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(57) ABSTRACT 

A non-volatile memory device includes a dielectric layer 
between a charge storage layer and a Substrate. Free bonds of 
the dielectric layer can be reduced to reduce/prevent charges 
from leaking through the free bonds and/or from being 
trapped by the free bonds. As a result, data retention proper 
ties and/or durability of a non-volatile memory device may be 
enhanced. 
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Fig. 3 
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Fig. 7 
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METHODS OF FORMING NON-VOLATLE 
MEMORY DEVICES 

RELATED APPLICATIONS 

0001. This U.S. non-provisional patent application is a 
divisional of U.S. patent application Ser. No. 1 1/950,143, 
filed Dec. 4, 2007, which itself claims priority under 35 U.S.C 
S119 of Korean Patent Application 2007-0071237 filed on 
Jul. 16, 2007, the entirety of both of which are hereby incor 
porated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to semiconductor 
devices and methods of forming the same. More specifically, 
the present invention is directed to non-volatile memory 
devices and methods of forming the same. 

BACKGROUND OF THE INVENTION 

0003) Non-volatile memory devices retain their stored 
data even when their power supplies are interrupted. Flash 
memory devices are well known as representative non-vola 
tile memory devices. A flash memory device includes a unit 
cell with an electrically isolated charge storing element. A 
threshold voltage of a flash memory cell can be regulated by 
storing charges in the charge storing element or ejecting 
charges from the charge storing element, so as to store pre 
determined logical data in the flash memory cell and allow the 
stored logical data to be read therefrom. A flash memory 
device can write and/or erase data electrically. 
0004 Conventionally, a flash memory device requires low 
operation Voltages (e.g. a program Voltage, an erase Voltage 
and/or a verify voltage, etc.). With the rise of operation volt 
ages such as a program Voltage and/or an erase Voltage, char 
acteristics of an oxide layer that is formed to Surround a 
charge storing element may become degraded and result in 
erroneous operation, Such as loss of the data stored in the 
charge storing element. 
0005. In addition, flash memory devices are required to 
have long-term data retention characteristics. However, 
charges stored in the charge storing element may leakthrough 
an oxide layer (e.g., an oxide layer interposed between the 
charge storing element and a semiconductor Substrate). Thus, 
stored data may be lost over time and thereby cause malfunc 
tion of the flash memory device. 

SUMMARY OF THE INVENTION 

0006 Exemplary embodiments of the present invention 
are directed to non-volatile memory devices and methods of 
forming the same. In an embodiment thereof, the non-volatile 
memory device may include: a dielectric layer including an 
oxide layer on a Substrate, the dielectric layer including at 
least two regions therein that each extend across at least a 
major extent of the dielectric layer and have significantly 
higher nitrogen concentration relative to other regions of the 
dielectric layer; a charge storage layer on the dielectric layer, 
a blocking insulating layer on the charge storage layer; and a 
gate electrode on the blocking insulating layer. 
0007. In another embodiment, the method may include: 
forming a dielectric layer including a nitride layer on a Sub 
strate; transforming at least a portion of the nitride layer 
extending across at least a major lateral extent of the dielectric 
layer to include added oxygen; forming a charge storage layer 
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on the dielectric layer, forming a blocking insulating layer on 
the charge storage layer, and forming a gate electrode on the 
blocking insulating layer. 
0008. In yet another embodiment, the method may 
include: forming a dielectric layer on a Substrate; reacting at 
least a majorportion of free bonds remaining in the dielectric 
layer with each other, forming a charge storage layer on the 
dielectric layer, forming a blocking insulating layer on the 
charge storage layer, and forming a gate electrode on the 
blocking insulating layer. 
0009. In still another embodiment, the method may 
include: forming an oxide layer on a Substrate; forming a 
nitride layer on the oxide layer; oxidizing at least a portion of 
the nitride layer; forming a charge storage layer on the oxi 
dized nitride layer; forming a blocking insulating layer on the 
charge storage layer, and forming a gate electrode on the 
blocking insulating layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIGS. 1 through 5 are cross-sectional views illus 
trating methods of forming a non-volatile memory device 
according to some embodiments of the present invention. 
0011 FIG. 6 is a flowchart illustrating methods of forming 
a dielectric layer in a non-volatile memory device according 
to some embodiments of the present invention. 
0012 FIG. 7 is a cross-sectional view illustrating other 
methods of forming a non-volatile memory device according 
to some embodiments of the present invention. 
0013 FIG. 8 is a cross-sectional view of a non-volatile 
memory device according to Some embodiments of the 
present invention. 
0014 FIG.9 is a graph illustrating concentrations of nitro 
gen in a dielectric layer of a non-volatile memory device 
according to exemplary embodiments of the present inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

00.15 Embodiments of the present invention now will be 
described more fully hereinafter with reference to the accom 
panying drawings, in which embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure will be thorough and com 
plete, and willfully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements through 
Out. 

