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(57) ABSTRACT 
A Semiconductor memory device having a memory cell 
region and a peripheral circuit region, and a method of 
manufacturing Such a Semiconductor memory device, are 
proposed, in which trench grooves are formed to be shallow 
in the memory cell region in order to improve the yield, and 
trench grooves are formed to be deep in the high Voltage 
transistor region of the peripheral circuit region, in particular 
in a high Voltage transistor region thereof, in order to 
improve the element isolation withstand Voltage. A plurality 
of memory cell transistors having an ONO layer 15 serving 
as a charge accumulating insulating layer are provided in the 
memory cell region, where element isolation grooves 6 for 
these memory cell transistors are narrow and shallow. Two 
types of transistors, one for high Voltage and the other for 
low Voltage, having gate insulating layers 16 or 17, which 
are different from the ONO layer 15 in the memory cell 
region, are provided in the peripheral circuit region, where 
at least element isolation grooves 23 for high Voltage 
transistors are wide and deep. In this way, it is possible to 
improve the degree of integration and yield in the memory 
cell region, and Secure withstand Voltage in the peripheral 
circuit region. 
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SEMCONDUCTOR MEMORY DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the 
benefit of priority from prior Japanese Patent Application 
No. 2003-344689, filed on Oct. 2, 2003, the entire contents 
of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
memory device and a method of manufacturing the Same. In 
particular, the present invention relates to a Semiconductor 
memory device, in which non-volatile memory cells are 
highly densely arranged, and highly resistant to a relatively 
higher Voltage, and a method of manufacturing Such a 
Semiconductor memory device. 
0004 2. Related Art 
0005 So-called MONOS (Metal-silicon Oxide-silicon 
Nitride-silicon Oxide-Semiconductor) memory cell devices, 
in which electric charge is trapped into Silicon nitride layers, 
are known as one type of non-volatile Semiconductor 
memory devices capable of being electrically written and 
erased. A MONOS memory cell device is capable of being 
written and erased at a relatively lower Voltage as compared 
with a floating gate type memory cell device. Further, a 
MONOS memory cell device, which has a single-gate 
Structure, is more Suitable for miniaturization than a floating 
gate type memory cell device, which requires a multi-layer 
structure, since the gate aspect ratio of a MONOS memory 
cell device is Smaller than that of a floating gate type 
memory cell device (for example, Japanese Patent Laid 
Open Publication No. 2002-313967). 
0006 The semiconductor memory device shown in this 
reference includes a memory cell device 1 composed of 
MONOS transistors, and a peripheral circuit portion 2 
constituting a logic circuit composed of MOS transistors, as 
shown in a plan view of FIG. 41. The peripheral circuit 
portion 2 further includes low Voltage transistors having a 
thin gate oxide layer, and high Voltage transistors having a 
thick gate oxide layer. 
0007 FIG. 42 shows a first example of an equivalent 
circuit diagram of the memory cell device 1 shown in FIG. 
41. This drawing especially shows an AND structure. 
0008. As shown in FIG. 42, the memory cell device 1 is 
composed of transistors M01, M02, M03, ..., M11, M22, 
M33, ..., M153 which are arranged in a matrix form. Each 
transistor has a known MONOS structure, includes a charge 
accumulating layer in its floating gate, and has an EEPROM 
function. 

0009. A plurality of word lines WL0, WL1, WL2, WL3 
WL14, and WL15 for selecting data items are connected to 
the memory cell device 1 having the aforementioned Struc 
ture. The word line WLO is connected to the control gates 
of the transistors. MOI, MO2, and M03, and the word line 
WL1 is connected to the control gates of the transistors M11, 
M12, and M13. The rest of the word lines (up to WL15) are 
connected to the control gates of the corresponding transis 
tors in the same manner. 
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0010) The transistors M01, M11, and M21-M151 are 
connected in parallel with each other. One end (drain side) 
of each of these transistors is connected to a bit line BL1, 
which Serves as a data transmitting line, via a Selection 
transistor SS1, and the other end (Source Side) is connected 
to a common Source line SL via a Selection transistor GS1. 
Similarly, the transistors M02, M12, M22-M152 are con 
nected in parallel with each other, one end is connected to a 
bit line BL2 via a selection transistor SS2, and the other end 
is connected to the common Source line SL via a Selection 
transistor GS2. The same applies to the transistors M03, 
M13, and M23-M153. 

0011. The memory cell device 1, which is of so-called 
AND type, is formed with Such a structure. Since the 
operation of Such a memory cell device is well known, the 
explanation thereof is omitted. 
0012 FIG. 43 shows a second example of an equivalent 
circuit diagram of the memory cell device 1 shown in FIG. 
1. This drawing especially shows a NOR type structure. 
0013 As shown in FIG. 43, the memory cell device 1 is 
composed of transistors M01, M02, . . . , M11, M12, ..., 
and M22 arranged in a matrix form. Each transistor has a 
known MONOS Structure, includes a charge accumulating 
layer in its floating gate, and has an EEPROM function. 
0014) A plurality of word lines WL0, WL1, WL2, . . . 
Serving as data Selecting lines, are connected to the memory 
cell device 1 having the aforementioned basic structure. The 
word line WLO is connected to the control gates of the 
transistor M01 and M02, and the word line WL1 is con 
nected to the control gates of the transistors M11 and M12. 
The rest of the word lines are connected to the control gates 
of the corresponding transistors in the same manner. 
0.015. One end (drain side) of each of the transistors M01, 
M11, and M21 is connected to a bit line BL1, which serves 
as a data transmitting line, and the other end (Source Side) is 
connected to a common Source line SL. 

0016. The memory cell device 1, which is of so-called 
NOR type, is formed with Such a structure. Since the 
operation of Such a memory cell device is well known, the 
explanation thereof is omitted. 
0017 FIG. 44 shows a third example of an equivalent 
circuit diagram of the memory cell device shown in FIG. 41. 
In particular, this drawing Shows the Structure of a virtual 
ground array type memory cell device. 

0018) As shown in FIG. 44, the memory cell device 1 is 
composed of transistors M(m), M(m)', M(m+1), M(m+1)", . 
... Each transistor has a known MONOS structure, includes 
a charge accumulating layer in its floating gate, and has an 
EEPROM function. 

0019. A plurality of word lines WL(m), WL(m+1), . . . 
Serving as data Selecting lines, are connected to the memory 
cell device 1 having the aforementioned basic Structure. The 
word line WL(m) is connected to the control gates of the 
transistors M(m), M(m)' . . . , and the word line WL(m+1) 
is connected to the control gates of the transistors M(m+1), 
M(m+)', . . . . 
0020. The transistors M(m) and M(m+1), or M(m)' and 
M(m+1)" are arranged in parallel with each other. One end 
(drain side) of each transistor is connected to a bit line 
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BL(n), which serves as a data transmitting line, via a 
Selection transistor SS2, and the other end (Source Side) is 
connected to a bit line BL(n+1) via a selection transistor SS1 
or SS3. 

0021. The memory cell device 1, which is of so-called 
Virtual ground array type, is formed with Such a structure. 
Since the operation of Such a memory cell device is well 
known, the explanation thereof is omitted. 
0022 FIG. 45 shows a fourth example of an equivalent 
circuit diagram of the memory cell device shown in FIG. 41. 
In particular, this drawing shows the Structure of the memory 
cell device 1 employing known NAND type EEPROM. 
0023. As shown in FIG. 45, MOS transistors M0, M1, 
M2, M3, ..., M14, and M15 constituting one bundle of the 
memory cell device 1 are connected in Series. Each transistor 
has a known MONOS structure, and has a non-volatile 
memory function obtained by MIS transistors having charge 
accumulating electrodes. The gate electrode, i.e., control 
gate, of each transistor is connected to word lines, i.e., data 
selecting lines, WL0-WL15. Further, a well potential Wellis 
applied to the back gates of the transistors M0-M15. 
0024. The transistor MO, which is located at one end of 
the series-connected transistors M0-M15, is connected to a 
bit line BL via a selection transistor S1. The transistor M15, 
which is located at the other end, is connected to a Source 
line SL via a selection transistor S2. The gate of the selection 
transistor S1 is connected to a SSL Signal line, and the gate 
of the Selection transistor S2 is connected to a GSL Signal 
line. 

0.025 The SSL signal line and the GSL signal line, which 
are block Selecting lines, are connected to the memory cell 
device 1. At least one block Selecting line is necessary for 
one block. Such a block Selecting line is arranged in the 
same direction of the data selecting lines WLO-WL15 for the 
purpose of, e.g., higher integration. 

0026. A so-called NAND cell block is formed with such 
a structure. Since the operation of such a NAND cell block 
is well known, the explanation thereof is omitted. 
0.027 FIG. 46 shows a partial plan view pattern of a 
Semiconductor memory device including a memory cell 
device 1 having the structure shown in FIG. 45. In order to 
help easy understanding of the cell Structure, the drawing 
shows only the portions under the control gate electrodes. 
0028 AS can be understood from FIG. 46, the memory 
cell device 1 includes a plurality of bit lines BL extending 
in the Vertical direction in the drawing. A plurality of word 
lines WLO-WL15 extending in the horizontal direction in the 
drawing are formed under the bit lines BL viewing in the 
thickness direction. An element isolation region 7 is formed 
between adjacent two word lines, except for the portions 
under the bit lines BL So as to isolate Source and drain 
regions 8. Bit line contacts 4 are formed on the Source and 
drain regions 8 of the bit lines BL which are adjacent to the 
SSL Signal line. Source line contacts 3 are formed in regions 
of the bit line BL which are adjacent to the GSL signal line. 
0029 FIG. 47 shows sectional views of a conventional 
Semiconductor memory device, in which (A) shows a Sec 
tional view taken along line A-A of FIG. 46, (B) shows a 
sectional view taken along line B-B' of FIG. 46, and (C) and 
47(D) show sectional views of the peripheral circuit portion 
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2 of FIG. 41. The section (A) corresponds to the gate portion 
of the memory cell device 1, the Section (B) corresponds to 
the element isolating portion of the memory cell device 1, 
the Section (C) corresponds to a low voltage transistor 
portion of the peripheral circuit portion 2, and the Section 
(D) corresponds to a high voltage transistor portion of the 
peripheral circuit portion 2. 

0.030. As shown in the sections (A) and (B) of FIG. 47, 
in the region of memory cell device 1, an n-type well 10 is 
formed on a p-type Substrate 9, and a p-type well 11 
containing an impurity, e.g., boron or indium, at a concen 
tration of 10'-10' (cm) is formed on the n-type well 10. 
That is, a substrate 26 of the region of the memory cell 
device 1 is constituted by forming the n-type well 10 and the 
p-type well 11 on the p-type substrate 9. 
0031. In the region of the memory cell device 1, a tunnel 
insulating layer 12 Serving as a first insulating layer and 
formed of a Silicon oxide layer or an oxynitride layer having 
a thickness of, e.g., 0.5-10 nm, is formed in a region 
sandwiched by the source and drain regions 8 of the Sub 
strate 26. 

