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Abstract: A novel way, i.e. introducing ultrasonic vibration during the laser annealing process, was developed for
treating fluorine-doped tin oxide (FTO) transparent conducting thin films. The influences of ultra-
sonic-vibration-assisted laser annealing on crystal structure, surface morphology and photoelectric properties of the
FTO films were investigated. The experimental results indicated that application of ultrasonic vibration during laser
annealing caused the films to move up and down and thus brought about a continuous change in laser focusing state,
ensuring the films to be in the optimum location to undergo laser annealing. Meanwhile, it could enable the particles in
the laser-molten zone on the film surfaces to be dispersed through vibration, thus restraining the agglomeration of the
particles and enhancing the uniformity and compactness of the films. As a result, photoelectric properties of the FTO
films were effectively improved. It was found that the FTO film obtained by using a vibration power of 300 W was
more uniform, compact and smooth, thereby yielding the optimal photoelectric properties with an average optical

transmittance of 84.7% in the waveband range of 400~800 nm and a sheet resistance of 9.0 /1.
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Fig. 1  Schematic diagram of ultrasonic-vibration-assisted
laser annealing treatment equipment
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Fig. 2 XRD patterns of the untreated FTO film sample and
the FTO film samples obtained by ultrasonic-vibration-assisted
laser annealing using different vibration powers
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Table 1 Grain sizes (D) and surface RM S roughnesses of the
untreated FTO film sample and the FTO film samples ob-
tained by ultrasonic-vibration-assisted laser annealing us-
ing different vibration powers

Power/W D/nm RMS/nm
Untreated 22.5 37.6
0 27.3 48.7
100 26.7 29.3
200 25.2 20.5
300 23.9 14.2
400 22.9 26.3
500 21.6 35.8
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Fig. 3 SEM (a) and AFM (b) images of untreated FTO film
sample
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Fig. 4 SEM images of the FTO film samples obtained by ultrasonic-vibration-assisted laser annealing using different vibration powers
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Fig. 6 Schematic diagram for evolution of particle distribution on the FTO film surface during ultrasonic-vibration-assisted laser
annealing process
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Fig. 7 Transmittance spectra of the untreated FTO film sample

and the FTO film samples obtained by ultrasonic-vibration-
assisted laser annealing using different vibration powers

45 H T AN R ) 2 00 R 75 IR 30 4l B 06 B K AL B S
FTO 7 JELRE 5 72 400~800 nm I EX ()1 1135 6 % (Tay)
A7 B B (Rg), BRI, 0 W RE i P38 e %
T PB4 5N 81.0%F1 9.4 Q/o, 5 RACERFE
(79.9%, 9.4 Qo)LL BRI AIE R, XREHT
AR RUST 1K, A5 O B s Y, T e B
AFAGAN B IR, I T R R DR Dk 3 TR RS FEE 1 38 KA 15
R il IR0 AR R p 5
IS5 T EH AR 3K 51 0 B T U ek 1
1 FH2O M4 2 T2 M 100 W 14K F 300 W I, FTO
VL JIEESP- 350 35 O R IR TP R B 84.7%, J7 Bk H PHZ B
I/NEE 9.0 Q/o . 1K 3 B YA PR T 8 R T URL 23 A 1)
B3 1 RS B () v DA % T SR TR RS 1) PR AR,
Iy A i ek b B 6 U, IR R m R T IE
P20 b g5 4k 1 SR AL S B AR T
IS 1 0k, e 28 7T 30 0 VT P s v M R A o (1
o Hrh, 300 W R i SR T 557 %, J0RL o A e 3 5)
AEE, HobwrkRE Rt . 5 300 W FE AR L, 400 W
F1500 W 5 (1735038 6 2 3 H BT BRAIG, D7 e da Bl
L R B X R pR T VR T R B T BRI
DA B % THVRH R P 386 K 2 5 80— e Mok U ik, 5%
AR PR R

R 2 TENFBERNFHBNHRNALIERE FTO ERAE
o B0 S 24035 S 2. (T o) A0 75 BB PHL(Ry)

Table 2 Aver age transmittances (T,,) and sheet resistances
(R4y) of the FTO film samples obtained by ultra-
sonic-vibration-assisted laser annealing using different
vibration powers

Power/W T,y (400~800 nm)/% Ry/(Q+oh
0 81.0 9.4
100 81.9 9.3
200 82.8 9.2
300 84.7 9.0
400 82.7 9.1
500 81.6 9.2
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