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Abstract: Al,O; powders with particle sizes of 0.35 um, 0.5 pym, 1.5 pm, and 2.5 pm are deposited onto glass and Cu
substrates using the aerosol deposition (AD) process. The deposition characteristics of Al,Os films using those four types
of ALO; powders are investigated to determine the influence of the particle size on the films. To observe detailed

micro-structures of the films, the cross-section and surface morphology are observed. Then, the crystalline size and

internal strain are calculated from X-ray diffraction peaks in order to confirm the hammering effect as well as the

micro-strain during the AD deposition. From the above results, deposition mechanisms related to the particle size are
studied. The results of this study indicate the optimal particle size and formation mechanisms for dense Al,O; film with

a smooth surface roughness as well as for a porous ALO; film with a rough surface roughness.

Keywords: Aerosol deposition, Different particle size, Deposition mechanism, Hammering effect, Internal strain,

Dense Al,O; coating, Porous AlL,O; coating

1. M B

ARt BAES A 45, B9 S 9 Uy

potol el Abgs gk

e+ 2AE FOIME Hold A, Yotey, U
2 £YYS 2e

o>

w 2

ox -z rjo oXx
i
X =

&4 Jong-Min Oh; jmOH@)

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.

I=PN|
T

Xre gt [1-5]
ALOs THES Bkl stel Ak 71
ofavEE

9x g BB EH G0 et

H(electron beam vapor deposition),
e HH(magnetron sputtering), £728 v (sol-gel
method) ¥ $}st 7|4 &4 8 (chemical vapor depo-
siton) 5] ciefel J1E W5l olgs) k. oA

o 7129 34 24 Lo $70]
dhe we FAE ST 54 24 09 2y A
4 Aol 2 ne RO A WA T 59 Y
& 2AEES 2



220 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 33, No. 3, pp. 219-224, May 2020: 1.-S. Kim et al.

deposition, AD) 2% uhHo] o]z
Azt dite s AQtE]o] @1 Qlr
Fdd

U Al2te] 2EEol

2EopEA 71 Aol tlA] ofojz

o WE Pel AUt Yol
s 34 PHow FUL 70 i
2e olol2E YrtSo] B 1
o] Belsle B 25 Mxm
SERLE IS R St
o2 UM 2938 YAt -
T 9t [6-9].

¥ AL ol2ist AD 3%

9]
ol

710 we} AAE AlOs

QIJJ

J9 00 O Ao
froop ng

Jm

2. &3 WY

orio] Pejr v 2RO

B &2 slolA Ul $R9 A= o
ALO; THOTIZL B A2 ALgElol AD
2950 350l olFolict. A48l AD
o AM e 222 AT o

%&P A 7kl o2 Aol woA Fi
T Pg BE AL 99 o2 A
oolzs A 12ln YYY oel2Ee

o

4
o
r l

2 re
O

stelA o8 sh4stelo] ] 1

o r £ R

-Y

O
=

Ob g 2o o N oo N E E ofn 2 ot Py £
Mr Y o

oo 2 e

) N

—_

A

sl ZAFSH] 91sto] A= Ur
U 559 ALO; +¢= Soll Al
N OARE 9 A”A BA
(internal-strain)g ZAsto] A9

24 ol7uEel dstel st nAl

fru

fr
ne
ro
=)

N
N

O 0
M

m
oA

T
X

o?,i o

=
wpt 19 mlo nfu Ho
o2 4 ofm

E o 2Lrr ok

—I-ﬂJ

o 4 oK
o [H

fr e

>

ol

O_L
o
o=

olxﬂﬂ

2 R
2 T

21 WE FAl] ojRolAE FAL AME P
M. 598 24 7120 o8] ooz Eo] g%
712 53l ololz o] 0 Fus

Zre] 4 Aol 3] WY ool 2F
2 Jpaslgn fEMo2 10X0.4 mmo
Z1#3 5 mme| A2g £ ¢

do mpy 2

S
o 2 L | M plo o g

ol FAFETE. RAFE = 01]01£5 QIR E
235 10 mm x 10 mmeo] HAA= %

te} ol% ortq 54

fjo

Table 1. Experimental parameters and conditions of aerosol

deposition process.

Parameters Conditions

. 0.35 pm, 0.5 pm,
Starting powders
1.5 um, and 2.5 um

Substrate Glass, Cu
Type of injected gas N2
Injected gas consumption 10 L/min
Working pressure 5.3~8.7 Torr
Size of nozzle orifice 10x0.4 mm?
Deposition temperature Room temperature
Vibration 300 rpm
Scanning number 5 scan
Total deposition time 5 min
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Fig. 1. SEM images of ALO; powders of (a) 0.35 pm, (b) 0.5 um
(¢) 1.5 pm, and (d) 2.5 pum. Particle size analysis (PSA) about four
types of ALO; powders of (al) Dsp=0.35 pm, (bl) Dsy=0.5 pm,
(cl) Dsp=1.5 pm, and (dl) Dsp=2.51 pm.
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Fig. 2. Cross-sectional SEM images of different ALO; particle
sizes about (a) 0.35 yum, (b) 0.5 pum, (¢) 1.5 um, and (d) 2.5
pm. (e) Calculated deposition rates related on different particle
sizes of AlO;.
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Fig. 3. Surface SEM images of 4-types of different Al,O; particle  Fig. 4. Measured surface roughness of the ALO; films with different
sizes of (a) 0.35 pm, (b) 0.5 pm, (c) 1.5 pm, and (d) 2.5 pm. particle sizes of (a) 0.35 pm, (b) 0.5 pm, (c¢) 1.5 pm, and (d) 2.5 ym.
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Fig. 5. X-ray diffraction patterns of coated ALO; films using
different particle sizes onto Cu substrate.
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Table 2. FWHM at the diffraction peaks according to ALO;

particle size.

Particle size (um)

Diffraction planes 0.35 0.5 15 2.3
P FWHM (8 26)
(012) 0.780° 0.778° 0.782° 0.510°
(104) 0.821° 0.648° 0.799° 0.655°
(116) 1.041° 1.125° 1.106° 1.024°
o 0.35um
o 0.5pum
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v 25um 2
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Fig. 6. Calculated strain of the deposited Al,O; films according
to different particle size.
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