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SYNOPSIS

The aerosol gas deposition method (AGD) is a low temperature method. No heating procedure exists in the
AGD process during the formation of the AGD films. We can form even ceramic films by using AGD method.

However, the mechanism of synthesizing ceramic film has not been made clear until now. This paper is the first
trial to clarify the mechanism by using two kinds of zirconia powder. The experimental results indicated that in
wet type zirconia powder the film could be formed in the limited conditions of diameter and the specific surface
area of powders although in dry-milled zirconia powder all powders used could form the films. At the same
experiments we observed the high temperature phase of zirconia in the film and a light emission phenomenon at
the deposition site during AGD process. In this paper, we discuss the formation mechanism of the AGD film at the
ambient temperature correlating with the film formation condition, the appearance of the high temperature phase

and the light emission.
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Schematic diagram of the AGD apparatus.
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NINAGD B BIEBRICED L D ITHET ZNE, AGD
BEOHEEETHIBAICEST, Mo TR REEELN
EEZ BN

ERICERALZEBSINE, E—-RaRtFETE"EoY)) 0
YT, EHRTFREN04Tum~ 73 um DHBEICH D, hE
M 4.5 mYg~ 82.7mYg DHEPITH 2 11 MBEOFRER TH
5. —F, EREBR - HREFEO I IZTHIL RULE
—HaR P LTEMOBRESED N A 7H T, PR T
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LOXBREHFER (CuKoiR) 2L, HEMEIZIE, <1
JOA—F—ZMEHALZ.

3 REBIURBREROFH
3R ERIGERE D)L a2 LB ORI R 2

Table 1 Characteristics of zirconia powders.
Mean | Specific
particle | surface ZrO2+HfO2| SiO2 Fe203 | TiO2 CaO
No. | Type]| . Product
size Dsp | area
(um) | (m’/g) % % % % %

1 0.47 21.6 Balance 0.012 0.002 0.001 — UEP
2 0.58 82.7 Balance - — - - UEP

3 2.2 5.1 Balance 0.002 0.002 0.001 0.004 EP-5
4 2.1 7.1 Balance 0.003 0.002 0.001 0.004 EP-7
5 2.1 13.0 Balance 0.004 | 0.002 | 0.001 0.004 EP-13
6 | Wet 2.2 22.0 Balance 0.004 0.001 0.001 0.004 EpP-22
7 2.1 26.1 Balance 0.002 0.002 <0.001 | 0.003 EP-P

8 2.7 6.5 Balance 0.026 0.002 0.110 0.012 SPZ-a
9 3.5 6.1 Balance 0.005 0.001 | 0.003 | 0.006 SPZ-b
10 3.4 4.4 Balance 0.005 0.001 0.003 | 0.006 SPZ
11 7.3 9.3 Balance 0.005 0.002 0.001 0.001 WG-8S
12 0.73 6.1 Balance 0.14 0.12 0.17 - TMZ-T
13 1.12 4.7 Balance 0.07 0.08 0.15 - T™Z
14 | Dry 2.9 2.7 Balance 0.18 0.16 0.17 - BR-3QZ
15 7.4 1.6 Balance 0.12 0.12 0.18 - BR-QZ
16 10.2 1.5 Balance 0.19 0.19 0.21 - BR-12QZ
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3.1.1 BB R

SPZ-a (IR Dsy; 2.7um, FLERMEFE; 6.5 mYg) & SPZ-b
CEERLFEE Dyp; 3.5um, FLRMEE; 6.1mYg) EWS 2HED
DIVAZTHES0gMS 70 LT, BELTRERE
H27-0I17, 2R AMBELEE 3L/min 5 §L/min A #
o, FEMBEEEE I mn/s SEE LT, BERDELE
BZEI0ENS 150 &ETHIETED, BENSumMS 24
um ETCOHBEBRROBBRIEERRT 5 Z &Nk,
ZORIHERLE VI, SmmiEQHD E30mm DD
DT, MBI ATA RTIAZAWE. 70y
WALEDOENIL, 28kPa/n 5 47kPa TH o 7=, FEHIME A
BT 500°C x 1RO B ALEE % Jii U 7= 08, RRIBEFR 14 SR 1 S
g, #\BTHSD. Table 21T4E, HEIIN AZTHORES
BBLORBEERENE SO TRINTNG.

