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SEMCONDUCTOR DEVICE AND ITS 
MANUFACTURE METHOD 

0001. This application is a divisional of application Ser. 
No. 10/423,963, filed Apr. 28, 2003, which is a continuation 
of application Ser. No. 09/964,592, filed Sep. 28, 2001, 
which is now abandoned. 

FIELD OF THE INVENTION 

0002 The present invention concerns a method for manu 
facturing a semiconductor device endowed with multiple 
functions. More specifically, it concerns a method for manu 
facturing a semiconductor device on which a non-volatile 
memory cell which consists of a double gate-type semicon 
ductor element, etc. and a logic circuit unit which consists of 
a single gate-type semiconductor element have been hetero 
geneously mounted. 

BACKGROUND OF THE INVENTION 

0003) Regarding semiconductor memory devices such as 
simple flash memories and EEPROMs (electrically re-writ 
able non-volatile memory cells), one-chip products with 
added values which are endowed with the functions of 
peripheral circuits (e.g., logic device, etc.) have generated 
considerable demand in recent years in relation to the 
applications of the respective devices rather than to appli 
cations whereby their respective functions are customized 
for users utilities. Single gate-type transistor elements, 
however, become the central circuit elements for the logic 
device, and since they are constituted in certain combina 
tions which are capable of meeting the essential circuit logic 
requirements, the transistor elements within the circuit are 
not necessarily configured in an orderly fashion. In contrast, 
a memory device is provided by configuring memory cell 
transistors which serve as memory elements at intersections 
of word lines and bit lines, and therefore the memory cell 
transistors within the circuit are normally configured in an 
orderly fashion. In the cases of semiconductor memory 
devices such as simple flash memories and EEPROMs 
(electrically re-writable non-volatile memory cells), further 
more, double gate-type transistors are generally embodied as 
memory cells, whereas single gate-type transistors are gen 
erally employed as logic devices. In the context of providing 
common and abbreviated processes for forming transistor 
gates, therefore, it is necessary to develop unprecedented 
processes. 

0004. In addition to the foregoing factors, further 
attempts are beginning to be made to alter gate electrode 
formation processes innovatively by forming gate electrodes 
with an electroconductive metallic material for the purposes 
of lowering the intrinsic gate electrode resistance and 
accordingly upgrading the device speed. In order to adapt 
Such a novel technology to a heterogeneously-mounted 
semiconductor device, a correspondingly novel scheme for 
abbreviating and streaming its manufacturing processes as 
much as possible becomes necessary. 
0005 Next, two examples of the prior art, namely a 
method for manufacturing a flash memory and a method for 
manufacturing a device which consists of single gate-type 
transistors based on the drama scene gate process, will be 
explained. 
0006 FIGS. 1 through 3 are diagrams provided for 
explaining the respective processes of a method of the prior 
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art for manufacturing a flash memory. FIGS. 1(a)-1(c) show 
the processes in proper order along the C-C cross section in 
the upper plane representation of the diagram shown at the 
top of FIG. 1(a). A peripheral transistor is shown on the left 
side of the diagram at the top, whereas a non-volatile 
memory cell region is shown on its right side, as shown in 
FIG. 1(a). 
0007 First, a thermal oxide film (SiO) and an insulating 
film (e.g., SiN, etc.) are grown at thicknesses of 12 nm and 
200 nm, respectively, above a semiconductor substrate of a 
given electroconductivity type (P), and a sufficiently deep 
channel is formed in an isolating region by means of dry 
etching by using a hard mask obtained by patterning it. An 
oxide film whose thickness is large enough for completely 
filling this channel is deposited, and a portion of the oxide 
film protruding from the channel is removed by means of 
CMP (chemical mechanical polish) for the purpose of flat 
tening the surface. Next, the thermal oxide film (SiO.), 
which serves as a stopper film, and the insulating film 
(SiN.) are removed, as a result of which a buried oxide film 
structure of the STI (shallow trench isolation) modality is 
obtained as shown in FIG. 1(b). 
0008 Next, referring to FIG. 1 (c), an impurity ion is 
implanted into the peripheral transistor region and then 
thermally diffused, as a result of which a well of a desired 
shape is formed. Next, a thin oxide film which is to become 
the first gate insulating film (tunnel gate insulating film, 
TNOX) of the non-volatile memory is formed on the entire 
plane of said semiconductor Substrate based on the thermal 
oxidation method. 

0009 Next, referring to FIG. 2(a), a first polycrystalline 
silicon film is formed on the entire plane based on the CVD 
(chemical vapor deposition) method. Next, a resist is pre 
liminarily patterned based on the photolithographic method 
for the purpose of forming a resist mask in the context of the 
isolation of the floating gate of the non-volatile memory. 
Next, the first polycrystalline silicon film is dry-etched and 
patterned by using this resist mask. An oxide layer (or an 
ONO film silicon oxide film/silicon nitride film/silicon 
oxide film) is then formed on the first polycrystalline silicon 
film as a second gate insulating film (PA (first wire layer)-PB 
(second wire layer) gap interlayer insulating film). The resist 
film which blankets the entire plane is subsequently pat 
terned based on the photolithographic method. 

0010 Next, referring to FIG. 2(b), the second gate insu 
lating film (PA (first wire layer)-PB (second wire layer) gap 
interlayer insulating film) and first polycrystalline silicon 
film (floating gate) are dry-etched and patterned in proper 
order by using the obtained resist pattern as a mask, whereas 
the aforementioned second gate insulating film and first 
polycrystalline silicon film remain partially unetched in Such 
a way that a gate pattern will be selectively formed in the 
non-volatile memory cell region alone and that the second 
gate insulating film and the first polycrystalline silicon film 
will be completely removed from the remainder. 
0011 Next, referring to FIG. 2(c), the first gate insulating 
film in the peripheral transistor region is removed by means 
of a preliminary treatment, and a thin third gate insulating 
film (GOX) is grown on the corresponding site. 
0012 Next, referring to FIG. 3(a), a thick second poly 
crystalline silicon film is formed on the entire plane, and an 
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SION film which serves not only as an anti-reflection film 
but also as a dry etching stopper film during Subsequent 
processes is deposited on a site immediately above it, and a 
photoresist is Subsequently formed patternwise. A floating 
gate electrode and a control gate electrode within the non 
Volatile memory cell region are patterned based on the 
photolithographic method. Next, the prevailing mask is 
Substituted with a new pattern mask, and the gate electrode 
within the peripheral transistor region is patterned based on 
the photolithographic method. 
0013 Next, referring to FIG. 3(b), a source-drain diffu 
sion layer (n diffusion layer) for the non-volatile memory 
cell region is formed in a self-matching fashion by implant 
ing arsenic whose electroconductivity is the opposite of that 
of the Substrate as an impurity ion. 
0014) Referring to FIG.3(b), after a thick oxide film has 
Subsequently been grown based on the chemical vapor 
deposition method, the entire plane is anisotropically etched 
in Such a way that side wall insulating films will remain on 
the gate electrode side wall of the peripheral transistor 
region and the side walls of the floating gate electrode, 
second gate insulating film, and control gate electrode of the 
non-volatile memory cell region and that the oxide film will 
be removed from the remainder. Next, the isolating insula 
tion film is partially removed by using a resist pattern on 
which a pattern of the source region of the non-volatile 
memory cell region has been formed negatively while the 
second polycrystalline silicon layer is being employed as a 
partial mask portion, as a result of which a common source 
region (so-called 'self-aligned source (SAS) region') is 
formed in a self-matching fashion. Next, a peripheral tran 
sistor source-drain diffusion layer (n diffusion layer) is 
formed by ionically implanting arsenic the electroconduc 
tivity of which is the opposite of that of the substrate in a 
self-matching fashion. Arsenic is concomitantly introduced 
to the site from which the isolating insulation film has been 
removed previously. A transistor Source region and a com 
mon source wire layer are formed in a self-matching fashion. 
Next, the SiON film above the gate electrode is removed by 
means of a liquid chemical treatment. Next, a thin Co 
(cobalt)-TiN (titanium nitride) layer is grown over the entire 
plane, and Subsequently, a high-melting-point metal silicide 
layer (CoSi (cobalt silicide) layer in this case) is formed by 
means of RTA (rapid thermal annealing), whereas unreacted 
Co (cobalt)+TiN (titanium nitride) is dry-etched and 
removed. The obtained product is further subjected to 
annealing based on the RTA. As a result, a high-melting 
point metal silicide layer (so-called “salicide layer') is 
formed above the gate electrode and source-drain diffusion 
layer in a self-matching fashion. 
0015) Next, a sufficiently thick interlayer insulating is 
formed blanketwise on the entire plane. Although subse 
quent processes are not graphically shown, a non-volatile 
semiconductor memory device is obtained by drilling a 
contact hole on the interlayer insulating film and by then 
forming an electrode wire. The foregoing processes com 
prise the method of the prior art for manufacturing a flash 
memory. 

0016. Next, a method of the prior art for manufacturing 
a single-layer gate element based on the damascene gate 
process will be explained. 
0017 FIG. 4 is a schematic demonstrational diagram 
which shows the method of the prior art for manufacturing 
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a single-layer gate element which possesses a damascene 
gate, where FIG. 4(a) through FIG. 4(h) show cross-sec 
tional views of the respective processes in proper order. The 
diagram for each process shows cross-sectional views of a 
first transistor (left in the figure) and a second transistor 
(right in the figure), which possess distinct gate insulating 
films and gate electrodes during the corresponding process. 
The method shown in FIG. 4 is described in Japanese Patent 
Application Publication No. Kokai Hei 11-74369, and 
explanations will be provided below with reference to it. 

0018 First, a well region and an isolating region char 
acterized by the STI structure are formed above the semi 
conductor substrate (201) (not shown in the figure). Subse 
quently, a thin layer is formed as the gate oxide layer (203) 
based on the thermal oxidation method, followed by the 
depositions of the polysilicon film (204) and the silicon 
nitride film (205) above it in proper order based on the CVD 
(chemical vapor deposition) method. Next, the laminate 
structure constituted by the polysilicon film (204) and the 
silicon nitride film (205) is patterned into a shape suitable for 
a gate electrode pattern based on the photolithographic 
method. Next, an electroconductive impurity is introduced 
to the interior of the semiconductor substrate (201) by using 
the patterned gate electrode as a mask based on the ion 
implantation method, and the obtained structure is designed 
to function as an LDD (lightly doped drain) layer on a later 
occasion. Subsequently, the side wall insulating film (207), 
which consists of a silicon oxide film, is formed on the side 
wall of the patterned gate electrode. An electroconductive 
impurity is ionically implanted by using as a mask a dummy 
gate structure constituted by the dummy gate electrode and 
side wall insulating film (207). The source-drain diffusion 
region (206) is subsequently formed by means of a thermal 
annealing. Next, the silicon oxide film (208) is formed on the 
entire plane based on the CVD method, as a result of which 
the entire dummy gate structure becomes blanketed. The 
silicon oxide film (208) is subsequently etched back based 
on the CMP (chemical mechanical polish) method by using 
the silicon nitride film (205) as an etching stopper, as a result 
of which its entire Surface becomes planarized, as shown in 
FIG. 4(b). 
0019. Next, referring to FIG. 4(c), a region on which a 

first transistor is to be formed is covered with the photoresist 
(209), and the silicon nitride film (205) and the polysilicon 
film (204) are removed in proper order, as a result of which 
the channel unit (210) is formed. 
0020 Referring to FIG. 4(d), a channel ion implantation 
operation is effectively carried out through the gate oxide 
layer (203), which has been bared on the bottom plane of the 
channel unit (210), and the gate oxide layer (203) of this 
bared region is Subsequently removed. Next, the gate oxide 
film (211) is formed on the surface of the semiconductor 
substrate (201) in the bared region based on the thermal 
oxidation method, and the tungsten film (212) is ether 
formed over the entire plane. 

0021 Next, referring to FIG. 4(e), the tungsten film (212) 
which has been formed outside the channel unit (210) is 
removed based on the CMP (chemical mechanical polish) 
method, as a result of which the tungsten film (212) remains 
within the channel alone. 
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0022 Referring to FIG.4(f), the silicon nitride film (205) 
above the polysilicon film (204) is peeled, as a result of 
which the polysilicon film (204) becomes bared, and the 
channel unit (213) is formed. 
0023) Next, referring to FIG. 4(g), the tungsten film (214) 

is deposited on the entire plane. 

