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(57) ABSTRACT 

A nonvolatile semiconductor memory device includes a 
semiconductor Substrate having a source region and a drain 
region, and a gate stack formed on the semiconductor Sub 
strate between and in contact with the Source and drain 
regions. The gate Stack includes, in sequential order from the 
Substrate: a tunneling film; a first trapping material film doped 
with a first predetermined impurity, the first trapping material 
film having a higher dielectric constant than the nitride film 
(SiNa); a first insulating film having a higher dielectric con 
stant than a nitride film; and a gate electrode. Such a nonvola 
tile semiconductor memory device can effectively control the 
trap density according to the doping concentration, thereby 
increasing the write/erase speed of data at a low operating 
Voltage. 
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FIG. 1 (PRIOR ART) 
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FIG. 5 
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FIG 11 
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METHOD OF MANUFACTURING A 
NONVOLATILESEMCONDUCTOR 

MEMORY DEVICE HAVING A GATESTACK 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This is a divisional application based on pending 
application Ser. No. 10/835,097, filed Apr. 30, 2004, the 
entire contents of which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
memory device. More particularly, the present invention 
relates to a nonvolatile semiconductor memory device having 
a gate with a different film structure from a silicon-oxide/ 
nitride/oxide-silicon (SONOS), and a method of manufactur 
ing the same. 
0004 2. Description of Related Art 
0005 Recent developments of portable data storage 
devices. Such as memory sticks, that readily allow data shar 
ing and exchange regardless of hardware type have led to 
increased demands regarding safe storage of large amounts of 
data. One possible solution is a flash memory device, i.e., a 
special type of an electrically erasable programmable read 
only memory (EEPROM), which can be erased or pro 
grammed in blocks of data and the contents of which are 
retained even when the power is turned off. The flash memory 
device generally has a multi-layer structure including a float 
ing gate, where a charge is stored, a transistorgate, where data 
are stored, and a control gate that controls the floating gate, 
the gates being sequentially deposited. However, the flash 
memory has a low retention characteristic and data stored 
therein cannot be kept safely for a long period of time due to 
a leakage current. 
0006 To solve this problem, a silicon-oxide/nitride/oxide 
silicon (SONOS) memory device having a reduced height has 
been introduced. The SONOS memory device uses stacked 
layers between a Substrate and a control gate. That is, instead 
of the floating gate positioned between insulating layers in the 
flash memory, the SONOS memory device uses a stacked 
layer made by sequentially depositing an oxide film, a nitride 
film, and another oxide film (ONO). The SONOS memory 
device operates by shifting a threshold Voltage when a charge 
is trapped in the nitride film. A detailed description of a 
SONOS memory device is disclosed in an article entitled “An 
Embedded 90 nm SONOS Nonvolatile Memory Utilizing 
Hot Electron Programming and Uniform Tunnel Erase.” by 
C.T. Swiftet al., which was published in the Technical Digest 
of International Electron Device Meeting (IEDM) December 
2002, pp. 927-930. 
0007 FIG. 1 illustrates a cross-section of a basic structure 
of a conventional SONOS memory device. 
0008 Referring to FIG. 1, a first silicon oxide (SiO) film 
12 is formed on a channel region between a source region S 
and drain region D of a substrate 10. One end of the first 
silicon oxide film 12 contacts the Source region S and another 
end of the first silicon oxide film 12 contacts the drain region 
D. The first silicon oxide film 12 is for tunneling a charge. A 
nitride (SiN) film 14 is formed on the first silicon oxide film 
12. The nitride film 14, which is practically a material film for 
storing data, traps the charge tunneled through the first silicon 
oxide film 12. A second silicon oxide film 16 is formed as a 
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barrier film for blocking the movement of the charge from the 
nitride film 14 upward through the nitride film 14. A gate 
electrode 18 is formed on the second silicon oxide film 16. 
0009. Although the conventional SONOS device depicted 
in FIG. 1 provides some advantages, it also has the following 
drawbacks. 
0010. In practical use, an operating voltage of the conven 
tional SONOS device is very high. If a low operating voltage 
is applied to the conventional SONOS device, the speed of 
writing/erasing of data becomes much slower than a desired 
speed. Due to such Voltage dependence characteristic, the 
control of a trap density of the nitride film 14 also becomes 
difficult. The retention time also is not sufficiently long. 
0011. These drawbacks arise due to the high thickness of 
the films required by the use of nitride and silicon oxide, 
which have low dielectric constants. 
0012 Recently, a paper by C. Lee et al., entitled “Novel 
Structure of SiO/SiN/High-k dielectric, Al-O for a SONOS 
Type Flash Memory.” published in Extended Abstract of 2002 
International Conf. on Solid State Device and Materials, 
Nagoya, Japan, September 2002, pp. 162-163, reports that 
programming, erasing, and retention characteristic of the bar 
rier film can be improved by using an aluminum oxide film 
(Al2O) instead of an silicon oxide film as the upper oxide 
film. However, the applied voltage is still very high and it is 
still difficult to control the trap density of the silicon nitride 
film. 