0032. Furthermore, a charge accumulating layer 13 of, 
e.g., a Silicon nitride layer, having a thickness of 3-50 nm is 
formed on the tunnel insulating layer 12. 
0033) A block insulating layer 14 of, e.g., a silicon oxide 
layer or an oxynitride layer, is formed on the charge accu 
mulating layer 13. 
0034. Thus, an ONO layer 15 composed of a laminated 
Structure including the tunnel insulating layer 12, the charge 
accumulating layer 13, and the block insulating layer 14 is 
formed. 

0035) Subsequently, a first gate electrode 18 of a poly 
crystalline silicon layer is formed on the ONO layer 15, the 
impurity concentration, e.g., the phosphorus concentration, 
of the first gate electrode 18 being 1x10'-1x10° (cm). 
0036) A metal lining layer of, e.g., WSi, NiSi, MoSi, TiSi, 
CoSi, etc. having a thickness of 1-500 nm is formed on the 
first gate electrode 18. The metal lining layer Serves as a 
Second gate electrode 19. 
0037. Then, a mask insulating layer 20 of a silicon oxide 
layer or a silicon nitride layer having a thickness of 10-300 
nm is formed on the second gate electrode 19. 
0038. In the gate region thus formed, a sidewall insulat 
ing layer 37 is formed at the sidewall of each transistor. 
0039. Furthermore, a barrier insulating layer 21 and an 
interlayer insulating layer 22 are formed thereon, and a bit 
line BL is arranged on the interlayer insulating layer 22. A 
bit contact 4 connects the bit line BL and the Source and 
drain region 8. 
0040. In the region of memory cell device 1, the p-type 
well 11 is isolated from the p-type substrate 9 by means of 
the n-type well 10. Accordingly, it is possible to apply a 
Voltage to the p-type well 11 independently of the p-type 
substrate 9. Such a structure is preferable in order to 
decrease the load of the booster circuit at the time of erasing 
memory cells, thereby reducing the power consumption. 

0041) As shown in the section (C) of FIG. 47, in the low 
voltage transistor region (LV region) of the peripheral circuit 
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portion 2, the Substrate 26 is composed of the p-type 
substrate 9 and the p-type well 11 formed thereon. 
0042. In the low-voltage transistor region, a gate insulat 
ing layer 16 of a Silicon oxide layer or an oxynitride layer 
having a thickness of, e.g., 0.5-10 nm is formed in a region 
sandwiched by the source and drain regions 8 of the Sub 
strate 26. A first gate electrode 18 of polycrystalline silicon 
layer having a thickness of 10-500 nm is formed on the gate 
insulating layer 16. 
0043. A metal lining layer of, e.g., WSi, NiSi, MoSi, TiSi, 
CoSi, etc., having a thickness of 1-500 nm is formed on the 
first gate electrode 18, thereby forming a Second gate 
electrode 19. 

0044 Subsequently, a mask insulating layer 20 of a 
Silicon oxide layer or a Silicon nitride layer having a thick 
ness of 10-300 nm is formed on the second gate electrode 19. 
0.045. A sidewall insulating layer 37 is formed at the 
sidewall of each transistor thus formed. 

0046. Furthermore, a barrier insulating layer 21 and an 
interlayer insulating layer 22 are formed thereon, and a 
Signal line 24 is arranged on the interlayer insulating layer 
22. A contact 25 connects the Signal line 24 and the Source 
and drain region 8. 
0047. As shown in the section (D) of FIG. 47, in the high 
voltage transistor region (HV region), a gate insulating layer 
17 of a Silicon oxide layer or an oxynitride layer having a 
thickness of, e.g., 10-50 nm is formed in a region Sand 
wiched by the Source and drain regions 8 on the p-type 
substrate 9. A first gate electrode 18 of polycrystalline 
silicon layer having a thickness of 10-500 nm is formed on 
the gate insulating layer 17. 
0048. A metal lining layer of, e.g., WSi, NiSi, MoSi, TiSi, 
CoSi, etc., having a thickness of 1-500 nm is formed on the 
first gate electrode 18, thereby forming a Second gate 
electrode 19. 

0049 Subsequently, a mask insulating layer 20 of a 
Silicon oxide layer or a Silicon nitride layer having a thick 
ness of 10-300 nm is formed on the second gate electrode 19. 
0050. A sidewall insulating layer 37 is formed at the 
sidewall of each transistor thus formed. 

0051. Furthermore, a barrier insulating layer 21 and an 
interlayer insulating layer 22 are formed thereon, and a 
Signal line 24 is arranged on the interlayer insulating layer 
22. A contact 25 connects the Signal line 24 and the Source 
and drain region 8. 
0.052 The gate insulating layer 17 in the high voltage 
transistor region is thicker than the gate insulating layer 16 
of the low voltage transistor region in order to improve the 
withstand Voltage. 

0053 As shown in the sections (B), (C), and (D) of FIG. 
47, STI grooves (trench grooves) Serving as element isola 
tion grooves 6 and 23 are formed in order to isolate elements 
in the element isolation region of the memory cell device 1, 
and the low Voltage transistor regions and the high Voltage 
transistor region of the peripheral circuit portion 2. 
0.054 Furthermore, a p-type region 27 including an impu 
rity is formed at the bottom of each element isolation groove 
23 in the high Voltage transistor region, as shown in the 
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section (D) of FIG. 47. It is preferable that the impurity 
concentration of the p-type region 27 is higher than that of 
the p-type substrate 9 in order to improve the element 
isolation withstand Voltage. 

0055 AS is apparent from the sections (B) and (C) of 
FIG. 47, a relatively deep element isolation grooves (rela 
tively deep trench grooves) 6 are formed in the region of 
memory cell device 1 and the low voltage transistor region 
of the peripheral circuit portion 2. 

0056. As is apparent from the section (D) of FIG. 47, a 
relatively shallow element isolation groove (relatively shal 
low trench groove) 23 is formed in the high voltage tran 
Sistor region of the peripheral circuit portion 2. - Next, a 
method of manufacturing the conventional Semiconductor 
memory device having the aforementioned Structure will be 
described with reference to FIGS. 48-50. 

0057. In FIGS. 48-50, the sections (A), (B), (C), and (D) 
correspond to those of FIG. 47. 

0058. In order to simplify the explanation, the n-type well 
10 and p-type well 11 located on the p-type substrate 9, and 
the p-type region 27 at the bottom of the element isolation 
groove 23 are not shown in FIGS. 48-50. These are inclu 
sively referred to as the substrate 26. 

0059 First, a sacrificial oxide layer (not shown) having a 
thickness of 5-15 nm is formed on the Substrate 26. Then, if 
a need arises, an impurity is doped into the Well and channel 
portions of the memory cell device 1 and the peripheral 
circuit portion 2, thereby forming the basic structure of the 
Substrate 26. 

0060. Thereafter, the sacrificial oxide layer is removed, 
and a Silicon oxide layer or a Silicon nitride layer to become 
the gate insulating layer 17 in the high Voltage transistor 
region of the peripheral circuit portion 2 is formed on the 
entire surface of the substrate 26. The thickness of the gate 
insulating layer 17 is adjusted to be, e.g., about 400 nm So 
that even if the thickness changed in the Subsequent Steps, 
the target thickneSS could be ultimately achieved. 
0061 Subsequently, the high voltage transistor region is 
covered by a resist, and the gate insulating layer 17 is 
removed from the memory cell region and the low voltage 
transistor region. As a result, the gate insulating layer 17 
remains only in the high Voltage transistor region. 

0062) Then, the resist is removed, and a silicon oxide 
layer or a Silicon nitride layer having a thickness of 0.5-5 mm 
is formed as the tunnel insulating layer 12 of the MONOS 
memory cell. Thereafter, an insulating layer formed of, e.g., 
Silicon oxide, Silicon nitride, HfO2, TA-Os, TiO, Al2O, 
etc., is deposited, thereby forming the charge accumulating 
layer 13. 

0063. The block insulating layer 14 of a silicon oxide 
layer or a Silicon nitride layer having a thickness of 1-20 nm 
is formed on the charge accumulating layer 13. 

0064. After the aforementioned steps, the ONO layer 15 
having a three-layer Structure including the tunnel insulating 
layer 12, the charge accumulating layer 13, and the block 
insulating layer 14 is formed in the memory cell region and 
the low voltage transistor region, and the ONO layer 15 
including the gate insulating layer 17, the charge accumu 
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lating layer 13, and the block insulating layer 14 is formed 
in the high Voltage transistor region. 
0065. Subsequently, a silicon nitride layer having a thick 
ness of 10-500 nm, serving as a stopper layer 30 for stopping 
the CMP step for flattening a material embedding in the 
element isolation region, is deposited. Furthermore, a Silicon 
oxide layer having a thickness of 10-500 nm is deposited on 
the Stopper layer 30, the Silicon oxide layer Serving as a 
mask member 31 to be used for anisotropic etching of the 
element isolation region. 
0.066 The sectional views of the respective regions as 
shown in Figs. (A)-(D) of FIG. 48 can be obtained through 
the aforementioned steps. As is apparent from FIG. 48, the 
gate insulating layer 17 of the high Voltage transistor region 
is thicker than the tunnel insulating layer 12 of the gate 
region, the element isolation region, and the low voltage 
transistor region. As a result, the upper Surface of the mask 
material 31 in the high Voltage transistor region is higher 
than that in the other regions. 
0067. Then, as shown in FIG. 49, a resist (not shown) is 
patterned by photolithography, and then anisotropic etching 
is performed on the mask member 31 and the Stopper layer 
30. 

0068. Thereafter, as shown in FIG. 50, the block insu 
lating layer 14, the charge accumulating layer 13, the tunnel 
insulating layer 12, the gate insulating layer 17, and the 
p-type well 11 is etched up to a predetermined depth by 
anisotropic etching, thereby forming trenches Serving as the 
element isolation grooves 6 of the element isolation region 
and the low Voltage transistor region, and the element 
isolation groove 23 of the high Voltage transistor region. 

0069. As shown in the sections (B), (C), and (D) of FIG. 
50, since the gate insulating layer 17 of the high voltage 
transistor region is thicker than the tunnel insulating layer 12 
of the element isolation region and the low Voltage transistor 
region, the element isolation groove 23 of the high Voltage 
transistor region is adjusted to be deeper than the element 
isolation grooves 6 of the element isolation regions and the 
low Voltage transistor region So as to compensate for the 
difference in thickness. 

0070 The size of the transistors in the region of the 
memory cell device 1 shown in the sections (A)s and (B)s of 
FIGS. 48-50 is relatively smaller than the size of the 
transistors in the region of the peripheral circuit portion 2 in 
the sections (C)s and (D)s of FIGS. 48-50. As a result, the 
width of the element isolation groove 6 and the distance 
between adjacent two element isolation grooves 6 in the 
region of the memory cell device 1 are adjusted to be 
Smaller. 

