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as a silicon oxide film. A pair of diffusion layers may be 
formed in Surface regions of the semiconductor Substrate on 
the two sides of the floating gate extending on a tunnel oxide 
film in an embodiment. The configuration described herein 
may realize a reliable semiconductor device in a low-cost 
process, may have a control gate which may withstand a high 
Voltage applied when data is erased or written, and may 
prevent an operation error by minimizing variations in the 
threshold value, in Some embodiments. 
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SEMCONDUCTOR DEVICE HAVING 
CONTROLLABLE TRANSISTOR 

THRESHOLD VOLTAGE 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 12/575,915 filed Oct. 8, 2009, which is a 
continuation of U.S. patent application Ser. No. 1 1/370.709 
filed Mar. 8, 2006, now U.S. Pat. No. 7,602,007, which is a 
continuation of U.S. patent application Ser. No. 10/953,094, 
filed Sep. 30, 2004, now U.S. Pat. No. 7,038.269, which is a 
continuation of U.S. patent application Ser. No. 10/269,951, 
filed on Oct. 15, 2002, now U.S. Pat. No. 6,818,943, which is 
a divisional of U.S. patent application Ser. No. 09/064,785, 
filed Apr. 23, 1998, now U.S. Pat. No. 6,489,650. Benefit of 
priority to the following Japanese applications is also claimed 
through one or more of the above U.S. Patent Applications: 
9-124943, filed Apr. 28, 1997:9-202452, filed Jul. 11, 1997; 
and 10-45692, filed Feb. 26, 1998. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
device and a method of fabricating the same and, more par 
ticularly, to semiconductor device Suitably applicable to a 
nonvolatile semiconductor memory in which a floating gate 
and a control gate are formed via a dielectric film. 
0004 2. Description of the Related Art 
0005 Recently, a nonvolatile memory such as an 
EEPROM which holds stored data even when disconnected 
from a power Supply has attracted attention as a semiconduc 
tor memory. In this nonvolatile memory, a floating gate is 
formed on a semiconductor Substrate via a tunnel insulating 
film, and a control gate is so formed as to oppose this floating 
gate via a dielectric film. 
0006. One example of this nonvolatile semiconductor 
memory is disclosed in Japanese Patent Laid-Open No. 
6-85279. This element is obtained by turning the above non 
Volatile semiconductor memory upside down. More specifi 
cally, this nonvolatile semiconductor memory is fabricated by 
sequentially stacking a gate insulating film, a floating gate, 
and a tunnel insulating film in an insulating film formed on a 
semiconductor Substrate, and forming a semiconductor layer 
having a source and a drain on top of the resultant structure. 
Since contacts can be extracted from the upper Surface side, 
this element facilitates arranging word lines and is Suited to 
increase the degree of integration. 
0007. The structure, however, of this nonvolatile semicon 
ductor memory is complicated because the memory has a 
stacked gate structure, and this extremely increases the accu 
racy requirements when the element is to be formed. In addi 
tion, to lower the write Voltage, it is necessary to increase the 
area of the overlap of the control gate and the floating gate. 
This not only increases the number of fabrication steps and 
the fabrication cost and lowers the reliability but also inter 
feres with an increase in the degree of integration. 
0008 To solve the above problems, Japanese Patent Laid 
Open No. 59-155968 or Japanese Patent Publication No. 
7-11 2018 has disclosed an EEPROM which has a Small cell 
area and includes a single-layer polysilicon film. This 
EEPROM includes a first element active region formed by 
forming a source and a drain on a semiconductor Substrate 
and a second elementactive region formed adjacent to the first 
element active region via an element isolation structure by 
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forming an impurity diffusion layer. A single-layer polysili 
con film is patterned to form a floating gate which is formed 
by patterning on a channel between the Source and the drain 
via a tunnel insulating film in the first element active region. 
This floating gate is so formed by patterning to oppose the 
impurity diffusion layer via a gate insulating film in the sec 
ond active region. The impurity diffusion layer in the second 
element active region functions as a control gate. 
0009. In the above single-layergate EEPROM, however, it 

is necessary to apply a high Voltage of 20 (V) or more to the 
control gate, i.e., the impurity diffusion layer when data is 
erased or written, especially when data is erased. Conse 
quently, an enough breakdown Voltage becomes difficult to 
ensure between the control gate and the semiconductor Sub 
strate, leading to a serious problem of an operation error. 
0010 Furthermore, Japanese Patent Laid-Open No. 
7-147340 has disclosed an EEPROM which has a diffusion 
layer serving as the control gate separated from other semi 
conductor area to apply a high Voltage to the diffusion layer. 
0011. However, it is difficult to minimize variations in the 
threshold value of the EEPROM and stably perform write and 
read operations. 

SUMMARY OF THE INVENTION 

0012. It is an object of the present invention to provide a 
reliable semiconductor device which is a single-layer gate 
semiconductor device by which a low-cost process is pos 
sible, has a control gate which can well withstand a high 
Voltage applied when data is erased or written, and can pre 
vent an operation error, and a method of fabricating the same. 
0013. A semiconductor device of the present invention is a 
semiconductor device comprising a semiconductor Substrate 
in which a first and a second element active regions are 
demarcated by means of element isolation structure, said 
structure having a shield plate electrode formed on said semi 
conductor Substrate via a first insulating film, a first and a 
second conductive regions formed on a Surface region of the 
semiconductor Substrate in the first element active region, a 
first electrode formed on the semiconductor substrate 
between the first and the second conductive regions via a 
second insulating film, a third conductive region formed in 
the Surface region of the semiconductor Substrate in the sec 
ond element active region, and a second electrode formed on 
the third, conductive region via a dielectric film, wherein said 
first electrode and the second electrode are electrically con 
nected. 

0014) Another aspect of the semiconductor device of the 
present invention is a semiconductor device comprising a 
semiconductor Substrate in which a first and a second element 
active regions are demarcated by means of element isolation 
structure, a first and a second conductive regions formed on a 
Surface region of the semiconductor Substrate in the first 
element active region, a first electrode formed on the semi 
conductor substrate between the first and the second conduc 
tive regions via a second insulating film, a third conductive 
region formed in the Surface region of the semiconductor 
Substrate in the second element active region, and a second 
electrode formed on the third conductive region via a dielec 
tric film, wherein said first electrode and the second electrode 
are electrically connected and a third electrode is connected 
to the semiconductor Substrate to impress a predetermined 
electric potential to the semiconductor substrate in said first 
element active region. 
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0015. A method of fabricating a semiconductor device of 
the present invention comprises the first step of defining first, 
second, third, and fourth element active regions by forming 
an element isolation structure on a semiconductor Substrate 
having an insulating layer in a predetermined depth and cov 
ering a region from side Surfaces to a lower Surface of at least 
said first element active region with said insulating layer and 
said element isolation structure the second step of forming a 
first diffusion layer by doping an impurity into said first 
element active region, the third step of forming a diffusion 
layer region by, doping an impurity having a conductivity 
type opposite to a conductivity type of said semiconductor 
Substrate into a Surface region of said semiconductor Sub 
strate in said second element active region, the fourth step of 
forming first, second, third, and fourth insulating films on said 
semiconductor Substrate in said first, second, third, and fourth 
element active regions, respectively, the fifth step of forming 
a conductive film via first, second, third, and fourth insulating 
films on an entire Surface of said semiconductor Substrate in 
said first, second, third, and fourth element active regions, 
respectively, the sixth step of patterning said conductive film 
to leave a predetermined pattern in at least one of said first and 
third element active regions and form gate electrodes in said 
second and fourth element active regions, the seventh step of 
doping an impurity into said third and fourth element active 
regions to form a pair of second diffusion layers and a pair of 
third diffusion layers in Surface regions of said semiconductor 
substrate on two sides of said conductive film in said third and 
fourth element active regions, the eighth step of doping an 
impurity having a conductivity type opposite to a conductiv 
ity type of said diffusion layer region into said second element 
active region to form a pair of fourth diffusion layers in 
Surface regions of said semiconductor Substrate on two sides 
of said conductive film in said second element active region, 
the ninth step of forming a fifth diffusion layer by doping an 
impurity into said semiconductor Substrate near said third 
element active region, and the 10th step of forming an elec 
trode connected to said fifth diffusion layer to apply a prede 
termined Voltage to said third element active region via said 
fifth diffusion layer. 
0016. Another aspect of the method of fabricating a semi 
conductor device of the present invention comprises the first 
step of defining first and second element active regions by 
forming an element isolation structure on a semiconductor 
Substrate having an insulating layer in a predetermined depth 
and covering a region from side Surfaces to a lower Surface of 
at least said first element active region with said insulating 
layer and said element isolation structure, the second step of 
forming a first diffusion layer by doping an impurity into a 
Surface region of said semiconductor Substrate in said first 
element active region, the third step of forming a first insu 
lating film on said semiconductor Substrate in said first ele 
ment active region and a second insulating film on said semi 
conductor Substrate in said second element active region, the 
fourth step of forming a conductive film on an entire Surface 
including said first and second element active regions and 
patterning said conductive film to leave a predetermined pat 
tern in at least one of said first and second element active 
regions, the fifth step of doping an impurity into an entire 
Surface including said second elementactive region to form a 
pair of second diffusion layers in Surface regions of said 
semiconductor Substrate on two sides of said conductive film 
in said second element active region, the sixth step of form 
ing, a third diffusion layer by doping an impurity into said 
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semiconductor Substrate near said second element active 
region, and the seventh step of forming an electrode con 
nected to said third layer to apply a predetermined Voltage to 
said second element active region via said third diffusion 
layer. 
0017 Still another aspect of the method of fabricating a 
semiconductor device of the present invention comprises the 
first step of forming a first trench in a surface of a nearly flat 
semiconductor region, the second step of forming a first film 
having a film thickness lager than a depth of said first trench 
on an entire Surface of said semiconductor region to bury said 
first trench, the third step of forming a second trench in a 
portion of said first film above said first trench, said second 
trench being formed to make a bottom Surface of said second 
trench lower than said semiconductor Substrate except for 
said first trench and not to reach the Surface of said semicon 
ductor substrate in said first trench, the fourth step of forming 
a second film having a film thickness larger than a depth of 
said second trench on an entire surface of said first film to bury 
said second trench, and the fifth step of polishing at least said 
first and second films by using said semiconductor Substrate 
as a stopper, thereby planarizing the Surface. 
0018 Still another aspect of the method of fabricating a 
semiconductor device of the present invention comprises the 
first step of forming a first insulating film on a semiconductor 
Substrate, the second step of doping a first impurity to form a 
first diffusion layer in a predetermined range of a Surface 
region of said semiconductor Substrate, the third step of form 
ing a first conductive film on said first insulating film, the 
fourth step of selectively removing said first conductive film 
until said first insulating film is exposed, thereby forming a 
first island conductive film on said first diffusion layer and a 
shield plate electrode having a first hole and a second hole 
which surrounds said first island conductive film and is wider 
than said first diffusion layer, the fifth step of forming a 
second insulating film on an entire Surface to bury said first 
island conductive film and said shield plate electrode, the 
sixth step of defining an element active region by removing 
said second insulating film and said first insulating film 
present in said first hole until said semiconductor Substrate is 
exposed, the seventh step of sequentially stacking a third 
insulating film and a second conductive film on said semicon 
ductor Substrate in said element active region, the eighth step 
of selectively removing said second conductive film to form a 
second island conductive film via said third insulating film on 
said semiconductor Substrate in at least said element active 
region, the ninth step of doping a second impurity into an 
entire Surface including said element active region to form a 
pair of second diffusion layers in Surface regions of said 
semiconductor Substrate on two sides of said second island 
conductive film in said element active region, and the 10th 
step of forming an integrated floating gate electrode by elec 
trically connecting said first and second island conductive 
films. 

0019. Still another aspect of the method of fabricating a 
semiconductor device of the present invention comprises the 
first step of forming a first insulating film on a semiconductor 
Substrate, the second step of doping a first impurity to form a 
first diffusion layer in a predetermined range of a Surface 
region of said semiconductor Substrate, the third step of form 
ing a first conductive film on said first insulating film, the 
fourth step of selectively removing said first conductive film 
until said first insulating film is exposed, thereby forming a 
first island conductive film on said first diffusion layer and a 
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shield plate electrode having a first hole and a second hole 
which surrounds said first island conductive film and is wider 
than said first diffusion layer, the fifth step of forming a 
second insulating film on an entire Surface to bury said first 
island conductive film and said shield plate electrode, the 
sixth step of defining an element active region by removing 
said second insulating film and said first insulating film 
present in said first hole until said semiconductor Substrate is 
exposed, the seventh step of forming a third insulating film on 
said semiconductor, Substrate in said element active region, 
the eighth step of forming a hole which exposes said first 
island conductive film in said second insulating film, the ninth 
step of filling said hole by forming a second conductive film 
on an entire Surface including said element active region, the 
10th step of selectively removing said second conductive film 
So as to leave a pattern extending from said hole to said 
element active region, thereby forming a floating gate elec 
trode integrated with said first island conductive film, and the 
11th step of doping a second impurity into said elementactive 
region to form a pair of second diffusion layers in Surface 
regions of said semiconductor Substrate on two sides of said 
second conductive film in said element active region. 
0020 Still another aspect of the method of fabricating a 
semiconductor device of the present invention comprises the 
first step of forming a first insulating film in a predetermined 
region on a semiconductor Substrate and a second insulating 
film on said semiconductor substrate not covered with said 
first insulating film, the second step of doping a first impurity 
to form a first diffusion layer in a surface region of said 
semiconductor Substrate below said second insulating film, 
the third step of forming a first conductive film on said first 
and second insulating films, the fourth step of selectively 
removing said first conductive film until said first or second 
insulating film is exposed to form a first island conductive 
film on said first diffusion layer and a second island conduc 
tive film on said first insulating film, and simultaneously 
forming a shield plate electrode having holes Surrounding 
said first and second island conductive films, the fifth step of 
forming a floating gate electrode by electrically connecting 
said first and second island conductive films, and the sixth 
step of doping an impurity into said hole Surrounding said 
second island conductive film to form a pair of second diffu 
sion layers in Surface regions of said semiconductor Substrate 
on two sides of said second island conductive film. 

0021. In the present invention, a conductor layer which 
functions as the control gate of a nonvolatile semiconductor 
memory is formed in a surface region of a semiconductor 
Substrate, and a region from the side surfaces to the lower 
surface of this conductor layer is completely covered with an 
insulating film. Therefore, even when a high Voltage is 
applied to the control gate to erase data, a high breakdown 
voltage can be held in the outer portion of the conductor layer. 
Also, a pair of diffusion layers are formed in Surface regions 
of the semiconductor substrate on the two sides of a tunnel 
oxide film of the nonvolatile semiconductor memory, and an 
electrode is formed to apply a predetermined Substrate poten 
tial to an element active region including these diffusion 
layers. Accordingly, it is possible to minimize variations in 
the threshold value and stably perform write and read opera 
tions. 

