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Abstract Ta,0Os thin film was grown on a patterned substrate by thermal chemical vapor deposition
process using PET (PentaEthoxy Tantalum @ Ta(OC,Hs);) metal organic precursor. The effects of oper-
ating variables such as the type of carrier gases, substrate temperature, and reactor pressure on step
coverage were investigated in detail. The step coverage of deposited Ta,O. thin film on the patterned
substrate was analyzed by SEM photographs and sticking coefficient was obtained by comparing step
coverage and deposition profiles represented in the photographs with the Monte Carlo simulation results.
The step coverage of Ta,Os thin film was better in the order of He, N,, Ar carrier gas, resulting from the
change of transport properties depending on the type of carrier gases. With the increase of substrate
temperature, the surface reaction becomes more dominant mechanism rather than the Knudsen diffusion
inside the trench or the desorption of adsorbed reactants on the substrate surface, which leads to poorer
step coverage. The apparent activation energy of sticking coefficient for N carrier gas was 15.9 kcal/
mol. In addition, it was found that the step covergae was best at 3 Torr reactor pressure. In conclusion,
the Ta,Os thin film deposition process at 3 Torr, 350°C, Torr using He carrier gas was found out as the
optimum process condition to give the best step coverage in the experimental range examined.
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Table 1. Various data for the calculation of transport properties in Table 2.
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Fig. 1. Trench patterns used in step coverage experi-
ments.
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Table 2. Transport properties for various carrier gases at 298°K, 0.5 Torr, and O,/carrier gas = 50

50 scem.
Carrier | Momentum diffusivity | Thermal diffusivity | Mass Diffusivity of O, | Mean free path of O,
gas (em?/sec) cm?/sec) (cm’/sec) (ym)
Ar 211 317 296 117
N. 234 325 310 108
He 1881 2817 1126 89
= F Zol2FE 487 Ao dyN,
AN EHY FEe AAR A w3l 3
o] A¥s sH3tdct
Ta.0s wtte] F3A4Ye vy 22(T)

Fig. 2. Nlustration of a deposited film pattern. Parame-

ters to define aspect ratio and step coverage are
indicated.
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Fig. 3. Effect of aspect ratio on the step coverage of the Ta,O; films deposited at various substrate temperatures using
(a) Ar, (b) N, and (c) He carrier gas(T,=120 C, P=0.5 Torr, O./carrier gas=50,/50 sccm).
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350°C

(c)
Fig. 4. Comparison of SEM photographs from Ta.0, MOCVD experiments with simulated profiles using N. carrier
gas for various substrate temperatures ia} 350°C, (b} 400°C, and (¢! 440°C(T,=120°C, P=10. 5 Torr, O
: >0/ B0scem).
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Fig. 5. Arrhenius plot of sticking coefficients for N. car-
rier gas{T,=120 °C, P=0.5 Torr, 0.,/ N,=50/50
scem).
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