SUMMARY OF THE INVENTION 

0013 The present invention is therefore directed to a semi 
conductor memory device and method of manufacturing the 
same, which Substantially overcomes one or more of the 
problems due to the limitations and disadvantages of the 
related art. 
0014. It is a feature of the present invention to provide a 
nonvolatile semiconductor memory device capable of oper 
ating satisfactorily at a Voltage lower than the operating Volt 
age of a SONOS memory device. It is another feature of the 
present invention to provide a nonvolatile semiconductor 
memory device capable of operating at a faster speed at the 
same Voltage level as the SONOS memory device. It is yet 
another feature of the present invention to provide a nonvola 
tile semiconductor memory device capable of effectively 
controlling a trap density of a trapping material layer. It is still 
another feature of the present invention to provide a method 
of fabricating the nonvolatile semiconductor memory device. 
0015. At least one of the above and other features and 
advantages may be realized by providing a nonvolatile semi 
conductor memory device, including a semiconductor Sub 
strate having a source region and a drain region separated by 
a predetermined distance, and a gate stack formed on the 
semiconductor Substrate, one end of the gate stack contacting 
the source region and another end of the gate stack contacting 
the drain region. The gate stack includes, in sequential order 
from the Substrate, a tunneling film, a first trapping material 
film doped with a first predetermined impurity, the first trap 
ping material film having a higher dielectric constant than a 
nitride film (SiN), a first insulating film having a higher 
dielectric constant than the nitride film, and a gate electrode. 
0016. The nonvolatile semiconductor memory device may 
further include at least one of a first oxide film between the 
tunneling film and the first trapping material film and a second 
oxide film between the first trapping material film and the first 
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insulating film. At least one of the first oxide film and the 
second oxide film may be an aluminum oxide (AlO) film. 
0017. The first insulating film may be an aluminum oxide 
(Al2O) film or may be selected from the group consisting of 
HfO film, ZrO film, Ta-Os film, and TiO film. The first 
predetermined impurity may be a lanthanide and may have a 
doping concentration of approximately 1-20%. The first trap 
ping material film may be a film selected from the group 
consisting of Hf, ZrO, Ta-Os, TiO, and Al2O. 
0018. The nonvolatile semiconductor memory device may 
further include a second trapping material film doped with a 
second predetermined impurity, the second trapping material 
film having a higher dielectric constant than the nitride film, 
and a second insulating film having a higher dielectric con 
stant than the nitride film, the second trapping material film 
and the second insulating film being sequentially formed 
between the first insulating film and the gate electrode. 
0019. The nonvolatile semiconductor memory device may 
further include at least one, two or three, or all of a first oxide 
film between the tunneling film and the first trapping material 
film, a second oxide film between the first trapping material 
film and the first insulating film, a third oxide film between 
the first insulating film and the second trapping material film, 
and a fourth oxide film between the second trapping material 
film and the second insulating film. At least one of the first 
oxide film, the second oxide film, the third oxide film and the 
fourth oxide film may be an aluminum oxide film. 
0020. The second trapping material film may be formed of 
a material selected from the group consisting of Hf, ZrO2. 
Ta-Os, TiO, and Al-O. The second insulating film may be a 
film selected from the group consisting of Hfo film, ZrO. 
film, Ta-Os film, TiO, film, and Al-O film. The first insulat 
ing film is a film selected from the group consisting of HfC) 
film, ZrO film, TaOs film, and TiO, film. The first predeter 
mined impurity may be a lanthanide and may be at a doping 
concentration of approximately 1-20%. The second predeter 
mined impurity may be a lanthanide and may be at a doping 
concentration of approximately 1-20%. 
0021. At least one of the above and other features and 
advantages may be realized by a method of manufacturing a 
nonvolatile semiconductor memory device, including form 
ing a tunneling oxide film, forming a first trapping material 
film doped with a first predetermined impurity, the first trap 
ping material film having a higher dielectric constant than that 
of a nitride film (SiN.), forming a first insulating film having 
a higher dielectric constant than that of the nitride film, and 
forming a gate electrode, wherein the tunneling oxide film, 
the first trapping material film, the first insulating film, and the 
gate electrode are sequentially deposited on a semiconductor 
Substrate. A gate region is defined on the gate electrode. A 
gate stack is formed by removing the gate electrode, the first 
insulating film, the first trapping material film, and the tun 
neling oxide film outside the gate region. A source and drain 
region are formed around the gate stack on the semiconductor 
substrate. 

0022. The method may further include forming an oxide 
film on at least one of the tunneling oxide film and the first 
trapping material film. The method may further include form 
ing a second trapping material film doped with a second 
predetermined impurity and forming a second insulating film 
on the second trapping material film, the second trapping 
material film and a second insulating film being between the 
first insulating film and the gate electrode. 
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0023 The method may further include forming an oxide 
film on at least one of the tunneling oxide, the first trapping 
material film, the first insulating layer and the second trapping 
material film. The first trapping material film may be a film 
selected from the group consisting of Hfo film, ZrO film, 
TaOs film, TiO, film and Al-O film. The first insulating film 
may be a film selected from the group consisting of Hf) film, 
ZrO film, Ta-Os film, and TiO film. The oxide film may be 
an aluminum oxide film. The second trapping material film 
may be a film selected from the group consisting of Hf) film, 
ZrO film, TaOs film, TiO, film, and Al-O film. The second 
insulating film may be a film selected from the group consist 
ing of Hfo film, ZrO film, Ta-Os film, and TiO, film. The 
first predetermined impurity may be a lanthanide at a doping 
concentration of approximately 1-20%. 
0024. A nonvolatile memory device according to the 
present invention provides the capability of controlling trap 
density effectively according to the doping concentration. 
Accordingly, writing/erasing of data can be operated at a 
lower Voltage than in the conventional art, thereby increasing 
the operating speed as compared to the conventional art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025. The above and other features and advantages of the 
present invention will become more apparent to those of 
ordinary skill in the art by describing in detail exemplary 
embodiments thereof with reference to the attached drawings 
in which: 

0026 FIG. 1 illustrates a cross-section of a conventional 
SONOS memory device as an example of a conventional 
nonvolatile memory device; 
0027 FIGS. 2 through 5 illustrate cross-sections of non 
Volatile memory devices, according to first through fourth 
embodiments of the present invention: 
0028 FIG. 6 is a graph showing the characteristics of a 
leakage current according to a doping concentration of an 
insulating film having a high dielectric constant, used for a 
nonvolatile memory device according to an embodiment of 
the present invention; 
0029 FIG. 7 is a graph showing a variation of a leakage 
current and an effective thickness according to a doping con 
centration of an insulating layer having a high conductivity, 
used for a nonvolatile memory device, according to an 
embodiment of the present invention; 
0030 FIG. 8 is a graph showing a variation of a flat band 
Voltage according to a stress charge, according to an embodi 
ment of the present invention; 
0031 FIG. 9 is a graph showing a variation of a flat band 
Voltage according to a write/read time, according to an 
embodiment of the present invention; 
0032 FIG. 10 is a graph showing a variation of a flat band 
Voltage according to a retention time, according to an 
embodiment of the present invention; 
0033 FIG. 11 is a graph showing a variation of a flat band 
Voltage according to a programming time, according to an 
embodiment of the present invention; 
0034 FIG. 12 is a graph showing a variation of a flat band 
Voltage according to a erasing time, according to an embodi 
ment of the present invention; and 
0035 FIG. 13 is a graph showing an energy band of an 
OHA film according to an embodiment of the present inven 
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tion and an energy band of an ONO film according to the 
conventional nonvolatile memory device. 