0022. The present invention can realize a reliable semi 
conductor device which is a single-layer gate semiconductor 
device by which a low-cost process is possible, has a control 
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gate which can well withstand a high Voltage applied when 
data is erased or written, and can prevent an operation error. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a schematic plan view showing an 
EEPROM according to the first embodiment of the present 
invention; 
0024 FIGS. 2A to 2I are schematic sectional views show 
ing a method of fabricating the EEPROM according to the 
first embodiment of the present invention in order of steps: 
0025 FIG. 3 is a schematic sectional view showing an 
EEPROM according to a modification of the first embodi 
ment of the present invention; 
0026 FIG. 4 is a schematic plan view showing an 
EEPROM according to the second embodiment of the present 
invention; 
0027 FIGS.5A to 5I are schematic sectional views show 
ing a method of fabricating the EEPROM according to the 
second embodiment of the present invention in order of steps: 
0028 FIGS. 6A to 6D are schematic sectional views 
showing a method of fabricating an EEPROM according to a 
modification of the second embodiment of the present inven 
tion in order of steps; 
0029 FIG. 7 is a schematic plan view showing an 
EEPROM according to the third embodiment of the present 
invention; 
0030 FIGS. 8A to 8H are schematic sectional views 
showing a method of fabricating the EEPROM according to 
the third embodiment of the present invention in order of 
steps: 
0031 FIG. 9 is a schematic plan view showing an 
EEPROM according to the fourth embodiment of the present 
invention; 
0032 FIGS. 10A to 10N and 10P to 10O are schematic 
sectional views showing a method of fabricating the 
EEPROM according to the fourth embodiment of the present 
invention in order of steps: 
0033 FIG. 11 is a schematic plan view showing an 
EEPROM according to the fifth embodiment of the present 
invention; 
0034 FIGS. 12A to 12N and 12P to 12R are schematic 
sectional views showing a method of fabricating the 
EEPROM according to the fifth embodiment of the present 
invention in order of steps: 
0035 FIG. 13 is a schematic plan view showing an 
EEPROM according to the sixth embodiment of the present 
invention; 
0036 FIGS. 14A to 14N are schematic sectional views 
showing a method of fabricating the EEPROM according to 
the sixth embodiment of the present invention in order of 
steps: 
0037 FIG. 15 is a schematic sectional view showing the 
EEPROM according to the sixth embodiment of the present 
invention; 
0038 FIG. 16 is a schematic plan view showing an 
EEPROM according to the seventh embodiment of the 
present invention; 
0039 FIGS. 17A to 17K are schematic sectional views 
showing a method of fabricating the EEPROM according to 
the seventh embodiment of the present invention in order of 
steps: 
0040 FIG. 18 is a schematic plan view showing an 
EEPROM according to the eighth embodiment of the present 
invention; 



US 2012/0289038A1 

0041 FIGS. 19A to 19M are schematic sectional views 
showing a method of fabricating the EEPROM according to 
the eighth embodiment of the present invention in order of 
steps: 
0042 FIG. 20 is a schematic plan view showing an 
EEPROM according to the ninth embodiment of the present 
invention; and 
0043 FIGS. 21A to 21N and 21P are schematic sectional 
views showing a method of fabricating the EEPROM accord 
ing to the ninth embodiment of the present invention in order 
of steps. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0044 Several preferred embodiments of the present 
invention will be described in detail below with reference to 
the accompanying drawings. 

First Embodiment 

0045. The first embodiment will be described below. In 
this first embodiment, an EEPROM as a nonvolatile semicon 
ductor memory will be exemplified as a semiconductor 
device, and the structure and the fabrication method of this 
EEPROM will be explained. Also, a method of forming a 
CMOS inverter as a peripheral circuit simultaneously with 
the formation of the EEPROM will be explained. FIG. 1 is a 
schematic plan view showing the EEPROM and the CMOS 
inverter. FIGS. 2A to 2I are schematic sectional views, taken 
along an alternate long and short dashed line I-I in FIG. 1, 
showing the fabrication method of the EEPROM and the 
CMOS inverter in order of steps. 
0046 First, as shown in FIG. 2A, an SOI substrate 1 is 
prepared by forming a single-crystal silicon layer 13 about 50 
nm thick on a p-type silicon semiconductor Substrate 11 via a 
buried oxide film 12 about 50 nm thick. 
0047 Next, as shown in FIG. 2B, the SOI substrate 1 is 
selectively oxidized to form a field oxide film 2 about 100 nm 
thick as an element isolation structure by so-called LOCOS, 
thereby defining element regions 3, 4, 71, and 72 on the SOI 
Substrate 1. Consequently, the element regions 3 and 4 and the 
element regions 71 and 72 are formed adjacent to each other 
while being electrically isolated via the field oxide film 2. The 
element regions 3 and 4 are regions in which the EEPROM is 
to be formed. The element regions 71 and 72 are regions in 
which the CMOS inverter is to be formed. 
0048. As shown in FIG. 2C, the surface of the single 
crystal silicon layer 13 in the element regions 3, 4, 71, and 72 
is thermally oxidized to form cap insulating films 14, 15, 73. 
and 74 about 10 to 20 nm thick for ion implantation. 
0049 Subsequently, the entire surface is coated with a 
photoresist, and the photoresist is processed by photolithog 
raphy into a'shape by which only the element region 3 is 
exposed, thereby forming a resist mask 16. This resist mask 
16 is used as a mask to ion-implantan n-type impurity, arsenic 
(As) or phosphorus (P) in this embodiment, at a dose of 1 to 
2x10" (1/cm) and an acceleration energy of 30 (keV). Con 
sequently, the n-type impurity is ion-implanted through the 
cap insulating film 14 into an entire area in the direction of 
depth of the single-crystal silicon layer 13, from its surface 
layer to the buried oxide film 12, in the element region 3. 
0050. After the resist mask 16 is removed by ashing or the 
like and the resultant structure is cleaned, the SOI substrate 1 
is annealed to forman impurity diffusion layer 17 functioning 
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as the control gate of the EEPROM. A region from the side 
surfaces to the lower surface of this impurity diffusion layer 
17 is covered with the field oxide film 2 and the buried oxide 
film 12. 
0051. Next, as shown in FIG. 2D, a photoresist is pro 
cessed by photolithography into a shape by which only the 
element region 72 is exposed, thereby forming a resist mask 
75. This resist mask 75 is used as a mask to ion-implant an 
n-type impurity, phosphorus (P) in this embodiment, at a dose 
of 1x10" (1/cm) and an acceleration energy of 30 (keV). 
Consequently, this n-type impurity is ion-implanted into the 
single-crystal silicon layer 13 in the element region 72 
through the cap insulating film 74. 
0052. After the resist mask 75 is removed by ashing or the 
like and the resultant structure is cleaned, the SOI substrate 1 
is annealed to forman n-type well region 76 of the CMOS 
inverter. Thereafter, the cap insulating films 14, 15. 73, and 74 
are removed. 
0053 Next, as shown in FIG. 2E, the surface of the single 
crystal silicon layer 13 in the element regions 3, 4, 71, and 72 
is again thermally oxidized to forman oxide film 18 about 15 
to 20 nm thick on the surface of the impurity diffusion layer 
17 in the element region 3 and gate oxide films 77 and 78 
about 15 to 20 nm thick on the surface of the single-crystal 
silicon layer 13 in the element regions 71 and 72, respectively. 
Thereafter, a resist mask 87 is formed to cover the resultant 
structure except for the element region 4, and the oxide film 
formed in the element region 4 by the thermal oxidation 
described above is etched away. 
0054 As shown in FIG. 2F, after the resist mask 87 is 
removed, thermal oxidation is again performed to form a 
tunnel oxide film 19 about 8 to 12 nm thick on the surface of 
the single-crystal silicon layer 13 in the element region 4. 
0055 As shown in FIG.2G, an undoped polysilicon film is 
deposited by CVD on the entire surface including the element 
regions 3, 4, 71, and 72, and an n-type impurity, phosphorus 
(P) in this embodiment, is doped into this polysilicon film. 
Photolithography and dry etching are sequentially performed 
for the polysilicon film to forman island-pattern floating gate 
20 made of the polysilicon film and extending from the ele 
ment region 3 to the element region 4. At the same time, gate 
electrodes 79 and 80 of the CMOS inverter are formed from 
the polysilicon film. 
0056 More specifically, as shown in FIG. 1, in the element 
region 3, the floating gate 20 is formed to extend over the 
adjacent field oxide film 2 and cover the element region 3 via 
the oxide film 18. In the element region 4, the floating gate 20 
is formed into the form of a belt having a predetermined width 
via the tunnel oxide film 19. Also, the gate electrodes 79 and 
80 of the CMOS inverter are formed to extend over the ele 
ment regions 71 and 72, respectively, and the field oxide film 
2 
0057. As described above, the floating gate 20 and the gate 
electrodes 79 and 80 of the CMOS inverter can be simulta 
neously formed by the patterning after the polysilicon film is 
formed. As a consequence, the fabrication process can be 
simplified. Note that the gate electrodes 79 and 80 may be so 
patterned as to be connected on the field oxide film 2. 
0.058 Subsequently, a photoresist is processed by photo 
lithography into a shape by which only the element regions 4 
and 71 are exposed, thereby forming a resist mask 81. This 
resist mask81 is so formed as to cover a portion of the element 
region 4. An n-type impurity, arsenic (AS) in this embodi 
ment, is ion-implanted at a dose of 1 to 2x10" (1/cm) and an 



US 2012/0289038A1 

acceleration energy of 30 (keV). Consequently, the arsenic is 
ion-implanted through the tunnel oxide film 19 into the 
single-crystal silicon layer 13 on the two sides of the floating 
gate 20 in the element region 4. However, this arsenic is not 
ion-implanted into the portion of the element region 4 cov 
ered with the resist mask 81. 
0059 Simultaneously, the arsenic is ion-implanted 
through the gate oxide film 77 into the single-crystal silicon 
layer 13 on the two sides of the gate electrode 79 of the CMOS 
inverter. 
0060 Next, as shown in FIG. 2H, a photoresist is pro 
cessed by photolithography into a shape by which only the 
element region 72 is exposed, thereby forming a resist mask 
82. 
0061 This resist mask 82 is used as a mask to ion-implant 
a p-type impurity, boron (B) in this embodiment, at a dose of 
1 to 2x10" (1/cm) and an acceleration energy of 30 (keV). 
Consequently, the p-type impurity is ion-implanted through 
the gate oxide film 78 into the single-crystalline silicon layer 
13 on the two sides of the gate electrode 80 of the CMOS 
inverter in the element region 72. 
0062. After the resist mask 82 is removed, boron (B) is 
ion-implanted at a dose of 3 to 5x10" (1/cm) and an accel 
eration energy of 30 (keV) into the portion of the element 
region 4 into which no n-type impurity is ion-implanted. This 
ion implantation may be performed in the same step as the ion 
implantation to the element region 72 described above. 
0063. Thereafter, as shown in FIG. 2I, the SOI substrate 1 

is annealed to form a pair of impurity diffusion layers 21 and 
22 Serving as the Source and drain of the control gate of the 
EEPROM. Simultaneously, pairs of impurity diffusion layers 
83 and 84 and impurity diffusion layers 85 and 86 are formed 
in a p-type well region and the n-type well region 76 of the 
CMOS inverter. 
0064. A p-type impurity diffusion layer 195 is formed 
adjacent to the impurity diffusion layer 21 by using the boron 
(B) ion-implanted into the portion of the element region 4. 
0065. Thereafter, an insulating interlayer 196 is formed, 
and a contact hole 197 for exposing the p-type impurity 
diffusion layer 195 is formed. An aluminum electrode 198 
burying the contact hole 197 and connected to the p-type 
impurity diffusion layer 195 is formed by sputtering. 
0066 Finally, interconnecting layers for connection and 
the like are formed to complete the EEPROM of the first 
embodiment. Preferably, when the interconnecting layers are 
formed, one of the impurity diffusion layers 83 and 84 as a 
drain is electrically connected to one of the impurity diffusion 
layers 85 and 86 as a source. 
0067. In the EEPROM of the first embodiment, in the 
element region 4, the floating gate 20 is formed on the chan 
nel, which is formed in the single-crystal silicon layer 13 
between the impurity diffusion layers 21 and 22 serving as a 
source and a drain, via the tunnel oxide film 19. In the element 
region 3, the floating gate 20 opposes the impurity diffusion 
layer 17 as a control gate via the oxide film 18 and is capaci 
tively coupled with this impurity diffusion layer 17 by using 
the oxide film 18 as a dielectric film. 
0068 To erase data, for example, the source and drain 
(impurity diffusion layers) 21 and 22 are set at 0 (V), and a 
predetermined voltage of about 20 (V) is applied to the con 
trol gate (impurity diffusion layer) 17. Since this voltage of 
the control gate 17 is also applied to the floating gate 20 at the 
capacitive coupling ratio of the oxide film 18 to the tunnel 
oxide film 19, electrons are injected from the single-crystal 
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silicon layer 13 through the tunnel oxide film 19. Conse 
quently, the threshold value of the transistor including the 
tunnel oxide film 19 rises to set the EEPROM in an erase state. 
The control gate 17 is well insulated from the silicon semi 
conductor substrate 11 because its lower surface is covered 
with the buried oxide film 12 and its side surfaces are covered 
with the field oxide film. Therefore, even when a voltage of up 
to, e.g., 30 (V) is applied to the control gate 17, no breakdown 
to the silicon semiconductor Substrate 11 takes place. 
0069. Additionally, in the first embodiment, the p-type 
impurity diffusion layer 195 is formed adjacent to the impu 
rity diffusion layer 21 as one of the source and the drain of the 
EEPROM. Since a predetermined substrate potential can be 
applied to this p-type impurity diffusion layer 195 via the 
aluminum electrode 198, it is possible to minimize variations 
in the threshold value of the EEPROM and stably perform 
write and read operations. 
0070 Accordingly, the first embodiment realizes a reli 
able EEPROM which is a single-layer gate semiconductor 
device by which a low-cost process is possible, has the control 
gate 17 which can well withstanda high voltage applied when 
data is erased or written, and can prevent an operation error 
and can also shorten the erase time. 
(0071. Furthermore, the SOI substrate 1 prepared by form 
ing the single-crystal silicon layer 13 on the silicon semicon 
ductor substrate 11 via the buried oxide film 12 is used as a 
semiconductor Substrate. Therefore, the operating speed and 
the leak current characteristics can be improved. 
0072 Also, in the first embodiment, a CMOS inverter can 
be simultaneously formed as a peripheral circuit of the 
EEPROM. In the formation of this CMOS inverter, the gate 
electrodes 79 and 80 are formed by patterning the same poly 
silicon film as the floating gate 20. Consequently, these two 
parts can be simultaneously formed without complicating the 
process. 
0073. Note that in the first embodiment, the floating gate 
20 is formed into an island pattern made of a single polysili 
con film. However, the floating gate may beformed by simul 
taneously forming two polysilicon film patterns in the ele 
ment regions 3 and 4 and electrically connecting these 
patterns through a contact hole or the like in a later step. If this 
is the case, the aluminum electrode 198 can be formed simul 
taneously with the electrical connection. 
0074. Note also, that in the first embodiment, the field 
oxide film 2 formed by LOCOS is exemplified as an element 
isolation structure formed on the SOI substrate 1. However, 
element isolation may be performed by some other element 
isolation structure Such as a shallow-trench element isolation 
structure (STI) or a field-shield element isolation structure. 
As an example, FIG.3 shows element isolation performed by 
using the shallow-trench element isolation structure. 
0075. In the shallow-trench element isolation structure as 
shown in FIG. 3, a trench 88 is formed to reach the buried 
oxide film 12 of the SOI substrate 1 and buried with a silicon 
oxide film 89.Therefore, the element isolation width is deter 
mined by the width of the trench 88. 
0076 Since it is possible by this structure to avoid prob 
lems such as a bird's beak caused by LOCOS, semiconductor 
elements can be made finer. 