0071. In addition to the aforementioned steps, the steps as 
disclosed in Japanese Patent Laid-Open Publication No. 
2002-313967, which was mentioned before as the prior art 
reference, are performed to achieve the Semiconductor 
memory device as shown in the sectional view of FIG. 47. 
0.072 Generally, it is preferable that the element isolation 
grooves 6 and 23 were relatively deeper in order to obtain a 
higher element isolation withstand Voltage. That is, it is 
preferable that the element isolation groove 23 were as deep 
as possible in order to improve the withstand Voltage of the 
high Voltage transistor region. Here, the depth of an element 
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isolation groove is defined to be the distance between the 
upper Surface of the substrate 26 and the bottom of the 
element isolation groove. 
0073. In the memory region, however, since the improve 
ment in integration and miniaturization of device is the 
important objective in order to achieve a mass Storage 
device, the width of the element isolation groove 6 and the 
distance between the adjacent two element isolation grooves 
6 should be adjusted to be reduced. At this time, in order to 
facilitate the manufacture and improve the yield, the element 
isolation grooves 6 and 23 in this region should be as 
shallow as possible. The reason for this is that when the 
trench groove is deep, the embedding aspect ratio at the time 
of filling up the trench groove becomes higher. As a result, 
it becomes difficult to achieve a good embedding character 
istic. 

0074. However, in the conventional semiconductor 
memory device and a method of manufacturing the conven 
tional Semiconductor memory device, the element isolation 
groove 23 of the high Voltage transistor region is shallower 
than the element isolation groove 6 of the memory cell 
region or the low voltage transistor region. 

0075 Since the conventional semiconductor memory 
device has the aforementioned Structure, and the process of 
the method of manufacturing the conventional Semiconduc 
tor memory device is carried out in the manner mentioned 
above, the following problems have been raised. 
0076. In a high voltage transistor region, the element 
isolation groove 23, which should be formed as deep as 
possible in order to obtain a higher element isolation with 
Stand Voltage, is shallower than that in other regions. Thus, 
it is difficult to improve the withstand voltage. 
0077. In the memory region, the element isolation groove 
6, which should be formed as shallow as possible in order to 
improve the manufacturing yield, is formed relatively deep. 
Thus, it is difficult to improve the manufacturing yield. 
0078. Furthermore, in the low voltage transistor region of 
the peripheral circuit portion 2, it is not necessary to form the 
element isolation groove 6 to be deep at a Sacrifice of the 
manufacture yield Since the Voltage applied to the low 
Voltage transistor region is not So high. 

0079 Thus, the aforementioned conventional semicon 
ductor memory device and the method of manufacturing 
Such a Semiconductor memory device have problems in that 
the trench grooves in the region of memory cell device 1, 
which should be as shallow as possible in order to improve 
the yield, are formed deep, and that the trench grooves in the 
high Voltage transistor region of the peripheral circuit por 
tion 2, which should be as deep as possible in order to 
improve the element isolation withstand Voltage, are formed 
shallow. 

SUMMARY OF THE INVENTION 

0080 a semiconductor memory device according to a 
first aspect of the present invention includes: a first region 
including a plurality of memory cell transistors, each 
memory cell transistor employing a first gate insulating layer 
having a laminated Structure including at least a charge 
accumulating insulating layer, and a Second region including 
a plurality of transistors, each transistor employing a Second 
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gate insulating layer which is different from the charge 
accumulating insulating layer, the first and Second regions 
being formed on a Semiconductor Substrate, and a depth of 
an element isolation trench in the first region, measured from 
a Surface of the Semiconductor Substrate, being Set to be 
shallower than a depth of an element isolation trench in the 
Second region, measured from the Surface of the Semicon 
ductor Substrate. 

0.081 Further, a semiconductor memory device accord 
ing to a Second aspect of the present invention includes: a 
first region including a plurality of memory cell transistors, 
each memory cell transistor employing a first gate insulating 
layer having a laminated Structure including at least a charge 
accumulating insulating layer; a Second region including a 
plurality of transistors, each transistor employing a Second 
gate insulating layer which is different from the charge 
accumulating insulating layer; and a third region including 
a plurality of transistors, each transistor employing a third 
gate insulating layer which is different from the charge 
accumulating insulating layer, and is thinner than the Second 
gate insulating layer, the first, Second and third regions being 
formed on a Semiconductor Substrate, and a depth of an 
element isolation trench in the first region, measured from a 
Surface of the Semiconductor Substrate, being Set to be 
shallower than a depth of an element isolation trench in the 
Second region, measured from the Surface of the Semicon 
ductor Substrate, and being Set to be Substantially the same 
as a depth of an element isolation trench in the third region, 
measured from the Surface of the Semiconductor Substrate. 

0082 a method of manufacturing a semiconductor 
memory device according to a third aspect of the present 
invention includes: a first region including a plurality of 
memory cell transistors, each memory cell transistor 
employing a first gate insulating layer having a laminated 
Structure including at least a charge accumulating insulating 
layer; and a Second region including a plurality of transis 
tors, each transistor employing a Second gate insulating 
layer which is different from the charge accumulating insu 
lating layer, the first and Second regions being formed on a 
Semiconductor Substrate, the method comprising a step of 
etching the Semiconductor Substrate in the Second region in 
order to form a Second element isolation trench, using the 
charge accumulating insulating layer in the first region as an 
etching Stopper, So that the Semiconductor Substrate in the 
first region is not etched. 
0.083 a method of manufacturing a semiconductor 
memory device according to a fourth aspect of the present 
invention includes: a first region including a plurality of 
memory cell transistors, each memory cell transistor 
employing a first gate insulating layer having a laminated 
Structure including at least a charge accumulating insulating 
layer; a Second region including a plurality of transistors, 
each transistor employing a Second gate insulating layer 
which is different from the charge accumulating insulating 
layer; and a third region including a plurality of transistors, 
each transistor employing a third gate insulating layer which 
is different from the charge accumulating insulating layer, 
and is thinner than the Second gate insulating layer, the first, 
Second and third regions being formed on a Semiconductor 
Substrate, wherein: in the first and third regions, at least the 
first gate insulating layer and a gate electrode formed 
thereon are located on the Semiconductor Substrate; in the 
Second region, at least the Second gate insulating layer and 
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a gate electrode formed thereon are located on the Semicon 
ductor Substrate; and the Semiconductor Substrate is etched 
in a Self-aligned manner with respect to the gate electrodes, 
thereby forming the element isolation trenches in the first, 
Second and third regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0084 FIG. 1 is a sectional view of a semiconductor 
memory device according to the first embodiment of the 
present invention. 
0085 FIG. 2 is a sectional view showing one step of a 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0086 FIG. 3 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0087 FIG. 4 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0088 FIG. 5 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0089 FIG. 6 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 

0090 FIG. 7 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0091 FIG. 8 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0092 FIG. 9 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0093 FIG. 10 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0094 FIG. 11 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0095 FIG. 12 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0096 FIG. 13 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0097 FIG. 14 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0.098 FIG. 15 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0099 FIG. 16 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
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0100 FIG. 17 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0101 FIG. 18 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0102 FIG. 19 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0103 FIG.20 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0104 FIG.21 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0105 FIG.22 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0106 FIG.23 is a sectional view showing one step of the 
method of manufacturing the Semiconductor memory device 
according to the first embodiment. 
0107 FIG. 24 is a sectional view for explaining the 
characteristic feature in the method of manufacturing the 
Semiconductor memory device according to the first 
embodiment. 

0108 FIG. 25 is a sectional view of a semiconductor 
memory device according to the Second embodiment of the 
present invention. 
0109 FIG. 26 is a sectional view of a semiconductor 
memory device according to the third embodiment of the 
present invention. 
0110 FIG.27 is a sectional view for explaining a method 
of manufacturing the Semiconductor memory device accord 
ing to the third embodiment. 
0111 FIG. 28 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
0112 FIG. 29 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
0113 FIG. 30 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
0114 FIG. 31 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
0115 FIG. 32 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
0116 FIG. 33 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
0117 FIG. 34 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
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0118 FIG. 35 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
0119 FIG. 36 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
0120 FIG. 37 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
0121 FIG. 38 is a sectional view for explaining the 
method of manufacturing the Semiconductor memory device 
according to the third embodiment. 
0.122 FIG. 39 is a sectional view for explaining a struc 
ture and a method of manufacturing a Semiconductor 
memory device according to the fourth embodiment of the 
present invention. 

0123 FIG. 40 is a sectional view for explaining the 
Structure and the method of manufacturing a Semiconductor 
memory device according to the fourth embodiment of the 
present invention. 
0.124 FIG. 41 is a plan view showing an example of a 
conventional NOMOS semiconductor memory device. 
0.125 FIG. 42 is an equivalent circuit diagram showing 
a first example of an AND type structure of the memory cell 
region shown in FIG. 41. 
0.126 FIG. 43 is an equivalent circuit diagram showing 
a second example of a NOR type structure of the memory 
cell region shown in FIG. 41. 
0127 FIG. 44 is an equivalent circuit diagram showing 
a third example of a Virtual Ground Array type structure of 
the memory cell region shown in FIG. 41. 
0128 FIG. 45 is an equivalent circuit diagram showing 
a fourth example of a NAND type structure of the memory 
cell region shown in FIG. 41. 

0.129 FIG. 46 is a partial plan view of a semiconductor 
memory device including a memory cell 1 having the 
structure shown in FIG. 45. 

0130 FIG. 47 is a sectional view of a conventional 
Semiconductor memory device. 

0131 FIG. 48 is a sectional view showing one step of a 
method of manufacturing a conventional Semiconductor 
memory device. 

0132 FIG. 49 is a sectional view showing one step of the 
method of manufacturing a conventional Semiconductor 
memory device. 

0.133 FIG. 50 is a sectional view showing one step of a 
method of manufacturing a conventional Semiconductor 
memory device. 

0.134 FIG. 51 shows a plan view and a sectional view 
relating to each other, which show the main part of the 
boundary between the memory cell region and the high 
Voltage transistor region formed by lithography. 

0135 FIG. 52 shows a plan view and a sectional view 
relating to each other, which show the main part of the 
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boundary between the memory cell region and the high 
Voltage transistor region formed during a Self-alignment 
Step. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0136. Hereinafter, embodiments of the present invention 
will be described with reference to the accompanying draw 
ings. 

0137 (First Embodiment) 
0138 FIG. 1 shows sectional views of a semiconductor 
memory device according to a first embodiment of the 
present invention, in which (A) is a Sectional view of a gate 
of a memory cell region (corresponding to the A-A section 
of FIG. 46), (B) is a sectional view of an element isolation 
region in the memory cell region (corresponding to the B-B' 
section of FIG. 46), (C) is a sectional view of a low voltage 
transistor region (LV region) of a peripheral circuit portion, 
and (D) is a Sectional view of a high Voltage transistor region 
(HV region). 
0139 FIG. 1 differs from FIG. 47 in that the element 
isolation groove 23 in the high Voltage transistor region of 
the peripheral circuit portion is deeper than the element 
isolation grooves 6 in the element isolation region in the 
memory cell region and the low Voltage transistor region in 
the peripheral circuit portion, as shown in the Sections (A), 
(B), and (C). 
0140 That is, as shown in the sections (B) and (C), in the 
region of memory cell 1 and the low voltage transistor 
region of the peripheral circuit portion 2, relatively shallow 
trench groove, i.e., relatively shallow element isolation 
grooves 6, are formed. 
0141 On the other hand, as shown in the section (D), in 
the high Voltage transistor region of the peripheral circuit 
portion 2, relatively deep trench grooves, i.e., relatively deep 
element isolation grooves 23, are formed. 
0142. Thus, according to the semiconductor memory 
device of the first embodiment, the element isolation 
grooves 23 in the high Voltage transistor region, which 
should be as deep as possible in order to obtain a higher 
element isolation withstand Voltage, are formed to be deeper 
than the element isolation grooves in the other region. That 
is, the high Voltage transistor region has a structure Suitable 
for improving the withstand Voltage. 
0143. In addition, according to the semiconductor 
memory device of the first embodiment, the element isola 
tion grooves 6in the memory region, which should be as 
shallow as possible in order to improve the manufacturing 
yield, is formed to be shallower than the element isolation 
grooves in the high Voltage region. That is, the memory 
region has a structure Suitable for facilitating the manufac 
ture and for improving the yield at the time of manufacturing 
a highly integrated memory cell device having a large 
capacity. 
0144. In the peripheral circuit portion 2, the trench 
grooves, i.e., the element isolation grooves 6, in the low 
Voltage transistor region are formed to be shallow Since the 
Voltage applied to this region is low. Thus, the present 
invention has a reasonable structure not to degrade the yield 
unnecessarily. 
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0145. In addition, the first gate electrode 18 serving as the 
metal lining layer, the Second gate electrode 19, and the 
mask insulating layer 20 of the memory cell region, the low 
Voltage transistor region, and the high Voltage transistor 
region, are formed to be the same layers, which helps 
facilitate the manufacturing process. 