DETAILED DESCRIPTION OF THE INVENTION 

0036 Korean Patent Application No. 2003-27543, filed on 
Apr. 30, 2003, in the Korean Intellectual Property Office, and 
entitled “Nonvolatile Semiconductor Memory Device Hav 
ing Gate Stack Comprising OHA (Oxide-Hafnium Oxide 
Aluminum Oxide) Film and Method of Forming the Same,” is 
incorporated by reference herein in its entirety. 
0037 Hereinafter, a nonvolatile semiconductor memory 
device in accordance with embodiments of the present inven 
tion will be described more fully with reference to the accom 
panying drawings, in which exemplary embodiments of the 
invention are shown. The invention may, however, be embod 
ied in different forms and should not be construed as limited 
to the embodiments set forth herein. Rather, these embodi 
ments are provided so that this disclosure will be thorough 
and complete, and will fully convey the scope of the invention 
to those skilled in the art. In the figures, the dimensions of 
layers and regions are exaggerated for clarity of illustration. It 
will also be understood that when a layer is referred to as 
being “on” another layer or substrate, it can be directly on the 
other layer or Substrate, or intervening layers may also be 
present. Further, it will be understood that when a layer is 
referred to as being “under another layer, it can be directly 
under, and one or more intervening layers may also be 
present. In addition, it will also be understood that when a 
layer is referred to as being “between two layers, it can be the 
only layer between the two layers, or one or more intervening 
layers may also be present. Like reference numerals refer to 
like elements throughout. 

FIRST EMBODIMENT 

0038 Referring to FIG. 2, a source region S and drain 
region D are formed on a substrate 40 and separated by a 
predetermined distance. A space between the source region S 
and the drain region D on the substrate 10 defines a channel 
region. A gate stack is formed on the channel region. The gate 
stack is formed of the following layers deposited sequentially. 
First, a tunneling oxide film 42 is provided on the channel 
region. One end of the tunneling oxide film 42 contacts the 
Source region Sand another end of the tunneling oxide film 42 
contacts the drain region D. A first trapping material layer 44 
is formed on the tunneling oxide film 42. A first insulating 
film 46 having a high dielectric constant is formed on the first 
trapping material layer 44. Finally, a gate electrode 48 is 
formed on the first insulating film 46. 
0039. When a predetermined voltage is applied to the gate 
electrode 48 and the drain region D, the first trapping material 
film 44 traps a charge, i.e., electrons, which pass through the 
tunneling oxide film 42. 
0040. The tunneling oxide film 42 may be a silicon oxide 
film. The thickness of the tunneling oxide film 42 may be 
approximately 1.5-4 nm. 
0041. The first trapping material film 44 may be a non 
nitride film or an insulating film doped with a predetermined 
impurity and having a high dielectric constant. The insulating 
film for the first trapping material film 44 may be an oxide 
film having a high dielectric constant selected from the group 
consisting of Hf, ZrO, Ta-Os, TiO, and Al-O. When the 
first trapping material film 44 is an HfC) film, a thickness 
thereof may be approximately 2-15 nm. The dopant in the 
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insulating film for the first trapping material film 44 may be a 
lanthanide, i.e., selected from the group consisting of La, Ce, 
Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu. When 
dysprosium (Dy) is used the dopant, a doping concentration 
may be approximately 1-20%, e.g., 10%. 
0042. Next, the first insulating film 46 which has a high 
dielectric constant is formed to prevent a portion of the elec 
trons from moving through the first trapping material film 44 
to the gate electrode 48 while the charge is being trapped by 
the first trapping material film 44. The first insulating film 46 
may be formed of an aluminum oxide (Al2O). Other mate 
rials having the same or a higher dielectric constant as alumi 
num oxide may be used for the first insulating film 46. The 
gate electrode 48 may be formed of a polysilicon electrode 
doped with a conductive impurity. Alternatively, other elec 
trodes, such as a tungsten silicide electrode, may be used for 
the gate electrode 48. 

SECONDEMBODIMENT 

0043. The second embodiment is related to a nonvolatile 
semiconductor memory device having a diffusion barrier 
layer on and under the first trapping material film 44. 
0044. In the following, the same reference numerals as in 
the first embodiment describe the same elements. 
0045 Referring to FIG.3, a first oxide film 50, serving as 
a first diffusion barrier layer, is formed between the tunneling 
oxide film 42 and the first trapping material film 44. The first 
oxide film 50 may be an aluminum oxide film. The thickness 
of the tunneling oxide film 42 may be approximately 1-4 nm, 
and that of the first oxide film 50 may be approximately 0.5-2 
nm. The phrase “tunneling film' as used herein is defined as 
the tunneling oxide film 42 in combination with the first oxide 
film 50. 
0046. A second oxide film 52, serving as a second diffu 
sion barrier layer, is formed between the first trapping mate 
rial film 44 and the first insulating film 46. The second oxide 
film 52 may be an aluminum oxide film, and the first insulat 
ing film 46 may be an insulating film having a high dielectric 
constant, for example, selected from the group consisting of 
HfC), ZrO, Ta-Os, and TiO. The thickness of the second 
oxide film 52 may be approximately 0.5-2 nm, and the thick 
ness of the first insulating film 46 may be approximately 3-20 

. 

0047. As compared with the first embodiment, the non 
Volatile semiconductor memory device according to the sec 
ond embodiment includes an oxide film formed between the 
first insulating film 46 and the gate electrode 48 and/or 
between the tunneling oxide film 42 and the first trapping 
material film 44. The first and second oxide films 50 and 52 
may both be aluminum oxide films. However, any material 
that can act as a diffusion barrier layer can replace the first 
oxide film 50 and/or the second oxide film 52. Also, any 
material that can act as a diffusion barrier layer can replace 
other insulating films other than the oxide film. 

