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Description 

 

Title of Invention: METHOD FOR PRODUCING SEMICONDUC TOR 

INTEGRATED CIRCUIT DEVICES, AND SEMICONDUCTOR INTEGRATED 

CIRCUIT DEVICE 

 

Technical Field 

[0001] The present invention relates to a method fo r 

producing a semiconductor integrated circuit device , and 

a semiconductor integrated circuit device. 

 

Background Art 

[0002] In a conventional memory cell, a sidewall-sh aped 

select gate electrode is disposed on a sidewall of a 

memory gate electrode through a sidewall spacer mad e of 

an insulating member (for example, refer to Patent 

Literature 1).  In another conventional memory cell , a 

memory gate electrode is disposed between a sidewal l-

shaped first select gate electrode and a sidewall-s haped 

second select gate electrode through a sidewall spa cer to 

allow separate control of the first select gate ele ctrode 

and the second select gate electrode.  In such a me mory 

cell, a charge storage layer is provided to a memor y gate 

structure including the memory gate electrode.  Dat a is 

programmed by injecting charge into the charge stor age 

layer, and erased by removing charge from the charg e 

storage layer. 
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[0003] In the latter memory cell, when charge is in jected 

into the charge storage layer, a low bit voltage is  

applied to a channel layer below the memory gate 

structure through a first select gate structure inc luding 

the first select gate electrode, while a second sel ect 

gate structure including the second select gate ele ctrode 

blocks source voltage.  In this case, a high memory  gate 

voltage is applied to the memory gate electrode of the 

memory gate structure, and charge is injected into the 

charge storage layer by a quantum tunneling effect due to 

a voltage difference between the bit voltage and th e 

memory gate voltage. 

[0004] In a semiconductor integrated circuit device  in 

which memory cells each having such a configuration  are 

disposed in a matrix of rows and columns, a memory gate 

line to which a high memory gate voltage is applied  is 

shared by a plurality of memory cells.  Thus, when a high 

memory gate voltage is applied to the memory gate l ine to 

inject charge into the charge storage layer of one memory 

cell, the high memory gate voltage is applied also to the 

memory gate electrode of each of the remaining memo ry 

cells sharing the memory gate line although no char ge is 

to be injected into the charge storage layers of th e 

remaining memory cells. 

[0005] In a memory cell in which no charge is to be  

injected in the charge storage layer, a high bit vo ltage 

is applied from a bit line to the channel layer of the 
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memory gate structure through the first select gate  

structure while the second select gate structure 

connected to a source line blocks voltage applicati on to 

the channel layer.  Accordingly, a high bit voltage  is 

applied to the channel layer of the memory gate str ucture 

in which a high memory gate voltage is applied to t he 

memory gate electrode, leading to a reduced voltage  

difference between the memory gate electrode and th e 

channel layer.  As a result, no quantum tunneling e ffect 

occurs and no charge is injected into the charge st orage 

layer. 

[0006] For a plurality of memory cells disposed in such a 

matrix of rows and columns, a photolithography tech nique, 

which is a typical semiconductor production process , of 

processing a resist by using a photomask is employe d to 

form, for example, a conductive layer by using the resist 

and produce the first select gate structure, the se cond 

select gate structure, and the memory gate structur e. 

 

Citation List 

Patent Literature 

[0007] 

Patent Literature 1: Japanese Patent Laid-Open No. 2011-

129816 

 

Summary of Invention 

Technical Problem 
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[0008] Such a semiconductor integrated circuit devi ce 

includes, in addition to a plurality of memory cell s 

disposed in a matrix of rows and columns, periphera l 

circuits such as a central processing unit (CPU), a n 

application-specific integrated circuit (ASIC), a s ense 

amplifier, a column decoder, a row decoder, and an input 

and output circuit.  Thus, production of the memory  cells 

disposed in the matrix requires a semiconductor 

production process of producing the memory cells, i n 

addition to a semiconductor production process of 

producing the peripheral circuits. 

[0009] In particular, each memory cell described ab ove 

has a special configuration in which the first sele ct 

gate electrode and the second select gate electrode  are 

separately controllable.  Accordingly, an extra ded icated 

photomask process using a photomask dedicated to 

fabrication of a memory circuit region only is need ed in 

addition to a conventional dedicated photomask proc ess of 

fabricating a memory circuit region only, which lea ds to 

increase in production cost. 

[0010] The present invention has been made under su ch 

circumstances and aims at providing a method for 

producing a semiconductor integrated circuit device , and 

a semiconductor integrated circuit device.  In the method, 

even when a first select gate electrode and a secon d 

select gate electrode are formed to be separately 

controllable, it is not necessary to perform an ext ra 
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dedicated photomask process of fabricating a memory  

circuit region only, in addition to a conventional 

dedicated photomask process of fabricating a memory  

circuit region only, and thereby production cost is  

reduced accordingly. 

 

Solution to Problem 

[0011] In order to solve the above-described proble ms, a 

method for producing a semiconductor integrated cir cuit 

device of the present invention is a method for pro ducing 

a semiconductor integrated circuit device including  a 

memory circuit region and a peripheral circuit regi on,  

the memory circuit region including a memory cell i n 

which a memory gate structure is disposed between a  first 

select gate structure and a second select gate stru cture 

through a sidewall spacer, the first select gate 

structure including a first select gate electrode, the 

second select gate structure including a second sel ect 

gate electrode, the peripheral circuit region inclu ding a 

logic gate structure of a peripheral circuit, and 

includes a sidewall spacer formation step, a conduc tive 

layer formation step, a conductive layer patterning  step, 

and a gate electrode formation step.  The sidewall spacer 

formation step forms the memory gate structure in t he 

memory circuit region and then forming a sidewall s pacer 

covering the memory gate structure, the memory gate  

structure including a lower gate insulating film, a  
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charge storage layer, an upper gate insulating film , and 

a memory gate electrode stacked in this order.  The  

conductive layer formation step stacks a gate insul ating 

film and a conductive layer in this order in the me mory 

circuit region formed with the memory gate structur e and 

in the peripheral circuit region.  The conductive l ayer 

patterning step etches back the conductive layer in  the 

memory circuit region while leaving intact the cond uctive 

layer in the peripheral circuit region, so as to fo rm a 

sidewall-shaped surrounding conductive layer around  the 

memory gate electrode and along the sidewall spacer .  The 

gate electrode formation step patterns the conducti ve 

layer in the peripheral circuit region by using a r esist 

patterned by using a photomask, so as to form a log ic 

gate electrode of the logic gate structure on the g ate 

insulating film, and removes at least a part of the  

surrounding conductive layer in the memory circuit region 

by using the resist, so as to divide the surroundin g 

conductive layer into the first select gate electro de and 

the second select gate electrode.  The second selec t gate 

electrode is electrically separated from the first select 

gate electrode. 

[0012] A semiconductor integrated circuit device of  the 

present invention includes a memory circuit region and a 

peripheral circuit region.  The memory circuit regi on 

includes a memory cell in which the memory gate str ucture 

is disposed between the first select gate structure  and 
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the second select gate structure through a sidewall  

spacer.  The first select gate structure includes a  first 

select gate electrode.  The second select gate stru cture 

includes a second select gate electrode.  The perip heral 

circuit region includes a logic gate structure of a  

peripheral circuit.  The logic gate structure has a  

configuration in which a logic gate electrode made of a 

conductive layer same as a conductive layer of the first 

select gate electrode and the second select gate 

electrode is disposed on a gate insulating film.  T he 

memory gate structure has a configuration in which a 

lower gate insulating film, a charge storage layer,  an 

upper gate insulating film, and a memory gate elect rode 

are stacked in this order.  The first select gate 

electrode and the second select gate electrode are 

sidewall-shaped along the sidewall spacer on a side wall 

of the memory gate electrode, and disposed along on e line 

surrounding the memory gate electrode, and electric ally 

separated from each other by a plurality of select gate 

electrode cutout portions at which the first select  gate 

electrode and the second select gate electrode are absent. 

 

[Advantageous Effects of Invention] 

[0013] According to the present invention, during a  

photomask process of forming a logic gate electrode  in a 

peripheral circuit region, a surrounding conductive  layer 

in a memory circuit region is divided into a first select 
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gate electrode and a second select gate electrode 

electrically separated from each other.  Thus, when  the 

first select gate electrode and the second select g ate 

electrode are formed to be separately controllable,  an 

extra dedicated photomask process of fabricating a memory 

circuit region only does not need to be performed i n 

addition to a conventional dedicated photomask proc ess of 

fabricating a memory circuit region only, thereby 

achieving reduction in production cost. 

 

Brief Description of Drawings 

[0014] FIG. 1 is a schematic view illustrating a pl anar 

layout of a semiconductor integrated circuit device  

produced by a production method of the present inve ntion. 

 FIG. 2 is a cross-sectional view illustrating a 

cross section taken along line A-A' in FIG. 1. 

 FIG. 3 is a cross-sectional view illustrating a 

cross section taken along line B-B' in FIG. 1. 

 FIG. 4 is a cross-sectional view illustrating a 

cross section taken along line C-C' in FIG. 1. 

 FIG. 5A is a schematic view illustrating a 

production step (1) for a semiconductor integrated 

circuit device; FIG. 5B is a schematic view illustr ating 

a production step (2) for a semiconductor integrate d 

circuit device; and FIG. 5C is a schematic view 

illustrating a production step (3) for a semiconduc tor 

integrated circuit device. 
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 FIG. 6A is a schematic view illustrating a 

production step (4) for a semiconductor integrated 

circuit device; FIG. 6B is a schematic view illustr ating 

a production step (5) for a semiconductor integrate d 

circuit device; and FIG. 6C is a schematic view 

illustrating a production step (6) for a semiconduc tor 

integrated circuit device. 

 FIG. 7A is a schematic view illustrating a 

production step (7) for a semiconductor integrated 

circuit device; FIG. 7B is a schematic view illustr ating 

a production step (8) for a semiconductor integrate d 

circuit device; and FIG. 7C is a schematic view 

illustrating a production step (9) for a semiconduc tor 

integrated circuit device. 

 FIG. 8 is a schematic view illustrating a producti on 

step (10) for a semiconductor integrated circuit de vice. 

 FIG. 9 is a schematic view illustrating a planar 

layout of a state in which a resist, which is used to 

form a surrounding conductive layer and a contact 

formation conductive layer, is disposed over the pl anar 

layout of the completed semiconductor integrated ci rcuit 

device illustrated in FIG. 1. 

 FIG. 10A is a cross-sectional view illustrating a 

cross section taken along line A-A' in FIG. 9; and FIG. 