0024. Next, referring to FIG. 4(h), the tungsten film (214) 
is polished based on the CMP (chemical mechanical polish) 
method, as a result of which the tungsten film (214) remains 
only within the first transistor channel. 
0.025 Next, a thick interlayer insulating film is formed, 
and after a contact hole has been formed on it, an electrode 
wire is further formed, as a result of which a non-volatile 
memory is obtained. 
0026. First, problems specific to the logic unit transistor 
of the prior art and the flash unit transistor of the prior art 
will be individually explained, and subsequently, problems 
that must be solved when both the logic and flash units are 
heterogeneously mounted will be discussed. 

0027. It is indispensable to lower the resistance of the 
gate electrode and to improve the current drive capacity for 
the purpose of upgrading the speed of a transistor. The 
thickness of a silicate film may be increased in order to 
lower the gate resistance. In Such a case, the gate height 
becomes excessive in relation to its length in the context of 
size reduction, which is problematic in that it becomes 
difficult to process a gate. It is necessary to ensure the 
formation of a sufficient channel even at a lower Voltage 
which becomes unavoidable as a result of such a size 
reduction attempt for the purpose of improving the current 
drive capacity, and therefore, the thickness of the gate 
insulating film needs to be minimized. When the thickness 
of a silicon oxide film is reduced to 5 nm or less, however, 
the leak current increases, which is problematic in that the 
transistor performances deteriorate. Major problems specific 
to the logic unit transistor can be thus characterized. 

0028 Problems associated with a case where the resis 
tance of a flash memory cell gate is lowered will be 
explained. In the case of an LSI on which a flash memory 
and a logic device have been heterogeneously mounted, it is 
indispensable to increase the speeds of not only the logic 
unit but also the flash memory cell. As in the case of the 
logic unit, it is necessary to increase the thickness of the 
silicide film for the purpose of lowering the gate resistance, 
but in Such a case, the height of the gate becomes exces 
sively great in relation to its length, as a result of which it 
becomes difficult to process a gate. In the case of a flash 
memory characterized by a laminate structure of a floating 
gate and a control gate, such a tendency is more conspicuous 
than in the case of the logic unit. 
0029 Next, problems associated with the coupling ratio 
and data retention capacity of the flash memory will be 
explained. When the potential of the floating gate is defined 
as V, the potential of the control gate as V, the 
capacitance between the semiconductor Substrate and float 
ing gate as Co., and the capacitance between the floating gate 
and control gate as C, the following relationship can be 
ascertained between V and V. 

YFG=1/(1+CoyC)x co. Virg/cg=1/(1+Co.C.); V/ 
Vo will be referred to as the “coupling ratio. 
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0030 C/C so should ideally hold when Co-Cholds, 
and the potential which has been impressed on V should 
be undepletedly impressed on V under the co-pervasion of 
Co/Cs1. 
0031 When the coupling ratio is low, it becomes impos 
sible to lower the Voltage impressed on the control gate 
electrode during data encoding and erasure operations vis 
a-vis the flash memory despite the reduced element size. The 
electricity consumption may be minimized in the logic unit, 
but since a high Voltage becomes necessary for the flash 
memory cell, it becomes impossible to reduce the electricity 
consumption for the entire chip. The chip area, furthermore, 
becomes inevitably enlarged in that a circuit for converting 
a low power source Voltage into a high Voltage becomes 
necessary. This tendency becomes more conspicuous as the 
power Source Voltage diminishes as a result of the progres 
sive size reduction of the logic unit. 
0032. The thickness of the insulating film may be reduced 
for purposes of elevating the aforementioned C and accord 
ingly of improving the coupling ratio. In such a case, 
however, the leak current inevitably increases, as a result of 
which the data retention capacity deteriorates. 
0033. It may also appear feasible to increase the contact 
area between the floating gate and control gate for the 
purpose of elevating the aforementioned C. In Such a case, 
however, the enlargement of the cell area and the compli 
cation of the structure become problematic. 
0034) Finally, problems associated with an operation for 
manufacturing a heterogeneously flash memory-mounted 
logic LSI will be explained. Regarding transistors to be used 
for the logic unit, transistor test results based on a format 
wherein a film of W (tungsten), whose resistance is lower 
than that of the silicide film, is formed based on the CMP 
(chemical mechanical polish) method while a gate insulating 
film constituted by TaOs, whose permittivity is higher than 
that of the silicon oxide film, is being concomitantly used 
have been reported, as described in A. Yanagishita, et al., 
IEDM Tech. Dig., 1998, pp. 785-788; A. Chatterjee, et al., 
IEDM Tech. Dig., 1998, pp. 777-780. 
0035. These reports, however, are each limited to disclo 
Sures of test samples constituted by unintegrated transistors, 
and accordingly they fail to mention methods applicable to 
heterogeneously flash memory-mounted logic LSIs. 
0036 When the aforementioned high-permittivity film 
and metal gate are simply used for the logic unit alone, 
however, the number of processes and the cost increase in 
that a process separate from that for preparing a flash 
memory unit is required. 
0037. The height of the flash memory cell, furthermore, 
becomes greater than that of the logic unit transistor by a 
margin corresponding to the height of the floating gate 
electrode. Due to the concomitantly incurred step differen 
tial, processing safety margins for opening a contact hole 
and for forming a metal wire, which are to be formed on later 
occasions, diminish, as a result of which the reliability and 
yield deteriorate. 
0038. The foregoing analyses can be summarized as 
follows: 

0039) 1): When the gate lengths of a flash memory cell 
and a logic region transistor are reduced in a heteroge 
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neously flash memory-mounted logic LSI of the prior art, it 
is problematic in that it becomes impossible to reduce the 
resistance of the gate electrode under the pervasion of a 
silicide film alone. 

0040. When the thickness of the aforementioned silicide 
film is increased for the purpose of lowering the gate 
electrode resistance, furthermore, the ratio of the longitudi 
nal dimension in relation to the lateral dimension (channel 
direction) increases to an excessive level, which is prob 
lematic in that it becomes difficult to process the gate 
electrode. 

0041) 2): Either ON or ONO is employed as an insulating 
film between the floating gate and control gate of the 
non-volatile memory cell of the heterogeneously flash 
memory-mounted logic LSI of the prior art, and therefore, 
the coupling ratio can be elevated only by reducing the 
thickness of said insulating film or by enlarging the area of 
the aforementioned C capacitor. The reliability, however, 
deteriorates at a reduced film thickness, whereas said area 
enlargement entails a memory cell area gain and/or a process 
complication. As a result, it is impossible to lower the 
Voltage impressed on the control gate electrode, which is 
problematic in that it becomes impossible to minimize the 
electricity consumption. 

0.042 3): Regarding the method for manufacturing the 
heterogeneously flash memory-mounted logic LSI of the 
prior art, when a high-permittivity film is employed as a gate 
insulating film while a metal (e.g., W. Al, etc.) is used as a 
gate electrode material for the purpose of upgrading the 
performances of the transistor within the logic region, it 
becomes impossible to share processes with the non-volatile 
memory cell, as a result of which the number of processes 
increases, and it is also problematic in that reliability loss 
and cost increase are incurred. 

0043. The height of the flash memory cell, furthermore, 
exceeds that of the logic unit transistor by a margin corre 
sponding to the floating gate height. Due to the concomi 
tantly incurred step differential, processing safety margins 
for opening a contact hole and for forming a metal wire, 
which are to be formed on later occasions, diminish, as a 
result of which the reliability and yield deteriorate. 

SUMMARY OF THE INVENTION 

0044) The objective of the present invention is therefore 
to provide a heterogeneously flash memory-mounted logic 
LSI with a high degree of integration and a high reliability 
which is capable of solving the aforementioned problems 
based on simple and inexpensive mechanisms as well as is 
manufacturing method. 

0045 When an attempt is made to apply the aforemen 
tioned method for manufacturing a simple flash memory to 
the production of a heterogeneously mounted device, it 
becomes indispensable to reduce the thickness of a gate 
insulating film for the purpose of elevating the speed of a 
peripheral transistor outside the memory, but the effective 
thickness of the gate insulating film becomes inevitably 
large due to the depletion of the gate electrode, as a result of 
which it becomes impossible to raise the gate capacitance 
beyond a certain threshold. It may seem feasible to use a 
metallic material which is unaccompanied by depletion as 
said gate electrode from the standpoint of increasing the gate 
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capacitance, but it has become urgent to establish a manu 
facturing method wherein a peripheral transistor which 
consists of an unintegrated gate transistor can be concomi 
tantly formed during the formation of the flash memory cell 
and wherein a metal gate can be formed based on a simple 
process. When a gate electrode characterized by a polycide 
or polymetal structure is formed in concert with an attempt 
to reduce the thickness of the longitudinal gate structure 
rather than the metal gate, furthermore, it becomes necessary 
to reduce the thickness of the polysilicon layer. When such 
a gate electrode characterized by a polycide or polymetal 
structure is subjected to a high-temperature annealing opera 
tion upon the formation of the transistor gate, however, the 
metal layer above the polysilicon film becomes diffused 
through the thin polysilicon film, as a result of the likelihood 
of the deterioration of the oxide film increases. It is indis 
pensable, therefore, for the gate formation process to follow 
the high-temperature annealing operation. When an attempt 
is made to apply the aforementioned method for manufac 
turing an unintegrated gate element which uses a damascene 
gate process to a device on which a flash memory and a logic 
transistor are heterogeneously mounted, furthermore, there 
is no known gate electrode structure constituted by two 
electrically separated layers of electroconductive films via 
an insulating film, although a laminate gate structure con 
stituted by electroconductive films alone (polysilicon--tung 
Sten) is known. 

0046. In the context of heterogeneously mounting a 
peripheral transistor which must meet a demanding action 
speed requirement and a non-volatile memory cell which 
includes a laminate gate as an indispensable element on a 
single chip, when an attempt is made to form the respective 
elements simultaneously in parallel by matching their pro 
cesses and to form both of these heterogeneous elements 
together by means of the damascene process, it is necessary 
to secure a dummy gate whose height is equivalent to the 
height of the non-volatile memory cell in relation to the 
peripheral transistor in that the height of the longitudinal 
gate structure of the non-volatile memory cell exceeds that 
of the peripheral transistor. When a single-layer dummy gate 
is configured, however, the aspect ratio is high, and there 
fore, it becomes difficult to control the drilling of the 
Substrate due to overetching, etc. 

0047 Mechanisms characterized by the constitutions 
shown below may, for example, be embodied in the present 
invention as mechanisms for solving the foregoing problems 
of the prior art. 

0048 (1) A semiconductor device which possesses a 
double gate-type non-volatile memory cell which consists 
not only of a first gate layer which has been obtained by 
laminating a floating gate electrode and a control gate 
electrode which consists of an electroconductor in proper 
order via an intermediate insulating film but also of a first 
gate side wall film which constitutes the side wall of said 
first gate layer and a peripheral transistor which consists not 
only of a second gate layer which consists of said electro 
conductor but also of a second gate side wall film which 
constitutes the side wall of said second gate layer and which 
additionally possesses an insulating film which has been 
formed in Such a way that said double gate-type non-volatile 
memory cell and said peripheral transistor will be buried in 
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it and whose surface has been planarized in a level fashion 
vis-a-vis said double gate-type non-volatile memory cell and 
peripheral transistor. 

0049 Regarding the aforementioned constitution of (1), 
furthermore, an isolating insulation film whose Surface is 
virtually continuous and level with the surface of a semi 
conductor substrate may have also been formed within said 
semiconductor Substrate between said double gate-type non 
Volatile memory cell and said peripheral transistor. It is 
possible, furthermore, for said intermediate insulating film 
and said first gate insulating film which is configured 
beneath said first gate layer to be constituted by an identical 
material at an identical thickness with regard to the afore 
mentioned constitution. It is possible, furthermore, for said 
intermediate insulating film and said first gate insulating film 
which is configured beneath said first gate layer to be 
constituted by different materials at different thicknesses 
with regard to the aforementioned constitution. It is possible, 
furthermore, for said electroconductor to be a metal with 
regard to the aforementioned constitution. It is possible, 
furthermore, for said floating gate electrode to be constituted 
by polycrystalline silicon and for said control gate electrode 
and said second gate layer to be constituted by metals with 
regard to the aforementioned constitution. It is possible, 
furthermore, to provide a corresponding constitution which 
possesses a memory cell region which includes said double 
gate-type non-volatile memory cell and a peripheral tran 
sistor region which includes said peripheral transistor while 
they are isolated and defined by said isolating insulation film 
and wherein the thickness of said control gate electrode in 
said memory cell region exceeds the thickness of said 
control gate electrode above said isolating insulation film. 