0146 Thus, according to the semiconductor memory 
device of the first embodiment of the present invention, the 
trench grooves in the region of the memory cell device 1, 
which should be shallow in order to improve the yield, are 
formed to be shallow. Furthermore, the trench grooves in the 
high Voltage transistor region of the peripheral circuit por 
tion 2, which should be deep in order to improve the element 
isolation withstand Voltage, are formed to be deep. Accord 
ingly, it is possible to achieve a Semiconductor memory 
device which is easy to manufacture, and has Superior 
performance Such as a higher yield and a higher element 
isolation withstand Voltage. 

0147 Next, a method of manufacturing the semiconduc 
tor memory device of the first embodiment will be described 
with reference to FIGS. 2-23. 

0148. The sections (A), (B), (C), and (D) in FIGS. 2-23 
correspond to the sections (A), (B), (C), and (D) of FIG. 1. 
0149. In order to simplify the explanation, the n-type well 
10 and the p-type well 11 on the p-type substrate 9, and the 
p-type region at the bottom of the element isolation groove 
23 are not shown, but they are inclusively referred to as the 
Substrate 26. 

0150 First, a sacrificial oxide layer (not shown) having a 
thickness of 1-100 nm is formed on a p-type Silicon Substrate 
containing boron as an impurity at a concentration of 
10-10' (cm). Then, a resist is applied thereto, and 
lithography is performed. Thereafter, ions Such as phospho 
rus, arsenic, antimony, etc., are doped into the memory cell 
region at an acceleration energy of 30-1,500 KeV and with 
a dose amount of 1x10'-1x10" (cm), thereby forming an 
n-type well in the memory cell region. 

0151. Further, boron ions are doped into the memory cell 
region and the low Voltage transistor region with a dose 
amount of 1x10'-1x10' (cm’) and at an acceleration 
energy of 100-1,000 KeV, thereby forming a p-type well in 
the memory cell region and the low Voltage transistor region. 

0152 Then, a resist is applied, and lithography is per 
formed. Subsequently, an impurity Such as boron, indium, 
etc., is doped into the memory cell region and the low 
Voltage transistor region as channel ions at a does amount of 
1x10'-1x10' (cm). 
0153. Thereafter, the sacrificial oxide layer is removed. 
Then, a Silicon oxide layer or an oxynitride layer having a 
thickness of 0.5-10 nm is formed on the Substrate 26, the 
layer Serving as the tunnel insulating layer 12 in the memory 
cell region of the MONOS. 

0154) Then, a silicon nitride layer having a thickness of 
3-50 nm is formed thereon, the layer Serving as the charge 
accumulating layer 13. 

O155 Subsequently, a silicon oxide layer or an oxynitride 
layer having a thickness of 3-30 nm is formed thereon, the 
layer Serving as the block insulating layer 14. 
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0156 After the aforementioned steps, the ONO layer 15 
including the tunnel insulating layer 12, the charge accu 
mulating layer 13, and the block insulating layer 14 is 
formed, the ONO layer 15 becoming the gate oxide layer. 
O157 Then, an amorphous silicon layer or a polycrystal 
line silicon layer having a thickness of 10-500 nm to become 
the first gate electrode 18 is formed on the entire surface of 
the ONO layer 15. 
0158. It is preferable that the silicon layer constituting the 

first gate electrode 18 included no impurity, but a polycrys 
talline silicon layer containing 1x10'-1x10° (cm) of an 
impurity, e.g., phosphorus, can be used. 
0159. Then, as shown in FIG. 3, a resist 28 is prepared 
on the Surface of the workpiece except for the high Voltage 
transistor region. Subsequently, the first gate electrode 18 
and the ONO layer 15 of the high voltage transistor region 
is removed by lithography and isotropic or anisotropic 
etching, as shown in FIG. 4. After the etching Step, the resist 
28 is removed. 

0160 Subsequently, as shown in FIG. 5, an oxide layer 
or an oxynitride layer to become the gate insulating layer 17 
of the high Voltage transistor region is formed So as to have 
a thickness of 10-500 nm. Further, a polycrystalline or 
amorphous Silicon layer to become the first gate electrode 18 
of the high Voltage transistor region is formed So as to have 
a thickness of 10-500 nm. 

0161 The thickness of the silicon layer can be the same 
as that of the silicon layer deposited on the ONO layer 15. 
Furthermore, the height of the first gate electrode 18 previ 
ously deposited in the memory cell region and the low 
Voltage transistor region can be the same as the height of the 
first gate electrode 18 newly deposited in the high Voltage 
transistor region. 
0162. As the gate insulating layer 17 and the first gate 
electrode 18 are deposited on the substrate 26 in the high 
Voltage transistor region, an oxide layer and a Silicon layer 
are similarly deposited on the first gate electrode 18 in the 
memory cell region and the low Voltage transistor region. 
0163 Subsequently, a resist 29 is prepared in the high 
Voltage transistor region, as shown in FIG. 6, and the oxide 
layer and the Silicon layer in the memory cell region and the 
low Voltage transistor region are removed by lithography 
and isotropic or anisotropic etching, as shown in FIG. 7. 
0164. Through the aforementioned steps, the structure of 
this embodiment can be achieved, in which the ONO layer 
15 and the gate insulating layer 17 are formed in the 
corresponding regions, and the first gate electrode 18 is 
formed on both of these layers. The process of achieving 
Such a structure is not limited to the aforementioned one. For 
example, first the ONO layer 15 and the gate insulating layer 
17 can be formed in the relating regions, and then the first 
gate electrode 18 can be deposited thereon. Other ways are 
also acceptable as long as in the completed device, the 
memory cell region and the low Voltage transistor region 
have a laminated structure including the ONO layer 15 and 
the first gate electrode 18, and the high Voltage transistor 
region has a laminated Structure including the gate insulating 
layer 17 and the first gate electrode 18. 
0.165 Next, as shown in FIG. 8, the first insulating layer 
30 formed of a silicon nitride layer and the second insulating 

May 5, 2005 

layer 31 formed of a Silicon oxide layer each having a 
thickness of 10-200 nm are deposited on the entire surface 
of the wafer. 

0166 Then, as shown in FIG. 9, lithography and aniso 
tropic etching are performed on the first insulating layer 30, 
the Second insulating layer 31, and the polycrystalline Sili 
con layer to become the first gate electrode 18. The etching 
mask used at the time of the etching step in FIG. 9 is the 
mask member composed of the electrode member (18) in the 
memory transistor in the memory cell device 1 ((A) and (B)) 
and the LV region ((C)). In the HV region ((D)), the mask 
member composed of the electrode member (18) on the 
thick gate oxide layer (17) is used. 
0.167 Subsequently, as shown in FIG. 10, anisotropic 
etching is performed on the block insulating layer 14 in the 
memory cell region and the low voltage transistor region, 
and the gate insulating layer 17 in the high Voltage transistor 
region, using the first insulating layer 30 and the Second 
insulating layer 31 as maskS. At this time, the charge 
accumulating insulating layer formed of a Silicon nitride 
layer (charge accumulating layer 13) is left in the memory 
cell region and the low Voltage transistor region. 
0.168. Then, as shown in FIG. 11, anisotropic etching is 
performed to etch, using the first insulating layer 30 and the 
Second insulating layer 31 as masks, the Silicon Substrate of 
the high voltage transistor region with a depth of 10-100 nm 
So as to a step portion 32 of the element isolation groove 
under an etching condition having a Selectivity with respect 
to Silicon nitride layer. It is preferable that an etching 
condition were chosen in which the etching rate of the 
Substrate 26 is more than ten times that of the charge 
accumulating layer 13. With Such an etching condition, the 
Step portion 32 having a Sufficient depth for making an 
element isolation groove can be formed in the high Voltage 
transistor region without performing photolithography. 
0169. Subsequently, as shown in FIG. 12, anisotropic 
etching is performed on the charge accumulating layer 13 
and the tunnel insulating layer 12 in the memory cell region 
and the low Voltage transistor region using the first insulat 
ing layer 30 and the Second insulating layer 31 as maskS. At 
this time, as an etching condition with a low Selectivity with 
respect to the Substrate 26 is employed, the Substrate 26 in 
the high Voltage transistor region is also etched. As a result, 
the Substrate 26 is exposed in the memory cell region and the 
low Voltage transistor region, and the Step portions 32 of the 
element isolation grooves are further deepened by 5-50 nm 
in the high Voltage transistor region. 
0170 Next, as shown in FIG. 13, anisotropic etching is 
performed on the Substrate 26 using the first insulating layer 
30 and the second insulating layer 31 as masks, thereby 
forming the element isolation grooves 6 having a depth of 
30-500 nm in the memory cell region and the low voltage 
transistor region. At this time, Since the Step portions 32 for 
making element isolation grooves have been formed in the 
high Voltage transistor region, the element isolation grooves 
23, which are deeper than the element isolation grooves 6 by 
10-150 nm, are formed in this region. 
0171 Thereafter, as shown in FIG. 14, the element 
isolation grooves 6 and 23 are filled with an insulating 
material 33, Such as a Silicon oxide layer, and the filled 
material is flattened by CMP (Chemical Mechanical Polish 
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ing), etc. At this time, the Second insulating layer 31 is 
removed by CMP, and the first insulating layer 30 works as 
an etching stopper in the CMP step. 
0172 If the height of the fist gate electrode 18 formed on 
the ONO layer 15 in the memory cell region and the low 
Voltage transistor region and the height of the first gate 
electrode 18 formed on the gate insulating layer 17 in the 
high Voltage transistor region were adjusted to be the same, 
as shown in FIG. 5, even if the depth of the element isolation 
grooves 6 and 23 varied for each region, the height of the 
first insulating layer 30 Serving as the etching Stopper would 
become the same for all of the memory cell region, the low 
Voltage transistor region, and the high Voltage transistor 
region. Accordingly, the CMP step could be facilitated, 
thereby improving the yield. 
0173 Then, as shown in FIG. 15, the first insulating layer 
30 is removed by wet etching, etc., thereby exposing the first 
gate electrode 18 in all of the memory cell region, the low 
Voltage transistor region, and the high Voltage transistor 
region. 

