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(57) ABSTRACT

A dielectric piece includes an energy barrier layer and a
plurality of crystalline metal compound dots distributed in the
energy barrier layer. The matenial of the crystalline metal
compound dots 1s different from that of the energy barrier
layer. Due to 1ts capability of retaining charges, the dielectric
piece of the present invention meets the requirements of semi-
conductor devices 1n this and the next generation so as to be
applied to complementary metal oxide semiconductors
(CMOS), non-volatile memory devices, or capacitors as
inter-gate dielectric layers, charge storage layers, or dielectric
layers of capacitors.
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METAL COMPOUND DOTS DIELECTRIC
PIECL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Thisapplicationis adivisional of and claims priority
benelit of an application Ser. No. 11/466,773, filed on Aug.
24, 2006, which claims the priority benefit of Taiwan appli-
cation serial no. 951254035, filed on Jul. 12, 2006. The entirety
of each of the above-mentioned patent applications 1s hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a dielectric material layer,
and more particularly to a dielectric piece including metal
compound dots.

[0004] 2. Description of Related Art

[0005] Denved from semiconductor technologies, a variety
of memory devices such as dynamic random access memory
(DRAM), static random access memory (SRAM), and non-
volatile memory (INVRAM) nowadays play a significant role
in the semiconductor industry. With the development and
advancement of the semiconductor technology, these
memory devices have been extensively applied to personal
computers, mobile phones, internet, and so forth. These elec-
tronic products have become, little by little, indispensable to
human life.

[0006] Owing to size reduction of semiconductor devices,
the industry 1s facing a number of challenges, such as power
consumption arisen from current leakage through DRAM,
excessive area accounted by SRAM, high voltage require-
ment for performing reading/writing function 1 flash
memory, and so on. Accordingly, 1t 1s urgent to develop new
memory devices possessing advantages such as high density,
non-volatilization, high-speed reading/writing capacity,
unlimited numbers of reading/writing, low operational volt-
age, low power consumption, compatibility with current
CMOS processes, and so forth.

[0007] Among the newly developed memory devices,
nano-dots non-volatile memory devices at present draw a
great attention. Nano-dots non-volatile memory device
includes a charge storage layers having a great number of
nano-dots form therein, each of which serves as an indepen-
dent charge storage center. Hence, even 1f a tunneling oxide
layer includes pathways for leakage currents, nano-dots non-
volatile memory still has superior charge retention capability.
Despite the shrink 1n size, the nano-dots non-volatile memory
1s well characterized 1n storing charges 1nto nano-dots layers
so as to perform a charge storage function of the memory.
Nowadays, silicon nanocrystal dots, germanium nanocrystal
dots, or metal nano-dots dielectric layer serving as a charge
storage layer to instead of the traditional silicon mitride charge
storage layer are studied.

SUMMARY OF THE INVENTION

[0008] The present invention 1s to provide a dielectric piece
including metal compound dots to store charges.

[0009] One embodiment of the present invention 1s to pro-
vide a method of fabricating a dielectric piece including metal
compound dots. A stack layer including a metal nitride layer
and an energy barrier layer 1s formed over a substrate. After-
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ward, a treatment process 1s performed to transform the metal
nitride layer into a plurality of crystalline metal compound
dots distributed in the energy barrier layer.

[0010] One embodiment of the present invention 1s to pro-
vide a method of fabricating a dielectric piece including metal
compound dots. A stack layer including a metal nitride layer
and an energy barrier layer 1s formed over a substrate. After-
ward, an annealing process 1s performed to transform the
metal compound layer 1n the stack layer into a plurality of
crystalline metal compound dots distributed in the energy
barrier layer.

[0011] One embodiment of the mvention 1s to provide a
dielectric piece. The dielectric piece includes an energy bar-
rier layer and a plurality of crystalline metal compound dots
distributed 1n the energy barrier layer. The material of the
energy barrier layer i1s diflerent from that of the crystalline
metal compound dots.

[0012] The method of fabricating the dielectric piece
including metal compound dots 1n accordance with the
present invention 1s simple, and can be used for mass produc-
tion of semiconductors devices.

