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Introduction

High dielectric constant materials (‘*high-k’) magds are
receiving research attention as they introduce the
possibility of scaling CMOS technology to 10-30 nm
feature sizes [1]. Hf@has been studied widely due to its
high dielectric constant (16-18 for monoclinic HjGnd
due to its reasonable compatibility with polysilicgate
technology [2]. In this work we present the physaad
electrical properties of HfOfilms (2.4 nm to >100nm)
formed on Si(100) by UV assisted (222nm) assisted
thermal injection liquid source MOCVD.

Experiments

The starting substrates were Zxm (100) orientation
silicon, which received standard SC1/SC2 cleansarfye
of surface preparation were explored, including: NMO
on the chemical oxide, RTN of the chemical oxidéid;
at 670C, and HF last. The HiQOlayers were deposited
from a Hf(CG3H90)2(OC(CHg)2CH20CH3)2 precursor in
octane from 350 to 458G using a liquid injection
MOCVD, and also with a UV assisted (KrCI* 222nm)
liquid injection MOCVD [3]. Film thicknesses from.2
nm to > 100 nm were deposited. Physical analyss hwya
TEM, X-ray reflectrometry and atomic force micropgo
Electrical analysis performed on thermally evapediat
gold or mercury gate contact MIS structures.

Results

Physical analysis by TEM indicated that for 35Q1&6°C

the HfQ, films exhibit a mixed amorphous/crystalline
phase, the crystallites exhibiting the monoclirtrticture.
Figures 1 and 2 show HRTEM for films by thermal and
UV assisted MOCVD respectively. The figures illasér
that the techniques can form continuous Hfitns to 2.4
nm. The interface oxide layer has been observed to
decrease with the thickness of the Hfidlm The growth
rate of the HfQ is 0.04 to 0.1 nm/injection for the UV
and thermal liquid injection MOCVD processes. X-ray
reflectrometry for the sample in Figure 1 indicafe@nm
with a surface roughness of 0.6 nm, in good agreéme
with the HRTEM. The density of the films from X-ray
reflectrometry is 8.9 to 9.0 g/émwhich is below the
reported HfQ value of 9.68 g/cth A further relevant
observation from the TEM analysis is that the Hfiins

are continuous on a HF last surface, which is not
generally the case for Hfby atomic layer epitaxy [4].

Electrical measurements on relatively thick (10—-bdg)
films, where the effect of the interface oxide cae
neglected, yield Hf@relative permittivity values in the
range 15-19, in agreement with theoretical caloutat
for the monoclinic phase [5]. An example HFCV (1kidz
100 kHz) is shown in Figure 3 for a 38D deposited
HfO, film (3.4 nm by HRTEM). For the low temperature
deposited films interface defects are detectedsistant
with un-passiavated ,j(P,;) centers [6]. An equivalent

oxide thickness value of 2.4 nm (not correctedsiticon

differential capacitance or quantum mechanical ct$ie
has been achieved, with leakage current densifid®®
to 107 A/cn? at 1 volt.
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Figure 1. HRTEM image of a 2.6 nm HfCayer formed

by liquid injection MOCVD at 45%C following a HF /
NH; 670°C surface preparation. The interface oxide layer
is 0.75 nm.
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Figure 2. HRTEM image of a 2.4 nm HfCayer formed
by UV assisted liquid injection MOCVD at 4%
following a SC1/SC2 surface preparation. The iatesf
oxide layer is 1.25 nm. (No UV J® for this sample)
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Figure 3. Example HFCV and JV (inset) for a Hfidm
by thermal injection liquid source CVD¢J= 3.2 nm (un-
corrected) and J @-1 V ~ fov/cn? (No forming gas
anneal performed).



