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Description 

 

Title of Invention: NON-VOLATILE SEMICONDUCTOR STOR AGE 

DEVICE 

 

Technical Field 

[0001] The present invention relates to a non-volat ile 

semiconductor memory device. 

 

Background Art 

[0002] In a conventional memory cell disclosed in 

Japanese Patent Laid-Open No. 2011-129816 (Patent 

Literature 1), a memory gate structure is disposed 

between two select gate structures (refer to FIG. 1 5 in 

Patent Literature 1).  This memory cell includes a drain 

region connected with a bit line, and a source regi on 

connected with a source line.  A select gate struct ure, a 

memory gate structure, and another select gate stru cture 

are disposed in this order on a well between the dr ain 

and source regions.  In the memory cell thus config ured, 

the memory gate structure includes a charge storage  layer.  

Data is programmed by injecting charge into the cha rge 

storage layer and erased by removing the charge ins ide 

the charge storage layer. 

[0003] FIG. 9 is a schematic view illustrating an 

exemplary circuit configuration of a conventional n on-

volatile semiconductor memory device 100.  In this case, 

the non-volatile semiconductor memory device 100 in cludes, 

for example, a plurality of memory cells 102a, 102b , 102c, 

102d, 102e, 102f, 102g, and 102h arranged in a matr ix of 

rows and columns.  Memory cell formation parts 101a , 101b, 

101c, and 101d are provided for respective pairs of  the 

memory cells 102a, 102b, 102c, 102d, 102e, 102f, 10 2g, 

and 102h arranged in the row direction. 
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[0004] In the non-volatile semiconductor memory dev ice 

100, one bit line BL1 (BL2) is shared by the memory  cells 

102a, 102c, 102e, and 102g (102b, 102d, 102f, and 1 02h), 

which are arranged in the column direction among th e 

memory cells 102a, 102b, 102c, 102d, 102e, 102f, 10 2g, 

and 102h.  A bit voltage is evenly applied to each of the 

bit lines BL1 and BL2.  In the non-volatile semicon ductor 

memory device 100, for example, the memory cell for mation 

parts 101a, 101b, 101c, and 101d share respective m emory 

gate lines MGL1, MGL2, MGL3, and MGL4 and respectiv e 

drain side select gate lines DGL1, DGL2, DGL3, and DGL4.  

A predetermined voltage is applied to each of the m emory 

gate lines MGL1, MGL2, MGL3, and MGL4 and each of t he 

drain side select gate lines DGL1, DGL2, DGL3, and DGL4. 

[0005] In the non-volatile semiconductor memory dev ice 

100, one source side select gate line SGL and one s ource 

line SL are shared by all memory cells 102a, 102b, 102c, 

102d, 102e, 102f, 102g, and 102h.  A predetermined source 

gate voltage is applied to the source side select g ate 

line SGL, and a predetermined source voltage is app lied 

to the source line SL. 

[0006] The memory cells 102a, 102b, 102c, 102d, 102 e, 

102f, 102g, and 102h have identical configurations.   For 

example, the memory cell 102a includes a memory gat e 

electrode MG connected with a memory gate line MGL1 , a 

drain side select gate electrode DG connected with a 

drain side select gate line DGL1, and a source side  

select gate electrode SG connected with the source side 

select gate line SGL.  The memory cells 102a, 102b,  102c, 

102d, 102e, 102f, 102g, and 102h each becomes a dat a 

programmed state when charge is injected into a cha rge 

storage layer EC by a quantum tunneling effect caus ed by 

a voltage difference between the memory gate electr ode MG 

and a channel layer. 
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[0007] At a data reading operation to read, for exa mple, 

data programmed to the memory cell 102a on the firs t row 

and the first column in the conventional non-volati le 

semiconductor memory device 100, a reading voltage of 1.5 

V is applied to the bit line BL1 connected with the  

memory cell (hereinafter also referred to as a data  

reading cell) 102a from which data is to be read, w hereas 

a non-reading voltage of 0 V is applied to the bit line 

BL2 connected with the memory cells 102b, 102d, 102 f, and 

102h from which no data is to be read. 

[0008] Simultaneously, in the non-volatile semicond uctor 

memory device 100, a voltage of 0 V is applied to t he 

memory gate line MGL1, MGL2, MGL3, MLG4, a voltage of 1.5 

V is applied to the source side select gate line SG L, and 

a voltage of 0 V is applied to the source line SL.  

Simultaneously, in the non-volatile semiconductor m emory 

device 100, a reading gate voltage of 1.5 V is appl ied to 

the drain side select gate line DGL1 connected with  the 

data reading cell 102a, whereas a non-reading gate 

voltage of 0 V is applied the drain side select gat e 

lines DGL2, DGL3, and DGL4 connected with the memor y 

cells 102c, 102d, 102e, 102f, 102g, and 102h from w hich 

no data is to be read. 