THIRD EMBODIMENT 

0048. The third embodiment is related to a nonvolatile 
semiconductor memory device including a gate stack formed 
on a channel region of a Substrate 40 and having a plurality of 
trapping material films. 
0049 Referring to FIG. 4, the first trapping material film 
44 and the first insulating film 46 are formed on the tunneling 
oxide film 42. A second trapping material film 54 and a 
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second insulating film 56 are sequentially deposited on the 
first insulating film 46. The gate electrode 48 is formed on the 
second insulating film 56. The second trapping material film 
54 may be formed of an insulating film of doped lanthanide 
having a high dielectric constant, e.g., of the same material as 
that of the first trapping material film 44. Alternatively, the 
second trapping material film 54 may be formed of other 
insulating films. Likewise, the second insulating film 56 may 
be formed of the same insulating material film as the first 
insulating film 46. Alternatively, the second insulating film 56 
may be formed of other insulating films. Also, the second 
trapping material film 54 and the second insulating film 56 
have the same or a different thickness from the first trapping 
material film 44 and the first insulating film 46, respectively. 

FOURTHEMBODIMENT 

0050. The fourth embodiment is related to a nonvolatile 
semiconductor memory device further including a diffusion 
barrier layer. 
0051 More specifically, as shown in FIG. 5, the first oxide 
film 50 is formed between the tunneling oxide film 42 and the 
first trapping material film 44. The second oxide film 52 is 
formed between the first trapping material film 44 and the first 
insulating film 46. A third oxide film 58 is formed between the 
first insulating film 46 and the second trapping material film 
54. A fourth oxide film is formed between the second trapping 
material film 54 and the second insulating film 56. The third 
and the fourth oxide films 58 and 60 serve as diffusion barrier 
layers, as do the first and second oxide films 50 and 52. The 
third and the fourth oxide films 58 and 60 may be formed of 
aluminum oxide films, other oxide films oran insulating film. 
0052 According to the above descriptions, for a nonvola 

