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Table 1.  Spectral parameters used for calculating

electron temperature transition lines.

Ly Aep/nm E;/eV  E;/eV  Ep/eV g igﬁ;gf/lzg
Znl 330.35 12.0  4.0297 7.7827 5 9.39
Znl 334.61 170  4.0779 T7.7834 7 9.39
Zn1 472.35 4.58  4.0297 6.6545 3 9.39
Zn1 481.19 7.00 4.0779 6.65645 3 9.39
Zn Il 491.30 18.20 12.0153 14.5389 6 17.96
Zn I 49254 2720 12.0216 14.5388 8 17.96
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Fig. 1. (a) Experimental flow chart; (b) ZnO plasma spectra under different laser energies in a vacuum environment; (c¢) Boltzmann
plot of the ZnO target, with a spectral acquisition delay time of 70 ns and a laser energy of ‘300 mJ; (d) Stark broadening profile of
Zn 1 472.35 nm and fitting with Lorentzian and Gaussian line shapes; (e) time evolution of electron temperature and density under

different laser energies; (f) spatial evolution of electron temperature and density under different laser energies.
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Fig. 2. Analysis of the spatial distribution standard devi-
ation of ZnO plasma electron density under different laser

energies.
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Fig. 3. Characterization results of ZnO thin films under different laser energies: (a) SEM images; (b) XRD pattern; (c) Raman spec-
tra; (d) PL spectra; (e) absorption spectra; (f) bandgap diagram.
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Fig. 4. (a) Relationship between photocurrent and time of ZnO films prepared at different laser energies under ultraviolet light (A =

365 nm); (b) the ratio of light to dark current; (c) the responsivity.
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4.3  EIPEEBMER

I DU T L BEASC A —£R & T ZnO 5
R RRPE. B 4(a) R THED KR 365 nm., 6
YRR N 363.3 mW /em? FIZEAMEIR ST, ZnO
VEREEHLTRREE. 18] 4(b) g T HEMROIE (1,/1,)
SRR, 7EA SIMDEIB T, i 1, 24
FHERAMDCRRTAE S, AU s s i, E A EIR
FURZS, 48] 1, ZJ5 EBREIDE, SCHRIRTFR T I,
{H TR S P B R AR EO G S, BERA A3
WIRATE. TR 7 s I) RN R ) 2 s ) S
B, T R0 A PR AR A AR A e L. i
A Al (RP < EorHska)) 385 SORGHL M FIE Y
10% B hn 2 90% A7 B, 10K & B Ta) (3 FR
CRRERFED) WSR2 AR E 10% B i)
A E]. RN AR BE (R) A FH LA 2 33 200;

R =1,/ Py, (5)

Horh, Py OGRS TN, I 2 PRI g B G IR

Bl 4 25 TR RER A5 T ZnO I H iR 1
ik PR R 52 S T L Y F 3L G R 1 2. 500 mJ
Tl 28 118 5 58 SR S B = R LI 1, = 1.43 pA,
X AT RESE 500 mJ T il & R A S i B R Z
T B TR R RS AR A AT B R T VAR Y
LIRSS

MEEA RIBOCRE R T HAR A CRE FL L, A
HplEHOGRE RIS I 2 <SR R 3, #E 300 mJ
Aof 35 B (229). 177 M 7 25 B E 500 mJ B 5 K
300 mJ IRZ, X2 R Ay 7 = AR TG L I
5H A5 B3 SR AR TR 7 24 45 19 ZnO S
AN BRAH b, ASBIFTE A ZnO 5 20 5
(225D R SR N HE . 2755k, 300 mJ
T R TR M RB R AR, 400 mJ R, 3K —#
G5 72 B 23 (AL o 26 AR AR XTI . 3 15 1]
S B A H 28 B 1 S [B) 93 AT ST G2 1 FT DR AR
PR PERE. X AT RER A ZnO M 20 be i s
S AR TR, H a5k Zon/O i+ &
A Znt O B T, RIBTHA R TS24 KE
AE T AR A B A P M R,
FERZS BT 5 B JUHGE VU ZntF1 O7)
)R TR A/ VU -0 i e s 2 e B - ] [21 K VA
BV B EING, B B A A P A
TN, X —FEE B A et AN [ o7 1Y) 15138
ARSI, T RV Z R AR SRR R 4

ey S B4 Jay S i A ek g e IR R A, R AR
PR LA A A KR BEE T RO EERL.