[0013] Due to its capability of retaining charges, the dielec-
tric piece of the present invention meets the requirements of
semiconductor devices 1n this and the next generation so as to
be applied to complementary metal oxide semiconductors
(CMOS), non-volatile memory devices, or capacitors as
inter-gate dielectric layers, charge storage layers, or dielectric
layers of capacitors. Various specific embodiments of the
present invention are disclosed below, illustrating examples
of various possible implementations of the concepts of the
present invention. The following description 1s made for the
purpose of 1llustrating the general principles of the invention
and should not be taken 1n a limiting sense. The scope of the
invention 1s best determined by reference to the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGS. 1A through 1B are schematic cross-sectional
views showing a method of fabricating a dielectric piece
including metal compound dots according to one embodi-
ment of the present invention.

[0015] FIGS. 2A through 2B are schematic cross-sectional
views showing a method for fabricating the dielectric piece
including metal compound dots according to another embodi-
ment of the present invention.

[0016] FIG. 3 1s aschematic cross-sectional diagram show-
ing the dielectric piece according to an embodiment of the
present invention.

[0017] FIG. 4 schematically illustrates an application of the
dielectric piece of the present invention to a CMOS.

[0018] FIG. 5 schematically illustrates an application of the
dielectric piece of the present invention to a flash memory
device.

[0019] FIG. 6 schematically illustrates an application of the
dielectric piece of the present mvention to a flash memory
device.

[0020] FIG. 7 schematically illustrates an application of the
dielectric piece of the present invention to a capacitor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] A method of fabricating a dielectric piece includes
metal compound dots 1s 1llustrated 1n the following embodi-
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ments. A stack layer including an energy barrier layer and a
metal nitride layer or a metal oxide layer 1s formed over a
substrate. Afterward, a process 1s performed to transform the
metal nitride layer or the metal oxide layer 1n the stack layer
into a plurality of crystalline metal compound dots distributed
in the energy barrier layer.

[0022] The {following takes several embodiments to
describe the present invention, but not limited to.

First Embodiment

[0023] FIGS. 1A through 1B are schematic cross-sectional
views showing a method of fabricating a dielectric piece
including metal compound dots according to one embodi-
ment of the present invention.

[0024] Referring to FIG. 1A, a stack layer 102 1s formed
over a substrate 100. The stack layer 102 includes a metal
nitride layer 104 and an energy barrier layer 106. The stack
layer 102 shown 1n the FIG. 1A includes two metal nitride
layers 104 and two energy barrier layers 106 alternately. The
metal nitride layers 104 and the energy barrier layers 106 are
alternately stacked. In one embodiment of the present mnven-
tion, the stack layer 102 includes one metal nitride layer 104
sandwiched 1n between two energy barrier layers 106, for
example. Moreover, the stack layer 102 1n another embodi-
ment of the present ivention includes one energy barrier
layer 106 sandwiched 1n between two metal nitride layers
104. The material of the metal nitride layer 104 includes
refractory metal nitride, such as titamium nitride, zirconium
nitride, or hatnium nitride, which can be formed through an
atomic layer chemical vapor deposition (ALD) process. The
thickness of the metal nitride layer 104 1s determined in
accordance with the requirements of design. For example, 1n
order to form the metal compound nanocrystal dots, the thick-
ness of the metal nitride layer 104 1s less than or equal to 10
angstroms. In one embodiment of the present invention, the
thickness of the metal mitride layer 104 1s approximately 3-6
angstroms. The material of the energy barrier 106 1s different
from that of the crystalline metal compound dots transformed
from the metal nitride layer 104. While applied to semicon-
ductor devices, the selection of the maternial of the energy
barrier 106 can consider a material whose conductive band
and valence band are relative to those of semiconductor, such
as silicon. Mostly, the conductive band the energy barrier 106
1s 1 eV higher than that of semiconductors, while the valence
band the energy barrier 106 1s 1 eV lower than that of semi-
conductors. Thus, the potential energy barrier can be higher
enough to prevent electrons or holes passing through the
energy barrier 106, which can achieve msulation properties.
The matenal of the energy barrier 106 can be selected from a
group consisting of Al,O,, Ta,O., BaO, ZrO,, LaAlQO,,
La,0;, SrO, Y,0,, S1;N,, Si N, HtS10,, ZrS10,, MgO,
S10_, and S10,, and combinations thereof. The thickness of
the energy barrier layer 106 1s determined in accordance with
the requirements of design. In one embodiment of the present
invention, the thickness of the energy barrier 106 i1s about
5-20 angstroms, for example.