tile semiconductor device according the embodiments of the 
present invention, the first and second trapping material films 
44 and 54 of the gate Stack are formed of an insulating film 
having a high dielectric constant. For example, an HfC) film 
doped with a predetermined ratio of lanthanide, e.g., Dy, may 
be used. 
0053. In the following, the results of an experiment per 
formed for verifying the characteristics of the nonvolatile 
semiconductor memory device according to the first embodi 
ment of the present invention will be described. 
0054 A leakage current density in two cases, that is, cases 
where the first trapping material film 44 is formed of Hf() 
film without doping (hereinafter, a first case) and with doping 
with a predetermined concentration of Dy (hereinafter, a sec 
ond case), were measured. 
0055 FIG. 6 is a graph showing the results of the experi 
ment. Symbol “” refers to a variation of the leakage current 
density in the first case, and symbol "k"refers to that in the 
second case. Referring to FIG. 6, the leakage current density 
Jg (A/cm) in the second case is much lower than that in the 
first case at the same effective oxide thickness EOT (A). 
0056 FIG. 7 shows a variation of the leakage current 
density Jg and the effective oxide thickness EOT according to 
the Dy concentration (%) in the second case. The leakage 
current density (Jg) and the effective thickness were mea 
sured by Auger electron spectroscopy (AES). In FIG. 7, graph 
G1 with symbol “O'” shows the variation of the leakage 
current density when 2V of flat band voltage was applied, 
graph G2 with symbol “” refers to the variation of the 
leakage current density when 1 V of flat band voltage was 
applied, and graph G3 with symbol “o” refers to the variation 
of the effective thickness. 
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0057 Referring to graphs G1-G3 in FIG. 7, a lowest leak 
age current density and the thinnest effective thickness are 
shown at the Dy concentration of approximately 10%.That is, 
when the Dy concentration is approximately 10%, the char 
acteristics of leakage current and the effective thickness have 
optimum values. 
0058 Next, in order to verify the effects of doping with Dy 
on the charge trap, the variation of the flat band Voltage under 
an electrical stress with respect to the above two cases was 
measured. FIG. 8 shows these experimental results. 
0059. In FIG. 8, graph G4 with symbol “ol’ shows the 
results from the first case, and graph G5 with symbol “A” 
shows the second case. 
0060 Referring to graphs G4-G5 in FIG. 8, it is seen that 
as the stress charge increases, that is, by increasing the con 
centration of Dy in the first trapping material film 44, the 
differences in the flat band voltage between the two cases 
increases drastically. 
0061 Since the flat band voltage is directly related to the 
trapped charge in the first trapping material film 44, this result 
demonstrates that the trapping density of the first trapping 
material film 44 is higher in the second case than that in the 
first case. 
0062 According to the foregoing descriptions, a nonvola 
tile semiconductor memory device having a trapping material 
film formed of an insulating film doped with a lanthanide and 
having a high dielectric constant in accordance with the 
present invention, the effective thickness of the trapping 
material film can be reduced. Further, the trap density of the 
trapping material film can be easily controlled by controlling 
the doping concentration. Consequently, in comparison with 
the conventional art, a nonvolatile semiconductor memory 
device according to the present invention can be operated at a 
lower Voltage and for an extended time. 
0063 FIG. 9 and FIG. 10 show experimental results of 
writing/erasing time and retention time versus the flat band 
voltage, respectively. In FIG. 9, graphs G6 and G7, with 
symbols “o and “D. show the variation of the flat band 
Voltage according to the applying time of Voltage when 
applied Voltages for recording data is 7 volts and 8 Volts, 
respectively. Graphs G8 through G10, with symbols “A”. 
“O'”, and “I” show the variation of the flat band voltage 
according to the applying time of Voltage when applied Volt 
ages for erasing data is 6 volts, 7 volts, and 8 volts, respec 
tively. 
0064 Graphs G6 and G7 in FIG. 9 illustrate that the time 
to reach the desired flat band voltage is very short even when 
the Voltage applied to the gate electrode for data writing is 8 
volts, which is lower than the voltage used in the conventional 
art, which is typically about 10 volts. When the applied volt 
age to the gate electrode is 7 volts, the shift of the flat band 
voltage is slower than that when the applied voltage is 8 volts. 
However, taking into consideration that the magnitude of the 
flat band voltage required for identifying “1” and “O'” is 0.5 
volt, the time for shifting from initial value to 0.5 volt is also 
very short when the voltage applied to the gate electrode is 7 
Volts. Thus, even at a lower Voltage, data writing with the 
present invention is faster than that of the conventional art 
even operating at a higher Voltage. 
0065 Referring tographs G8through G10 in FIG.9, in the 
cases that the absolute value of Voltages applied to the gate 
electrode for data erasing are smaller (-8 volts, -7 volts, or -6 
Volts) than the Voltages in the conventional art, it is seen that 
even though there are some relative differences, generally, the 
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flat band voltage decreases drastically. This means that the 
speed of data erasing become faster. 
0066 Next, referring to FIG. 10, graph G11 shows the 
variation of the flat band Voltage according to the retention 
time for keeping data “1” in a normal state when a predeter 
mined gate Voltage Vg (Vg 8 volts) was applied to the gate 
electrode 48, and a charge was trapped in the first trapping 
material film 44 by applying a predetermined Voltage Vd to 
the drain region D, i.e., data “1” was recorded in the first 
trapping material film 44. Graph G12 shows the variation in 
the flat band Voltage according to the retention time for keep 
ing the data “0” when all charges in the first trapping material 
film 44 were removed, i.e., recorded “O'” in the first trapping 
material film 44 by applying an erasing Voltage (-8 Volts) to 
the gate electrode 48. 
0067. For a clear distinction between recorded data of “1” 
and “O'” after a long time, the voltage difference between the 
flat band voltage corresponding to the data “1” (hereinafter, a 
first flat band Voltage) and that of corresponding to the data 
“0” (hereinafter, a second flat band voltage) is preferably 
more than a predetermined value, e.g., 0.5 volt. Referring to 
the graphs G 11 and G12 in FIG. 10, it is seen that the voltage 
difference between the first and second flat band voltages at a 
time corresponding to 10 years after recording the data is 
more than 0.5 volt. That is, a nonvolatile semiconductor 
memory device according to the present invention is capable 
of operating at a lower Voltage than in the conventional art. 
Even when operating at a lower Voltage, the retention time 
and the data writing/erasing time of the present invention are 
improved compared with those in the conventional art. 
0068 FIGS. 11 and 12 show the characteristics of data 
recording, i.e., programming characteristics, and the charac 
teristics of data erasing, respectively, of a nonvolatile semi 
conductor memory device of the present invention in com 
parison with the characteristics of the conventional art. 
0069. In FIG. 11, graph G13 shows the variation of the flat 
band Voltage according to the data recording time, i.e., pro 
gramming time when 8 Volts of data recording Voltage was 
applied to a nonvolatile semiconductor memory device hav 
ing a gate Stack with an Oxide-Hafnium oxide-Aluminum 
oxide (OHA) film according to an embodiment of the present 
invention. Graph G14 shows the flat band voltage according 
to the programming time when 10 Volts of data recording 
Voltage was applied to a conventional nonvolatile semicon 
ductor memory device having a gate stack with an ONO film. 
Graph G15 shows the flat band voltage according to the 
programming time when 10 volts of data recording Voltage 
was applied to a conventional nonvolatile semiconductor 
memory device having a gate stack with an Oxide-Nitride 
Aluminum oxide (ONA) film. Graph G16 shows the flat band 
Voltage according to the programming time when 8 volts of 
data recording Voltage was applied to a conventional nonvola 
tile semiconductor memory device having a gate stack with 
an ONA film. 
0070 Referring to the graphs G13 through G16 in FIG. 11, 
the gate stack having an OHA film (present invention) shows 
the shortest programming time but the largest amount of shift 
of the flat band Voltage, in spite of having a lower operating 
Voltage applied to the gate stack having the OHA film than 
applied to the gate stack having an ONO film or an ONA film 
(conventional art). This means that the speed of data record 
ing in the present invention is faster at a lower Voltage than the 
speed of data recording in the conventional art at a higher 
Voltage. 
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(0071. In FIG. 12, graph G17 shows the variation of the flat 
band Voltage according to the erasing time when an erasing 
Voltage of -8 Volts was applied to a nonvolatile semiconduc 
tor memory device having a gate stack with an OHA film 
according to an embodiment of the present invention. Graphs 
G18 and G19 show the variation of the flat band voltage 
according to the erasing time when an erasing Voltage of -10 
Volts was applied to a conventional nonvolatile semiconduc 
tor memory device having a gate stack with an ONO film and 
an ONA film, respectively. Graph G20 shows the variation of 
the flat band Voltage according to the erasing time when an 
erasing Voltage of -8 Volts was applied to a conventional 
nonvolatile semiconductor memory device having a gate 
stack with an ONA film. 
(0072 Referring to the graphs G17 through G20 in FIG. 12, 
when an erasing Voltage of -8 Volts was applied to the gate 
stack having an OHA film (the present invention) and when 
an erasing Voltage of -10 volts was applied to the gate stack 
having an ONA film (conventional art), the resulted erasing 
characteristics are similar to each other. However, consider 
ing the lower erasing Voltage, the erasing characteristic of the 
present invention is Superior to that of the conventional art. 
When erasing voltages of-10 volts and -8 volts were applied 
to the gate stack having an ONO film and an ONA film, 
respectively, the erasing characteristic of the conventional art 
is clearly inferior to that of the present invention. 
0073. Now, the characteristics of energy bands of a non 
Volatile semiconductor memory device according to an 
embodiment of the present invention will be described. 
0074 FIG. 13 shows the energy band of a nonvolatile 
semiconductor memory device having a gate stack according 
to the present invention, and for comparison purposes, that of 
a nonvolatile semiconductor memory device having a gate 
stack with an ONO film according to the conventional art. 
(0075 Reference numerals 100 and 300 indicate the energy 
bands of a semiconductor Substrate and a gate electrode, 
respectively, and numerals 150, 200, and 250 indicate the 
energy bands of an ONO film, i.e., a lower silicon oxide film, 
a nitride film, and an upper silicon oxide film deposited 
sequentially between the semiconductor Substrate and the 
gate electrode of the conventional art, respectively. Reference 
numerals 150A, 200A, and 250A indicate the energy bands of 
an OHA film deposited sequentially between the semicon 
ductor Substrate and the gate electrode according to an 
embodiment of the present invention. 
0076 Referring to a circle A indicated in FIG. 13, the slope 
of the energy band 150A of the tunneling oxide film, i.e., the 
silicon oxide film according to the present invention, is 
steeper than the slope of the energy band 150 of the lower 
silicon oxide film of the conventional art. Accordingly, the 
tunneling speed of electrons through the silicon oxide film of 
the present invention is faster than that of the conventional art, 
thereby increasing the programming speed. 
0077. At the same thickness of a silicon oxide film of the 
conventional art and the corresponding film, i.e., the tunnel 
ing oxide film of the present invention, as in foregoing 
descriptions, the speed of the electrons passing through the 
tunneling oxide film according to the present invention is 
faster than that of the conventional art. Therefore, the tunnel 
ing oxide film of the present invention can be made thicker 
than that of the lower siliconoxide film of the conventional art 
while not reducing the speed of electrons. Thus, the possibil 
ity that electrons trapped in the trapping material film leak can 
be reduced, thereby resulting in a Superior retention charac 
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teristic of the present invention relative to the retention char 
acteristic of the conventional art. 
0078. Alternatively, referring to circle B in FIG. 13, it is 
seen that the slope of the energy band 250 of the upper silicon 
oxide film of the conventional art is steeper than the slope of 
the energy band 250A of the aluminum oxide film, which 
corresponds to the upper silicon oxide film of the present 
invention. Accordingly, the back tunneling is reduced, and the 
erasing speed is faster in the present invention than in the 
conventional art. 
0079. In addition, comparing the energy band 200 of a 
nitride film where the charge is trapped of the conventional art 
with the energy band 200A of a trapping material film of the 
present invention, i.e., a hafnium oxide film which corre 
sponds to the nitride film of the conventional art, the slope of 
the energy band 200 of the nitride film of the conventional art 
is steeper than the slope of the energy band 200A of the 
hafnium oxide film of the present invention. Accordingly, the 
trap density of the trapping material film according to the 
present invention is increased as compared to that of the 
nitride film of the conventional art, thereby increasing both 
the programming speed and erasing speed in comparison with 
the conventional art. 
0080. The following table summarizes the measurement 
results of the applied voltage distribution and the strength of 
electric field of a nonvolatile semiconductor memory device 
having an ONO film in the conventional art and having an 
OHA film. The thicknesses of the various layers in both films 
is the same and the same Voltage, i.e., 10 volts, is applied to 
each film. 