0050 (2) A method for manufacturing a semiconductor 
device which includes the following processes in proper 
order: (a) a process whereby a dummy gate pattern which 
consists of multiple layers and which possesses a first 
electroconductive layer as the lowermost layer is formed on 
a memory cell region and a peripheral transistor region 
which have been defined above a semiconductor substrate; 
(b) a process whereby a coating film which covers said 
dummy gate pattern is formed; (c) a process whereby said 
coating film is dry-etched in Such a way that a gate side wall 
film will selectively remain on the side plane of said dummy 
gate pattern; (d) a process whereby an interlayer insulating 
film is formed blanketwise on the remainder of the structure 
formed through the preceding processes; (e) a process 
whereby the surface of said interlayer insulating film is 
etched back based on the CMP (chemical mechanical polish) 
method until the surface of said intermediate insulating film 
and the Surface of said dummy gate pattern become virtually 
continuous and flat, (f) a process whereby said dummy gate 
pattern is partially removed in Such a way that said dummy 
gate pattern will be removed from said peripheral transistor 
region but will remain in said memory cell region and that 
said gate side wall film will remain in both said memory cell 
region and said peripheral transistor region; (g) a process 
whereby a second electroconductive layer is formed blan 
ketwise on the remainder of the structure which has been 
formed through the preceding processes and which includes 
the region from which said dummy gate pattern has been 
removed; and (h) a process whereby the surface of said 
interlayer insulating film is etched back based on the CMP 
(chemical mechanical polish) method until the surface of 

Mar. 22, 2007 

said interlayer insulating film and the Surface of said second 
electroconductive layer become virtually continuous and 
flat. 

0051. It is possible, furthermore, for a coating film which 
possesses an upper silicon layer and a lower silicon layer 
which sandwich an insulating film to be formed as said 
dummy gate pattern in said process of (a) and for said 
process of (e) to be implemented in Such a way that said 
insulating film will remain and that said upper silicon layer 
will be removed with regard to the aforementioned mecha 
nism of (2). It is possible, furthermore, for a process 
whereby an intermediate insulating film is formed above 
said first electroconductive layer to be additionally included 
between said processes of (e) and (f). 
0052 Incidentally, when a dry etching operation is car 
ried out in process (c) of the aforementioned mechanism of 
(2) while the non-peripheral portion of the memory cell 
region is selectively blanketed by a resist, not only the side 
wall film but also a coating film which blankets the source 
drain region can be induced to remain in the memory cell 
region. Effects of avoiding the diffusion of the silicidation of 
the peripheral transistor into the memory cell region (i.e., 
selective silicidation) and of preventing damage due to 
Source-drain ion implantation can be expected under the 
persistent pervasion of this coating film. 

0053. The foregoing explanations discuss mechanisms of 
the present invention for solving the problems. In the 
following, detailed problem solution mechanisms will be 
discussed in detail with reference to application embodi 
mentS. 

0054 An ordinary non-volatile memory cell (double 
gate-type) is formed in a non-volatile memory cell region 
and a peripheral transistor region by using a double-layer 
dummy gate pattern (which partially constitutes the non 
volatile memory cell) together with said non-volatile 
memory cell region and peripheral transistor region. In Such 
a case, the respective gate heights of the nonvolatile memory 
cell region and the peripheral transistor region coincide, and 
the tops of the dummy gates of the non-volatile memory cell 
region and the peripheral transistor region can be bared 
within a single CMP (chemical mechanical polish) process 
by polishing the interlayer insulating film. The second 
electroconductive film PB (second wire layer) (upper 
dummy gate layer) and the second gate insulating film 
dummy insulating film in the PA (first wire layer)-PB 
(second wire layer) gap of each of the non-volatile memory 
cell region and the peripheral transistor region are then 
removed, and subsequently, the first electroconductive film 
PR (first wire layer) (lower dummy gate layer) and the first 
gate insulating film TNOX are removed by using the 
non-volatile memory cell region as a mask. In Such a case, 
the first electroconductive film PA (first wire layer) (used as 
an element) and the first gate insulating film TNOX of the 
non-volatile memory cell region are induced to remain in 
Such a way that they can be used as partial elements. Next, 
high-permittivity films which respectively serve as a gate 
insulating film within the peripheral transistor region and a 
second gate insulating film insulating film in the PA (first 
wire layer)-PB (second wire layer) gap within the non 
Volatile memory cell region are simultaneously formed 
(including a case where the respective constitutions and 
thicknesses of the gate insulating film of the peripheral 
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transistor region and the second gate insulating film of the 
non-volatile memory cell region are induced to differ based 
on lithographic and/or etching processes). A metal is then 
deposited on the entire plane (including a case where a 
laminate is obtained by forming a third electroconductive 
film (polysilicon) above the high-permittivity film and by 
then depositing a metal gate over the entire plane), and after 
the resulting surface has been polished by means of a CMP 
(chemical mechanical polish) process, low-resistance metal 
gates are formed respectively in the non-volatile memory 
cell region and the peripheral transistor region. 
0.055 An ordinary non-volatile memory cell (double 
gate-type) structure is formed in each of a non-volatile 
memory cell region and a peripheral transistor region by 
using a double-layer electroconductive film (the first elec 
troconductive film of the non-volatile memory cell region 
has been partially separated for isolating purposes) for the 
non-volatile memory cell region and peripheral transistor 
region. In Such a case, the respective gate heights of the 
non-volatile memory cell region and peripheral transistor 
region coincide, and the tops of the dummy gates of the 
non-volatile memory cell region and the peripheral transistor 
region can be bared within a single CMP (chemical 
mechanical polish) process by polishing the interlayer insu 
lating film. This mechanism of (2), however, is unique in 
that the second electroconductive film PB (second wire 
layer) (upper dummy gate layer)/second gate insulating film 
insulating film in the PA (first wire layer)-Pb (second wire 
layer) gap/first electroconductive film PA (first wire layer) 
(lower dummy gate layer)/first gate insulating film TNOX 
portion of the peripheral transistor alone is removed while 
the double-layer electroconductive film of the non-volatile 
memory cell region remain intact, and after a high-permit 
tivity film has subsequently been formed on the entire plane 
(including the channel on the peripheral transistor region 
side), a metal is deposited on the entire plane and then 
polished by means of a CMP (chemical mechanical polish) 
process, as a result of which a polycide gate is formed on the 
control gate electrode site of the non-volatile memory cell, 
whereas a low-resistance metal gate is formed in the periph 
eral transistor region. 
0056. An ordinary non-volatile memory cell (double 
gate-type) structure is formed in each of a non-volatile 
memory cell region and a peripheral transistor region by 
using a double-layer dummy gate (which partially consti 
tutes a memory cell element) for said non-volatile memory 
cell region and peripheral transistor region. In such a case, 
the respective gate heights of the non-volatile memory cell 
region and peripheral transistor region coincide, and the tops 
of the dummy gates of the non-volatile memory cell region 
and the peripheral transistor region can be bared within a 
single CMP (chemical/mechanical polish) process by pol 
ishing the interlayer insulating film. The second electrocon 
ductive film PB (second wire layer) (upper dummy gate 
layer) and the second gate insulating film (dummy insulat 
ing film in the PA (first wire layer)-PB (second wire layer) 
gap are removed from each of the non-volatile memory cell 
region and peripheral transistor region, and Subsequently, 
the first electroconductive film PA (first wire layer) (lower 
dummy gate layer) and the first gate insulating film 
TNOX of the peripheral transistor region are removed by 
using the non-volatile memory cell region as a mask. In Such 
a case, the first electroconductive film PA (first wire layer) 
(used as an element) and first gate insulating film TNOX 

Mar. 22, 2007 

of the non-volatile memory cell region are induced to remain 
in Such a way that they will be used as partial elements. 
Next, high-permittivity films which respectively serve as the 
gate insulating film of the peripheral transistor region and 
the second gate insulating film insulating film in the PA 
(first wire layer)-PB (second wire layer) gap of the non 
Volatile memory cell region are simultaneously formed. 
After a third electroconductive film polysilicon has sub 
sequently been formed above said high-permittivity film, the 
third electroconductive film of the peripheral transistor 
region alone is etched and removed based on a photolitho 
graphic technique while the non-volatile memory cell region 
alone is being masked, and after a metal has been deposited 
on the entire plane, its surface is polished by means of a 
CMP (chemical mechanical polish) process, as a result of 
which different ones are formed as the control gate electrode 
structure of the non-volatile memory cell region and the gate 
electrode structure of the peripheral transistor region. 
0057 When a double-layer dummy gate structure is 
embodied for the peripheral transistor region and non 
Volatile memory cell region, their respective gate heights can 
be matched, and a CMP process for polishing the surface of 
an interlayer insulating film and a CMP process for polishing 
the surface of the metal, which are essential for the dama 
scene gate modality, can be easily implemented. 
0058 Since the dummy gate is constituted by a double 
electroconductive film structure in which an insulating film 
is sandwiched, a favorable etching controllability can be 
achieved when a deep damascene channel is dug (the 
insulating film which is sandwiched by the electroconduc 
tive films serves as a stopper film during the etching of the 
upper electroconductive film, based on which the laminate 
film can be etched stepwise while different etching attributes 
are being designated, based on which irregularities can be 
minimized and control can be facilitated). 
0059 Low-resistance gate electrodes can be formed in 
both the non-volatile memory cell region and peripheral 
transistor region based on the use of the damascene metal 
gate process. The problem of gate depletion can be avoided 
in that the gate structure is represented by a metal gate 
Structure. 

0060 Even when its thickness is quite great, it is possible 
for the gate insulating film of the peripheral transistor region 
to achieve a high gate capacitance by virtue of the uses of 
high-permittivity (high-k) films as both the gate insulating 
film of the peripheral transistor region and the PA (first wire 
layer)-PB (second wire layer) gap insulating film of the 
non-volatile memory cell region (countermeasure against 
the thickness reduction limit of the SiO, film). The coupling 
ratio of the non-volatile memory cell region can, further 
more, be expected to improve (the data encoding and erasure 
performances of the non-volatile memory cell can be 
improved by improving the coupling ratio). 

0061. When the respective constitutions and thicknesses 
of the gate insulating film of the peripheral transistor region 
and the PA (first wire layer)-PB (second wire layer) gap 
insulating film of the non-volatile memory cell region are 
designated differently, film constitutions with different 
objective film properties can be provided for the respective 
elements (peripheral transistor region: Countermeasure 
against the thickness reduction limit of the SiO film/non 
Volatile memory cell region: Essentiality of improving the 
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coupling ratio while the requisite insulation Voltage resis 
tance of the PA (first wire layer)-PB (second wire layer) gap 
is being secured). Various gate electrode film thicknesses 
that match the performances of the respective elements can 
be selected by varying the respective constitutions and 
thicknesses of the gate electrode film of the peripheral 
transistor region and the control gate electrode film of the 
non-volatile memory cell region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0062 FIGS. 1(a)-1(d) are schematic demonstrational dia 
grams pertaining to a method for manufacturing a flash 
memory of the prior art. 

0063 FIGS. 2(a)-2(c) are schematic demonstrational dia 
grams pertaining to the method for manufacturing a flash 
memory of the prior art. 

0064 FIGS. 3(a)-3(c) are schematic demonstrational dia 
grams pertaining to the method for manufacturing a flash 
memory of the prior art. 

0065 FIGS. 4(a)-4(f) are schematic demonstrational dia 
grams pertaining to a method for manufacturing a semicon 
ductor device of the prior art which possesses a damascene 
gate. 