3.1.2 VAT B OMIR & sk & ORISR
SEERTRE21-22um T—E E L, HEHEBORR DA
FOHBBITBIT2RBOREEZRTHDE, RS S
OB OHLEREE, 5.1 mYgD 5261 mYg DR T, LEmES.L
mYg DB GV B RENF R TH o7z, TOMDLLE
HEOKRKZRZHD T, BERBEOBRIITEYT, BEHD
B, BT ARERE ST LUES . —F, HORE
DEBERDIDIZ, 2BEOHMBIT/abs UEPH (FH
I T Dsg; 0.47um B L TR0.58 um, FLREFE; 21.6 mYg BL O
82.7m¥g) EHA L= HDTIE, TRTR—FTALEREE
BoTHD, BICHWEFEROF T, KRERKRTETHS
WG-8S ¥} (IR T2 Do, 7.3 um, HLEEHE; 9.3 m¥/g) T,
TR HERGBIRIZ BN T, O R & IEHIEES R IC R S N,
WRELUTRES N7, UEOHREIL, BiEEORE

Table 2 Formation conditions and results of film fabrication (wet-type).

h teristi f
Characteristics o Formation conditions Results of film fabrication
wet-powders
M Specific Deposition
evan pe Nz gas Differential . Film po
particle | surface | flow Quality of]| _ . rate
No. | . pressure thickness
size Dsg| arca rate (kPa) film (um)
(um) | (m%g) | (L/min) (um/pass)
11| 047 | 216 5 47 Green - -
compact
Green
2/1 0.58 82.7 5 47 - -
compact
72| 058 | 827 3 30 Green - -
compact
3/1 2.2 5.1 8 27 Good 2 0.04um
3/2 2.2 5.1 12 34 Good 4 0.08um
Peeled
4/1 2.1 7.1 8 28 of f - —
partially
4/2 2.1 7.1 12 35 Peeled off — —
sn| 21 13 8 27 Green - -
compact
Green
5/2 2.1 13 12 34 - -
compact
Green
6/1 2.2 22 6 23 - —
compact
62| 22 2 12 31 Green - -
compact
m| 21 26.1 7 59 Green - -
compact
8/1 2.7 6.5 5 47 Good 24 0.8um
8/2 2.7 6.5 3 30 Good 6 0.6pum
9/1 3.5 6.1 8 30 Good 20 0.13um
9/2 3.5 6.1 7 28 Good 5 0.1um
9/3 3.5 6.1 8 30 Good 20 0.17um
10/1 3.4 4.4 12 35 Good 10 0.2um
11/1 7.3 9.3 5 47 No film — -
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(Fig.2) TRRANTH S &, HREHEBRIIEEELTHED,
JEEBER L T AR FIZB L F100 nmBD I A% BRI T
T, FEEHHITHEAR107 D1 TIZHM L Tha Z &Enan
5. FEH SR U THRR U T, LA E
PEMTERWL. BWEERH 5L LR TFOERE TIREFHR
BLSEBWTHEALaThEEs T, SR THDHZ LEEL
B LN A LN,
32ERBAL - MBRELEIC KB DN 32T AR O RRIBER R
3.2.1 RRARAS R

ROV AT LT, ERFEDA, 0.73um, 1.12
um, 2.9 um, 7.4 um BX N 102um O 5 BEOBRKE D)V O
ZTVBPAFTE, INEHEHLTREKELAEEZS, 2T
HCBWT, BERENERIFRE. SBFRODI O
T ORIESRtB KRR RICDWTIE, Table 3ITRL T

NONE SEI 10.0kV X3,000

WD 8.2mm

WaBN, BRI AMGEZ 4L/min N5 16 L/min & LZEA,
JEJE 6 um 2> 5 30 um F T OBUE IO R R /2. FEPRL T
EHEREF O TE T, 74um O PR FROD N IZT
1 (BR-QZ) D EERTE T HMEE E(Fig.3 @) & 45 &, Tum
BEOAII > REREBHRTFNE < BRIN, RESH
BlEME—HTB. 22T, ZORERAWTERL -HRHE
D Wi SEM 8 (Fig.3 (b), (¢)) & A TH 5 &, Fig.3 (b) TIIEHE
25um DFERBENEREINTED, D2 OEREOEEGHRE
¢, MRS FIETHS. Fig3 () DEBEPRIBO S
FDBIZEINIE, 100nmH» 5200 m DR FREBEICFHEE >
THY, £, ZORTFIE, FREMOFESR & (—RFh
TFB) 7.4umiTHAT, SOSDIEEIT/NES < BoTW5.
AT bR NEO R OB & EFRICHAZH TN 5.
322 MBRIEB LB LT AMKEBOZEIIONT
7.4um DR TR OBR-QZI & 1 i U 7= iRIEEER I BT
LHEBREBRPBLICE L ARG REEEL OBERE, Fig4
@, IRL TS, & EHAHBRIZ4/min—E &L, 8
B ZE 50 BN 5 1000 ML THMI VT THRIET 2L, BE

1 um

Fig.2 (a) SEM image of cross section of deposited film obtained from SPZ (2.7 um) powder. (b) High-magnification image (No. 8/1; N, gas

flow rate, 5 L/min).