10B is a cross-sectional view illustrating a cross 

section taken along line B-B' in FIG. 9. 
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 FIG. 11 is a schematic view illustrating a planar 

layout of a surrounding conductive layer formed in a 

production process. 

 FIG. 12 is a schematic view illustrating a planar 

layout of a state in which a resist, which is used to 

form a first select gate electrode, a second select  gate 

electrode, and logic gate electrodes, is disposed o ver 

the planar layout of the completed semiconductor 

integrated circuit device illustrated in FIG. 1. 

 FIG. 13A is a cross-sectional view illustrating a 

cross section taken along line A-A' in FIG. 12; and  FIG. 

13B is a cross-sectional view illustrating a cross 

section taken along line C-C' in FIG. 12. 

 

Description of Embodiments 

[0015] Hereinafter, embodiments of the present inve ntion 

will be described in the following order. 

1. Configuration of semiconductor integrated circui t 

device produced by production method of the present  

invention 

1-1. Planar layout of semiconductor integrated circ uit 

device 

1-2. Cross-sections of sites of semiconductor integ rated 

circuit device 

1-3. Principles of operation to inject charge into charge 

storage layer in selected memory cell 
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1-4. Principles of operation not to inject charge i nto 

charge storage layer in nonselected memory cell in which 

high charge storage gate voltage is applied to memo ry 

gate electrode 

2. Method for producing semiconductor integrated ci rcuit 

device 

3. Operations and effects 

4. Production methods according to other embodiment s 

without third photomask processing step 

5. Other embodiments 

[0016] (1) Configuration of semiconductor integrate d 

circuit device produced by production method of the  

present invention 

 (1-1) Planar layout of semiconductor integrated 

circuit device 

 FIG. 1 is a schematic view illustrating a planar 

layout of a completed semiconductor integrated circ uit 

device 1 produced by a production method of the pre sent 

invention.  FIG. 1 mainly illustrates a planar layo ut of 

memory gate structures 4a and 4b, first select gate  

structures 5a and 5b, and second select gate struct ures 

6a and 6b, which are disposed in a memory circuit r egion 

ER1, and a planar layout of logic gate structures 7 a and 

7b disposed in a peripheral circuit region ER2.  FI G. 1 

omits illustrations of, for example, a sidewall spa cer 

disposed on each sidewall of the memory gate struct ures 

4a and 4b, any sidewall structure disposed on the f irst 
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select gate structures 5a and 5b and the second sel ect 

gate structures 6a and 6b, and any element isolatio n 

layer disposed on a memory well W1 and logic wells W1 and 

W2, which will be described later. 

[0017] The semiconductor integrated circuit device 1 

includes the memory circuit region ER1 and the peri pheral 

circuit region ER2 on a semiconductor substrate (no t 

illustrated).  For example, the P-type memory well W1 is 

disposed in the memory circuit region ER1, and the P-type 

logic well W2 and the N-type logic well W3 are disp osed 

in the peripheral circuit region ER2. 

[0018] The memory circuit region ER1 includes a mem ory 

cell region ER11 between gate-contact cutout region s ER12 

and ER13.  In the memory cell region ER11, a plural ity of 

memory cells 3a, 3b, 3c, 3d, 3e, and 3f are arrange d in a 

matrix of rows and columns.  The memory cells 3a, 3 b, 3c, 

3d, 3e, and 3f all have identical configurations, a nd 

thus the following description will be made mainly on the 

memory cells 3a and 3b disposed in a region includi ng 

line A-A'. 

[0019] The memory cell 3a has a configuration in wh ich 

the memory gate structure 4a is disposed between th e 

first select gate structure 5a and the second selec t gate 

structure 6a through a sidewall spacer (not illustr ated).  

In the present embodiment, the memory gate structur e 4a, 

which extends across the memory cells 3a, 3c, and 3 e of 

the first column, and the memory gate structure 4b,  which 
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extends across the remaining memory cells 3b, 3d, a nd 3f 

of the second column, are formed linearly and dispo sed 

next to each other.  A contact C4a (C4b) is vertica lly 

provided on the memory gate structure 4a (4b) and 

connected to a memory gate line (not illustrated) t o 

allow application of a memory gate voltage from the  

memory gate line through the contact C4a (C4b). 

[0020] In the memory cell region ER11, the first se lect 

gate structure 5a (5b) and the second select gate 

structure 6a (6b) are formed linearly and extend ne xt to 

the memory gate structure 4a (4b) including a memor y gate 

electrode G1a (G1b).  The first select gate structu re 5a 

(5b) includes a first select gate electrode G2a (G2 b).  

The second select gate structure 6a (6b) includes a  

second select gate electrode G3a (G3b).  The first select 

gate electrode G2a (G2b) and the second select gate  

electrode G3a (G3b) have sidewall-shapes and dispos ed 

along a sidewall spacer on a sidewall of the memory  gate 

electrode G1a (G1b).  The first select gate electro de G2a 

(G2b) and the second select gate electrode G3a (G3b ) are 

disposed along the perimeter surrounding the memory  gate 

electrode G1a (G1b), and electrically separated fro m each 

other by a plurality of select gate electrode cutou t 

portions 13 and 14 (15 and 16), at which the first select 

gate electrode G2a (G2b) and the second select gate  

electrode G3a (G3b) are absent. 
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[0021] Two source regions D1 and D3 are symmetrical ly 

disposed at a predetermined interval therebetween o n a 

surface (substrate surface) of the memory well W1 i n the 

memory cell region ER11, and a plurality of drain r egions 

D2 are disposed between the source regions D1 and D 3.  In 

the memory cell region ER11, the memory cells 3a, 3 c, and 

3e, in each of which the memory gate structure 4a i s 

disposed between the first select gate structure 5a  and 

the second select gate structure 6a, of the first c olumn 

are disposed between the source region D1 and the d rain 

region D2.  The memory cells 3b, 3d, and 3f, in eac h of 

which the memory gate structure 4b is disposed betw een 

the second select gate structure 6b and the first s elect 

gate structure 5b, of the second column are dispose d 

between the drain region D2 and the source region D 3.  

The memory cells 3a, 3c, and 3e are symmetrical to the 

memory cells 3b, 3d, and 3f. 

[0022] The source region D1 on the surface of the m emory 

well W1 is disposed along the first select gate str ucture 

5a and extends to regions adjacent to the first sel ect 

gate structure 5a, in accordance with the positions  of 

the memory cells 3a, 3c, and 3e of the first column .  The 

source region D1 is shared by the memory cells 3a, 3c, 

and 3e arranged in one column.  A contact C1 is con nected 

to a source line (not illustrated) and vertically 

provided on the source region D1, to allow applicat ion of 
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a source voltage from the source line through the c ontact 

C1. 

[0023] The drain regions D2 on the surface of the m emory 

well W1 between the second select gate structures 6 a and 

6b are disposed in regions adjacent to the second s elect 

gate structures 6a and 6b, in accordance with the 

positions of the adjacent memory cells 3a and 3b (3 c and 

3d, and 3e and 3f).  One drain region D2 is shared by the 

adjacent memory cells 3a and 3b (3c and 3d, or 3e a nd 3f).  

A contact C2 is connected to a bit line (not illust rated) 

and vertically provided on the drain region D2, to allow 

application of a bit voltage through the contact C2  from 

the bit line.  In FIG. 1, the bit line (not illustr ated) 

is shared by the memory cells 3a and 3b (3c and 3d,  or 3e 

and 3f) arranged in a row direction, to allow appli cation 

of an identical bit voltage to the memory cells 3a and 3b 

(3c and 3d, or 3e and 3f) on a row-by-row basis. 

[0024] The source region D3 on the surface of the m emory 

well W1 is symmetrical to the source region D1.  Si milar 

to the source region D1, the source region D3 exten ds to 

regions adjacent to the first select gate structure  5b.  

The source region D3 is shared by the memory cells 3b, 3d, 

and 3f of the second column.  A contact C3 is verti cally 

provided on the source region D3 and connected to t he 

same source line for the source region D1.  Accordi ngly, 

an identical source voltage is applied through the 
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contacts C1 and C3 to the memory cells 3a, 3b, 3c, 3d, 3e, 

and 3f disposed in the memory cell region ER11. 

[0025] The two memory gate electrodes G1a and G1b, which 

are disposed next to each other in the memory cell region 

ER11, extend linearly and next to each other in the  gate-

contact cutout region ER12 and the gate-contact cut out 

region ER13 adjacent to the memory cell region ER11 .  The 

memory gate electrodes G1a and G1b each have one en d 

disposed in the gate-contact cutout region ER12 and  the 

other end disposed in the gate-contact cutout regio n ER13. 

[0026] In the present embodiment, the first select gate 

electrode G2a, the memory gate electrode G1a, and t he 

second select gate electrode G3a included in the me mory 

cells 3a, 3c, and 3e of the first column are symmet rical 

to the second select gate electrode G3b, the memory  gate 

electrode G1b, and the first select gate electrode G2b 

included in the memory cells 3b, 3d, and 3f of the second 

column.  Thus, the following description of the gat e-

contact cutout regions ER12 and ER13 will be made w ith 

regard to the first select gate electrode G2a, the memory 

gate electrode G1a, and the second select gate elec trode 

G3a included in the memory cells 3a, 3c, and 3e of the 

first column. 

[0027] The gate-contact cutout region ER12 includes  a 

contact formation conductive layer 10a disposed at a 

predetermined position on the first select gate ele ctrode 

G2a extending from the memory cell region ER11, and  also 
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includes the select gate electrode cutout portion 1 3 

separating the first select gate electrode G2a and the 

second select gate electrode G3a from each other. 

[0028] In the present embodiment, the contact forma tion 

conductive layer 10a is disposed at a predetermined  

position on the first select gate electrode G2a in the 

gate-contact cutout region ER12.  In the gate-conta ct 

cutout region ER12, the first select gate electrode  G2a 

extends from the contact formation conductive layer  10a 

in a distal direction from the memory cell region E R11, 

and then bends around one end of the memory gate 

electrode G1a so that an end of the first select ga te 

electrode G2a is disposed on a side where the 

corresponding second select gate electrode G3a is 

disposed. 

[0029] The gate-contact cutout region ER12 includes  an 

end of the second select gate electrode G3a extendi ng 

from the memory cell region ER11.  The end of the f irst 

select gate electrode G2a and the end of the second  

select gate electrode G3a face each other at a 

predetermined distance and are disposed along one 

straight line, to form the select gate electrode cu tout 

portion 13, through which the first select gate ele ctrode 

G2a and the second select gate electrode G3a are 

separated from each other. 