0016. It will be understood that, although the terms first, 
second, etc. may be used herein to describe various elements, 
these elements should not be limited by these terms. These 
terms are only used to distinguish one element from another. 
For example, a first element could be termed a second ele 
ment, and, similarly, a second element could be termed a first 
element, without departing from the scope of the present 
invention. As used herein, the term “and/or includes any and 
all combinations of one or more of the associated listed items. 
0017. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises' 
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herein, specify the presence of stated features, integers, steps, 
operations, elements, and/or components, but do not preclude 
the presence or addition of one or more other features, inte 
gers, steps, operations, elements, components, and/or groups 
thereof. 

0018. Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms used herein should be interpreted as having a 
meaning that is consistent with their meaning in the context of 
this specification and the relevant art and will not be inter 
preted in an idealized or overly formal sense unless expressly 
so defined herein. 

0019. It will be understood that when an element such as a 
film, region or substrate is referred to as being “on” or extend 
ing “onto' another element, it can be directly on or extend 
directly onto the other element or intervening elements may 
also be present. In contrast, when an element is referred to as 
being “directly on' or extending “directly onto' another ele 
ment, there are no intervening elements present. It will also be 
understood that when an element is referred to as being “con 
nected' or “coupled to another element, it can be directly 
connected or coupled to the other element or intervening 
elements may be present. In contrast, when an element is 
referred to as being “directly connected or “directly 
coupled to another element, there are no intervening ele 
ments present. 
0020 Relative terms such as “below” or “above” or 
“upper” or “lower” or “horizontal” or “vertical” may be used 
hereinto describe a relationship of one element, film or region 
to another element, film or region as illustrated in the figures. 
It will be understood that these terms are intended to encom 
pass different orientations of the device in addition to the 
orientation depicted in the figures. 
0021 Embodiments of the invention are described herein 
with reference to cross-section illustrations that are schematic 
illustrations of idealized embodiments (and intermediate 
structures) of the invention. The thickness of films and 
regions in the drawings may be exaggerated for clarity. Addi 
tionally, variations from the shapes of the illustrations as a 
result, for example, of manufacturing techniques and/or tol 
erances, are to be expected. Thus, embodiments of the inven 
tion should not be construed as limited to the particular shapes 
of regions illustrated herein but are to include deviations in 
shapes that result, for example, from manufacturing. For 
example, an implanted region illustrated as a rectangle will, 
typically, have rounded or curved features and/or a gradient of 
implant concentration at its edges rather than a discrete 
change from implanted to non-implanted region. Likewise, a 
buried region formed by implantation may result in some 
implantation in the region between the buried region and the 
Surface through which the implantation takes place. Thus, the 
regions illustrated in the figures are schematic in nature and 
their shapes are not intended to illustrate the actual shape of a 
region of a device and are not intended to limit the scope of the 
invention. 

