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EVAPORATED LAALO3 FILMS FOR GATE 
DELECTRICS 

FIELD OF THE INVENTION 

0001. The invention relates to semiconductor devices and 
device fabrication. Specifically, the invention relates to gate 
dielectric layers of transistor devices and their method of 
fabrication. 

BACKGROUND OF THE INVENTION 

0002 The semiconductor device industry has a market 
driven need to improve Speed performance, improve its low 
Static (off-state) power requirements, and adapt to a wide 
range of power Supply and output voltage requirements for 
it Silicon based microelectronic products. In particular, in the 
fabrication of transistors, there is continuous pressure to 
reduce the Size of devices Such as transistors. The ultimate 
goal is to fabricate increasingly Smaller and more reliable 
integrated circuits (ICs) for use in products Such as proces 
Sor chips, mobile telephones, or memory devices Such as 
DRAMs. The smaller devices are frequently powered by 
batteries, where there is also pressure to reduce the size of 
the batteries, and to extend the time between battery charges. 
This forces the industry to not only design Smaller transis 
tors, but to design them to operate reliably with lower power 
Supplies. 

0003 Currently, the semiconductor industry relies on the 
ability to reduce or Scale the dimensions of its basic devices, 
primarily, the Silicon based metal-oxide-Semiconductor field 
effect transistor (MOSFET). A common configuration of 
such a transistor is shown in FIG. 1. While the following 
discussion uses FIG. 1 to illustrate a transistor from the prior 
art, one skilled in the art will recognize that the present 
invention could be incorporated into the transistor shown in 
FIG. 1 to form a novel transistor according to the invention. 
The transistor 100 is fabricated in a Substrate 110 that is 
typically silicon, but could be fabricated from other semi 
conductor materials as well. The transistor 100 has a first 
Source/drain region 120 and a Second Source/drain region 
130. A body region 132 is located between the first source/ 
drain region and the Second Source/drain region, the body 
region 132 defining a channel of the transistor with a channel 
length 134. Agate dielectric, or gate oxide 140 is located on 
the body region 132 with a gate 150 located over the gate 
dielectric. Although the gate dielectric can be formed from 
materials other than oxides, the gate dielectric is typically an 
oxide, and is commonly referred to as a gate oxide. The gate 
may be fabricated from polycrystalline Silicon (polysilicon) 
or other conducting materials. Such as metal may be used. 
0004. In fabricating transistors to be smaller in size and 
reliably operating on lower power Supplies, one important 
design criteria is the gate dielectric 140. The mainstay for 
forming the gate dielectric has been Silicon dioxide, SiO2. 
Thermally grown amorphous SiO provides a electrically 
and thermodynamically stable material, where the interface 
of a SiO2 layer with an underlying Si provides a high quality 
interface as well as Superior electrical isolation properties. In 
typical processing, use of SiO on Si has provided defect 
charge densities on the order of 10"/cm, midgap interface 
state densities of approximately 10"/cm eV, and break 
down voltages in the range of 15 MV/cm. With Such 
qualities, there would be no apparent need to use a material 
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other than SiO2, but with increased Scaling, other require 
ments for gate dielectricS create the need to find other 
dielectric materials to be used for a gate dielectric. 
0005. A gate dielectric 140, when operating in a transis 
tor, has both a physical gate dielectric thickness and an 
equivalent oxide thickness (ts) The equivalent oxide thick 
neSS quantifies the electrical properties, Such as capacitance, 
of a gate dielectric 140 in terms of a representative physical 
thickness. t. is defined as the thickness of a theoretical SiO2 
layer that would be required to have the same capacitance 
density as a given dielectric, ignoring leakage current and 
reliability considerations. A SiO2 layer of thickness, t, 
deposited on a Si Surface as a gate dielectric will also have 
a te larger than its thickness, t. This t results from the 
capacitance in the Surface channel on which the SiO2 is 
deposited due to the formation of a depletion/inversion 
region. This depletion/inversion region can result in tes 
being from 3 to 6 Angstroms (A) larger than the SiO2 
thickness, t. Thus, with the Semiconductor industry driving 
to someday scale the gate dielectric equivalent oxide thick 
ness, t, to under 10 A, the physical thickness requirement 
for a SiO2 layer used for a gate dielectric would be need to 
be approximately 4 to 7 A. Additional requirements on a 
SiO, layer would depend on the gate electrode used in 
conjunction with the SiO2 gate dielectric. Using a conven 
tional polysilicon gate would result in an additional increase 
in leg for the SiO layer. This additional thickness could be 
eliminated by using a metal gate electrode, though metal 
gates are not currently used in complementary metal-oxide 
semiconductor field effect transistor (CMOS) technology. 
Thus, future devices would be designed towards a physical 
SiO gate dielectric layer of about 5 A or less. Such a small 
thickness requirement for a SiO2 oxide layer creates addi 
tional problems. 
0006 Silicon dioxide is used as a gate dielectric, in part, 
due to its electrical isolation properties in a SiO-Si based 
structure. This electrical isolation is due to the relatively 
large band gap of SiO2 (8.9 eV) making it a good insulator 
from electrical conduction. Signification reductions in its 
band gap would eliminate it as a material for a gate dielec 
tric. AS the thickness of a SiO2 layer decreases, the number 
of atomic layers, or monolayers of the material in the 
thickness decreases. At a certain thickness, the number of 
monolayers will be sufficiently small that the SiO layer will 
not have a complete arrangement of atoms as in a larger or 
bulk layer. As a result of incomplete formation relative to a 
bulk structure, a thin SiO layer of only one or two mono 
layers will not form a full band gap. The lack of a full band 
gap in a SiO gate dielectric would cause an effective short 
between an underlying Si channel and an overlying poly 
Silicon gate. This undesirable property Sets a limit on the 
physical thickness to which a SiO layer can be Scaled. The 
minimum thickneSS due to this monolayer effect is thought 
to be about 7-8 A. Therefore, for future devices to have at 
less than about 10 A, other dielectrics than SiO2 need to be 
considered for use as a gate dielectric. 
0007 For a typical dielectric layer used as a gate dielec 

