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Abstract
Evolutions of the films’ microstructure and optical properties as a function of substrate temperature were

ZnS:Co thin films were grown on quartz substrates at different substrate temperatures.

analyzed. The crystalline quality was promoted, and the films demonstrated increasing (111) preferred
orientation with increasing substrate temperature. The band gap decreased when the substrate temperature was
increased from 25°C to 400°C, and then further increased to 800°C. The evolution of the band gap is associated with
the quantum confinement effect. Moreover, the refractive index, extinction coefficient and dielectric constant of the
films present an increasing tendency with the increase of substrate temperature. It is shown that superior
microcrystal films can be obtained at temperatures higher than 400°C.
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Fig. 1 The film thickness varied with the substrate temperature

22 X SF&HTHIR

SEESF X AT 5 (XRD) %t ZnS:Co Wi &
AR S M AT TR, S5 AnE 2 froR . R b
XRD & i 43 W 7F 20=28.56°, 47.52°, 56.38°, 69.46°
F176.76°40 3 BT S 0, XF B T ZnS [N BFE 45
Il (111), (220), (311), (400) 1 (331) 1§, T 5
A BAA MR B 45 fh 458 o 25°C (RT), 200°C 4:A4%
UL I, BB AEFE R (111) . (220) A1 (311) =
ANETE AT S0, R THE A MG
R B TR, (L) WS RR AR G i B34 i, I HL 58 B8
VN, AT U R T S A A A S, B A
i SO BOR BT o Y3k TR TR B 800°C B,
XRD 3% A B — A By 111 A7 0 .
PR3 T 25 5 L 5 A T TR

800°C JL
600C |

400°C.
Poiscman

2000 N "

25°C

intensity/arb. units

(11

target (2210) (3j D (400)(331)

10 20 30 40 50 60 70 80
20/(°)

K2 ZnS:Co $UHF KRR XRD 3%
Fig.2 XRD patterns of ZnS:Co target and thin films deposited

at various substrate temperatures



740 H = B % 5 H K % # %43 45
R Scherrer 233" K325 T ZnS:Co MRS HY (111) 77 1 19 J7 1]
- 0892 (1) ¥ Fouy BEEE IR IR O, HE R Te=25°C

Bcoso

PR R Ll XRD A7 5 i i) 2 16 42 58 T30
H 72 R R, e 2= 0.15406 nm Ky 5258 T i
FHBY X 2RI, B ok AT 5 e i) 2 e 42 98 . AR AR
(LT A7 S e 5045 21 ) - 22 e R RS &l 3 Bom,
A LUAE Y, B i B2 R 25°C T 5] 800°C, JHEJE
S 2 R SE 24 2.20 nm B AN £ 23.15 nm, 3
F U EE AR, i T UURURL T 9 8% gl A 22, i
BB AR S — S8 T /N oKL . Rl BE T v LA
J& , DURRRL - (A% 2l A B T, 3R R T 45 A
J S — S /N R AR LR A o TR R R Y
Tt , W SR BRI A R AR

30
—o—D 1 1.0
25 —m—F 5
g £ 108 &
£ N
20+ E
106 5
215 &
Q
: / 104 8
< Py
> 10 o s
=
%‘ /o/ 102 -z
5 /-/ ©
&&—° 0
0 I I I I I
0 200 400 600 800
Ty C

(13 ZnS:Co W12 ki R N ZE 5 7 1) DA B 2 iR
AE AL £k
Fig.3 The crystallite size and orientation factor of ZnS:Co

films depending on the substrate temperature

A7 S 0 P R R 5 AR 1 R B T B T )
Bt A K, 8% 7 1) DR TR b A R (G R AR
Febk . MRS Lotgering 75 22", J5 18] R 7 0l LAANF

E L
Iabc)
p:Z_( (2)
Zl(hkl)
P-P,
F= 3

P PO AT S 06 Cabe) 9 -5 T A A S e B o J3E
I EEAE . Py diei T 1) BE ML A 5 9 LUAEL, WT L ey
FURF B9 XRD EE TR . F R SREHT (abe) I7
] A BT 1 o FRYBUEE B 0 21 1 22 1],
F=0 fURFAHL A 45 e B m), F=1 R 58 i3 Tr
I FELAE R