[0009] Accordingly, in the data reading cell 102a, the 

well directly below the drain side select gate elec trode 

DG connected with the bit line BL1 becomes a conduc tive 

state, whereas the well directly below the memory g ate 

electrode MG is a non-conductive state when charge is 

stored in the charge storage layer EC (data is 

programmed).  Accordingly, electrical connection be tween 

the source line SL and the bit line BL1 is blocked to 

maintain intactly the reading voltage of 1.5 V appl ied to 

the bit line BL1. 

[0010] When no charge is stored in the charge stora ge 

layer EC of the data reading cell 102a (when no dat a is 
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programmed), the well directly below the memory gat e 

electrode MG is in a conductive state, the source l ine SL 

at 0 V and the bit line BL1 at 1.5 V are electrical ly 

connected with each other through the data reading cell 

102a, and the reading voltage of 1.5 V applied to t he bit 

line BL1 decreases due to the source line SL at 0 V  

accordingly. 

[0011] Simultaneously, in the other memory cells 10 2c, 

102e, and 102g sharing the bit line BL1 with the da ta 

reading cell 102a, the well directly below the drai n side 

select gate electrode DG becomes a non-conductive s tate 

due to voltage differences between the respective d rain 

side select gate lines DGL2, DGL3, and DGL4 and the  bit 

line BL1, and has no influence on the reading volta ge of 

1.5 V applied to the bit line BL1.  Accordingly, th e non-

volatile semiconductor memory device 100 can detect  

whether charge is stored in the charge storage laye r EC 

of the data reading cell 102a by detecting whether the 

reading voltage applied to the bit line BL1 has cha nged. 

[0012] The following describes, for example, a plan ar 

layout of the memory cell formation part 101a among  the 

memory cell formation parts 101a, 101b, 101c, and 1 01d 

provided in the non-volatile semiconductor memory d evice 

100 thus configured.  The planar layout of the memo ry 

cell formation part 101a is, for example, a planar layout 

as illustrated in FIG. 10.  FIG. 10 is a schematic view 

illustrating an exemplary planar layout of the memo ry 

cell formation part 101a when viewed from above a 

semiconductor substrate.  The following describes t he 

memory cell formation part 101a in which the three memory 

cells 102a, 102b, and 102c are provided. 

[0013] In this case, the memory cell formation part  101a 

includes a memory cell region ER3 in which the memo ry 

cells 102a, 102b, and 102c are disposed.  A select gate 

contact region ER6 is disposed at one end of the me mory 
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cell region ER3, and another select gate contact re gion 

ER7 is disposed at the other end of the memory cell  

region ER3.  A physical disconnection region ER1 (E R5) is 

disposed at an end of the select gate contact regio n ER6 

(ER7) through an electrical disconnection region ER 2 

(ER4). 

[0014] In this case, the memory cell formation part  101a 

includes the strip-shaped memory gate electrode MG 

extending across the physical disconnection region ER1, 

the electrical disconnection region ER2, the select  gate 

contact region ER6, the memory cell region ER3, the  

select gate contact region ER7, the electrical 

disconnection region ER4, and the physical disconne ction 

region ER5.  A memory gate contact MGC is provided on the 

memory gate electrode MG in, for example, the physi cal 

disconnection regions ER1 and ER5. 

[0015] The memory cell region ER3 includes a well W  

having a predetermined shape and disposed on a surf ace of 

the semiconductor substrate.  For example, the memo ry 

gate electrode MG intersects strip-shaped memory 

disposition regions W1, W2, and W3 of the well W.  The 

memory disposition regions W1, W2, and W3 are each 

divided into a source region WS and a drain region WD 

with the memory gate electrode MG interposed thereb etween.  

In the memory cell formation part 101a, the source 

regions WS of the memory disposition regions W1, W2 , and 

W3 are provided continuously with each other.  A 

predetermined source voltage is evenly applied to e ach 

source region WS through a column-shaped source con tact 

SC connected with the source line SL (FIG. 9). 

[0016] In the memory cell formation part 101a, the drain 

regions WD of the memory disposition regions W1, W2 , and 

W3 are separated from each other.  Predetermined bi t 

voltages are individually applied from the differen t bit 

lines BL1, BL2, ... to the respective drain regions  WD 



- 6 - 

through bit contacts BC provided to the respective drain 

regions WD. 

[0017] In the memory cell region ER3 of the memory cell 

formation part 101a, a first sidewall 112 of the me mory 

gate electrode MG is disposed in the drain regions WD of 

the well W, and the drain side select gate electrod e DG 

is disposed along this sidewall 112.  A second side wall 

111 of the memory gate electrode MG is disposed in the 

source regions WS of the well W, and the source sid e 

select gate electrode SG is disposed along this sid ewall 

111.  In this case, the drain side select gate elec trode 

DG and the source side select gate electrode SG tog ether 

with the memory gate electrode MG are shared by the  

memory cells 102a, 102b, and 102c arranged in the r ow 

direction.  The drain side select gate electrode DG  and 

the source side select gate electrode SG are insula ted 

from the memory gate electrode MG through a sidewal l 

spacer (not illustrated) made of an insulation mate rial. 

