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Abstract

High k LaAlO3 (LAO) films were deposited directly on silicon substrates in various oxygen pressures by laser molec-

ular-beam epitaxy technique. The influence of oxygen pressures during film fabrication on the physical and electrical

properties of LAO films was studied. High resolution transmission electron microscopy measurements indicate that

the thermo stability of LAO films in contact with silicon substrates is greatly affected by oxygen pressures, and thicker

interfacial layer would be expected for LAO films deposited in high oxygen pressure. Capacitance–voltage (C–V) and

leakage current measurements indicate that the effective oxide thickness, leakage current, flatband voltage and hyster-

esis loop characteristics are affected by the oxygen pressure during film fabrication. Larger EOT, lower leakage current

and smaller hysteresis loop is expected to be obtained for LAO films deposited in higher oxygen pressure or lower vac-

uum. When oxygen pressure is below or equal to 0.1 Pa, the absolute value of VFB increases with the decrease of oxygen

pressure. When oxygen pressure is above 0.1 Pa, the VFB value begins to decrease slowly.
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1. Introduction

With the continued scaling of MOS technology,
the thin SiO2 gate oxide must eventually be re-

placed by a high dielectric constant material [1].

Currently, there is much work being done in devel-

oping high-k dielectrics to replace silicon oxide as
gate dielectric in the future MOSFETs [2–6].

Among the many potential high-k materials, LaA-

lO3 has recently attracted much attention due to its

many advantages such as medium dielectric con-

stant, high bandgap, and amorphous structure
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up to high temperature [7–10]. It is known that

oxide films deposited by pulsed laser deposition

or laser molecular beam epitaxy technique

(LMBE) often have oxygen vacancies, which plays

important role in the electrical performance of the
film [11,12]. To reduce the oxygen vacancies in the

films, incorporation of oxygen with high pressure

during film formation is the method often used

[13]. One of the characteristics desirable for the

high-k dielectric is that it has good thermal stabil-

ity with silicon substrate [1]. However, for most of

the high-k materials, possible interfacial reactions

between gate oxide and silicon substrate will occur
when they are fabricated in oxygen containing

ambient [1,14,15]. Good electrical performance

and thermal stability with silicon are necessary

for high-k dielectrics used as alternative gate

dielectrics. Thus, it is necessary to understand the

growth mechanism that controls these factors

and influences both the electrical properties and

thermal stability with silicon of the LAO thin
films. In this paper, the effect of oxygen pressure

on the structure and electrical properties of laser-

fabricated LAO high-k gate dielectric was studied.

2. Experimental details

LAO films were deposited by a LMBE system,
equipped with in situ reflective high-energy elec-

tron diffraction (RHEED). Details of the system

have been reported elsewhere [16]. Substrates were

2-inch n-Si (100) wafers with resistivity of

4 � 6 X cm. After wet-chemical cleaning, the Si

substrate was dipped into a buffered HF (10%)

solution for 60 s to remove the amorphous SiO2

layer from the silicon surface, leaving a hydro-
gen-terminated surface. Then the Si substrate

was immediately moved into the epitaxial chamber

with a base pressure of �6 · 10�5 Pa. Before the

film deposition, the substrate was heated to the

temperature when the 2 · 1 surface structure of

Si was observed by RHEED, which reveals a clean

surface. Then, the Si substrate temperature was

switched to the setting substrate temperature.
After the substrate temperature was constant, oxy-

gen was introduced into the epitaxial chamber

with the pressure ranging from 1 · 10�4 to 10 Pa.

To characterize the electrical properties of LAO

films, Pt top electrodes with an area of

3.14 · 10�4 cm2 were deposited on the surface of

the samples using a shadow mask. Then, an

Ohm contact to the backside of the substrate was
obtained by scraping the surface of the silicon sub-

strate to remove the SiO2 completely, immediately

followed by the spreading of silver glue on the

scraped silicon. Finally, the MOS capacitors were

fabricated. The electrical properties of the MOS

capacitors were evaluated with an Agilent4294A

impedance/phase analyzer and a Keithely 236

source measuring unit. Cross sectional structures
of the gate stack based on LAO films as gate

dielectric were characterized by high-resolution

transmission electron microscopy (HRTEM)

(JEM-4000EX).

3. Results and discussions

For most of the high k oxide films, the ther-

modynamic stability of them in contact with sili-

con is a critical issue for the application of

alternative gate dielectrics in silicon-based devices

[1]. Furthermore, the thermodynamic stability of

high k oxide films is tightly correlated to the con-

tent of oxygen during film growth [15]. The im-

pact of oxygen pressure on the thermodynamic
stability of LAO films was studied by HRTEM

first. Fig. 1(a) and (b) show the HRTEM images

of LAO films deposited at 700 �C in 0.1 and

1 · 10�4 Pa oxygen pressure, respectively. It can

be seen clearly that there exists a very clear

3.2 nm interfacial layer between the silicon sub-

strate and the LAO film deposited in 0.1 Pa oxy-

gen. But nearly no evidence of interfacial layer
can be seen between the silicon substrate and

the LAO film deposited in 1 · 10�4 Pa oxygen

pressure. This indicates that the interfacial reac-

tion between LAO films and silicon is greatly af-

fected by the oxygen pressure and higher oxygen

pressure would be favorable for the formation of

interfacial layer. Further study using X-ray pho-

toelectron spectroscopy indicated that the interfa-
cial layer between the Si substrates and the LAO

films deposited in higher oxygen pressure is La–

Si–O or Al–Si–O compound.
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