B, Fony FIE A 0.03, 271 0 sl 35S o Ao 6 A 2 30
BEMLAE S o Bl 56 R A T, Fo ) BT R
I R PURURE TR F] 800°C B, Fyyy, B 0.95,
FEI LA RS (110 7 i i BE RO AR A o W T
W, i T S R TUBURL R RS Bl P, i
A 45 2 B 45 o 3k B v A R A 1 B A R 3R
CHNLE . FENEED 25k b, (111) 18 & T % HE T,
HLAT 5 I A 2R 1T g, AR B It e /DN B 3L, T AL
FEFR RS BB 23U 45 B A AR (111) TR EA T HES o
BRI (111) Tyt AE

23 X BB FEEL

52 ¥ H PHI Quantera SXM 6 i 43 M i 1
ZnS:Co W 5 1Y) X It 4Ot H 7 BB 1 (XPS), 45 R 1
7N XPS RSB AL iR E AR LA R, B 45T
T=800°C B} il 7% v J6 19 XPS AE 1% . K&l 4(a) M
ZnS:Co W IEAE 0 eV F 1200 eV Z [8] 1Y XPS 4%,
HP44% T Zn. S, Co. C il O FLA L E MBI
5, Hod C RO R iZck B ARSI R TG L . KA,
fiei P ARTE O KLL, Co LMM, S LMM Al Zn LMM
{14 W AR R 7 J 7 I ARk 7 R . &1 4(b) hy
Zn 2p JCHL T RETE, Z5 G BEAL T 1021.8 eV F1 1044.8
eV ALy SR Zn 2p3/2 F1 Zn 2p1/2 FRHL T 52 ST I,
Bl Zn 7E I L2 I 7 AE o T 4(c) M S 2p 1Dk
HL eI, W o LA, T AR B AL T ~161.2
eV Fl ~162.5 eV LS, 7350 S 2p3/2 F S 2p1/2
(1 L & B, 3 55 3k [22] HGE Y ZnS  STRETE
HYIE . F 4(d) H Co 2p DL FREIG ILA71E 4 4
W R GG, Hodh 255 fEh 780.1 eV Fl1 795.8 eV N
Co 2p3/2 Fl Co 2p1/2 ) HL ¥, R W Co 7E R
HEAT ZnS SR UGB 2%, HL+2 MIESAATE
WA R0 I 43 531 437 T+ 785.5 eV and 801.6 eV 4k, K
T Co 2p3/2 Fll Co 2p1/2 KI5 A fiE, VLI MR Hf Co™
hr e

24 EENXFEMR

SIS FH 2R A0 1T DT £1 A8 6 BE T I T
ZnS:Co VY & Sk, Z5 3 Kl 5 s, R4
T HEAE 750 nm—2600 nm Iz K 31 [ P 17 135
R(E S k) o S5 WoRkER A UTETERE R 25°C
T 2 800°C, AR T 1435 S 6 el 90% LA F AR



% 09 M ZER R 5 IR IR DKo OB ZnS:Co WIS F4 B G2 PE BRI R i AFF 95 741
@ e (b) Zn2p
25 g 8
5 E ‘j’ 5 & 'Es 2pyn
S .38 e
2z z
§ E 2pip
g g
0 20IO 40IO 60IO 80IO lOIOO 12I00 10I20 10I30 10I40 10I50
binding energy/eV binding energy/eV
(© (d
2pyn S2p 2, Co2p
L
2p, @
3 8
2 2 =
£ £ i o}
g g E
2 E |
158 160 162 164 760 770 780 790 800 810 820
binding energy/eV binding energy/eV
K4 ZnS:Co MR XPS (K3, (a) £ 421, (b)Zn 2p, (¢) S 2p, (d) Co 2p
Fig.4 The XPS spectra of ZnS:Co thin film, (a) survey spectra, (b)Zn 2p, (c) S 2p, (d) Co 2p
100 S BB O . ARG Tauc 36 R 20 AT DL 8 5 ok
“ M W' 3 i SR R ) D' 2 A B o X T B BRI Y
K, R REL o ST E, Z IR
60 | FH
- C
& 40 r (ahv)* = B(hv—E,) (4)
I HRHEEC (4), 1B (@hv)” 5 hv it R 1A, 45 i 2k 1
20r ——600°C, 70 -(.) 2(‘)04(‘)06(‘)08(‘)0 éﬁ‘l‘*%ﬁﬁj\ﬂﬁ’ Eﬁgﬁﬁmﬁgﬁlﬁﬂﬂjﬁ%%%@ﬁo
o —sooe )/ 6 25 T 45 HEMERE 5 1) Tauce ¢ R B DL OB

