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Abstract—Formation of TiO; film by chemical aerosol deposition(CAD) has been investigated experimental-
ly and theoretically. The carrier gas flow rate, the nozzle-to-substrate distance and the substrate temperature
were chosen as major process variables and the experimental work has been carried out to find their effects
on the deposition efficiency, the film thickness and its distribution. Both the deposition efficiency and the
film thickness increased with the carrier gas flow rate and the substrate temperature but decreased with
the nozzle-to-substrate distance. Especially at higher rate of the film deposition, the central part of the film
had a concave surface like a valley. The flow and the temperature fields of the fluid phase in the region
between the nozzle and the substrate were calculated numerically. Then the particle trajectories and their
evaporation were also simulated numerically from the equations of both particle motion and evaporation. As
a result, the evaporation of the liquid particles was to occur abruptly so that the liquid-phase region had
a clear boundary. The extent of the region was found to be a determining factor in the film deposition,
which characterizes the chemical aerosol deposition.

.M B g So) wupd sl ot WyeR Assn
AUTH13). wreb g o ze Feldel $gow jon-
AL whEA) o & 2w f00E B8 4 ized-beamd, oY Fol olom, shahH 0y

776



Chemical Aerosol Depositionell 2%+ =34 777

o

rulm r[o rie

CVDY, Z-Ad Fo] sirh vt olH & W
)7} Babsla Az ZHol ZvtEeo 34
Aol =] oj2i ¢ ol wrh o]¢) u]3te] chem-
ical aerosol deposition(CAD)[4,5] %7} =
stz AW Alol7t folsh] AA A g es &
24 qlch o] WYL SnO,, TiO, 59 #47] w& %
o #3h4 uletoli}, YiBa,Cu;0; ¢ & Z A% 4 (high
T. superconductor) 2] shabel]l 77 -85 Qlch
Chemical aerosol deposttlon(CAD)ﬂ% 405 Fal

golg Y ¥ 2&3 BFE Fajol w4 o

‘R ook

>

Wee BT 44D AU e B olF
2|#A wpeke A= JEelh &, A€l aerosolS
w2e Fato] spdR slRelel b ool V)%

o] £2+5}7] Aol aerosolsel EEH &el& Zubsl s
source Bl Laluto] 7| el Ertato] 7T el A F
sjurgo] oloji} mhg HAsHA He zolth

o] MPHE CVDE w] & ofd whabdle 7]& 3} v
s, 98 BAe stdste] 2712 g et el7)
5o Abdl A¥-a5 ol AT 5 2L aerosol®]
Haso] o) £ wo EE A Felrt dojupA

& zAse] ol Eh

=7} 1) ¥4 3
4712 3H3HE(300-500C Apgeell A ggste] Thk
g uietA 2ot P g ¥ 01'43} )7} zhekatr] o
o TAA 7} olata A A eltt
afub 2 @7hR o) wpeba) el Wk Aol ¥
5] uhe] Akt AR A ulakz ® S5 72
abe] ZAonr A Fstn Yol HAHE TN
A o] chelhwl o) Abddelch
whe} ] 2 ol Fol A o) 9} 2w Aol #A S
titanium ethoxide[ Ti(OC:Hs).] aerosol®] -3}
o] 9]&) titanium dioxide(Ti0,) =H[6]& ==
o A8z} o|2e Eate] slAstein Ik F o
Mol o5t wta A F&u WA B L RES A
2z A wet Tk, fA9 F5Ae AR A
Absl 7] 241 setupsto] A1 A )& 72 aer-
osole] 7AEol 4 ataAdztAlel #A & s 4o

o]
1)
o
L
il
¥
0,
et
A
r{n:
ST
b Lo
o]o
¢ §°

=

Lo

Hﬂ rlo oXx

o 1

=
_r.
-]
Ll

RV <3
S L

2-1. MEFEx|
2 A4 %
chamber& v7ol Al

Fig 1o viepigich
2 Ao dubge] 719 a5 =

’Eé_°l golgt x&3t £F-F dskad

?7 .

|

10 2 3 4

TE 11
13

Fig. 1. Schematic diagram of experimental apparatus.