0022 FIGS. 1 through 5 are cross-sectional views illus 
trating methods of forming a non-volatile memory device 
according to some embodiments of the present invention. 
FIG. 6 is a flowchart illustrating methods of forming a dielec 
tric layer in a non-volatile memory device according to some 
embodiments of the present invention, and FIG. 7 is a cross 
sectional view illustrating other methods of forming a non 
Volatile memory device according to some embodiment of the 
present invention. 
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0023 Referring to FIGS. 1 through 6, some methods of 
forming a non-volatile memory device include forming a 
dielectric layer (515 of FIG. 3) on a semiconductor substrate 
500, which will be described below in detail with reference to 
the flowchart of FIG. 6 and the cross-sectional views of FIGS. 
1 through 3. 
(0024. An oxide layer 505 is formed on the substrate 500 
(S550). The oxide layer 505 may be formed as thermal oxide 
by a thermal oxidation process carried out on the Substrate 
500. Alternatively, the oxide layer 505 may be formed by 
depositing oxide, Such as by a chemical vapor deposition 
(CVD), on the substrate 500. A device isolation layer (not 
shown) may beformed in the substrate 500 to define an active 
region (not shown). The active region may be defined in a 
portion of the substrate 500 that is surrounded by the device 
isolation layer. The oxide layer 505 may be restrictively 
formed on a defined portion of a top surface of the active 
region, or it may be formed on the entire surface of the 
substrate 500. The oxide layer 505 may be formed before or 
after the formation of the device isolation layer. 
(0025. After the oxidelayer 505 is formed (S550), it may be 
subjected to a nitridation treatment (S555) in which nitrogen 
atoms are introduced into the oxide layer 505. The introduced 
nitrogenatoms may accumulate at a first interface region 600 
between the oxide layer 505 and the substrate 500, and result 
in a significant nitrogen concentration (e.g., Substantially 
more nitrogen concentration) at the first interface region 600 
relative to other areas thereof. The first interface region 600 
having the significant nitrogen concentration is hereinafter 
referred to as a first nitrogen accumulation region. The first 
nitrogen accumulation region may have a nitrogen concen 
tration in a range of for example, 1 to 20 percent per Volume. 
However, the nitrogen concentration of the first nitrogen 
accumulation region is not limited to any particular range. 
0026 Free bonds (e.g., free dangling bonds) may be cre 
ated at the first interface region 600 by the different materials 
of the oxide layer 505 and the substrate 500 contacting each 
other. The term free bonds is used herein to refer to an unsat 
urated bonding State, and may be created when atoms in the 
first interface region 600 are not bonded completely to one 
another. The free bonds of the first boundary region 600 can 
be significantly reduced by the nitridation treatment (S555) 
introducing nitrogen atoms into the oxide layer 505. In par 
ticular, the nitrogen atoms of the first nitrogen accumulation 
region, formed by the nitridation treatment, can bond to at 
least some of the free bonds of the first interface region 600, 
and thereby eliminate those free bonds. 
0027. A relatively small amount of bulk free bonds may 
exist in the oxide layer 505, and can bond to the nitrogen 
atoms that are introduced by the nitridation treatment (S555). 
Thus, bulk free bonds in the oxide layer 505 may also be 
reduced by than the nitridation treatment (S555). 
0028. The nitridation treatment may be performed at least 
in part by a thermal nitridation process, a plasma nitridation 
process, and/or a radical nitridation process. The radical nitri 
dation process is a nitridation process that uses a process gas 
with a sufficiently excited radical state. The plasma nitrida 
tion process and/or the radical nitridation process may use 
heatenergy auxiliary. The process gas of the nitridation treat 
ment may include at least one selected from the group con 
sisting of nitrogen (N) gas, nitrogen oxide (NO) gas, dini 
trogen oxide (N2O) gas, and ammonia (NH) gas. 
(0029 Referring to FIGS. 2 and 6, a nitride layer 510 is 
formed on the oxide layer 505 (S560). The nitride layer 510 
may be formed with, for example, silicon nitride. The nitride 
layer 510 may be formed by chemical vapor deposition 
(CVD). The nitride layer 510 may include free bonds, which 
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may be created when atoms of the nitride layer 510 are not 
completely bonded to other atoms. The nitride layer 510 can 
beformed directly on the oxide layer 505, which may result in 
the formation of a second interface region 610 between the 
nitride layer 510 and the oxide layer 505. 
0030 Referring to FIGS. 3 and 6, an oxidation process is 
performed to oxidize the nitride layer 510 (S565). The oxi 
dized nitride layer 510a and the oxide layer 505 can form a 
dielectric layer 515. During an erase operation and/or a pro 
gram operation of a non-volatile memory device including 
the exemplary structure, charges can tunnel through the 
dielectric layer 515. 
0031. The oxidation process (S.565) transforms at least a 
portion of the nitride layer 510 extending across at least a 
major lateral extent of the dielectric layer to contain added 
oxygen. The oxygen added to the nitride layer 510 by the 
oxidation process (S.565) can reduce free bonds in the oxi 
dized nitride layer 510a. In particular, the oxidation process 
(S565) reacts at least some of the free bonds in the nitride 
layer 510 with each other and, thereby, reduces the free bonds 
in the oxidized nitride layer 510a. Oxygenatoms supplied by 
the oxidation process (S.565) can replace some nitrogen 
atoms and the nitride layer 510. In the course of the substitu 
tion, at least some of the free bonds in the nitride layer 510 
may react with each other and, thereby, be eliminated. As a 
result, the amount of free bonds in the oxidized nitride layer 
510a can be substantially reduced relative to the amount of 
free bonds in the nitride layer 510. 
0032. At least a portion of the oxidized nitride layer 510 
may be formed from oxide. As previously explained, oxygen 
atoms can replace Some nitrogen atoms of the nitride layer 
510, and thereby format least a portion of the oxidized nitride 
layer 510a from oxide. Following the oxidation process 
(S565), the nitrogenatoms replaced by the oxygenatoms may 
primarily accumulate in a defined region of the dielectric 
layer 515. Alternatively, the replaced nitrogen atoms may be 
released from the dielectric layer 515 by being converted to 
gaseous form. The gaseous nitrogen atoms can be exhausted 
from a process chamber in which the oxidation process is 
performed. 
0033. As illustrated in FIG.3, the nitride layer 510 may be 
fully oxidized by the oxidation process, such as by oxidizing 
the entire nitride layer 510 through the oxidation process. 
Thus, a substantial portion or all of the oxidized nitride layer 
510a may be formed of oxide, and a substantial portion or all 
of the dielectric layer 515 may be formed of oxide. At this 
point, a part of the nitrogen atoms replaced by the oxygen 
atoms may accumulate in a predetermined region of the 
dielectric layer 515 to form a region having a significant 
nitrogen concentration in the dielectric layer 515 relative to 
other areas thereof. The region of the dielectric layer 515 
having a significant nitrogen concentration is hereinafter 
referred to as a second nitrogen accumulation region. The 
second nitrogen accumulation region may be formed along 
the second interface region 610. The second nitrogen accu 
mulation region may have a nitrogen concentration in a range 
of for example, 1 to 15 percent per volume. However, the 
nitrogen concentration of the second nitrogen accumulation 
region is not limited to any particular range. 