Second Embodiment 

0077. The second embodiment of the present invention 
will be described below. In this second embodiment, the 
Structure and the fabrication method of an EEPROM will be 



US 2012/0289038A1 

explained as in the first embodiment. However, the second 
embodiment differs from the first embodiment in that no SOI 
Substrate is used and trench isolation is used as element iso 
lation. FIG. 4 is a schematic plan view showing this 
EEPROM. FIGS. 5A to SI are schematic sectional views, 
taken along an alternate long and short dashed line I-I in FIG. 
4, showing the method of fabricating the EEPROM in order of 
steps. Note that the same reference numerals as in the 
EEPROM of the first embodiment denote the same parts in 
the second embodiment, and a detailed description thereof 
will be omitted. 
0078 First, as shown in FIG. 5A, the surface of a p-type 
silicon semiconductor substrate 31 is coated with a photore 
sist about 1.5um thick via a silicon oxide film 32 about 50 nm 
thick. This photoresist is processed by photolithography to 
form a resist mask 33 having a predetermined shape. 
0079 Subsequently, the resist mask33 is used as a mask to 
dry-etch the silicon semiconductor substrate 31, forming 
trenches 34a, 34b, and 34c about 0.4 um deep from the 
surface of the silicon semiconductor substrate 31 on the two 
sides of the resist mask 33. 

0080 Next, as shown in FIG. 5B, after the resist mask 33 
is removed by ashing or the like, a siliconoxide film 36 having 
a film thickness, about 0.6 to 1.0 um in this embodiment, 
larger than the depth of the trenches 34a, 34b, and 34c., is 
deposited on the silicon semiconductor substrate 31 by CVD. 
Consequently, the trenches 34a, 34b, and 34c are buried with 
this silicon oxide film 36. 

0081. As shown in FIG.5C, the surface of the siliconoxide 
film 36 is coated with a photoresist, and this photoresist is 
processed by photolithography to form a resist mask 37 hav 
ing a shape by which a predetermined portion of the silicon 
oxide film 36 corresponding to an upper portion of only the 
trench 34a is exposed. 
0082) Subsequently, the resist mask37 is used as a mask to 
dry-etch the silicon oxide film 36 and form a trench 38 in the 
silicon oxide film 36. More specifically, this trench 38 is 
formed in the silicon oxide film 36 to have a predetermined 
depth, about 0.2 um from the surface of the silicon semicon 
ductor substrate 31 in this embodiment, by which the trench 
38 does not reach the surface (of the trench 34a) of the silicon 
semiconductor substrate 31, and a predetermined width nar 
rower than the trench 34a. 

0083. Next, as shown in FIG. 5D, after the resist mask 37 
is removed by ashing or the like, an undoped polysilicon film 
39 having a film thickness, about 0.5 to 1.0 um in this embodi 
ment, larger than the depth of the trench38, is deposited on 
the siliconoxide film 36 by CVD. Consequently, the trench 38 
is buried with this polysilicon film 39. Thereafter, an n-type 
impurity, phosphorus (P) in this embodiment, is doped into 
the polysilicon film 39. 
0084 As shown in FIG. 5E, the silicon semiconductor 
substrate 31 is used as a stopper to polish the polysilicon film 
39 and the siliconoxide film 36 by, e.g., chemical-mechanical 
polishing (CMP), thereby planarizing the surface. As indi 
cated by an alternate long and short dashed line II-II in FIG. 
5D, the chemical-mechanical polishing is so performed that 
the Surface (topmost Surface) of the silicon semiconductor 
substrate 31 is polished by a slight amount, 0 to 0.05 um in 
this embodiment. Since the surface is planarized, the trenches 
34a, 34b, and 34c are filled with the silicon oxide film 36 to 
accomplish trench isolation. Consequently, element regions 
40a and 40b are formed, and the trench 38 is filled with the 
polysilicon film 39. The silicon oxide film 36 in the trenches 
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34a, 34b, and 34c functions as an element isolation insulating 
film, and the polysilicon film 39 in the trench 38 functions as 
a control gate. Since the element isolation insulating film and 
the control gate are simultaneously formed by performing 
polishing once as described above, the process is shortened. 
I0085. Subsequently, the surface of the silicon semicon 
ductor substrate 31 and the surface of the polysilicon film 39 
in the exposed element regions 4.0a and 40b are thermally 
oxidized to form a cap insulating film (not shown) about 10 to 
20 nm thick for ion implantation. 
I0086 To adjust the threshold value of a transistor serving 
as a memory cell, boron (B) is ion-implanted at a dose of 
1x10" (1/cm) into the entire surface (not shown). 
I0087 Next, as shown in FIG.5F, after the cap insulating 
film is removed, the surface of the polysilicon film 39 in the 
trench 38 and the surface of the silicon semiconductor Sub 
strate 31 in the element regions 4.0a and 40b are thermally 
oxidized to forman oxide film 18 about 15 to 20 nm thick on 
the surface of the polysilicon film 39 and the surface of the 
element region 40b and form a tunnel oxide film 19 about 8 to 
12 nm thick on the surface of the silicon semiconductor 
substrate 31 in the element region 40a. 
I0088 Subsequently, an undoped polysilicon film 45 is 
deposed by CVD on the entire surface including the oxide 
film 18 and the tunnel oxide film 19. An n-type impurity, 
phosphorus (P) in this embodiment, is doped into this poly 
silicon film 45. 

I0089 Next, as shown in FIG. 5G, photolithography and 
dry etching are sequentially performed for the polysilicon 
film 45 to form an island-pattern floating gate 20 made of the 
polysilicon film and extending from the oxide film 18 to the 
tunnel oxide film 19. More specifically, as shown in FIG.4, on 
the silicon oxide film 36 in the trench34a, the floating gate 20 
is formed to extend over the adjacent field oxide film 2 and 
oppose the polysilicon film 39 in the trench 38 via the oxide 
film 18. In the element region 40a, the floating gate 20 is 
formed into the form of a belt having a predetermined width 
via the tunnel oxide film 19. 

0090 Subsequently, after a resist mask 26 is formed by 
photolithography to cover the element region 40b, an n-type 
impurity, arsenic (AS) in this embodiment, is ion-implanted 
into the entire surface at a dose of 1 to 2x10" (1/cm) and an 
acceleration energy of 30 (key). Consequently, the arsenic is 
ion-implanted through the tunnel oxide film 19 into the sili 
con semiconductor substrate 31 on the two sides of the float 
ing gate 20 in the element region 40a. 
0091 Next, as shown in FIG. 5H, the resist mask 26 is 
removed, and a resist mask 27 covering the Surface except for 
the element region 40b is formed. A p-type impurity, boron 
(B) in this embodiment, is ion-implanted into the entire sur 
face at a dose of 3 to 5x10" (1/cm) and an acceleration 
energy of 30 (key). 
0092. The silicon semiconductor substrate 31 is then 
annealed to form a pair of impurity diffusion layers 21 and 22 
serving as a source and a drain in the element region 4.0a and 
form a p-type impurity diffusion layer 28 in the element 
region 40b. 
0093. Thereafter, as shown in FIG.5I, an insulating inter 
layer 29 and a contact hole 24 are formed, and an aluminum 
electrode 23 for burying the contact hole 24 is formed by 
sputtering. This aluminum electrode 23 is connected to the 
p-type impurity diffusion layer 28 and used to apply a prede 
termined substrate potential to the silicon semiconductor Sub 
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strate 31. Finally, interconnecting layers for connection and 
the like are formed to complete the EEPROM of the second 
embodiment. 
0094. In the element region 4.0a of the EEPROM of the 
second embodiment, the floating gate 20 is formed on the 
channel, which is formed in the silicon semiconductor Sub 
strate 31 between the impurity diffusion layers 21 and 22 
serving as a Source and a drain, via the tunnel oxide film 19. 
On the silicon oxide film 36a with which the trench 34 is 
filled, the floating gate 20 opposes the polysilicon film 39 as 
a control gate via the oxide film 18 and is capacitively coupled 
with this polysilicon film 39 by using the oxide film 18 as a 
dielectric film. 
0095 To erase data, for example, the source and drain 
(impurity diffusion layers) 21 and 22 are set at 0 (V), and a 
predetermined voltage of about 20 (V) is applied to the con 
trol gate (polysilicon film)39. Since this voltage of the control 
gate 39 is also applied to the floating gate 20 at the capacitive 
coupling ratio of the oxide film 18 to the tunnel oxide film 19, 
electrons are injected from the silicon semiconductor Sub 
strate 31 through the tunnel oxide film 19. Consequently, the 
threshold value of the transistor including the tunnel oxide 
film 19 rises to set the EEPROM in an erase State. The control 
gate 39 is well insulated from the silicon semiconductor sub 
strate 31 by the silicon oxide film 36 in the trench 34. There 
fore, even when a Voltage of up to, e.g., 30(V) is applied to the 
control gate 39, no breakdown to the silicon semiconductor 
substrate 31 takes place. 
0096. Additionally, in the second embodiment, the p-type 
impurity diffusion layer 28 is formed in the element region 
40b formed adjacent to the element region 40a, in which the 
source and the drain of the EEPROM are formed, via the field 
oxide film 2. Since a predetermined substrate potential can be 
applied to this p-type impurity diffusion layer 28 via the 
aluminum electrode 23, it is possible to minimize variations 
in the threshold value of the EEPROM and stably perform 
write and read operations. 
0097. Accordingly, the second embodiment realizes a reli 
able EEPROM which is a single-layer gate semiconductor 
device by which a low-cost process is possible, has the control 
gate 39 which can well withstanda high voltage applied when 
data is erased or written, and can prevent an operation error 
and can also shorten the erase time. 

0098. Note that in the second embodiment, the floating 
gate 20 is formed into an island pattern made of a single 
polysilicon film. However, this floating gate may be formed 
by simultaneously forming two polysilicon film patterns on 
the polysilicon film 39 via the oxide film 18 and in the element 
region 40 and electrically connecting these patterns through a 
contact hole or the like in a later step. 

Modification 

0099. A modification of the second embodiment will be 
described below. This modification is substantially the same 
as the second embodiment except for a slight difference in the 
fabrication process. FIGS. 6A to 6D are schematic sectional 
views showing the fabrication method of this EEPROM in 
order of steps. Note that the same reference numerals as in the 
EEPROM of the second embodiment denote the same parts in 
this modification, and a detailed description thereof will be 
omitted. 

0100 First, the steps until FIG. 5B are performed in the 
same manner as in the second embodiment to deposit the 
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silicon oxide film 36 on the silicon semiconductor substrate 
31 by CVD and bury the trenches 34a, 34b, and 34c with this 
silicon oxide film 36. 

0101 Next, as shown in FIG. 6A, the silicon substrate 31 
is used as a stopper to polish the silicon oxide film 36 by, e.g., 
chemical-mechanical polishing (CMP), thereby planarizing 
the surface. Consequently, the trenches 34a, 34b, and 34c are 
filled with the silicon oxide film 36 to accomplish trench 
isolation, forming element isolation regions 63a and 63b. 
0102. As shown in FIG. 6B, the entire surface is thermally 
oxidized to form a silicon oxide film 46 about 50 nm thick. 
The entire surface of the silicon semiconductor substrate 31 
including the silicon oxide film 36 is coated with a photore 
sist, and this photoresist is processed by photolithography to 
form a resist mask 61 having a shape by which a predeter 
mined portion of the silicon oxide film 36 corresponding to an 
upper portion of only the trench 34a is exposed. 
0103 Subsequently, the resist mask 61 is used as a mask to 
dry-etch the silicon oxide film 36 to form a trench 38 in the 
silicon oxide film 36. More specifically, this trench 38 is 
formed in the silicon oxide film 36 to have a predetermined 
depth, about 0.2 Lum in this modification, by which the trench 
38 does not reach the surface (of the trench34a) of the silicon 
semiconductor substrate 31, and a predetermined width nar 
rower than the trench 34a. 

0104. Next, as shown in FIG. 6C, after the resist mask 61 
is removed by ashing or the like, an undoped polysilicon film 
62 having a film thickness, about 0.4 to 1.0 Lim in this modi 
fication, larger than the depth of the trench38, is deposited on 
the silicon oxide films 36 and 46 by CVD. Consequently, the 
trench 38 is buried with this polysilicon film 62. Thereafter, 
an n-type impurity, phosphorus (P) in this modification, is 
doped into the polysilicon film 62. 
0105. As shown in FIG. 6D, the silicon semiconductor 
substrate 31 in the element region 63a is used as a stopper to 
polish the polysilicon film 62 by, e.g., chemical-mechanical 
polishing (CMP), thereby planarizing the surface. Since the 
surface is planarized, the trench 38 is filled with the silicon 
oxide film 62, and this silicon oxide film 62 in the trench 38 
functions as a control gate. 
0106 Subsequently, the exposed surfaces of the silicon 
semiconductor substrate 31 and the polysilicon film 62 are 
thermally oxidized to form a cap insulating film (not shown) 
about 10 to 20 nm thick for ion implantation. 
0107 To adjust the threshold value of a transistor serving 
as a memory cell, boron (B) is ion-implanted at a dose of 
1x10" (1/cm) into the entire surface (not shown). 
0108. Thereafter, as in the second embodiment, the steps 
shown in FIGS. 5F to 5I are sequentially performed. That is, 
a floating gate 20 having a predetermined shape is formed by 
patterning to extend from the polysilicon film 62 in the trench 
34 via the oxide film 18 to the element region 63b via the 
tunnel oxide film 19, and an insulating interlayer and a con 
tact hole are also formed. Finally, interconnecting layers for 
connection and the like are formed to complete the EEPROM 
of the modification of the second embodiment. 

0109. In the EEPROM of the modification of the second 
embodiment, in the element region 63b, the floating gate 20 is 
formed on the channel, which is formed in the silicon semi 
conductor substrate 31 between the impurity diffusion layers 
21 and 22 serving as a source and a drain, via the tunnel oxide 
film 19. On the silicon oxide film 36 with which the trench 34 
is filled, the floating gate 20 opposes the polysilicon film 62 as 
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a control gate via the oxide film 18 and is capacitively coupled 
with this polysilicon film 62 by using the oxide film 18 as a 
dielectric film. 
0110. To erase data, for example, the source and drain 
(impurity diffusion layers) 21 and 22 are set at 0 (V), and a 
predetermined voltage of about 20 (V) is applied to the con 
trol gate (polysilicon film) 62. Since this voltage of the control 
gate 62 is also applied to the floating gate 20 at the capacitive 
coupling ratio of the oxide film 18 to the tunnel oxide film 19, 
electrons are injected from the silicon semiconductor Sub 
strate 31 through the tunnel oxide film 19. Consequently, the 
threshold value of the transistor including the tunnel oxide 
film 19 rises to set the EEPROM in an erase State. The control 
gate 62 is well insulated from the silicon semiconductor sub 
strate 31 by the silicon oxide film 36 in the trench 34. There 
fore, even when a Voltage of up to, e.g., 30(V) is applied to the 
control gate 62, no breakdown to the silicon semiconductor 
substrate 31 takes place. 
0111. Accordingly, the modification of the second 
embodiment realizes a reliable EEPROM which is a single 
layer gate semiconductor device by which a low-cost process 
is possible, has the control gate 62 which can well withstand 
a high Voltage applied when data is erased or written, and can 
prevent an operation error and can also shorten the erase time. 
0112 Note that in this modification, as in the second 
embodiment, the floating gate 20 is formed into an island 
pattern made of a single polysilicon film. However, this float 
ing gate may beformed by simultaneously forming two poly 
silicon film patterns on the polysilicon film 62 via the oxide 
film 18 and in the element region 63b and electrically con 
necting these patterns through a contact hole or the like in a 
later step. 

