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X-ray fluorescence (XRF) spectroscopy is a powerful
guantitative analysis technique [1]. For exampl&FXs
used for determining the elemental compositions for
many of the minerals, rocks, alloys, glasses, césnen
polymers and thin films of technological importarjde-

3]. Because of XRF is a non-destructive technighe,
semiconductor industry used XRF technique as dmén-
technique for quality control during the manufaitgr
process of microelectronic devices such as DRAMS,
microprocessors, ASICs [3].

Atomic Layer Deposition (ALD) technology was used i
this study for the deposition of &b;, HfO,, Pt, TiO,
ZnO and Zr@ nanoscaled films over silicon substrates as
described previously [4]. Table 1, summarizes the
chemical precursors used for the various films #al
ALD deposition temperatures.

Table 1. Chemical precursors and deposition temperature
for the ALD Process

Materials | Deposition Precursor |
Temp.
°C)
Al,O3 300 Trimethyl aluminum
HfO, 250 Tetrakis(dimethylamido)hafnium
Pt 300 (Trimethyl)methylcyclopentadieny]
platinum

TiO» 250 Titanium isopropoxide

Zn0O 150 Diethyl zinc

ZrO, 250 Tetrakis(dimethylamido)zirconium

The thickness of a film can be determined by XRBebla
matching of theoretical intensities and measured
intensities. It is important for intensities to berrected
for instrument responses [4]. The empirical coédfit
(EC) method (also referred to as a direct method or
theoretical influence method) and the fundamental

parameter (FP) method are two models that desthibe
matrix corrections [2, 6].

In this study, we evaluated X-ray fluorescence
spectroscopy (XRF) technique for thickness, esfigdia
nanoscale, determination of a variety of singlestayetal
(Pt) and metal oxides (4Ds, HfO,, TiO,, ZnO and ZrQ)

thin films deposited on silicon substrates. Thekhess
data generated from XRF analysis is compared for
benchmarking with data obtained from ellipsomethe
cross-sectional transmission electron microsco@MY -

and scanning electron microscopy (SEM) - imaging
analysis from film cleavage sites.

The results indicate that the thickness values idda
from XRF analysis are comparable to film thickness
numbers estimated from the experimentally calilorate
ALD growth rates in A/cycles and the known numbér o
ALD cycles used to grow the films as listed in Tl
This demonstrates the potential of the XRF methard f
the analysis of deposited high-k transition metddes
and other technologically important nanoscaled titrims.

Table 2. Thin films thicknesses obtained from ALD
synthesis parameters and X-ray fluorescence sggecipy

Calculated Calculated
ALD Film ALD Film
Thickness Thickness
from ALD from XRF
ALD Sample | growth rate in analysis in
Name nm nm
Al,O4 30 22.9
HfO, 60 46.3
TiO, 21 19.2
ZrO, 20 20
Zn0O 1748 1748
Pt 20 23.6
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