0.066 FIGS. 5(a)-5(c) are schematic demonstrational dia 
grams pertaining to a method for manufacturing a semicon 
ductor device which complies with the first application 
embodiment of the present invention. 
0067 FIGS. 6(a)-6(c) are schematic demonstrational dia 
grams pertaining to the method for manufacturing a semi 
conductor device which complies with the first application 
embodiment of the present invention. 
0068 FIGS. 7(a)-7(c) are schematic demonstrational dia 
grams pertaining to the method for manufacturing a semi 
conductor device which complies with the first application 
embodiment of the present invention. 
0069 FIGS. 8(a)-8(d) are schematic demonstrational dia 
grams pertaining to the method for manufacturing a semi 
conductor device which complies with the first application 
embodiment of the present invention. 
0070 FIGS. 9(a)-9(d) are schematic demonstrational dia 
grams pertaining to the method for manufacturing a semi 
conductor device which complies with the first application 
embodiment of the present invention. 
0071 FIGS. 10(a)-10(c) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the first appli 
cation embodiment of the present invention. 

0072 FIGS. 11(a)-11(c) are schematic demonstrational 
diagrams pertaining to method for manufacturing a semi 
conductor device which complies with the first application 
embodiment of the present invention. 

0.073 FIGS. 12(a)-12(c) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the first appli 
cation embodiment of the present invention. 
0074 FIGS. 13(a)-13(b) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
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semiconductor device which complies with the first appli 
cation embodiment of the present invention. 

0075 FIGS. 14(a)-14(d) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the first appli 
cation embodiment of the present invention. 

0.076 FIGS. 15(a)-15(c) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the first appli 
cation embodiment of the present invention. 
0077 FIGS. 16(a)-16(d) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the first appli 
cation embodiment of the present invention. 
0078 FIGS. 17(a)-17(b) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the first appli 
cation embodiment of the present invention. 

0079 FIGS. 18(a)-18(d) are schematic demonstrational 
diagrams pertaining to a method for manufacturing a semi 
conductor device which complies with the second applica 
tion embodiment of the present invention. 

0080 FIGS. 19(a)-19(d) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the second 
application embodiment of the present invention. 
0081 FIGS. 200a)-20(d) are schematic demonstrational 
diagrams pertaining to a method for manufacturing a semi 
conductor device which complies with the third application 
embodiment of the present invention. 
0082 FIGS. 21 (a)-21(d) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the third appli 
cation embodiment of the present invention. 

0083 FIGS. 22(a)-22(c) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the third appli 
cation embodiment of the present invention. 

0084 FIGS. 23(a)-23(b) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the third appli 
cation embodiment of the present invention. 

0085 FIGS. 24(a)-24(d) are schematic demonstrational 
diagrams pertaining to a method for manufacturing a semi 
conductor device which complies with the fourth application 
embodiment of the present invention. 

0.086 FIGS. 25(a)-25(b) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the fourth appli 
cation embodiment of the present invention. 

0087 FIGS. 26(a)-26(b) are schematic demonstrational 
diagram pertaining to a method for manufacturing a semi 
conductor device which complies with the first through 
fourth application embodiments of the present invention. 

0088 FIGS. 27(a)-27(d) are schematic demonstrational 
diagrams pertaining to a method for manufacturing a semi 
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conductor device which complies with the fifth application 
embodiment of the present invention. 
I0089 FIGS. 28(a)-28(c) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the fifth appli 
cation embodiment of the present invention. 
0090 FIGS. 29(a)-29(b) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the fifth appli 
cation embodiment of the present invention. 
0091 FIGS. 30(a)-30(b) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the fifth appli 
cation embodiment of the present invention. 
0092 FIGS. 31(a)-31(b) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the fifth appli 
cation embodiment of the present invention. 
0093 FIGS. 32(a)-32(b) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the fifth appli 
cation embodiment of the present inventions FIGS. 33(a)- 
33(b) are schematic demonstrational diagrams pertaining to 
the method for manufacturing a semiconductor device which 
complies with the fifth application embodiment of the 
present invention. 

0094 FIGS. 34(a)-34(c) are schematic demonstrational 
diagrams pertaining to the method for manufacturing a 
semiconductor device which complies with the sixth appli 
cation embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0095 FIGS. 5 through 8 show cross-sectional views 
A-A direction of element regions configured in the first 
application embodiment of the present invention based on 
the damascene gate technique, and they show cross-sec 
tional views of the element regions during the respective 
processes in proper order. FIGS. 9 through 13 show cross 
sectional views B-B' direction of a segment of the non 
volatile memory cell region of the first application embodi 
ment of the present invention based on the damascene gate 
technique from which an isolating insulation film has been 
removed (common source region), and they show cross 
sectional views of the segment of the non-volatile memory 
cell region from which an isolating insulation film has been 
removed (common source region) during the respective 
processes in proper order. FIGS. 14 through 17 show cross 
sectional views C-C direction of the word line direction of 
the non-volatile memory cell region of the first application 
embodiment of the present invention based on the dama 
Scene gate technique, and they show cross-sectional views 
of the word line direction of the non-volatile memory cell 
region during the respective processes in proper order. As 
shown in FIGS. 5(a), 9(a) and 14(a). 
0096) First, referring to FIGS. 5(b), 9(b) and 14(b), a 
thermal oxide film (SiO2) and an insulating film (e.g., SiN 
etc.) are grown above a semiconductor substrate of a given 
electroconductivity type (P) at thicknesses of 12 nm and 
200 nm, respectively, and a 300 nm channel is formed in an 
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isolating region by means of etching by using it as a hard 
mask. An oxide film (e.g., HDP, etc.) is deposited on this 
channel at a thickness of 700 nm and then flattened by means 
of CMP (chemical mechanical polish) (STI: Shallow trench 
insulation). Next, the thermal oxide film (SiO), which 
serves as a stopper film, and the insulating film (SiN.) are 
removed. 

0097 Next, referring to FIGS. 5(c), 9(c) and 14(c), an 
oxide film with a thickness of 10 nm is formed as the first 
gate insulating film (tunnel gate insulating film, TNOX) of 
the non-volatile memory cell based on the thermal oxidation 
method. 

0098) Next, referring to FIGS. 6(a) and 10(a), first poly 
crystalline silicon film is formed over the entire plane at a 
thickness of 90 nm, for example, and subsequently, a 20 nm 
oxide film is formed above said first polycrystalline silicon 
film as a dummy insulating film (insulating film between 
wire layers). It is also possible to use a doped amorphous 
silicon film in place of said first polycrystalline silicon film. 
Next, a 100 nm second polycrystalline film (dummy control 
gate) is formed, followed by the deposition of a 150 nm. 
silicon nitride film (SiN film), which serves not only as an 
anti-reflection film but also as a stopper during an SAS 
(self-aligned source) etching operation, immediately above 
it based on a photolithographic technique. It is also possible 
to use a doped amorphous silicon film in place of said 
second polycrystalline silicon film. 
0099 Referring to FIG. 10(b), a floating gate electrode 
and a dummy control gate electrode are formed patternwise 
in each of the peripheral transistor region and non-volatile 
memory cell region. 

0100 Next, a source-drain diffusion layer (n" diffusion 
layer) for the non-volatile memory cell region is formed in 
a self-matching fashion based on an impurity introduction 
technique which uses arsenic, whose electroconductivity is 
the opposite of that of the substrate, at an acceleration 
voltage or 50 keV and at a dosage of 3.0x10' dose/cm. 
0101) Next, referring to FIGS. 6(b) and 10(c), a 100 nm 
SiN film is grown based on the chemical vapor deposition 
method, followed by the anisotropic etching of the entire 
plane, as a result of which side wall insulating films are 
formed on the gate electrode side wall of the peripheral 
transistor region and the side walls of the floating gate 
electrode, dummy gate insulating film, and dummy control 
gate electrode of the non-volatile memory cell region. Next, 
the isolating insulation film is partially removed by means of 
dry etching (300 nm+10% over) by using the gate of the 
non-volatile memory cell region as a partial mask (SAS: 
Self-aligned source). Next, a source-drain diffusion layer (n" 
diffusion layer) for the peripheral transistor region is formed 
in a self-matching fashion based on an impurity introduction 
technique which uses arsenic, whose electroconductivity is 
the opposite of that of the substrate, at an acceleration 
voltage of 60 keV and at a dosage of 3.0x10' dose/cm. The 
impurity is concomitantly introduced to the segment from 
which the isolating insulation film has previously been 
removed, as a result of which a source region for the 
transistor and a common source wire region are formed in 
self-matching fashions. 

0102) Next, referring to FIGS. 6(c), 11(a) and 15(a), Co 
(9 nm)+TiN (30 nm) is grown over the entire plane, and 
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after a metal reactive layer (CoSi layer in this case) has 
subsequently been formed by means of RTA (500° C., N, 30 
sec.), unreacted (Co+TiN) is etched over the entire plane, 
and subsequently, an RTA (800° C., N, 30 sec.) annealing 
operation is carried out formation of a metal reactive layer 
on a source-drain diffusion layer (silicide process). 
0103) Next, referring to FIGS. 7(a), 11(b) and 15(b), an 
interlayer insulating film (SiO, 1,000 nm) is formed. 
0104 Subsequently, referring to FIGS. 7(b), 11(c) and 
15(c), 800 nm is etched back by means of a CMP (chemical 
mechanical polish) process until the dummy control gate 
(second polycrystalline silicon film) becomes bared SiN 
above the second polycrystalline silicon film and SiN on its 
side wall are partially polished and removed during this 
CMP (chemical mechanical polish) process). 
0105 Next, referring to FIG. 16(a), the dummy control 
gate (second polycrystalline silicon film) of each of the 
peripheral transistor region and non-volatile memory cell 
region as well as the dummy insulating film underneath it are 
etched and removed over a depth of 20 nm. 
0106) Next, referring to FIGS. 7(c), 12(a) and 16(b), the 
non-volatile memory cell region (area other than the first 
polycrystalline silicon film-first polycrystalline silicon film 
gap secured for isolation purposes) is masked by using a 
photolithographic technique. 

0107 Referring to FIGS. 8(a), 12(b) and 16(c), the first 
polycrystalline silicon layer and first gate insulating film of 
each of the peripheral transistor region and non-volatile 
memory cell region are partially removed by means of an 
etching process (process whereby the floating gate region of 
the non-volatile memory cell region is induced to remain 
intact). 
0108) Next, referring to FIGS. 8(b), 12(c) and 16(d), a 1.5 
nm thin SiO film is formed on the channel in the afore 
mentioned etched segment, followed by the formation of an 
SiON layer whose thickness is approximately 2 nm, and 
Subsequently, a 6 mm high-permittivity film (e.g., Ta-Os) is 
formed above it as a gate insulating film. A metal layer 
which may, for example, be constituted by TiN (50 nm) is 
formed above it. 

0109) A layer which may, for example, be constituted by 
W (tungsten) is subsequently formed. As shown in FIGS. 
8(c), 13(a) and 17(a). 
0110. Next, referring to FIGS. 8(d), 13(b) and 17(b), the 
metal layers which have been formed over the entire plane 
(i.e., Wlayer and TiN layer) are polished by means of a CMP 
(chemical mechanical polish) process in Such a way that 
they will remain only on the gate sites of the peripheral 
transistor region and non-volatile memory cell region. 

0111) Next, a 900 nm BPSG film is formed blanketwise 
by means of CVD (chemical vaporO deposition), followed 
by the formation of a contact hole, and after an electrode 
wire has Subsequently been formed, a non-volatile semicon 
ductor memory device is obtained. 
0112 An NOR-type non-volatile memory has been dis 
cussed in the foregoing application embodiment (FIGS. 5 
through 8, FIGS. 9 through 13, and FIGS. 14 through 17), 
whereas in the case of an NAND-type non-volatile memory, 
the SAS (self-aligned source) etching process shown in 
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FIGS. 9 through 13 can be dispensed with, and therefore its 
processes can be explained with reference to FIGS. 5 
through 8 and FIGS. 9 through 13 alone. A metal silicide 
process (formation of a metal reactive layer on a source 
drain diffusion layer) has, furthermore, been disclosed 
(FIGS. 5 through 8, FIGS. 9 through 13, and FIGS. 14 
through 17) in the present application embodiment, but even 
when the present invention is applied to a non-metal silicide 
process, similar effects can be achieved. Incidentally, the 
dummy gate (second polycrystalline silicon film) is not 
limited to a polycrystalline silicon film so long as a proper 
etching selection ratio can be secured in relation to the first 
polycrystalline silicon film or dummy gate insulating film. 