[0018] The drain side select gate electrode DG incl udes a 

wide select gate contact formation part Ca provided  with 

a drain side select gate contact DGC in the select gate 

contact region ER6.  A predetermined voltage from t he 

drain side select gate line DGL2 (FIG. 9) is applie d to 

the drain side select gate electrode DG through the  drain 

side select gate contact DGC and the select gate co ntact 

formation part Ca. 

[0019] The source side select gate electrode SG inc ludes 

a wide select gate contact formation part Cb provid ed 

with a source side select gate contact SGC in the s elect 

gate contact region ER7.  A predetermined voltage f rom 

the source side select gate line SGL (FIG. 9) is ap plied 

to the source side select gate electrode SG through  the 

source side select gate contact SGC and the select gate 

contact formation part Cb. 
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[0020] In addition, the memory gate electrode MG ex tends 

to the electrical disconnection regions ER2 and ER4  from 

the memory cell region ER3, but the drain side sele ct 

gate electrode DG and the source side select gate 

electrode SG do not extend to the electrical 

disconnection regions ER2 and ER4 unlike the memory  cell 

region ER3.  Electrical disconnection portions 103a  and 

103b serving as a p-i-n junction are disposed in pl ace of 

the drain side select gate electrode DG and the sou rce 

side select gate electrode SG.  The electrical 

disconnection portions 103a and 103b each includes i-type 

intrinsic semiconductor layers Ia and Ib, and an 

opposite-conductivity-type semiconductor layer OC o f a 

conductivity type (in this case, p-type) different from a 

conductivity type of the drain side select gate ele ctrode 

DG and the source side select gate electrode SG.  T he 

intrinsic semiconductor layers Ia and Ib and the 

opposite-conductivity-type semiconductor layer OC a re 

arranged along each of the sidewalls 111 and 112 of  the 

memory gate electrode MG in the order of the intrin sic 

semiconductor layer Ia, the opposite-conductivity-t ype 

semiconductor layer OC, and the intrinsic semicondu ctor 

layer Ib. 

[0021] In this manner, in the electrical disconnect ion 

regions ER2 and ER4 of the memory cell formation pa rt 

101a, the i-type intrinsic semiconductor layer Ia, the p-

type opposite-conductivity-type semiconductor layer  OC, 

and the i-type intrinsic semiconductor layer Ib are  

arranged in this order from each of the n-type drai n side 

select gate electrode DG and the n-type source side  

select gate electrode SG.  With this configuration,  p-i-n 

junctions are disposed at ends of each of the n-typ e 

drain side select gate electrode DG and the n-type source 

side select gate electrode SG, thereby providing 

electrical disconnection of the drain side select g ate 
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electrode DG and the source side select gate electr ode SG 

at two places of the corresponding electrical 

disconnection portions 103a and 103b. 

[0022] In the physical disconnection regions ER1 an d ER5 

at the ends of the electrical disconnection regions  ER2 

and ER4, no conduction layer made of, for example, a 

semiconductor material is disposed along the sidewa lls 

111 and 112 and end walls 113 of the memory gate 

electrode MG, thereby providing physical disconnect ion 

portions 104 in which the drain side select gate 

electrode DG and the source side select gate electr ode SG 

are not in contact with each other.  With this 

configuration, in the memory cell formation part 10 1a, 

the drain side select gate electrode DG and the sou rce 

side select gate electrode SG are insulated from ea ch 

other not only through the two electrical disconnec tion 

portions 103a and 103b but through the physical 

disconnection portions 104 in the physical disconne ction 

regions ER1 and ER5.  Accordingly, predetermined vo ltages 

can be independently applied to the drain side sele ct 

gate electrode DG and the source side select gate 

electrode SG. 

 

Citation List 

Patent Literature 

[0023] Patent Literature 1: Japanese Patent Laid-Op en No. 

2011-129816 

 

Summary of Invention 

Technical Problem 

[0024] In the memory cell formation part 101a thus 

configured, electrical connection between the drain  side 

select gate electrode DG and the source side select  gate 

electrode SG is prevented by each set of two of the  

electrical disconnection portions 103a and 103b and  one 
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of the physical disconnection portions 104.  Howeve r, for 

some reasons, failure potentially occurs to the 

electrical disconnection portions 103a and 103b and  the 

physical disconnection portions 104 to achieve the 

electrical connection between the drain side select  gate 

electrode DG and the source side select gate electr ode SG 

in some cases. 