0034. A relatively small amount of bulk free bonds may 
also exist in the oxidized nitride layer 510a. At least some of 
the bulk free bonds in the oxidized nitride layer 510a may 
bond to the Substituted nitrogen atoms, which may substan 
tially reduce or eliminate the presence of bulk free bonds in 
the oxidized nitride layer 510a. 
0035. As illustrated in FIG. 7, the nitride layer 510 may be 
partially oxidized, such as along an upper portion thereof, by 
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the oxidation process. Accordingly, a dielectric layer 515 can 
beformed that includes an oxide layer 505, a residual nitride 
layer 510', and an oxidized nitride layer 510a, which are 
stacked in the listed order. Free bonds can be significantly 
reduced in the oxidized portion of the nitride layer 510. 
0036. For the convenience of description, a process of 
fully oxidizing the nitride layer 510 is hereinafter referred to 
as a full oxidation process and a process of partially oxidizing 
the nitride layer 510 is hereinafter referred to as a partial 
oxidation process. 
0037 Returning to FIG. 6, some methods of forming a 
dielectric layer according to embodiments of the present 
invention may include repeatedly performing the steps S560 
and 5565 at least two times. The repetitively performed oxi 
dation step S565 may each be the full oxidation process or the 
partial oxidation process, or, alternatively, some of the repeti 
tively performed oxidation steps S565 may be the full oxida 
tion process and Some others may be the partial oxidation 
process. 
0038. As described above, in the case where the nitride 
layer 510 is fully oxidized, the dielectric layer 515 includes at 
least the first and second nitrogen accumulation regions. 
When the steps S560 and S565 are repeatedly performed at 
least two times and at least one of the repeatedly performed 
steps S565 is the full oxidation process, the dielectric layer 
can include at least three regions each having a Substantially 
high nitrogen concentration. The dielectric layer 515 may 
have a Sufficient thickness, Such as greater than 25 angstroms, 
to inhibit/prevent direct tunneling of charges therethrough 
during operation of the non-volatile memory device formed 
therewith. 
0039. The oxidation process can be carried out using a 
process gas containing oxygen. For example, the oxidation 
process may use a process gas containing at least one selected 
from the group consisting of oxygen (O2) gas, OZone (Os) gas, 
and vapor (H2O). The oxidation process may be carried out as 
a dry oxidation process, a wet oxidation process, a radical 
oxidation process, a plasma Oxidation process, and/or an oxi 
dation process using hydrogen chloride. 
0040. Returning to FIG. 4, a charge storage layer 520 is 
formed on the dielectric layer 515. A blocking insulating 
layer 525 is formed on the charge storage layer 520. A gate 
conductive layer 530 is formed on the blocking insulating 
layer 525. The dielectric layer 515 can be replaced with a 
dielectric layer 515 shown in FIG.7. Furthermore, the dielec 
tric layer 515 can be replaced with any one or more of the 
dielectric layers described herein. 
0041. The charge storage layer 520 can be formed from a 
material that is configured to store charges. Further, the 
charge storage layer 520 may include trap sites to store 
charges. The charge storage layer 520 may include a single 
layer or multiple layers. For example, the charge storage layer 
520 may include at least one material selected from the group 
consisting of silicon nitride, silicon oxynitride, a high-k 
dielectric (e.g., hafnium aluminate, hafnium silicate, etc.) 
having a higher dielectric constant than silicon oxide, and an 
insulating material where dots (described below) can be uni 
formly distributed in the insulating material. The hafnium 
aluminate may be HfSiO or HfSiON. The dots may beformed 
from silicon, silicon germanium, and/or metal, and can be 
defined in relatively small spaced apart regions in the insu 
lating material. The charge storage layer 520 may include at 
least one insulating layer having the same as or higher dielec 
tric constant than the blocking insulating layer 525. 
0042. Alternatively, the charge storage layer 520 may be 
formed of doped silicon or undoped silicon. In this case, the 
dielectric layer 515 and the charge storage layer 520 may be 
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formed on the active region (not shown) to be self-aligned to 
the active region. The blocking insulating layer 525 may be 
formed after the formation of the device isolation layer (not 
shown). 
0043. The blocking insulating layer 525 may be a single 
layer or multiple layers. The blocking insulating layer 525 
includes at least one insulating layer having a higher dielec 
tric constant than the dielectric layer 515. In particular, the 
blocking insulating layer 525 may include at least one insu 
lating layer having a higher dielectric constant than a highest 
dielectric constant portion (e.g., a highest dielectric constant 
of a major portion) of the dielectric layer 515. The first and 
second nitrogen accumulation regions may have a higher 
dielectric constant than a Substantially low nitrogen concen 
tration portion of the dielectric layer 515. In this case, the 
blocking insulating layer 525 may include at least one insu 
lating layer having a higher dielectric constant than the first 
and second nitrogen accumulation regions. 
0044) Referring to FIG. 7, when the dielectric layer 515' 
includes a residual insulating layer 510", the blocking insu 
lating layer 525 may include at least one insulating layer 
having a higher dielectric constant than the residual nitride 
layer 510'. For example, the blocking insulating layer 525 
may include an insulative metal oxide (e.g., hafnium oxide, 
aluminum oxide, etc.) having a high-k dielectric constant, 
hafnium aluminate (e.g., HfAIO or HfAlON), and/or hafnium 
silicate (e.g., HfSiO or HfSiON). 
0045. When both the charge storage layer 520 and the 
blocking insulating layer 525 include hafnium aluminate or 
hafnium silicate, a hafnium ratio of the charge storage layer 
520 (e.g., concentration of hafnium relative to other material 
(s) in the charge storage layer 520) may be higher than that of 
the blocking insulating layer 525. Consequently, a trap den 
sity of the charge storage layer 520 may be increased and the 
insulating characteristics of the blocking insulating layer 525 
may be enhanced. 
0046. The gate conductive layer 530 may be a single layer 
or multiple layers. The gate conductive layer 530 may include 
doped silicon, metal, conductive metal nitride, a metal con 
taining material, and/or metal silicide. At least a portion of the 
gate conductive layer 530 contacting the blocking insulating 
layer 525 can be formed from a conductive material having a 
high work function to decrease/prevent charge tunneling 
through the blocking insulating layer 525. In particular, at 
least a portion of the gate conductive layer 530 contacting the 
blocking insulating layer 525 may be formed from a conduc 
tive material having a work function that is equal to or higher 
than 4.0 eV. For example, at least a portion of the gate con 
ductive layer 530 contacting the blocking insulating layer 525 
may include P-type silicon,Ti, TiN, TaN, TaTi, TaSiN. Ta, W. 
Hf, HfN, Nb, Mo, RuO, RuO, MoN, WN, WSi, NiSi, TiAl, 
TiAIN, Pd, Ir, Pt, Co, Cr, CoSi, NiSi, and/or AlSi. 
0047 Referring to FIG. 5, the gate conductive layer 530 is 
patterned to form a gate electrode 530a. The gate electrode 
530 crosses over the active region. When the charge storage 
layer 520 is formed of doped silicon or undoped silicon, the 
gate conductive layer 530, the blocking insulating layer 525, 
and the charge storage layer 520 may be successively etched. 
Thus, an electrically isolated charge storage layer 520 can be 
formed between the gate electrode 530a and the substrate 
SOO. 