0113. Next, another application example of the present 
invention will be explained with reference to FIGS. 5 
through 7 and FIGS. 18 and 19. Its processes up to an 
intermediate stage are identical to the aforementioned pro 
cesses shown in FIG. 5(a) through FIG. 7(c), and therefore, 
FIGS. 5 through 7, which have already been referred to 
during the previous explanations, will be referred to once 
again. FIGS. 18 and 19 show cross-sectional views D-D' 
direction of an element region realm of the second appli 
cation example based on a damascene gate technique, and 
they show cross-sectional views of the element region realm 
during the respective processes shown in FIGS. 18(b) 
through 19(a), which follow the process shown in FIG. 7(c), 
in proper order. 

0114 First, a thermal oxide film (SiO) and an insulating 
film (e.g., SiNa, etc.) are grown above a semiconductor 
substrate of a given electroconductivity type (P) at thick 
nesses of 12 nm and 200 nm, respectively, and Subsequently, 
a 300 nm channel is formed in the isolating region by using 
it as a hard mask. A 700 nm oxide film (e.g., HDP, etc.) is 
deposited on this channel and then planarized by means of 
a CMP (chemical mechanical polish) process (STI: Shallow 
trench insulation). Next, the thermal oxide film (SiO2), 
which serves as a stopper film, and the insulating film 
(SiNa) are removed. As shown in the steps of FIG. 5(b). 
0115) Next, referring to FIG. 5(c), an oxide film whose 
thickness is 10 nm is formed based on the thermal oxidation 
method as the first gate insulating film of the non-volatile 
memory (tunnel gate insulating film, TNOX). 
0.116) Next, referring to FIG. 5(d), a first polycrystalline 
silicon film (including DAS) whose thickness may, for 
example, be 90 nm is formed over the entire plane, and a 20 
nm oxide film is formed above the aforementioned first 
polycrystalline silicon film as a dummy gate insulating film 
insulating film in the PA (first wire layer)-PB (second wire 
layer) gap. Next, a 100 nm second polycrystalline silicon 
film (dummy control gate which includes DAS) is formed, 
and a 150 nm SiN film which serves not only as an 
anti-reflection film but also as a stopper film during a SAS 
(self-aligned source) etching operation is deposited imme 
diately above it based on a photolithographic technique. 

0117. A floating gate electrode and a control gate elec 
trode are formed patternwise in each of the peripheral 
transistor region and non-volatile memory cell region. 

0118 Next, a source-drain diffusion layer (n diffusion 
layer) for the non-volatile memory cell region is formed in 
a self-matching fashion based on an impurity introduction 
technique which uses arsenic, whose electroconductivity is 
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the opposite of that of the Substrate, at an acceleration 
voltage of 50 keV and at a dosage of 3.0x10" dose/cm. 
0119) Next, a 100 nm SiN film is grown based on the 
chemical vapor deposition method, followed by the aniso 
tropic etching (100 nm etching) of the entire plane, as a 
result of which side wall insulating films are formed on the 
gate electrode side wall of the peripheral transistor region 
and on the side walls of the floating gate electrode, dummy 
gate insulating film, and dummy control gate electrode of the 
non-volatile memory cell region. Next, the isolating insula 
tion film is partially removed by means of dry etching (300 
nm -10% over) by using the gate of the non-volatile memory 
cell region as a partial mask (SAS: Self-aligned source). 
Next, a source-drain diffusion layer (n diffusion layer) for 
the peripheral transistor region is formed in a self-matching 
fashion based on an impurity introduction technique which 
uses arsenic, whose electroconductivity is the opposite of 
that of the substrate, at an acceleration voltage of 60 keV and 
at a dosage of 3.0x10" dose/cm. The impurity is concomi 
tantly introduced to the segment from which the isolating 
insulation film has previously been removed, as a result of 
which a source region for the transistor and a common 
Source wire region are formed in self-matching fashions 
(formation of a common source region). As shown in FIG. 
6(b). 
0120) Next, referring to FIG. 6(c), Co (9 nm)+TiN (30 
nm) is grown over the entire plane, and after a metal reactive 
layer (CoSilayer in this case) has been formed by means of 
RTA (500° C., 142, 30 sec.), unreacted (Co+TIN) is etched 
over the entire plane, followed by an additional RTA (800° 
C., N, 30 sec.) annealing operation formation of a metal 
reactive layer above the source drain diffusion layer (silicide 
process). 
0121 Next, referring to FIG. 7(a), an interlayer insulat 
ing film (SiO, 1,000 nm) is formed. 
0122) Subsequently, referring to FIG. 7(b), 800 nm is 
subsequently etched back by means of a CMP (chemical 
mechanical polish) process until the dummy gate (second 
polycrystalline silicon film) becomes bared SiN above the 
second polycrystalline silicon film and SiN on its side wall 
are partially polished and removed during this CMP (chemi 
cal mechanical polish) process. 
0123. Next, referring to FIG. 7(c), the dummy control 
gate (second polycrystalline silicon film) of the peripheral 
transistor region and non-volatile memory cell region and 
the dummy gate insulating film underneath it are removed. 
0124) Next, the non-volatile memory cell region (area 
other than the first polycrystalline silicon film-first polycrys 
talline silicon film gap secured for isolating purposes) is 
masked by using a photolithographic technique, and the first 
polycrystalline silicon film and first gate insulating film of 
the peripheral transistor region and non-volatile memory cell 
region are partially removed by means of an etching process 
(process whereby the floating gate region of the non-volatile 
memory cell region is induced to remain). As shown in FIG. 
18(b). 
0125 Next, referring to FIG. 18(c), a 10 nm insulating 
film (e.g., ONO film, etc.) is formed on the channel of the 
aforementioned etched segment. 
0126 Referring to FIG. 18(d), the non-volatile memory 
cell region alone is masked based on a photolithographic 
technique. 
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0127. Referring to FIG. 190a), the insulating film is 
removed from the peripheral transistor region by means of 
an etching process. 

0128) Next, referring to FIG. 19(b), a 1.5 nm thin SiO, 
film is formed on each of the peripheral transistor region and 
non-volatile memory cell region, followed by the formation 
of a 2 nm SiON layer, and subsequently, a 6 nm high 
permittivity film (e.g., Ta-Os) is formed above it as a gate 
insulating film. In this case, the gate insulating film of the 
peripheral transistor region is constituted by only one insu 
lating film layer, whereas an insulating film laminate struc 
ture is present in the non-volatile memory cell region it is 
also possible to embody a constitution wherein the periph 
eral transistor is constituted by a Ta-Os/non-volatile 
memory cell region and wherein the PA (first wire layer)-PB 
(second wire layer) gap insulating film is constituted by 
ONO in this context by removing Ta-Os while the peripheral 
transistor region alone is being blanketed with a resist). 
0129. Next, referring to FIG. 19(c), a metal layer which 
may, for example, be constituted by TiN (50 nm) is formed 
above it, followed by the formation of a W layer (300 nm) 
above it. 

0130. Next referring to FIG. 19(d), the metal layers 
which have been formed over the entire plane are polished 
by means of a CMP (chemical mechanical polish) process in 
Such a way that they will remain only on the respective gate 
sites of the peripheral transistor region and non-volatile 
memory cell region. 

0131) Next, a 900 nm BPSG film is formed. 
0.132. A contact hole is subsequently formed, followed by 
the formation of an electrode wire, as a result of which a 
non-volatile semiconductor device is obtained cross-sec 
tional views of the isolating region of Application Example 
2 are not graphically shown because they are identical to 
those of Application Example 1 shown in FIGS. 5 through 
8, with the exception of the constitutions and thicknesses of 
the second gate insulating films of the peripheral transistor 
region anti non-volatile memory cell region. 
0133. In an alternative embodiment for manufacturing a 
non-volatile semiconductor memory device (not shown in 
the figures), the following procedures are carried out: After 
the first layer of the gate insulating film of the peripheral 
transistor region and the insulating film laminate structure of 
the non-volatile memory cell region have been formed as 
shown in FIG. 190a) in the second application embodiment 
explained above, the high-permittivity film of the non 
Volatile memory cell region is selectively removed by means 
of a photolithographic technique while the peripheral tran 
sistor region alone is being masked (Subsequent processes 
are identical to those of the second application embodi 
ment), as a result of which the gate insulating film and the 
PA (first wire layer)-PB (second wire layer) gap insulating 
film of the peripheral transistor region differ. An NOR-type 
non-volatile memory has, furthermore, been disclosed in the 
second application embodiment discussed above (FIG. 19), 
whereas in the case of a NAND-type non-volatile memory, 
the SAS (self-aligned source) etching process can be dis 
pensed with, and therefore, its processes can be explained 
with reference to the figures excluding FIGS. 9 through 13. 
A metal silicide process (formation of a metal reactive layer 
above a source-drain diffusion layer) has, furthermore, been 
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discussed in the aforementioned second application embodi 
ment (FIGS. 18 and 19), but similar results can also be 
achieved when the same principle is applied to a non-metal 
silicide process. 
0134) Next, the third application embodiment of the 
present invention will be explained sequentially with refer 
ence to FIGS. 20 through 23. 
0135 FIGS. 20 through 23 show cross-sectional views 
E-E' direction of the element region realm of the third 
application embodiment of the present invention based on a 
damascene gate technique, and the cross-sectional views of 
the element region realm based on the damascene gate 
format during the respective processes, are shown in FIGS. 
200a)-23(b) in proper order. 
0.136 First, referring to FIG. 200b), a thermal oxide film 
(SiO2) and an insulating film (e.g., SiN, etc.) are grown 
above a semiconductor Substrate of a given electroconduc 
tivity (P) at thicknesses of 12 nm and 200 nm, respec 
tively, and a 300 nm channel is subsequently formed on the 
isolating region by means of etching by using it as a hard 
mask. A 700 nm oxide film (e.g., HDP, etc) is deposited on 
this channel and then planarized by means of a CMP 
(chemical mechanical polish) process (STI: Shallow trench 
insulation). Next, the thermal oxide film (SiO2), which 
serves as a stopper film, and the insulating film (SiNa) are 
removed. 

0137 Next, referring to FIG.20(c), an oxide film whose 
thickness is 10 nm is formed based on the thermal oxidation 
method as the first gate insulating film (tunnel gate insulat 
ing film, TNOX) of the non-volatile memory cell. 
0138 Next, referring to FIG. 21(a), a first polycrystalline 
silicon film whose thickness may, for example, be 90 nm, is 
formed over the entire plane, and a resist for the first 
polycrystalline silicon film (floating gate) is Subsequently 
etched and patterned based on a photolithographic tech 
nique, as a result of which the first polycrystalline silicon 
film of the non-volatile memory cell region is patterned. It 
is also possible to use a doped amorphous silicon film in 
place of said first polycrystalline silicon film. 
0139 Next, referring to FIG. 21(b), a 20 nm oxide film is 
formed above the aforementioned first polycrystalline sili 
con film as a gate insulating film PA (first wire layer)-PB 
(second wire layer) gap insulating film. Next, a 100 nm. 
second polycrystalline silicon film (control gate) is formed 
by using a photolithographic technique. It is also possible to 
use a doped amorphous silicon film in place of said second 
polycrystalline silicon film. 
0140. A floating gate electrode and a control gate elec 
trode are formed patternwise in each of the peripheral 
transistor region and non-volatile memory cell region. 
0141 Next, a source-drain diffusion layer (n diffusion 
layer) for the non-volatile memory cell region is formed in 
a self-matching fashion based on an impurity introduction 
technique which uses arsenic, whose electroconductivity is 
the opposite of that of the Substrate, at an acceleration 
voltage of 50 keV and at a dosage of 3.0x10" dose/cm. 
0142 Next, referring to FIG. 21(c), a 100 nm SiN film is 
grown based on the chemical vapor deposition method, 
followed by its anisotropic etching, as a result of which side 
wall insulating films are formed on the side wall of the gate 
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electrode of the peripheral transistor region and on the side 
walls of the floating gate electrode, second gate insulating 
film, and control gate electrode of the non-volatile memory 
cell region. Next, a source-drain diffusion layer (n diffusion 
layer) for the non-volatile memory cell region is formed in 
a self-matching fashion based on am impurity introduction 
technique which uses arsenic, whose electroconductivity is 
the opposite of that of the Substrate, at an acceleration 
voltage of 60 keV and at a dosage of 3.0x10" dosed/cm. 
0143) Next, referring to FIG. 21(d), a Co (cobalt, 9 
nm)+TiN (titanium nitride, 30 nm) is grown over the entire 
plane, and after a metal reactive layer (CoSilayer in this 
case) has been formed above it by means of RTA (rapid 
thermal annealing; 500° C. N. atmosphere, 30 sec.), the 
unreacted Co (cobalt)+TiN (titanium nitride) is etched 
back over the entire plane, and Subsequently, an additional 
RTA (rapid thermal annealing; 800° C. N. atmosphere, 30 
sec.) operation is carried out formation of metal reactive 
layers above the Source-drain region and above the gate 
(silicide process). 
0144) Next, referring to FIG. 22(a), a bulk interlayer 
insulating film (SiO, 1,000 nm) is formed. 
0145 Subsequently, referring to FIG. 22(b), 800 nm of 
the bulk interlayer insulating film is etched back by means 
of a CMP (chemical mechanical polish) process until the 
gate becomes bared. 
0146) Next, referring to FIG. 22(c), a resist pattern which 
blankets the non-volatile memory cell is formed based on a 
photolithographic technique, and the CoSi/second poly 
crystalline silicon film/gate insulating film underneath the 
second polycrystalline silicon film/first polycrystalline sili 
con film/TNOX film portion of the peripheral transistor 
region is removed. 
0147 Next, referring to FIG. 23(a), a 1.5 nm thin SiO, 
film is formed above the channel of the aforementioned 
etched segment, followed by the formation of a 2 nm SiON 
film, and a 56 nm high-permittivity film (e.g., Ta-Os) is 
formed above it as a gate insulating film. After a metal layer 
(e.g., TiN, 50 nm) has been formed above it, a layer which 
may, for example, be constituted by W (300 nm) is formed 
above it. 

