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The MOCVD technique for deposition of thimfi is
based on the availability of volatile metalorganic
compounds. It is, therefore, necessary to undatstae
factors that control the volatilisation of a singh®lecule
from its neighbourhood. Although metalorganic
compounds, e.g., metfd-diketonates (1), are widely
employed in MOCVD, only a few studies have been
carried out on the sublimation processes of th@se
diketonate class of precursors (2).

We have developed a theoretical model for the
sublimation of large molecules such Bsdiketonates,
based on the concept that sublimation temperatire i
manifestation of internal energwyiz, the vibrational-
rotational and electronic energy, of the subliming
molecule. This model follows the sublimation medkan
given by Hirth and Pound (3), which states that die
association of molecule from lattice position iddaed
by diffusion of atoms/molecules in clusters on sheface,
until they evaporate. The model was modified byirngk
into account of the simultaneous vibrational-ratasl
mechanism of diffusion, as proposed by severalarebe
groups (4-7). We assume that diffusion activatioargy
is small enough to be provided by the vibrational-
rotational motion of the molecule and constituerdugs
at high temperatures, such as the sublimation teatyre.
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Fig.1: Schematic illustration of diffusion mechanisof
Co(pd) molecules in cluster: On detachment from their
lattice positions, the molecules Co(pdje assumed to be
physisorbed onto the surface of the crystallingckatwith
the orientation of six-membered acetylacetonatey rin
parallel to the surfacei.e, the xz plane. Individual
molecules in the cluster undergo rotation arourel yth
axis, which passes through the centre of symmédteyach
molecule and is normal to the plane of the paphis in-
plane rotation of individual molecules plays a rate
shifting the positions of neighbouring moleculesisT
implies that diffusion activation energy is embatlig
vibrational-rotational energy, as already notedvabo

The following semi-theoretical equations were
developed and used along with the IR, Raman, and UV

visible spectroscopic data, obtained at room teatpes,

in order to calculate the temperature for onset of
sublimation, Tnsetand the temperature for maximum rate
of sublimation, Thax for tris(2,4-
pentadionato)aluminium(lll)  [Al(pd), tetrakis(2,4-
pentadionato)zirconium(lV) [Zr(pg) and bisaquo bis
(2,4-pentadionato)cobalt(ll) [Co(pd2H,O].

(Tonseg )2= hC/KB*(iU oth+ rEOQ +ZBi+ZQ} + 1/)\1141?*)

(Tmax.(x'F)2
= hellg*(iu/hct oy +IB+X0y + L) + P

where a is a factor that is directly proportional to the
number of molecules i in a cluster of moleculestioa
lattice surface at temperature,,& and inversely
proportional to vib-rotational spectral broadenitng a =
i/(X17.260V;, 205 KM%em™, u, = lattice energy/molecule,
h = Planck’s constant,gk= Boltzmann constant, ¢ =
velocity of light, n = number of pentadionate liganper
molecule,w = IR band positiong = band position in
Raman spectra, ;B= rotational constant as determined
from IR spectra,A. = wavelength associated with
T Tt* electronic transition in the given molecule, and

F =10.42X10°3%. (Av; 205 &) KM%em™.

It has been found that the values calculat@dT§set
(based on the model described above) are in fgwlyd
agreement with the experimental values obtainedh fro
thermogravimetric analysis. The results are sunsadri
below:

Complex Tonset Tonset Tinax
(calc.yC | (exp.fC | (calc.yC
Al(pd)s 113 100 139
Zr(pd), 143 130 168
Co(pd).2H,0 | 130 117 156
References

1. T. Kodas and M. Hampden-Smithhe Chemistry of
Metal CVD, p.381, VCH Publishers Inc., New York
(1994).

2. N.E. Fedotova, A.N. Mikheev, N.V. Gelfond, I.K.
Igumenov, N.B. Tuffias, R.H. Morozoval. Phys IV
France, 9, Pr 8-251, Proceedings of the Twelfth European
Conference on Chemical Vapour Deposition, Sitges,
Barcelona, Spain (1999).

3. J.P. Hirth, G.M. Pound, Condensation and
Evaporation, Nucleation and Growth Kinetics, p. 92, The
Macmillan Company, New York (1963).

4. J.C. Hamilton, M.R. Sgrenson, and A.F. Vot@mys.
Rev., B61, R5125 (2000).

5. L.Y. Chen, and S.C. Yindghys. Rev. Lett., 71, 4361
(1993).

6. T. Keyes, W.X. Li, and U. Zurched, Chem. Phys.,
109, 4693 (1998) and the references therein.

7. U. Kirpick, A. Kara, and T.S. RahmaRhys. Rev.
Lett., 78, 1086 (1997).