[0025] Afterward, referring to FIG. 1B, a process 1s per-
formed to transform the metal nitride layer 104 1n the stack
layer 102 1nto a plurality of crystalline metal compound dots
108 distributed in the energy barrier layer 106. The crystalline
metal compound dots 108 are, for example, crystalline metal
oxide dots, such as crystalline titanium oxide dots, crystalline
zircontum oxide dots, or crystalline hatntum oxide dots. In
one embodiment of the present invention, the process 1s to
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perform an annealing operation 1n oxygen-free ambiance,
such as mitrogen, argon, hydrogen, or ammoma ambiance, to
transform the metal nitride layer 104 1n the stack layer 102
into a plurality of metal nitride dots distributed in the energy
barrier layer 106. Afterward, 1n oxygen ambiance, the metal
nitride dots are transformed into a plurality of crystalline
metal oxide dots 108. In another embodiment of the present
invention, the treatment process includes an oxidation
annealing operation 1n air, oxygen, nitric oxide, or nitrogen
dioxide ambiance, for example, to directly transform the
metal mitride layer 104 1nto crystalline metal oxide dots 108.
In another embodiment of the present invention, the crystal-
line metal compound dots 108 are crystalline metal oxide dots
which are made during the conveying process aiter the stack
layer 102 1s formed. The stack layer 102 may be exposed to
the oxygen 1n the air during the conveying process. The oxy-
gen carried by the stack layer 102 can directly transforms the
metal nitride layer 104 1nto the crystalline metal oxide dots
108, though the annealing operation 1s in an oxygen-1iree or a
micro-oxygen ambiance.

Second Embodiment

[0026] FIGS. 2A through 2C are schematic cross-sectional
views showing a method of fabricating the dielectric piece
including metal compound dots according to another embodi-
ment of the present invention.

[0027] Referring to FIG. 2A, a stack layer 202 1s formed
over a substrate 200. The stack layer 202 includes a metal
compound layer 204 and an energy barrier layer 206. The
stack layer 202 shown 1n the FIG. 2A includes two metal
compound layers 204 and two energy barrier layers 206. The
metal compound layers 204 and the energy barrier layers 206
are alternately stacked. In one embodiment of the present
invention, the stack layer 202 includes one metal compound
layer 204 sandwiched 1n between two energy barrier layers
206. Moreover, the stack layer 202 1n another embodiment of
the present invention includes one energy barrier layer 206
sandwiched 1n between two metal compound layers 204. The
material of the metal compound layer 204 includes a refrac-
tory metal oxide, such as titantum oxide, zirconium oxide, or
hatnium oxide. The material 1s formed through an atomic
layer chemical vapor deposition (ALD) process. The thick-
ness of the metal compound layer 204 1s determined 1n accor-
dance with the requirements of design. For example, 1n order
to form metal compound nano-dots, the thickness of the metal
compound layer 204 1s less than or equal to 10 angstroms. In
one embodiment of the present invention, the thickness of the
metal compound layer 204 1s about 3 angstroms. The material
of the energy barrier 206, different from that of the metal
compound layer 204, 1s selected from a group consisting of
Al,O,, Ta,O,, BaO, ZrO,, LaAlO,, La,O,, SrO, Y,O,,
S1;N,, SN, HtS10,, ZrS10,, MgO, S10,, and Si10,, and
combinations thereof. The thickness of the energy barrier
layer 206 1s determined 1n accordance with the requirements
of design. In one embodiment of the present invention, the
thickness of each energy barrier layer 206 1s about 5-20
angstroms, for example.