[0030] A contact C6 connected to a first select gat e line 

(not illustrated) is vertically provided on the con tact 
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formation conductive layer 10a.  Upon receiving a f irst 

select gate voltage from the first select gate line  

through the contact C6, the contact formation condu ctive 

layer 10a allows application of the first select ga te 

voltage only to the first select gate electrode G2a . 

[0031] The gate-contact cutout region ER13 includes  a 

contact formation conductive layer 11a disposed at a 

predetermined position on the second select gate 

electrode G3a extending from the memory cell region  ER11, 

and also includes the select gate electrode cutout 

portion 14 separating the first select gate electro de G2a 

from the second select gate electrode G3a. 

[0032] In the present embodiment, in the gate-conta ct 

cutout region ER13, the second select gate electrod e G3a 

extends from the contact formation conductive layer  11a 

in a distal direction from the memory cell region E R11, 

and then bends around the other end of the memory g ate 

electrode G1a so that an end of the second select g ate 

electrode G3a is disposed on a side where the 

corresponding first select gate electrode G2a is di sposed. 

[0033] The gate-contact cutout region ER13 includes  an 

end of the first select gate electrode G2a extendin g from 

the memory cell region ER11.  The end of the first select 

gate electrode G2a and the end of the second select  gate 

electrode G3a face each other at a predetermined di stance 

and are disposed along one straight line, to form t he 

select gate electrode cutout portion 14, which sepa rates 
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the first select gate electrode G2a from the second  

select gate electrode G3a. 

[0034] A contact C5 connected to a second select ga te 

line (not illustrated) is vertically provided on th e 

contact formation conductive layer 11a.  Upon recei ving a 

second select gate voltage from the second select g ate 

line through the contact C5, the contact formation 

conductive layer 11a allows application of the seco nd 

select gate voltage only to the second select gate 

electrode G3a. 

[0035] Accordingly, in the memory circuit region ER 1, the 

first select gate electrode G2a, which is continuou s with 

the contact formation conductive layer 10a, is 

electrically separated from the second select gate 

electrode G3a, which is continuous with the contact  

formation conductive layer 11a, by the select gate 

electrode cutout portions 13 and 14.  This electric al 

separation allows separate control of the first sel ect 

gate electrode G2a and the second select gate elect rode 

G3a. 

[0036] In the gate-contact cutout regions ER12 and ER13, 

the second select gate electrode G3b, the memory ga te 

electrode G1b, and the first select gate electrode G2b on 

the second column have the same configurations as t hose 

of the first select gate electrode G2a, the memory gate 

electrode G1a, and the second select gate electrode  G3a, 

respectively, on the first column described above, except 
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that, in the gate-contact cutout region ER12, a con tact 

formation conductive layer 11b is disposed at a 

predetermined position on the second select gate 

electrode G3b, and the select gate electrode cutout  

portion 15, through which the first select gate ele ctrode 

G2b and the second select gate electrode G3b are 

separated from each other, is provided on a side wh ere 

the first select gate electrode G2b is disposed. 

[0037] In addition, the gate-contact cutout region ER13 

is different in that a contact formation conductive  layer 

10b is disposed at a predetermined position on the first 

select gate electrode G2b, and the select gate elec trode 

cutout portion 16, through which the first select g ate 

electrode G2b and the second select gate electrode G3b 

are separated from each other, is provided on a sid e 

where the second select gate electrode G3b is dispo sed. 

[0038] Thus, in the configuration including the sec ond 

select gate electrode G3b, the memory gate electrod e G1b, 

and the first select gate electrode G2b, the first select 

gate electrode G2b is electrically separated from t he 

second select gate electrode G3b by the select gate  

electrode cutout portions 15 and 16 provided betwee n the 

first select gate electrode G2b, which is continuou s with 

the contact formation conductive layer 10b, and the  

second select gate electrode G3b, which is continuo us 

with the contact formation conductive layer 11b.  T his 

electrical separation allows separate control of th e 
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first select gate electrode G2b and the second sele ct 

gate electrode G3b. 

[0039] The following describes the peripheral circu it 

region ER2 adjacent to the memory circuit region ER 1 with 

the above-described configuration.  In the present 

embodiment, the peripheral circuit region ER2 is di sposed 

at a position adjacent to the memory cell region ER 11 of 

the memory circuit region ER1, but the present inve ntion 

is not limited this configuration.  The peripheral 

circuit region ER2 may be disposed at various posit ions 

such as a position adjacent to the gate-contact cut out 

region ER12, a position adjacent to the gate-contac t 

cutout region ER13, or a position adjacent to a reg ion 

between the memory cell region ER11 and the gate-co ntact 

cutout region ER12. 

[0040] A plurality of peripheral circuits 18 and 19  are 

disposed in the peripheral circuit region ER2.  The  

peripheral circuit 18 includes, for example, an N-t ype 

metal-oxide-semiconductor (MOS) transistor structur e on 

the P-type logic well W2.  In such a case, the logi c well 

W2 includes a logic gate structure 7a to allow 

application of a logic gate voltage to the logic ga te 

structure 7a through a contact C8. 

[0041] On the logic well W2, impurity diffusion reg ions 

D4 and D5 are disposed in regions adjacent to the l ogic 

gate structure 7a such that the logic gate structur e 7a 

is disposed between the impurity diffusion regions D4 and 
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D5.  A contact C9 is vertically provided on the imp urity 

diffusion region D4.  A contact C10 is vertically 

provided on the impurity diffusion region D5. 

[0042] The peripheral circuit 19 includes, for exam ple, a 

P-type MOS transistor structure on the N-type logic  well 

W3.  In such a case, the logic well W3 includes a l ogic 

gate structure 7b to allow application of a logic g ate 

voltage to the logic gate structure 7b through a co ntact 

C12. 

[0043] On the logic well W3, impurity diffusion reg ions 

D6 and D7 are disposed in regions adjacent to the l ogic 

gate structure 7B such that the logic gate structur e 7b 

is disposed between the impurity diffusion regions D6 and 

D7.  A contact C13 is vertically provided on the im purity 

diffusion region D6.  A contact C14 is vertically 

provided on the impurity diffusion region D7. 

[0044] (1-2) Cross-sections of sites of semiconduct or 

integrated circuit device 

 FIG. 2 is a cross-sectional view illustrating cros s 

sections of the memory cells 3a and 3b in the memor y cell 

region ER11 and the peripheral circuits 18 and 19 i n the 

peripheral circuit region ER2, taken along line A-A ' in 

FIG. 1.  The semiconductor integrated circuit devic e 1 

includes the semiconductor substrate S.  The memory  well 

W1 is disposed on the semiconductor substrate S in the 

memory circuit region ER1, and the logic wells W2 a nd W3 
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are disposed on the semiconductor substrate S in th e 

peripheral circuit region ER2. 

[0045] In the present embodiment, on the memory wel l W1, 

the two memory cells 3a and 3b are disposed in a re gion 

including line A-A', and the drain region D2, on wh ich 

the contact C2 is vertically provided, is disposed on the 

surface between the memory cells 3a and 3b.  Since the 

memory cells 3a and 3b are symmetrically disposed b ut 

have identical configurations, the memory cell 3a w ill be 

described below. 

[0046]On the memory well W1, the memory cell 3a inc ludes, 

for example, the memory gate structure 4a having an  N-

type transistor structure, the first select gate 

structure 5a having an N-type MOS transistor struct ure, 

and the second select gate structure 6a having an N -type 

MOS transistor structure. 

[0047] The source region D1 and each drain region D 2 are 

spaced at a predetermined distance on the surface o f the 

memory well W1.  A source voltage from a source lin e is 

applied to the source region D1 through the contact  C1 

(FIG. 1), and a bit voltage from a bit line is appl ied to 

the drain region D2 through the contact C2.  In the  

present embodiment, impurity concentration is 1.0E2 1/cm 3 

or more in each of the source region D1 and the dra in 

region D2.  In the memory well W1, the impurity 

concentration of a surface region (for example, a r egion 

extending to the depth of 50 nm from the surface) i n 
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which a channel layer is formed is 1.0E19/cm 3 or less, 

preferably is 3.0E18/cm 3 or less, which is set by 

impurity implantation performed in a production pro cess. 

[0048] The memory gate structure 4a includes a char ge 

storage layer EC containing, for example, silicon n itride 

(Si 3N4), silicon oxynitride (SiON), or alumina (Al 2O3) on 

the memory well W1 between the source region D1 and  the 

drain region D2 through a lower gate insulating fil m 23a 

made of an insulating member such as SiO 2.  The memory 

gate structure 4a further includes the memory gate 

electrode G1a on the charge storage layer EC throug h an 

upper gate insulating film 23b made of an insulatin g 

member such as SiO 2.  The lower gate insulating film 23a 

and the upper gate insulating film 23b of the memor y gate 

structure 4a insulate the charge storage layer EC f rom 

the memory well W1 and the memory gate electrode G1 a. 

[0049] The sidewall spacer 27a made of the insulati ng 

member is disposed along the sidewall of the memory  gate 

structure 4a.  The memory gate structure 4a is adja cent 

to the first select gate structure 5a through the 

sidewall spacer 27a.  This sidewall spacer 27a, whi ch is 

disposed between the memory gate structure 4a and t he 

first select gate structure 5a, has the thickness e nough 

to insulate the memory gate structure 4a from the f irst 

select gate structure 5a. 

[0050] The first select gate structure 5a includes a gate 

insulating film 25a made of an insulating member on  the 
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memory well W1 between the sidewall spacer 27a and the 

source region D1.  The gate insulating film 25a has  the 

thickness of less than or equal to 9 nm, preferably  less 

than or equal to 3 nm.  The first select gate elect rode 

G2a, to which the first select gate line is connect ed, is 

disposed on the gate insulating film 25a. 

[0051] The sidewall spacer 27a made of the insulati ng 

member is disposed along the sidewall of the memory  gate 

structure 4a.  The memory gate structure 4a is adja cent 

to the second select gate structure 6a through the 

sidewall spacer 27a.  This sidewall spacer 27a, whi ch is 

disposed between the memory gate structure 4a and t he 

second select gate structure 6a, has the same thick ness 

as that of the sidewall spacer 27a between the memo ry 

gate structure 4a and the first select gate structu re 5a, 

and insulates the memory gate structure 4a from the  

second select gate structure 6a. 

[0052] The second select gate structure 6a includes  a 

gate insulating film 25b made of an insulating memb er on 

the memory well W1 between the sidewall spacer 27a and 

the drain region D2.  The gate insulating film 25b has 

the thickness of less than or equal to 9 nm, prefer ably 

less than or equal to 3 nm.  The second select gate  

electrode G3a, to which the second select gate line  is 

connected, is disposed on the gate insulating film 25b. 

