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Abstract: Fluorine-doped tin oxide (FTO) films were deposited onto glass substrates by the sol-gel-e-
vaporation method with SnCl, « 5H,O as a tin source, and CF;COOH, HF or SnF, as a fluorine
source, respectively. The effect of different fluorine sources on the surface morphology, structure and
photoelectric properties of SnO, thin films was investigated, and the mechanism of the impact on prop-
erties of FTO film was systematically discussed. The results show that all the particles in the FTO
films present a tetragonal rutile phase. The surface morphologies of the FTO films correspond to ir-
regular polygonal shape, rod-shaped and pyramid-shaped for fluorine sources CF,COOH, HF and
SnF,. For the optimized sample the values of sheet resistance and IR reflectivity are 14. 7Q/[] and
86.1%, respectively. The doping mechanism of three different fluorine sources is the different bond-
ing forms between F ion and the growing SnQ, grains, or is different in forming tin fluorine com-
pound. The performance of FTO films prepared by one time doping SnF, is superior to secondary do-
ping HF and indirect doping fluorine source CF;COOH.

Key words: fluorine source;fluorine doped tin oxide film;photoelectric property; mechanism of action

AAE SnO, JE— ML AR M SEPR SnO, fifk WEEE p- 200 FL B M . DR F S A
HRAFAE S s A AR AR IR U 2 RE SR B SnO, i JIE n- B EELFIE VA BRI A BT B R
R 0 AR SRR T M TR R R o SnO, R R E. VA KR Sh 5 Sn gt
T TR P BEL 5 | SSRGS FRIE 0TI — JE W B AR 2B I 1L 8 Sh A 2 51k

ULAEK . SnO, 828 12 R ALH A9 0F 52 4 32 [ 4 A A% S A Y B AR Ak, H Sb #8244 SnO, MR HAT I K
LREFMWZRE. HBRFEAAR.Sn0, B L E M 2ERE . [ i 8 B AR e e R
07 R4k p BB 2 R - BUAB 28 WA . i T SnO, U R i A A E DG L S B T2 R



60 MR TR

20184 9 H

A ShbGEmHAR MEIRSIHERE, BEA
TIA BRI B A 3 T ok B 2 0 BF 58 & TF 1R 80
TEREAREHEITTR BT, WA BETRB R
FEEF, CLA Br Fx 8 G R Y L ER) H AL SnO,
) O JLEE M SnO,, Y, fRLEM . BRI IT
FWBRYE TERERB . BAH T Cl (R =
0.181nm) 1 Br™ (Ry, =0. 196nm) [ 8 F L 2 3 K F
O (R =0. 140nm) & F 48, 2 K. 511
pir A% M AR S0 R K R T A R 2 i H U
N EER R M, 1 F (Rp =0.133nm) 5 O* 1
BRARAE K F 5 AR B 2578 SnO, 1
A A% S A FLPT S P ) F A48 2% R A 0 T SnO,
(AR HE 8 B, AT A5 26 HL PR AR L 5 10 F #84% SnO,
(Fluorine-doped Tin Oxide, FTO) @K, KL, F i
il g SnO, i SR HEBAITR.

B, X T FTO B A0 mEY mF LR L, &
4 NH,F, HF, CF,COOH, SnF,, H,SiF;, CCl,-CF,
G, BB AR RUIR MR A = 22 FTO WY i #5 T
2. FTO Ml 25 T2 5 20 3 -8 e vk i 5%
P AL AT (CVD) ¥k DL R RE S5 Ik 5 1. B
I R VA RS- RS vk il A5 FTO #E AT, 18 2% I8
NH,F () F REEXF SnO, BEFTHRIB L. R K-
BRI K L it FTO I8 2 1 ol BHL =7 35 1100/
BIfE NH,F (948 24 J& A 2000 . {5 FTO 5 0 1 Bt
ANERAR . T RL NHLF b G005 R F W 55 44 g ik i
fi i E B AY R 3. 42/, X Ui Bl NH,F & & F IR
N R SO A B AT 8 ¢ . DL HLSIF,, CCls-
CF, A &0 AR 75 3 38 58 />, B4 (0 A0 SC 38 2 B
FTO Wi fs 5 vk g g 22, |1 CCL-CF, 23R
RAFEAZE, TG .