TABLE 

Thickness Voltage distribution Strength of electric field 
Film (nm) (V) (MV/cm) 

ONO 1.86.0/4.5 
OHA 1.86.0/4.5 

1.91.3.31,478 
3.81.248, 3.71 

10.62.S.S2.10.62 
21.16.4.138.25 

0081 Referring to the above table, it can be seen that the 
induced strength of an electric field of the lower silicon oxide 
film of the ONO film of the conventional art and that of the 
corresponding film, i.e., the tunneling oxide film of the OHA 
film of the present invention, is different. More specifically, 
the induced strength of the electric field of the lower silicon 
oxide film (hereinafter, a first strength of the electric field) of 
the conventional art is 10.62 MV/cm, while that of the tun 
neling oxide film (hereinafter, a second strength of electric 
field) of the present invention is 21.16 MV/cm. Thus, the 
second strength of electric field is more than double the first 
strength of electric field. Also, the induced strength of electric 
field of the upper silicon oxide film (hereinafter, a third 
strength of electric field) of the conventional art is 10.62 
MV/cm, while the induced strength of electric field of the 
aluminum oxide film (hereinafter, a fourth strength of electric 
field) of the present invention is 8.25 MV/cm, i.e., the fourth 
strength of electric field is smaller than the third strength of 
electric field. Since the second strength of electric field is 
much larger than the first strength of electric field as depicted 
in FIG. 13, the slope of the energy band 150A of the tunneling 
oxide film in the present invention becomes larger than that of 
the energy band 150 of the oxide film of the conventional art. 
Accordingly, the tunneling of electrons through the oxide film 
of the present invention is much faster than that of the con 
ventional art. Also, since the fourth strength of electric field is 
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smaller than the third strength of electric field as depicted in 
FIG. 13, the slope of the energy band 250A of aluminum 
oxide film of the present invention become smaller than that 
of the energy band 250 of the upper silicon oxide film of the 
conventional art, therefore, as in the foregoing description, 
the back tunneling in the aluminum oxide film of the present 
invention takes place less than in the upper silicon oxide film 
of the conventional art. 

0082. The above results are natural in view of the dielec 
tric constant distribution of the ONO film of the conventional 
art and that of the OHA film of the present invention. That is, 
the dielectric constant E is inversely proportional to the 
applied voltage V to an ONO film or an OHA film, and can be 
expressed as follows: 

VF(Qxt) (ex Area) 