500 1000 1500 2000 2500
wavelength A/nm

KI5 ZnS:Co W Y 25 5 i, 47 €1 I AE 750-2600 nm
R 24732 S A< B il P 1) AR A

Fig. 5 The transmittance spectra of ZnS:Co thin films deposit-

ed at various substrate temperature. The inset is the vari-

ation of the average transmittance within 750—2600 nm

with substrate temperature

F 70% Fedy o X8 i T BEEE AR TR, WA
Jo e Ao 2 5 T, PRI SR RO AR R, WAL A5 R
TSN T MRS A S A5 B, AR TR R

FEPE S o, 0] LA FI) ZnS:Co 1 5% A 1% Wi 371 it
Al R T A AR A R S O

PRSI A L . T LUE 3, B I AR
Th i, WA A E2E AT B i 3.83 eV S/ NG HE K,
/ME 3.5 eV IHELTESE 7R T=400°C 4k,

2 B AR At B 5 T BRI A % .
YK ARG E, AR AR ¢ 22 18 1 56
Z A i Brus J7 FEfl A

E - gn+%—l'§_fe
AP A N TE R &, 1=0.13 my N HLT-55 U Y
A, my N H B TR R, e B TFHE, ¢
KRS A B ST E, AR A
(2 B, 55 30 A BRI N T, 5 7 B

—0.248Ey, (5)



742 H o= B % 5 #H K % #f ERRE

20—55= PEET ZnS AR R T 1A% (5 nm), JE2 A Bk

% 38 f P/ ME . AR T=25°C F1 200°C B, 3 5 5

o 15t ;2“0 ;Z b B R SFA3 515 2.2 nm F 3.5 nm, /N T3 R B A%,

P RN T LAHD G # i B AR

R IR 1 s SHRBIFIE T HE AR YT R

T | o200 Bk A BB e S S . bR S
i N R BOE R, 115

—*—800C ' N =n+ik (6)

05 30 R S R R L T R, R & R

hvleV

K6 ZnS:Co HMEMEERY Tauc JCF P, 7 141 A MG 2717 B il
FriREE AR

Fig. 6 The relationship between (a/v)’ and hv corresponds to

the transmission spectra of thin films. The inset is the

variation of the band gap with substrate temperature

FE, TR ARG B R 2 =T JAE e A
HARHTL, 5 r UL 58 VIR S5 HL S R fE
I, — AT L2 o AR Brus Jr AR, AR
PR B9 (EL DR /IN R, S8 2 PR AR TR A T, Dl B
SeBBZ 980/ o UKL R T AR BUR BT EAR R,
1 BRIN T i A 5 E A, R e sal B A
PR B a5, WU oRE ROSTB]N,  BR 3l 3 A
B, SRR BR AT R . A5 A A R RS
AR, R R T=400°C I, 67 ]S D=7.0 nm,

(@ 40
—=—25C
—*—200C
< 3.5 —4—400C
g — v —600C
R= —+—800C
2300
g \“\
“—=
=

2'0 1 1 1 1 1
200 300 400 500 600 700 800 900
wavelength 2/nm

7

6 Z . SEE R Ellitop C7512 466 f A I & 1
ZnS:Co HEFE S AT IR AR ZL, 25 K& 7(a)
JE7R o TTLAE B, BEFE R DT RLE B A 38 T, 6 B Y
ProRuam . ARIECHEEIS, MR IR 0 5
HB B p HAT SR AR S, S256 rh g IR 59 55 9 14
AT AR TR AR A S R Y . AR RTIR, B
TS I SRR JEE B YRS, bR T v T AR
() S PG ) R A SR A ANAR R JEE P 0/ b SR 5 B0
JIES 5 ) 38 o, T TR A S R AL B 3 R DT RR
B FE v MR N, AE 800 nm &b, X1 T Te=25%C .
200°C . 400°C . 600°C 1 800°C., e it At 17 5 % 43 31|
M 2.16, 2.20, 2.28, 2.39 1 2.52, W& K F SCHk [25]
B AR ZaS WY . X AT RESE R T
Co JETFIBAMAS T ZnS PIEB R 3% & B T 1t
5 R A R A8k

(b)

25C

0.4}

extinction coefficient k&

"]
2500

1000 1500
wavelength 2/nm

500 2000

YT IR n (2) MIHCEREL k (b) BEPHS 2 a2k

Fig. 7 Plot of variation of refractive index n (a) and extinction coefficient £ (b) with wavelength 4