[0025] For example, at a data reading operation to read 

data from the memory cell 102a on the first row and  the 

first column as illustrated in FIG. 9, when a short -

circuit defect occurs to the memory cell formation part 

101b from which no data is to be read due to the 

electrical connection between the drain side select  gate 

electrode DG and the source side select gate electr ode SG, 

the drain side select gate line DGL2 at 0 V and the  

source side select gate line SGL at 1.5 V are 

electrically connected with each other at the memor y cell 

formation part 101b (illustrated as a wire L in FIG . 9). 

[0026] As a result, the voltage of 0 V applied to t he 

drain side select gate line DGL2 increases or the v oltage 

of 1.5 V applied to the source side select gate lin e SGL 

shared by all memory cells 102a, 102b, ... decrease s in 

the non-volatile semiconductor memory device 100, a nd 

accordingly, a false reading operation potentially occurs 

due to voltage variation in the drain side select g ate 

line DGL2 and the source side select gate line SGL.  

[0027] For this reason, it is desired to provide fu rther 

measures for preventing the occurrence of the elect rical 

connection between the drain side select gate elect rode 

DG and the source side select gate electrode SG in the 

non-volatile semiconductor memory device 100, there by 

preventing any false reading operation occurring du e to 

voltage variation at a data reading operation as co mpared 

to conventional cases. 
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[0028] The present invention is intended to solve t he 

above-described problem by providing a non-volatile  

semiconductor memory device capable of preventing a ny 

false reading operation occurring due to voltage 

variation at a data reading operation as compared t o 

conventional cases. 

 

Solution to Problem 

[0029] To solve the above-described problem, a non-

volatile semiconductor memory device according to c laim 1 

is a non-volatile semiconductor memory device inclu ding a 

plurality of memory cell formation parts.  Each mem ory 

cell formation part includes: a first select gate 

structure including a first select gate electrode o n a 

well of a semiconductor substrate through a first s elect 

gate insulating film; a second select gate structur e 

including a second select gate electrode on the wel l 

through a second select gate insulating film; a mem ory 

gate structure provided between the first select ga te 

structure and the second select gate structure thro ugh 

sidewall spacers and including a lower gate insulat ing 

film, a charge storage layer, an upper gate insulat ing 

film, and a memory gate electrode stacked on the we ll in 

this order; and an extended electrode portion as an  

extension portion extending from the memory gate 

electrode in a select gate formation region in whic h the 

first select gate structure and the second select g ate 

structure are disposed facing each other.  Three or  more 

opposite-conductivity-type semiconductor layers of a 

conductivity type different from a conductivity typ e of 

the first select gate electrode and the second sele ct 

gate electrode, or three or more intrinsic semicond uctor 

layers are provided on sidewalls of the extended 

electrode portion. 
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[0030] A non-volatile semiconductor memory device 

according to claim 2 is a non-volatile semiconducto r 

memory device including a plurality of memory cell 

formation parts.  Each memory cell formation part 

includes: a first select gate structure including a  first 

select gate electrode on a well of a semiconductor 

substrate through a first select gate insulating fi lm; a 

second select gate structure including a second sel ect 

gate electrode on the well through a second select gate 

insulating film; and a memory gate structure provid ed 

between the first select gate structure and the sec ond 

select gate structure through sidewall spacers and 

including a lower gate insulating film, a charge st orage 

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

electrode stacked on the well in this order.  An ex tended 

electrode portion as an extension portion extending  from 

the memory gate electrode in a select gate formatio n 

region connects one memory cell formation part and the 

other memory cell formation part.  The first select  gate 

structure and the second select gate structure are 

disposed facing each other in the select gate forma tion 

region.  Three or more opposite-conductivity-type 

semiconductor layers of a conductivity type differe nt 

from a conductivity type of the first select gate 

electrode and the second select gate electrode, or three 

or more intrinsic semiconductor layers are provided  on 

sidewalls of the extended electrode portion. 

 

Advantageous Effects of Invention 

[0031] In the non-volatile semiconductor memory dev ice 

according to claim 1 of the present invention, the three 

or more opposite-conductivity-type semiconductor la yers, 

or the three or more intrinsic semiconductor layers  for 

achieving disconnection between the first select ga te 

electrode and the second select gate electrode are 
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provided along the sidewalls of the extended electr ode 

portion so that the first select gate electrode and  the 

second select gate electrode are disconnected from each 

other at the increased number of places as compared  to 

conventional cases, thereby preventing any false re ading 

operation occurring due to voltage variation at a d ata 

reading operation as compared to conventional cases . 

[0032] In the non-volatile semiconductor memory dev ice 

according to claim 2 of the present invention, the three 

or more opposite-conductivity-type semiconductor la yers, 

or the three or more intrinsic semiconductor layers  for 

disconnecting electrical connection between the fir st 

select gate electrode of a first memory cell format ion 

part and the first select gate electrode or the sec ond 

select gate electrode of a second memory cell forma tion 

part are provided along the sidewalls of the extend ed 

electrode portion so that the first select gate ele ctrode 

of the first memory cell formation part and the fir st 

select gate electrode or the second select gate ele ctrode 

of the second memory cell formation part are discon nected 

from each other at the increased number of places a s 

compared to conventional cases, thereby preventing any 

false reading operation occurring due to voltage 

variation at a data reading operation as compared t o 

conventional cases. 

