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Abstract  Atomic layer deposition(ALD) of amorphous TiN films on SiO; between 170°C and 210°C has been investi-
gated by alternate supply of reactant sources, Ti[N(C.HsCHs).]s [tetrakis(ethylmethylammino)titanium : TEMAT]
and NH,;. Reactant sources were injected into the reactor in the order of TEMAT vapor pulse, Ar gas pulse, NH; gas
pulse and Ar gas pulse. Film thickness per cycle was saturated at around 1.6 monolayer(ML) per cycle with sufficient
pulse times of reactant sources at 200°C. The results suggest that film thickness per cycle could be beyond 1 ML/cycle
in ALD, which were explained by rechemisorption mechanisms of reactant sources. The ideal linear relationship be-
tween number of cycles and film thickness is confirmed. As a results of surface limited reactions of ALD, step cover-
age was excellent. Particles caused by the gas phase reactions between TEMAT and NH; were almost free because
TEMAT was seperated from NH; by the Ar pulse. In spite of relatively low substrate temperature, carbon impurity
was incorporated below 4 at%.
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Fig. 1. A schematic diagram of the TiN deposition apparatus.
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Fig. 2. Gas switching method which were sequentially injects
reactant sources and Ar gas with the pulse time. TEMAT is in-
troduced with 100 sccm H. carrier gas, purge with 300 scem Ar
gas, 250 sccm NH, is introduced and purge with 300 sccm Ar
gas. Such a periodic cycle is repeated up to the desired film
thickness.
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Fig. 3. The dependence of growth rates on substrate tempera-
tures at 0.5 Torr. (a) The approach by altenate supply of
TEMAT and NH;, then one cycle consists of (157, 57, 107, 57)
(b) Conventional MOCVD using TEMAT only without NH; (c)
Conventional MOCVD using TEMAT with NH,
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Fig. 4. Film thickness per cycle as a function of TEMAT pulse
time for film grown on Si0O, at substrate temperature 1757,
200°C and 240°C and pressure of 0.5 Torr. then one cycle con-
sists of (1" ~15", 57, 10", 57).
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Fig. 5. Film thickness per cycle as a function of Ar pulse time
for film grown on SiO, at 200°C, 0.5 Torr. then one cycle con-
sists of (57, 17 ~20", 10", 5”).
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Fig. 6. Film thickness per cycle as a function of Ar pulse time

for film grown on Si0O. at 200°C, 0.5 Torr. then one cycle con-
sists of (57, 57, 107, 1~20").
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Fig. 7. Film thickness per cycle as a function of NH; pulse time
for film grown on SiO. at 200C, 0.5 Torr. then one cycle con-
sists of (57,57, 10" ~40",5”).
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Fig. 8. X-ray diffraction patterns for film grown on SiO; at 200
C, 0.5 torr. then one cycle consists of (57, 57, 107, 5”).
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Fig. 9. ERD- TOF spectra of detected elements for film grown
on Si0O. at 200°C, 0.5 Torr. then one cycle consists of (57, 57,
10”7, 57). (N/Ti=0.55, C=4at%, H=6at%).
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Fig. 10. Film thickness vs. number of cycles for film grown on
Si0; at 200°C, 0.5 torr. then one cycle consists of (57, 57, 107,
57).
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Fig. 11. Crossectional SEM micrographs for film grown on SiQO,
at 200, 0.5 Torr into 0.6um wide and 0.7¢m deep contact
holes. (a) Conventional MOCVD using TEMAT with NH;.
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