0174) Thereafter, as shown in FIG. 16, the memory cell 
region and the high Voltage transistor region are covered by 
a resist 34 by photolithography, leaving an opening over the 
low Voltage transistor region. 
0175. Thereafter, as shown in FIG. 17, the first gate 
electrode 18 and the ONO layer 15 in the low voltage 
transistor region are removed by anisotropic etching or 
isotropic etching, and then the resist 34 is removed. At this 
time, the upper portion of the insulating material 33, which 
is filled in the element isolation grooves 6 in the low voltage 
transistor region, is also etched. As a result, the height of the 
upper edge of the element isolation grooves 6 in the low 
Voltage transistor region becomes lower than the height of 
the upper edge of the element isolation grooves 6 and 23 of 
the memory cell region and the high Voltage transistor 
region. Here, the height of element isolation grooves is 
defined by the distance between the upper Surface of the 
Substrate 26 and the upper edge of the insulating material 33 
filled in the element isolation grooves. 
0176) Subsequently, as shown in FIG. 18, a gate insu 
lating layer 16 for the low Voltage transistor region, formed 
of a Silicon oxide layer having a thickness of 0.5-15 nm, is 
formed. Then, a gate electrode member 35 formed of a 
polycrystalline silicon layer having a thickness of 10-500 
nm is deposited thereon. At this time, the gate insulating 
layer 16 and the gate electrode member 35 are also formed 
in the memory cell region and the high Voltage transistor 
region. 

0177 Next, as shown in FIG. 19, a resist 36 is deposited 
So as to cover the low Voltage transistor region by photoli 
thography, and as shown in FIG. 20, the gate insulating 
layer 16 and the gate electrode member 35 formed in the 
memory cell region and the high Voltage transistor region 
are removed. 

0178. In the memory cell region and the high voltage 
transistor region, the first gate electrodes 18 are not placed 
on the insulating members 33 of the element isolation 
grooves 6 and 23, while in the low Voltage transistor region, 
the gate electrode member 35 is placed on the insulating 
members 33 of the element isolation grooves 6. The reason 
for this is that only in the low Voltage transistor region, the 
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gate insulating layer 16 and the gate electrode member 35 
are formed after the insulating member 33 is filled in the 
element isolation grooves 6. The gate electrode member 35 
formed in this manner serves as the first gate electrode 18 in 
the low Voltage transistor region. 
0179 The thickness of the gate electrode member 35 in 
the low Voltage transistor region can be the same as the 
thickness of the first gate electrode 18 in the memory cell 
region and the high Voltage transistor region. Further, the 
upper Surface of the first gate electrode 18 can be at the same 
height as that of the gate electrode member 35. In the former 
case, Since the etching amount for etching the first gate 
electrode 18 and the gate electrode member 35 becomes the 
Same both in the case of the low voltage transistor region and 
in the case of the memory cell region and the high Voltage 
transistor region, the processing margin at the time of 
processing the gate can be improved. In the latter case, Since 
the height of the gate electrode of a transistor in the low 
Voltage transistor region, Viewing from the Surface of the 
Substrate 26, becomes the same as that in the memory cell 
region and the high Voltage transistor region, fluctuations in 
height of the interlayer insulating layer become Smaller, 
thereby improving the yield of contact wiring. 
0180 Hereinafter, the gate electrode member 35 will be 
referred to as the first gate electrode 18 of the low voltage 
transistor region. 
0181 Next, as shown in FIG. 21, a metal lining layer of, 
e.g., WSi, NiSi, MoSi, TiSi, CoSi, etc., having a thickness of 
1-500 nm, is formed, the metal lining layer Serving as the 
Second gate electrode 19. Then, a mask insulating layer 20 
of a Silicon oxide layer or a Silicon nitride layer having a 
thickness of 10-300 nm is formed thereon. 

0182. After the aforementioned steps, the second gate 
electrode 19 directly contacts the insulating members 33 of 
the element isolation grooves 6 and 23 in the memory cell 
region and the high Voltage transistor region, while the 
Second gate electrode 19 is formed over the insulating 
materials 33 of the element isolation grooves 6 with the first 
gate electrode 18 located therebetween in the low voltage 
transistor region. 
0183 Then, as shown in FIG. 22, photolithography and 
anisotropic etching is performed on the first gate electrode 
18, the Second gate electrode 19, and the mask insulating 
layer 20, thereby forming the gate Structure of each transis 
tor. 

0.184 Subsequently, as shown in FIG. 23, the sidewall 
insulating layer 37 and the Source and drain regions 8 are 
formed, and then each transistor is covered by the barrier 
insulating layer 21. Then, the interlayer insulating layer 22 
is deposited thereon. Thereafter, the interlayer insulating 
layer 22 is flattened. Then, the bit line contacts 4 in the 
memory cell region, and the contacts 25 in the low voltage 
transistor region and the high Voltage transistor region are 
formed. Thereafter, the metal bit lines BL in the memory cell 
region and the metal Signal lines 24 in the low voltage 
transistor region and the high Voltage transistor region are 
formed So as to connect to the corresponding contacts. 
0185. After the aforementioned steps, other steps, e.g., a 
Step for depositing a passivation layer, are performed to 
complete the manufacture of a non-volatile Semiconductor 
memory device. 
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0186. In the aforementioned steps as shown in FIGS. 20 
and 21, the first gate electrode 18 (35) is directly located on 
the insulating members 33, which fills up the element 
isolation grooves 6, only in the low Voltage transistor region. 
The effect of Such a structure will be described below. 

0187 FIG. 24 shows sectional views of the gate contact 
plugs in the respective transistor regions, in which (a) shows 
the memory cell region, (b) shows the low voltage transistor 
region, and (c) shows the high voltage transistor region. 
0188 As shown in FIG. 24, wiring lines from the gates 
are established by the contact plugs 43, which connect to the 
gate wiring lines 44 formed on the interlayer insulating layer 
22. In FIG. 24, the interface between the first gate electrode 
18 and the second gate electrode 19 is referred to as the 
element isolation upper surface 39, the interface between the 
Second gate electrode 19 and the mask insulating layer 20 is 
referred to as the gate electrode upper Surface 38, and the 
upper Surface of the interlayer insulating layer 22 is referred 
to as the interlayer upper surface 40. In the memory cell 
region, the distance between the interlayer upper Surface 40 
and the gate electrode upper Surface 38, i.e., the gate contact 
etching depth, is denoted by Li, and the distance between the 
interlayer upper Surface 40 and the element isolation upper 
surface 39 is denoted by L4. In the low voltage transistor 
region, the distance between the interlayer dielectric upper 
Surface 40 and the gate electrode upper Surface is denoted by 
L2, and the distance between the interlayer upper Surface 40 
and the element isolation upper surface 39 is denoted by L5. 
In the high Voltage transistor region, the distance between 
the interlayer upper Surface 40 and the gate electrode upper 
surface 38 is denoted by L3, and the distance between the 
interlayer upper Surface 40 and the element isolation upper 
surface 39 is denoted by L6. 
0189 The gate contact plug 43 connects to the second 
gate electrode 19 in the element isolation region of each 
transistor. Accordingly, the etching amount at the time of 
forming a contact hole for the gate contact plug 43 repre 
sents the distances L1, L2, and L3 between the interlayer 
dielectric upper Surface 40 and the element isolation upper 
Surface 39. 

0190. At this stage, since the element isolation upper 
Surface 39 in the low voltage transistor region is located 
lower than the element isolation upper surface 39 in the 
other regions, the distance L5 between the element isolation 
upper surface 39 and the interlayer upper surface 40 in this 
region is longer than the distances L4 and L6 in the other 
regions. However, Since the thickness of the first gate 
electrode 18 in the low Voltage transistor region compensate 
for the difference in the height of the element isolation upper 
Surface 39, the distances L1, L2, and L3 can be considered 
to be Substantially the Same. As a result, the processing 
margin at the time of forming contact holes for the gate 
contact plugs 43 is widened, thereby improving the yield at 
the time of manufacture. 

0191 After the aforementioned steps, the semiconductor 
memory device according to the first embodiment shown in 
FIG. 1 can be achieved. 

0.192 In the memory cell region of this device, the aspect 
ratio at the time of filling up the element isolation grooves 
6 is high. As a result, a good embedding characteristic can 
be achieved, thereby improving the yield. 
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0193 In the high voltage transistor region, since the 
element isolation grooves 23 are deep, it is possible to 
improve the element isolation withstand Voltage. As a result, 
it is possible to improve the performance of the device. 
0194 That is, according to the first embodiment, the 
embedding characteristic of the element isolation grooves 6 
of the memory cell region and the element isolation with 
Stand Voltage in the high Voltage transistor region can be 
improved at the same time. 
0.195. In addition, the depth of the element isolation 
grooves 6 in the low voltage transistor region are shallower 
than the depth of the element isolation groove 23 of the high 
Voltage transistor region having a relatively thick gate 
insulating layer 17, the low voltage transistor region having 
a relatively thin gate insulating layer 16 as in the case of the 
memory cell region which has a relatively thin ONO layer 
15 having a three-layer Structure including the tunnel insu 
lating layer 12, the charge accumulating layer 13, and the 
block insulating layer 14 and Serving as the gate insulating 
layer. That is, the depth of the element isolation grooves 6 
in the low Voltage transistor region is Substantially the same 
as the depth of the element isolation grooves 6 in the 
memory cell region. Accordingly, it is possible to obtain a 
good embedding characteristic of the element isolation 
grooves 6 even in the low voltage transistor region. 
0196. The height of the element isolation grooves 6 in the 
low Voltage transistor region including a relatively thin gate 
insulating layer 16 is lower than the height of the element 
isolation grooves 6 in the memory cell region including a 
relatively thin ONO layer 15 serving as a gate insulating 
layer, and the height of the element isolation grooves 23 in 
the high Voltage transistor region including a relatively thick 
gate insulating layer 17. As a result, the Step between the 
element region and the element isolation region in the low 
Voltage transistor region becomes Small. Accordingly, it is 
possible to reduce the degree of the Step at the time of 
depositing the first gate electrode 18 (35), as shown in FIG. 
2(20). As a result, it is possible to maintain the uniformity of 
the etching rate in the low Voltage transistor region at a high 
level at the time of performing anisotropic etching on the 
first gate electrode 18. 
0.197 Generally, the gate insulating layer 16 in the low 
Voltage transistor region is thinner than the gate insulating 
layer 17 in the high Voltage transistor region. As a result, if 
the etching uniformity were not So good, the gate insulating 
layer 16 would be removed by etching in an area where the 
etching rate is high, resulting in that the Substrate 26 would 
also be etched often, thereby degrading the performance of 
the transistor and the manufacturing yield. However, accord 
ing to the first embodiment, it is possible to improve the 
uniformity in etching processing of the first gate electrode 
18 by lowering the height of the element isolation grooves 
6 in the low voltage transistor region, thereby improving the 
performance of the low Voltage transistor region and the 
manufacturing yield. 