[0053] The first select gate electrode G2a and the second 

select gate electrode G3a, which are disposed along  the 
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sidewall of the memory gate electrode G1a through t he 

sidewall spacer 27a, are formed by etching back thr ough a 

production process to be described later.  The firs t 

select gate electrode G2a and the second select gat e 

electrode G3a each have a sidewall shape in which t he 

height of the first select gate electrode G2a or th e 

second select gate electrode G3a decreases with the  

distance from the memory gate electrode G1a such th at the 

top portion of the first select gate electrode G2a or the 

second select gate electrode G3a is sloped (angled)  

toward the memory well W1. 

[0054] A sidewall structure SW made of an insulatin g 

member is disposed on the sidewall of the first sel ect 

gate structure 5a and on the sidewall of the second  

select gate structure 6a.  An extension region D1a is 

disposed in a region of a surface of the memory wel l W1 

below one of the sidewall structures SW, and an ext ension 

region D2a is disposed in a region of the surface o f the 

memory well W1 below the other sidewall structure S W. 

[0055] In the present embodiment, when impurity 

concentration is 1E19/cm 3 or less in a region extending 

to the depth of 50 nm from the surface of the memor y well 

W1 between the first select gate electrode G2a and the 

second select gate electrode G3a, the gate insulati ng 

films 25a and 25b are each formed to have the thick ness 

of less than or equal to 9 nm through a subsequent 

production step.  When impurity concentration is 3E 18/cm 3 
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or less in a region extending to the depth of 50 nm  from 

the surface of the memory well W1 between the first  

select gate electrode G2a and the second select gat e 

electrode G3a, the gate insulating films 25a and 25 b are 

each formed to have the thickness of less than or e qual 

to 3 nm through a subsequent production step. 

[0056] The memory cell 3b has a configuration simil ar to 

the memory cell 3a.  The memory cell 3b includes th e 

memory gate structure 4b on the memory well W1 betw een 

the source region D3 and the drain region D2.  The memory 

gate structure 4b is disposed on the memory well W1  

between the first select gate structure 5b and the second 

select gate structure 6b through the sidewall space r 27a.  

In the memory cell 3b, an extension region D3a is 

disposed in a region of the surface of the memory w ell W1 

below the sidewall structure SW formed on the sidew all of 

the first select gate structure 5b, whereas an exte nsion 

region D2b is disposed in a region of the surface o f the 

memory well W1 below the sidewall structure SW form ed on 

the sidewall of the second select gate structure 6b . 

[0057] The memory well W1 disposed in the memory ci rcuit 

region ER1 is electrically insulated from the logic  well 

W2 disposed in the peripheral circuit region ER2 by  an 

element isolation layer 20.  The logic well W2 disp osed 

in the peripheral circuit region ER2 is electricall y 

insulated from the logic well W3 by another element  

isolation layer 20.  In the present embodiment, the  
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peripheral circuit 18 having an N-type MOS transist or 

structure is disposed on the logic well W2, whereas  the 

peripheral circuit 19 having a P-type MOS transisto r 

structure is disposed on the logic well W3. 

[0058] The logic gate structure 7a on the logic wel l W2 

includes a logic gate electrode G5 disposed, throug h a 

gate insulating film 29a, between a pair of the imp urity 

diffusion regions D4 and D5 disposed on the surface .  The 

sidewall structure SW is disposed on a sidewall of the 

logic gate structure 7a.  Extension regions D4a and  D5a 

are respectively disposed in regions of the logic w ell W2 

surface below the sidewall structures SW. 

[0059] The logic well W3, which has a conductivity type 

different from that of the logic well W2, has a 

configuration similar to that of the logic well W2.   The 

logic gate structure 7b on the logic well W3 includ es a 

logic gate electrode G6 disposed, through a gate 

insulating film 29b, between a pair of the impurity  

diffusion regions D6 and D7 in the surface.  The si dewall 

structure SW is disposed on a sidewall of the logic  gate 

structure 7b.  Extension regions D6a and D7a are 

respectively disposed in regions of the logic well W2 

surface below the sidewall structures SW. 

[0060] An insulating layer 21 covers sites such as the 

first select gate structures 5a and 5b, the memory gate 

structures 4a and 4b, the second select gate struct ures 

6a and 6b, the contact C2, and the logic gate struc tures 
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7a and 7b of the semiconductor integrated circuit d evice 

1 so as to insulate these sites from each other.  

Silicide SC covers surfaces of other various sites such 

as the source regions D1 and D3 and the drain regio ns D2. 

[0061] FIG. 3 is a cross-sectional view taken along  line 

B-B' in FIG. 1, illustrating a cross section of the  

contact formation conductive layer 11b provided to the 

second select gate electrode G3b in the gate-contac t 

cutout region ER12 of the memory circuit region ER1 .  As 

illustrated in FIG. 3, the contact formation conduc tive 

layer 11b is disposed on the element isolation laye r 20 

on the memory well W1. 

[0062] The contact formation conductive layer 11b m ounts 

across (extends over) one sidewall of the memory ga te 

electrode G1b and part of a top portion of the memo ry 

gate electrode G1b from a surface (substrate surfac e) of 

the element isolation layer 20.  A contact installa tion 

surface 17c is disposed on a base 17a disposed on t he 

element isolation layer 20.  The contact installati on 

surface 17c has a flat shape in accordance with the  

surface shape of the element isolation layer 20.  A  

sidewall spacer 27c is disposed between the contact  

formation conductive layer 11b and the memory gate 

electrode G1b to insulate the contact formation 

conductive layer 11b from the memory gate electrode  G1b. 

[0063] The column-shaped contact C5 is vertically 

provided on the contact installation surface 17c of  the 
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contact formation conductive layer 11b through the 

silicide SC.  The second select gate voltage is app lied 

through the contact C5.  Accordingly, the second se lect 

gate voltage is applied to the second select gate 

electrode G2b through the contact formation conduct ive 

layer 11b.  In the contact formation conductive lay er 11b, 

the sidewall structure SW is disposed on each of a 

sidewall of the base 17a and a sidewall of a mounti ng 

portion 17b.  The mounting portion 17b is integral with 

the base 17a and extends to the top portion of the memory 

gate electrode G1b. 

[0064] In the present embodiment, as illustrated in  FIG. 

1, the second select gate electrode G3b, on which t he 

contact formation conductive layer 11b is disposed,  bends 

around one end of the memory gate electrode G1b so that 

an end of the second select gate electrode G3b face s the 

contact formation conductive layer 11b through the memory 

gate electrode G1b.  Thus, in FIG. 3, which illustr ates a 

cross section taken along line B-B' in FIG. 1, the 

contact formation conductive layer 11b faces the se cond 

select gate electrode G3b provided continuously wit h the 

contact formation conductive layer 11b and bending around 

one end of the memory gate electrode G1b, through t he 

memory gate electrode G1b and the sidewall spacers 27a 

and 27c. 

[0065] As illustrated in FIG. 3 taken along line B- B' in 

FIG. 1, since the first select gate electrode G2a b ends 
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around one end of the memory gate electrode G1a on a side 

where the memory gate electrode G1a is disposed (FI G. 1), 

the first select gate electrode G2a faces the first  

select gate electrode G2a through the memory gate 

electrode G1a and the sidewall spacer 27a. 

[0066] FIG. 4 is a cross-sectional view, which is t aken 

along line C-C' in FIG. 1, illustrating a cross sec tion 

of the select gate electrode cutout portion 15 in t he 

gate-contact cutout region ER12 of the memory circu it 

region ER1.  As illustrated in FIG. 4, in a region 

(region on the right side in FIG. 4) in which the s elect 

gate electrode cutout portion 15 is disposed, the s econd 

select gate electrode G3b is formed on the one side wall 

of the memory gate electrode G1b through the sidewa ll 

spacer 27a.  In this region, however, the first sel ect 

gate electrode G2b and the second select gate elect rode 

G3b are not disposed on the other sidewall of the m emory 

gate electrode G1b, but only an insulation wall 27b  

including a sidewall spacer or a sidewall structure . 

[0067] In the region in which the select gate elect rode 

cutout portion 15 is disposed, a recess 30 is forme d on a 

surface (substrate surface) of the element isolatio n 

layer 20 by removing a part of the substrate surfac e in a 

production process.  In the present embodiment, on the 

side where the memory gate electrode G1a is dispose d in 

the drawing taken along line C-C' in FIG. 1, the fi rst 

select gate electrode G2a faces the first select ga te 
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electrode G2a through the memory gate electrode G1a  and 

the sidewall spacer 27a. 

[0068] (1-3) Principles of operation to inject char ge 

into charge storage layer in selected memory cell 

 The following gives simple description of a case i n 

which data is programmed to the memory cell 3a by 

injecting charge into, for example, the charge stor age 

layer EC of the memory cell 3a in the semiconductor  

integrated circuit device 1 produced by the product ion 

method of the present invention.  In this case, as 

illustrated in FIG. 2, in the memory cell (may be 

referred to as a selected memory cell) 3a in which charge 

is injected into the charge storage layer EC, the c harge 

storage gate voltage of 12 V is applied from the me mory 

gate line (not illustrated) to the memory gate elec trode 

G1a of the memory gate structure 4a through the con tact 

C4a (FIG. 1) so as to form the channel layer (not 

illustrated) along the surface of the memory well W 1 

facing the memory gate electrode G1a. 

[0069] In this case, the gate OFF voltage of 0 V is  

applied to the first select gate electrode G2a of t he 

first select gate structure 5a from the first selec t gate 

line (not illustrated) through the contact C6 (FIG.  1) 

and the contact formation conductive layer 10a, and  the 

source OFF voltage of 0 V is applied to the source region 

D1.  Accordingly, no channel layer is formed in the  

surface region of the memory well W1 facing the fir st 
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select gate electrode G2a.  The first select gate 

structure 5a blocks the electrical connection betwe en the 

source region D1 and the channel layer below the me mory 

gate structure 4a, and prevents voltage application  from 

the source region D1 to the channel layer below the  

memory gate structure 4a. 