Third Embodiment 

0113. The third embodiment of the present invention will 
be described below. In this third embodiment, the structure 
and the fabrication method of an EEPROM will be explained 
as in the first embodiment. However, the third embodiment 
differs from the first embodiment in that a SIMOX method is 
used. FIG. 7 is a schematic plan view showing this EEPROM. 
FIGS. 8A to 8H are schematic sectional views, taken along an 
alternate long and short dashed line I-I in FIG. 7, showing the 
fabrication method of the EEPROM in order of steps. Note 
that the same reference numerals as in the EEPROM of the 
first embodiment denote the same parts in the third embodi 
ment, and a detailed description thereof will be omitted. 
0114 First, as shown in FIG. 8A, a silicon oxide film 43 
about 1.5 to 2.0 um thick is deposited by CVD on a p-type 
single-crystal silicon semiconductor Substrate 41 via a silicon 
oxide film 42 about 100 nm thick. Photolithography and dry 
etching are sequentially performed for this silicon oxide film 
43 to expose a predetermined portion of the silicon oxide film 
42. 
0115) Next, as shown in FIG.8B, oxygen is ion-implanted 
into the entire surface at a dose of 0.1 to 2.4x10s (1/cm) and 
an acceleration energy of 180 (keV). Consequently, the oxy 
gen ions are implanted to a predetermined depth of the silicon 
semiconductor substrate 41 through the silicon oxide film 42. 
Subsequently, the silicon semiconductor Substrate 41 is 
annealed at a temperature of 1,100° C. to 1,250° C. for 2 to 6 
hrs to form a buried oxide film 44 corresponding to the pattern 
of the silicon oxide film 43. 
0116. As shown in FIG. 8C, after the silicon oxide films 42 
and 43 are removed by wet etching using an HP solution, the 
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silicon oxide film 41 is selectively oxidized by so-called 
LOCOS to form a field oxide film 2 about 100 nm thick as an 
element isolation structure, thereby defining element regions 
4, 51, and 53 on the silicon semiconductor substrate 41. The 
element region 51 is an island region formed as follows. That 
is, since the field oxide film 2 is formed, end portions of the 
buried oxide film 44 are connected to the field oxide film 2. 
These field oxide film 2 and buried oxide film 44 electrically 
isolate a portion of the silicon semiconductor Substrate 41 
from the rest of the silicon semiconductor substrate 41, 
thereby forming the element region 51. 
0117 Subsequently, the surface of the silicon semicon 
ductor substrate 41 in the element regions 4, 51, and 53 are 
thermally oxidized to form cap insulating films 14, 15, and 
255 about 10 to 20 nm thick for ion implantation (to be 
described later). 
0118. Next, as shown in FIG. 8D, the entire surface is 
coated with a photoresist 47, and the photoresist 47 is pro 
cessed by photolithography into a shape by which only the 
element regions 4 and 53 are covered. This photoresist 47 is 
used as a mask to ion-implantan n-type impurity, arsenic (AS) 
orphosphorus (F) in this embodiment, at a dose of 1 to 2x10' 
(1/cm) and an acceleration energy of 30 (keV). Conse 
quently, the n-type impurity is ion-implanted into the silicon 
semiconductor substrate 41 in the element region 51 through, 
the cap insulating film 14. After the photoresist 47 is removed 
by ashing or the like and the resultant structure is cleaned, the 
silicon semiconductor Substrate 41 is annealed to form an 
impurity diffusion layer 17 functioning as a control gate 
0119. As shown in FIG. 8E, the surface of the silicon 
semiconductor substrate 41 in the element regions 4 and 51 is 
again thermally oxidized to form oxide films 18 and 256 
about 15 to 20 nm thick on the surface of the silicon semi 
conductor substrate 41 in the element regions 51 and 53 and 
form a tunnel oxide film 19 about 8 to 12 nm thick on the 
surface of the silicon semiconductor substrate 41 in the ele 
ment region 4. 
0.120. As shown in FIG.8F, an undoped polysilicon film is 
deposited by CVD on the entire surface including the element 
regions 4 and 51, and an n-type impurity, phosphorus (P) in 
this embodiment, is doped into this polysilicon film. 
I0121 Subsequently, photolithography and dry etching are 
sequentially performed for the polysilicon film to form an 
island-pattern floating gate 20 made of the polysilicon film 
and extending from the element region 4 to the element region 
51. More specifically, as shown in FIG. 7, in the element 
region 51, the floating gate 20 is formed to extend over the 
adjacent field oxide film 2 and cover the element region 51 via 
the oxide film 18. In the element region 4, the floating gate 20 
is formed into the form of a belt having a predetermined width 
via the tunnel oxide film 19. 
I0122. After a resist mask 59 is formed by photolithogra 
phy to cover the element region 53, an n-type impurity, 
arsenic (AS) in this embodiment, is ion-implanted at a dose of 
1 to 2x10" (1/cm) and an acceleration energy of 30 (keV). 
Consequently, the arsenic is ion-implanted through the tunnel 
oxide film 19 into the silicon semiconductor substrate 41 on 
the two sides of the floating gate 20 in the element region 4. 
(0123. Next, as shown in FIG. 8G, the resist mask 59 is 
removed, and a resist mask 54 covering the entire Surface 
except the element region 53 is formed. A p-type impurity, 
boron (B) in this embodiment, is ion-implanted into the entire 
surface at a dose of 3 to 5x10" (1/cm) and an acceleration 
energy of 30 (keV). The silicon semiconductor substrate 41 is 
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then annealed to form a pair of impurity diffusion layers 21 
and 22 Serving as a source and a drain in the element region 4 
and a p-type impurity diffusion layer 55 in the element region 
53. 

0.124. Thereafter, as shown in FIG. 8H, an insulating inter 
layer 56 is formed, and a contact hole 57 for exposing the 
p-type impurity diffusion layer 55 is formed. An aluminum 
electrode 58 burying the contact hole 197 and connected to 
the p-type impurity diffusion layer 55 is formed by sputtering. 
0.125 Finally, interconnecting layers for connection and 
the like are formed to complete the EEPROM of the third 
embodiment. 

0126. In the element region 4 of the EEPROM of the third 
embodiment, the floating gate 20 is formed on the channel, 
which is formed in the silicon semiconductor substrate 41 
between the impurity diffusion layers 21 and 22 serving as a 
source and a drain, via the tunnel oxide film 19. In the element 
region 51, the floating gate 20 opposes the impurity diffusion 
layer 17 as a control gate via the oxide film 18 and is capaci 
tively coupled with this impurity diffusion layer 17 by using 
the oxide film 18 as a dielectric film. 

0127. To erase data, for example, the source and drain 
(impurity diffusion layers) 21 and 22 are set at 0 (V), and a 
predetermined voltage of about 20 (V) is applied to the con 
trol gate (impurity diffusion layer) 17. Since this voltage of 
the control gate 17 is also applied to the floating gate 20 at the 
capacitive coupling ratio of the oxide film 18 to the tunnel 
oxide film 19, electrons are injected from the silicon semi 
conductor substrate 41 through the tunnel oxide film 19. 
Consequently, the threshold value of the transistor including 
the tunnel oxide film 19 rises to set the EEPROM in an erase 
state. The control gate 17 is well insulated from the silicon 
semiconductor substrate 41 by the buried oxide film 44 and 
the field oxide film 2 formed on the two sides of the buried 
oxide film 44. Therefore, even when a voltage of up to, e.g., 30 
(V) is applied to the control gate 17, no breakdown to the 
silicon semiconductor Substrate 41 takes place. 
0128. Additionally, in the third embodiment, the p-type 
impurity diffusion layer 55 is formed in the element region 53 
formed adjacent to the element isolation region 4, in which 
the source and the drain of the EEPROM are formed, via the 
field oxide film 2. Since a predetermined substrate potential 
can be applied to this p-type impurity diffusion layer 55 via 
the aluminum electrode 57, it is possible to minimize varia 
tions in the threshold value of the EEPROM and stably per 
form write and read operations. 
0129. Accordingly, the third embodiment realizes a reli 
able EEPROM which is a single-layer gate semiconductor 
device by which a low-cost process is possible, has the control 
gate 17 which can well withstanda high voltage applied when 
data is erased or written, and can prevent an operation error 
and can also shorten the erase time. 

0130 Note that in the third embodiment, the floating gate 
20 is formed into an island pattern made of a single polysili 
con film. However, the floating gate may beformed by simul 
taneously forming two polysilicon film patterns in the ele 
ment regions 4 and 51 and electrically connecting these 
patterns through a contact hole or the like in a later step. 
0131 Note also that the buried oxide film 44 may be 
previously formed in the element region 4. If this is the case, 
this buried oxide film 44 can be connected to the field oxide 
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film 2 formed in a later step to form the element region 4 as an 
island region electrically isolated from the silicon semicon 
ductor substrate 41. 

Fourth Embodiment 

0.132. The fourth embodiment of the present invention will 
be described below. In this fourth embodiment, an EEPROM 
as a nonvolatile semiconductor memory will be exemplified 
as a semiconductor device. The fourth embodiment differs 
from the first to third embodiments in that a field-shield 
element isolation structure is used as an element isolation 
structure and a shield plate electrode is formed together with 
a floating gate electrode. FIG. 9 is a schematic plan view 
showing this EEPROM. FIGS. 10A to 10N and 10P to 10O 
are schematic sectional views, taken along an alternate long 
and short dashed line I-I in FIG. 9, showing a method of 
fabricating the EEPROM in order of steps. 
0.133 First, as shown in FIG. 10A, the surface of a p-type 
silicon semiconductor substrate 101 is thermally oxidized to 
formathermal oxide film 102. As shown in FIG.10B, a resist 
107 having a hole 106 is formed on this thermal oxide film 
102 by normal photolithography. 
I0134) Next, as shown in FIG. 10C, arsenic (As) as an 
n-type impurity is ion-implanted at a dose of about 2.0x10"/ 
cm and an acceleration energy of about 100 keV to form an 
n-type impurity diffusion layer 108 in the hole 106. 
0135. As shown in FIG. 10D, after the resist 107 is 
removed, phosphorus (P) is doped by low-pressure CVD to 
form a phosphorus (P)-doped polysilicon film 109 about 0.1 
to 0.3 um thick. Subsequently, a silicon oxide film, 110 about 
0.1 to 0.3 um thick is formed on the phosphorus (P)-doped 
polysilicon film 109 by low-pressure CVD. 
0.136 Next, as shown in FIG. 10E, photolithography and 
dry etching are sequentially performed to selectively remove 
the silicon oxide film 110 and expose the underlying phos 
phorus (P)-doped polysilicon film 109. More specifically, the 
silicon oxide film 110 is selectively removed so that the 
silicon oxide film 110 remains above the impurity diffusion 
layer 108 and a hole 126 from which the silicon oxide film 
109 is to be removed over a broad range is formed. 
0.137 As shown in FIG. 10F, the silicon oxide film 110 is 
used as a mask to etch away the polysilicon film 111 and 
expose the underlying thermal oxide film 102. Consequently, 
the phosphorus (P)-doped polysilicon film 109 is divided in 
accordance with the shape of the silicon oxide film 110 to 
form a shield plate electrode 111. At the same time, a floating 
gate electrode 112 is formed on the impurity diffusion layer 
108 at a predetermined distance from the shield plate elec 
trode 111. 
0.138. Since the floating gate electrode 112 can be formed 
simultaneously with the formation of the shield plate elec 
trode 111 as described above, the fabrication process can be 
shortened. 
0.139. This floating gate electrode 112 is capacitively 
coupled with the impurity diffusion layer 108 via the thermal 
oxide film 102. 
0140. It is generally known that the breakdown voltage of 
a p-n junction, such as the junction between the n-type impu 
rity diffusion layer 108 and the p-type silicon semiconductor 
Substrate 101, lowers as the p-type impurity concentration 
increases and rises as the n-type impurity concentration 
increases. 
0141 When element isolation is performed by so-called 
LOCOS, however, the positional accuracy of the element 
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isolation end is limited because a field oxide film is formed by 
thermal oxidation in LOCOS. Additionally, if a channel stop 
per layer is formed below the field oxide film, the p-type 
impurity concentration inap-type silicon semiconductor Sub 
strate is increased. It is not easy to accurately hold the position 
of this channel stopper layer, either. 
0142. Accordingly, when a field oxide film is to be formed 
near the impurity diffusion layer 108 by LOCOS, the p-type 
impurity concentration in the p-type silicon semiconductor 
substrate 101 in the vicinity of the interface of the impurity 
diffusion layer 108 rises under the influence of the channel 
stopper layer. Consequently, the breakdown voltage 
described above sometimes decreases. 
0143. In this fourth embodiment, however, the shield plate 
electrode 111 is formed by patterning as described above, and 
a field-shield element isolation structure in which this shield 
plate electrode 111 is buried is formed. Accordingly, the 
shield plate electrode 111 can be formed with high positional 
accuracy. 
0144. As shown in FIG. 10F, therefore, the impurity dif 
fusion layer 108 and the shield plate electrode 111 can be 
formed to be accurately separated by predetermined distances 
(X and X). By applying a predetermined Voltage to the 
shield plate electrode 111 to fix the potential of the p-type 
silicon semiconductor substrate 101, it is possible to prevent 
an increase in the p-type impurity concentration in the p-type 
silicon semiconductor substrate 101 near the impurity diffu 
sion layer 108. 
(0145. It is also possible to change the potential in the 
Surface region of the p-type silicon semiconductor Substrate 
101 to an arbitrary value by applying a specific Voltage to the 
shield plate electrode 111. Accordingly, when a high Voltage 
is applied to the impurity diffusion layer 108 which is capaci 
tively coupled with the floating gate electrode 112 via the 
thermal oxide film 102, the breakdown voltage in the junction 
between the impurity diffusion layer 108 and the p-type sili 
con semiconductor substrate 101 can be further increased by 
applying an optimum Voltage to the shield plate electrode 
111. 

0146 Next, as shown in FIG.10G, a silicon oxide film 113 
about 0.3 to 0.5 um thick is formed on the entire surface by 
low-pressure CVD. Consequently, the gaps between the 
shield plate electrode 111 and the floating gate electrode 112 
are completely buried. Also, the side surfaces of the shield 
plate electrode 111 exposed in the hole 126 shown in FIG. 
10E are covered, and the shield plate electrode 111 and the 
floating gate electrode 112 are buried under a silicon oxide 
film 127 formed by integrating the thermal oxide film 102, the 
silicon oxide film 110, and the silicon oxide film 113. 
0147 Next, as shown in FIG. 10H, the silicon oxide film 
127 is etched away until the p-type silicon semiconductor 
substrate 101 is exposed, thereby forming an element forma 
tion region 129 defined by a field-shield element isolation 
structure 128. 

