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Abstract: Four types of BaTiOs; powders are prepared and successfully deposited on glass and Pt/Si substrates using the
aerosol deposition process. Particles with sizes of 0.45 pm and 0.3 pm are selected as the starting powder, while those
powders are treated using a different milling method. The jet-milled and ball-milled powders not only showed a smaller
particle-size distribution, but compared with the non-milled powder, it also had a higher deposition rate using the
uniformly generated aerosol. Although the films deposited using particles with size 0.45 pm exhibited some craters on
the surface, significantly flat film surfaces were obtained. However, particles with size 0.3 pm create a slightly rough
film surface, but the dielectric constant was greater than in the case involving particles with size 0.45 um. Consequently,
a suitably large particle size significantly influences the deposition rate and improvement in the surface roughness, and

a uniform particle size distribution appears to contribute to an improved dielectric constant. Therefore, it is believed that

the dielectric properties along with the growth characteristics can be enhanced by limiting particle size and shape.

Keywords: Aerosol deposition, Starting powder, BaTiO;, Growth characteristics, Dielectric properties

1. M B

%01]’\1 AUt Al=tel HE /duto]
2t I X|M(aerosol deposition, AD) 2

3 7=l Hig 1}’&10] w55t Aot [1.2]. AD 54
7 2 71 Aof glo] A YD)

<4 Jong-Min Oh; jmOH@kw.ac.kr

Copyright ©2020 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

EIRE 29 ofo]a2o] SIS s1A BE o] 7}
Sotol, gese] x4 %L sjsterEulel Aol golst
7] g, QPEAL WP AEAA, Feraxl, efEol
eulEle], £y 29 S 02 UK Usiol ¢
g0} grom, A2 My By cuolx, g
N EANZE, SE AN, oA SMAES e A
7)RAL Cafo] A RololldE 943 o] BuHT
oI} [3-7.

AD BS UE BT 24 JtAc] Mo 24 m/s
o BASER JJHo] FEALCZM, 23 L]l

0

O_A..
>.

d
2
o



A7 1A 2 5te]=wA], AI33H A32 pp. 208-213, 20201 5%:

S

T
[e]

S 71 YL WALST EUES ASHA]

U F9 sfoln}, 2o B

L AEAA YoIAE T HEE A
S

re N N ox Jm |u ol

N M 0 2ol o L oy
A
)
ol T
4
fo
rOl'

& ™

oo N g
bl

O|K)o
-
K
pASs

AstAlZlE 5 7167 ARtlA =

oCom

Mo Ho

o N

o] &5t HAHEY FNAIH,
g AR AR SE A S0
A 27491 BaTiOs9] A+
[10-14]. @RI7}x] AD
et BaTiOs9] A4t HiAUE ¥ &g}

L oadt A71A

fis

O A
- =
= Q
o =
n
I |
o 1 2
2
[ — 35
2
o2 o
1 o
ko op o
=)
2z

% oXx ox od
él'
o)
i)
3o fo
o rit
>
0%
>
rl_| M

o E s
18 © qo |o
O
m.l)(, HIOI-I'H
r 2 [
"‘—Llﬂ

2 g ol N T b

rlr
08
oo M

< 79 Hugx] geken, o
1Al

off, YX}ALO]=

W SA &I}t b2 BaTiO; B¥S A&stiod, o=

o|&sto] Aulgt BaTiO; ZHE0 Aot &4, 7|4
}\é o o

271 o2 Aoz 3 @42 7 Yl 72 BaTiOs
o (SBT-045], SBT-045B, SBT-03B, SBT-03; Samsung
Fine Chemical Co., Ltd., Korea)S &2 g2 A2
3ou], AD AL olgste] AH2olA BaTios w3
S FAoIgich. 2 Azel P L Aol =0 whe A
o} £ % AR 54 A1) sl Aolat 2
How AadH & 7HA E§Je 0.45 ym ¥ 0.3 yme]
QA Afo]=Z 714l BaTiOs w967t o] §&l9ict,

ool=2% HEXA = I A5 BZ, UAE
FOehs 28 7tA, dlojgE0] FAEE ooi=E A
ARl FEE Fidol o]Fojx= A Ay =z
o &5 7t 2 Als7]of] s FdE oflof
2 5 Ay He] 4™ xtol= Qlsl SAMIH = JhS

-

209

B
o
re
oln

Table 1. Typical experimental conditions of AD process.