[0070] The second select gate voltage of 1.5 V is a pplied 

to the second select gate electrode G3a of the seco nd 

select gate structure 6a from the second select gat e line 

(not illustrated) through the contact C5 (FIG. 1) a nd the 

contact formation conductive layer 11a.  The charge  

storage bit voltage of 0 V is applied to the drain 

regions D2.  Accordingly, a channel layer is formed  in 

the memory well W1 facing the second select gate 

electrode G3a of the second select gate structure 6 a, and 

the memory well W1 becomes a conductive state.  Hen ce, 

the drain region D2 is electrically connected to th e 

channel layer below the memory gate structure 4a, a nd the 

charge storage bit voltage of 0 V is applied to the  

channel layer below the memory gate structure 4a.  In 

this case, the substrate voltage of 0 V, which is t he 

same as the charge storage bit voltage, is applied to the 

memory well W1. 

[0071] Accordingly, since the memory gate electrode  G1a 

has a voltage of 12 V and the channel layer below t he 

memory gate structure 4a has a voltage of 0 V, a la rge 

voltage difference of 12 V occurs between the memor y gate 
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electrode G1a and the channel layer.  This voltage 

difference causes the quantum tunneling effect, by which 

charge is injected into the charge storage layer EC  to 

program data. 

[0072] (1-4) Principles of operation not to inject charge 

into charge storage layer in nonselected memory cel l in 

which high charge storage gate voltage is applied t o 

memory gate electrode 

 In the semiconductor integrated circuit device 1 

produced by the production method of the present 

invention, for example, when no charge is to be inj ected 

into the charge storage layer EC of the memory cell  3a, a 

high charge storage gate voltage the same as that f or 

data programming is applied to the memory gate elec trode 

G1a.  With this voltage application, the first sele ct 

gate structure 5a blocks the electrical connection 

between the source region D1 and the channel layer below 

the memory gate structure 4a, and the second select  gate 

structure 6a blocks the electrical connection betwe en the 

drain region D2 and the channel layer below the mem ory 

gate structure 4a.  Accordingly, charge is prevente d from 

being injected into the charge storage layer EC of the 

memory gate structure 4a. 

[0073] In this case, the charge storage gate voltag e of 

12 V is applied to the memory gate electrode G1a of  the 

memory gate structure 4a in the memory cell (may be  

referred to as a nonselected memory cell) 3a in whi ch no 
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charge is to be injected into the charge storage la yer EC.  

The charge storage gate voltage is applied (transmi tted) 

to the memory well W1, thereby forming a channel la yer 

along the surface of the memory well W1 facing the memory 

gate electrode G1a. 

[0074] The gate OFF voltage of 0 V is applied to th e 

first select gate electrode G2a of the first select  gate 

structure 5a from the first select gate line (not 

illustrated) through the contact C6 (FIG. 1) and th e 

contact formation conductive layer 10a.  The source  OFF 

voltage of 0 V is applied to the source region D1.  

Accordingly, the memory well W1 facing the first se lect 

gate electrode G2a of the memory cell 3a is in a no n-

conductive state, and thus the first select gate 

structure 5a blocks the electrical connection betwe en the 

source region D1 and the channel layer below the me mory 

gate structure 4a. 

[0075] In addition, the second select gate voltage of 1.5 

V is applied to the second select gate electrode G3 a of 

the second select gate structure 6a from the second  

select gate line (not illustrated) through the cont act C5 

(FIG. 1) and the contact formation conductive layer  11a.  

The off voltage of 1.5 V is applied to the drain re gion 

D2.  Accordingly, the memory well W1 facing the sec ond 

select gate electrode G3a is in a non-conductive st ate, 

and thus the second select gate structure 6a blocks  the 
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electrical connection between the drain region D2 a nd the 

channel layer below the memory gate structure 4a. 

[0076] As described above, a region of the memory w ell W1 

below the first select gate structure 5a and a regi on of 

the memory well W1 below the second select gate str ucture 

6a become non-conductive states.  The first and sec ond 

select gate structures 5a and 6a are disposed on th e 

respective sides of the memory gate structure 4a of  the 

memory cell 3a.  The non-conductive states block th e 

electrical connection between the source region D1 and 

the channel layer, which faces the memory gate elec trode 

G1a and is formed in the surface region of the memo ry 

well W1, and the electrical connection between the drain 

region D2 and the channel layer.  Accordingly, a 

depletion layer is formed around the channel layer.  

[0077] A capacitor (hereinafter referred to as a ga te-

insulator capacitor) C2 is achieved by a three-laye r 

configuration of the upper gate insulating film 23b , the 

charge storage layer EC, and the lower gate insulat ing 

film 23a.  A capacitor (hereinafter referred to as a 

depletion-layer capacitor) C1 of the depletion laye r is 

formed in the memory well W1 and surrounds the chan nel 

layer.  The capacitors C1 and C2 are connected to e ach 

other in series.  For example, when the gate-insula tor 

capacitor C2 has a capacitance three times as large  as 

that of the depletion-layer capacitor C1, the chann el 
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layer has a channel potential Vch calculated to be 9 V by 

a formula below. 

[0078] [Formula 1] 

 

[0079] Thus, in the memory gate structure 4a, the c hannel 

potential Vch of the channel layer surrounded by th e 

depletion layer in the memory well W1 is 9 V when t he 

charge storage gate voltage of 12 V is applied to t he 

memory gate electrode G1a.  Accordingly, there is a  small 

voltage difference of 3 V between the memory gate 

electrode G1a and the channel layer.  As a result, the 

quantum tunneling effect does not occur, and thus c harge 

is prevented from being injected into the charge st orage 

layer EC. 

[0080] In the memory cell 3a, an impurity diffusion  

region having a high impurity concentration is not formed 

in a region of the memory well W1 between the memor y gate 

structure 4a and the first select gate structure 5a  nor a 

region of the memory well W1 between the memory gat e 

structure 4a and the second select gate structure 6 a.  

Thus, the depletion layer is reliably formed around  the 

channel layer formed near the surface of the memory  well 

W1.  The depletion layer prevents application of th e 

channel potential Vch from the channel layer to the  gate 

insulating films 25a and 25b of the respective firs t 

Vch 

(Memory gate voltage MV - Substrate voltage CV) 

Capacitance of gate-insulator capacitor C2 
Capacitance of depletion-layer capacitor C1 + Capac itance of gate-insulator capacitor C2 
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select gate structure 5a and the second select gate  

structure 6a. 

[0081] Accordingly, in the memory cell 3a, the depl etion 

layer prevents the channel potential Vch of the cha nnel 

layer from being applied to the gate insulating fil ms 25a 

and 25b when the gate insulating films 25a and 25b of the 

first select gate structure 5a and the second selec t gate 

structure 6a have thicknesses reduced in accordance  with 

a low source voltage applied to the source region D 1 and 

a low bit voltage applied to the drain region D2.  Thus, 

the insulation breakdown of the gate insulating fil ms 25a 

and 25b due to the channel potential Vch is avoided . 

[0082] (2) Method for producing semiconductor integ rated 

circuit device 

 The semiconductor integrated circuit device 1 havi ng 

the above-described configuration is produced throu gh a 

production process described below, without an extr a 

dedicated photomask process of fabricating only a m emory 

circuit region ER1, in addition to a conventional 

dedicated photomask process of fabricating only a m emory 

circuit region ER1.  FIGS. 5A, 5B, and 5C each illu strate 

a cross section taken along line A-A' in FIG. 1.  I n this 

step, first, as illustrated in FIG. 5A, after the 

semiconductor substrate S is prepared, the element 

isolation layer 20 made of an insulating member is formed 

at predetermined positions such as boundaries of th e 

memory circuit region ER1 and the peripheral circui t 
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region ER2 by, for example, a shallow trench isolat ion 

(STI) method. 

[0083] Subsequently, a sacrificial oxide film 30a i s 

formed on a surface of the semiconductor substrate S by, 

for example, a thermal oxidation method to perform 

impurity implantation.  Then, the P-type logic well  W2 

and the N-type logic well W3 are formed by implanti ng P-

type impurities and N-type impurities, respectively , into 

the peripheral circuit region ER2 by, for example, an ion 

implantation technique. 

[0084] Subsequently, a resist is patterned by a 

photolithography technique and an etching technique  using 

a first photomask (not illustrated) dedicated to 

fabrication of the memory circuit region ER1.  As 

illustrated in FIG. 5B, in which any corresponding part 

to that in FIG. 5A is denoted by an identical refer ence 

numeral, the memory circuit region ER1 is exposed, and a 

resist Rm1 covering the peripheral circuit region E R2 is 

formed. 

[0085] Subsequently, the memory well W1 is formed b y 

implanting P-type impurities only into the memory c ircuit 

region ER1 by using the patterned resist Rm1.  In 

addition, N-type impurities are implanted into the memory 

circuit region ER1 to form a channel formation laye r (not 

illustrated) on the substrate surface facing the me mory 

gate electrodes G1a and G1b and the sidewall spacer  27a 

(FIG. 2), which are to be formed later.  Then, the resist 
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Rm1 is used to remove the sacrificial oxide film 30 a in 

the memory circuit region ER1 by using, for example , 

hydrofluoric acid (first photomask processing step) . 

[0086] In the first photomask processing step, in a  case 

in which a P-type substrate is used as the semicond uctor 

substrate S, the step of forming the memory well W1  by 

implanting P-type impurities into the semiconductor  

substrate S may be omitted. 

[0087] Subsequently, after the resist Rm1 is remove d, as 

illustrated in FIG. 5C, in which any corresponding part 

to that in FIG. 5B is denoted by an identical refer ence 

numeral, an ONO film, in which the layer-shaped (sh eet-

shaped) lower gate insulating film 23a, the layer-s haped 

charge storage layer EC, and the layer-shaped upper  gate 

insulating film 23b are stacked in this order, is f ormed 

on the entire surfaces of the memory circuit region  ER1 

and the peripheral circuit region ER2.  Then, a mem ory 

gate electrode conductive layer 35, which is to be formed 

into the memory gate electrodes G1a and G1b, is for med on 

the upper gate insulating film 23b.  Subsequently, a 

protection insulating layer 30b made of an insulati ng 

member is formed on the memory gate electrode condu ctive 

layer 35 by, for example, the thermal oxidation met hod or 

a chemical vapor deposition (CVD) method. 

[0088] Subsequently, a resist is patterned by the 

photolithography technique and the etching techniqu e 

using a second photomask (not illustrated) dedicate d to 
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fabrication of the memory circuit region ER1.  As 

illustrated in FIG. 6A, in which any corresponding part 

to that in FIG. 5C is denoted by an identical refer ence 

numeral, a resist Rm2 is formed only where the memo ry 

gate structures 4a and 4b are to be formed.  Then, the 

memory gate electrode conductive layer 35 is patter ned by 

using the resist Rm2, and thus, the memory gate 

electrodes G1a and G1b are formed (second photomask  

processing step). 

