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Fig. 1-1  Phase diagram for CO2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1-2  Density-pressure-temperature surface for pure CO2. 
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Table 1-1  Critical temperature and pressure for some common fluids. 
 

 

 

 

 

 

 

 

 

Table 1-2  Comparison of physical properties of CO2. 
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Fig. 2-1  The supercritical fluid system. 
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Fig. 2-2  The experiment processes of thin HfO2 film with various treatments. 
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( b ) 
Fig. 2-3  The FTIR spectra of HfO2 films (a) after various 

post-treatments, including Baking-only, H2O vapor and 

3000psi-SCCO2 treatment, (b) after SCCO2 treatment under 

different pressure. 
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Fig. 2-4  The transporting mechanism for SCCO2 fluids taking H2O 

molecule into HfO2 film. 
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Fig. 2-5  The thermal desorption spectroscopy (TDS) measurement, (a) 

m/e (mass-to-charge ratio) = 32 peak that is attributed to O2, 

(b) m/e = 18 peak that is attributed to H2O. 
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Fig. 2-6  The X-ray photoemission spectra of HfO2 films Hf 4f after 

various post-treatments, including (a) Baking-only, (b) H2O 

vapor and (c) 3000psi-SCCO2 treatment. 
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Fig. 2-7  The X-ray photoemission spectra of HfO2 films O 1s after 

various post-treatments, including (a) Baking-only, (b) H2O 

vapor and (c) 3000psi-SCCO2 treatment. 
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Fig. 2-8  Auger electron spectroscopy: (a) 3000psi-SCCO2 treatment (b)  

H2O vapor treatment and (c) Baking-only treatment. 
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Fig. 2-9  The TEM images show the MIS (Al/HfO2/Si-Substrate) 

structure after various post-treatments: (a) Baking-only 

treatment (b) H2O vapor treatment and (c) 3000psi-SCCO2 

treatment. 
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Fig. 2-10   Conduction mechanism for Al/HfO2/Si MIS structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-11  The leakage current densities of HfO2 films after different 

treatments. (The negative bias is applied on gate electrode) 
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Fig. 2-12  (a) Curve of ln (J/E) versus reciprocal of electric field (1/E) 

for the baking-only treated HfO2 film, and a schematic 

energy band diagram accounting for trap-assisted tunneling 

shown in the inset. (b) Leakage current density versus the 

square root of electric field (E1/2) plot for the 3000 

psi-SCCO2 treated HfO2 film. The inset shows the energy 

band diagram of Schottky-type conduction mechanism. 
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Fig. 2-13  (a) The leakage current densities of HfO2 films after SCCO2 

treatments under different pressures (The negative bias is 

applied on gate electrode). (b) The plot of ln (J/E) versus E1/2, 

which is according to Poole-Frenkel emission, and inset is 

the energy band diagram of Poole-Frenkel emission. 
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Fig. 2-14  The leakage current densities of HfO2 films after different 

treatments (The positive bias is applied on gate electrode). 

Inset plots the energy band diagram of leakage current. 

 
 

 

 

 

 

 

 

 

 

Fig. 2-15  The capacitance-voltage characteristics of HfO2 films after 

different treatment, measuring at 1M Hz with gate bias swing 

from negative voltage to positive voltage (forward) and from 

positive voltage to negative voltage (reverse). 
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Fig. 2-16  The mechanism of extracting of fixed charge with SCCO2 fluids. 
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Fig. 2-17  The equivalent capacitance models of MOS structure (a) 

without Cit, (b) with Cit. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-18  The capacitance-voltage characteristics of HfO2 films after 

different treatment, measuring at 1M Hz and 100k Hz with 

forward gate bias swing. 
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Fig. 2-19  The breakdown characteristic curves of HfO2 films after 

various treatments (a) at positive and (b) at negative gate 

bias region, individually. 
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Fig. 2-20  The variation of leakage current of different-treated HfO2 

films as a function of stress time at a high electric field = 5 

MV/cm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2-1  Summary of binding energies for ultra thin HfO2 films Hf 4f 

after various post-treatments, including Baking-only, H2O 

vapor and 3000psi-SCCO2 treatment. 
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Table 2-2  Summary of binding energies for ultra thin HfO2 films O 1s 

after various post-treatments, including Baking-only, H2O 

vapor and 3000psi-SCCO2 treatment. 

