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Tab.1 EDS data of GZO films at different sputtering powers

Sputtering parameters

Atomic concentration ratios

Power/W Zn Ga (6] Zn/Ga
70 2.53 9.78 87.69 0.259
80 2.32 9.58 88.09 0.242
90 2.73 11.64 85.63 0.235
95 2.93 13.32 83.74 0.220

i F 240 AT WA Y6 T (UV-3600 plus, & HEA
A ) 7E AT LY RN 43 B T AS [ S ) S DT R Y
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PR Y 1) A 7 [0 A 30

GZO AR 5 BE AT LRI MEEAS 2], il id
221 (ohv)® 5 hv BOHNZRIEL, G SMEETES A 2k 2k
4 B4, U0 B S X I 26 1 T B GZO I Y A A
Vi JE Eg o OGS ZR B, b o B e R v
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Fig.l Transmittance of GZO films at different sputtering powers
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Fig.2 Optical band gap widths of GZO films at different sputtering

powers
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b2k SR O 8% (MCD-1064-0.5-120, Jb 50745 Ak %5 6
FHEA BRZA 7)) /E A3 & IR, H K 1064 nm, ik
B M 350 ps, A AF N 500 Hz, BOCAER A 122 .
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-5 b, (S BRSO RE 85 DI R A A 3R 1Y AN [
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HEAT A3 AT, ST AS A 00 i3 1 A BBl Ry 240~420 nm, St
TS HEEN 0.01 nm. Ok o 3R £ 5 B AR GZO
WEBRE SR AT 0.2 mm, 2R1358 i e Y B AR )
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Fig.3 Schematic diagram of PS-LIBS experimental set up
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2| T 7E 240~420 nm i [ 9635 #, G0 4 TR .
HRHE NIST Ji - 54k 2 LU K 5] 4 AT 4, Ga JTTER Y
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4 AIAL, Ga JCE ML B SR EE KT Zn L E M
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Mres e, 200k Ga i R Zn JCE 1 H 41k

14 000

12 000

10 000

Gal403.29 nm

8000 |

Gal294.36 nm

6000

Intensity counts
Gal287.42 nm

Zn1334.50 nm

4000

Zn1330.26 nm

2000

Zn1328.23 nm

0 "

240 260 280 300 320 340 360 380 400 420
Wavelength/nm

4 GZO HER LIBS YRl

Fig.4 Typical LIBS spectra of GZO thin films

2, B FEH] Gal403.29 nm 5 Zn 1334.50 nm Wi 5%
TR I o B B LB L AR AR IS 2 i v, Ok 22
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. Zn LRI HIEL
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Tab.2 Spectral lines of target elements

Element Number of lines Wavelength at the peak positions/nm

Gal 3 287.42,294.36, 403.29
Znl 3 328.23, 330.26, 334.50

22 BEMHLFESEEFRERENEFEE
22.1 FBTHRBA
T ST T B RPN KOs T S TR

FROE S BOEOE S ARHA A B AR, S SE56 & FoT
FE AT HE AL ORIE, SCH O 55 B R TR I 2
JEMATEZ S EAT T 00 SR SEE 3% H
SRR S B TR T T T

I _Eg FC,
PR R T
A Ay Ev. g MFERIGEILR . FLRERBER S5
TALEE ; ko T30 R 38 H-25 2 5 505 4 8 R
U (T) R 5% 8 F IR E T BB 5 R AL CoN XN e &R
MU BE O ks FRSRIR S8, A = (1) #4748
AR

1 1

(1

Yi =mx; +q; 2

Fh 28 2 (1) AT 20 A 70 0 A X 0T 5 PR B
1223 (2) AT, 45 B i R R 5 R AR O 1Y 1 £
B HEER 2 PR ORI, HXR RS
K3PR. [N, B 5 WoR T A5 M H 24 2 K, &
PEALE T Rt S A AT o, I, S5 TR T3
h T=5426.8 K,

3 ATHESEFEHREN Ga iELEIE

Tab.3 Spectral lines data of Ga using to calculate the plasma temperature

Atomic spectral lines data

Elements Spectral lines/nm
Afs”! EifeV 8k
287.42 1.17x108 43123
Gal 294.36 4.02x108 43131
403.29 4.85%107 3.0734 2
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Fig.5 Boltzmann diagram obtained from Ga lines
222 WFEE
it P RS v R i o v 1 B, LR SC R Rk
XN
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/lstark = zwm (3)

