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(57) ABSTRACT 

A technique for producing a thin gate oxide having a 
relatively high dielectric constant. Embodiments relate to 
the structure and development of a gate oxide having a 
thickness of less than 1 nm, having a dielectric constant 
greater than tWenty, and being substantially free of undesired 
electrical characteristics caused by exposure of the gate 
oxide to high complementary metal-oxide-semiconductor 
processing temperatures. 
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HIGH K OXIDE 

FIELD 

[0001] Embodiments of the invention relate to semicon 
ductor manufacturing. More particularly, embodiment of the 
invention relate to the formation of a thin, thermally stable, 
substantially defect-free gate oxide Within a complementary 
metal-oxide-semiconductor (“CMOS”) device. 

BACKGROUND 

[0002] As CMOS devices continue to decrease in siZe, the 
need for smaller gate oxides increases, While the need for a 
relatively high overall oxide dielectric constant remains. 
Gate oxides typically consist of a combination of a relatively 
high k (dielectric constant) dielectric and a relatively mod 
erate k dielectric to produce an overall oxide dielectric 
constant that is someWhere in betWeen the tWo. Furthermore, 
the use of typical oxides, such as Zirconium-dioxide 
(“ZrO2”) and hafnium-dioxide (“HfOZ”), by themselves is 
generally undesirable, because volumetric expansion from 
thermal anneal cycles in semiconductor processing can 
result in the formation of defects in the oxide, causing 
leakage and reliability problems in the transistor. 

[0003] Therefore, additives, such as aluminum-trioxide 
(“A1203”), are typically combined With the oxide to help it 
remain amorphous during exposure to high temperatures in 
processing. The combination of additives, such as A1203, 
and typical oxides, such as ZrO2 and HfO2, however, can 
result in an overall effective dielectric constant (k) that is 
loWer than necessary to accommodate thinner oxides (<1 
nm) required in modern CMOS processes. Furthermore, 
additives, such as A1203, can possess ?xed charge problems 
as a result of the bonding con?guration betWeen the additive 
and the oxide. 

[0004] Typical gate oxides in modern CMOS processes 
require a dielectric constant of at least tWenty in order to 
support a dielectric thickness of 1 nm or less reliably. 
Furthermore, gate oxides must be able to Withstand deterio 
rating effects, such as oxygen-de?cient defects and thermal 
instability, caused by exposure to high temperatures during 
processing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Embodiments of the invention are illustrated by 
Way of example and not limitation in the ?gures of the 
accompanying draWings, in Which like references indicate 
similar elements and in Which: 

[0006] FIG. 1 is a typical CMOS semiconductor device in 
Which at least one embodiment of the invention may be 
used. 

[0007] FIG. 2 is a graph displaying the dielectric constant 
of an oxide as a function of its TiO2 content, according to 
one embodiment of the invention. 

[0008] FIG. 3 is a How diagram illustrating a portion of a 
semiconductor process that may be used in conjunction With 
one embodiment of the invention. 

DETAILED DESCRIPTION 

[0009] Embodiments of the invention described herein 
relate to complementary metal-oxide-semiconductor 
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(“CMOS”) processing. More particularly, embodiments of 
the invention relate to the creation of a gate oxide being 
suf?ciently thin, possessing appropriate physical reliability, 
and having a suitable dielectric constant so as to be com 
patible With modern CMOS processing technology. 

[0010] FIG. 1 illustrates a CMOS device in Which one 
embodiment of the invention may be used. The device of 
FIG. 1 is an inverter, Which consists of an n-type transistor 
105 and a p-type transistor 110. In each of the transistors is 
a gate oxide 115, across Which an electric ?eld is created 
When a gate voltage is applied to the gate 125 While the body 
120 is biased at a loWer potential than the gate. 

[0011] The gate oxide in typical modern CMOS devices is 
less than 1 nm thick, but should also have a dielectric 
constant greater than tWenty in order to support the electric 
?eld applied from the gate to the substrate. Because thinner 
oxides require less dielectric material than thicker oxides, 
the dielectric constant (k) should be suf?ciently high to 
compensate for the thinner dielectric. 

[0012] The n-type dielectric typically consists of ZrO2, 
Whereas the p-type dielectric typically consists of HfO2. In 
order to achieve the dielectric constant required by a gate 
oxide of less than 1 nm, high k additives, such as yttrium 
trioxide (“Y2O3”), lanthanum-trioxide (“La2O3”), and tita 
nium-dioxide (“TiOZ”), are combined With the oxides, ZrO2 
and HfO2, in one embodiment of the invention. The com 
bined dielectric constant of ZrO2 or HfO2 and any one of the 
above high k additives is sufficiently high (>20) to support 
an electric ?eld across a gate oxide of less than 1 nm. 
Furthermore, the above additives are substantially free of the 
?xed charge problems associated With additives, such as 
A1203, When bonded With the oxides. 