 

Brief Description of Drawings 

[0033] FIG. 1 is a schematic view illustrating a 

sectional configuration of a memory cell included i n a 

non-volatile semiconductor memory device according to the 

present invention. 

 FIG. 2 is a schematic view illustrating a circuit 

configuration of the non-volatile semiconductor mem ory 

device according to the present invention. 
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 FIG. 3 is a table listing voltage values of the no n-

volatile semiconductor memory device at various 

operations. 

 FIG. 4 is a schematic view illustrating a planar 

layout of a non-volatile semiconductor memory devic e 

according to a first embodiment. 

 FIG. 5 is a schematic view illustrating a planar 

layout of a non-volatile semiconductor memory devic e 

according to a second embodiment. 

 FIG. 6 is a schematic view illustrating a planar 

layout of a non-volatile semiconductor memory devic e 

according to a third embodiment. 

 FIG. 7 is a schematic view illustrating a planar 

layout of a non-volatile semiconductor memory devic e 

according to a fourth embodiment. 

 FIG. 8 is a schematic view illustrating a planar 

layout of a non-volatile semiconductor memory devic e 

according to another embodiment. 

 FIG. 9 is a schematic view illustrating a circuit 

configuration of a conventional non-volatile 

semiconductor memory device. 

 FIG. 10 is a schematic view illustrating a planar 

layout of a conventional memory cell formation part . 

 

Description of Embodiments 

[0034] Hereinafter, embodiments of the present inve ntion 

will be described in the following order. 

<1. First embodiment> 

 1-1. Configuration of memory cell 

 1-2. Circuit configuration of non-volatile 

semiconductor memory device according to the presen t 

invention 

 1-3. Voltages in non-volatile semiconductor memory  

device at various operations 
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 1-4. Planar layout of non-volatile semiconductor 

memory device 

 1-5. Operations and effects 

<2. Planar layout of non-volatile semiconductor mem ory 

device according to second embodiment> 

<3. Planar layout of non-volatile semiconductor mem ory 

device according to third embodiment> 

<4. Planar layout of non-volatile semiconductor mem ory 

device according to fourth embodiment> 

<5. Other embodiments> 

<6. Positional relation between electrical and phys ical 

disconnection regions> 

[0035] (1) First embodiment 

 (1-1) Configuration of memory cell 

 The following first describes the configuration of  

each of memory cells arranged in a matrix of rows a nd 

columns in a non-volatile semiconductor memory devi ce 

according to the present invention.  As illustrated  in 

FIG. 1, a memory cell 2a includes a memory gate str ucture 

4a, a drain side select gate structure 5a, and a so urce 

side select gate structure 6a disposed on a well W made 

of, for example, P-type Si.  The memory gate struct ure 4a 

is included in an N-type transistor structure.  The  drain 

side select gate structure 5a is included in an N-t ype 

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

The source side select gate structure 6a is include d in 

an N-type MOS transistor structure. 

[0036] A drain region WD and a source region WS are  

spaced at a predetermined distance on a surface of the 

well W.  The drain region WD is disposed at one end  of 

the drain side select gate structure 5a, and the so urce 

region WS is disposed at one end of the source side  

select gate structure 6a.  The drain region WD is 

connected with a bit line BL1, and the source regio n WS 

is connected with a source line SL.  A low concentr ation 
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drain region WDa is disposed adjacent to the drain region 

WD on the surface of the well W.  A sidewall struct ure SW 

along a sidewall of the drain side select gate stru cture 

5a is disposed on the low concentration drain regio n WDa.  

A low concentration source region WSa is disposed 

adjacent to the source region WS on the surface of the 

well W.  Another sidewall structure SW along a side wall 

of the source side select gate structure 6a is disp osed 

on the low concentration source region WSa. 

[0037] The memory gate structure 4a includes a char ge 

storage layer EC on the well W between the low 

concentration drain region WDa and the low concentr ation 

source region WSa through a lower gate insulating f ilm Bo 

made of an insulation material such as SiO 2.  The charge 

storage layer EC is made of, for example, silicon n itride 

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

hafnia (HfO2).  The memory gate structure 4a furthe r 

includes a memory gate electrode MG on the charge s torage 

layer EC through an upper gate insulating film Tp m ade of 

an insulation material.  Accordingly, the memory ga te 

structure 4a has a configuration in which the charg e 

storage layer EC is insulated from the well W and t he 

memory gate electrode MG through the lower gate 

insulating film Bo and the upper gate insulating fi lm Tp. 