[0028] Afterward, referring to FIG. 2B, a process 1s per-
formed to transform the metal compound layer 204 in the
stack layer 202 1nto a plurality of crystalline metal compound
dots 208 distributed in the energy barrier layer 206. The
crystalline metal compound dots 208 are, for example, refrac-
tory metal compound dots, such as crystalline titanium oxide
dots, crystalline zirconium oxide dots, or crystalline hatnium




US 2009/0124483 Al

oxide dots. In one embodiment of the present invention, the
process 1s to perform an annealing operation 1n oxygen-iree
ambiance such as a nitrogen, argon, hydrogen, or ammonia
ambiance to transform the metal compound layer 1n the stack
layer 202 1nto a plurality of crystalline metal compound dots
208 distributed in the energy barrier layer 206. In another
embodiment of the present invention, the process includes an
oxidation annealing operation 1n an oxygen, nitric oxide, or
nitrogen dioxide ambiance, for example, to transform the

metal nitride layer 204 1nto the crystalline metal oxide dots
208.

[0029] Referring to FIG. 3, a dielectric piece 300 can be
tformed through the aforesaid methods. The dielectric piece
300 includes an energy barrier 306 and a plurality of crystal-
line metal compound dots 308 distributed 1n the energy bar-
rier 306. The crystalline metal compound dots 308 include
crystalline titantum oxide dots, crystalline zircontum oxide
dots, or crystalline hatnium oxide dots. The material of the
energy barrier 306, different from that of the crystalline metal
compound dots 308, 1s selected from a group consisting of
Al,O,, Ta,O,, BaO, 7ZrO,, LaAlO,, La,O,, SrO, Y,O,,
S1;N,, S1N,, HiS10,, ZrS10,, MgO, S10,, and S10,, and
combinations thereof. The crystalline metal compound dots
308 1n the dielectric piece 300 can be as small as nano-dots
and be limited within the energy barrier layer 306. Accord-
ingly, the charges 1n the dielectric piece 300 are well retained.
This dielectric piece can be extensively applied to fabricate

integrated circuits.

[0030] The dielectric piece of the present invention can also
be applied to fabricate semiconductor devices. For example,
as shown 1n FIG. 4, the dielectric piece of the present mnven-
tion can be applied to a CMOS 402 as a gate dielectric layer
406 of a gate structure 404. The dielectric piece of the present
invention can be applied to non-volatile memory devices.
Referring to FIG. 5, for example, the dielectric piece of the
present invention can be applied to a flash memory device 501
as a replacement of a floating gate 504 for charge storage.
Moreover, referring to FIG. 6, the dielectric piece can be
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applied to a silicon nitride read-only-memory device 602 as a
charge storage layer 604 between a control gate 606 and a
substrate 600, replacing traditional oxide/nitride/oxide
(ONO) layer. Furthermore, referring to FIG. 7, the dielectric
piece can as well be applied to a capacitor 702 as a dielectric
material 706 between two electrodes 704 and 708. In appli-
cation, the dielectric piece can certainly be utilized alone or
together with other dielectric materials.

[0031] The above description provides a full and complete
description of the preferred embodiments of the present

invention. Various modifications, alternate construction, and
equivalent may be made by those skilled 1in the art without
changing the scope or spirit ol the invention. Accordingly, the
above description and 1llustrations should not be construed as
limiting the scope of the mvention which 1s defined by the
tollowing claims.

What 1s claimed 1s:

1. A dielectric piece, comprising:

an energy barrier layer; and

a plurality of crystalline metal compound dots distributed

in the energy barrier layer, with the material of the crys-
talline metal compound dots being different from that of
the energy barrier layer.

2. The dielectric piece of claim 1, wherein the crystalline
metal compound dots comprises crystalline titantum oxide
dots, crystalline zirconium oxide dots, or crystalline haitnium
oxide dots.

3. The dielectric piece of claim 1, wherein the crystalline
metal compound dots are nano-dots.

4. The dielectric piece of claim 1, wherein the material of
the energy barrier layer 1s selected from a group consisting of
Al,O;, Ta,0O., BaO, ZrO,, LaAlO,, La,O;, SrO, Y,O0,,
S1;N,, S1.N,_, HES10,, ZrS10,, MgO, S10, and S10,, and the
combinations thereof.

5. The dielectric piece of claim 1, wherein the dielectric
piece serves as a inter-gate dielectric layer, a charge storage
layer or a dielectric matenal 1n a capacitor.
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