0198 According to the method of manufacturing a semi 
conductor memory device in the first embodiment, the ONO 
layer 15 composed of the tunnel insulating layer 12, the 
charge accumulating layer 13, and the block insulating layer 
14 is used as an etching Stopper in the memory cell region 
when anisotropic etching is performed on the Substrate 26 in 
the high Voltage transistor region in order to form the 
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element isolation grooves 23. AS a result, the Substrate 26 in 
the memory cell region is not etched. Then, after the ONO 
layer 15 is removed, the element isolation grooves 6 and 23 
in the memory cell region, the low Voltage transistor region, 
and the high Voltage transistor region are formed by etching 
the Substrate 26. Accordingly, it is possible to make the 
element isolation grooves 6 of the memory cell region and 
the low Voltage transistor region Shallower than the element 
isolation grooves 23 in the high Voltage transistor region 
without performing photolithography, thereby performing 
the manufacture at a lower cost. In addition, as in the case 
of the memory cell region, it is possible to form Shallower 
element isolation grooves 6 in the low Voltage transistor 
region. Thus, it is possible to achieve a good embedding 
characteristic as in the case of the memory cell region. 
0199 Furthermore, according to the method of manufac 
turing a Semiconductor memory device in the first embodi 
ment, the element isolation grooves 6 and 23 in the memory 
cell region, the low voltage transistor region, and the high 
Voltage transistor region are formed in a Self-aligned manner 
with respect to the first gate electrode 18. Then, after the 
element isolation grooves 6 and 23 are filled with the 
insulating member 33, only the ONO layer 15 and the first 
gate electrode 18 in the low voltage transistor region are 
removed. Thereafter, the gate insulating layer 16 and the 
gate electrode member 35 (which will be referred to as “first 
gate electrode 18” later) are formed. At this time, the ONO 
layer 15, the gate insulating layer 17, and the first gate 
electrode 18 in the memory cell region and the high voltage 
transistor region are not removed. In addition, the channel 
impurity of the low Voltage transistor region is doped after 
the formation of the element isolation grooves 6. 
0200. With Such a manufacturing method, it is possible to 
eliminate fluctuations in characteristics in the memory cell 
region and the high Voltage transistor region caused by the 
electric field concentration at the element isolation edge. In 
addition, it is possible to form a highly reliable and highly 
integrated device. At the Same time, in the low voltage 
transistor region, it is possible to make the channel impurity 
profile of each transistor Steeper, thereby avoiding the deg 
radation of the transistor performance caused by the short 
channel characteristic. That is, Since the gate length of a low 
Voltage transistor is shorter than that of a high Voltage 
transistor, the effect of improving the Short-channel charac 
teristic is more remarkable in the low voltage transistor. 
0201 In the aforementioned method, it is preferable that 
the difference between the depth of the element isolation 
grooves 6 and the depth of the element isolation grooves 23 
were set to be in the range of 10 nm to 150 nm. 
0202) The difference between the depth of the element 
isolation grooves 6 and the element isolation grooves 23 can 
be set to be more than the thickness of the ONO layer 15. 
0203) Unlike the method shown in JP Laid-Open Publi 
cation No. 2002-313967, which was mentioned as the prior 
art reference, in the method of manufacturing the Semicon 
ductor memory device of the first embodiment, the first gate 
electrode 18 in the memory cell region and the high Voltage 
transistor region is formed immediately after the formation 
of the ONO layer 15 and the gate insulating layer 17, before 
the formation of the element isolation grooves 6 and 23. 
Accordingly, it is not likely that the ONO layer 15 and the 
gate insulating layer 17 are contaminated by the impurity, 
which is effective to make the device highly reliable. 
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0204 (Second Embodiment) 
0205 FIG. 25 shows sectional views of a semiconductor 
memory device according to a Second embodiment of the 
present invention, in which (A) shows the gate Section in the 
memory cell region, (B) shows the element isolation section 
in the memory cell region, (C) shows the low voltage 
transistor region, and (D) shows the high voltage transistor 
region. 

0206. The difference between FIGS. 1 and 25 lies in that 
the gate Section in the memory cell region shown in FIG. 
25(A). 
0207. In the first embodiment, all of the transistors in the 
memory cells region, i.e., the transistors for Storage, and the 
transistors for Selecting and controlling other transistors, 
have the same MONOS structure. However, in the second 
embodiment, the transistors in the memory cell region are 
divided into two groups, i.e., those located in a Storage 
region 41 for Storing information, and those located in a 
control region 42 for Selecting memory cells. The transistors 
located in the storage region 41 have the MONOS structure 
as in the case of the transistors in the memory cell region of 
the first embodiment, and the transistors located in the 
control region 42 have the MOS structure as in the case of 
the low voltage transistor region shown in FIG. 25(C). 
0208. In the control region 42, the transistors are not 
required to have a storage function, but need only a Switch 
ing function as in the case of the transistors in the low 
Voltage transistor region. Therefore, only the transistors in 
this region can have the same Structure as the transistors in 
the low Voltage transistor region. 
0209 The process of forming the transistors in the con 
trol region 42 is exactly the same as that of forming the 
transistors in the low Voltage transistor region in the first 
embodiment. Thus, in the control region 42 in the memory 
cell region, the transistors have the gate insulating layer 16 
instead of the ONO layer 15, and the process of forming the 
first gate electrode 18 is the same as that in the low voltage 
transistor region. Accordingly, the depth and the height of 
the element isolation grooves 6 in this region are the same 
as those in the low Voltage transistor region, resulting in that 
the same effect as the transistors in the low Voltage transistor 
region can be obtained for the Selecting transistors located in 
the control region 42 in the memory cell region. 

0210 (Third Embodiment) 
0211 FIG. 26 shows sectional views of a semiconductor 
memory device of the third embodiment. The difference 
between FIGS. 1 and 26 lies in that the depth of the element 
isolation grooves 6 in the low Voltage transistor region is 
deeper than the depth of the element isolation grooves 6 in 
the memory cell region, and Substantially the same as the 
depth of the element isolation grooves 23 in the high Voltage 
transistor region. 
0212. According to the semiconductor memory device of 
the third embodiment, the element isolation grooves 6 and 
23, which should desirably be as deep as possible in order 
to maintain an element isolation withstand Voltage, in the 
high and low Voltage transistor regions are deeper than those 
in the memory cell region. That is, the Semiconductor 
memory device of this embodiment has a structure Suitable 
for improving withstand Voltage. 
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0213. In addition, according to the semiconductor 
memory device of the third embodiment, the element iso 
lation grooves 6, which should desirably be as shallow as 
possible in order to improve the manufacturing yield, in the 
memory region are shallower than those in the low voltage 
transistor region and the high Voltage transistor region. That 
is, the Semiconductor memory device of this embodiment 
has a structure Suitable for facilitating the manufacture and 
improving the yield at the time of designing highly inte 
grated memory cells having a large capacity. 

0214) That is, according to the semiconductor memory 
device of the third embodiment, the trench grooves in the 
memory cell region, which should desirably be as shallow as 
possible in order to improve the yield, are formed to be 
shallow, and the trench grooves in the low Voltage transistor 
region and the high Voltage transistor region of the periph 
eral circuit, which should desirably be as deep as possible in 
order to improve the element isolation withstand Voltage, are 
formed to be deep. Accordingly, it is possible to achieve a 
Semiconductor memory device which is easy to manufac 
ture, has a high yield and a high element isolation withstand 
Voltage, and offers high performance. 

0215) Next, a method of manufacturing a semiconductor 
memory device according to the third embodiment will be 
described with reference to FIGS. 27-38. 

0216) The sections (A)s, (B)s, (C)s, and (D)s in FIGS. 
27-38 correspond to the sections (A), (B), (C), and (D) of 
FIG. 26. 

0217. In order to simplify the explanation, the n-type well 
10, the p-type well 11, and the p-type regions 27 at the 
bottom of the element isolation grooves 23 on the p-type 
substrate 9, which are shown in FIG. 1 used to explain the 
first embodiment, are not shown, but are collectively illus 
trated as the Substrate 26. 

0218 First, as shown in FIG. 27, a sacrificial oxide layer 
(not shown) having a thickness of 1-100 nm is formed on a 
p-type Silicon Substrate containing boron as an impurity at a 
concentration of 10'-10' (cm). Then, a resist is applied, 
lithography is performed, and then ions of, e.g., phosphorus, 
arsenic, antimony, etc., are doped into the memory cell 
region at an acceleration energy of 30-1,500 KeV, and a dose 
amount of 1x10'-1x10" (cm?), thereby forming an n-type 
well in the memory cell region. 

0219. Further, boron, for example, is doped into the 
memory cell region and the low voltage transistor region at 
an acceleration energy of 100-1,000 KeV and with a dose 
amount of 1x10'-1x10" (cm-), thereby forming a p-type 
well in the memory cell region and the low Voltage transistor 
region. 

0220) Furthermore, a resist is applied, lithography is 
performed, and then an impurity Such as boron, indium, etc. 
is doped into the memory cell region and the high Voltage 
transistor region at a dose amount of 1x10'-1x10' (cm?) 
as channel ions. 

0221) Subsequently, the sacrificial oxide layer is 
removed, and a Silicon oxide layer or an oxynitride layer 
having a thickness of 0.5-10 nm is formed on the substrate 
26 in the memory cell region, the formed layer Serving as the 
tunnel insulating layer 12 of the MONOS structure. 
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0222. Then, a silicon nitride layer having a thickness of 
3-50 nm, Serving as the charge accumulating layer 13, is 
formed thereon. 

0223) Thereafter, a silicon oxide layer or an oxynitride 
layer having a thickness of 3-30 nm, Serving as the blocking 
insulating layer 14, is formed thereon. 
0224. After the aforementioned steps, the ONO layer 15 
composed of the tunnel insulating layer 12, the charge 
accumulating layer 13, and the block insulating layer 14, 
which Serves as the gate insulating layer, is formed. 
0225. In the low voltage transistor region, the gate insu 
lating layer 16 is formed by depositing a Silicon oxide layer 
or an Oxynitride layer having a thickness of 0.5 nm. In the 
high. Voltage transistor region, the gate insulating layer 17 is 
formed by depositing an oxide layer or an oxynitride layer 
having a thickness of 10-50 nm. 
0226. Then, an amorphous silicon or polycrystalline sili 
con layer having a thickness of 10-500 nm, which is a 
material of the gate electrode, is formed on the Surface of the 
ONO layer 15 and the gate insulating layers 16 and 17. 
0227 Considering the later step of doping impurities to 
form different conductivity types of gate electrodes, it is 
preferable that the Silicon layer to become the first gate 
electrode 18 included no impurity. However, a polycrystal 
line silicon layer containing 1x10'-1x10' (cm) of phos 
phorus as an impurity is acceptable. Furthermore, the thick 
ness of the first gate electrode 18 can be the same in all the 
regions. Alternatively, at least two of the Sum of the thick 
nesses of the ONO layer 15 and the first gate electrode 18 in 
the memory cell region, the Sum of thicknesses of the gate 
insulating layer 16 and the first gate electrode 18 in the low 
Voltage transistor reigon, and the Sum of the thicknesses of 
the gate insulating layer 17 and the first gate electrode 18 in 
the high Voltage transistor region can be the Same. 
0228 Subsequently, as shown in FIG. 28, a first insulat 
ing layer 30 of a Silicon nitride layer, etc., and a Second 
insulating layer 31 of a Silicon oxide layer, each having a 
thickness of 10-200 nm, are deposited on the entire surface 
of the wafer. 