T ) 9 O AR K RT p E  -R B0 3% 5
GGE

k=4 (7)
47
e o Sy S P i 22 8K
a=1§3 (8)

Hop d Ry R R, =X (7). (8) 1545 3 vk
TR 6 FR B A A RO Z DL 7(b), 7T DL Y
T 6 7 BB 7 TR B 1) T e A 3G K a3
FEHZ A B R B RIBIE AN
e=¢ +is; = (n+ik)*

(9)
H1 L, S L R B S &, FIHE & ol Lk T 10



i A R TR EE X K PO TRR ZnS:Co WERRRAS H) B 7 P 0 1) 3 i BF 5% 743

% 09 M

WA 2
&, =n*-k* (10)
& =2nk (11)

P 8 Jhg MR 417 S 3 B Ol 2 B 2t 5 45 2
1425 ISR A L R BB S I AR A S 2R, AT LY
JEAY FL 2R KA SRR T R B, HL S I e B A
DUBRIRLE A 38 o m 3 K, R 38 i) A2 AL LA B A 2%
(ELTRIREAT B Py ORIt B 18 T i 1 3

15 —25%C 14
——200°C

- ——400°C .
E 10 — 600°C 13 §
2 — 800°C Z
o o
Q Q
£s 12 £
3 3
(&) [
S . S

0

300 400 500 600 700 800
wavelength 2/nm

8 WA L R B & S A REUR T & BEDK A 9@
A £

Fig. 8 Plot of variation of the real part of dielectric constant &,

and the imaginary part of dielectric constant & with

wavelength 1

3 4ig

K WK BOCTURERTE A e B B4 T
ZnS:Co MR, W57 1 3 F 5B %o i B 485+ Bl
JRBRENR . Bt R EE R 25°C FHE E 800°C, T
TUBURL 7 98 3l 1 320 7 34 o, A5 )5 )3 FH~900 nm
B#AIE] ~300 nm, AR 28 & 5 A ) TR 775 21 4
B, 2SR R ST Y 2.20 nm B0 E] 249 23.15 nm, Y4
KR DU B THEs 2] 800°C I, A3 Y (111) 7 ) 5
FERROL A K MBS . SR AY XPS BETE /R Co
EHRE T 2 MBS, B Co R FHAT
ZnS SIS TE N TR A, WA SR BE S A TR
() T /N o Fh 37 2 ok RUH i o i) 12 1
B SSRSIN F1) 5% M, R S 27 B I i 38R B S el / )
JE IR, HE TR K 400°C I, AR B A B e/
{6 3.5eV. RIS, WL RE Nl REE
2= SR 2 TR (s, B B R T e A
R

& % X #
[1] ZhuW Q, ChenY P, Huang L, et al. Constructing all-so-

(2]

[3]

[4]

(5]

6]

[7]

(8]

[9]

f10]

[11]

lution-processed green phosphorescent organic light-emit-
ting diodes based on zinc sulfide QDs as an electron in-
jection layer[J]. Journal of Alloys and Compounds, 2022,
900: 163481

Lee Y H, Kim D S, Jin S W, et al. Stretchable array of
CdSe/ZnS quantum-dot light emitting diodes for visual
display of bio-signals[J]. Chemical engineering journal,
2022, 427: 130858

Weng Y L, Chen S 'Y, Zhang Y A, et al. Fabrication and
color conversion of patterned InP/ZnS quantum dots pho-
toresist film via a laser-assisted route[J]. Optics & Laser
Technology, 2021, 140: 107026

LiuT, Yao Y C, Liu F R, et al. Enhanced Raman intensi-
ty in ZnS planar and channel waveguide structures via
carbon ion implantation[J]. Optical Materials, 2021, 112:
110733

Tsai Y S, Lin X D, Wu Y S, et al. Dual UV light and CO
gas sensing properties of ZnO/ZnS hybrid nanocompos-
ite[J]. IEEE sensors journal, 2021, 21(9): 11040—11045
Meena V S, Mehata M S. Investigation of grown ZnS film
on HgCdTe substrate for passivation of infrared photode-
tector[J]. Thin Solid Films, 2021, 731: 138751