0048 Alternatively, when the charge storage layer 520 is 
formed of the above-mentioned insulating material, the gate 
conductive layer 530 may be etched using the blocking insu 
lating layer 525 as an etch-stop layer to form the gate elec 
trode 530a. Alternatively or additionally, the gate electrode 
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530a may be formed by successively etching the gate con 
ductive layer 530, the blocking insulating layer 525, and the 
charge storage layer 520. 
0049. A source region 535s and a drain region 535d. 
shown in FIG. 8, are formed in the substrate 500 adjacent to 
opposite sides of the gate electrode 530a. The source and 
drain regions 535s and 535d can be formed by introducing 
dopant ions into the substrate 500. Alternatively, the source 
and drain regions 535s and 535d may be an inversion layer 
formed by inverting the surface of the substrate 500, such as 
by forming a material layer on the Source and drain regions 
535s and 535d to invert the Surface of the Substrate 500. 
0050 Thus, according to some exemplary methods of 
forming a non-volatile memory device, at least a portion of 
the nitride layer 510 is oxidized during the oxidation process 
to reduce free bonds in the nitride layer 510. Free bonds in the 
dielectric layer 515 or 515 between the charge storage layer 
520 and the substrate 500 may thereby be reduced/minimized 
to enhance data retention properties and/or durability of the 
resulting non-volatile memory device. 
0051) If the free bonds in the dielectric layer 515 or 515 
were not reduced as described herein, the charges stored in the 
charge storage layer 520 could more readily leak therefrom to 
the substrate 500 by tunneling using the free bonds, which 
would degrade the data retention properties of the non-vola 
tile memory device. Moreover, if the free bonds in the dielec 
tric layer 515 or 515 were not reduced as described herein, 
then during an erase operation and/or a program operation of 
the non-volatile memory device, tunneling charges may be 
trapped by the free bonds, which may change the program 
threshold voltage and erase threshold voltage over time with 
the repetition of the program and erase operations of the 
non-volatile memory device, and may therefore degrade the 
durability of the non-volatile memory device. However, as 
described above in accordance with various embodiments, 
the nitride layer 510 including a large amount of free bonds 
can be oxidized to reduce/minimize the free bonds in the 
dielectric layer 515. Thus, the data retention properties and/or 
the durability of the non-volatile memory device may be 
enhanced. 
0052 Following the formation of the oxide layer 505, a 
nitridation treatment can be performed to form a first nitrogen 
accumulation region at the first interface region 600. Nitrogen 
atoms of the first nitrogen accumulation region can bond to 
the free bonds of the first interface region 600 to suppress the 
leakage of charges stored in the charge storage layer 520 and 
prevent the charges from being trapped to Such free bonds. 
Thus, the data retention properties and/or the durability of the 
non-volatile memory device may be enhanced. 
0053 Moreover, the nitrogen accumulation regions have a 
narrower energy band gap than portions formed of oxide in 
the dielectric layer 515 (e.g., the oxide layer 505 below the 
second nitrogen accumulation region and the oxidized nitride 
layer 510a on the second nitrogen accumulation region), 
which may enhance the efficiency of an erase operation in 
which the charges stored in the charge storage layer 520 are 
ejected to the substrate 500. Further, as illustrated in FIG. 7, 
when the dielectric layer 515 includes the residual nitride 
layer 510', an energy band gap of the residual nitride layer 
510' is also narrower than that of portions formed of oxide in 
the dielectric layer 515', which may enhance the efficiency of 
an erase operation of the non-volatile memory device. 
0054 The blocking insulating layer 525 includes at least 
one insulating layer having a higher dielectric constant than a 
highest dielectric constant portion (e.g., a highest dielectric 
constant of a major portion) of the dielectric layer 515. Thus, 
a minimum field in the dielectric layer 515 is stronger than 
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that in the blocking insulating layer 525 when a voltage is 
applied to the gate electrode 530a and to the substrate 500 to 
generate a potential difference therebetween. Therefore, the 
amount of charges migrating through the dielectric layer 515 
increases while the amount of charges migrating through the 
blocking insulating layer 525 decreases. As a result, a differ 
ence between limit values of a program threshold Voltage and 
an erase threshold Voltage may increase and erase and pro 
gram times may be reduced. Moreover, the data retention 
property of the non-volatile memory device may be 
enhanced. Due to the above effects, the non-volatile memory 
device according to various embodiments may operate as a 
multi-bit non-volatile memory device. 
0055. At least a portion of the gate conductive layer 530 
contacting the blocking insulating layer 525 can have a work 
function that is equal to or higher than 4.0 eV. Accordingly, 
charge tunneling through the blocking insulating layer 525 
may decrease, which can reduce program and/or erase times 
of a non-volatile memory device and increase a difference 
between limit values of a program threshold Voltage and an 
erase threshold Voltage. 
0056. A non-volatile memory device according to some 
embodiments of the present invention will now be further 
described below with reference to FIGS. 8 and 9. 

