. Appl.
Phys. Lett. , 2002, 80(11) :1909-1911.

ZEHET (1988 — ), o, WAL ARAE A,
FEEFSE AR, 2012 4EF AL Tk K
AR F A, EENFE R PR
il A RS AL 7 T A BB

E-mail ; liyanli@ mail. iee. ac. cn

A#EFR966 - ), 5, ILKFT A, H
4, BIBFSE 51,2005 4E T 1 4 K 22 3K
A, RN FHR N T
AR KR F 5 ST

E-mail ; slkongxd@ mail. iee. ac. cn