[0038] In addition to this configuration, a cap fil m CP 

made of an insulation material is disposed on the m emory 

gate electrode MG in the memory gate structure 4a.  A 

silicide layer S1 on an upper surface of the drain side 

select gate structure 5a and a silicide layer S2 on  an 

upper surface of the source side select gate struct ure 6a 

are disposed separately from an upper surface of th e 

memory gate electrode MG by the thickness of the ca p film 

CP.  With this configuration, no silicide layer is 

disposed on the upper surface of the memory gate 
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electrode MG in a region of the memory cell 2a, and  the 

memory gate electrode MG is covered by the cap film  CP. 

[0039] In the present embodiment, the cap film CP h as a 

laminated structure in which an upper cap layer CPb  is 

stacked on a lower cap film CPa.  The lower cap fil m CPa 

is made of an insulation material such as SiO 2, and the 

upper cap layer CPb is made of an insulation materi al 

such as SiN which is different from the insulation 

material of the lower cap film CPa. 

[0040] The memory gate electrode MG of the memory g ate 

structure 4a is provided with a wall-shaped first 

sidewall 11 and a wall-shaped second sidewall 12 di sposed 

facing the first sidewall 11.  In the memory gate 

structure 4a, sidewalls of the lower gate insulatin g film 

Bo, the charge storage layer EC, the upper gate 

insulating film Tp, and the cap film CP are aligned  with 

the first sidewall 11 and the second sidewall 12 of  the 

memory gate electrode MG.  The lower gate insulatin g film 

Bo, the charge storage layer EC, the upper gate 

insulating film Tp, and the cap film CP are dispose d in a 

region between the first sidewall 11 and the second  

sidewall 12 of the memory gate electrode MG. 

[0041] In the memory gate structure 4a, a sidewall spacer 

28a made of an insulation material is disposed alon g the 

second sidewall 12 of the memory gate electrode MG and 

the sidewalls of the lower gate insulating film Bo,  the 

charge storage layer EC, the upper gate insulating film 

Tp, and the cap film CP so that the memory gate str ucture 

4a is disposed adjacent to the drain side select ga te 

structure 5a through the sidewall spacer 28a.  The 

sidewall spacer 28a disposed between the memory gat e 

structure 4a and the drain side select gate structu re 5a 

has the thickness enough to insulate the memory gat e 

structure 4a and the drain side select gate structu re 5a 

from each other.  The thickness of the sidewall spa cer 
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28a between the memory gate structure 4a and the dr ain 

side select gate structure 5a is desirably set in t he 

range of 5 nm to 40 nm inclusive with taken into ac count 

breakdown voltage of the sidewall spacer 28a and re adout 

current between the memory gate structure 4a and th e 

drain side select gate structure 5a. 

[0042] The drain side select gate structure 5a incl udes a 

drain side select gate insulating film 30 on the we ll W 

between the sidewall spacer 28a and the drain regio n WD.  

The drain side select gate insulating film 30 is ma de of 

an insulation material and has the thickness less t han or 

equal to 9 nm, preferably less than or equal to 3 n m.  A 

drain side select gate electrode DG is disposed on the 

drain side select gate insulating film 30.  The sil icide 

layer S1 is disposed an upper surface of the drain side 

select gate electrode DG as a second select gate 

electrode.  The silicide layer S1 is connected with  a 

drain side select gate line DGL1 as a second select  gate 

line. 

[0043] In the memory gate structure 4a, a sidewall spacer 

28b made of an insulation material is disposed alon g the 

first sidewall 11 of the memory gate electrode MG a nd the 

sidewalls of the lower gate insulating film Bo, the  

charge storage layer EC, the upper gate insulating film 

Tp, and the cap film CP.  The memory gate structure  4a is 

disposed adjacent to the source side select gate 

structure 6a through the sidewall spacer 28b.  The 

sidewall spacer 28b disposed between the memory gat e 

structure 4a and the source side select gate struct ure 6a 

has a thickness between 5 nm and 40 nm inclusive sa me as 

the thickness of the sidewall spacer 28a, which is enough 

to insulate the memory gate structure 4a and the so urce 

side select gate structure 6a from each other. 

[0044] The source side select gate structure 6a inc ludes 

a source side select gate insulating film 33 on the  well 
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W between the sidewall spacer 28b and the source re gion 

WS.  The source side select gate insulating film 33  is 

made of an insulation material and has the thicknes s less 

than or equal to 9 nm, preferably less than or equa l to 3 

nm.  A source side select gate electrode SG is disp osed 

on the source side select gate insulating film 33.  The 

silicide layer S2 is disposed on an upper surface o f the 

source side select gate electrode SG as a first sel ect 

gate electrode.  The silicide layer S2 is connected  with 

a source side select gate line SGL as a first selec t gate 

line. 