Wu S H, Zhao J S, Zhao Y J, et al. Review on the fabrica-
tion and optical performance of ZnS bulk materials[J]. In-
frared Technology, 2022, 44(5): 453-461 (R AL, #X 5
B, X ERIE, 45 A BEARRHE A5 B OGS M RERF 5T
HERE[T]. £LAMEA, 2022, 44(5): 453-461(in chinese) )
Wang S, Wang Y, Zhuang Y, et al. Synthesis of paly-
gorskite supported spherical ZnS nanocomposites with
enhanced photocatalytic
2021, 23(33): 4229-4236
Laghchim E, Raidou A, Fahmi A, et al. The effect of ZnS
buffer layer on Cu,SnS; (CTS) thin film solar cells perfor-

activity[J]. CrystEngComm,

mance: Numerical approach[J]. Micro and Nanostructures,
2022, 165:207198

Wang J C, Zhou B Y, Yang P, et al. Preparation and lumi-
nescent properties of ZnS: Mn nanocrystals embedded
glass[J]. Journal of the Chinese Ceramic Society, 2022,
50(4): 983-990 (EH AL, A5 %, ik, 4F. ZnS: MnZl
KI5 PSR 8 56 A MERE )], BERRER"#4, 2022,
50(4): 983-990(in chinese) )

Xue Y, Qi K, Chang C, et al. Preparation and optical
properties of Ni doping ZnS one dimensional nanostruc-
ture[J]. Metallic Functional Material, 2022, 29(2): 15-19
(FERR, FERE, WK, 55, NifB A ZnS—HEAREEH Y] 5
B ot 2 PR RE BT X)) 42 )8 2 RE A1 ORE, 2022, 29(2):


https://doi.org/10.1016/j.jallcom.2021.163481
https://doi.org/10.1016/j.cej.2021.130858
https://doi.org/10.1016/j.optmat.2020.110733
https://doi.org/10.1109/JSEN.2021.3057617
https://doi.org/10.1016/j.tsf.2021.138751
https://doi.org/10.11846/j.issn.1001-8891.2022.5.hwjs202205002
https://doi.org/10.11846/j.issn.1001-8891.2022.5.hwjs202205002
https://doi.org/10.11846/j.issn.1001-8891.2022.5.hwjs202205002
https://doi.org/10.1016/j.micrna.2022.207198
https://doi.org/10.13228/j.boyuan.issn1005-8192.20210047
https://doi.org/10.13228/j.boyuan.issn1005-8192.20210047

744

Ho o= B

ST 5 I NI S

543 4%

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

15-19(in chinese) )

He J F. The effect of Fe doping on the magnetic property
of ZnS dilute magnetic films[J]. Applied Chemical Indus-
try, 2018, 47(11): 2326-2335 ({i] Z24% . Fe 152 %} ZnS
R i 9 S 1 R e B D). B K T, 2018, 47(11):
2326-2335(in chinese) )

Jrad A, Naouai M, Ammar S, et al. Structural, morpholog-
ical, optical and luminescence investigations of chemical
bath deposited Ni: ZnS thin films[J]. Materials Today
Communications, 2021, 29: 102746

Vall C M S, Chaik M, Tchenka A, et al. Effect of chromi-
um percentage doping on the optical, structural, morpho-
logical and electrical properties of ZnS: Cr thin films[J].
Physica E, 2021, 130: 114694

GuY T, Gao T T, Zhang F G, et al. Surface sulfur vacan-
cies enhanced electron transfer over Co-ZnS quantum
dots for efficient degradation of plasticizer micropollu-
tants by peroxymonosulfate activation[J]. Chinese Chemi-
cal Letters, 2022, 33(8): 3829-3834

Gao D W, Wang L, Su X Q, et al. The role of applied
magnetic field in Co-doped ZnS thin films fabricated by
pulsed laser deposition[J]. Optical materials, 2021, 114:
110877

Heiba Z K, Mohamed M B, Badawi A. Effect of prepara-
tion temperature on the structural, optical and electronic
properties of co-doped ZnS nanostructures[J]. Chemical
Physics Letters, 2021, 775: 138653

Gui Y M, Zhang X S, Xia K L, et al. Mid infrared fluores-
cence characteristics and application of Co™": ZnS doped
chalcogenide glass-ceramics[J]. Ceramics International,
2022, 48(6): 8502-8508

Wen C X, Shi H W, Chen M L, et al. Preparation and mid-
infrared luminescence properties of transition metal Co”

doped ZnS sulfide nanocrystals[J]. Acta Photonica Sinica,
2020, 49(2): 0216001 (3CE 75, A1 4R, PRIEfe, 4. id

[20]

[21]

[22]

[23]

[24]

[25]

V4 JBCo™ B 1B 22 ZnSHR ALY 4 K it il 4% 55 21 4b
R ICRHENEFE[I]. Ot T4, 2020, 49(2): 0216001 (in
chinese) )