Table 3 Formation conditions and results of film fabrication (dry-type).

Characteristics of Formation condition Result of film fabrication
dry-powders

Mean Specific | Amountof . . . .

particle surface supplied Differential Quality of Fllm Deposition
No. . pressure thickness rate

size Dsg area N, gas P film (um) (um )

(um) | (m%) | (L/min) (kPa) pm um /pass
121 0.73 6.1 16 42 Good 28 0.56
13./1 1.12 4.7 12 36 Good 0.12
141 2.9 2.7 14 38 Good 0.16
151 7.4 1.6 10 32 Good 14 0.28
16,1 102 1.5 8 28 Good 30 0.6
16,72 10.2 1.5 4 22 Good 7 0.14
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Fig.3 (a) SEM micrograph of the BR-QZ (7.4 um) powder. (b)
SEM image of cross section of deposited film obtained from
BR-QZ (7.4 um) powder. (c) High-magnification image.
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Fig.4 (a) Relationship between the film thickness and the number
of scans. (b) Relationship between the film thickness and
amount of supplied gas.
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Fig.5 Summery of the relationship between the film thickness and
amount of supplied gas.
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TR OBRENRS > TWS. /2, £TDAGDRIE
IZBWT, BRBOE—27 0z, EF&EHDZWITHEE
ZZON5EBRMHOE—NEHEINS. BICEEIIENT
WEDOH, 7T4um OB EFERLZEBETHS. SBHORE
DD TR HBEERITOTHDE, 14um O ZFH
URRRIED 7<% > RO R TIIEAR E EHEORESH
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Fig.6 XRD figures of AGD 6-films and starting powder.

KIZ, TDAGD FRBEICH LT, BE&ED Q1) EomE
EIEFBED 10 BABEDLEZIERIZRD B0, B51
7ZXRD 7 —¥ ZH¥ERHMOPDXLY 7 FEANWTE—Z
SEEL, ERLE. ZTOMO—#(7.4um) % Fig 7ITR LT
W5, U—27 5B OB RN & IEF RO, Tabled
BELUFig8iTRy. TNERSD &, FEH DR F2M7.4 um
FTIIRESREIZHAL TWRLTWS., LML, 102um
ERICKERKFRITRS EEMRELIZBDTS. L,
BR-QZ BLUNTMZ-T, TMZ DHEWHE D SEM 5 H (Fig.9) 7
5HM3 & D IEIIEKI100nmDRITFIZ & > THER SN TIEW
50, BIRMHOFEEEIS OXNIERT 2, BEEEOE(IT,
ZOSEMBEMSIFRD SN, LHALRENS, 74um D

800

= M(111)

e il
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20 (deg)

Fig.7 Result of a quantitative analysis for BR-QZ (Rigaku’s
PDXL).

Table 4 Ratio of the strongest peak of the tetragonal and monoclinic structure of the AGD films.

Integrated
Intensity
Mean Monoclinic Tetragonal intensity
Specific ratio
particle raio
No. surface Product
size Dy, X
area m'/g Integrated Integrated
(um) 20 count 20 count ™ ™
intensity intensity
1 102 1.5 31.4989 583.63 549.12 30.3155 146.55 270.96 25.1 493 BR-12QZ
2 74 1.6 31.4759 414.44 351.04 30.362 315.94 629.03 762 179.2 BR-QZ
3 35 6.1 31.5703 259.14 173.80 303161 28.15 47.22 10.9 27.2 SPZ-b
4 29 27 31.4674 540.45 428.20 30.3506 46.34 70.71 8.6 16.5 BR-3QZ
5 1.12 4.7 31.4761 592.83 420.19 30.2596 26.26 43.18 44 10.3 T™Z
6 0.73 6.1 31.5192 700.62 487.89 304193 9.40 10.81 1.3 22 TMZ-T
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Fig.8 Relation between the integrated intensity ratio of tetragonal

phase to monoclinic phase and the mean diameter of the

starting powders.