[0089] Subsequently, after the resist Rm2 is remove d, the 

upper gate insulating film 23b and the charge stora ge 

layer EC exposed in regions other than the memory g ate 

electrodes G1a and G1b to be formed are removed (ON  film 

is removed) in this order as illustrated in FIG. 6B , in 

which any corresponding part to that in FIG. 6A is 

denoted by an identical reference numeral.  Accordi ngly, 

the upper gate insulating film 23b and the charge s torage 

layer EC are patterned below the patterned memory g ate 

electrodes G1a and G1b.  As a result, the lower gat e 

insulating film 23a, the charge storage layer EC, t he 

upper gate insulating film 23b, and the memory gate  

electrode G1a (G1b) are stacked in this order to fo rm the 

memory gate structure 4a (4b) in the memory circuit  

region ER1 (memory gate structure formation step). 

[0090] Subsequently, a protection insulating film 3 0c is 

formed on the entire surfaces of the memory circuit  

region ER1 and the peripheral circuit region ER2 as  
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illustrated in FIG. 6C, in which any corresponding part 

to that in FIG. 6B is denoted by an identical refer ence 

numeral.  The present embodiment describes a case i n 

which the single-layer protection insulating film 3 0c is 

formed on the entire surfaces, but the present inve ntion 

is not limited to a single-layer film.  For example , a 

two-layer protection insulating film in which an ox ide-

based insulating film and a nitride-based insulatin g film 

are stacked in this order may be formed on the enti re 

surfaces. 

[0091] Subsequently, as illustrated in FIG. 7A, in which 

any corresponding part to that in FIG. 6C is denote d by 

an identical reference numeral, the protection insu lating 

film 30c is etched back to form the sidewall spacer s 27a 

covering the memory gate structures 4a and 4b (side wall 

spacer formation step).  Subsequently, a resist is 

patterned by the photolithography technique and the  

etching technique using a third photomask (not 

illustrated) dedicated to fabrication of the memory  

circuit region ER1.  This patterning forms a resist  Rm3 

covering the entire surface of the peripheral circu it 

region ER2 but leaving the memory circuit region ER 1 

exposed, as illustrated in FIG. 7B, in which any 

corresponding part to that in FIG. 7A is denoted by  an 

identical reference numeral. 

[0092] Subsequently, impurities are implanted by us ing 

the resist Rm3 into portions of the memory circuit region 
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ER1 where the first select gate structures 5a and 5 b (FIG. 

2) and the second select gate structures 6a and 6b (FIG. 

2) are to be formed.  This impurity implantation fo rms a 

channel formation layer (not illustrated) in region s of 

the substrate surface facing the second select gate  

electrodes G3a and G3b and the first select gate 

electrode G2a and G2b, which are to be formed later  

(third photomask processing step). 

[0093] Subsequently, after the resist Rm3 is remove d, the 

sacrificial oxide film 30a in the peripheral circui t 

region ER2 is removed by using, for example, hydrof luoric 

acid.  Then, as illustrated in FIG. 7C, in which an y 

corresponding part to that in FIG. 7B is denoted by  an 

identical reference numeral, for example, the therm al 

oxidation method is employed to form the gate insul ating 

films 25a and 25b on the portions of the memory cir cuit 

region ER1 where the first select gate electrode G2 a and 

G2b (FIG. 1) and the second select gate electrodes G3a 

and G3b are to be formed.  The thermal oxidation me thod 

is also employed to form the gate insulating films 29a 

and 29b on the portions of the peripheral circuit r egion 

ER2 where the logic gate electrodes G5 and G6 (FIG.  1) 

are to be formed. 

[0094] Subsequently, as illustrated in FIG. 8, in w hich 

any corresponding part to that in FIG. 7C is denote d by 

an identical reference numeral, a conductive layer 37, 

which is formed into the first select gate electrod es G2a 
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and G2b, the second select gate electrodes G3a and G3b, 

and the logic gate electrodes G5 and G6 through lat er 

processing, is formed on the entire surfaces of the  

memory circuit region ER1 and the peripheral circui t 

region ER2. 

[0095] Subsequently, a resist is patterned by the 

photolithography technique and the etching techniqu e by 

using a fourth photomask (not illustrated) dedicate d to 

fabrication of the memory circuit region ER1.  Only  the 

conductive layer 37 in the memory circuit region ER 1 is 

processed by using the resist.  FIG. 9 is a schemat ic 

view illustrating a state in which resists Rm4a and  Rm4b 

patterned by using the fourth photomask are placed over 

the planar layout of the completed semiconductor 

integrated circuit device 1 illustrated in FIG. 1. 

[0096] As illustrated in FIG. 9, the resists Rm4a a nd 

Rm4b are dedicated to fabrication of the memory cir cuit 

region ER1.  Thus, the resist Rm4a covers the entir e 

surface of the peripheral circuit region ER2, where as the 

resist Rm4b covers only portions of the gate-contac t 

cutout regions ER12 and ER13 of the memory circuit region 

ER1 where the contact formation conductive layers 1 0a, 

11a, 10b, and 11b are to be formed. 

[0097] Then, the conductive layer 37 (FIG. 8) which  has 

been exposed in the memory circuit region ER1 is et ched 

back while the resist Rm4a covers the entire surfac e of 

the peripheral circuit region ER2 and the resist Rm 4b 
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covers portions of the gate-contact cutout regions ER12 

and ER13 of the memory circuit region ER1 where the  

contact formation conductive layers 10a, 11a, 10b, and 

11b are to be formed. 

[0098] Accordingly, as illustrated in FIG. 10A, in which 

any corresponding part to that in FIG. 8 is denoted  by an 

identical reference numeral, the conductive layer 3 7 

being covered by the resist Rm4a remains intact in the 

peripheral circuit region ER2.  The conductive laye r 37 

being exposed is etched back in the memory circuit region 

ER1.  Thus, sidewall-shaped surrounding conductive layers 

Ga and Gb are respectively formed along the sidewal l 

spacer 27a on the sidewall of the memory gate struc tures 

4a and 4b. 

[0099] FIG. 11 is a schematic view illustrating a s tate 

in which the surrounding conductive layers Ga and G b 

formed around the memory gate structures 4a and 4b are 

placed over a planar layout of the memory circuit r egion 

ER1 of the completed semiconductor integrated circu it 

device 1 illustrated in FIG. 1.  In the present 

embodiment, as illustrated in FIG. 11, the memory g ate 

electrodes G1a and G1b are formed linearly, and thu s the 

surrounding conductive layers Ga and Gb have oval s hapes 

(long circle shapes) in accordance with the outline  

shapes of the memory gate electrodes G1a and G1b ea ch 

extending in one direction.  The surrounding conduc tive 
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layers Ga and Gb have shapes surrounding the respec tive 

memory gate electrodes G1a and G1b. 

[0100] In addition, with the use of the resist Rm4b  (FIG. 

9) formed in the memory circuit region ER1, the 

conductive layer 37 which is disposed on and around  a 

part of the memory gate electrode G1a (G1b) in the memory 

circuit region ER1 remains intact.  Thus, as illust rated 

in FIG. 11, the contact formation conductive layers  10a 

and 11a (10b and 11b) are formed on the surrounding  

conductive layer Ga (Gb) in the memory circuit regi on ER1.  

Since the contact formation conductive layers 10a, 11a, 

10b, and 11b have identical configurations, the fol lowing 

description will be made on the contact formation 

conductive layer 11b disposed  in a region includin g line 

B-B' in FIG. 9. 

[0101] As illustrated in FIG. 10B, which illustrate s a 

cross section taken along line B-B' in FIG. 9, the base 

17a disposed on the element isolation layer 20 and the 

mounting portion 17b on part of the top portion of the 

memory gate electrode G1b are formed integrally in the 

contact formation conductive layer 11b.  The contac t 

installation surface 17c, which has a flat shape in  

accordance with the surface shape of the element 

isolation layer 20, is formed on the base 17a. 

[0102] In this step, the conductive layer 37 in the  

memory circuit region ER1 is processed to form the 

sidewall-shaped surrounding conductive layers Ga an d Gb 
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along the sidewall spacers 27a on the sidewalls of the 

memory gate structures 4a and 4b in the memory circ uit 

region ER1.  Simultaneously, the contact formation 

conductive layers 10a, 11a, 10b, and 11b are formed  on 

the surrounding conductive layers Ga and Gb. 

[0103] Subsequently, for example, the ion implantat ion 

technique is employed to implant low concentration of N-

type impurities into the memory circuit region ER1 not 

being covered by the resist Rm4b.  Accordingly, an 

extension region ETa is formed on the surface of th e 

memory well W1, which has been externally exposed, and 

thereafter, the resists Rm4a and Rm4b are removed. 

[0104] Subsequently, in the present invention, a re sist 

is patterned by the photolithography technique and the 

etching technique using a photomask (not illustrate d), 

and the conductive layer 37 in the peripheral circu it 

region ER2 is patterned by using the resist to form  the 

logic gate electrodes G5 and G6 on the gate insulat ing 

films 29a and 29b.  Simultaneously, part of the 

surrounding conductive layers Ga and Gb in the memo ry 

circuit region ER1 is removed by using the same res ist 

used to form the logic gate electrodes G5 and G6. 

[0105] FIG. 12 is a schematic view illustrating a s tate 

in which resists Rr1a and Rr1b formed in the above-

described step are placed over the planar layout of  the 

completed semiconductor integrated circuit device 1  

illustrated in FIG. 1.  In the present embodiment, as 
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illustrated in FIG. 12, the resist Rr1a is disposed  on 

portions of the peripheral circuit region ER2 where  the 

logic gate structures 7a and 7b are to be formed.  The 

resist Rr1a is formed in accordance with the outlin e 

shapes of the logic gate structures 7a and 7b, whic h are 

to be formed later.  The resist Rr1b covers substan tially 

the entire surface of the memory circuit region ER1 , but 

includes the openings H1, H2, H3, and H4 where the select 

gate electrode cutout portions 13, 14, 15, and 16 a re to 

be formed.  The openings H1, H2, H3, and H4 are for med in 

accordance with the outline shapes of the select ga te 

electrode cutout portions 13, 14, 15, and 16, which  are 

to be formed later. 

[0106] In the peripheral circuit region ER2, the 

conductive layer 37 being externally exposed is rem oved, 

whereas only the conductive layer 37 being covered by the 

resist Rr1a remains.  Accordingly, as illustrated i n FIG. 

13A, in which any corresponding part to that in FIG . 10A 

is denoted by an identical reference numeral, in th e 

peripheral circuit region ER2, the logic gate elect rodes 

G5 and G6 are formed in accordance with the outline  shape 

of the resist Rr1a.  The logic gate structures 7a a nd 7b, 

in which the logic gate electrodes G5 and G6 are st acked 

on the gate insulating films 29a and 29b, are forme d, 

respectively. 

