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ABSTRACT

The effect of process parameters on H, production from water vapor excited by HF ICP has been
qualitatively examined for the first time. With the increase of ICP power, characteristics of H, production
from H,O dissociation in plasma was divided into 3 regions according to both reaction mechanism and energy
efficiency. At the edge of region (I) in the range of middle ICP power, energy effective hydrogen production
from H>O plasma can be achieved. Furthermore, within the region (II) power condition, heating of substrate
up to 500°C shows additional increase of 70~80% in H, production compared to H,O plasma without
substrate heating. This study have shown that combination of optimal plasma power (region II) and wall
heating (around 5007C) is one of effective ways for H, production from H,O.

KEY WORDS : Hydrogen production(5=2:A34H), ICP reactor(-F-=2 &Z2F=vhi-3-7]), Water dissociation
(E+3l), Process parameters study(3 % tH—’F‘?_:IL), Plasma(Z2} =1}
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Fig. 1 Schematic diagram of HF-ICP (High Frequency Induc-
tively Coupled Plasma) Reactor for H, production from H,O
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Table 1 Experimental parameters and range

Parameter Range Unit
ICP Power 0 ~ 400 Watt
H20 Flow Rate 50 ~ 150 sccm
Pressure 200 ~ 500 mTorr
Reactor Temp. RT ~ 500 T
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Table 2 Correction factor of QMS (QMS manual data)
Factors I (Ionization T. . S (I.X T)’
. Yield) (Transmission | (Sensitivity
Species Factor) Factor)
H, (2) 0.3052 6.2000 1.8922
O (16) 0.9926 3.4000 3.3748
OH (17) 1.0417 3.2000 3.3334
H,O (18) 1.0908 3.0000 3.2724
0; (32) 1.7782 0.9576 1.7028
Ar (40) 2.1710 0.8736 1.8966
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Fig. 2 Partial pressure of water splitted species as a function
of ICP power (H,O flow rate : 58sccm, Reactor pressure : 300
mTorr, Heater Temperature : 300C)
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Fig. 3 Photo images of water plasma (H,O flow rate : 58sccm,
Reactor pressure : 300 mTorr, Heater Temperature : 300C)
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Table 3 Summary of water plasma characteristics according to
defined regions of Fig. 2

Regional plasma characteristics

- Low plasma density
Region 1 - Low dissociation yield
- Local developed plasma

- Medium plasma density
Region 1II - Medium dissociation yield
- Linearly plasma volume growth

- High plasma density
- High dissociation yield
- Fully developed and Glow loss increase

Region 1T
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Fig. 4 Partial pressure of H, in water plasma as a function of
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Fig. 5 (a) Partial pressure of H, in water plasma and (b)
optimum ICP power as a function of process pressure (H,O
flow rate : 58 sccm, Heater Temperature : 300C)
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Fig. 6 Partial pressure of H, in water plasma as a function of
substrate temperature (H>O flow rate : 58 sccm, Reactor
pressure : 300 mTorr)
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