where V is a voltage applied to the ONO or OHA films, Q is 
the amount of charge, t is a thickness of the ONO or OHA 
films, E is a dielectric constant of the ONO or OHA films, and 
Area is the area of the gate electrode facing the Substrate. 
I0083. In the OHA film of the present invention, the tun 
neling oxide film has the lowest dielectric constant of the 
three layers. A dielectric constant 6(trap) of the trapping 
material film, here the hafnium oxide film, is much higher 
than a dielectric constant 6(tunnel) of the tunneling oxide 
film and a dielectric constant e(alum) of the aluminum oxide 
film. Also, the dielectric constant e(alum) of the aluminum 
oxide film is higher than that of the tunneling oxide film. That 
is, 6(trap)>6(alum)>e(tunnel). Therefore, when a predeter 
mined voltage is applied to the OHA film, the largest voltage 
is induced in the tunneling oxide film, the next largest Voltage 
is induced in the aluminum oxide film, and the lowest Voltage 
is induced in the hafnium oxide film. Under this circum 
stance, the induced strength of electric field of the tunneling 
oxide film becomes the greatest because the tunneling oxide 
film has the thinnest thickness (1.8 nm), the induced strength 
of electric field of the aluminum oxide film is second because 
it has medium thickness (4.5 nm), and the induced strength of 
electric field of the hafnium oxide film is lowest because it has 
the thickest thickness (6 nm). 
0084. In the case of the ONO film of the conventional art, 
each film has a different induced Voltage according to the 
dielectric constant of each film. The induced voltage become 
larger in the order from the lower silicon oxide film, nitride 
film, and the upper silicon oxide film, however, considering 
the thickness of each film, the induced strength of electric 
field of the lower siliconoxide film becomes equivalent to that 
of the upper silicon oxide film, and the nitride film has the 
lowest strength of electric field. However, in the ONO film of 
the conventional art, unlike the OHA film of the present 
invention, the dielectric constant difference between the films 
are not that great. For this reason, the induced Voltage of the 
lower silicon oxide film of the conventional art is 1.91 volts, 
while, the induced voltage of the tunneling oxide film of the 
present invention is 3.81 volts which is about two times larger 
than that of the conventional art. Considering that the lower 
silicon oxide film of the conventional art has the same thick 
ness as the tunneling oxide film of the present invention, 
which is 1.8 nm, the difference in the induced strength of 
electric field between the two films is doubled as shown in the 
table above. 

I0085 Next, the operations of the nonvolatile semiconduc 
tor memory device having the above characteristics accord 
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ing to the first embodiment of the present invention will be 
described with reference to FIG. 2. 
0.086 Write 
0087. When a writing voltage Vg is applied to the gate 
electrode 48, a predetermined voltage Vd is applied to the 
drain region D. In this process, charges, i.e., electrons, are 
trapped in the first trapping material film 44, and the amount 
of shift of the flat band voltage is determined according to the 
amount of trapped electrons. 
0088 Read 
0089. When a reading voltage Vg is applied to the gate 
electrode 48, a predetermined voltage Vd' is also applied to 
the drain region D. In this process, it is assumed that data “1” 
is read when the current flow between a source S and a drain 
region D is greater than a reference current, e.g., 1 LA, and it 
is assumed that the data “0” is read when the current flow is 
less than the reference current. 
0090 Next, a method of manufacturing a nonvolatile 
semiconductor memory device according to the first embodi 
ment of the present invention will be described. 
0091 More specifically, the tunneling oxide film 42, the 

first trapping material film 44, the first insulating film 46, and 
the gate electrode 48 are sequentially deposited on the sub 
strate 40. The tunneling oxide film 42 may be formed of a 
silicon oxide film and may have a thickness of approximately 
2-4 nm. The first trapping material film 44 where the data are 
stored may be formed of a material film doped with a lan 
thanide at a doping concentration of approximately 1-20%, 
e.g., 10%, and having at least a higher dielectric constant than 
a nitride film, i.e., around 7.5. Such material films include, for 
example, an oxide film having a high dielectric constant 
selected from the group consisting of Hf, ZrO, Ta-Os, 
TiO, and Al-O. When the first trapping material film 44 is 
formed of Hf) film, the thickness may be approximately 
2-15 nm. The first trapping material film 44 may be formed 
using atomic layer deposition (ALD), Sputtering, or chemical 
vapor deposition (CVD). The lanthanide may be selected 
from the group consisting of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, 
Dy, Ho, Er, Tm, Yb, and Lu. 
0092. The first insulating film 46 may be formed of a 
material having a relatively large band gap, and having at least 
a higher dielectric constant than a nitride film, Such as alumi 
num oxide film. The aluminum oxide film may also beformed 
using ALD. 
0093. When a second oxide film 52 is formed between the 

first trapping material film 44 and the first insulating film 46 
as depicted in FIG.3, the second oxide film may beformed of 
an aluminum oxide film, and the first insulating film 46 may 
be formed of a film selected from the group consisting of 
HfO, ZrO, Ta-Os, and TiO. The thickness of the second 
oxide film 52 may be approximately 0.5-2 nm, and that of the 
first insulating film 46 may be approximately 3-20 nm. 
0094. Next, a photosensitive film pattern (not shown) 
defining the gate stack is formed on the gate electrode 48, as 
depicted in FIG. 2. The films from the gate electrode 48 to the 
tunneling oxide film 42 are etched sequentially using the 
photosensitive film pattern as a etch mask. Above etching is 
continued until the substrate 40 is exposed, and after com 
pleting the etching, the photosensitive film pattern is 
removed. Then, a gate stack is formed by sequentially depos 
iting the tunneling oxide film 44, the first trapping material 
film 44, the first insulating film 46, and the gate electrode 48 
on a predetermined region of a Substrate, as depicted in FIG. 
2. Afterward, a conductive impurity doped on the semicon 
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ductor Substrate 40, e.g., an N-type impurity, which is oppo 
site to a P-type conductive impurity, is doped by ion implan 
tation with a predetermined depth on the entire surface of the 
semiconductor Substrate where the gate Stack is formed. 
Then, a source region S and drain region D are formed by a 
predetermined heat treatment so that one end of the gate stack 
contacts the source region and another end of the gate stack 
contacts the drain region. 
0.095 The method of manufacturing a nonvolatile semi 
conductor memory device according to the second through 
fourth embodiments of the present invention, as depicted in 
FIGS. 3 through 5, respectively, includes the following addi 
tional steps. In addition to the steps for manufacturing the first 
embodiment, the second embodiment includes forming the 
first and second oxide films 50 and 52 are formed on and 
under the first trapping material film 44 according to the first 
embodiment of the present invention. In addition to the steps 
for manufacturing the second embodiment, the third embodi 
ment includes forming a second trapping material film 54 and 
a second insulating film 56 between the first insulating film 46 
and the gate electrode 48. In addition to the steps for manu 
facturing the third embodiment, the fourth embodiment 
includes forming oxide films on and under the first and second 
trapping material films 44 and 54. The method of forming the 
additional films has already been described in detail in the 
second through fourth embodiments of the present invention. 
0096. According to the foregoing descriptions, a nonvola 