[0045] Additionally, in the present embodiment, the  

source side select gate electrode SG and the drain side 

select gate electrode DG, which are disposed along the 

first sidewall 11 and the second sidewall 12 of the  

memory gate electrode MG through the sidewall space rs 28a 

and 28b, each has a sidewall shape in which the dis tance 

from the memory gate electrode MG increases such th at the 

top portion of the select gate electrode slopes dow n 

toward the well W. 

[0046] The source side select gate structure 6a and  the 

drain side select gate structure 5a of the memory c ell 2a 

are sidewall-shaped along the respective sidewalls (the 

first sidewall 11 and the second sidewall 12) of th e 

memory gate structure 4a.  With this configuration,  the 

silicide layer S1 on the drain side select gate ele ctrode 

DG and the silicide layer S2 on the source side sel ect 

gate electrode SG are spaced from the memory gate 

electrode MG through the cap film CP on the memory gate 

electrode MG even when the source side select gate 

structure 6a and the drain side select gate structu re 5a 

are disposed close to the memory gate structure 4a.   

Accordingly, short circuit is prevented between the  

silicide layers S1 and S2 and the memory gate elect rode 

MG. 
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[0047] (1-2) Circuit configuration of non-volatile 

semiconductor memory device according to the presen t 

invention 

 The following describes a circuit configuration of  

the non-volatile semiconductor memory device accord ing to 

the present invention.  As illustrated in FIG. 2, t his 

non-volatile semiconductor memory device 1 includes , for 

example, a plurality of memory cells 2a, 2b, 2d, 2e , 2g, 

2h, 2i, and 2j arranged in the matrix.  The memory cells 

2b, 2d, 2e, 2g, 2h, 2i, and 2j have configurations 

identical to the configuration of the memory cell 2 a 

described with reference to FIG. 1, and each includ es the 

memory gate electrode MG connected with a memory ga te 

line MGL, the drain side select gate electrode DG 

connected with the drain side select gate line DGL1  (DGL2, 

DGL3, DGL4), and the source side select gate electr ode SG 

connected with the source side select gate line SGL . 

[0048] The non-volatile semiconductor memory device  1 

includes memory cell formation parts 3a, 3b, 3c, an d 3d 

for the memory cells 2a and 2b, the memory cells 2d  and 

2e, the memory cells 2g and 2h, and the memory cell s 2i 

and 2j, respectively, arranged in the row direction .  A 

predetermined substrate voltage is applied to the m emory 

cells 2a, 2b, 2d, and 2e through, for example, a 

substrate voltage line Back. 

[0049] In the non-volatile semiconductor memory dev ice 1, 

the single bit line BL1 (BL2) is shared by the memo ry 

cells 2a, 2d, 2g, and 2i (2b, 2e, 2h, and 2j) arran ged in 

the column direction among the memory cells 2a, 2b,  2d, 

2e, 2g, 2h, 2i, and 2j.  Predetermined bit voltages  are 

evenly applied, through the bit lines BL1 and BL2, to the 

memory cells 2a, 2d, 2g, and 2i, and the memory cel ls 2b, 

2e, 2h, and 2j, respectively, in the column directi on.  

In addition, the drain side select gate lines DGL1,  DGL2, 

DGL3, and DGL4 are shared by, for example, the memo ry 
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cell formation parts 3a, 3b, 3c, and 3d in the non-

volatile semiconductor memory device 1.  Predetermi ned 

voltages are applied to the memory cell formation p arts 

3a, 3b, 3c, and 3d through the respective drain sid e 

select gate lines DGL1, DGL2, DGL3, and DGL4. 

[0050] In the non-volatile semiconductor memory dev ice 1, 

the single memory gate line MGL, the single source side 

select gate line SGL, and the single source line SL  are 

shared by all memory cells 2a, 2b, 2d, 2e, 2g, 2h, 2i, 

and 2j.  A predetermined memory gate voltage is app lied 

to the memory gate line MGL, a predetermined source  gate 

voltage is applied to the source side select gate l ine 

SGL, and a predetermined source voltage is applied to the 

source line SL. 

[0051] (1-3) Voltages in non-volatile semiconductor  

memory device at various operations 

 The following describes various operations at the 

non-volatile semiconductor memory device 1.  FIG. 3  is a 

table listing an exemplary voltage values at each s ite in 

the non-volatile semiconductor memory device 1 

illustrated in FIG. 2 at a data programming operati on 

("Prog") to inject charge into the charge storage l ayer 

EC of, for example, the memory cell 2a, at a data r eading 

operation ("Read") to detect whether charge is stor ed in 

the charge storage layer EC of the memory cell 2a, or at 

a data erasing operation ("Erase") to remove charge  

inside the charge storage layer EC of, for example,  the 

memory cell 2a. 