1. N, gas cylinder 8. Spray chamber

2. Ultrasonic humidifier 9. Spray nozzle

3. Mini-pump 10. Heater

4. Solution reservoir 11. Temperature

5. Gas flow meter controller

6. Aerosol reservoir  12. Temperature indicator
7. Valve 13. Exhaust vent
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Fig. 2. Variation in yield with respect to sprayed volume.
(Q=2000 cc/min, d=3 cm)

2-3. AHEn

2 QAP e AP F3bo] H3 583 JA4="
o] A B FAE-EE 7319, SEM #3S £l
P 2o} Fw-g Auglom EDS ¥ 2sle
a}2} "a’v“rg ZAFskod )

2 718 AHg-sle] AR Hulge] A7) 3
8} dﬂl’g’(Shnmadzu KalnewA}, Japan)-& A}4-3}sf 3t
Astgiel. 579 Autge) Av)E 2.7 umE FEE
o1} ARS-gE 4wl7b FbAde] gl ethyl alcohole]7)
o Fol] FF-off o] AAH Hupg °lli'_f+ 2 10 uym
Ax7l °d Aoz FAkc o] A7 2839 157
2 2] o] &3 oA iojz|= Zr|e} UXJH[7].

TR Uz A 9] fakel wel ofzt Fvlskdd
(Table 1).

Fig. 29} 32 7)1Fx2 7oA 2532 F7H(Es
Al7ke] Ao WE w34 &) talystepo 2
b EE2E Vehd 2o} Bp-gke] Z7lEke

&S BFATE Fo4 Sl whe) Fo)
PFAEE o 7 vk $¥Ad AHE nd, g o
£o| 7)ol Tetate] 3ehul-go] dojupm vb-g-off —4
A AR EAEEE #l(nuclei)o] FA ) oj2idt

12 s £ a2 r-{tz
o & X H rfo 4



Chemical Aerosol Depositionell 2§+ =3 A 779

§

g

°© 84 ml

o 42 ml

g

221 m

g

Filnl thicl:‘ness. A
g 8

g

-30 -20 -10 00 10 20 30
Radial distance, cm

Fig. 3. Radial distribution of film thickness as parameter
of sprayed volume.
(T,=350C, d=3 cm, Q=2000 cc/min)
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Fig. 4. Variation in yield with respect to carrier gas flow
rates.
(T,=350C, d=3 cm, S=4.2 ml)
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Fig. 5. Radial distribution of film thickness as parameter
of carrier gas flow rate.
(T=350C, d=3 cm, $S=4.2 ml)

7Fshd Al 7 U 7irked #4- ko] Al E- 9ol
o] §AF& o F gtk o] A% HA| Agrt 7i7h¢-H
Vi@ gole] 2ol AlojubAl £ B ohizt 7]
grzel v ElZ ldle] dojihs FAbolrh
Fig 87 9% 7|9} 2x¥isle] & =g F42

do ol

HWAHAK KONGHAK Vol. 31, No. 6, December, 1993




780 AR - ol

30.0

250

o 15.0 |
3=

100

50

1

5.0 6.0

0.0 2 1 1 1

0.0 1.0 20 30 40
Nozzle—plate distance, cm

Fig. 6. Variation in yield with respect to nozzle-plate dis-
tance.
(Q=2000 cc/min, T;=350TC, $S=4.2 ml)
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Fig. 7. Radial distribution of film thickness as parameter
of nozzle-plate distance.
(T,=350T, Q=2000 cc/min, S=4.2 ml)
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Fig. 8. Variation in yield with respect to substrate temper-

ature.
(Q=2000 cc/min, d=3 cm, S=4.2 ml)
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Fig. 9. Radial distribution of film thickness as parameter

of substrate temperature.
(Q=2000 cc/min, d=3 cm, S=4.2 ml)
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Fig. 10. SEM images of TiO; film.
(a) Typical filin obtained under the standard con-
dition, (b) Craters on the film
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Fig. 11(a). EDS pattern of the slide glass.
(b). EDS pattern of the TiO; film on the slide

glass.
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Fig. 13. The four grid points: (i, j), (i, j*+1), (i+1, j),
(i+1, j+ 1) surrounding the particle.
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