0148 Next, referring to FIG. 23(b), the metal layers (W 
layer and TiN layer) which have been formed over the entire 
plane are polished by means of a CMP (chemical mechanical 
polish) process in Such a way that the metal gate will remain 
only in the gate site of the peripheral transistor region. 
0149 Next, a 900 nm BPSG (boro-phospho-silicate 
glass) film is formed. After a contact hole has been further 
formed, an electrode wire is formed, as a result of which a 
non-volatile semiconductor memory device is obtained. 
0150. The silicide process (formation of metal reactive 
layers above the source-drain diffusion layer and above the 
gate electrode) has been disclosed (FIGS. 20 through 23) 
with regard to the third application embodiment discussed 
above, but similar effects can also be achieved in the case of 
a non-metal silicide process. 
0151. Next, the respective manufacturing processes of 
the semiconductor device of the fourth application embodi 
ment of the present invention will be explained with refer 
ence to FIGS. 5 through 7 and FIGS. 24 and 25. Its processes 
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up to an intermediate stage are identical to the aforemen 
tioned processes shown in FIGS. 5(a) through 7(a), and 
therefore, FIGS. 5 through 7, which have already been 
referred to during the previous explanations, will be referred 
to once again. 
0152 FIGS. 24 and 25 show cross-sectional views F-F 
direction of the element region realm of the fourth appli 
cation embodiment of the present invention based on a 
damascene gate technique, and the cross-sectional views of 
the element region realm based on the damascene gate 
format during the respective processes are shown in FIGS. 
24(a)-FIG. 25(b) in proper order. 
0153 First, a thermal oxide film (SiO) and an insulating 
film (e.g., SiNa, etc.) are grown above a semiconductor 
substrate of a given electroconductivity type (P) at thick 
nesses of 12 nm and 200 nm, respectively, and a 300 nm 
channel is formed on the isolating region by means of 
etching by using it as a hard mask. A 700 nm oxide film is 
deposited on this channel, and the surface of the oxide film 
is polished and planarized based on the CMP (chemical 
mechanical polish) method. A shallow trench isolation (STI) 
is formed as a result of this flattening process. Regarding the 
types of oxide films hereby deposited at the thickness of 700 
nm, the use of an HDP film (high-density plasma CVD oxide 
film) is especially desirable in that it is capable of achieving 
a high density. Next, the thermal oxide film (SiO2), which 
serves as a stopper films and the insulating film (SiNa) are 
removed. As shown in FIG. 5(b). 
0154) Next, referring to FIG. 5(c), an oxide film whose 
thickness is 10 nm is formed based on the thermal oxidation 
method as the first gate insulating film of the non-volatile 
memory (tunnel gate insulating film, TNOX). 
0155 Next, referring to FIG. 6(a), a first polycrystalline 
silicon film whose thickness may, for example, be 90 nm is 
formed over the entire plane, and a 20 nm oxide film is 
formed above the aforementioned first polycrystalline sili 
con film as a gate insulating film PA (first wire layer)-PB 
(second wire layer) gap insulating film. Next, a 100 nm. 
second polycrystalline silicon film (control gate) is formed, 
and a 150 nm SiN (silicon nitride) film which serves not only 
as an anti-reflection film but also as a stopper film during an 
SAS (self-aligned source) etching operation is deposited 
immediately above it by using a photolithographic tech 
nique. It is also possible to use a doped amorphous silicon 
film in place of the polycrystalline silicon of said first or 
second polycrystalline silicon film. 
0156 A floating gate electrode and a control gate elec 
trode are formed patternwise in each of the peripheral 
transistor region and non-volatile memory cell region. 
0157 Next, a source-drain diffusion layer (n diffusion 
layer) for the non-volatile memory cell region is formed in 
a self-matching fashion based on an impurity introduction 
technique which uses arsenic, the electroconductivity of 
which is the opposite of that of the substrate, at an accel 
eration voltage of 50 keV and at a dosage of 3.0x10' 
dose/cm. 

0158 Referring to FIG. 6(b), a 100 nm SiN (silicon 
nitride) film is Subsequently grown based on the chemical 
vapor deposition method, followed by the anisotropic etch 
ing of the entire plane (etch-back over a depth of 100 nm), 
as a result of which side wall insulating films are formed on 
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the side wall of the gate electrode of the peripheral transistor 
region and on the side walls of the floating gate electrode, 
second gate insulating film, and control gate electrode of the 
non-volatile memory cell region. Next, the isolating insula 
tion film is partially removed by means of dry etching (300 
nm -10% over) by using the gate of the non-volatile memory 
cell region as a partial mask (SAS: Self-aligned source). 
Next, a source drain diffusion layer (n diffusion layer) for 
the peripheral transistor region is formed in a self-matching 
fashion based on an impurity introduction technique which 
uses arsenic, whose electroconductivity is the opposite of 
that of the substrate, at an acceleration voltage of 60 keV and 
at a dosage of 3.0x10' dose/cm. The impurity as concomi 
tantly introduced to the segment from which the isolating 
insulation film has previously been removed, as a result of 
which a source region for the transistor and a common 
Source wire region are formed in self-matching fashion 
(formation of a common Source region). 
0159) Next, referring to FIG. 6(c), Co (9 nm)+TiN (30 
nm) is grown over the entire plane, and after a metal 
reactive layer (CoSilayer in this case) has been formed by 
means of RTA (500° C., N, 30 sec.), unreacted (Co--TiN) is 
etched over the entire plane, followed by an additional RTA 
(800° C., N, 30 sec.) annealing operation formation of a 
metal reactive layer above the S/D diffusion layer (silicide 
process). 
0.160 Next, referring to FIG. 7(a), an interlayer insulat 
ing film (SIO: 1,000 nm) is formed. 
0161 Subsequently, referring to FIG. 7(b), 800 nm is 
subsequently etched back by means of a CMP (chemical 
mechanical polish) process until the dummy gate (second 
polycrystalline silicon film) becomes bared SiN above the 
second polycrystalline silicon film and SiN on its side wall 
are partially polished and removed during this CMP (chemi 
cal mechanical polish) process. 
0162 Next, referring to FIG. 7(c), the dummy control 
gate (second polycrystalline silicon film) of each of the 
peripheral transistor region and non-volatile memory cell 
region and the dummy gate insulating film underneath it are 
removed. 

0163) Next, referring to FIG. 24(b), the non-volatile 
memory cell region (area other than the first polycrystalline 
silicon film-first polycrystalline silicon film gap secured for 
isolating purposes) is masked by using a photolithographic 
technique, and the first polycrystalline silicon layer and first 
gate insulating film of each of the peripheral transistor 
region and non-volatile memory cell region are partially 
removed by means of an etching process (process whereby 
the element region of the non-volatile memory cell region is 
induced to remain). 
0.164 Next, referring to FIG. 24(c), a thin 1.5 nm SiO, 
film is formed above the channel of the aforementioned 
etched segment, and after a 2 nm SION layer has subse 
quently been formed above it, a 6 ml high-permittivity film 
(e.g., Ta-Os) is formed above it as a gate insulating film, as 
a result of which a third polycrystalline silicon film is 
formed. 

0.165 Next, referring to FIG. 24(d), a metal layer (e.g., 
TiN, 50 nm) is formed above it. 
0166 Referring to FIG. 25(a), a layer which may, for 
example, be constituted by W (300 nm) is formed. 
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0167 Next, referring to FIG. 25(b), the metal layers (W 
layer and TiN layer) which have been formed over the entire 
plane are polished by means of a CMP (chemical mechanical 
polish) process in Such a way that only the gate sites of the 
peripheral transistor region and non-volatile memory cell 
region will remain. 

0168 Next, a 900 nm BPSG film is formed. 
0169. Next, a contact hole is formed, and after an elec 
trode wire has subsequently been formed, a non-volatile 
semiconductor memory device is obtained it is also possible 
to differentiate the control gate and floating gate materials 
between the non-volatile memory cell region and peripheral 
transistor region by removing the polycrystalline Si film of 
the peripheral transistor region after the formation of the 
third polycrystalline silicon film while the non-volatile 
memory cell region alone is being blanketed with a resist, by 
removing said resist, and by then forming a TiN layer (50 
nm) and a W layer (300 nm). 
0170 In an alternative embodiment for manufacturing a 
non-volatile semiconductor memory device (not shown in 
the figures), the following procedures are carried out: After 
the third polycrystalline silicon film has been formed in 
Application Example 4 shown in FIG. 24(b), the third 
polycrystalline silicon film of the peripheral transistor region 
alone is etched and removed by means of a photolitho 
graphic technique while the non-volatile memory cell region 
alone is being masked (Subsequent processes are identical to 
those of Application Example 4), as a result of which the 
gate electrode structure of the peripheral transistor region 
and the control gate electrode structure of the non-volatile 
memory cell region differ. 
0171 ANOR-type non-volatile memory has been graphi 
cally represented (FIG. 24) in the present application 
example, whereas in the case of a NAND-type non-volatile 
memory, no SAS (self-aligned source) etching process is 
involved, and therefore its processes can be explained with 
reference to the figures excluding FIGS. 9 through 13. 

0172 A metal silicide process (formation of a metal 
reactive layer above the S/D diffusion layer) has been 
graphically represented (FIG. 24) in the present application 
example, but a case of a non-metal silicide process is also 
within the scope of the present invention. 
0173) Next, the fifth application embodiment of the 
present invention will be sequentially explained with refer 
ence to FIGS. 27 through 33. FIGS. 27 through 33 show 
cross-sectional views A-A direction of the element region 
realm of the fifth application embodiment of the present 
invention based on a damascene gate technique, and the 
cross-sectional views of the element region realm during the 
respective processes are thereby shown. Regarding the 
cross-sectional representations of these figures, the n-type 
transistor of the logic unit is shown on the left, whereas the 
cell transistor of the flash memory unit is shown on the right. 
As shown in FIG. 27(b). 
0174 The isolation region (2) is formed above the P-type 
semiconductor Substrate (1) based on a conventionally 
known LOCOS isolation method or trench isolation method. 
As shown in FIG. 27(c). 
0175) Next, referring to FIG. 27(d), the silicon oxide film, 
which is to be used as a tunnel oxide film for the flash 
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memory, is formed at a thickness of approximately 10 nm 
based on a conventionally-known thermal oxidation method. 