tile semiconductor memory device according to an embodi 
ment of the present invention provides an OHA film having a 
distribution of dielectric constant unlike that of the ONO film 
between a gate electrode and a substrate. In the OHA film, the 
“O'” represents a tunneling oxide film, “H” represents a 
hafnium film used as a trapping material film, which corre 
sponds to the nitride film in the ONO film, and 'A' represents 
an aluminum oxide film used as a barrier film, which corre 
sponds to the upper silicon oxide film in the ONO film. The 
induced strength of electric field of the tunneling oxide film in 
the OHA film is much greater than the lower silicon oxide 
film in the ONO film. Therefore, the tunneling speed of the 
charge in the tunneling oxide film in the OHA film is much 
faster than in the lower silicon oxide film of the conventional 
art. Accordingly, the operation speed of a memory device 
having OHA film is much faster than that of the ONO film of 
the conventional art. 
0097. In the case of the present invention, since the tun 
neling speed of the charges is faster than the speed in the 
conventional art, the thickness of the tunneling oxide film can 
be formed thicker than that of the lower silicon oxide film in 
the ONO film of the conventional art under the condition that 
the tunneling speed of the charge is maintained as fast as in the 
OHA film. Accordingly, a nonvolatile semiconductor 
memory device according to the present invention has a much 
improved retention characteristics. 
(0098. In addition, in the OHA film of the present inven 
tion, since the trapping material film is doped with a lan 
thanide at a predetermined concentration, the trap site density 
of the trapping material film in the OHA film becomes much 
greater. Therefore, the operation Voltage of a nonvolatile 
semiconductor memory device according to the present 
invention becomes lower than that voltage of the conventional 
art 

(0099 While the present invention has been particularly 
shown and described with reference to embodiments thereof, 
it should not be construed as being limited to the embodi 
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ments set forth herein but as an exemplary. This invention 
may, however, be embodied in many different forms by those 
skilled in this art. For example, in the third and the fourth 
embodiments, the first trapping material film is a film doped 
with Dy, but the second trapping material film could be a 
nitride film. Also, an insulating material having a high dielec 
tric constant other than the one described above can be used as 
the trapping material film. Accordingly, since the present 
invention can be made in many different forms, the scope of 
the present invention shall be defined by the sprit of technical 
thought with reference to the appended claims not by the 
embodiments set forth herein. 

1-24. (canceled) 
25. A method of manufacturing a nonvolatile semiconduc 

tor memory device, comprising: 
forming a tunneling oxide film; 
forming a first trapping material film doped with a first 

predetermined impurity, the first trapping material film 
having a higher dielectric constant than that of a nitride 
film (SiN); 

forming a first insulating film having a higher dielectric 
constant than that of the nitride film; 

forming a gate electrode, wherein the tunneling oxide film, 
the first trapping material film, the first insulating film, 
and the gate electrode are sequentially deposited on a 
semiconductor Substrate; 

defining a gate region on the gate electrode: 
forming a gate stack by removing the gate electrode, the 

first insulating film, the first trapping material film, and 
the tunneling oxide film outside the gate region; and 

forming a source and drain region around the gate stack on 
the semiconductor Substrate. 

26. The method as claimed in claim 25, further comprising 
forming an oxide film on at least one of the tunneling oxide 
film and the first trapping material film. 

27. The method as claimed in claim 26, further comprising: 
forming a second trapping material film doped with a sec 
ond predetermined impurity; and 

forming a second insulating film on the second trapping 
material film, the second trapping material film and a 
second insulating film being between the first insulating 
film and the gate electrode. 

28. The method as claimed in claim 27, further comprising 
forming an oxide film on at least one of the tunneling oxide, 
the first trapping material film, the first insulating layer and 
the second trapping material film. 

29. The method as claimed in claim 25, wherein the first 
trapping material film is a film selected from the group con 
sisting of Hf) film, ZrO film, Ta-Os film, TiO film and 
Al-O film. 

30. The method as claimed in claim 25, wherein the first 
insulating film is a film selected from the group consisting of 
HfO film, ZrO film, Ta-Os film, and TiO, film. 
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31. The method as claimed in claim 26, wherein the oxide 
film is an aluminum oxide film. 

32. The method as claimed in claim 27, wherein the second 
trapping material film is a film selected from the group con 
sisting of Hf) film, ZrO film, Ta-Os film, TiO film, and 
Al-O film. 

33. The method as claimed in claim 27, wherein the second 
insulating film is a film selected from the group consisting of 
HfC) film, ZrO2 film, Ta-Os film, and TiO film. 

34. The method as claimed in claim 25, wherein the first 
predetermined impurity is a lanthanide at a doping concen 
tration of approximately 1-20%. 

35. The method as claimed in claim 27, wherein the second 
predetermined impurity is a lanthanide at a doping concen 
tration of approximately 1-20%. 

36. The method as claimed in claim 25, wherein the first 
predetermined impurity is a lanthanide. 

37. The method as claimed in claim 28, further comprising, 
forming at least one of a first oxide film between the tun 

neling film and the first trapping material film, and a 
second oxide film between the first trapping material 
film and the first insulating film. 

38. The method as claimed inclaim37, wherein at least one 
of the first oxide film and the second oxide film is an alumi 
num oxide (AlO) film. 

39. The method as claimed in claim 27, further comprising 
forming at least one of a first oxide film between the tunneling 
film and the first trapping material film, a second oxide film 
between the first trapping material film and the first insulating 
film, a third oxide film between the first insulating film and 
the second trapping material film, and a fourth oxide film 
between the second trapping material film and the second 
insulating film. 

40. The method as claimed inclaim39, wherein at least one 
of the first oxide film, the second oxide film, the third oxide 
film and the fourth oxide film is an aluminum oxide film. 

41. The method as claimed in claim 27, wherein the second 
trapping material film is formed of a material selected from at 
least one of Hf, ZrO2, Ta-Os, TiO, and Al-O. 

42. The method as claimed in claim 27, wherein the first 
predetermined impurity is a lanthanide. 

43. The method as claimed in claim 42, wherein a doping 
concentration of the lanthanide is approximately 1-20%. 

44. The method as claimed in claim 27, wherein the first 
trapping material film includes Hf). 

c c c c c 