[0107] At this time, as illustrated in FIG. 13B, wh ich 

illustrates a cross section taken along line C-C' i n FIG. 
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12, in the memory circuit region ER1, the surroundi ng 

conductive layer Gb being exposed through the openi ng H3 

of the resist Rr1b is removed to form, on the eleme nt 

isolation layer 20, the select gate electrode cutou t 

portion 15, from which the surrounding conductive l ayer 

Gb is removed in accordance with the outline shape of the 

opening H3 of the resist Rr1b. 

[0108] Accordingly, in the memory circuit region ER 1, a 

plurality of portions of the surrounding conductive  layer 

Ga (Gb) are removed from the surrounding conductive  layer 

Ga (Gb) so that the surrounding conductive layer Ga  (Gb) 

is divided into the first select gate electrode G2a  (G2b), 

which is continuous with the contact formation cond uctive 

layer 10a (10b), and the second select gate electro de G3a 

(G3b), which is continuous with the contact formati on 

conductive layer 11a (11b).  In addition, the first  

select gate structure 5a (5b), in which the first s elect 

gate electrode G2a (G2b) is disposed on the gate 

insulating film 25a, and the second select gate str ucture 

6a (6b), in which the second select gate electrode G3a 

(G3b) is disposed on the gate insulating film 25b, are 

formed in the memory circuit region ER1. 

[0109] In addition to the second select gate electr ode 

G3b to be removed, the sidewall spacer 27a and the 

element isolation layer 20 are exposed through the 

opening H3 of the resist Rr1b.  Thus, a part of the  

sidewall spacer 27a and a part of the element isola tion 
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layer 20 being exposed through the opening H3 of th e 

resist Rr1b are removed through the above-described  step.  

Accordingly, in a region exposed through the openin g H3, 

the sidewall spacer 27a is removed, leaving a chipp ed 

portion 40 near a top portion of the sidewall space r 27a.  

A part of the surface of the element isolation laye r 20 

is removed, leaving the recess 30 in the element 

isolation layer 20. 

[0110] Then, after the resists Rr1a and Rr1b are re moved 

by, for example, ashing, a resist patterned for an N type 

or a P type is used to implant low concentration of  N-

type impurities or P-type impurities into the perip heral 

circuit region ER2 by, for example, the ion implant ation 

technique.  Accordingly, as illustrated in FIG. 13A  (FIG. 

13A illustrates the resists Rr1a and Rr1b, which ar e 

supposed to be removed in this step), the N-type 

extension region ETa is formed on the substrate sur face 

on the logic well W2 being externally exposed, wher eas a 

P-type extension region ETb is formed on the substr ate 

surface on the logic well W3 being externally expos ed. 

[0111] Lastly, the resist is removed, followed by a  step 

of forming the sidewall structure SW, a step of for ming 

the source regions D1 and D3 and the drain regions D2 by 

implanting high concentration of N-type impurities or P-

type impurities into necessary places by, for examp le, 

the ion implantation technique, a step of forming t he 

silicide SC, and a step of forming, for example, th e 
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insulating layer 21 and the contacts C1, C2, C3, an d so 

forth.  The semiconductor integrated circuit device  1 

having the configuration illustrated in FIGs. 1, 2,  3, 

and 4 is produced by sequentially performing the ab ove 

steps. 

[0112] (3) Operations and effects 

 In the method for producing the semiconductor 

integrated circuit device 1 as described above, the  

layered gate insulating films 25a, 25b, 25c, 29a, a nd 29b 

and the layered conductive layer 37 are stacked in this 

order in the memory circuit region ER1 (FIG. 7A) 

including the memory gate structures 4a and 4b, whi ch are 

covered by the sidewall spacers 27a, and the periph eral 

circuit region ER2 (FIG. 8).  Then, the conductive layer 

37 in the memory circuit region ER1 is etched back while 

leaving intact the conductive layer 37 in the perip heral 

circuit region ER2 and the conductive layer 37 arou nd 

part of the memory gate structures 4a and 4b in the  

memory circuit region ER1. 

[0113] Accordingly, in the method for producing the  

semiconductor integrated circuit device 1, the side wall-

shaped surrounding conductive layers Ga and Gb are formed 

around the memory gate structures 4a and 4b through  the 

sidewall spacers 27a, respectively, and the contact  

formation conductive layers 10a, 11a, 10b, and 11b,  which 

remain to cover parts of the memory gate structures  4a 

and 4b, are formed (FIGS. 9 to 11). 
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[0114] In addition, in the method for producing the  

semiconductor integrated circuit device 1, the cond uctive 

layer 37 in the peripheral circuit region ER2 is 

patterned by using the resist Rr1a patterned by usi ng a 

photomask.  Thereby, the logic gate electrodes G5 a nd G6 

are formed on the gate insulating films 29a and 29b .  

Then, by using the resists Rr1a and Rr1b, which are  used 

to form the logic gate electrodes G5 and G6, parts of the 

surrounding conductive layers Ga and Gb in the memo ry 

circuit region ER1 are removed.  Thereby, each of t he 

surrounding conductive layers Ga and Gb is separate d. 

[0115] Accordingly, the method for producing the 

semiconductor integrated circuit device 1 forms the  first 

select gate electrode G2a (G2b) and the second sele ct 

gate electrode G3a (G3b) (FIGs. 12 and 13).  The fi rst 

select gate electrode G2a (G2b) is continuous with the 

contact formation conductive layer 10a (10b).  The second 

select gate electrode G3a (G3b) is electrically sep arated 

from the first select gate electrode G2a (G2b) and 

continuous with the contact formation conductive la yer 

11a (11b). 

[0116] As a result, in the semiconductor integrated  

circuit device 1, the peripheral circuit region ER2  

includes the logic gate electrodes G5 and G6 made o f a 

conductive layer the same as that of the first sele ct 

gate electrode G2a (G2b) and the second select gate  

electrode G3a (G3b).  In addition, the memory circu it 
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region ER1 includes the sidewall-shaped first selec t gate 

electrode G2a (G2b) and the sidewall-shaped second select 

gate electrode G3a (G3b), which are disposed along one 

virtual line surrounding the memory gate electrode G1a 

(G1b) and are electrically separated from each othe r by 

the select gate electrode cutout portions 13 and 14  (15 

and 16). 

[0117] As described above, in the present invention , 

during a photomask process of forming the logic gat e 

electrodes G5 and G6 in the peripheral circuit regi on ER2, 

the surrounding conductive layer Ga (Gb) in the mem ory 

circuit region ER1 is divided into the first select  gate 

electrode G2a (G2b) and the second select gate elec trode 

G3a (G3b) electrically separated from each other.  Thus, 

the first select gate electrodes G2a and G2b and th e 

second select gate electrodes G3a and G3b, which ar e 

separately controllable, are formed without perform ing an 

extra dedicated photomask process of fabricating on ly the 

memory circuit region ER1 in addition to convention al 

dedicated photomask process of fabricating only a m emory 

circuit region.  Thereby, production cost is reduce d. 

[0118] In the method for producing the semiconducto r 

integrated circuit device 1, a dedicated photomask 

process of patterning a resist by using at least on e 

photomask dedicated to fabrication of the memory ci rcuit 

region ER1 includes a total of four steps: (i) the first 

photomask processing step (FIG. 5B) of forming a ch annel 
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formation layer by implanting impurities into porti ons of 

the substrate surface where the memory gate structu res 4a 

and 4b are to be formed, and removing the sacrifici al 

oxide film 30a in the memory circuit region ER1, (i i) the 

second photomask processing step (FIG. 6A) of formi ng the 

memory gate electrodes G1a and G1b by patterning th e 

memory gate electrode conductive layer 35, (iii) th e 

third photomask processing step (FIG. 7B) of formin g a 

channel formation layer by implanting impurities to  

portions where the first select gate electrodes G2a  and 

G2b and the second select gate electrodes G3a and G 3b are 

to be formed, and (iv) the fourth photomask process ing 

step (contact formation photomask processing step ( FIGS. 

10A and 10B)) of forming the surrounding conductive  

layers Ga and Gb and the contact formation conducti ve 

layers 10a, 11a, 10b, and 11b in the memory circuit  

region ER1. 

[0119] Accordingly, in the method of producing the 

semiconductor integrated circuit device 1, an extra  

production process corresponding to four photomasks  in 

addition to a typical process of producing a periph eral 

circuit allows incorporation of the memory cells 3a , 3c, 

3e, 3b, 3d, and 3f, in which the first select gate 

electrode G2a (G2b) and the second select gate elec trode 

G3a (G3b) disposed with the memory gate electrode G 1a 

(G1b) therebetween are separately controllable.  Th ereby, 

cost is reduced. 
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[0120] (4) Production methods according to other 

embodiments without third photomask processing step  

 In the above-described embodiment, the dedicated 

photomask process of patterning a resist by using a t 

least one photomask dedicated to fabrication of the  

memory circuit region ER1 includes a total of four steps: 

the first photomask processing step, the second pho tomask 

processing step, the third photomask processing ste p, and 

the fourth photomask processing step for a contact 

formation conductive layer.  However, the present 

invention is not limited thereto.  The dedicated 

photomask process may include a total of three step s: the 

first photomask processing step, the second photoma sk 

processing step, and the contact formation photomas k 

processing step (corresponding to the above-describ ed 

fourth photomask processing step), without the impu rity 

implantation in the third photomask processing step . 

[0121] In other words, it is not necessary to perfo rm the 

third photomask processing step in a case in which each 

of the completed first select gate structures 5a an d 5b 

and second select gate structures 6a and 6b achieve s a 

desired threshold voltage (Vth) without the impurit y 

implantation in the third photomask processing step .  In 

that case, the third photomask processing step may be 

omitted. 

[0122] In such a production method without the thir d 

photomask processing step, the sidewall spacers 27a  
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covering the memory gate structures 4a and 4b (FIG.  6B) 

are formed as illustrated in FIG. 7A (sidewall spac er 

formation step).  Then, the sacrificial oxide film 30a in 

the peripheral circuit region ER2 is removed by usi ng, 

for example, hydrofluoric acid.  Thereafter, as 

illustrated in FIG. 7C, for example, the thermal 

oxidation method is employed to form the gate insul ating 

films 25a and 25b on the portions of the memory cir cuit 

region ER1 where the first select gate electrode G2 a and 

G2b (FIG. 1) and the second select gate electrodes G3a 

and G3b (FIG. 1) are to be formed.  The thermal oxi dation 

method is also employed to form the gate insulating  films 

29a and 29b on the portions of the peripheral circu it 

region ER2 where the logic gate electrodes G5 and G 6 (FIG. 