0148. The distance between the floating gate electrode 112 
and the adjacent shield plate electrode 111 is previously so 
controlled that the silicon oxide film 127 between these elec 
trodes is not removed to expose the p-type silicon semicon 
ductor substrate 101 during the etching. 
0149 Next, the surface of the p-type silicon semiconduc 
tor substrate 101 in the element formation region 129 is 
thermally oxidized to form a tunnel oxide film 114 about 8 to 
10 nm thick. Phosphorus (P) is doped into the entire surface 
including the element formation region 129 by low-pressure 
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CVD to form a 0.2- to 0.4-lum thick phosphorus (P)-doped 
polysilicon film 115. Subsequently, a silicon oxide film 116 
about 0.2 to 0.4 um thick is formed by low-pressure CVD. 
This state is shown in FIG. 10I. 
0150. As shown in FIG. 10.J., photolithography and dry 
etching are sequentially performed to selectively remove the 
silicon oxide film 116. This patterned silicon oxide film 116 is 
used as a mask to perform dry etching to remove the phos 
phorus (P)-doped polysilicon film 115. 
0151 Consequently, a floating gate electrode 117 as 
shown in FIG. 10K is formed. As shown in the plan view of 
FIG. 9, this floating gate electrode 117 is so formed as to 
divide the element isolation region 129. The end portion of 
the floating gate electrode 117 reaches the vicinity of the 
floating gate electrode 112 which is capacitively coupled with 
the impurity diffusion layer 108. 
0152 Next, as shown in FIG. 10L, the silicon oxide film 
116 and the field-shield element isolation structure 128 are 
used as masks to ion-implant phosphorus as an n-type impu 
rity at a dose of about 1x10" to 3x10"/cm and an accelera 
tion energy of about 30 to 50 keV, thereby forming a lightly 
doped impurity diffusion layer 118. 
0153. As shown in FIG. 10M, a silicon oxide film is 
formed on the entire surface and anisotropically etched to 
form side walls 119 covering the side surfaces of the floating 
gate electrode 117 and the silicon oxide film 116. 
0154 As shown in FIG. 10N, the side walls 119, the sili 
con oxide film 116, and the field-shield element isolation 
structure 128 are used as masks to ion-implant arsenic (AS) as 
an n-type impurity at a dose of about 1.0x10"/cm and an 
acceleration energy of about 30 keV, thereby forming a 
heavily doped impurity diffusion layer. Thereafter, annealing 
is performed at a temperature of about 900° C. to form a 
source layer 121 and a drain layer 122 of a memory cell 
transistor. 
0.155. Next, as shown in FIG. 10P, a BPSG film 123 as an 
insulating interlayer is formed on the entire Surface, and 
reflow is performed to planarize the surface. A contact hole 
124 is then formed to expose the floating gate electrodes 112 
and 117, the impurity diffusion layer 108, the source layer 
121, and the drain layer 122. 
0156. As shown in FIG. 10O, an aluminum interconnect 
ing layer 125 is formed by sputtering and patterned to elec 
trically connect the floating gate electrodes 112 and 117. 
forming an integrated floating gate electrode. Finally, inter 
connections connecting to the impurity diffusion layer 108, 
the source layer 121, and the drain layer 122 are formed to 
complete the EEPROM as shown in FIGS. 9 and 10O. 
(O157. Note that the floating gate electrodes 112 and 117 
may be connected without forming the aluminum intercon 
necting layer 125 on these electrodes. That is, before the 
phosphorus (P)-doped polysilicon film 115 is formed in the 
step shown in FIG. 10I, a hole for exposing the floating gate 
electrode 112 is formed in the silicon oxide film 127. This 
hole is filled to allow connection of the two electrodes when 
the phosphorus (P)-doped polysilicon film 115 is formed. 
0158. The floating gate electrodes 112 and 117 can be 
integrated by patterning the phosphorus (P)-doped polysili 
con film 115 in the step shown in FIG. 10K. 
0159. In the EEPROM of the fourth embodiment, the 
impurity diffusion layer 108 as a control gate and the shield 
plate electrode 111 are separated by predetermined distances 
(X and X). Therefore, by applying a predetermined Voltage 
to the shield plate electrode 111, it is possible to prevent an 



US 2012/0289038A1 

increase in the p-type impurity concentration in the p-type 
silicon semiconductor substrate 101 near the impurity diffu 
sion layer 108. 
0160 The breakdown voltage of such a p-n junction low 
ers with an increase in a p-type impurity concentration, in this 
embodiment, the p-type impurity concentration in the p-type 
silicon semiconductor substrate 101. Accordingly, the dielec 
tric breakdown Voltage in this junction can be raised by pre 
venting an increase in the p-type impurity concentration. 
0161 Additionally, since the shield plate electrode 111 
and the floating gate electrode 112 can be simultaneously 
formed in the same etching step, no special step is required to 
deposit a polysilicon film for gate formation. Consequently, 
the floating gate electrode 112 can be formed without com 
plicating the fabrication process. 
0162 To erase data, for example, the source and drain 
(impurity diffusion layers) 121 and 122 are set at 0 (V), and a 
predetermined voltage of about 20(V) is applied to the impu 
rity diffusion layer 108 as a control gate. Since this voltage of 
the impurity diffusion layer 108 is also applied to the floating 
gate electrode 117 at the capacitive coupling ratio of the oxide 
film 102 as a gate oxide film to the tunnel oxide film 114, 
electrons are injected from the p-type silicon semiconductor 
substrate 101 through the tunnel oxide film 114. Conse 
quently, the threshold value of the transistor including the 
tunnel oxide film 114 rises to set the EEPROM in an erase 
state. Since the concentration of the p-type impurity in the 
p-type silicon semiconductor Substrate 101 forming a junc 
tion with the impurity diffusion layer 108 is kept low, no 
breakdown occurs even when a high Voltage is applied to the 
impurity diffusion layer 108. 
0163 Accordingly, the fourth embodiment realizes an 
EEPROM which is a single-layer gate semiconductor device 
by which a low-cost process is possible, has the impurity 
diffusion layer 108 as a control gate which can well withstand 
a high Voltage applied when data is erased or written, can 
prevent an operation error and can also shorten the erase time, 
and improves the reliability and shortens the fabrication pro 
CCSS, 

Fifth Embodiment 

0164. The fifth embodiment of the present invention will 
be described below. In this fifth embodiment, an EEPROM in 
which an element isolation region is formed by a field-shield 
element isolation structure as in the fourth embodiment will 
be exemplified. More specifically, the structure and the fab 
rication method of an EEPROM in which the dielectric break 
down voltage in the junction between the impurity diffusion 
layer 108 and the p-type silicon semiconductor substrate101 
in the fourth embodiment is further improved will be 
explained. FIG. 11 is a schematic plan view showing this 
EEPROM. FIGS. 12A to 12N and 12P to 12R are schematic 
sectional views, taken along an alternate long and short 
dashed line I-I in FIG. 11, showing the fabrication method of 
the EEPROM in order of steps. Note that the same reference 
numerals as in the EEPROM of the fourth embodiment 
denote the same parts in the fifth embodiment. 
0.165 First, as shown in FIG. 12A, the surface of a p-type 
silicon semiconductor substrate 101 is thermally oxidized to 
formathermal oxide film 102. A resist 104 having a hole 103 
is formed on this thermal oxide film 102 by normal photoli 
thography. 
0166 Next, as shown in FIG.12B, the resist 104 is used as 
a mask to ion-implant boron (B) as a p-type impurity to form 
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a channel stopper layer 105. This channel stopper layer 105 
raises the threshold voltage of a field-shield element isolation 
structure to be formed above the channel stopper layer 105, 
preventing the formation of a parasitic device. 
(0167 As shown in FIG. 12C, after the resist 104 is 
removed, a resist 132 having a hole 131 is formed. This resist 
132 is used as a mask to ion-implant phosphorus (P) as an 
n-type impurity having a conductivity type opposite to that of 
the p-type silicon semiconductor substrate 101 at a dose of 
about 1.0x10" to 2.0x10"/cm and an acceleration energy of 
about 80 to 120 keV. Consequently, a diffusion layer 133 is 
formed in the hole 131. 
(0168 Next, as shown in FIG. 12D, after the resist 132 is 
removed, a resist 107 having a hole 106 as in the fourth 
embodiment is formed. The width of the hole 106 is made 
smaller than that of the hole 131 in the resist 132. The resist 
107 is used as a mask to ion-implant arsenic (AS) as an n-type 
impurity at a dose of about 2.0x10"/cm and an acceleration 
energy of about 100 keV. Consequently, an n-type impurity 
diffusion layer 108 thinner than the diffusion layer 133 is 
formed in the hole 106. 
(0169. The diffusion layer 133 formed by the ion implan 
tation of phosphorus (P) is an intrinsic diffusion layer having 
a lower impurity concentration than that in the p-type silicon 
semiconductor substrate 101. This diffusion layer is more 
insulated from the impurity diffusion layer 108 than the 
p-type silicon semiconductor substrate 101. Therefore, when 
a high voltage is applied to the impurity diffusion layer 108, 
the breakdown voltage in the junction between the impurity 
diffusion layer 108 and the diffusion layer 133 can be further 
increased. 
(0170 Next, as shown in FIG. 12E, after the resist 107 is 
removed, phosphorus (P) is doped by low-pressure CVD to 
form a phosphorus (P)-doped polysilicon film 109 about 0.1 
to 0.3 um thick. Subsequently, a silicon oxide film 110 about 
0.1 to 0.3 um thick is formed on the phosphorus (P)-doped 
polysilicon film 109 by low-pressure CVD. 
0171 As shown in FIG. 12F, photolithography and dry 
etching are sequentially performed to selectively remove the 
silicon oxide film 110 and expose the underlying phosphorus 
(P)-doped polysilicon film 109. More specifically, the silicon 
oxide film 110 is selectively removed so that the silicon oxide 
film 110 remains above the impurity diffusion layer 108 and 
a hole 126 from which the silicon oxide film 109 is to be 
removed over a broad range is formed. 
0172. As shown in FIG. 12G, the silicon oxide film 110 is 
used as a mask to etch away the polysilicon film 111 and 
expose the underlying thermal oxide film 102. Consequently, 
the phosphorus (P)-doped polysilicon film 109 is divided in 
accordance with the shape of the silicon oxide film 110 to 
form a shield plate electrode 111 on the channel stopper layer 
105. At the same time, a floating gate electrode 112 is formed 
on the impurity diffusion layer 108 at a predetermined dis 
tance from the shield plate electrode 111. 
0173 Since the floating gate electrode 112 can be formed 
simultaneously with the formation of the shield plate elec 
trode 111 as described above, the fabrication process can be 
shortened. 
0.174. This floating gate electrode 112 is capacitively 
coupled with the impurity diffusion layer 108 via the thermal 
oxide film 102. 

(0175. Next, as shown in FIG. 12H, a silicon oxide film 113 
about 0.3 to 0.5 um thick is formed on the entire surface by 
low-pressure CVD. Consequently, the gaps between the 
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shield plate electrode 111 and the floating gate 112 are com 
pletely buried. Also, the side surfaces of the shield plate 
electrode 111 exposed in the hole 126 shown in FIG. 10E are 
covered, and the shield plate electrode 111 and the floating 
gate electrode 112 are buried under a silicon oxide film 127 
formed by integrating the thermal oxide film 102, the silicon 
oxide film 110, and the silicon oxide film 113. 
(0176). As shown in FIG. 12I, the silicon oxide film 127 is 
etched away until the p-type silicon semiconductor Substrate 
101 is exposed, thereby forming an element formation region 
129 defined by a field-shield element isolation structure 128. 
0177 Next, the surface of the p-type silicon semiconduc 
tor substrate 101 in the element formation region 129 is 
thermally oxidized to form a tunnel oxide film 114 about 8 to 
10 nm thick. Phosphorus (P) is doped into the entire surface 
including the element formation region 129 by low-pressure 
CVD to form a 0.2- to 0.4-lum thick phosphorus (P)-doped 
polysilicon film 115. Subsequently, a silicon oxide film 116 
about 0.2 to 0.4 um thick is formed by low-pressure CVD. 
This state is shown in FIG. 12.J. 
0.178 As shown in FIG. 12K, photolithography and dry 
etching are sequentially performed to selectively remove the 
silicon oxide film 116. This patterned silicon oxide film 116 is 
used as a mask to perform dry etching to remove the phos 
phorus (P)-doped polysilicon film 115. 
0179 Consequently, a floating gate electrode 117 as 
shown in FIG. 12L is formed. As shown in the plan view of 
FIG. 11, this floating gate electrode 117 is so formed as to 
divide the element isolation region 129. The end portion of 
the floating gate electrode 117 reaches the vicinity of the 
floating gate electrode 112 which is capacitively coupled with 
the impurity diffusion layer 108. 
0180. Next, as shown in FIG. 12M, the silicon oxide film 
116 and the field-shield element isolation structure 128 are 
used as masks to ion-implant phosphorus as an n-type impu 
rity at a dose of about 1x10" to 3x10"/cm and an accelera 
tion energy of about 30 to 50 keV, thereby forming a lightly 
doped impurity diffusion layer 118. 
0181. As shown in FIG.12N, a silicon oxide film is formed 
on the entire Surface and anisotropically etched to form side 
walls 119 covering the side surfaces of the floating gate elec 
trode 117 and the silicon oxide film 116. 
0182. As shown in FIG.12P, the side walls 119, the silicon 
oxide film 116, and the field-shield element isolation struc 
ture 128 are used as masks to ion-implant arsenic (AS) as an 
n-type impurity at a dose of about 10x10"/cm and an accel 
eration energy of about 30 keV, thereby forming a heavily 
doped impurity diffusion layer. Thereafter, annealing is per 
formed at a temperature of about 900° C. to form a source 
layer 121 and a drain layer 122 of a memory cell transistor. 
0183) Next, as shown in FIG. 12Q, a BPSG film 123 as an 
insulating interlayer is formed on the entire Surface, and 
reflow is performed to planarize the surface. A contact hole 
124 is then formed to expose the floating gate electrodes 112 
and 117, the impurity diffusion layer 108, the source layer 
121, and the drain layer 122. 
0184 An aluminum interconnecting layer 125 is formed 
by sputtering and patterned as shown in FIG. 11 to electrically 
connect the floating gate electrodes 112 and 113, forming an 
integrated floating gate electrode. Simultaneously, the alumi 
num interconnecting layer 125 is patterned to form intercon 
nections connecting to the impurity diffusion layer 108, the 
source layer 121, and the drain layer 122, thereby completing 
the EEPROM as shown in FIGS. 11 and 12R. 
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0185. In this fifth embodiment, before the impurity diffu 
sion layer 108 opposing the floating gate electrode 12 of the 
EEPROM is formed, phosphorus (P) as an n-type impurity is 
lightly ion-implanted into a surface region of the p-type sili 
con semiconductor substrate 101 over a broader range than 
the impurity diffusion layer 108. Consequently, the diffusion 
layer 133 which is a region more insulated from the impurity 
diffusion layer 108 than the p-type silicon semiconductor 
substrate 101 is positively formed. 
0186. With this structure, the p-type impurity concentra 
tion in this diffusion layer 133 can be made lower than the 
original concentration in the p-type silicon semiconductor 
substrate 101. Accordingly, the dielectric breakdown voltage 
with respect to a reverse Voltage in this junction can be 
increased compared to the fourth embodiment. 
0187 To erase data, for example, the source and drain 
(impurity diffusion layers) 121 and 122 are set at 0 (V), and a 
predetermined voltage of about 20 (V) is applied to the impu 
rity diffusion layer 108 as a control gate. Since this voltage of 
the impurity diffusion layer 108 is also applied to the floating 
gate electrode 117 at the capacitive coupling ratio of the oxide 
film 102 as a gate oxide film to the tunnel oxide film 114, 
electrons are injected from the p-type silicon semiconductor 
substrate 101 through the tunnel oxide film 114. Conse 
quently, the threshold value of the transistor including the 
tunnel oxide film 114 rises to set the EEPROM in an erase 
state. Since the concentration of the p-type impurity in the 
diffusion layer 133 forming a junction with the impurity 
diffusion layer 108 is kept low due to the ion implantation of 
an n-type impurity, the diffusion layer 133 is insulated better 
than the p-type silicon semiconductor substrate 101. There 
fore, no breakdown occurs even when a high Voltage is 
applied to the impurity diffusion layer 108. 
0188 Accordingly, the fifth embodiment realizes a reli 
able EEPROM which is a single-layer gate semiconductor 
device by which a low-cost process is possible, has the impu 
rity diffusion layer 108 as a control gate which can well 
withstand a high Voltage applied when data is erased or writ 
ten, and can prevent an operation error and can also shorten 
the erase time. 