TMZ-T;0.73um

TMZ;1.12pum

Amount of supplied N2 gas; 12L/min
Number of scans; 50pass
Scanning speed; 1mm/s

BQ-QZ;7.4um

Fig.9 SEM micrographs of the AGD films.
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3.4 FEHEIHO
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1L, TOMEBEOKEFERLTWS., /)05 20em Bl |k
BN 7= SUS TNEEIZ & 2 REDMERIL, HHEICITHIDEN
BV 58> TAGDERBEHFIZAERBRIHWABH YTV S &
BB EZLNET. T THAIL, RERO X)L &k
WiEEE ETARE L THZ. Fig 208320 ay hEET,
(a) BRTEEF R, (b) REHEB B (RIRA A=) LMD T <
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Fig.10 Contrast and TEM images of BR-QZ AGD film ((a) and
(b)) and powder ((c) and (d)).

|

Fig.11 Photograph of electrical discharge phenomena on the inner
chamber wall.
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Fig.12 Configuration of the nozzle and substrate and the appearance
of light emission. (a) geometry of nozzle and substrate, (b)
a view of light emission at a deposition site on a substrate,
(c) schematic illustration of light emission.

J RS X NI FRED, ERICER LRI, TO
R TR F =R T OEBIICHEEL TN DD EHRT
EDLH, RE2umii#E T, WEmBE6SmYg AT EW D 54
W, EOXDRBREE S TWEONNEETHS. £ T,
HE R A D728 2.7 um DR IR R — )L 2 VAL (180
rpm, 2KEf) ZHEL TH S RIBAE 2772 5 & F RIS

W&ol SRR FREENEN, UEPH & R Y
BIMLb0EHETES. CORBAN AL EEZ S
DOFEZL, NS TFBICFORERGIRTIIW) T
i, BALNEER IRV F—TIIRFROBEE2ELC I
BRINF—NEENT, KERKT TR, &2
NTHLEELTEX DRI L TW BN < Bk
BRICIZES ZENTERWVEWVWDIERTHS. 8, 1T
1R TR SEET N T TREMREL 272D TH 35S
. HRBRTAOEEREEN (—ERBETENLTKER
BWEL® BlsRkd 288 %) TR FE0.73
umM5 102um £T, TRTHBERBENHEL. WThoOE
BEE OREL D b—H LU NIRRT TR I TN 5.
BRBICBITZEREZYTIONE, ZROBFE, WTho
BOEFLRINF—ICKD, HFRBEEIN, KON
TFTOHESNMERINTWS EHERTES, RETIL250
IZOWTERDBLENH B,

BRIBZEOML, LZRISICL2BRMEREZFERAL B
HERRZY, REN um A FOBETHREEN RS,
DT &N, BITFESH TRV F -0 ORERRKL T O —F %
L, REIE5 7022 KE LGS, £XX00 T, EH
IRV F—ICEBERNR LT NESINTHRTES. &
KPP —ERBU THBRL TTETWEIEEEZ DL,
B4 DMILZDORMEGE L TWB EELZ, ThHERY
DRERBELUBWEREREEZEZ DI ENTESLTHAS. L,
ZDOZEERABEICREREEEBIHEUNDITSZE1ET
AN

KIZ, RO AN XL EEET S EEZSNEHRI,
EHREEEOHRTH B, DN A7 OEH MG, KT
BN 30nm A FORIF T, HERINTNSI20, Ll
5, Fig.10 D SEM &7 5, 30nm LRI TN EEITIZERD
5N, #oT, AGDBEHFDIERRIL, &5/ kT
THEETDIENEZIBND. FIT, REHERYEALLT
TODHRL, TEMBRZfTRo/ETA, FIZA T A
BRIZTTHEERTE N5, 100nm DR FDHDOHIZ, 10nm BE
DR TREET D ENEo 2. TOMNE ISR T E IR
E—2 &ERobO MR TWS. ZHIZDVWTIE, 4%,
BFREPICED, TOREERADTETHS.

JFEDHT AT, 120U IE S SO EEL, BICE
BHRBRIEL TTEREEZ IS W, RAT, ZORER
RORABEEEH VI DNTVNEDTIERWMNEEZTNS,
FENHRIE ) ANV SEH UM F & ) XV & DERBIC
FOoTHELFBHERKEBERLTWS. HWEIL, BIKREE
HEELEN D ZEICKD, HDBWEERZ XINVAEEEENS
ZEITED, BEEELREETS. BEROREEANZILA
ERIUT, ERLNENS D EBRWOSENREID, HE
FIOFFNCE VDL T I v I AT I RICHBT 5. W AU,
JZNMEERTEREL, TIANCFr—I L TnWDHEEX
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