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Characteristics of Tin Oxide Thin Films Deposited by PE-ALD
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Abstract Tin dioxide (SnO.) thin films were prepared on Si(100) substrate by PE-ALD using the
DBDTA((CH3CO,),Sn[(CH,);CHj3ls) precursor. The properties were studied as a function of source temperature,
substrate temperature, and purging time. Scanning probe microscopic images at the source temperature 50°C
and the substrate temperature 300°C shows lower roughness than those 40/60°C source and 200/400°C
substrate temperature samples. The purging time for optimum process was 8sec and the deposition rate was
about 1 nm per 10 cycles. The conductance of SnO; thin film showed a constant region in the range of 200°C
to 500°C. The thin films deposited for 200 cycle show a better sensitivity to CO gas.
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Table 1. Process conditions for SnQO, thin film.

Experimental Parameter Condition

Substrate Si0,-Si(100)

Source DBDTA : (CH;CO,),Sn[(CH,);CHs],
Purging Gas Ar(99.99%)

Reaction Gas 0,(99.99%)

Process pressure 500~600mtorr

200°C, 300°C, 400°C
40°C, 50°C, 60°C
50, 100, 200, 400, 800

Substrate temperature
Source temperature

Cycles

LEE 50°CE FA8tr 347+ DBDTA 9E5¢
2%, Ar purging 8%, O, plasma 3%, Ar purging 8%
9] (28/318)2. 2 FHZFE 200 cycleR 3P}y o
600°CollA 30% <t AYE it ¢ 3857 &
¢ Y€ 7k&= DBDTAE 20 scem, Ar purgings
50 scem@ 2 GR35t 23 274S Table 19014 e}
WAt

wete) A4 92 AP T2E A6 fEiA XA
3]2 54 7) (X pert-PRO-MRD  Philips, CuKa(=1.5405A,
40kv, 30 mAYE AMS-3IH L, Btte] W 4 2 AF
7181 HgE #&A37] 9J3)*= Advanced Scanning
Probe Microscope(SPM, PSIA, XE-200)2 ©]&3}5%5 T}
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Fig. 1. The thickness of SnQO, thin films as a function of
deposition temperature.
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Fig. 2. The thickness of SnO; thin films as a function of purge
time.
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Fig. 3. SPM image profiles of SnO, thin films deposited at the temperature of source substrate for (a) 50-200°C, (b) 50-300°C,

(c) 50-300°C, (d) 40-300°C, and (e) 60°C and 300°C, respectively.
P y

(a) RMS 0.86nm

{c) RMS=1.38nm

(b) RMS8=0.86nm

(e) RMS=1.72nm

Fig. 4. SPM image profiles of SnO, thin films deposited at the temperature of source substrate for (a) 50-200°C, (b) 50-300°C,
(c) 50-300°C, (d) 40-300°C, and (e) 60°C and 300°C annealed at 600°C for 30 min, respectively.
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Fig. 5. Thickness variations of SnO, thin films as a function
of the cycle number.
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Fig. 6. XRD patterns before and after annealing at 600°C for
the specimens deposited at 50°C and 300°C for source and
substrate temperature, respectively.
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deposition cycles for the specimens after annealing at 600°C.
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Fig. 9. Temperature dependence of the sensitivity of SnO, to 250 ppm of CO (a) before and (b) after annealing at 600°C.



2002-005-

N

bt

PE-ALDZ ©}43} SnO, Thin Film¢] 54

ZHAte|

B

o
L 'E\ET!:'C

15 AAEFAHE KRF-

Faetezl
2 yE97)9 =gy,

D00008)2.

o
kl
HO
rot

. G. S. V. Coles, G. Williams and B. Smith, Sens. Actuators
B, 5, 7 (1991).

T. Oyabu, Y. Ohta and T. Kurobu, Sens. Actuators, 9, 301
(1986).

N. Yamamoto, S. Tonomura, T. Matsuoka and H.
Tsubomura, Jpn. J. Appl. Phys., 20, 721 (1981)

. M. Nitta and M. Haradonme, J. Electron. Mater., 8, 571
(1979)

G. Sberveglieri, G. Faglia, S. Groppelli and P. Nell, Sens.
Actuators B, 8, 79 (1992).

6.

10.

11.

12.
13.

14.
15.

845

T. Maekawa, J. Tamaki, N. Miura and N. Yamazoe, Chem.
Lett., 575 (1991).

. W. M. Sears and M. A. Gee, Thin Solid Films, 165, 265

(1988).

. M. C. Horrillo, P. Serrini, J. Santos and L. Manes, Sens.

Actuators B, 45, 193 (1997).

. D. H Liu, Q. Wang, H. L. M. Chang and H. Chen, J.

Mater. Res., 10(6), 1516 (1995).

G. Sberveglieri, G. Faglia, S. Groppelli and P. Nelli,
Transducers, 165 (1991)

J-B. Kim, K-y. Oh and C. Lee, J. Kor. Inst. Met. & Mater.,
12(6), (2002).

K. J. Sladek, J. Electrochem. Soc., 118, 654 (1970).

D. W. Shaw(eds.), "Crystal Growth", Plenum Press,
London, Ch.1 (1974).

M. Ohring, Academic Press, San Diego (2002)

V. E. Henrich, Report on progress in physics, 48, 1481
(1985)



