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There is much interest in developing high-throughpu
methods for identification of new materials. Thestfiuse

of chemical vapor deposition (CVD) to produce
compositional spreads (CS) in multicomponent oxides
produced mixtures of Ti§ HfO, and Sn@ that were
studied as possible replacements for ,S&#3 the gate
dielectric in field effect transistors (FET).(1)The first
two oxides in the above mixture were chosen becatfise
their higher dielectric constants while the Swas added

to minimize crystallization at the lower deposition
temperatures. Atomically smooth surfaces having fe
grain boundaries are desirable features for the FET
application. One of the goals of the researchritesd in
this paper is to minimize the reaction between ritegal
oxide layer and the silicon substrate by replaci@,
with ZrO,. The anhydrous metal nitrates Hf(RJQO(HN)
Sn(NG,),4 (SnN) and Zr(N@), (ZN) have been established
previously as single source CVD precursors to thee p
metal dioxide films and are used in this study.2-6

Films were deposited in a low pressure CVD
reactor that was modified to locate three pargltetursor
outlets approximately 1 cm above the substrateaserf
The outlets were positioned at the apices of arlaqtal
triangle having an edge length of 1.5 cm. Two défmm
temperatures (400 and 450 °C) were used in thig/stu

Rutherford backscattering spectrometry was used
to map the elemental composition, and ellipsometag
used to map the film thickness and refractive index
Standard lithographic procedures were used tonpai@0
x 100 um squares of platinum (to act as the top electrode
of a capacitor) over the entire substrate. X-Ray
microdiffraction was used to map the phase.

X-ray microdiffraction of the 400C CS film
showed that, with the exception of the areas imatetji
beneath the Zr(N¢), and Hf(NQ),4 precursor outlets, the
as-deposited films were amorphous. Film compasitio
(atomic %), which ranged from 3 to 83% for Zr, @96
for Hf and 3 to 85% for Sn was mapped using a 1O x
array of data points. The film thickness rangexnfrl50
to 480A for films grown for RBS and electrical
measurements. For XRD analysis the thickness range
was increased to 1200 to 3000A.

The films deposited at 450°C exhibited a similar
compositional spread, however, diffraction indichthat
most of the sample was polycrystalline. The X-ray
microdiffraction patterns obtained for the 48D CS film
confirm that the regions of the sample directlyolethe

ZN, SnN, and HN injectors yielded peaks correspagdi
to the thermodynamically stable forms of the
corresponding oxides. In the area bordering betvioetn
the ZN and SnN injectors and the HN and SnN injscto
the observed reflections were assigned tooaRbG
phase for material having the composition range
represented by the formula (Hf;i,)05.085M.2.0405,
where x can range from 0 to 1.

Based on measurements of the capacitance, the
value ofker was mapped as a function of composition for
the 450°C CS sample. The effective dielectric constant
increased as the relative amount of Zr in the film
increased. The composition that gave the highgst
value (~22) was 277Sn.osHf0.170:-
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