tric, the capacitance is determined as one for a parallel plate 
capacitance: C=KeoA/t, where K is the dielectric constant, eo 
is the permittivity of free Space, A is the area of the capacitor, 
and t is the thickness of the dielectric. The thickness, t, of a 
material is related to te for a given capacitance with the 
dielectric constant of SiO2, K.323.9, associated with t as 
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0008 Thus, materials with a dielectric constant greater 
than that of SiO, 3.9, will have a physical thickness that can 
be considerably larger than a desired t, while providing the 
desired equivalent oxide thickness. For example, an alter 
nate dielectric material with a dielectric constant of 10 could 
have a thickness of about 25.6 A to provide a tes of 10 A, not 
including any depletion/inversion layer effects. Thus, the 
reduced equivalent oxide thickness of transistors can be 
realized by using dielectric materials With higher dielectric 
constants than SiO2. 
0009. The thinner equivalent oxide thickness, t, 
required for lower transistor operating Voltages and Smaller 
transistor dimensions may be realized by a significant num 
ber of materials, but additional fabricating requirements 
makes determining a Suitable replacement for SiO2 difficult. 
The current view for the microelectronics industry is still for 
Si based devices. This requires that the gate dielectric 
employed be grown on a Silicon Substrate or Silicon layer, 
which places significant restraints on the Substitute dielectric 
material. During the formation of the dielectric on the Silicon 
layer, there exists the possibility that a small layer of SiO, 
could be formed in addition to the desired dielectric. The 
result would effectively be a dielectric layer consisting of 
two Sublayers in parallel with each other and the Silicon 
layer on which the dielectric is formed. In Such a case, the 
resulting capacitance would be that of two dielectrics in 
series. As a result, the te of the dielectric layer would be the 
sum of the SiO, thickness and a multiplicative factor of the 
thickness of the dielectric being formed. Thus, if a SiO2 
layer is formed in the process, the t is again limited by a 
SiO layer. In the event, that a barrier layer is formed 
between the silicon layer and the desired dielectric in which 
the barrier layer prevents the formation of a SiO layer, the 
t, would be limited by the layer with the lowest dielectric 
constant. However, whether a Single dielectric layer with a 
high dielectric constant or a barrier layer with a higher 
dielectric constant than SiO2 is employed, the layer inter 
facing with the Silicon layer must provide a high quality 
interface to maintain a high channel carrier mobility. 
0.010 What is needed is an alternate dielectric material 
for forming a gate dielectric that has a high dielectric 
constant relative to SiO, and is thermodynamically stable 
with respect to Silicon Such that forming the dielectric on a 
silicon layer will not result in SiO formation, or diffusion of 
material, Such as dopants, into the gate dielectric from the 
underlying Silicon layer. 