1) are to be formed.  Then, similar to the producti on 

method of the above-described embodiment, the 

semiconductor integrated circuit device 1 illustrat ed in 

FIG. 1 is produced through the production steps 

illustrated in FIGS. 8 to 12. 

[0123] In the present embodiment without the third 

photomask processing step, the memory cells 3a, 3b,  3c, 

3d, 3e, and 3f are incorporated through the product ion 

process, in which only the steps corresponding to t he 

three photomasks are performed in addition to a typ ical 

process for producing the peripheral-circuit.  In t he 

memory cells 3a, 3b, 3c, 3d, 3e, and 3f, the first select 

gate electrode G2a and G2b and the second select ga te 
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electrodes G3a and G3b are formed to sandwich the m emory 

gate electrodes G1a and G1b, and are separately 

controlled.  Thus, the production method without th e 

third photomask processing step uses a reduced numb er of 

photomasks as compared to the production method of the 

above-described embodiment, resulting in cost reduc tion. 

[0124] (5) Other embodiments 

 The present invention is not limited to the presen t 

embodiment, but various modifications are possible within 

the scope of the present invention.  For example, t he 

number of the memory cells 3a, 3b, 3c, 3d, 3e, and 3f, 

the number of the peripheral circuits 18 and 19, th e 

number of the contact formation conductive layers 1 0a, 

11a, 10b, and 11b, and the number of the select gat e 

electrode cutout portions 13, 14, 15, and 16 may be  any 

other numbers.  The conductivity types of the memor y well 

W1, and the logic wells W2 and W3 may be of any one  of 

the N type or the P type. 

[0125] In the above-described embodiment, for examp le, 

the contact formation conductive layers 10a and 11a  of 

the first column and the select gate electrode cuto ut 

portions 13 and 14 may be disposed at any positions  to 

allow the first select gate electrode G2a continuou s with 

the contact formation conductive layer 10a and the second 

select gate electrode G3a continuous with the conta ct 

formation conductive layer 11a to be electrically 

separated from each other to achieve separate contr ol of 
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the first select gate electrode G2a and the second select 

gate electrode G3a. 

[0126] For example, the select gate electrode cutou t 

portions 13, 14, 15, and 16 may be disposed at four  

corners of the rectangular surrounding conductive l ayer 

Ga.  In this case, the end of the first select gate  

electrode G2a and the end of the second select gate  

electrode G3a are not disposed along one straight l ine, 

but orthogonally disposed at a predetermined distan ce 

therebetween. 

[0127] For example, in the memory circuit region ER 1 of 

the semiconductor integrated circuit device 1 illus trated 

in FIG. 1, the single contact formation conductive layer 

10a and the single select gate electrode cutout por tion 

13 are provided in the gate-contact cutout region E R12, 

and the single contact formation conductive layer 1 1a and 

the single select gate electrode cutout portion 14 are 

provided in the gate-contact cutout region ER13.  H owever, 

the present invention is not limited thereto.  The two 

contact formation conductive layers 10a and 11a may  be 

provided in the gate-contact cutout region ER12, th e 

single select gate electrode cutout portion 13 may be 

disposed between the two contact formation conducti ve 

layers 10a and 11a, and the single select gate elec trode 

cutout portion 14 may be provided in the gate-conta ct 

cutout region ER13. 
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[0128] With this configuration, the first select ga te 

electrode G2a continuous with the contact formation  

conductive layer 10a and the second select gate ele ctrode 

G3a continuous with the contact formation conductiv e 

layer 11a are electrically separated from each othe r to 

allow separate control of the first select gate ele ctrode 

G2a and the second select gate electrode G3a. 

[0129] In other words, in the method for producing a 

semiconductor integrated circuit device of the pres ent 

invention, when the surrounding conductive layer Ga  is 

provided with the two or more contact formation 

conductive layers 10a, 11a, ..., the select gate 

electrode cutout portions 13, 14, ... may be dispos ed at 

the positions where select gate electrodes provided  

continuously with the contact formation conductive layers 

10a, 11a, ... are electrically separated from each other. 

[0130] In the above-described embodiment, the perip heral 

circuits 18 and 19 may be other various peripheral 

circuits (direct peripheral circuits) such as a sen se 

amplifier, a column decoder, and a row decoder disp osed 

in the same area as that of the memory cells 3a, 3b , 3c, 

3d, 3e, and 3f.  The peripheral circuits 18 and 19 may be 

other various peripheral circuits, such as a CPU, a n ASIC, 

and an input and output circuit, which are disposed  in an 

area different from that of the memory cells 3a, 3b , 3c, 

3d, 3e, and 3f. 
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Reference Sings List 

[0131] 1 semiconductor integrated circuit device 

  3a, 3b, 3c, 3d, 3e, 3f memory cell 

  4a, 4b memory gate structure 

  5a, 5b first select gate structure 

  6a, 6b second select gate structure 

  G1a, G1b memory gate electrode 

  G2a, G2b first select gate electrode 

  G3a, G3b second select gate electrode 

  EC charge storage layer 

  23a lower gate insulating film 

  23b upper gate insulating film 

  Rr1a, Rr1b resist 
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Claims 

 

 1. A method for producing a semiconductor integrat ed 

circuit device comprising a memory circuit region a nd a 

peripheral circuit region, the memory circuit regio n 

including a memory cell in which a memory gate stru cture 

is disposed between a first select gate structure a nd a 

second select gate structure through a sidewall spa cer, 

the first select gate structure including a first s elect 

gate electrode, the second select gate structure 

including a second select gate electrode, the perip heral 

circuit region including a logic gate structure of a 

peripheral circuit, the method comprising: 

 a sidewall spacer formation step of forming the 

memory gate structure in the memory circuit region and 

then forming the sidewall spacer covering the memor y gate 

structure, the memory gate structure including a lo wer 

gate insulating film, a charge storage layer, an up per 

gate insulating film, and a memory gate electrode s tacked 

in this order; 

 a conductive layer formation step of stacking a ga te 

insulating film and a conductive layer in this orde r in 

the memory circuit region formed with the memory ga te 

structure and in the peripheral circuit region; 

 a conductive layer patterning step of etching back  

the conductive layer in the memory circuit region w hile 

leaving intact the conductive layer in the peripher al 
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circuit region, so as to form a sidewall-shaped 

surrounding conductive layer around the memory gate  

electrode and along the sidewall spacer; and 

 a gate electrode formation step of patterning the 

conductive layer in the peripheral circuit region b y 

using a resist patterned by using a photomask, so a s to 

form a logic gate electrode of the logic gate struc ture 

on the gate insulating film, and removing at least a part 

of the surrounding conductive layer in the memory c ircuit 

region by using the resist, so as to divide the 

surrounding conductive layer into the first select gate 

electrode and the second select gate electrode, the  

second select gate electrode being electrically sep arated 

from the first select gate electrode. 

 

 2. The method for producing a semiconductor 

integrated circuit device according to claim 1, fur ther 

comprising, before the sidewall spacer formation st ep, a 

first photomask processing step of implanting impur ities 

by using a resist into a portion of the memory circ uit 

region where the memory gate structure is to be for med, 

so as to form a channel formation layer, the resist  being 

patterned by using a first photomask dedicated to 

fabrication of the memory circuit region,  

 wherein the sidewall spacer formation step include s 

a second photomask processing step of forming a mem ory 

gate electrode conductive layer on the upper gate 
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insulating film and then patterning the memory gate  

electrode conductive layer by using a resist, so as  to 

form the memory gate electrode, the resist being 

patterned by using a second photomask dedicated to 

fabrication of the memory circuit region, 

 the conductive layer patterning step includes a 

contact formation photomask processing step of form ing 

the surrounding conductive layer and the contact 

formation conductive layer in the memory circuit re gion 

by using a resist patterned by using another photom ask 

dedicated to fabrication of the memory circuit regi on, 

and 

 a dedicated photomask process using at least one 

photomask dedicated to formation of the memory cell  in 

the memory circuit region includes a total of three  steps, 

the three steps being the first photomask processin g step, 

the second photomask processing step, and the conta ct 

formation photomask processing step. 

 

 3. The method for producing a semiconductor 

integrated circuit device according to claim 2, whe rein 

 the conductive layer patterning step includes, 

before the contact formation photomask processing s tep, a 

third photomask processing step of implanting impur ities 

by using a resist into portions of the memory circu it 

region where the first select gate electrode and th e 

second select gate electrode are to be formed, so a s to 
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form a channel formation layer on a substrate surfa ce 

that is to be facing the first select gate electrod e and 

the second select gate electrode, the resist being 

patterned by using a third photomask dedicated to 

fabrication of the memory circuit region, and 

 the dedicated photomask process includes a total o f 

four steps, the four steps being the first photomas k 

processing step, the second photomask processing st ep, 

the third photomask processing step, and the contac t 

formation photomask processing step. 

 

 4. The method for producing a semiconductor 

integrated circuit device according to any one of c laims 

1 to 3, wherein 

 the first select gate electrode formed in the gate  

electrode formation step is connected to a first se lect 

gate line, 

 the second select gate electrode formed in the gat e 

electrode formation step is connected to a second s elect 

gate line different from the first select gate line , and 

 the memory gate electrode is connected to a memory  

gate line. 

 

 5. A semiconductor integrated circuit device 

comprising: 

 a memory circuit region including a memory cell in  

which a memory gate structure is disposed between a  first 
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select gate structure and a second select gate stru cture 

through a sidewall spacer, the first select gate 

structure including a first select gate electrode, the 

second select gate structure including a second sel ect 

gate electrode; and 

 a peripheral circuit region including a logic gate  

structure of a peripheral circuit, 

 wherein the logic gate structure has a configurati on 

in which a logic gate electrode made of a conductiv e 

layer same as a conductive layer of the first selec t gate 

electrode and the second select gate electrode is 

disposed on a gate insulating film, 

 the memory gate structure has a configuration in 

which a lower gate insulating film, a charge storag e 

layer, an upper gate insulating film, and a memory gate 

electrode are stacked in this order, and 

 the first select gate electrode and the second 

select gate electrode are sidewall-shaped along the  

sidewall spacer on a sidewall of the memory gate 

electrode, and disposed along one line surrounding the 

memory gate electrode, and electrically separated f rom 

each other by a plurality of select gate electrode cutout 

portions at which the first select gate electrode a nd the 

second select gate electrode are absent. 


