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INTRODUCTION

Niobium oxide(V) is one of the components of the stoichiometric complex oxide
lithiuin niobate(LiNbOs). Because a thin film of LiNbO; is of potential use both as
a waveguide and as a modulator, several attempts at growing thin films of LiNbO;
have been studied. The growth methods reported so far include the epitaxial growth
from a melt, sputtering, a vapor transport technique, sol-gel method and a recently,
low pressure metal-organic chemical vapor deposition(LPMOCVD) has been
reported[1]. However, these authors gave no information on the reaction engineering
model of the LPMOCVD., In order to design a CVD reactor and to determine
optimum operating conditions, it is necessary to develop a model which
quantitatively describes the reaction and transport phenomena in any type of CVD
reactor.

In this work, a preliminary experiment was conducted on the deposition
behavior of Nb,Os film using bis-dipivaloylmethanate niobium
trichloride(Nb(C1:H190:):Cls: Nb(DPM),Cl: hereafter) as a source material, and the
gas phase and surface reactions were analyzed by a micro/macro simulation method
which has been developed by the authors.[2,3]

EXPERIMENTAL
The schematic of the LPMOCVD el
apparatus used in the present study is shown €9
in Figure 1. The local growth mte ... ... ;oo “ ®— pump

distributions along the flow direction were .
measured by the weight change of each ,:,
short tube before and after the experiment

In some cases, silicon substrates and silicon s
substrates with trenches were used. the films
grown on Si substrates were used for
characterization and surface reaction analysis.

The vaporized source material was carried Figure 1. Schematic of LPCVD
over to the reactor by nitrogen gas and was experimental apparatus.
diluted

Filler




Theortes and Applications of Chem. Eng, 1995, Vol. 1, No. 1 861

further with nitrogen and oxygen

just before the reactor tube inlet. ot Nb3d Cls Ci2p

The crystal structure  was ok [ ~J\

characterized by X-ray AR M e
diffraction(XRD). The step

coverage of the film on the 373k [\
trenches was observed using a B
scanning electron i\
microscope(SEM), and the
morphology of the grown films Binding energy (2.0 eV/div)
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atomic force microscope(TAFM). Exching time : Smin

The composition of the film was Figore 2. The narrow-range XPS spectrum of
analyzed by the X-ray the Nb;Os films grown at various temperatures.

photoelectron spectroscopy(XPS).

EXPERIMENTAL RESULTS 023K = : ﬁ

Narrow range XPS spectra of
the NbyOs films deposited at 923K
various temperatures are shown in . i M

Figure 2. A small peak of Cl(2p)
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distinguishable peaks of carbon

and chlorine. Figure 3 shows the Figure 3. XRD pattern of the NbOs films
XRD vpatterns. All  peaks are grown at \iarlous temperatures.

assigned to NbOs. Figure 4
shows TAFM images of the
Nb,Os films grown at different
temperatures. The crystallinity and
the morphology of the niobium
oxide film changes with increasing
temperature from the
nodule-shaped crystals grown at
773K to more well-defined
crystals. The growth rate
distributions along the flow
direction are shown in Figure 5,
in which each histogram, whose X b0 e, 72 SO0 nmidiy

width equals to the length of the Figure 4. AFM images of the Nb;Os films
short quartz tubes, represents the grown at different temperatures.




gatgte] o]lE3 34 A 1¢ A 1& 19954

local growth rate.

= Totol Flow rate 750 cem | Total How rots 1000 e ]
CVD REACTION MODEL «E REACT.TEMP. 1023 K REACT.TEMP. 923 K
We assume that the CVD can Y .HJUN]’ Ly, J[ J,Hmmm\.
be modeled by a simple reaction P RS e
model. The source  material < ;[
A,(Nb(DPM).Cls) undergoes a gas S R T I‘k .

(Nb )_ ) g g J:_:'h};LgﬂlLLM‘J_lmj Ny I.I IIHTI‘m;
phase reaction to an active = Totolflow rate 750 com | Toal low rafs 500 ccr
intermedjate,B_ IL REACT.TEMP, 748K RE/\CT.'?E’M’ISSZ}?(CC’“

B is transported by convective 7 MW“
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through a surface reaction. We Figure 5. Growth rate distribution
used a Monte Carlo step coverage of Nb;Os film along the flow
direction.
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Figure 6. Observed and simulated Figure 7. Arrhenius plots for
step coverages on micro-t!:enches reactive sticking cdefficient,surface
grown at 5 torr under different reaction constant and gas-phase
temperatures. reaction constant.

simulation to analyze the surface reaction by means of the profile fitting of the
filtm grown on micro trenches. The experimentally observed profiles of the NbOs
film grown at different temperatures together with the calculated profiles are shown
in Figure 6. The filn profile and the value of 7 shown in the figure represent the
best results optimized through the repeated profile fitting simulations. The reactive
sticking coefficients and surface reaction rate constants of this CVD system thus
determined are plotted in Figure 7. The lines in the figure correspond to the
followings;

T > 826K ks = 114 exp{-15 000/RT) (1)

T < 826K ks = 1.5 X 10"exp(-270 000/RT) @
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The gas phase reaction rate constant kg was chosen as the single adjustable
parameter in a macro-scale simulation code[4], in which heat and mass transfer, gas
phase and surface reactions are all taken into account. The solid curves shown in
Figure 5 represent the optimized results of the macro-scale simulation. The
numerical simulation reproduces all experimental results by choosing the gas phase
reaction rate constant as

kg = 1.4 X 10° exp(-56 000/RT) (3)

Figure 7 includes the Asrhenius plot of the gas phase reaction rate constant,
eq.(3).

CONCLUSIONS

We have studied the growth mechanism of niobium oxide thin films grown by
a thermal LPMOCVD using the A -diketonate complex. The yield of NbOs film is
almost independent of the oxygen concentration in the gas phase. XPS indicates
that there are trace inclusions of carbon and chlorine in the bulk film, The
molecular mass and size of the intermediate are very close to those of the
Nb(DPM).Cls monomer. The micro-trench methodes revealed that the surface
reaction rate constants is expressed by egs.(1) and(2). By means of the macro scale
simulation the gas phase reaction rate constant was determined as eq.(3)
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