0176 Referring to FIG. 28(b), the polycrystalline silicon 
layer (4), which includes phosphorus at a concentration of 2 
to 6x10' atoms/cm), is subsequently formed over the 
entire plane at a thickness of approximately 50 nm based on 
a conventionally-known CVD method. 

0177 Next, referring to FIG. 28(c), the resist pattern (6) 
is formed only above the flash memory unit based on a 
conventionally-known photolithographic method. 

0.178 Not only a portion of the polycrystalline silicon 
layer (4) of the flash memory unit but also the polycrystal 
line silicon layer (4) and silicon oxide film of the logic unit 
are removed based on a conventionally-known etching 
method by using the resist pattern (5) as a mask, and 
subsequently, the resist pattern (5) is removed. 

0.179 M, a result, the polycrystalline silicon layer (4) of 
the flash memory unit is formed in a striped fashion in a 
direction parallel to the isolation region (2), as the plane 
view of FIG. 28 indicates. 

0180. Next, referring to FIG. 29(b), the silicon nitride 
film (6) is formed at a thickness of approximately 250 nm 
based on a conventionally-known CVD method, and sub 
sequently, approximately 100 nm of its surface layer is 
polished and removed based on a conventionally-known 
CMP (chemical mechanical polish) method. 
0181. Next, referring to FIG. 30(a), the resist pattern (7) 
is formed in the shape of the gate electrode of the logic unit 
and flash memory unit based on a conventionally-known 
photolithographic method. Subsequently, the resist pattern 
(6) is etched based on a conventionally-known etching 
method by using said resist pattern (7) as a mask. 
0182. After the resist pattern (7) has subsequently been 
removed, the resist pattern (8) is formed based on a con 
ventionally-known photolithographic method in Such a way 
that it will blanket the logic unit. 
0183) Next, the polycrystalline silicon layer (4) of the 
flash memory unit is etched in a self-matching fashion by 
using the resist pattern (6), which has previously been 
processed into the shape of a gate electrode, as a mask based 
on a conventionally-known etching method. As a result, the 
polycrystalline silicon layer (4) assumes the shape of a 
floating gate. Incidentally, the logic unit remains unetched 
concomitantly in that it is being blanketed with the resist 
pattern (8). 

0.184 Subsequently, an arsenic ion is implanted into the 
flash memory unit at a concentration of approximately 
1x10 to 1x10" (ions/cm' at 30 to 50 keV based on a 
conventionally-known ion implantation method while the 
resist pattern (8) and the prevailing state of the flash memory 
unit are being used as masks, as a result of which the source 
diffusion layer (9) and the drain diffusion layer (10) of the 
flash memory unit are formed. 

0185. When one wishes to form the source and drain 
impurity diffusion layers of the flash memory unit sepa 
rately, an ion implantation operation may be carried out after 
a resist pattern which covers either the source or drain has 
been formed. As shown in FIG. 30(b). 
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0186 Referring to FIG. 31(a), after the resist pattern (8) 
has been removed, the resist pattern (11) is formed in such 
a way that it will blanket the flash memory unit, and an 
arsenic ion is implanted into the source-drain region of the 
logic unit transistor at a concentration of approximately 
1x10 to 1x10" Lions/cm at 30 to 50 keV based on a 
conventionally-known ion implantation method, as a result 
of which the LDD diffusion layer (12) is formed. Referring 
to FIG. 31(b), after the resist pattern (11) has been removed, 
a silicon oxide film whose thickness is approximately 100 
nm is formed based on a conventionally-known CVD 
method, and subsequently, the side wall oxide film (13) is 
formed above it based on a conventionally-known etching 
method. Next, the resist pattern is formed based on a 
conventionally-known photolithographic method in Such a 
way that it will blanket the flash memory unit, followed by 
the implantation of an arsenic ion into the source-drain 
region of the logic unit transistor at a concentration of 
approximately 1x10' to 3x10" Lions/cm at 10 to 50 keV 
based on a conventionally-known ion implantation method, 
as a result of which the logic unit source-drain diffusion 
layer (15) is formed. After the resist pattern has been 
removed, a thermal treatment is performed based on a 
conventionally-known annealing method within a tempera 
ture range of 850 to 1,000° C. for the purpose of diffusing 
and activating the impurity. When a high-temperature ther 
mal treatment is thus performed preliminarily for the pur 
pose of diffusing and activating the impurity, fears of 
damage to high-permittivity films and metal electrodes can 
be eliminated. 

0187 Next, the silicon oxide film (16), whose thickness 
is approximately 300 nm, is formed based on a convention 
ally-known CVD method. 

0188 Next, referring to FIG. 32(a), the surface of the 
silicon oxide film (13) is polished and flattened based on a 
conventionally-known CMP (chemical mechanical polish) 
method until the silicon nitride film (6) becomes bared. 
0189 Next, referring to FIG. 32(b), the silicon oxide film 
(13) is selectively removed by using a phosphoric acid 
Solution based on a conventionally-known wet etching 
method, as a result of which the respective surfaces of the 
polycrystalline silicon layer (4) of the flash memory unit and 
the P-type semiconductor substrate (1) of the logic unit 
become bared. 

0190. The silicon oxide film whose thickness is approxi 
mately 2 nm is subsequently formed above the thus bared 
semiconductor Substrate (1) based on a conventionally 
known thermal oxidation method. In Such a case, the oxi 
dation rate of the polycrystalline silicon is approximately 
twice as high as that of the semiconductor Substrate (monoc 
rystalline silicon), and therefore, a silicon oxide film whose 
thickness is approximately 4 nm is formed above the poly 
crystalline silicon layer (4). Next, the Ta205 film (18), TiN 
film (19), and the W film (20) are formed at thicknesses of 
approximately 10 um, 50 nm, and 300 nm, respectively, 
based on a conventionally-known CVD method. The silicon 
oxide film serves as a buffer layer between the P-type 
semiconductor substrate (1) and the Ta205 film (20). The 
Ta205 film, furthermore, is a high-permittivity film whose 
specific permittivity is approximately 5 times as high as that 
of the silicon oxide layer. The TiN film (19) serves as a 
barrier metal for the W film (20). 
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0191) Incidentally, an SiON film, ON film, or ONO film 
may be hereby used in place of the silicon oxide film. When 
an SiON film is formed, a nitrogen ion is implanted into the 
semiconductor Substrate (1) and polycrystalline silicon layer 
(4) based on a conventionally-known ion implantation 
method, and Subsequently, the semiconductor Substrate (1) is 
oxidized based on a conventionally-known thermal oxida 
tion method. When an ON film is formed, the surface of the 
silicon oxide film may be nitrized based on a convention 
ally-known thermal nitrization method upon the formation 
of the silicon oxide film. When an ONO film is formed, a 
silicon nitride film may, for example, be formed based on a 
conventionally-known CVD method upon the formation of 
the silicon oxide film, followed by the oxidation of the 
surface of the silicon nitride film based on a conventionally 
known thermal oxidation method. As shown in FIG. 33(a). 
0.192 Next, the Ta-O film (18), TiN film (19), and the W 
film (20) are polished based on a conventionally-known 
CMP (chemical mechanical polish) method until the silicon 
oxide film (16) becomes bared, as a result of which the gate 
electrodes (21) are formed simultaneously on the logic unit 
and flash memory unit. Since the respective gate electrode 
heights of the flash memory unit and logic unit can be 
simultaneously leveled within a single process, Subsequent 
flattening processes become unnecessary. As shown in FIG. 
33(b). 
0193 After the interlayer insulating film (22) has subse 
quently been formed uniformly, the contact window (23) is 
opened, followed by the patternwise formation of the wire 
layer (24). Next, the interlayer insulating film (25) is formed 
blanketwise in such a way that it will cover the wire layer, 
followed by the opening of the contact window (26). The 
wire layer (27) is formed via the contact window (26). An 
upper insulating film (not shown in the figure), etc. is further 
formed, as a result of which a finished flash memory-logic 
unit heterogeneously mounted semiconductor device struc 
ture is obtained. 

0194 The gate insulating film thickness of the logic unit 
transistor, which can be expressed by the sum of the silicon 
oxide film and Ta-Os film (18), is (2+10=) 12 nm, but since 
the specific permittivity of the Ta-Os is approximately 5 
times as high as that of the silicon oxide film, the total film 
thickness based on the oxide film standard is (2+10/5-) 4 

. 

0.195. In other words, an insulating film capacitance 
comparable to that of a 4 rim silicon oxide film can be 
achieved at a film thickness of 12 nm, and therefore, a 
structure which is more resistant to deteriorations of tran 
sistor performances attributed to leak currents than a struc 
ture wherein a silicon oxide film is used alone can be 
realized. 

0.196 Regarding the thickness of the floating gate-control 
gate gap insulating film of the flash memory unit, on the 
other hand, the oxidation rate of polycrystalline silicon is 
approximately twice as high as that of the semiconductor 
substrate (1) (monocrystalline silicon), and therefore when a 
2 nm silicon oxide film is formed above the semiconductor 
substrate (1), the thickness of the silicon oxide film (17) 
above the polycrystalline silicon layer (4) becomes approxi 
mately 4 
0197). In other words, the total thickness of the silicon 
oxide film and the Ta-Os film (18) is (4+10=) 14 nm, 
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whereas the thickness based on the oxide film standard 
becomes (4+10/5=) 6 nm (the thickness of the floating 
gate-control gate gap insulating film thus becomes greater 
than the thickness of the gate insulating film of the logic unit 
transistor, but there is no need to reduce its thickness to a 
magnitude comparable to that of said gate insulating film of 
the logic unit transistor, on the contrary, this lopsidedness is 
preferred in consideration of data retention requirements for 
the flash memory). 
0198 When a silicon nitride film is used in place of the 
aforementioned Ta-0s film (18), on the other hand, the 
specific permittivity of the silicon nitride film is approxi 
mately twice as high as that of the silicon oxide film, and 
therefore, the film thickness based on the oxide film standard 
becomes (4+10/2=) 9 nm. 
0199. In other words, an insulating film capacitance 
comparable to that of a 6 nm silicon oxide film or 9 mm ON 
film can be realized at a film thickness of 14 nm. 

0200 When the C (capacitance between the floating gate 
and control gate) at a given film thickness is probed, the 
following formula can be ascertained with regard to 
C (SiO2), which is imputed specifically to a 14 nm silicon 
oxide film: 

C1 (SiO2)=eOxex.S/a (0). 

0201 When eO is defined as the vacuum permittivity, 
e, as the specific permittivity of the silicon oxide film, S as 
the contact area between the floating gate and control gate, 
and d as the thickness of the insulating film between the 
floating gate and control gate electrode, which, in this 
embodiment, is 14 nm, the formula (O) can be rephrased as 
follows: 

C1 (SiO2)=eOxesox.S/14 (1). 

0202 Since the thickness of the 14 nm ON film based on 
the oxide film standard is 9 nm according to the aforemen 
tioned rationale, the following can be ascertained: 

C(ON)=eOxesox.S/9 (2). 

0203 Based on (1) and (2), furthermore, the following 
can be ascertained: 

0204. In contrast, the combined thickness of the afore 
mentioned silicon oxide film (17) and Ta-Os film (18) based 
on the oxide film standard are 6 nm, and therefore, the 
following can be ascertained: 

C(ON)=eOxesox.S/6 (3). 

0205 Based on (1), (2), and (3), furthermore, the follow 
ing can be ascertained: 

C (SiO2+Ta-Os)=C(SiO)x14/6=C1 (SiO)x2.33= 
C1(ON)x9/6=C1 (SiO)x1.50. 

0206. As has been mentioned above, the C value of the 
flash memory unit can be raised (i.e., higher coupling ratio) 
in comparison with the prior art, and accordingly the mag 
nitude of the Voltage impressed on the control gate can be 
lowered. 

0207. One of the NOR types has been employed as the 
memory cell of the flash memory unit of the aforementioned 
application example, although it should be obvious that all 
non-volatile memories obtained by laminating floating gates 
and control gates can be effectively used. 
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0208 TiN has, furthermore, been used as the barrier 
metal for the gate electrode, but it is also possible to use 
silicide films or metal films which include W, Mo, Ti, Ta, etc. 
as well as electroconductive films whose compositions are 
based on their combinations. 

