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CVD New Evaporation Supply Method by Flashing Spray
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In this study, the flashing spray in the chamber was applied to chemical vapor deposition (CVD) in case of the direct
supply of the vaporized material for the realization of its adhesion on the substrate surface. However, saturated vapor pressure
of the liquid material such as tetraethy! orthosilicate (TEOS), from which SiO, films prepared, is generally low. Therefore, we
proposed the application of the mixture of TEOS and n-Pentane in order to promote spray atomization and evaporation due to
the effect of the flash boiling phenomenon during injection. The patterns of flashing spray were investigated by shadowgraph
photography and Schlieren photography. The characteristics of the spray evaporation were observed by the laser induced
fluorescence (LIF) method and the Mie scattering measurement, and statistical-thermodynamics entropy was used in order to
consider the homogeneous distribution of the vapor concentration. Furthermore, the vapor concentration was measured
semi-quantitatively by applying Lambert-Beer’s law to the fluorescence intensity of the vapor phase. As a result, the radial
gradient of the vapor concentration is confirmed and the high concentration vapor, which is formed around the droplets, turns
to the homogeneous concentration distribution with diffusing to surrounding gas in case of the flash boiling region.
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Tablel Experimental conditions

Shadowgraph photography LIF
Injection period 10.0
ti[ms] 14.0 (swirl) 7.6
Injection quantity
/ Q[g]q 0.013 0.013
Injection pressure drop
[kPa] 100 160
Ambient pressure
5-100 -100
P [KP2] >
Ambient temperature
293 293
TopK]
Liquid temperature 293 293
T[K]
Axial distance from 40-80 40-80
nozzle outlet Z [mm]
Injection
27 —\
Saturated vapor
m pressure Ps
2
8 Pyl Flash boiling
§ Heating process
& process "
1
1 | 1 Superheated liquid
T

T
Temperature T

Fig.5 Schematic diagram of flash boiling process
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Table 2 Liquid properties

TEOS \’(5:‘.‘23‘2“:1?,);03 n-Pentanc
Molecular weight 208 126 99 72
Boiling point T}, [K] 441 309
Saturated vapor pressure at 298K p, [kPa]| 0.173 29.0 41.5 56.5
Density at 298K p [kg/m?) 932 745 683 621
Critical pressure p, [MPa] 1.90 4.92 4.87 3.37
Critical temperature T, [K] 616 549 514 470
Critical density p, [kg/m?) 363 350 306 237
Specific heat at 298K ¢, [k)/(kg-K)]| 1.62 1.65 1.66 1.68
Latent heat of vaporization L, [kJ/kg] 220 271 307 370
Thermal conductivity at 298K A [W/(m-K)][| 0.110 0.112 0.113 0.115
Surface tension at 298K o[ X 103 N/m]|[ 22.69 20.82 16.49 15.48

Table 3 Experimental conditions

Mole fraction of n-Pentane X, 0.0 0.6 0.8
Injection period #,,, [ms] 2.50 3.91 6.37
Total injection quantity 0, [mg] 225 336 5.22
Injection quantity of TEOS Qs [mg] 225
Injection pressure drop 4p,,,; [kPa] 120
Ambient pressure p,,,, [kPa] 3-100
Ambient temperature T, [K] 298
Liquid temperature 7, [K] 298
Axial distance from nozzle tip Z [mm] 0-400

High speed video camera

Schlieren mirro1

Chamber /

Fig.19 Optical system for Schlieren photography
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