0229. Then, as shown in FIG. 29, lithography and aniso 
tropic etching are performed on the first insulating layer 30, 
the Second insulating layer 31, and the polycrystalline Sili 
con layer to become the first gate electrode 18. 
0230. Thereafter, as shown in FIG. 30, anisotropic etch 
ing is performed on the block insulating layer 14 of the 
memory cell region, the gate insulating layer 16 of the low 
Voltage transistor region, and the gate insulating layer 17 of 
the high Voltage transistor region. In the memory cell region, 
the charge accumulating layer 13 Serving as a charge accu 
mulating insulating layer formed of a Silicon nitride layer is 
left. 

0231. Subsequently, as shown in FIG. 31, anisotropic 
etching is performed on the Silicon Substrate in the high 
Voltage transistor region, using the first insulating layer 30 
and the Second insulating layer 31 as masks, under an 
etching condition having a Selectivity with respect to Silicon 
nitride layer, thereby forming the step portions 32 of the 
element isolation grooves having a depth of for 10-100 nm. 
It is preferable that an etching condition were Selected So 
that the etching rate of the substrate 26 would be more than 
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the etching rate of the charge accumulating layer 13. By 
employing Such an etching condition, it is possible to form 
the Step portions 32 for making element isolation grooves 
having a Sufficient depth in the low and high Voltage 
transistor regions without performing photolithography. 

0232 Then, as shown in FIG. 32, anisotropic etching is 
performed on the charge accumulating layer 13 and the 
tunnel insulating layer 12 in the memory cell region and the 
low Voltage transistor region, using the first insulating layer 
30 and the Second insulating layer 31 as maskS. At this time, 
the Substrate 26 in the low and high Voltage transistor 
regions can also be etched by employing an etching condi 
tion having a low Selectivity with respect to the Substrate 26. 
AS a result, the Substrate 26 is exposed in the memory cell 
region. In the high and low Voltage transistor regions, the 
Step portions 32 of the element isolation grooves are deep 
ened further by 5-50 nm. 
0233. Next, as shown in FIG. 33, anisotropic etching is 
performed on the Substrate 26 using the first insulating layer 
30 and the second insulating layer 31 as masks, thereby 
forming the element isolation grooves 6 having a depth of 
30-500 nm in the memory cell region. Since the step 
portions 32 for making element isolation grooves have been 
formed in the low voltage transistor region and the high 
Voltage transistor region, the element isolation grooves 6 
and 23 which are deeper than the element isolation grooves 
6 in the memory cell region by 10-150 nm are formed in 
these regions. 

0234. Thereafter, as shown in FIG. 34, the element 
isolation grooves 6 and 23 are filled with the insulating 
member 33 formed of a silicon oxide layer, etc., which is 
then flattened by CMP, etc. At this time, the second insu 
lating layer 31 is removed by CMP, and the first insulating 
layer 30 works as an etching stopper against CMP. 

0235 If the height of the first gate electrode 18 formed on 
the ONO layer 15 in the memory cell region and the height 
of the first gate electrode 18 formed on the gate insulating 
layer 17 in the high and low voltage transistor regions had 
been aligned before the CMP step, even if the depths of the 
element isolation grooves 6 and 23 varied depending on the 
regions, the height of the first insulating layer 30 Serving as 
the etching Stopper would become the same in all of the 
memory cell region, the low Voltage transistor region, and 
the high Voltage transistor region. Accordingly, the CMP 
Step could be performed more easily, thereby improving the 
yield. 

0236. Then, as shown in FIG.35, the first insulating layer 
30 is removed by wet etching, etc., thereby exposing the first 
gate electrode 18 in all of the memory cell region, the low 
Voltage transistor region, and the high Voltage transistor 
region. 

0237) Thereafter, as shown in FIG. 36, a metal lining 
layer of, e.g., WSi, NiSi, MoSi, TiSi, CoSi, etc., having a 
thickness of 1-500 nm is formed, the metal lining layer 
Serving as the Second gate electrode 19. Then, the mask 
insulating layer 20 formed on a Silicon oxide layer or a 
silicon nitride layer having a thickness of 10-300 nm is 
formed thereon. 

0238. Subsequently, as shown in FIG. 37, photolithog 
raphy and anisotropic etching is performed on the first gate 
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electrode 18, the second gate electrode 19 and the mask 
insulating layer 20, thereby forming the gate Structure of 
each transistor. 

0239). Then, as shown in FIG.38, the sidewall insulating 
layer 37 and the source and drain regions 8 of each transistor 
are formed. Thereafter, each transistor is covered by the 
barrier insulating layer 21, and the interlayer insulating layer 
22 is deposited thereon. After the interlayer insulating layer 
22 is flattened, bit line contacts 4 are formed in the memory 
cell region, and contacts 25 are formed in the high and low 
voltage transistor regions. Metal bit lines BL are formed in 
the memory cell region, and metal Signal lines 24 are formed 
in the high and low Voltage transistor regions, each line 
connecting to a corresponding contact. 
0240. After the aforementioned steps, a passivation layer 
is deposited, thereby completing the Semiconductor memory 
device of the third embodiment of the present invention 
shown in FIG. 26. 

0241 Since the aspect ratio at the time of filling up the 
element isolation grooves 6 becomes higher in the memory 
cell region, it is possible to obtain a good embedding 
characteristic, thereby improving the yield. 
0242 Furthermore, since the element isolation grooves 6 
and 23 are deep in the high and low Voltage transistor 
regions, it is possible to improve the element isolation 
withstand Voltage, thereby making the device offer higher 
performance. 

0243 Thus, according to the third embodiment, the 
embedding characteristic of the element isolation grooves 6 
in the memory cell region and the element isolation with 
Stand Voltage in the high and low Voltage transistor regions 
can be simultaneously improved. That is, the embedding 
characteristic of the element isolation grooves 6 in the 
memory cell region can be improved without degrading the 
withstand Voltage of the transistors in the high and low 
Voltage transistor regions. 
0244. Furthermore, although the depth of the element 
isolation grooves 6 in the memory cell region, in which a 
relatively thin ONO layer 15 serves as the gate insulating 
layer, is shallower than the depth of the element isolation 
grooves 6 in the low Voltage transistor region having a 
relatively thin gate insulating layer 16 and the element 
isolation groove 23 in the high Voltage transistor region 
having a relatively thick gate insulating layer 17, the heights 
of the insulating members 33 filling up the element isolation 
grooves 6 and 23 in the respective regions are Substantially 
the same. Accordingly, it is possible to align the height of the 
element isolation portions in all the regions of the wafer, 
thereby reducing the manufacturing fluctuations in the later 
Stages Such as in the Step of forming gate electrode and in the 
Step of improving the yield. 
0245 According to the manufacturing method for 
achieving the structure of the third embodiment, the ONO 
layer 15 composed of the tunnel insulating layer 12, the 
charge accumulating layer 13, and the block insulating layer 
14 is used as the etching Stopper layer in the memory cell 
region when anisotropic etching is performed on the Sub 
Strate 26 in the high and low Voltage transistor regions in 
order to form the element isolation grooves 6 and 23. 
Accordingly, the Substrate 26 is not etched in the memory 
cell region. After the ONO layer 15 is removed, the substrate 
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26 is further etched in order to form the element isolation 
grooves 6 and 23 in all of the memory cell region, the low 
Voltage transistor region, and the high Voltage transistor 
region. Therefore, it is possible to make the element isola 
tion grooves 6 in the memory cell region shallower than the 
element isolation grooves 6 and 23 in the high and low 
Voltage transistor regions without performing photolithog 
raphy. Thus, it is possible to manufacture the device at a 
lower cost. Furthermore, it is possible to form deeper 
element isolation grooves 6 in the low Voltage transistor 
region as in the case of the high Voltage transistor region. 
Accordingly, it is possible to achieve a good withstand 
Voltage characteristic and good element isolation perfor 
mance as in the case of the high Voltage transistor region. 
0246. It is preferable that in the aforementioned method, 
the difference between the depth of the element isolation 
grooves 6 and the depth of the element isolation grooves 23 
were set to be in the range of 10 nm to 150 nm. 
0247 The difference between the depth of the element 
isolation grooves 6 and the depth of the element isolation 
grooves 23 can be set to be more than the thickness of the 
ONO layer 15. 

0248 (Fourth Embodiment) 
0249 FIG. 39 shows sectional views of a semiconductor 
memory device according to a fourth embodiment of the 
present invention. FIG. 40 shows one step of a method of 
manufacturing the Semiconductor memory device of this 
embodiment. In these drawings, (A) relates to the gate 
Section in the memory cell region (corresponding to the 
Section along line A-A), (B) relates to a element isolation 
Section in the memory cell region (corresponding to the 
Section along line B-B"), (C) relates to the low voltage 
transistor region (LV region), and (D) relates to the high 
voltage transistor region (LV region). 
0250) The difference between FIG. 39 and FIG. 26 
relating to the third embodiment lines in the gate Section of 
the memory cell ((A)). 
0251. In the third embodiment, both the transistor for 
Storage and the transistors for Selecting and controlling other 
transistors in the memory cell region have the MONOS 
Structure. In the fourth embodiment, the memory cell region 
is divided into a Storage region 41 for Storing information 
and a control region 42 for Selecting cells. The transistors in 
the storage region 41 have the same MONOS structure as the 
transistors in the memory cell region of the first embodi 
ment. The transistors in the control region 42 have the same 
MOS structure as the transistors in the low voltage transistor 
region shown in FIG. 39(C). 
0252) That is, the transistors in the control region 42 do 
not need a storage function, but only need a Switching 
function, as in the case of the transistors in the low voltage 
transistor region. Accordingly, the transistors in this region 
can have the same Structure as those in the low voltage 
transistor region. 

0253) As shown in FIG. 40(A), the transistors in the 
control region 42 include the gate insulating layer 16 instead 
of the ONO layer 15, as in the case of the transistors in the 
low voltage transistor region. The process of forming this 
region is the same as that of forming the low voltage 
transistor region. As a result, the depth and height of the 
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element isolation grooves 6 in this region become the same 
as those in the low Voltage transistor region. Accordingly, 
the same advantageous effect as that obtained for the tran 
Sistors in the low Voltage transistor region can be obtained 
for the Selecting transistors located in the control region in 
the memory cell region. 
0254. Although the explanations have been made for the 
NAND type EEPROM shown in FIG. 45 with respect to the 
embodiments of the present invention, the embodiments of 
the present invention are not limited to this type, but can be 
of an AND type EEPROM shown in FIG. 42, a NOR type 
EEPROM shown in FIG. 43, or a Virtual Ground Array type 
EEPROM shown in FIG. 44. 

0255 As described above, a remarkable feature of the 
present invention lies in that element isolation grooves 
having different depths are formed in a Self-aligned manner 
at the boundary between an ONO layer Serving as a gate 
insulating layer and a Silicon oxide layer. 

0256 This will be described in more detail below. 
0257 FIGS. 51 and 52 show the boundary portion 
between the memory cell region and the high Voltage 
transistor region. For the Sake of Simplifying the explana 
tion, only the element region (semiconductor Substrate) and 
the element isolation grooves are shown. 
0258. The element region includes, for example, channel 
or guard ring of a transistor. 