0057 FIG. 8 is a cross-sectional view of a non-volatile 
memory device according to Some embodiments of the 
present invention, and FIG. 9 is a graph illustrating a concen 
tration of nitrogen in a dielectric layer of a non-volatile 
memory device according to an exemplary embodiment of 
the present invention. In FIG. 9, the x-axis represents posi 
tions and the y-axis represents a nitrogen concentration 
depending on the position. 
0058 Referring to FIGS. 8 and 9, a source region 535s and 
a drain region 535d are in a substrate 500 and are spaced apart 
from each other. A dielectric layer 515, a charge storage layer 
520, a blocking insulating layer 525, and a gate electrode 
530a are sequentially stacked on a channel region between 
the source region 535s and the drain region 535d. 
0059. The dielectric layer 515 includes an oxide layer. 
More specifically, the dielectric layer 515 includes an oxide 
layer 505 and an oxidized nitride layer 510a which are 
stacked in the order listed. The entirety of a deposited nitride 
layer may be fully oxidized to form the oxidized nitride layer 
510a. Accordingly, the dielectric layer 515 may include a 
combined oxide layer that includes the oxide layer 505 and 
the oxidized nitride layer 510a. The dielectric layer 515 
includes at least two regions having a Substantially high nitro 
gen concentration, which is hereinafter referred to as nitrogen 
accumulation regions 620 and 630. 
0060. The first nitrogen accumulation region 620 is dis 
posed at a first interface region 600 between the substrate 500 
and the combined oxide layer included in the dielectric layer 
515. The second nitrogen accumulation region 630 is dis 
posed in the combined oxide layer included in the dielectric 
layer 515. The second nitrogen accumulation region 630 may 
be disposed at a second interface region 610 between the 
oxide layer 505 and the oxidized nitride layer 510a. A nitro 
gen concentration of the first nitrogen accumulation region 
620 may be different from that of the second nitrogen accu 
mulation region 630. In particular, the nitrogen concentration 
of the first nitrogen accumulation region 620 may be higher 
than that of the second nitrogen accumulation region 630. For 
example, the first nitrogen accumulation region 620 may have 
a nitrogen concentration in a range of 1 to 15 percent per 
Volume, and the second nitrogen accumulation region 630 
may have a nitrogen concentration in a range of 1 to 20 
percent per Volume. More generally, the first and second 
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nitrogen accumulation regions 620 and 630 can have different 
nitrogen concentrations from each other. 
0061. As described above, the charge storage layer 520 
includes a material to store charges. For example, the charge 
storage layer 520 may include at least one insulating layer 
having trap sites to store charges. In this case, the gate elec 
trode 530a, the blocking insulating layer 525, and the charge 
storage layer 520 may have sidewalls that are aligned to each 
other. Alternatively, the blocking insulating layer 525 and the 
charge storage layer 520 may laterally extend so as to essen 
tially cover the entirety of the substrate 500. 
0062. The charge storage layer 520 may be formed from 
doped silicon or undoped silicon. In this case, the charge 
storage layer 520 may have a patterned shape So as to be 
electrically isolated from other charge storage layers and/or 
features of the non-volatile memory device. For example, the 
gate electrode 530a, the blocking insulating layer 525, and 
the charge storage layer 520 can include sidewalls that are 
aligned to each other as illustrated in FIG. 8. 
0063. When a voltage is applied between the gate elec 
trode 530a and the substrate 500 to generate a potential dif 
ference therebetween, a minimum field in the dielectric layer 
515 is stronger than that in the blocking insulating layer 525. 
Since an electric field applied to an insulating layer is 
inversely proportion to its dielectric constant, the blocking 
insulating layer 525 includes at least one insulating layer 
having a higher dielectric constant than a highest dielectric 
constant portion (e.g., a highest dielectric constant of at least 
a major portion) of the dielectric layer 515. The blocking 
insulating layer 525 and the charge storage layer 520 can be 
formed from the same materials, such as described above 
with reference to FIG. 4 and, accordingly, further description 
thereof is omitted. 

