BRFEWILEEC (BT - H# - A7 AEMEE

IEEJ Transactlons on Electronics, Information and Systems
Vol.144 No.11 pp.1093-1099 DOI: 10.1541/ieejeiss.144.1093

AI’/NQ / b’

k2B )IlO PRET koB KA
LN

i

X

AFHSKHTRFZ R oy ANy X ) U 7 ECERIL 7=
7 E)L T 7 A SnOy:N JEE O HEe

A

B R WK A
c o

Characterization of Amorphous SnO»:N Thin-films Prepared by RF Magnetron Sputtering
in Ar/N,; Mixed Gas Atmosphere

Takuma Kawaguchi™,

Non-member, Ryuji Oishi ™

* Non-member, Maki Shimizu*

* Non-member,

Yasuto Hijikata**, Non-member, Shinya Aikawa*®, Member

(2024 42 A 29 A&

F,

2024 4E 5 A 8 HEEZAT)

Nitrogen (N) has attracted attention as a hole dopant for SnO, semiconductors. We have previously reported p-type

conversion of n-type SnO, thin films by N doping by thermal annealing in N, atmosphere. Since the diffusion length

of N is several 10 nm order, uniform N doping in the film is limited in terms of practical applications. In this study,
we investigated N doping into the bulk using RF magnetron sputtering in Ar/N, mixed gas atmosphere. N-doped
SnO, (SnO,:N) thin film was fabricated by the sputtering at a substrate temperature of 300°C and a N, concentration

varied between 25 and 80%. The fabricated thin films were amorphous under all deposition conditions. As the N,

concentration increased, the absorption edge shifted to the longer wavelength and optical bandgap became narrower.

XPS and PL analyses showed that as oxygen vacancy decreased, Sn-N bonding and N>~

component, which acts as

an acceptor, increased. Hall-effect measurement showed the SnO,:N deposited at 80% N, concentration has p-type

conduction. We believe that this is because increase in density of states of N 2p orbital. However, the mobility was

0.12 cm?*/Vs, suggesting limitation in improvement of electrical properties even in N doping into the bulk.
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Fig. 1. XRD diffraction patterns of SnO,:N films deposited

at different N, concentration.
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Fig. 2.  AFM images of SnO,:N films deposited at 25, 50 and

80% N, concentration.
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Fig. 3. (a) Transmission spectra of SnO,:N thin films

deposited at different N, concentrations between 25 and
80%. (b) Tauc plot extracted from the transmission spectra.
Solid tangential lines are least-squares fits using the Tauc

relationship. The estimated £, is shown in the legend.
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Fig. 4. XPS spectra of SnO,:N thin films deposited at 25, 50 and 80% N, concentration: (a), (d) and (g) for the N 1s; (b), () and (h)
for the O 1s; (¢), (f) and (i) for the Sn 3ds,. The open circles are the obtained raw data, and the solid black line is the best-fitted result.

The peak fitting was performed using the pseudo-Voigt function.

Table 1. Estimated peak area ratios for each composition of the SnO,:N thin films deposited at 25, 50 and 80% N, concentration.
N ls Ols Sn 3ds;,
Ny, (%)
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NO chem) 15.63 Otehem 16.53 -
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Fig. 5. Photoluminescence spectra of SnO,:N thin films

deposited at (a) 0, (b) 25, (¢) 50, and (d) 80% N, concentration.
The green lines indicate the peak top position around 440 nm.
The solid red (431 nm) and blue (439 nm) lines are the best-fitted
result of the peak positioned around 440 nm. The peak fitting was

performed using the Gaussian function.
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