P Nedi: i 7% s w R IR YRR S48, W] LU
25 [ 2 % SCHk [26] 1515 e 1 22 110 17 35 50 J8 5,
il FHAR A5 9 1% 28 Ga 1 403.29 nm X H 1~ %5 JF 7E 475K
i, IFARAS TIZIBL Voigt A, WK 6 fis. AR
A (3), LG HA R T Ne=4.2x10" cm .,
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Fig.6 Voigt fitting of Ga lines 1 403.29 nm
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Fig.7 Intensity variation of Ga lines I 403.29 nm at different positions
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Fig.8 Zn/Ga spectral line intensity ratio and atomic concentration ratio

of GZO films at different sputtering powers
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Fig.9 Zn/Ga calibration curves of GZO films at different sputtering

powers
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Rapid quantitative analysis of ZnGa,04(GZO0) thin films using

picosecond laser induced breakdown spectroscopy

Dong Lili', Gao Qing®, Wu Jiasen®, Xia Xiangyu®, Liu Shiming®, Xiu Junshan®"

(1. School of Chemistry and Chemical Engineering, Shandong University of Technology, Zibo 255000, China;
2. School of Physics and Optoelectronic Engineering, Shandong University of Technology, Zibo 255000, China)

Abstract:

Objective In recent years, with the rapid development of the research on nanomaterials, transparent conductive
oxide nanofilms have been widely used in many fields such as flat display, liquid crystal display screen and thin
film solar cell due to their good conductivity and high transmittance in visible light range. ZnGa,0, (GZO)
nanofilms are prepared by doping gallium elements in zinc oxide thin films, and its performance is close to that of
traditional tin doped indium oxide (ITO) thin films. Radio frequency (RF) magnetron sputtering, as a mature
preparation method for thin film materials, has been widely used in scientific research and industrial fields due to
its advantages of stability and high film forming quality. However, in the preparation process of GZO thin film
materials, changes in magnetron sputtering parameters often lead to differences in the composition ratio, resulting
in different performance of the samples. Therefore, it is necessary to quickly analyze the composition ratio of the
prepared GZO films, so as to analyze the performance of the sample and optimize the process parameters of
magnetron sputtering. For this purpose, an available and effective analytical method was used to achieve the
detection of the composition ratio of the prepared GZO films by radio frequency magnetron sputtering at different
sputtering powers.

Methods During the deposition process of the GZO thin film, the sputtering powers affected the composition ratio
of the samples, resulting in a difference in the performance of the GZO thin film, such as the transmittance (Fig.1)
and optical band gap widths (Fig.2) of GZO films. In this work, the GZO thin films were analyzed by picosecond
laser induced breakdown spectroscopy (PS-LIBS), and the critical element concentration ratios of GZO films
were quantitatively analyzed.

Results and Discussions PS-LIBS experimental setup (Fig.3) and the corresponding LIBS spectroscopy of GZO
thin film (Fig.4) were shown. Moreover, the plasma temperature and electron density produced by picosecond
laser ablation of GZO film were calculated as 5 426.8 K and 4.2x1 016 cm™, which satisfied the local
thermodynamic equilibrium condition (Equ.4) so as to achieve the quantitative analysis. The results obtained by
PS-LIBS showed that there is a certain relationship between the optical properties of the GZO thin films and the
intensity ratios of the element spectral lines. With the increase of the sputtering power, the Zn/Ga spectral line
intensity ratios and the concentration ratios show a consistent change (Fig.8). Taking the Zn/Ga ratio of the key
component of the GZO thin films as the main analysis target, rapid quantitative analysis was carried out on the
change of the ratios under different sputtering parameters. The calibration curves of GZO thin films were
established with the Zn/Ga spectral line intensity ratios and its energy dispersive spectrometer (EDS) values

(Fig.9), and the corresponding linear fitting coefficient was greater than 0.99 which showed good fitting results.
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Conclusions In this study, PS-LIBS technology was used to analyze the Zn/Ga component ratios of GZO thin
films deposited by RF magnetron sputtering under different sputtering powers. The linear fitting coefficient of
calibration curve was up to be 0.998. The calculated plasma temperature (7=5 426.8 K) and electron density
(Ne=4.2x1 016 cm™) ensured the accuracy of quantitative analysis. The Zn/Ga intensity ratios detected by PS-
LIBS under different sputtering powers were closely related to the optical properties of the GZO samples. Both
the Zn/Ga intensity ratios and atomic content ratios decreased with the increase of sputtering power. Moreover,
the corresponding optical band gap widths increased with the increase of gallium content in the GZO thin films,
reaching the maximum value at the sputtering power of 95 W. It indicates that the PS-LIBS method has positive
significance for the fast performance analysis of GZO thin films with its advantages of fast, real-time, in situ and
micro-damage analysis, and it can also achieve real-time optimization of preparation parameters for GZO films
deposited by radio frequency magnetron sputtering.

Key words: radio frequency magnetron sputtering;  picosecond laser induced breakdown spectroscopy;

plasma temperature;  electron density;  quantitative analysis
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