[0013] Other additives in other embodiments of the inven 
tion may be used that can be bonded With ZrO2 and HfO2 
Without the combination suffering from ?xed charge prob 
lems While yielding an overall effective dielectric constant 
necessary to support a particular gate oxide thickness. Fur 
thermore, the particular ratio betWeen one of the above 
additives and the combined oxide depends upon the dielec 
tric constant that is desired for the application and not 
limited to the embodiment of the invention discussed above. 

[0014] FIG. 2, for example, is a graph illustrating the 
effective gate oxide’s dielectric constant as a function of the 
percentage of TiO2 combined With HfO2. Advantageously, 
the relationship betWeen the TiO2 content and the gate oxide 
dielectric constant is substantially linear When TiO2 is com 
bined With any one of the oxides, ZrO2 or HfO2. 

[0015] FIG. 3 is a How diagram illustrating at least some 
of the process operations that may be used to carry out one 
embodiment of the invention. The particular point in the 
process in Which these operations are used is dependent 
upon the particular process being used. At operation 301, 
ZrO2 and HfO2 are combined With any one of the additives, 
Y2O3, La2O3, and TiO2, in order to form a gate oxide having 
a high crystalliZation onset and suf?cient dielectric constant 
of at least tWenty While not displaying the ?xed charge 
problems associated With some additives, such as A1203. 

[0016] In order to avoid oxygen-de?cient defects that can 
result in various undesirable electrical properties of the gate 
oxide When used in a transistor, the combination is cured by 
exposing the gate oxide to a loW oxygen partial pressure 
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anneal at operation 305. The anneal operation exposes the 
gate oxide to a minimum oxygen ambient atmosphere to 
cure defects While minimizing interfacial oxide groWth, 
Which can happen rapidly at certain atmospheric pressures 
for high k materials. For the embodiment illustrated in FIG. 
3, a partial pressure of <1><10_3 Torr is used in order to avoid 
undesirable oxide leakage and interfacial oxide groWth. The 
particular anneal pressure and temperature to be used 
depends upon the particular oxide and additive combination 
used to form the gate oxide. 

[0017] At operation 310, the combination is doped With 
nitrogen in order to promote thermal stability at high tem 
peratures, such as >1000 C, during CMOS processing. 
Nitrogen may be introduced to the combination via various 
process techniques, including plasma nitridation, thermal 
nitrogen anneal containing an ambient, such as nitrogen 
hydroxide (“NH3”), nitrous-oxide (“NO”), nitrous-dioxide 
(“N02”), and nitrogen (“N2”), and implantation. The par 
ticular doping technique as Well as the ambient to be used 
With the thermal nitrogen anneal is dependent upon the 
needs of the particular semiconductor process being used. 

[0018] While the invention has been described With ref 
erence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations of the illustrative embodiments, as Well as other 
embodiments, Which are apparent to persons skilled in the 
art to Which the invention pertains are deemed to lie Within 
the spirit and scope of the invention. 

1. A semiconductor device comprising: 

a dielectric including a second material, Which When 
combined With a ?rst material produces a third material 
having a dielectric constant greater tWenty. 
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2. The semiconductor device of claim 1 Wherein the ?rst 
and second materials each have a dielectric constant greater 
than tWenty. 

3. The semiconductor device of claim 1 Wherein one of 
the ?rst and second materials has a dielectric constant 
greater than tWenty and the other material has a dielectric 
constant less than tWenty. 

4. The semiconductor device of claim 2 Wherein the ?rst 
material is chosen from a group consisting of ZrO2 and 
HfO2. 

5. The semiconductor device of claim 4 Wherein the 
second material is chosen from a group consisting of Y2O3, 
La2O3, and TiO2. 

6. The semiconductor device of claim 1 Wherein the third 
material is substantially free of oxygen-de?cient defects. 

7. The semiconductor device of claim 6 Wherein the third 
material is doped With nitrogen. 

8-15. (canceled) 
16. An apparatus comprising: 

a gate oxide comprising a material chosen from a group 

consisting of HfO2—TiO2, HfO2—Y2O3, HfO2— 
La2O3, ZrO2—TiO2, ZrO2—Y2O3, and ZrO2—La2O3. 

17. The apparatus of claim 16 Wherein the material has a 
dielectric constant greater than tWenty. 

18. The apparatus of claim 16 Wherein the gate oxide has 
a dielectric constant greater than tWenty. 

19. The apparatus of claim 17 Wherein the material is 
substantially free of oxygen-de?cient defects. 

20. The apparatus of claim 19 Wherein the material is 
doped With nitrogen. 

21-27. (canceled) 