SUMMARY OF THE INVENTION 

0.011) A solution to the problems as discussed above is 
addressed in the present invention. In accordance with the 
present invention, a method of forming a gate dielectric on 
a transistor body region includes evaporating Al-O at a 
given rate, evaporating La-O at another rate, and control 
ling the first rate and the Second rate to provide an amor 
phous film containing LaAlO on the transistor body region. 
The evaporation deposition of the La AlO film is performed 
using two electron guns to evaporate dry pellets of Al-O 
and La-O. The two rates for evaporating the materials are 
Selectively chosen to provide a dielectric film composition 
having a predetermined dielectric constant ranging from the 
dielectric constant of an Al-O film to the dielectric constant 
of a La-O film. 
0012. A transistor is fabricated by forming two source/ 
drain regions Separated by a body region, evaporating Al-O 
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using an electron gun at One rate, evaporating La2O using 
a Second electron gun at a Second rate, controlling the two 
evaporation rates to provide a film containing LaAlO on the 
body region, and forming a conductive gate on the film 
containing LaAlO. Dry pellets of Al-O and La-O are used 
for evaporating Al-O and La O. Controlling the two rates 
provides the capability to form a film composition having a 
predetermined dielectric constant. 
0013 Advantageously, these methods can be used to 
further form a memory array where the process of forming 
the memory is adapted to form the gate dielectric in accor 
dance with the present invention. Additionally, an informa 
tion handling System can be formed using the methods of the 
present invention, wherein a memory array formed in con 
junction with forming a processor is formed to include 
transistors having gate dielectricS containing La AlO. These 
gate dielectrics are formed by evaporating Al-O using an 
electron gun at one rate, evaporating La2O. using a Second 
electron gun at a Second rate, and controlling the two 
evaporation rates to provide a film containing La AlO for 
use as the gate dielectric. 
0014. In accordance with the present invention, a tran 
Sistor having two Source/drain regions Separated by a body 
region includes an amorphous gate dielectric containing 
LaAIO, located above the body region between the two 
Source/drain regions. The gate dielectric may be essentially 
composed of La AlO or it may also contain Al-O, and 
La-O. Depending on its composition, the dielectric constant 
of the gate dielectric can range from about 9 to about 30. 
Depending on its composition, the gate dielectric can have 
a thickness corresponding to an equivalent oxide thickness 
(t) in the range from about 1.5 Angstroms to about 5 
Angstroms, in addition to larger te values. 
0015 Advantageously, a memory array includes a num 
ber of transistors having two Source/drain regions Separated 
by a body region with an amorphous gate dielectric con 
taining LaAlO located above the body region between the 
two Source/drain regions. These transistors provide the 
memory array with an array of transistors having gate 
dielectrics with equivalent oxide thickness (t) in the range 
from about 1.5 Angstroms to about 5 Angstroms, providing 
transistorS operable at reduced Voltage levels. Additionally, 
an information handling device, Such as a computer, 
includes a processor and a memory array having a number 
of transistors having two Source/drain regions Separated by 
a body region that includes an amorphous gate dielectric 
containing LaAlO located above the body region between 
the two Source/drain regions. 
0016. These and other embodiments, aspects, advan 
tages, and features of the present invention will be set forth 
in part in the description which follows, and in part will 
become apparent to those skilled in the art by reference to 
the following description of the invention and referenced 
drawings or by practice of the invention. The aspects, 
advantages, and features of the invention are realized and 
attained by means of the instrumentalities, procedures, and 
combinations particularly pointed out in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 depicts a common configuration of a tran 
Sistor. 



US 2005/0145957 A1 

0.018 FIG. 2 depicts a deposition process in accordance 
with the present invention. 
0.019 FIG.3 depicts another configuration of a transistor 
capable of being fabricated in accordance with the present 
invention. 

0020 FIG. 4 depicts a perspective view of a personal 
computer incorporating devices made in accordance with the 
present invention. 
0021 FIG. 5 depicts a schematic view of a central 
processing unit incorporating devices made in accordance 
with the present invention. 
0022 FIG. 6 shows a schematic view of a DRAM 
memory device in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0023. In the following detailed description of the inven 
tion, reference is made to the accompanying drawings which 
form a part hereof, and in which is shown, by way of 
illustration, Specific embodiments in which the invention 
may be practiced. In the drawings, like numerals describe 
Substantially similar components throughout the Several 
views. These embodiments are described in Sufficient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utilized and structural, logical, 
and electrical changes may be made without departing from 
the Scope of the present invention. 