Cui XY, WuW]J, LuXL,etal. Structure and photoelec-
tric performance of Al-doped copper nitride thin films
prepared by magnetron sputtering[J]. Chinese Journal of
Vacuum Science and Technology, 2022, 42(2): 104—109
(T, ROCHE, %R, 5 IR &R A
AL Y 45 48 BOBMERERIESE[T]. LA B2 S HOR
2441%, 2022, 42(2): 104-109(in chinese) )

Zhang X H, Ren W, Shi P, et al. Effect of oxygen pres-
sure on structure and properties of Bi,;Zn, (Nb, O, py-
rochlore thin films prepared by pulsed laser deposition[J].
Applied Surface Science, 2010, 256: 18611866

Zhang H'Y, Chen Q, Zhang H, et al. Interstitial H'-Medi-
ated Ferromagnetism in Co-Doped ZnS[J]. Journal of Su-
perconductivity and Novel Magnetism, 2015, 28: 1389—
1393

Huang J N, Lu W Q, Xu J. Study on the optical proper-
ties of co-sputtering deposited Carbon-doped AIN thin
films[J]. Chinese Journal of Vacuum Science and Tech-
nology, 2022, 42(7): 504-510 (#HE4#, fli SCHBL, 1R %
R ST RS 2 ANV R (4Dl PERR ST 0], B
SRR S HARS, 2022, 42(7): 504-510(in chinese) )
Brus L E. Electron —electron and electron-hole interac-
tions in small semiconductor crystallites: The size depen-
dence of the lowest excited electronic state[J]. Journal of
Chemical Physics, 1984, 80: 4403—4409

LiY J, Zhu X, Zhao Y Q. Effect of substrate temperature
on structural and optical properties of flexible ZnS thin
films[J]. Chinese Journal of Vacuum Science and Tech-
nology, 2023, 43(3): 1-7 (ZIL i, AHe, X K. 41K
T B ) SRR AL B A 4 5 L PR RE RO RZ M [T]. B
SRR S AR, 2023, 43(3): 1-7(in chinese) )


https://doi.org/10.3969/j.issn.1671-3206.2018.11.007
https://doi.org/10.3969/j.issn.1671-3206.2018.11.007
https://doi.org/10.3969/j.issn.1671-3206.2018.11.007
https://doi.org/10.3969/j.issn.1671-3206.2018.11.007
https://doi.org/10.1016/j.mtcomm.2021.102746
https://doi.org/10.1016/j.mtcomm.2021.102746
https://doi.org/10.1016/j.physe.2021.114694
https://doi.org/10.1016/j.cclet.2021.12.004
https://doi.org/10.1016/j.cclet.2021.12.004
https://doi.org/10.1016/j.cclet.2021.12.004
https://doi.org/10.1016/j.optmat.2021.110877
https://doi.org/10.1016/j.cplett.2021.138653
https://doi.org/10.1016/j.cplett.2021.138653
https://doi.org/10.1016/j.ceramint.2021.12.060
https://doi.org/10.3788/gzxb20204902.0216001
https://doi.org/10.3788/gzxb20204902.0216001
https://doi.org/10.13922/j.cnki.cjvst.202107010
https://doi.org/10.13922/j.cnki.cjvst.202107010
https://doi.org/10.13922/j.cnki.cjvst.202107010
https://doi.org/10.13922/j.cnki.cjvst.202107010
https://doi.org/10.1016/j.apsusc.2009.10.020
https://doi.org/10.13922/j.cnki.cjvst.202203007
https://doi.org/10.13922/j.cnki.cjvst.202203007
https://doi.org/10.13922/j.cnki.cjvst.202203007
https://doi.org/10.13922/j.cnki.cjvst.202203007
https://doi.org/10.13922/j.cnki.cjvst.202203007
https://doi.org/10.1063/1.447218
https://doi.org/10.1063/1.447218
https://doi.org/10.13922/j.cnki.cjvst.202207019
https://doi.org/10.13922/j.cnki.cjvst.202207019
https://doi.org/10.13922/j.cnki.cjvst.202207019
https://doi.org/10.13922/j.cnki.cjvst.202207019
https://doi.org/10.13922/j.cnki.cjvst.202207019

	1 实验过程
	2 结果与讨论
	2.1 薄膜厚度
	2.2 X射线衍射测试
	2.3 X射线光电子能谱
	2.4 薄膜光学性质

	3 结论
	参考文献

