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ABSTRACT

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. 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. The mechanism is as follows. A source powder is
positively charged in an aerosol chamber, carrier gas tubing and a nozzle during transportation. The powder with
positive charge induces plasma of carrier gases such as helium gas, nitrogen gas, etc. Then, the ceramic film is
formed on a substrate put near side of plasma by active species.
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Fig. 1 Schematic diagram of the AGD apparatus.
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| Substrate holder |

Nozzle angle

Fig. 2 Illustrations of nozzle, target and substrate at deposition site
arrangement. Geometry of target type AGD.
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Table I Results of film fabrication.

Characteristics of powders Results of film

fabrication

No. Type  Memparticle  Specificsuice  quyiy of im
1 0.47 21.6 Green compact
2 0.58 82.7 Green compact
3 22 5.1 Good
4 2.1 7.1 Peeled off partially
5 2.1 13 Green compact
6 Wet 2.2 22 Green compact
7 2.1 26.1 Green compact
8 2.7 6.5 Good
9 35 6.1 Good

10 3.4 4.4 Good

11 7.3 9.3 No film

12 0.73 6.1 Good

13 1.12 4.7 Good

14 Dry 29 2.7 Good

15 7.4 1.6 Good

16 10.2 1.5 Good
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Fig. 3 (a) SEM image of cross section of deposited film obtained from
SPZ (2.7 pm) powder. (b) High-magnification image.

Fig. 4 (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 pm) powder. (c) High-magnification image.
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Fig. 5 XRD figures of AGD 6-films and starting powder.
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Fig. 6 Illustrations of nozzle with width of 30 mm and substrate of 25.4 mm
square at deposition site arrangement. (A) Side view, (B) Upward
view. Nozzle angle; 0 deg, 30 deg and 45 deg.
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ZrO2 AGDi Im on Alumina Substrate
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Fig. 7 XRD figures of AGD 4-films. Nozzle angle; 0 deg, 30 deg, 45 deg,

and T-AGD film. At nozzle angle 45 deg.-film the tetragonal (101)
peak is bigger, and the monoclinic (111) peak is smaller, than others.
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Fig. 8 Relation between crystallite size and annealing temperature.
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Fig. 9 SEM images of AGD zirconia films heated at (A) 1073 K, (B)
1173 K, (C) 1273 K and (E) 1473 K (holding time: 1.8 ks).

Dischal’ge area

Fig. 10 Photograph of electrical discharge phenomena on the inner chamber
wall.
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Fig. 11 (a) Deposition site in bright field; the ejected particles from the
nozzle are clearly seen as a white line between the nozzle and
a substrate. (b) Deposition site in dark field; arc-like bluish
white light is observed at the deposition site and purple-red
luminescence is also observed at the edge of a substrate 20 mm
far from the deposition site.
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Fig. 12 Illustration of the AGD film formation. In the generated plasma,
positive ions attack the surface of particles and scatter powder
elements in the plasma atmosphere.

- Zirconia AGD'Film "o

Fig. 13 TEM images of the T-AGD zirconia film on an alumina substrate.
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Fig. 14 Geometry of target type AGD at 150 deg.
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Fig. 15 Volt-ampere characteristics of T-AGD alumina films at 150 deg.
target angle.
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Fig. 16 TEM images of (a) the T-AGD alumina film, (b) the nozzle type-
AGD alumina film.
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Fig. 17 High-magnification TEM image of the T-AGD alumina film (a) a
cross section, (b) an interface section on the Si-wafer.
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Fig. 18 Relation between film thickness and substrate-target distance by
using a 100 mm wide nozzle.
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Fig. 19 Relation between film thickness and target angle by using a 100 mm
wide nozzle.
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Fig. 20 Volt-ampere characteristics of T-AGD alumina films by using
nitrogen gas.
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Fig. 21 Volt-ampere characteristics of T-AGD alumina films by using
helium gas.

Fig. 22 TEM image of a cross section of the T-AGD alumina film by using
helium gas.
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Fig. 23 Photograph of the AGD system designed for a 300 mm square
area deposit.
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Fig. 24 Relation between zirconia film thickness and nitrogen gas flow
rate by using a 100 mm wide nozzle.
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