0024. The terms wafer and substrate used in the follow 
ing description include any Structure having an exposed 
surface with which to form the integrated circuit (IC) 
structure of the invention. The term Substrate is understood 
to include Semiconductor wafers. The term Substrate is also 
used to refer to Semiconductor Structures during processing, 
and may include other layers that have been fabricated 
thereupon. Both wafer and Substrate include doped and 
undoped Semiconductors, epitaxial Semiconductor layers 
Supported by a base Semiconductor or insulator, as well as 
other Semiconductor Structures well known to one skilled in 
the art. The term conductor is understood to include Semi 
conductors, and the term insulator or dielectric is defined to 
include any material that is less electrically conductive than 
the materials referred to as conductors. 

0.025 The term “horizontal” as used in this application is 
defined as a plane parallel to the conventional plane or 
Surface of a wafer or Substrate, regardless of the orientation 
of the wafer or Substrate. The term “vertical” refers to a 
direction perpendicular to the horizontal as defined above. 
Prepositions, such as “on”, “side” (as in “sidewall”), 
“higher”, “lower”, “over” and “under” are defined with 
respect to the conventional plane or Surface being on the top 
Surface of the wafer or Substrate, regardless of the orienta 
tion of the wafer or substrate. The following detailed 
description is, therefore, not to be taken in a limiting Sense, 
and the Scope of the present invention is defined only by the 
appended claims, along with the full Scope of equivalents to 
which Such claims are entitled. 

0026. In a recent article by G. D. Wilk et al., Journal of 
Applied Physics, vol. 89: no. 10, pp. 5243-5275 (2001), 
material properties of high dielectric materials for gate 
dielectricS were discussed. Among the information disclosed 
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was the viability of Al-O as a substitute for SiO. Al-O was 
disclosed has having favourable properties for use as a gate 
dielectric Such as high band gap, thermodynamic Stability on 
Si up to high temperatures, and an amorphous structure. In 
addition, Wilk disclosed that forming a layer of Al-O on 
Silicon does not result in a SiO interfacial layer. However, 
the dielectric constant of Al-O is only 9, where thin layers 
may have a dielectric constant of about 8 to about 10. 
Though the dielectric constant of Al-O is in an improve 
ment over SiO2, a higher dielectric constant for a gate 
dielectric is desirable. Other dielectrics and heir properties 
discussed by Wilk include 

Dielectric Constant Band gap 
Material (K) E (eV) Crystal Structure(s) 
SiO, 3.9 8.9 Amorphous 
SiN 7 5.1 Amorphous 
Al2O 9 8.7 Amorphous 
Y.O. 15 5.6 Cubic 
La2O 3O 4.3 Hexagonal, Cubic 
Ta2O 26 4.5 Orthorhombic 
TiO, 8O 3.5 Tetrag. (rutile, anatase) 
HfO, 25 5.7 Mono., Tetrag., Cubic 
ZrO. 25 7.8 Mono., Tetrag., Cubic 

0027. One of the advantages using SiO, as a gate dielec 
tric has been that the formation of the SiO layer results is 
an amorphous gate dielectric. Having an amorphous Struc 
ture for a gate dielectric is advantageous because grain 
boundaries in polycrystalline gate dielectrics provide high 
leakage paths. Additionally, grain size and orientation 
changes throughout a polycrystalline gate dielectric can 
cause variations in the film's dielectric constant. The above 
mentioned material properties including Structure are for the 
materials in a bulk form. The materials having the advantage 
of a high dielectric constants relative to SiO2 also have the 
disadvantage of a crystalline form, at least in a bulk con 
figuration. The best candidates for replacing SiO2 as a gate 
dielectric are those with high dielectric constant, which can 
be fabricated as a thin layer with an amorphous form. 

(0028) Reportedly, a physical thickness of about 21 A of 
Al-O, grown by thermal oxidation following thermal 
evaporation of an Allayer, could be obtained providing at 
of 9.6 A with an interface State density greater than or equal 
to 3x10' eV cm'. Higher physical thicknesses of about 
48 A of Al-O provided films with of 21 A with leakage 
current of approximately 10 A/cm at 1 V gate bias, which 
is good when compared to a leakage current of 10 A/cm 
at 1 V gate bias for a physical thickness of 21 A for a pure 
SiO layer. 

0029. Another abovementioned material, La-O, report 
edly provided good results when fabricating thin films on 
silicon. A physical thickness of 33 A was obtained for a layer 
of La-Os, grown by thermal oxidation following thermal 
evaporation of a La layer, providing at of 4.8 A, a leakage 
current of 10 A/cm at 1 V gate bias, and an interface state 
density of approximately 3x10' eV cm. Other studies on 
La-O showed reduced leakage current but an interfacial 
SiO, layer. 
0030 Though both Al-O and La-O demonstrated good 
qualities as a Substitute for SiO, better dielectrics are 