Sixth Embodiment 

0189 The sixth embodiment of the present invention will 
be described below. In this sixth embodiment, an EEPROM as 
a nonvolatile semiconductor memory will be exemplified as a 
semiconductor device, and an arrangement in which an ele 
ment isolation region is formed by a field-shield element 
isolation structure as in the fourth and fifth embodiments will 
be presented. However, a more simplified fabrication method 
will be explained together with the arrangement. FIG. 13 is a 
schematic plan view showing this EEPROM. FIGS. 14A to 
14N are schematic sectional views, taken along an alternate 
long and short dashed line I-I in FIG. 13, showing the fabri 
cation method of the EEPROM in order of steps. FIG. 15 is a 
schematic sectional view taken along an alternate long and 
short dashed line III-III in FIG. 13. Note that the same refer 
ence numerals as in the EEPROM of the fourth embodiment 
denote the same parts in the sixth embodiment. 
0190. First, as shown in FIG. 14A, the surface of a p-type 
silicon semiconductor substrate 141 on which a p-type well 
diffusion layer 140 is formed is thermally oxidized to sepa 
rately form a thermal oxide film 164 and a tunnel oxide film 
165 about 8 to 10 nm thick. A resist 104 having a hole 103 is 
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formed on the thermal oxide film 164 and the tunnel oxide 
film 165 by normal photolithography. 
(0191 Next, as shown in FIG. 14B, the resist 104 is used as 
a mask to ion-implant boron (B) as a p-type impurity to form 
a channel stopper layer 105. This channel stopper layer 105 
raises the threshold voltage of a field-shield element isolation 
structure to be formed above the channel stopper layer 105, 
preventing the formation of a parasitic device. 
(0192. As shown in FIG. 14C, after the resist 104 is 
removed, a resist 107 having a hole 106 is formed. The resist 
107 is used as a mask to ion-implant arsenic (AS) as an n-type 
impurity at a dose of about 2.0x10"/cm and an acceleration 
energy of about 100 keV. Consequently, an n-type impurity 
diffusion layer 108 is formed in the hole 106. 
0193 Next, as shown in FIG. 14D, phosphorus (P) as an 
n-type impurity is doped by low-pressure CVD to form a 
polysilicon film 143 on the thermal oxide film 164 and the 
tunnel oxide film 165. In addition, a silicon oxide film 144 is 
formed on the polysilicon film 143 by low-pressure CVD. 
0194 As shown in FIG. 14E, photolithography and dry 
etching are sequentially performed to selectively remove both 
the silicon oxide film 144 and the polysilicon film 143 and 
expose the underlying thermal oxide film 164 and tunnel 
oxide film 165. Consequently, a shield plate electrode 145 is 
formed on the channel stopper layer 105, and a floating gate 
electrode 146 is formed on the n-type impurity diffusion layer 
108. 
0.195 Additionally, in this step, the silicon oxide film 144 
and the polysilicon film 143 are removed from a predeter 
mined range to leave an island pattern, thereby forming a 
floating gate electrode 147 in this range. 
0196. That is, in this dry etching step, the floating gate 
electrode 147 can be formed simultaneously with the forma 
tion of the shield plate electrode 145 and the floating gate 
electrode 146. 
0.197 Next, as shown in FIG. 14F, a silicon oxide film 148 
about 250 nm thick is formed on the entire surface by low 
pressure CVD. 
0198 As shown in FIG. 14G, dry etching is performed to 
remove the siliconoxide film 148 so that the siliconoxide film 
148 remains only on the side surfaces of the shield plate 
electrode 145 and the floating gate electrodes 146 and 147. 
Consequently, an element formation region 163 Surrounded 
by a field-shield element isolation structure 162 is defined. 
(0199 Thereafter, a silicon oxide film 149 about 20 nm. 
thick is formed on the entire surface by low-pressure CVD. 
0200. Next, as shown in FIG. 14H, contact holes 150 and 
151 are formed in the silicon oxide film 144 on the floating 
gate electrodes 146 and 147. Consequently, the floating gate 
electrodes 146 and 147 are exposed. 
0201 As shown in FIG. 14I, phosphorus (P) is doped into 
the entire surface by low-pressure CVD to form a polysilicon 
film 152 about 200 nm thick. The contact holes 150 and 151 
formed in the silicon oxide film 144 are filled with this poly 
silicon film 152. Also, the floating gate electrodes 146 and 
147 are electrically connected by the polysilicon film 152. 
0202 As shown in FIG. 14J, a silicon oxide film 153 is 
formed on the polysilicon film 152 by low-pressure CVD. As 
shown in FIG. 14K, photolithography and dry etching are 
sequentially performed to pattern the silicon oxide film 153 
so that the silicon oxide film 153 remains only on the floating 
gate electrodes 146 and 147. 
0203) Next, as shown in FIG. 14L, the remaining silicon 
oxide film 153 is used as a mask to perform dry etching to 
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pattern the polysilicon film 152. As shown in the plan view of 
FIG. 13, the polysilicon film 152 is so patterned as to electri 
cally connect the floating gate electrode 147 in the element 
formation region 163 and the floating gate electrode 146 on 
the impurity diffusion layer 108. 
0204 The floating gate electrodes 146 and 147 are inte 
grated into a floating gate electrode 160 via the polysilicon 
film 152. FIG. 15 shows a section taken along an alternate 
long and short dashed line III-III in FIG. 13 in this state. 
0205 Next, as shown in FIG. 14M, phosphorus (P) as an 
n-type impurity is ion-implanted at a dose of about 5.0x10"/ 
cm and an acceleration energy of about 30 keV into the 
surface region of the p-type well diffusion layer 140 of the 
semiconductor Substrate 141 in the element formation region. 
0206. Thereafter, arsenic (As) as an n-type impurity is 
ion-implanted at a dose of about 5.0x10"/cm and an accel 
eration energy of about 30 keV. Annealing is then performed 
at a temperature of about 900° C. to form a source layer 154 
and a drain layer 155 made of arsenic (As). Also, phosphorus 
(P) having a larger diffusion coefficient than that of arsenic 
(As) is widely diffused to form an impurity diffusion layer 
161 of phosphorus (P) surrounding the source layer 154 and 
the drain layer 155. 
0207 Next, as shown in FIG. 14N, a silicon oxide film as 
an insulating interlayer is formed on the entire Surface, and 
reflow is performed to planarize the surface. A contact hole 
158 is then formed to expose the impurity diffusion layer 108, 
the source layer 154, and the drain layer 155. 
0208. An aluminum interconnecting layer 159 is formed 
by sputtering and patterned to complete the EEPROM as 
shown in FIGS. 13 and 14N. 

0209. In the sixth embodiment as described above, the 
floating gate electrode 147 can beformed at the same time the 
floating gate electrode 146 and the shield plate electrode 145 
of the field-shield element isolation structure 162 are formed 
on the impurity diffusion layer 108 as the control gate of the 
EEPROM. 

0210. Accordingly, the dielectric breakdown voltage can 
be increased as in the fourth embodiment by preventing an 
unnecessary rise in the p-type impurity concentration in the 
vicinity of the junction between the impurity diffusion layer 
108 and the p-type silicon semiconductor substrate 141. 
Additionally, this embodiment can further shorten the fabri 
cation process. 
0211 Note that in this sixth embodiment, as in the fifth 
embodiment described above, the dielectric breakdown volt 
age can be further increased by forming a diffusion layer 133 
which is a more insulated region than the p-type well diffu 
sion layer 140 before the impurity diffusion layer 108 is 
formed. 

Seventh Embodiment 

0212. The seventh embodiment will be described below. 
In this seventh embodiment, as in the previous embodiments, 
an EEPROM as a nonvolatile semiconductor memory will be 
exemplified as a semiconductor device, and the structure and 
the fabrication method of this EEPROM will be explained. 
The seventh embodiment differs from the first to sixth 
embodiments in that a metal film is used in a part of a floating 
gate. FIG. 16 is a schematic plan view showing this 
EEPROM. FIGS. 17A to 17K are schematic sectional views, 
taken along an alternate long and short dashed line I-I in FIG. 
16, showing the fabrication method of the EEPROM in order 
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of steps. Note that the same reference numerals as in the 
EEPROM of the first embodiment denote the same parts in 
the seventh embodiment. 

0213 First, as shown in FIG. 17A, an SOI substrate 1 is 
prepared by forming a single-crystal silicon layer 13 about 50 
nm thick on a p-type silicon semiconductor Substrate 11 via a 
buried oxide film 12 about 50 nm thick. 

0214) Next, as shown in FIG. 17B, the SOI substrate 1 is 
selectively oxidized to form a field oxide film 2 about 100 nm 
thick as an element isolation structure by so-called LOCOS, 
thereby defining element regions 3 and 4 on the SOI substrate 
1. Consequently, the element regions 3 and 4 are formed 
adjacent to each other while being electrically isolated via the 
field oxide film 2. 

0215. As shown in FIG. 17C, the surface of the single 
crystal silicon layer 13 in the element regions 3 and 4 is 
thermally oxidized to form cap insulating films 14 and 15 
about 10 to 20 nm thick for ion implantation. 
0216) Subsequently, the entire surface is coated with a 
photoresist, and the photoresist is processed by photolithog 
raphy into a shape by which only the element region 3 is 
exposed, thereby forming a resist mask 16. This resist mask 
16 is used as a mask to ion-implantan n-type impurity, arsenic 
(As) or phosphorus (P) in this embodiment, at a dose of 1 to 
2x10" (1/cm) and an acceleration energy of 30 (keV). Con 
sequently, the n-type impurity is ion-implanted into the 
single-crystal silicon layer 13 in the element region3 through 
the cap insulating film 14. 
0217. After the resist mask 16 is removed by ashing or the 
like and the resultant structure is cleaned, the SOI substrate 1 
is annealed to forman impurity diffusion layer 17 functioning 
as the control gate of the EEPROM. Thereafter, the cap insu 
lating films 14 and 15 are removed. 
0218. Next, as shown in FIG. 17D, the surface of the 
single-crystal silicon layer 13 in the element regions 3 and 4 
is again thermally oxidized to form an oxide film 18 on the 
surface of the single-crystal silicon layer 13 in the element 
region 3 and a tunnel oxide film 19 about 8 to 12 nm thick on 
the surface of the single-crystal silicon layer 13 in the element 
region 4. 
0219. An undoped polysilicon film is deposited by CVD 
on the entire Surface including the element regions 3 and 4. 
and an n-type impurity, phosphorus (P) in this embodiment, is 
doped into this polysilicon film. As shown in FIGS. 16 and 
17E, photolithography and dry etching are sequentially per 
formed for the polysilicon film to form an island-pattern gate 
electrode 170 extending over the field oxide film 2. 
0220 Subsequently, photolithography is performed to 
form a resist mask 250 covering the element region 4 and the 
impurity diffusion layer 17. An n-type impurity, arsenic (AS) 
in this embodiment, is ion-implanted at a dose of 1 to 2x10' 
(1/cm) and an acceleration energy of 30 (keV). Conse 
quently, the arsenic is ion-implanted through the tunnel oxide 
film 19 into the single-crystal silicon layer 13 on the two sides 
of the gate electrode 170 in the element region 4. However, 
this arsenic is not ion-implanted into the portion of the ele 
ment region 4 covered with the resist mask 250. 
0221) Next, as shown in FIG. 17F, photolithography is 
performed to form a resist mask 251 which exposes the por 
tion of the element region 4 into which no n-type impurity is 
ion-implanted. A p-type impurity, boron (B) in this embodi 
ment, is ion-implanted at a dose of 3 to 5x10" (1/cm) and an 
acceleration energy of about 30 (keV). 
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0222. Thereafter, as shown in FIG. 17G, the SOI substrate 
1 is annealed to forma pair of impurity diffusion layers 21 and 
22 Serving as a source and a drain in the element region 4. 
Simultaneously, a p-type impurity diffusion layer 195 is 
formed adjacent to the impurity diffusion layer 22. 
0223) Next, as shown in FIG. 17H, a thick silicon oxide 
film 171 is formed on the entire surface by CVD. Photoli 
thography and dry etching are sequentially performed to 
simultaneously form contact holes 172,173, and 197 which 
expose the gate electrode 170 and the p-type impurity diffu 
sion layer 195 in the element regions 3 and 4. 
0224. As shown in FIG. 17I, a silicon oxide film, a silicon 
nitride film, and a silicon oxide film are sequentially stacked 
on the entire surface to forman ONO film 174 made of these 
stacked films. 
0225. As shown in FIG. 17J, photolithography is per 
formed to form a resist mask 175 having holes in the positions 
of the contact holes 173 and 197. Since this resist mask 175 is 
formed to remove the ONO film 174 on the gate electrode 
170, no high photo-alignment accuracy with respect to the 
contact holes 173 and 197 is necessary. Thereafter, wet etch 
ing and dry etching are performed to remove the ONO film 
174 on the gate electrode 170 and the p-type impurity diffu 
sion layer 195, thereby exposing the gate electrode 170 and 
the p-type impurity diffusion layer 195. 
0226. Next, after the resist mask 175 is removed by ashing 
or the like, an aluminum film is formed on the entire surface 
by sputtering. As shown in FIGS. 16 and 17K, photolithog 
raphy and dry etching are sequentially performed to pattern 
the aluminum film so that the aluminum film extends from the 
element region3 to the element region 4, thereby forming an 
aluminum electrode 176. At the same time, an aluminum 
electrode 198 burying the contact hole 197 and connected to 
the p-type impurity diffusion layer 195 is formed. 
0227 Consequently, in the element region3 the aluminum 
electrode 176 is capacitively coupled with the impurity dif 
fusion layer 17 via the ONO film 174. In the element region 4. 
the aluminum electrode 176 is electrically connected to the 
gate electrode 170. 
0228. Accordingly, the aluminum electrode 176 and the 
gate electrode 170 integrally function as a floating gate. 
0229. Finally, insulating interlayers, contact holes, inter 
connecting layers for connection, and the like are formed to 
complete the EEPROM of the seventh embodiment. 
0230. In the element region 4 of the EEPROM of the 
seventh embodiment, the gate electrode 170 is formed on the 
channel, which is formed in the single-crystal silicon layer 13 
between the impurity diffusion layers 21 and 22 serving as a 
source and a drain, via the tunnel oxide film 19. In the element 
region 3, the aluminum electrode 176 electrically connected 
to the gate electrode 170 opposes the impurity diffusion layer 
17 as a control gate via the ONO film 174 and is capacitively 
coupled with this impurity diffusion layer 17 by using the 
ONO film 174 as a dielectric film. 
0231. To erase data, for example, the source and drain 
(impurity diffusion layers) 21 and 22 are set at 0 (V), and a 
predetermined voltage of about 20 (V) is applied to the con 
trol gate (impurity diffusion layer) 17. Since this voltage of 
the control gate 17 is also applied to the floating gate consist 
ing of the aluminum film 176 and the gate electrode 170 at the 
capacitive coupling ratio of the ONO film 174 to the tunnel 
oxide film 19, electrons are injected from the single-crystal 
silicon layer 13 through the tunnel oxide film 19. Conse 
quently, the threshold value of the transistor including the 
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tunnel oxide film 19 rises to set the EEPROM in an erase state. 
Since the major part of the floating gate is formed by the 
aluminum electrode 176 having a low electrical resistance, 
the Voltage applied to the controlgate is applied to the floating 
gate without being unnecessarily consumed. Accordingly, the 
time of electron injection, i.e., the time required for erasure 
can be shortened. 

0232 Also, the control gate 17 is well insulated from the 
silicon semiconductor substrate 11 by the buried oxide film 
12. Therefore, even when a voltage of up to, e.g., 30 (V) is 
applied to the control gate 17, no breakdown to the silicon 
semiconductor Substrate 11 takes place. 
0233. Furthermore, in the seventh embodiment, the p-type 
impurity diffusion layer 195 is formed adjacent to the element 
region 4. Since a predetermined Substrate potential can be 
applied to this p-type impurity diffusion layer 195 via the 
aluminum electrode 198, it is possible to minimize variations 
in the threshold value of the MOS transistor and stably per 
form write and read operations. In addition, this aluminum 
electrode 198 can be formed simultaneously with the alumi 
num electrode 176. 
0234. Accordingly, the seventh embodiment realizes a 
reliable EEPROM which is a single-layer gate semiconductor 
device by which a low-cost process is possible, has the control 
gate 17 which can well withstanda high voltage applied when 
data is erased or written and thereby prevents an operation 
error, shortens the charge/discharge time by the floating gate 
made of a metal interconnection, and can further shorten the 
Write and erase times. 
0235 Furthermore, as in the first embodiment, the SOI 
Substrate 1 prepared by forming the single-crystal silicon 
layer 13 on the silicon semiconductor substrate 11 via the 
buried oxide film 12 is used as a semiconductor substrate. 
Therefore, the operating speed and the leak current charac 
teristics can be improved. 
0236. In this embodiment, the ONO film 174 is used as a 
dielectric film. However, a common silicon oxide film may be 
used. 