0064. The gate electrode 530a is made of a conductive 
material. At least a portion of the gate electrode 530a con 
tacting the blocking insulating layer 525 can be formed from 
a conductive material having a high work function of at least 
4MeV. Therefore, it can be possible to decrease tunneling of 
charges migrating from the gate electrode 530a to the charge 
storage layer 520 through the blocking insulating layer 525. 
As a result, program operation efficiency and/or erase opera 
tion efficiency of a non-volatile memory device may be 
enhanced. 

0065. The gate electrode 530a can be made of the same 
material as described above with regard to FIG. 4, so further 
description thereof is omitted. 
0066. According to various embodiments of the foregoing 
non-volatile memory device, the dielectric layer 515 between 
the charge storage layer 520 and the substrate 500 can include 
the combined oxide layer in which free bonds are reduced/ 
minimized and can have at least two nitrogen accumulation 
regions 620 and 630. Nitrogen atoms of the first nitrogen 
accumulation region 620 are bonded to the free bonds of the 
first interface region 600, thereby minimizing the free bonds 
of the first interface. The second nitrogen accumulation 
region 630 is disposed in the combined oxide layer, such as at 
the second interface region 610 between the oxidized nitride 
layer 510a and the oxide layer 505. The second interface 
region 610 is formed when a nitride layer is deposited on the 
oxide layer 505. 
0067. Accordingly, a number of free bonds may exist at 
the second interface region 610 when the nitride layer was 
formed on the oxide layer 505. In this case, nitrogenatoms of 
the second nitrogen accumulation region 630 may bond to the 
free bonds of the second interface region 610. At least some of 
the free bonds of the second interface region 610 may react 
with each other or react to oxygen so as to be eliminated 
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through a process performed to fully oxidize the nitride layer. 
Because of the full oxidation of the nitride layer, the second 
interface region 610 in the dielectric layer 515 may exist with 
an undefined shape, unlike some interfaces between dissimi 
lar materials. For example, the oxidized nitride layer 510a is 
essentially formed of oxide so that the second interface region 
610 between the oxidized nitride layer 510a and the oxide 
layer 505 can appear to have a blended region therebetween, 
instead of a well defined interface therebetween. 
0068. The dielectric layer 515 can reduce/minimize free 
bonds between the gate electrode 530a and the substrate 500. 
Therefore, it may be possible to reduce/prevent charges 
stored in the charge storage layer 520 from leaking through 
the free bonds. Moreover, it may be possible to reduce/pre 
vent charges from being trapped by the free bonds during read 
operations and/or program operations. As a result, data reten 
tion properties and/or durability of a non-volatile memory 
device may be enhanced. 
0069. A minimum field in the dielectric layer 515 can be 
stronger than that in the blocking insulating layer 525. Thus, 
program operation speed and/or erase operation speed of a 
non-volatile memory device may be increased while an 
operation Voltage thereof may be decreased. 
0070. At least a portion of the gate electrode 530a contact 
ing the blocking insulating layer 525 can have a high work 
function, which may decrease tunneling of charges migrating 
from the gate electrode 530a to the charge storage layer 520 
through the blocking insulating layer 525. As a result, erasing 
efficiency and/or programming efficiency of a non-volatile 
memory device may be enhanced. 
(0071. While the present invention has been particularly 
shown and described with respect to exemplary embodiments 
thereof, it will be understood by those skilled in the art that the 
foregoing and other changes in forms and details may be 
made without departing from the spirit and scope of the 
present invention. It is therefore intended that the present 
invention not be limited to the exact forms and details 
described and illustrated, but fall within the scope of the 
appended claims. 
What is claimed is: 
1. A method of forming a non-volatile memory device, the 