 

 

 

 

 

 

 

 

Table 2-3  The extracted parameters from C-V curves of HfO2 films 

after different treatment, measuring at 1M Hz with gate bias 

swing from negative voltage to positive voltage (forward). 

The Vfb means the flat-band voltage, and defined as C/Cmax 

= 80%. The change of flat-band voltage of different- treated 

HfO2 films under forward swing is label as ∆V. 

 

 

~ 00.10.9ΔV (volt.)
0.1- 1.6- 3.2V0.5 (volt.), C/Cmax = 50%

29.424.820.4Dielectric const.

SCCO2-3000psiH2O vaporBaking-only

~ 00.10.9ΔV (volt.)
0.1- 1.6- 3.2V0.5 (volt.), C/Cmax = 50%

29.424.820.4Dielectric const.

SCCO2-3000psiH2O vaporBaking-only



 55

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-1  The experiment processes of thin SiNX film with various treatments. 
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Fig. 3-2  The FTIR spectra of SiNX films after various post-treatments, 

including Baking-only, H2O vapor and 3000psi-SCCO2 

treatment. 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3-3  The leakage current densities of SiNX films after different 

treatments.  
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Fig. 3-4  The breakdown characteristic curves of SiNX films after 

various treatments. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3-5  The capacitance-voltage characteristics of SiNX films after 

different treatment, measuring at 1M Hz with gate bias swing 

from negative voltage to positive voltage (forward) and from 

positive voltage to negative voltage (reverse). 
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Fig. 3-6  The structure of a-Si:H TFTs. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-7  The experiment processes of a-Si:H TFTs with various treatments. 
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Fig. 3-8  The transfer characteristics of identical a-Si:H TFTs before and 

after the SCCO2 treatment. The gate bias region (1), (2), (3), 

(4) express sequentially above- threshold, forward 

sub-threshold, reverse sub-threshold and Pool-Frenkel 

emission region [47]. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3-9  The output characteristics of a-Si:H TFTs before and after SCCO2 

treatment. 
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Fig. 3-10  The transfer characteristics of SCCO2-treated TFT at 

different temperature, in linear operation region with VDS = 

0.1 V. Inset is the plot of ln(IDS) versus reciprocal of 

temperature (1/T). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3-11  The plot of activation energy versus gate bias, before and 

after SCCO2 treatment. The inset shows the definition of 

activation energy (Eact.). 
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Fig. 3-12  The density of states in mobility gap of a-Si:H film. (a) a-Si:H 

TFT with no SCCO2 treatment before and after the hot 

baking on a hot plate at 150 °C for 120 min, which taken as 

the control sample. (b) a-Si:H TFT device before and after 

SCCO2 treatment. 
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Fig. 4-1  The experiment processes of Memories with various treatments. 
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( a )                            ( b ) 

Fig. 4-2  The TEM images show the Non-volatile Memories structure 

after various post-treatments: (a) Baking-only treatment (b) 

3000psi-SCCO2 treatment. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

Fig. 4-3  The leakage current densities of Non-volatile Memories after 

different treatments.  
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( a )  

 

 

 
 
 
 

 

 
 
 
 
 
 

( b ) 

Fig. 4-4  The capacitance-voltage hysteresis characteristics of 

Non-volatile Memories after different treatment: (a) 

Baking-only treatment (b) 3000psi-SCCO2 treatment. 

. 
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( b ) 
Fig. 4-5  The retention characteristics of Non-volatile Memories after 

different treatment: (a) Baking-only treatment (b) 

3000psi-SCCO2 treatment. 
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Table 4-1  Summary of electrical Characteristics for Non-volatile 

Memories after various post-treatments, including 

Baking-only and 3000psi-SCCO2 treatment. 
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