0259 FIG. 51 shows a plan view and a sectional view of 
the case where the depths of the element isolation grooves 
in the memory cell region and the peripheral circuit region 
are changed. In this case, the lithography Step for forming 
the gate insulating layers in the memory cell region and the 
high Voltage transistor region independently of each other, 
and the lithography Step for varying the depths of the 
element isolation grooves are separately performed. AS a 
result, two Step portions appear in the element isolation 
groove at the boundary area, as shown in FIG. 51. 
0260 Like this case, when the depths of the element 
isolation grooves are varied by lithography, problems arise 
that the number of Steps increases, and that the area of the 
element isolation groove at the boundary portion increases. 
0261 FIG. 52 shows the case where the depths of the 
element isolation grooves are adjusted in a Self-aligned 
manner at the boundary between different gate insulating 
layers, like the first to fourth embodiments of the present 
invention. Since the boundary between different depths of 
element isolation grooves and the boundary between differ 
ent gate insulating layerS match with each other in this case, 
only a Single Step portion is formed in the element isolation 
groove at the boundary portion. 

0262 Accordingly, when the depths of element isolation 
grooves are varied in a Self-aligned manner at the boundary 
between different gate insulating layers, the lithography Step 
for varying the depths of element isolation grooves can be 
omitted. In addition, an effect of reducing the area of 
element isolation groove at the boundary portion can be 
expected. 

0263. Further, although the explanations with respect to 
the first to fourth embodiments have been made for non 
Volatile Semiconductor memory device including memory 
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cells having a charge accumulating layer and transistors 
constituting a peripheral circuit, the memory cells and the 
transistors being formed on the same Substrate, the present 
invention can be applied to, for example, the case where 
transistors including a gate insulating layer of Silicon nitride 
layer and transistors including a gate insulating layer of 
Silicon oxide layer, all the transistors being formed on the 
Same Substrate, and the element isolation grooves of the 
transistors including the Silicon nitride layer are shallower 
than those of the transistors including the Silicon oxide layer. 
0264. Furthermore, although a silicon nitride layer is 
used as the gate insulating layer of the memory cell in the 
first to fourth embodiments, the present invention is not 
limited thereto. The same effects as those obtained for the 
first to fourth embodiments can be obtained when a layer is 
used, the layer having an etching Selectivity with respect to 
the Silicon layer used as the gate insulating layer of the 
transistors of the peripheral circuit. For example, HfO2, 
Al-O, Ta-Os, TiO, etc., can be used as the charge accu 
mulating layer. 

0265 Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concepts as defined by the appended 
claims and their equivalents. 
0266. As described above, according to the embodiments 
of the present invention, in a Semiconductor memory device 
including a memory cell region, a high Voltage transistor 
region, and a low Voltage transistor region, the element 
isolation grooves in at least the high Voltage transistor region 
of the high and low transistor regions are formed to be deep 
in order to improve the element isolation characteristic and 
the withstand Voltage, and the element isolation grooves in 
the memory cell region are formed to be shallow. With a 
device having Such a structure and a method of manufac 
turing a device having Such a structure, it is possible to 
achieve high integration, high performance, and a high 
manufacturing yield. 

What is claimed is: 
1. A Semiconductor memory device comprising: 
a first region including a plurality of memory cell tran 

Sistors, each memory cell transistor employing a first 
gate insulating layer having a laminated Structure 
including at least a charge accumulating insulating 
layer; and 

a Second region including a plurality of transistors, each 
transistor employing a Second gate insulating layer 
which is different from the charge accumulating insu 
lating layer, 

the first and Second regions being formed on a Semicon 
ductor Substrate, and 

a depth of an element isolation trench in the first region, 
measured from a Surface of the Semiconductor Sub 
Strate, being Set to be shallower than a depth of an 
element isolation trench in the Second region, measured 
from the Surface of the Semiconductor Substrate. 
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2. The Semiconductor memory device according to claim 
1, wherein a difference between the depth of the element 
isolation trench in the first region, measured from the Surface 
of the Semiconductor Substrate, and the depth of the element 
isolation trench in the Second region, measured from the 
Surface of the Semiconductor Substrate, is Set to be 10 nm or 
more and 150 nm or less. 

3. The Semiconductor memory device according to claim 
1, wherein a difference between the depth of the element 
isolation trench in the first region, measured from the Surface 
of the Semiconductor Substrate, and the depth of the element 
isolation trench in the Second region, measured from the 
Surface of the Semiconductor Substrate, is set to be larger 
than a thickness of the charge accumulating insulating layer. 

4. The Semiconductor memory device according to claim 
1, wherein a boundary at which a depth of an element 
isolation trench changes between that in the first region and 
that in the Second region is Set in a Self-aligned manner with 
respect to a boundary between the first gate insulating layer 
and the Second gate insulating layer. 

5. The Semiconductor memory device according to claim 
2, wherein a boundary at which a depth of an element 
isolation trench changes between that in the first region and 
that in the Second region is Set in a Self-aligned manner with 
respect to a boundary between the first gate insulating layer 
and the Second gate insulating layer. 

6. The Semiconductor memory device according to claim 
3, wherein a boundary at which a depth of an element 
isolation trench changes between that in the first region and 
that in the Second region is Set in a Self-aligned manner with 
respect to a boundary between the first gate insulating layer 
and the Second gate insulating layer. 

7. A Semiconductor memory device comprising: 
a first region including a plurality of memory cell tran 

Sistors, each memory cell transistor employing a first 
gate insulating layer having a laminated Structure 
including at least a charge accumulating insulating 
layer; 

a Second region including a plurality of transistors, each 
transistor employing a Second gate insulating layer 
which is different from the charge accumulating insu 
lating layer; and 

a third region including a plurality of transistors, each 
transistor employing a third gate insulating layer which 
is different from the charge accumulating insulating 
layer, and is thinner than the Second gate insulating 
layer, 

the first, Second and third regions being formed on a 
Semiconductor Substrate, and 

a depth of an element isolation trench in the first region, 
measured from a Surface of the Semiconductor Sub 
Strate, being Set to be shallower than a depth of an 
element isolation trench in the Second region, measured 
from the Surface of the Semiconductor Substrate, and 
being Set to be Substantially the same as a depth of an 
element isolation trench in the third region, measured 
from the Surface of the Semiconductor Substrate. 

8. The Semiconductor memory device according to claim 
7, wherein: 

each of gate electrodes in the memory cell transistors, the 
transistors in the Second region, and the transistors in 
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the third regions has a two-layer Structure including a 
first gate electrode formed on the gate insulating layer 
and a Second gate electrode formed on the first gate 
electrode and electrically connected to the first gate 
electrode; and 

in the first and Second regions, the Second gate electrodes 
are located on the element isolation trenches So as to 
contact upper Surfaces thereof, and in the third region, 
the Second gate electrodes are located over the element 
isolation trenches with the first gate electrodes being 
located therebetween. 

9. The Semiconductor memory device according to claim 
7, wherein a difference between the depth of the element 
isolation trench in the first region, measured from the Surface 
of the Semiconductor Substrate, and the depth of the element 
isolation trench in the Second region, measured from the 
Surface of the Semiconductor Substrate, is Set to be 10 nm or 
more and 150 nm or less. 

10. The Semiconductor memory device according to claim 
7, wherein a difference between the depth of the element 
isolation trench in the first region, measured from the Surface 
of the Semiconductor Substrate, and the depth of the element 
isolation trench in the Second region, measured from the 
Surface of the Semiconductor Substrate, is set to be larger 
than a thickness of the charge accumulating insulating layer. 

11. The Semiconductor memory device according to claim 
7, wherein a boundary at which a depth of an element 
isolation trench changes between that in the first region and 
that in the second region is set in a self-aligned manner with 
respect to a boundary between the first gate insulating layer 
and the Second gate insulating layer. 

12. The Semiconductor memory device according to claim 
8, wherein a boundary at which a depth of an element 
isolation trench changes between that in the first region and 
that in the Second region is Set in a Self-aligned manner with 
respect to a boundary between the first gate insulating layer 
and the Second gate insulating layer. 

13. The Semiconductor memory device according to claim 
9, wherein a boundary at which a depth of an element 
isolation trench changes between that in the first region and 
that in the Second region is Set in a Self-aligned manner with 
respect to a boundary between the first gate insulating layer 
and the Second gate insulating layer. 

14. The Semiconductor memory device according to claim 
10, wherein a boundary at which a depth of an element 
isolation trench changes between that in the first region and 
that in the Second region is Set in a Self-aligned manner with 
respect to a boundary between the first gate insulating layer 
and the Second gate insulating layer. 

15. A method of manufacturing a Semiconductor memory 
device comprising: 

a first region including a plurality of memory cell tran 
Sistors, each memory cell transistor employing a first 
gate insulating layer having a laminated Structure 
including at least a charge accumulating insulating 
layer; and 

a Second region including a plurality of transistors, each 
transistor employing a Second gate insulating layer 
which is different from the charge accumulating insu 
lating layer, the first and Second regions being formed 
on a Semiconductor Substrate, the method comprising a 
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Step of etching the Semiconductor Substrate in the 
Second region in order to form a Second element 
isolation trench, using the charge accumulating insu 
lating layer in the first region as an etching Stopper, So 
that the Semiconductor Substrate in the first region is 
not etched. 

16. The method of manufacturing a Semiconductor 
memory device according to claim 15, wherein after the Step 
of etching the Semiconductor Substrate in the Second region, 
the first gate insulating layer including the charge accumu 
lating layer in the first region is etched in order to form a first 
element isolation trench and at the same time the Semicon 
ductor Substrate in the Second region is etched in order to 
etch the Second element isolation trench further, thereby 
making a depth of the first element isolation trench in the 
first region, measured from a Surface of the Semiconductor 
Substrate, shallower than a depth of the Second element 
isolation trench in the Second region, measured from the 
Surface of the Semiconductor Substrate. 

17. A method of manufacturing a Semiconductor memory 
device comprising: 

a first region including a plurality of memory cell tran 
Sistors, each memory cell transistor employing a first 
gate insulating layer having a laminated Structure 
including at least a charge accumulating insulating 
layer; 

a Second region including a plurality of transistors, each 
transistor employing a Second gate insulating layer 
which is different from the charge accumulating insu 
lating layer; and 

a third region including a plurality of transistors, each 
transistor employing a third gate insulating layer which 
is different from the charge accumulating insulating 
layer, and is thinner than the Second gate insulating 
layer, 

the first, Second and third regions being formed on a 
Semiconductor Substrate, wherein: 

in the first and third regions, at least the first gate 
insulating layer and a gate electrode formed thereon are 
located on the Semiconductor Substrate; 

in the Second region, at least the Second gate insulating 
layer and a gate electrode formed thereon are located 
on the Semiconductor Substrate; and 

the Semiconductor Substrate is etched in a Self-aligned 
manner with respect to the gate electrodes, thereby 
forming the element isolation trenches in the first, 
Second and third regions. 

18. The method of manufacturing a semiconductor 
memory device according to claim 17, wherein the element 
isolation grooves are filled with an insulating material, and 
then the first gate insulating layer and the gate electrodes in 
the third region are removed. 

19. The method of manufacturing a semiconductor 
memory device according to claim 18, wherein after the first 
gate insulating layer and the gate electrodes are removed, the 
third gate insulating layer is formed on at least the Semi 
conductor Substrate in the third region. 
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