Chowdhury 2% #l Bhachu % L) CF,COOH
A HF Ry R A CVD gk il 45 T 2% 1 H B 2 51
3Q/CIA 8. 8Q/[ITEREML L ) FTO HERR , {H X A ] 9t
VR VE FALBE R R AE R G 5T . i SnF, BE A F X
A2 O 325t a] T M B B 3% . Morris 251 L SnF,
SRy SRR R FH % 55 A ik o A5 e T L ROl 6. 2Q/ I 1Y
FTO Wi s Tran % % % -8 = 1Rk % . L SnF,
g IR AR F L B R 14, 5Q/1 8 FTO MR, 5%
T A SR AR RS0 ) A5 ok B P ik B Hh IR R
HEAT R A

AR 9 R FH V8 Je -5 -2 ko D o M -k
Jig 3 il 45 FTO o B5E 7% i K A 3 2ok 2% B vk 7 3% 38
SR R R T B T IR R e i
TR TS T B N Ao R R 17 A A B o R L BT R 4 0o R R
SE RIS . K TGk G TV R S B S T TP B G

AR B BT SRR 1A T R AR T A
JEAS o JTAER L FTO MR RS 24 b Tl & T2
B0 5 FUR Y 2 L TS [R] SEUTR XF SnO, 3 I Y 42
Z ML S 1 R e dl . A AR A F 58 A (] g U X
SnO, I T A0 L 25 4 T e KOt i PR RE A 2 L R
GE M AR A [) S U5 0T ¥ - -2 B 0 il 4 SnO,
[ (42 2 HL T

1 25

1.1 FTO Hiy 3R & 5 &l &

Fr—E i SnCl, « 5H, O ¥ KB T 50mL §)
TR0 Sy BB L EBOR SRy B 2 TR e R AR Ak T S S K A TR
BWWP, T 50C TR A B m W E LaE IR,
Hil7% Sn(OH), #EHHF K. ##H: CF,COOH, HF
SnF, S 3 AR AT IBESE 4% F 948 2% 1L (F/Sn) 43
BIZE R 9510, 5 10 fl 1.4 ¢ 10, ¥4 3 s 2514051
A bR b, gk e 4 3h, AR E BB F iy
SnO, #HE . BiE i E T 20°C Nk 2d, B B 43 B
M5 f AR IR 85t 198 F 1Y SnO, ¥ iE, 8 T 150°C
8 TR T8 15min, 15 8] F-SnO, WEEK .
1.2 FTO HERH &

4 F-SnO, MEE K B T B8 09 iS58 . 78 BE i I
Jr(3.5+0.5)mm A E 2. 5em X 3. S5em FY I FEE
e BT H b 600°C 28 2h, 45 FTO ¥ i
FE
1.3 BRI

FTO # B 2% 10 1 BH i KDY-1 Y Y 45 £ g B
22/ 7 BRI A 3 RS AE AT UL O XA 9 5 3R H
TU-1901 XOE B 48 Ah ] UL 43 5% o B v 3 . 7 o 3%
T T2 35 25 449 F Sirion 200 B4 4 B 7 5 8% (SEMD
WEL 4B, R DS ADVANCE # X i 28 5 K fi
S CXRD) 43 A7 38 51 $ A0 S 45 & B . S TR SUTR 1Y
FTO # B0 B 46224 B (E) 7l i1 36 578 A 3K (eho)®
=ACw—E)RiH5H ., X A B9 REGe AL
WA F, AT A T=e S o=1n[(1/T)/
c 333 e R EEREIE R s T i o 56 E, RO FRei Bt .
E, w3 MG () 5 v gk E =0 44
53,

75 WIPE RN S M FTO 8 551 T A 35 A R 1F
{0375 B R F P P i A R A o I R P g
Afedfets. T AL FTO # B AY 28 & M B8, Fraser
FE X T AR BN Fio. J5 & B Haacke
LN FrefBIE R Ore=T" /Ry, b T N i 1k %
Ry Wi Y Bl . Dre MR BR A FTO WML A6