Eighth Embodiment 

0237. The eighth embodiment will be described below. In 
this eighth embodiment, as in the previous embodiments, an 
EEPROM as a nonvolatile semiconductor memory will be 
exemplified as a semiconductor device, and the structure and 
the fabrication method of this EEPROM will be explained. In 
the eighth embodiment, a metal interconnecting layer is used 
to decrease the electrical resistance of a floating gate as in the 
seventh embodiment. However, as in the first embodiment, a 
CMOS inverter is simultaneously formed as a peripheral cir 
cuit, and the metal interconnecting layer of the floating gate 
and an interconnecting layer of the CMOS inverter are simul 
taneously formed to simplify the fabrication process. FIG. 18 
is a schematic plan view showing this EEPROM. FIGS. 19A 
to 19M are schematic sectional views, taken along an alter 
nate long and short dashed line I-I in FIG. 18, showing the 
fabrication method of the EEPROM in order of steps. Note 
that the same reference numerals as in the EEPROMs of the 
first and seventh embodiments denote the same parts in the 
eighth embodiment. 
0238 First, as shown in FIG. 19A, an SOI substrate 1 is 
prepared by forming a single-crystal silicon layer 13 about 50 
nm thick on a p-type silicon semiconductor Substrate 11 via a 
buried oxide film 12 about 50 nm thick. 
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0239 Next, as shown in FIG. 19B, the SOI substrate 1 is 
selectively oxidized to form a field oxide film 2 about 100 nm 
thick as an element isolation structure by so-called LOCOS, 
thereby defining element regions 3, 4, 71, and 72 on the SOI 
Substrate 1. Consequently, the element regions 3 and 4 and the 
element regions 71 and 72 are formed adjacent to each other 
while being electrically isolated via the field oxide film 2. The 
element regions 3 and 4 are regions in which the EEPROM is 
to be formed. The element regions 71 and 72 are regions in 
which the CMOS inverter is to be formed. 
0240. As shown in FIG. 19C, the surface of the single 
crystal silicon layer 13 in the element regions 3, 4, 71, and 72 
is thermally oxidized to form cap insulating films 14, 15, 73. 
and 74 about 10 to 20 nm thick for ion implantation. 
0241. Subsequently, the entire surface is coated with a 
photoresist, and the photoresist is processed by photolithog 
raphy into a shape by which only the element region 3 is 
exposed, thereby forming a resist mask 16. This resist mask 
16 is used as a mask to ion-implantan n-type impurity, arsenic 
(As) or phosphorus (P) in this embodiment, at a dose of 1 to 
2x10" (1/cm) and an acceleration energy of 30 (key). Con 
sequently, the n-type impurity is ion-implanted through the 
cap insulating film 14 into an entire area in the direction of 
depth of the single-crystal silicon layer 13, from its surface 
layer to the buried oxide film 12, in the element region 3. 
0242. After the resist mask 16 is removed by aching or the 
like and the resultant structure is cleaned, the SOI substrate 1 
is annealed to forman impurity diffusion layer 17 functioning 
as the control gate of the EEPROM. A region from the side 
surfaces to the lower surface of this impurity diffusion layer 
17 is covered with the field oxide film 2 and the buried oxide 
film 12. 
0243 Next, as shown in FIG. 19D, a photoresist is pro 
cessed by photolithography into a shape by which only the 
element region 72 is exposed, thereby forming a resist mask 
75. This resist mask 75 is used as a mask to ion-implant an 
n-type impurity, phosphorus (P) in this embodiment, at a dose 
of 1x10' (1/cm) and an acceleration energy of 30 (keV). 
Consequently, this n-type impurity is ion-implanted into the 
single-crystal silicon layer 13 in the element region 72 
through the cap insulating film 74. 
0244. After the resist mask 75 is removed by ashing or the 
like and the resultant structure is cleaned, the SOI substrate 1 
is annealed to forman n-type well region 76 of the CMOS 
inverter. Thereafter, the cap insulating films 14, 15. 73, and 74 
are removed. 

0245 Next, as shown in FIG. 19E, the surface of the 
single-crystal silicon layer 13 in the element regions 3, 4, 71, 
and 72 is again thermally oxidized to form an oxide film 18 
about 15 to 20 nm thick on the surface of the impurity diffu 
sion layer 17 in the element region 3 and gate oxide films 77 
and 78 about 15 to 20 nm thick on the surface of the single 
crystal silicon layer 13 in the element regions 71 and 72, 
respectively. Thereafter, a resist mask 87 is formed to cover 
the resultant structure except for the element region 4, and the 
oxide film formed in the element region 4 by the thermal 
oxidation described above is etched away. 
0246. As shown in FIG. 19F, after the resist mask 87 is 
removed, thermal oxidation is again performed to form a 
tunnel oxide film 19 about 8 to 12 nm thick on the surface of 
the single-crystal silicon layer 13 in the element region 4. 
0247. As shown in FIG. 19G, an undoped polysilicon film 

is deposited by CVD on the entire surface including the 
element regions 3, 4, 71, and 72, and an n-type impurity, 
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phosphorus (P) in this embodiment, is doped into this poly 
silicon film. As shown in FIGS. 18 and 19G, photolithogra 
phy and dry etching are sequentially performed for the poly 
silicon film to form an island-pattern floating gate 170 
extending over the element region 4 and the field oxide film 2. 
At the same time, gate electrodes 79 and 80 of the CMOS 
inverter are formed from the polysilicon film. 
0248 More specifically, in the element region 4 the gate 
electrode 170 is formed into the form of a belt having a 
predetermined width via the tunnel oxide film 19. Also, the 
gate electrodes 79 and 80 of the CMOS inverter are formed to 
extend over the element regions 71 and 72, respectively, and 
the field oxide film 2. 

0249. As described above, the gate electrode 170 and the 
gate electrodes 79 and 80 of the CMOS inverter can be simul 
taneously formed by the patterning after the polysilicon film 
is formed. As a consequence, the fabrication process can be 
simplified. Note that the gate electrodes 79 and 80 may be so 
patterned as to be connected on the field oxide film 2. 
0250) Subsequently, a photoresist is processed by photo 
lithography into a shape by which only the element regions 4 
and 71 are exposed, thereby forming a resist mask 81. This 
resist mask81 is so formed as to cover a portion of the element 
region 4. An n-type impurity, arsenic (AS) in this embodi 
ment, is ion-implanted at a dose of 1 to 2x10" (1/cm) and an 
acceleration energy of 30 (keV). Consequently, the arsenic is 
ion-implanted through the tunnel oxide film 19 into the 
single-crystal silicon layer 13 on the two sides of the floating 
gate 20 in the element region 4. At the same time, the arsenic 
is ion-implanted through the gate oxide film 77 into the 
single-crystal silicon layer 13 on the two sides of the gate 
electrode 79 of the CMOS inverter. However, this arsenic is 
not ion-implanted into the portion of the element region 4 
covered with the resist mask 81. 

0251 Next, as shown in FIG. 19H, a photoresist is pro 
cessed by photolithography into a shape by which only the 
element region 72 is exposed, thereby forming a resist mask 
82. This resist mask 82 is used as a mask to ion-implant a 
p-type impurity, boron (B) in this embodiment, at a dose of 1 
to 2x10" (1/cm) and an acceleration energy of 30 (keV). 
Consequently, the p-type impurity is ion-implanted through 
the gate oxide film 78 into the single-crystalline silicon layer 
13 on the two sides of the gate electrode 80 of the CMOS 
inverter in the element region 72. 
0252. After the resist mask 82 is removed, boron (B) is 
ion-implanted at a dose of 3 to 5x10" (1/cm) and an accel 
eration energy of 30 (keV) into the portion of the element 
region 4 into which no n-type impurity is ion-implanted. This 
ion implantation can also be performed in the same step as the 
ion implantation to the element region 72 described above. 
0253. Thereafter, as shown in FIG. 19I, the SOT substrate 
1 is annealed to form a pair of impurity diffusion layers 21 and 
22 serving as the source and the drain of the controlgate of the 
EEPROM. Simultaneously, pairs of impurity diffusion layers 
83 and 84 and impurity diffusion layers 85 and 86 are formed 
in a p-type well region and the n-type well region 76 of the 
CMOS inverter. 

0254. A p-type impurity diffusion layer 195 is formed 
adjacent to the impurity diffusion layer 22 by using the boron 
(B) ion-implanted into the portion of the element region 4. 
0255. Next, as shown in FIG. 19.J., a thick siliconoxide film 
171 is formed on the entire surface by CVD. Photolithogra 
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phy and dry etching are sequentially performed to form a 
contact hole 172 so as to expose the impurity diffusion layer 
17 in the element region 3. 
(0256. As shown in FIG. 19K, a gate oxide film 177 about 
15 to 20 nm thick is so formed as to cover the exposed 
impurity diffusion layer 17. 
0257. As shown in FIG. 19L, photolithography and dry 
etching are sequentially performed to simultaneously form, 
in the silicon oxide film 171, a contact hole 173 for exposing 
the gate electrode 170, a contact hole 197 for exposing the 
p-type impurity diffusion layer 195, and contact holes 182, 
183,184, and 185 for exposing the impurity diffusion layers 
83, 84, 85, and 86 in the peripheral circuit. Additionally, as 
shown in FIG. 18, contact holes 178 and 179 reaching the 
impurity diffusion layers 21 and 22 are formed in the same 
step. 
0258 Next, as shown in FIG. 19M, an aluminum film is 
formed on the entire surface by sputtering. As shown in FIG. 
18, photolithography and dry etching are sequentially per 
formed to pattern the aluminum film So that the aluminum 
film extends from the element region3 to the element region 
4, thereby forming an aluminum electrode 176. Simulta 
neously, as shown in FIG. 18, the aluminum film buried in the 
contact holes 178, 179, 182, 183, 184, and 185 is patterned 
into a predetermined shape to form aluminum interconnec 
tions 180, 181, 186, 187, 188, and 189. Also, an aluminum 
electrode 198 connected to the p-type impurity diffusion 
layer 195 is simultaneously formed. 
0259 Consequently, in the element region3 the aluminum 
electrode 176 is capacitively coupled with the impurity dif 
fusion layer 17 via the silicon oxide film 177. In the element 
region 4, the aluminum electrode 176 is electrically con 
nected to the gate electrode 170. 
0260 Accordingly, the aluminum electrode 176 and the 
gate electrode 170 integrally function as a floating gate. 
0261) Finally, insulating interlayers, contact holes, inter 
connecting layers for connection, and the like are formed to 
complete the EEPROM of the eighth embodiment. 
0262. In the element region 4 of the EEPROM of the 
eighth embodiment, the gate electrode 170 is formed on the 
channel, which is formed in the single-crystal silicon layer 13 
between the impurity diffusion layers 21 and 22 serving as a 
source and a drain, via the tunnel oxide film 19. In the element 
region 3, the aluminum electrode 176 electrically connected 
to the gate electrode 170 opposes the impurity diffusion layer 
17 as a control gate via the silicon oxide film 177 and is 
capacitively coupled with this impurity diffusion layer 17 by 
using the silicon oxide film 177 as a dielectric film. 
0263. To erase data, for example, the source and drain 
(impurity diffusion layers) 21 and 22 are set at 0 (V), and a 
predetermined voltage of about 20 (V) is applied to the con 
trol gate (impurity diffusion layer) 17. Since this voltage of 
the control gate 17 is also applied to the floating gate 20 
consisting of the aluminum film 176 and the gate electrode 
170 at the capacitive coupling ratio of the silicon oxide film 
177 to the tunnel oxide film 19, electrons are injected from the 
single-crystal silicon layer 13 through the tunnel oxide film 
19. Consequently, the threshold value of the transistor includ 
ing the tunnel oxide film 19 rises to set the EEPROM in an 
erase state. Since the major part of the floating gate is formed 
by the aluminum electrode 176 having a low electrical resis 
tance, the Voltage applied to the control gate is applied to the 
floating gate without being unnecessarily, consumed. 
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Accordingly, the time of electron injection, i.e., the time 
required for erasure can be shortened. 
0264. Also, as in the first embodiment, the control gate 17 

is well insulated from the silicon semiconductor substrate 11 
by the buried oxide film 12. Therefore, even when a voltage of 
up to, e.g., 30 (V) is applied to the control gate 17, no break 
down to the silicon semiconductor Substrate 11 takes place. 
0265. Furthermore, in the eighth embodiment, the p-type 
impurity diffusion layer 195 is formed adjacent to the impu 
rity diffusion layer 22 as one of the source and the drain of the 
EEPROM. Since a predetermined substrate potential can be 
applied to this p-type impurity diffusion layer 195 via the 
aluminum electrode 198, it is possible to minimize variations 
in the threshold value of the MOS transistor and stably per 
form write and read operations. In addition, this aluminum 
electrode 198 can beformed in the same step as the aluminum 
interconnections 180,181, 186,187, 188, and 189 connected 
to the CMOS transistor and the aluminum electrode 176. 
0266. Accordingly, the eighth embodiment realizes a reli 
able EEPROM which is a single-layer gate semiconductor 
device by which a low-cost process is possible, has the control 
gate 17 which can well withstanda high voltage applied when 
data is erased or written and thereby prevents an operation 
error, shortens the charge/discharge time by the floating gate 
made of a metal interconnection, and can further shorten the 
write and erase time. 
0267 Furthermore, in the eighth embodiment, metal inter 
connections to be connected to the source and the drain of the 
transistor in the peripheral circuit can be formed at the same 
time the floating gate made of a metal interconnection is 
formed. Consequently, the fabrication process can be further 
simplified. 

Ninth Embodiment 

0268. The ninth embodiment will be described below. In 
this ninth embodiment, as in the previous embodiments, an 
EEPROM as a nonvolatile semiconductor memory will be 
exemplified as a semiconductor device, and the structure and 
the fabrication method of this EEPROM will be explained. 
FIG. 20 is a schematic plan view showing this EEPROM. 
FIGS. 21A to 21N and 21P are schematic sectional views, 
taken along an alternate long and short dashed line I-I in FIG. 
20, showing the fabrication method of the EEPROM in order 
of steps. 
0269 First, as shown in FIG.21A, one principal surface of 
a p-type first single-crystal silicon substrate 201 is Mirror 
polished and thermally oxidized to form an insulating film 
202 having a predetermined film thickness. An n-type second 
single-crystal silicon Substrate 203 having a mirror-polished 
principal surface is closely adhered to the insulating film 202 
on the surface of the first silicon substrate 201 in a sufficiently 
clean ambient. The resultant structure is heated to integrally 
sandwich the insulating film 202 between the two silicon 
substrates 201 and 203. Subsequently, the second single 
crystal silicon substrate 203 is polished to a predetermined 
thickness. The result is an SOI substrate in which the second 
silicon substrate 203 is adhered to the first silicon substrate 
201 via the insulating film 202. Referring to FIG. 21A, an 
n-type heavily doped impurity diffusion layer 204 is formed 
by doping on the surface of the second silicon substrate 203 to 
be adhered to the insulating film 202 before the adhesion. 
(0270. Next, as shown in FIG.21B, a pad oxide film 208a 
is formed on the surface of the second silicon substrate 203 by 
thermal oxidation. On the surface of this pad oxide film 208a, 
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a silicon nitride film 209 as a first insulating layer and a silicon 
oxide film 210 as a second insulating layer are sequentially 
deposited by CVD. Thereafter, annealing is performed at a 
temperature of about 1,000° C. to densify the silicon oxide 
film 210. Subsequently, a resist (not shown) is formed and 
processed into a predetermined pattern by well-known pho 
tolithography. This resist formed on the Surface is used as a 
mask to perform RIE (Reactive Ion Etching) using CF- and 
CHF-based gases as etching gases to selectively etch the 
silicon oxide film 210, the silicon nitride film 209, and the pad 
oxide film 208a, thereby forming a hole 211 for exposing the 
surface of the silicon substrate 203. FIG.21B shows the state 
after the resist is removed. 