Conditions

SBT-045J, SBT-045B,
SBT-03B, SBT-03

Parameters

Starting powder

Substrate Glass, Pt/Si
Type of carrier gas He
Consumption of carrier gas 8~15 L/min
Working pressure 3.2 Torr
Size of nozzle orifice 0.4x10.0 mm’

Atmosphere Room temperature

Scanning rate 3 mm/sec

Pt/Si 713l 4l 7HA] B}49] BaTiOs +42 54t
o, JR3d= A5 AR SA7](electron beam
evaporator)g Eofl Top electrodegs F4Jst] Z4-
A AXN-F4(metal-insulator-metal, MIM) L& 5 A|
ALt

7} A2 $Uo BF YT Aolx L YE PEES $Y
5t7] Yol Y= EA7](PSA, Microtrac S3500, Retsch
Techonogy, Germany)E ARESHICH EF 2O F4F
9 =vlet mEIE0] mWS WP ) ZAb AR @
0]7(FE-SEM, S-470, HITACHI LTD., Japan)o] AH&g]
Fon, LA J0]73(AFM, XE-100, Park system,
Korea)s &l 2859 Y £ U AAV|Z ¢& W
Us| BASIIC BaTiO; 2EYFY e 94 542
E2X517] Y &H WA 24 7](Surface profilometer,
XP-1, Ambios Technology, USA)et dmdA EAM
7|(Impedance analyzer, 4192A, Agilent Ltd., USA)
= A&

3. #En &

29 12 471 & U 7HA 89| BaTiOs mhe-H
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Fig. 1. BaTiO; starting powder with different shape and size.
BaTiO; with 0.45 um particle size treated by (a) jet mill and (b)
ball mill, (¢) BaTiO3 with 0.3 pm particle size treated by ball
mill, and (d) Non-pretreated BaTiO; with 0.3 pm particle size.
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Fig. 2. Particle size analysis of (a) SBT-045J, (b) SBT-045B,
(c) SBT-03B, and (d) SBT-03.

Table 2. Experimental conditions and film properties with different
BaTiO;.

SBT-045J SBT-045B SBT-03B  SBT-03
Gas consumption
. 8 10 10.7 15
(/min)
Vibration
200 600 600 900
(rpm)
Thickness
1.8 2.0 1.0 0.6
(m)
Deposition rate
. 0.51 0.57 0.28 0.17
(um/min)
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JeEevE YE LEY FUYS LA 9 Y

7FA] o2 9] span #f(Dgo - Dio/Dso)s =ESIH T,
AR o SBT-03B7F 7HF A2 & A
=2 A 2 AT o5 Fall, Yol s &
7t &0l uled oeHe o
YA 7= Hlof sutslog 7
ATt [15].

B 20 2 AdoA ArgSh AY x2H 9
FAE U on, 2F Adel AT Slae
3oz JAsHETH SBT-045]= A T2

A [FFoA FLT ooj2Eo] TAEJOH, =2 A
£(0.51 ym/min)g 2o} =UH

SBT-045B%}t SBT-03B+= SAFSE 7FASEK~10 L/min)
1 A15(600 rpm)o] AREE|QIA]TE, SBT-045B2] /gqt

K
=
tjo
3
=]

|.ﬂ

4 mo £ o
TSy
o
N
lo
b
tal
N
N
ol
o

_l

2

=



7| RRIA 2 81e] 2K, A33H 35 pp. 208213, 20209 5% £ = 211

i T

O o |4 mo rfo

2nd 8 org
|o
fru
=
==
|\I
o

S
=1 — =
gorer 2gEL Aol & UuolEdA 4 oo]3g
o crater’t PYElol P AL 4 Uk YA
A YAl

= d
| 322 o e 7o
1 ]

bl EE gyE 2950
UAbSo] Argoletn B 4 gloul, YAl Abo]xst o
zobste olejst @Ale SEeiAA UEd Jew

.

B2H ARVCE F42
O3 49t o] AFM £74& ZI8¥stlct. 0.45 pmo]
QlX} Alo]|=E A}83H FEU

. SBT-038"

et Crater

Fig. 3. SEM photograph of the coating films according to

particle shape and size of BaTiO; starting powder.
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Fig. 4. Surface roughnesses and shapes of four types of BaTiO;
films deteremined by AFM analysis.
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Fig. 5. (a) Dielectric constant and dielectric loss and (b) impedance
and phase values of four types of BaTiO; films.
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