0209 The gate electrode, furthermore, is not limited to 
W, and it is also possible to use metal films which include 
Al, Cu, etc. 

0210 Logic unit Nch transistors alone have, furthermore, 
been demonstrated in the aforementioned application 
examples, but it should be apparent that Peh transistors are 
equally effective so long as the types of impurity ions, etc. 
are optimized. 

0211 The silicon nitride film (6), side wall oxide film 
(13), and the silicon oxide film (16) of the aforementioned 
application example may, furthermore, be substituted with 
other films so long as the combinations of insulating films 
which are capable of selectively removing either in maskless 
fashion are selected. 

0212. When material combinations are swapped, namely 
when a silicon oxide film is employed in place of the silicon 
nitride film (6) and when silicon nitride films are employed 
respectively as the side wall oxide film (13) and silicon 
oxide film (16), for example, the resist pattern (7) alone may 
be selectively removed by using a hydrofluoric acid solution 
in FIG. 1 and FIG. 2. 

0213 Either film may, furthermore, be removed selec 
tively by means of dry etching instead of wet etching so long 
as a Sufficient etching selection ratio can be secured. 
0214) A simpler polymetal gate structure may, further 
more, be postulated as an advanced version of the fifth 
application embodiment. 
0215. Initial processes are completely identical to the 
processes (a) through (1) graphically shown in FIGS. 27(a) 
through 32(a), and the previous explanations of the fifth 
application example should be referred to in this context, for 
they will not be reiterated. In the following, therefore, the 
processes which follow the process shown in FIG. 32(a) will 
be explained. 

0216 A laminate film is formed on a gate electrode 
formation planned region for simulating the structure 
formed in the process shown in FIG. 32(b), and after a 
coating film has been deposited on it, the Surface of the gate 
electrode is planarized based on a CMP (chemical mechani 
cal polish) method. In other words, the respective processes 
of the fifth application example are fundamentally repeated 
with the exception of the process for forming a gate elec 
trode, and the processes before and after this one may be 
completely identical. 
0217. To explain in further detail, the silicon oxide film 
(31), whose thickness is approximately 5 nm, is formed 
above the semiconductor substrate (1), which has been bared 
by a conventionally known thermal oxidation method. A 
silicon oxide film whose thickness is approximately 10 nm 
is concomitantly formed above the polycrystalline silicon 
layer (4) in that the oxidation rate of the polycrystalline 
silicon is twice as high as that of the semiconductor Substrate 
(monocrystalline silicon). It is also possible to hereby use an 
SiON film, ON film, or ONO film in place of the silicon 
oxide film. 
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0218. When an SiON film is formed, for example, a 
nitrogen ion is implanted into the semiconductor Substrate 
(1) and polycrystalline silicon layer (4) based on a conven 
tionally-known ion implantation method, followed by the 
oxidation of the semiconductor substrate (1) based on a 
conventionally-known thermal oxidation method. In the 
case of an ON film, furthermore, the silicon oxide film is first 
formed, and the surface of said silicon oxide film is nitrized 
based on a conventionally-known thermal nitrizing method. 
In the case of an ONO film, furthermore, a silicon nitride 
film is formed based on a conventionally-known CVD 
method upon the formation of the silicon oxide film, fol 
lowed by the oxidation of said silicon oxide film based on a 
conventionally-known thermal oxidation method. Next, the 
polycrystalline silicon film (32), whose thickness is approxi 
mately 50 nm and which includes 2x6x10' atoms/cm) of 
phosphorus, is formed based on a conventionally-known 
CVD method. When an N-type polycrystalline silicon and a 
P-type polycrystalline silicon are separately and respectively 
formed in the Nch transistor region and the Pch transistor 
region, furthermore, the work function differential vis-a-vis 
the semiconductor substrate can be hereby moderated. In 
order to achieve this goal, a non-doped polycrystalline film 
whose thickness is approximately 50 nm is formed in place 
of the aforementioned polycrystalline silicon film (32). 
Next, a phosphorus ion is implanted into the aforementioned 
non-doped polycrystalline film at a concentration of 
approximately 1x10' to 5x10'ions/cm at 10 to 20 KeV 
based on a conventionally-known ion implantation method 
while the Peh transistor region of the logic unit is being 
masked by a resist pattern. Next, a boron ion is implanted 
into the aforementioned non-doped polycrystalline film at a 
concentration of approximately 1x10''Lions/cm at 
1 to 10 KeV based on a conventionally-known ion implan 
tation method while the areas other than the Pch transistor 
region of the logic unit are being masked by a resist pattern. 
Subsequently, a thermal treatment is performed at 850 to 
1,000° C. based on a conventionally-known annealing 
method for the purpose of diffusing and activating the 
impurities. Next, the TiN film (33) and the W film (34), 
whose respective thicknesses are approximately 50 ELM 
and 30 um, are formed based on a conventionally-known 
annealing method. Next, the polycrystalline silicon film 
(32), TIN film (33), and the W film (34) are polished based 
on a conventionally-known CMP (chemical mechanical 
polish) method until the silicon oxide film (16) becomes 
bared, as a result of which gate electrodes (45) with an 
identical height are simultaneously formed on the logic unit 
and the flash memory unit. The Subsequent process is 
identical to the process which has been discussed in detail 
above and a corresponding cross-sectional view of which is 
shown in FIG. 33. 

0219 In, the following, the sixth application embodiment 
of the present invention will be explained with reference to 
FIG. 34. FIG. 34 is a demonstrational diagram pertaining to 
the manufacturing processes of the semiconductor device of 
the sixth application embodiment of the present invention 
based on the damascene gate technique (cross-sectional 
View of the device), where a cross-sectional view of a single 
transistor of the logic device region is shown to the left of 
each figure, whereas a cross-sectional view of two cell 
transistors of the flash memory region are shown on the right 
of each representation. The respective processes are indi 
vidually shown. The sixth application example represents a 
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case where an attempt is made to lower the source-drain 
diffusion layer resistance by integrating a salicide (self 
aligned silicide) technique with the method far manufactur 
ing the semiconductor device of the present invention. 
0220. The respective processes of the initial phase of the 
sixth application example (processes shown in FIGS. 27(a) 
through 31(a) are identical to their counterparts of the fifth 
application example, and therefore, their explanations will 
not be reiterated. In the following, therefore, the respective 
processes which follow the process shown in FIG.31(b) will 
be explained in proper order. 
0221 Referring to FIG. 34(b), after the resist pattern has 
been removed, a thermal treatment is performed at 850 to 
1,000° C. based on a conventionally-known annealing 
method for the purpose of diffusing and activating the 
impurity, and the Ti (titanium) film (41), whose thickness 
ranges from 3 to 6 nm, is formed over the entire plane of the 
remainder of the structure based on a conventionally-known 
sputtering method. 
0222 Next, referring to FIG. 34(c), a thermal treatment is 
performed at 600 to 700° C. based on a conventionally 
known annealing method, as a result of which said Ti and the 
Si of the semiconductor substrate (1) become reacted, and 
the Ti silicide layer (TiSi2) (42) is formed. 
0223. After the Ti outside the Ti silicide layer has sub 
sequently been removed based on a conventionally-known 
wet etching method, a thermal treatment is performed at 600 
to 800° C. based on a conventionally-known annealing 
method for the purpose of lowering the resistance of the 
silicide layer. 

0224 Low-resistance silicide layers are thus formed only 
on the logic unit source-drain (12), flash memory unit Source 
(9), and the drain (10). 
0225. The subsequent processes are identical to the cor 
responding processes and beyond of the fifth application 
example shown in FIG. 31(b). When the aforementioned 
processes, shown in FIGS. 34(a)-34(c) are additionally 
implemented, the resistances of the respective source-drain 
diffusion layers of the logic unit and flash memory cell 
region can be lowered, based on which the performances can 
be further improved. 
0226. The Ti of the aforementioned application example 
may also be substituted with another metal which can form 
a silicide with Si (e.g., Co, Pt, Ni, etc.). 
0227 Regarding each of the aforementioned application 
embodiments, furthermore, an insulating film which has 
been temporarily formed over the entire plane is etched back 
until the substrate plane becomes bared in the context of 
forming side wall films, as a result of which the finished side 
wall films become completely severed from the substrate 
plane. The present invention, however, is not limited to Such 
isolated side wall films, and it is also possible to form a side 
wall film which is characterized by a tapered shape vis-a-vis 
the substrate plane (i.e., formation of a side wall which is not 
completely severed from the substrate plane) for achieving 
similar effects. In such a case, a coating film which blankets 
the side wall film of the memory cell region and the 
Source-drain region can be induced to remain by using as a 
mask a pattern which blankets said memory cell region and 
which possesses an opening corresponding to a peripheral 
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region. When Such a coating film is induced to remain, 
effects of obstructing the entrenchment of the silicidation of 
the peripheral transistor into the memory cell region (i.e., 
selective silicidation) and of preventing damages attributed 
to the implantations of Source-drain ions can be expected. 
0228. In addition to the respective embodiments dis 
cussed above, various other versions of the present invention 
which can be expected to yield auxiliary functions and 
effects are conceivable. 

EFFECTS OF THE INVENTION 

0229. As the foregoing explanations have demonstrated, 
when a non-volatile semiconductor memory sell device is 
formed according to the present invention, a single-gate 
CMOS Tr. and a non-volatile memory Tr. which possesses a 
floating gate can be mounted together in the context of 
manufacturing a heterogeneously memory-mounted LSI by 
utilizing a damascene metal gate process. A countermeasure 
against a Tr. gate depletion that would otherwise accompany 
an elevated peripheral transistor speed is thus provided for 
this non-volatile surface memory device, based on which the 
gate resistance gain can be inhibited at a minimum while the 
thickness of the gate oxide film is being reduced. Based on 
the optimization of the gate electrode constitution of the 
non-volatile memory cell region, furthermore, effects of 
lowering the gate resistance and of improving the memory 
cell reliability can be achieved, whereas when the constitu 
tion of a PA (first wire layer)-PB (second wire layer) gap 
insulating film is optimized, the coupling ratio can be 
improved, based on which the data encoding and erasure 
performances of the non-volatile memory cell can accord 
ingly be improved. 
What is claimed: 

1. A method for manufacturing a semiconductor device, 
said method comprising the following steps: (a) a step 
whereby a dummy gate pattern which consists of multiple 
layers and which possesses a first electroconductive layer as 
the lowermost layer is formed on a memory cell region and 
a peripheral transistor region which has been defined above 

Mar. 22, 2007 

a semiconductor Substrate, (b) a step whereby a coating film 
which covers said dummy gate pattern is formed; (c) a step 
whereby said coating film is dry-etched in Such a way that 
a gate side wall film will selectively remain on the side plane 
of said dummy gate pattern; (d) a step whereby an interlayer 
insulating film is formed blanketwise on the remainder of 
the structure formed through the preceding processes; (e) a 
step whereby the surface of said interlayer insulating film is 
etched back based on the chemical mechanical polish 
method until the surface of said intermediate insulating film 
and the Surface of said dummy gate pattern become virtually 
continuous and flat, (f) a step whereby said dummy gate 
pattern is partially removed in Such a way that said dummy 
gate pattern will be removed from said peripheral transistor 
region but will remain in said memory cell region and that 
said gate side wall film will remain in both said memory cell 
region and said peripheral transistor region; (g) a step 
whereby a second electroconductive layer is formed blan 
ketwise on the remainder of the structure which has been 
formed through the preceding processes and which includes 
the region from which said dummy gate pattern has been 
removed; and (h) a step whereby the surface of said inter 
layer insulating film is etched back based on the chemical 
mechanical polish method until the surface of said interlayer 
insulating film and the Surface of said second electrocon 
ductive layer become virtually continuous and planarized. 

2. The method for manufacturing a semiconductor device 
according to claim 1, wherein a film which possesses an 
upper silicon layer and a lower silicon layer which sandwich 
an insulating film is formed as said dummy gate pattern in 
said process (a), and wherein said step (e) is implemented in 
Such a way that said insulating film will remain and that said 
upper silicon layer will be removed. 

3. The method for manufacturing a semiconductor device 
according to claim 1, furthering comprising the step of a 
process whereby an intermediate insulating film is formed 
above said first electroconductive layer between sad steps 
(e) and (f). 

YMTC EXHIBIT 1015 
Page 52 of 52