0271 Next, as shown in FIG. 21C, the silicon oxide film 
210 is used as a mask to perform RIE using HBr-based gas as 
an etching gas to selectively etch the second silicon Substrate 
203, forming a trench 212 reaching the insulating film 202. 
The film thickness of the silicon oxide film 210 in the preced 
ing step is so determined that the trench 212 well reaches the 
insulating film 202 due to the etching selectivity of the silicon 
oxide film 210 to the silicon substrate 203. 

0272. CDE (Chemical Dry Etching) is then performed on 
the inner wall surfaces of the trench 212. This CDE is per 
formed by using an RF discharge type plasma etching appa 
ratus, and the etching conditions are, for example, that the 
Source gases are CF, O, and N2, the frequency is 13.56 
MHz, the etching rate is 1,500 A/min, and the distance from 
the plasma to the wafer is 100 cm. Consequently, the inner 
wall surfaces of the trench 212 are etched by a thickness of 
about 1,500 A. 
0273. The inner wall surfaces of the trench 212 thus sub 
jected to CDE are annealed. For example, this annealing is 
performed at a temperature of 1,000°C. for 30 min in an N. 
ambient. The annealed inner wall surfaces of the trench 212 
may be subsequently sacrificially oxidized. In this sacrificial 
oxidation, a sacrificial oxide film about 500A thick is formed 
by dry oxidation at, e.g., 1,000° C. and removed by using 
hydrofluoric acid. 
0274 Next, as shown in FIG. 21D, an insulating film 213 

is formed on the inner wall surfaces of the trench 212 by wet 
thermal oxidation at, e.g., 1,050° C., and a polysilicon film 
214 is subsequently deposited by LP-CVD. This polysilicon 
film 214 is buried in the trench 212 and also deposited on the 
silicon oxide film 210. 

0275. As shown in FIG. 21E, dry etching is performed to 
etch back (first time) the excess polysilicon film 214 depos 
ited on the silicon oxide film 210. This etching is stopped so 
that the upper end of the polysilicon film 214 remaining in the 
trench 212 is higher than the silicon nitride film 209. 
0276. As shown in FIG. 21F, the silicon oxide film 210 is 
removed by wet etching using a fluorine solution. In this 
etching, the pad oxide film 208a and the insulating film 213 
formed on the inner wall surfaces of the trench 212 are not 
etched because the silicon nitride film 209 and the polysilicon 
film 214, which is so left behind that its upper end is higher 
than this silicon nitride film 209, serve as etching stoppers. 
0277 As shown in FIG. 21G, dry etching is performed to 
etchback (second time) the portion, protruding upward from 
the silicon nitride film 209, of the polysilicon film 214 buried 
in the trench 212. It is desirable to control this etching so that 
the upper end of the polysilicon film 214 is lower by about 0.3 
um than the upper end of the pad oxide film 208a, in order that 
athermal oxide film 215 (to be described later) is leveled with 
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the surrounding pad oxide film 208a when the thermal oxide 
film 215 is grown on the polysilicon film 214 in a subsequent 
step. 
0278. Thereafter, to form a p-type impurity diffusion layer 
244 for making contact with a memory cell of the Substrate in 
a part of the polysilicon film 214 in the trench 212, a resist 
mask is so formed as to partially expose the polysilicon film 
214. This resist mask and the silicon nitride film 209 are used 
as masks to ion-implant a p-type impurity, boron (B) in this 
embodiment, at a dose of 1x10" (1/cm) and an acceleration 
energy of 30 (keV). The ion-implanted boron (B) is diffused 
by performing annealing at a temperature of 1,000° C. for 30 
to 60 min in a nitrogen (N) gas ambient. Consequently, as 
shown in FIG. 21G, the p-type impurity diffusion layer 244 is 
formed in a partial region of the trench 212. 
(0279. Next, as shown in FIG. 21H, the upper portion of the 
polysilicon film 214 buried in the trench 212 is selectively 
thermally oxidized by using the silicon nitride film 209 as a 
mask to grow the oxide film 215. Thereafter, as shown in FIG. 
21I, the silicon nitride film 209 is etched away. Since the 
upper surface of the polysilicon film 214 is controlled to a 
predetermined position in the second etching back, no step is 
formed in the trench 212 as can be seen from FIG. 21I, so a 
planarized surface can be formed. Consequently, element 
isolation is done by the trench 212 and the buried polysilicon 
film 214 to define element regions 260 and 261. 
0280. As shown in FIG. 21J, well-know photolithography 
and impurity diffusion steps are performed to forman n-type 
impurity diffusion layer 246 serving as the control gate of the 
EEPROM in the element region 260 and a p-type well region 
205 in the element region 261. 
0281. As shown in FIG. 21K, a field oxide film 208 is 
formed on the surface of the second silicon substrate 203 by 
so-called LOCOS. On the p-type impurity diffusion layer 
244, this field oxide film 208 is so formed as to cover a portion 
of the surface of the p-type impurity diffusion layer 244. That 
is, a portion of the Surface of the p-type impurity diffusion 
layer 244 is exposed. The pad oxide film 208a is then 
removed. 

0282. Note that LOCOS described above is a method by 
which a silicon nitride film as an oxidation inhibiting film is 
formed in a predetermined portion of the substrate surface, 
and a portion where this silicon nitride film is not formed is 
thermally oxidized to form the thick field oxide film 208. FIG. 
21K shows the state in which the silicon nitride film as an 
oxidation inhibiting film is removed by phosphoric acid 
(HPO) after oxidation is performed by LOCOS. 
0283) Next, as shown in FIG. 21L, gate oxide films 221a 
and 221b and a tunnel oxide film 221c are sequentially 
formed. After a polysilicon film is formed by LP-CVD, pho 
tolithography and etching are sequentially performed to form 
a floating gate electrode 222 and a gate electrode 223. As 
shown in FIG. 20, the floating gate 222 has an integrated 
electrode pattern extending from the element region 260 to 
the element region 261. Also, the gate electrode 223 is formed 
adjacent to the floating gate 222. Thereafter, n-type impurity 
diffusion layers 235 to 239 are formed by selective doping. 
0284 As shown in FIG. 21M, an insulating interlayer 219 
such as a PSG or BPSG film is deposited on the entire surface 
of the Substrate. A resist mask (not shown) is formed, and this 
resist mask is removed after contact holes 248 and 249 are 
formed. Next, as shown in FIG. 21N, a region except for the 
contact hole 248 is masked by a resist, and the silicon sub 
strate is so etched as to extend over the p-type impurity 
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diffusion layer 244 and the n-type impurity diffusion layer 
235 in order to make contact with a memory cell of the 
substrate. Consequently, a trench 240 is formed. 
0285 CDE (Chemical Dry Etching) is then performed on 
the inner wall surfaces of the trench 240. This CDE is per 
formed by using an RF discharge type plasma etching appa 
ratus, and the etching conditions are, for example, that the 
Source gases are CF, O, and N2, the frequency is 13.56 
MHz, the etching rate is 1,500 A/min, and the distance from 
the plasma to the wafer is 100 cm. Consequently, the inner 
wall surfaces of the trench 240 are etched by a thickness of 
about 1,500 A. 
0286 Next, as shown in FIG. 21P, a barrier metal 241 
about 1,000 A thick is formed on the entire surface including 
the inner wall surfaces of the contact holes 248 and 249. More 
specifically, this barrier metal 241 is made of a stacked film of 
titanium (Ti) and titanium nitride (TiN). Subsequently, an 
aluminum film 242 about 7000 A thick is formed by sputter 
ing and patterned to simultaneously form a substrate elec 
trode buried in the contact hole 248 and a bit line buried in the 
contact hole 249. 

0287. The aluminum film 242 buried in the contact hole 
240 controls the substrate potential to a predetermined value. 
In the ninth embodiment, as shown in FIG. 21P, the substrate 
potential is a ground potential (GND). This aluminum film 
242 is also connected to the impurity diffusion layer 235 to fix 
the n-type impurity diffusion layer 235 to the ground poten 
tial. 

0288. In the EEPROM of the ninth embodiment, in the 
element region 260 the floating gate 222 is formed via the 
tunnel oxide film 221c. In the element region260, the floating 
gate 222 extending from the element region 261 opposes the 
impurity diffusion layer 246 as a control gate via the silicon 
oxide film 221a and is capacitively coupled with this impurity 
diffusion layer 246 by using the silicon oxide film 221a as a 
dielectric film. 
0289. To erase data, for example, the source and drain 
(impurity diffusion layers) 235 and 236 are set at 0 (V), and a 
predetermined voltage of about 20 (V) is applied to the con 
trol gate (impurity diffusion layer) 246. Since this voltage of 
the control gate 246 is also applied to the floating gate 222 at 
the capacitive coupling ratio of the oxide film 221a to the 
tunnel oxide film 221c, electrons are injected into the floating 
gate 222 through the tunnel oxide film 221c. Consequently, 
the threshold value of the transistor including the tunnel oxide 
film 221c rises to set the EEPROM in an erase State. The 
control gate 246 is well insulated from the silicon substrate 
203 because its lower surface is covered with the insulating 
film 202 and its side surfaces are covered with the element 
isolation structure made of the polysilicon film 214 buried in 
the trench 212. Therefore, even when a Voltage of up to, e.g., 
(V) is applied to the control gate 246, no breakdown takes 
place. 
0290 Furthermore, in the ninth embodiment, the alumi 
num film 242 is formed to fix the potential in the element 
active region 261 and connected to the p-type impurity diffu 
sion layer 244. Since a predetermined substrate potential can 
be applied to this p-type well region 205 via the aluminum 
film 242, it is possible to minimize variations in the threshold 
value of the EEPROM and stably perform write and read 
operations. In addition, this aluminum electrode 242 can fix 
the n-type impurity diffusion layer 235 and p-type impurity 
diffusion layer 244 serving as the shield plate electrode to the 
ground potential. 
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0291. Accordingly, the ninth embodiment realizes a reli 
able EEPROM which is a single-layer gate semiconductor 
device by which a low-cost process is possible, has the control 
gate 246 which can well withstand a high Voltage applied 
when data is erased or written, and can prevent an operation 
error and shorten the erase time. 
0292 Furthermore, the SOI substrate 1 prepared by form 
ing the silicon substrate 203 on the silicon substrate 210 via 
the insulating film 202 is used as a semiconductor Substrate. 
Therefore, the operating speed and the leak current charac 
teristic can be improved. 
0293 Note that in the ninth embodiment, the floating gate 
222 is formed into an island pattern made of a single poly 
silicon film. However, the floating gate may be formed by 
simultaneously forming two polysilicon film patterns in the 
element regions 260 and 261 and electrically connecting 
these patterns through a contact hole or the like in a later step. 
If this is the case, the aluminum electrode 242 can beformed 
simultaneously with the electrical connection. 
0294. In the first to ninth embodiments described above, 
an impurity diffusion layer as a controlgate and a floating gate 
are capacitively coupled with each other by using an oxide 
film or an ONO film as a dielectric film. However, the dielec 
tric film is not restricted to these films. For example, a ferro 
electric film may also be used. 
0295). If a ferroelectric film is used, a film made of plati 
num, a titanium compound, a tungsten compound or a ruthe 
nium compound can be used as a material of the floating gate 
electrode. It may also be formed of a double layer structure in 
which a conductive film made of for example, poly-silicon is 
provided under a platinum film. 
0296 Any material having a ferroelectric characteristic 
can be used as a material of the above-mentioned ferroelectric 
film. For example, PZT (lead zirconate titanate), PLZT (lead 
lanthanum Zirconate titanate), barium titanate, palladium 
titanate, barium strontium titanate and bismuth titanate can be 
used as the material of the ferroelectric film. A dielectric film 
made of for example, tantalic oxides or Ta-OsBSTO, which 
has a high dielectric constant of more than 50, can be used 
instead of the ferroelectric film. 

1. A method comprising: 
forming a transistor in a first element active region of a 

semiconductor Substrate, wherein the transistor has a 
gate electrode: 

forming a first conductive regionina second elementactive 
region of the semiconductor substrate, wherein the first 
element active region is electrically isolated from the 
second element active region, and wherein the first con 
ductive region is a control gate of a non-volatile 
memory; 

forming an additional electrode over at least a portion of 
the first conductive region, wherein the additional elec 
trode is separated from the first conductive region by a 
dielectric; and 

electrically connecting the additional electrode to the gate 
electrode to form a floating gate of the non-volatile 
memory, wherein at least a portion of the floating gate 
includes a metal. 

2. The method of claim 1, wherein the metal comprises a 
metal film, and wherein said electrically connecting the addi 
tional electrode to the gate electrode comprises forming the 
metal film. 
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3. The method of claim 1, further comprising: 
forming a logic gate, wherein said forming the logic gate is 

performed in parallel with said forming a transistor, said 
forming a first conductive region, said forming an addi 
tional electrode, and said electrically connecting the 
additional electrode to the gate electrode, and wherein 
said forming a logic gate further includes forming an 
interconnect between transistors of the logic gate, and 
wherein said forming an interconnect is performed in 
parallel with said electrically connecting the additional 
electrode to the gate electrode. 

4. The method of claim 1, wherein the gate electrode of the 
transistor is poly-silicon. 

5. The method of claim 1, wherein an entirety of the float 
ing gate electrode is the metal. 

6. The method of claim 5, wherein the gate electrode of the 
transistor is poly-silicon. 

7. The method of claim 1, wherein the metal comprises 
aluminum. 

8. The method of claim 1, wherein the metal comprises 
platinum. 

9. The method of claim 1, wherein the metal comprises 
titanium. 

10. The method of claim 1, wherein the metal comprises 
ruthenium. 

11. The method of claim 1, wherein the metal comprises 
tungsten. 

12. A method comprising: 
forming a logic gate; and 
forming a non-volatile memory, said forming including: 

forming a transistor in a first element active region of a 
semiconductor Substrate; 

forming a first conductive region in a second element 
active region of the semiconductor Substrate that is 
electrically isolated from the first element active 
reg1on; 

forming a dielectric over the first conductive region; and 
forming a floating gate electrode between a gate of the 

transistor and an area over the dielectric, wherein at 
least a portion of the floating gate electrode includes a 
metal. 

13. The method of claim 12, wherein the gate of the tran 
sistor comprises a gate electrode. 

14. The method of claim 13, wherein an entirety of the 
floating gate electrode between the gate electrode and the area 
over the dielectric is the metal. 

15. The method of claim 14, wherein the gate electrode of 
the transistor is poly-silicon. 

16. The method of claim 12, wherein the metal comprises 
aluminum. 

17. The method of claim 12, wherein the metal comprises 
platinum. 

18. The method of claim 12, wherein the metal comprises 
titanium. 

19. The method of claim 12, wherein the metal comprises 
ruthenium. 

20. The method of claim 12, wherein the metal comprises 
tungsten. 


