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Abgtract  Ta,O thin film is a promising material for the high dielectrics of ULSI DRAM. In this study,
Ta,O, thin film was grown on p-type(100) Si wafer by thermal metal organic chemical vapo deposition
(MOCVD) method and the effect of operating varialbles including substrate temperature( Ts), bubbler
temperature( T» ), reactor pressure{ P) was investigated in detail. Ta.O; thin film were analyzed by SEM,
XRD, XPS, FT-IR, AES, TEM and AFM. In addition, the effect of various anneal methods was exam-
ined and compared. Anneal methods were furnace annealing{ FA ) and rapid thermal annealing( RTA) in
N. or O. ambients. Growth rate was evidently classified into two different regimes. : (1) surface reaction
rate-limited regime in the range of Ts=300~400°C and (2} mass transport-limited regime in the range
of Ts=400~450°C. It was found that the effective activation energies were 18.46kcal/mol and 1.9kcal/
mol, respectively. As the bubbler temperature increases, the growth rate became maximum at Te=140
‘C. With increasing pressure, the growth rate became maximum at P=3torr but the refractive index
which is close to the bulk value of 2.1 was obtained in the range of 0.1 ~1torr. Good step coverage of 85.
719% was obtained at Ts=400"C and sticking coefficient was 0.06 by comparison with Monte Carlo sim-
ulation result. From the results of AES, FT-IR and TEM, the degree of SiO. formation at the interface
between Si and Ta.O; was larger in the order of FA-O.>RTA-O, FA-N,>RTA-N.. However, the N.
ambient annealing resulted in more severe O—deficiency in the Ta.O. thin film than the O, ambient.
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Table 1. Basic values and range of MOCVD experimental conditions.

Deposition Condition Symbol Basic Condition Range Examined
N, flow ( sccm) (AN 50 40—60
O, flow ( sccm) Qoz 50 40—60
Bubbler Temperature (°C) T, 120 80—160
Substrate Temperature (C) T, 400 300—450
Chamber Pressure ( Torr) P 1 01-10
Furnace Annealing Temperature (°C) Tia 900 600—900
Furnace Annealing Time ( hr) i 1 1
Rapid Thermal Annealing Temperature (°C) Tka 900 600—900
Rapid Thermal Annealing Time (sec) tra 60 30—90
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Fig. 5. (a) Crossectional SEM pictures and (b) microscopic deposition profiles by Monte Carlo simulation for trench

with 0.7m linewidth and 1.0um height.
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Fig. 7. XRD analysis of Ta.Os films treated by O: furnace annealing during 1hr at various temperatures.
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furnace annealing( 1hr, 900°C) and (b) O. RTA(60sec,
900°C).
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Table 2. Interface silicon oxide thickness and rms roughness data from TEM and AFM.

As—depo | Furnace annealing (900°C) | RTA (900C)
. NZ 3 ()_L‘ ‘ NZ OZ
Interface oxide thickness ( A ) 14 29 37 23 29
rms roughness ( A ) 4 : 24 B 17 B 24 25
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Fig. 11. AFM pictures of Ta.O, films treated by (a) N-RTA(60sec, 900°C ) and ( b) O, RTA(60sec, 900°C ).
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