5 % #

AR SCHE #E T4 AT B T UAOGE W D ) BE F Fik
MO (PLD) R, 7E 200, 300, 400 Fl
500 mJ BOLHER T heith ZnO A FFUTRIHIL. R
628 & 5EE (OES) 4341 ZnO %5 F IR 61%
bk, 455 2R E RIET-B R G T T I P
iU G RE | H AR TERE S R A HL R RE. 45
BB, RREBOCRER T, M FIRE S HT%EN
AL HIA B, U AAE 2 S, HEEROGHE
SR G K UM EAS OC RS, 300 A1 400 mJ
IR HE, 28 B (19 25 [R] 4301 SE P22, JEHOE 300 mJ.
W 5, SOGRE R, DU 2 T Aok Y 2% 5
B RS R, 254 58 B B4 ; XRD 5 UV-vis
R, IR 4E TR RN AN I IRE I BE O RE
TGN ST R R s H7E 300 mJ Bk E] i
{B. e MEREIAE—25HESE, 300 A1 400 mJ F il
1 ZnO W L AMERE AL, R AEUE 43 I vl ik
229 {511 135 1.

T I 0T LA AT A B AR T S TR e, 4
FEWA K b OETTR (PLD) s FE i, o 755 8 1023
(i) 3 A R P 5 TV RE A A — 2 k. SR R4
WA T i — 2P ik, (AR R EER AT —H W INTE
YERBLSIHR AL T R 25

AT NP 7 T TR 5 . — s | AR
FOYE, S FIRIREE; i — s X 4
JEHFRERE (XPS) 5 X SR (XAFS)
RSUERAE T B, REMNTOLRE BT 2=
e A OB RS K Zn—O e s A RErE Y
VPRI, T T A ST A5 B TR SIS TR RE Y
SE o SRR AL B 4 T 19 S0 SO 4 5 BRI A
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Study on the emission spectroscopy of plasma and
characterization of nanofilms during pulsed laser
deposition of ZnO"
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Abstract

To reveal the intrinsic correlation between plasma parameters and thin film properties, this study
systematically investigates the regulatory effects of different laser energies (200-500 mJ) on the ablation
behavior of ZnO targets and the deposition process of nanostructures. First, optical emission spectroscopy
(OES) was employed to diagnose and analyze the spectral characteristics of ZnO plasma during pulsed laser
deposition (PLD). The results show that under different laser energies, the evolution trends of plasma electron
temperature and electron density are consistent, with only numerical differences; both parameters increase with
the elevation of laser energy. Notably, when the laser energy is 300 mJ, the spatial distribution of plasma
electron density exhibits the optimal uniformity and stability. Furthermore, the deposited thin films were
systematically characterized using multi-dimensional characterization methods (including morphology, phase,
optical, electrical, and ultraviolet (UV) optoelectronic performance tests). The results indicate that when the
laser energy is 300 mJ, the crystallinity and UV optoelectronic performance of the prepared ZnO films reach the

optimal level. Through the correlation analysis between plasma characteristics and film properties, it can be

preliminarily inferred that there exists a distinct

intrinsic correlation between the spatial distribution

stability of plasma electron density and film properties _"'::‘: —==""| Spectrograph @“’ ‘ —
during the PLD process. Although the universality of B

this conclusion still requires support from more , f;‘\, l
experimental data, this study provides important o oo

PRy o
theoretical and experimental references for the QT‘;:\‘/ Aﬁ@_/ \/

subsequent in-depth exploration of the interaction

mechanism between plasma parameters and film properties.
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