FaeE HEoM

TR R X FTO b 5 A 52 e B HA I PL B 61

HLPERE LS. It Ah, FTO 3 R B0 O it M B8 mT by 8 1 )
AL LLA ST 3 Ry e 520 0 P 2140 G Ry =
(140, 0053Ry) s R R, 2 B AR S M RE B L

2 HRE5SMH

2.1 AESEX FTO %R EF IR0 20
KB SnO, B FIK [ 60 6 %% 1) FTO 3
B RIS mE 1 s, B 1) 2RBRMY
SnO, i fERY SEM &, 1T LA H 50k 5 #08k , 4 A 1
A1, B 1(b) & Lk CF,COOH Sy i 5 1 26 T % 51 1
URL S R KLU ) Z2 5B 4R 5 5 R 48 2% 1 SnO, 3 5 AH
Fe ORI/ B A ¥ 5 80% . B/ 1o, HE S SR

1) T RS 5 1 SR TR IR 5 R 48 24 19 SnO, 3 5 11 450
REIE R AR AHALL . FTO 8 B85 1 J0RE A2 /0N T IR 8 [
ML HES R . & 1CdD) L SnF, S J IR G T IR R
it 2R TR 300 Aok 2 4 B R AR A s L TBORE R
SEAH A HE #i1 CF,COOH S IE R AE B R 2~3
f o ANFEGIE A FTO ¥R & 18 JE 51 A W) 0] /g &
K2R SnO, (1) B 52 70 7 4 20 A A8, By (110) & 18
AR, R B AS [ ROIR A F A R B 4 AR
ANIE A5 SnO, 9 & % % B A F. Smith %Y
Wang 22 58 /N 41 2 BRUY (110) & T A B 8 B 1)
BRI R B 58 A n A A IR . 33X 10 W SRUUE 9 AN TR
A5 S0 A BB 2 R TR L JE I 52 ) FTO 5 1 %&
T JE 5

1 R4B2R SnO, MR K A 7 IR ] 4 1) FTO AL 5 i SEM &
(a) R4 (b)) HF; (¢)CF;COOH;; (d) SnF.
Fig.1 SEM images of SnO; films prepared with different fluorine sources (a)undoped;(b)HF; () CF;COOH; (d)SnF,
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Fig. 2 XRD patterns of undoped SnO; and FTO films

prepared with different fluorine sources
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Table 1 Various parameters of undoped SnO, and FTO

films prepared with different fluorine sources

F source a=0b/nm ¢/nm V/nm? Dy /nm
Undoped SnO; 0.474 0. 319 0.072 14. 600
CF; COOH 0.471 0.317 0.070 6. 600
HF 0.471 0.317 0.071 10. 200

SnF, 0.473 0.317 0.071 22.980
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Table 2 Photoelectric performance of FTO thin films prepared with different fluorine sources

F source n(F) :n(Sn) Transmittance/ % E,/eV Rg.,/(Q Y Ore/ X104 ! R/ %
Undoped SnO; 0 92.0 3.67 450.0 9.65 8.7
CF;COOH 9:10 77.9 3.70 80.5 10. 20 19.1
HF 5:10 78.6 3. 86 18.3 49. 20 83.1
SnF, 1.4+ 10 79.2 3.97 14.7 66. 10 86. 1
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= 50l —HE RE 5 A A% H A RO AL A A 5%, i B AR 45 1) R R 2
40 _SI”Fz LT 5 2% R RS 2 ] A9 A9 0 ROk i e O R

300 400 500 600 700 800
Wavelength/nm

B3 R RUIR H 45 09 FTO B A] 00 3 5t 3ROk 3
Fig. 3 Transmittance spectra of FTO thin films prepared

with different fluorine sources
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Fig. 4 (ahyv)?-hy curves of FTO thin film prepared

with different fluorine sources
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Fig.5 Single-crystal structure of SnO,
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