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Abstract: Antimony tin oxide (ATO) has been extensively studied in energy-saving buildings, photoelectric devices and
military stealth technology due to its inherent high visible light transmittance, good infrared shielding performance and elec-
trical conductivity. In this review, progresses in synthesis of ATO nanomaterials and their thin films in recent years are pres-
ented. The fabrication methods of ATO nanomaterials such as precipitation method, sol-gel method, hydrothermal method or
solvent thermal method, as well as their films such as spray pyrolysis method, pulsed laser deposition method, magnetron
sputtering method and coating method are reviewed in detail. The factors of antimony doping concentration, drying method,
temperature, oxygen flow, thickness of film on the nanostructures and photoelectric properties of ATO and ATO films are dis-
cussed. The application of ATO films in the fields of optoelectronics, architecture and military are also introduced. Finally,
the advantages and disadvantages of various fabrication methods are summarized, and current challenges faced in practical
application and the trend of future development are presented and discussed.
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Fig. 1 SEM images of the ATO nanoparticles synthesized at different Sb contents: (a) 5%, (b) 10%, (c¢) 15%, (d) 20%, (e)

25%; (f) energy-dispersive X-ray sepctroscopy (EDX) of the ATO nanoparticle’ ']
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Fig. 2 SEM images of the ATO nanoparticles synthesized at different calcination temperatures: (a) 500 C, (b) 800 C, (c¢) 1000 C;

(d) transmission spectra of ATO at different Sb doping concentration
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Fig. 5 Schematic illustration of energy level of ATO film (a), AFM image of ATO film (b), variation of R, of ATO film with annealing

duration and annealing temperature ( c) (23]

3.2 BkMEEinRE
BRI R AR TE s 55 0F T, m RERK i ik
ez R, R A R, TERLA R AT A —
AR, eI A T Y T A TR AR
DURRBIRL R LIRS . D B 1k i RE K vh O R 3%
UM — X, fEsgdrd R b, SO SR O DL —E
BRI AR . Bk O TURR I TT LIRS B 4% ) JC R T L,

A B AR | TEAR I SR B A ATO
W2 DU | AP IRIRLEE | AU R | B G AR AR
PFRISEIR . Yu SRR BT TS5 R R RIRLEE |
TEIE IS R Sh 48 2% W X ATO 8 5% 1) 245 44 0 ' v i
M2, BEFE A B, AR Y FL BB Sh B2 W BE A9 4 i
/), ARSI Sh B Al A i B0 TR B A, fF
AL Sn-Sh 2 AWy, MG TR e PE A



202 Hh AR 5% 41

A JEE R L5 A Rk RE AT b 2 I S I, i 2 v
I, BEIRAEAS ARG R, 5 e B =2 sk /) 5
MR S B4 — i, T ATO U
BRH/N, BRA S EN 0.1 Pa bb, WEREAE 400 ~
800 nm I B 135 SRR A AT R B RIS A #2754
R Tk B (0 18 25 30 ATO BRI T VR BE 38 Jin, - DT 52 i)
EREE AT LG X 8 ) 385 o SR R A G IR 3 A 74%
HNE] 85% , FERAERIE T L (FIE 2.5 Pa, HIETEE
700 °C . MR 250 nm. Sb B 24Uk B 20% (BT H04
$O) T, W R AL 1.0x107° Q -em, AILG
FHE LR RT 84%

Chen 217 2 1] F bk o6 TR il 4 1 2 1 -1 L
BI5pi ATO W, JF25 ST 1 IR TR B XA 2% Fn
FLPERE ARSI, $5 1R 3B I BE T DL 3 A A 45 A
PEEEIEADEEERE sS40, BRI G TT {2k Sh*
] Sh™ HeAE . B TR, MBS, 7E 400 ~
550 °C, B IRJORBE MR, TR Y L BH R 2 T B
Bl 2.7x107° Q - em, 7] W65 i F N 85% 72 5 5
92% . Shen 25 %3, 5 Sb B X WML R B FEM

Resistivity (Q.cm

6.0x10*

YER, JHorp A A SCsE R 3. Sb™ Al Sb™ & i Lh A Al
ATO S50, S8k B AL IRRT, WSS a2, 8
HRU B N A R M A A AR5 B4, 4 Sh
FeU BT 12% (JEF RO 80 B, 2590l Sb™ ) Sh™ 7%
A BRI Tk, SECRHET

Li %50 SR F ko O TURGE il 46 T ATO, K H S
WA A RIS G, W T ATO/ A 80 £ 2
FBE . ATO/ A1 35065 1) v B FL BHL DA 49. 5 & % 40. 6 O/sq,
FEAIR T 15% , [) Ik X i IS 1) a8 S R R = Ak s g, SF-
BN 81.9%, HA — & W 0F 78 1 J1 AN FH A 18
ATO RS S5 i B2 2 s OO i M B I J 22 5% 1, T
JGRE R ATO LS FE M EZ N ZE . Chen
ZEUUAE 550 C il R4 T OATO WP, BEIE T O
AE % B X ATO 25+ S PERE I SZ i, ANl 6a~ 6¢
fin, b ROST BT8O e B %% B 3 R/, P15
Tt R R R BRI R, e 82% . MIHOLRE
W EE/NT 3.6 J/em® B, SR A B 2 B A8 1L B 1Y
BRI AR T, MM 3.6 J/em® B, A5k 18 ) H
B A% H 6. 52x107 Q - em (& 6d) .

21
—m— Resistivity [d] 8 3.0x10
—A— Hall mobility e
—@— Carrier concentration ‘g
— o]
<, q25x10" ~
A——A——AU | 6 —.> =
//w' % 2
>120x10" 8
= g
o 5]
n <)
A/ o Py 1 E g
T~e—e 3 1 15x10%" §
o— 0 ——¢ = “
]
_— \.___. p
. 2 -1.0x10"

) L L 1 ) L L L
10 15 20 25 30 35 40 45 50 55 6.0

Energy density (J/cmz)

Bl 6 RNEBOGCHERS T HIAM ATO MR AFM B H . (a)1.6 J/em?, (b)3.0 J/em?, (¢)4.2 J/em?; (d) B0GRE %5 i i

TR B | BRERSR  HOR TR R B

Fig. 6 AFM images of the ATO thin films prepared at different laser energy densities: (a) 1.6 J/em?, (b) 3.0 J/em?, (¢) 4.2 J/em?;
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