method comprising: 
forming a dielectric layer including a nitride layer on a 

Substrate; 
transforming at least a portion of the nitride layer extending 

across at least a major lateral extent of the dielectric 
layer to include added oxygen; 

forming a charge storage layer on the dielectric layer; 
forming a blocking insulating layer on the charge storage 

layer; and 
forming a gate electrode on the blocking insulating layer. 
2. The method as recited in claim 1, wherein the transform 

ing at least a portion of the nitride layer comprises oxidizing 
the nitride layer. 

3. The method as recited in claim 2, wherein the nitride 
layer is partially oxidized. 
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4. The method as recited in claim 3, wherein the oxidized 
portion of the nitride layer is a layer having a significantly 
higher nitrogen concentration than another layer within the 
dielectric layer. 

5. The method as recited in claim 2, wherein the nitride 
layer is fully oxidized. 

6. The method as recited in claim 1, wherein the blocking 
insulating layer is formed to include at least one insulating 
layer having a higher dielectric constant thana highest dielec 
tric constant portion of the dielectric layer. 

7. The method as recited in claim 5, wherein the at least one 
insulating layer of the blocking insulating layer has a higher 
dielectric constant thana highest dielectric constant of at least 
a major portion of the dielectric layer. 

8. A method of forming a non-volatile memory device, the 
method comprising: 

forming a dielectric layer on a Substrate; 
reacting at least a major portion of free bonds remaining in 

the dielectric layer to each other; 
forming a charge storage layer on the dielectric layer, 
forming a blocking insulating layer on the charge storage 

layer; and 
forming a gate electrode on the blocking insulating layer. 
9. The method as recited in claim 8, wherein the reacting at 

least a majorportion of the free bonds to each other comprises 
oxidizing the dielectric layer. 

10. The method as recited in claim 8, wherein the blocking 
insulating layer is formed to include at least one insulating 
layer having a higher dielectric constant thana highest dielec 
tric constant portion of the dielectric layer. 

11. The method as recited in claim 10, wherein the least one 
insulating layer of the blocking insulating layer has a higher 
dielectric constant thana highest dielectric constant of at least 
a major portion of the dielectric layer. 

12. A method of forming a non-volatile memory device, the 
method comprising: 

forming an oxide layer on a Substrate; 
forming a nitride layer on the oxide layer; 
oxidizing at least a portion of the nitride layer, 
forming a charge storage layer on the oxidized nitride 

layer; 
forming a blocking insulating layer on the charge storage 

layer; and 
forming a gate electrode on the blocking insulating layer. 
13. The method as recited in claim 12, wherein the nitride 

layer is partially oxidized. 
14. The method as recited in claim 12, wherein the nitride 

layer is fully oxidized. 
c c c c c 
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