[0052] The column "Prog" in FIG. 3 lists voltage va lues 

("select column" and "select row") for injecting ch arge 

into the charge storage layer EC of the memory cell  2a, 

and voltage values ("non-select column" or "non-sel ect 

row") for injecting no charge into the charge stora ge 

layer EC of the memory cell 2a. 
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[0053] For example, to inject charge into the charg e 

storage layer EC of the memory cell 2a, a charge st orage 

gate voltage of 12 V is applied from the memory gat e line 

MGL to the memory gate electrode MG and a substrate  

voltage of 0 V is applied to the well W (denoted by  

"Back" in FIG. 3) as listed in the column "Prog" in  FIG. 

3.  Simultaneously, a gate off voltage of 0 V is ap plied 

from the source side select gate line SGL to the so urce 

side select gate electrode SG, and a source off vol tage 

of 0 V is applied from the source line SL to the so urce 

region WS.  Accordingly, the source side select gat e 

structure 6a blocks electrical connection between t he 

source region WS and a channel layer formation carr ier 

region of the memory gate structure 4a, thereby 

preventing voltage application from the source line  SL to 

the channel layer formation carrier region of the m emory 

gate structure 4a. 

[0054] Simultaneously, a drain side select gate vol tage 

of 1.5 V is applied from the drain side select gate  line 

DGL1 to the drain side select gate electrode DG, an d a 

charge storage bit voltage of 0 V is applied to the  drain 

region WD from the bit line BL1.  Accordingly, the drain 

side select gate structure 5a electrically connects  the 

drain region WD and the channel layer formation car rier 

region of the memory gate structure 4a. 

[0055] The electrical connection between the drain region 

WD and the channel layer formation carrier region o f the 

memory gate structure 4a induces carriers into the 

channel layer formation carrier region so that the 

carriers form a channel layer at 0 V, which is same  as 

the charge storage bit voltage, in the surface of t he 

well W.  Accordingly, a large voltage difference of  12 V 

occurs between the memory gate electrode MG of the memory 

gate structure 4a and the channel layer, and causes  a 

quantum tunneling effect by which charge is injecte d into 
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the charge storage layer EC, thereby achieving a da ta 

programmed state. 

[0056] To prevent charge injection into the charge 

storage layer EC of the memory cell 2a when a charg e 

storage gate voltage necessary for injecting charge  into 

the charge storage layer EC is applied to the memor y gate 

electrode MG of the memory cell 2a, the source side  

select gate structure 6a blocks electrical connecti on 

between the source region WS and the well W of a re gion 

facing the memory gate electrode MG whereas the dra in 

side select gate structure 5a blocks electrical 

connection between the drain region WD and the well  W of 

the region facing the memory gate electrode MG. 

[0057] Thus, in the memory cell 2a to which no data  is 

programmed, a depleted layer is disposed in the cha nnel 

layer formation carrier region, so that potential a t the 

surface of the well W increases based on the charge  

storage gate voltage, and a voltage difference betw een 

the memory gate electrode MG and the surface of the  well 

W decreases accordingly, thereby preventing charge 

injection into the charge storage layer EC. 

[0058] At a data reading operation specified throug h the 

column "Read" in FIG. 3, for example, the bit line BL1 

connected with the memory cell 2a, from which data is to 

be read, is precharged to an exemplary voltage of 1 .5 V, 

and then a voltage of 0 V is applied to the source line 

SL.  In this state, the potential of the bit line B L1, 

which changes depending on whether current flows th rough 

the memory cell 2a, is detected to determine whethe r 

charge is stored in the charge storage layer EC of the 

memory cell 2a.  Specifically, when charge is store d in 

the charge storage layer EC of the memory gate stru cture 

4a (when data is programmed) at data reading from t he 

memory cell 2a, the well W directly below the memor y gate 

structure 4a is in a non-conductive state, blocking  
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electrical connection between the drain region WD a nd the 

source region WS.  As a result, the reading voltage  of 

1.5 V applied to the bit line BL1 connected with th e 

drain region WD is maintained intactly in the memor y cell 

2a from which data is to be read. 

[0059] When no charge is stored in the charge stora ge 

layer EC of the memory gate structure 4a (when no d ata is 

programmed) at data reading from the memory cell 2a , the 

well W directly below the memory gate structure 4a is in 

a conductive state, electrically connecting the dra in 

region WD and the source region WS.  As a result, t he 

source line SL at 0 V and the bit line BL1 at 1.5 V  are 

electrically connected with each other through the memory 

cell 2a.  As a result, the reading voltage applied to the 

bit line BL1 is applied to the source line SL at 0 V in 

the memory cell 2a from which data is to be read, a nd the 

reading voltage of 1.5 V applied to the bit line BL 1 

decreases accordingly. 

[0060] Accordingly, the non-volatile semiconductor memory 

device 1 enables execution of the data reading oper ation 

of determining whether charge is stored in the char ge 

storage layer EC of the memory cell 2a by detecting  

whether the reading voltage applied to the bit line  BL1 

has changed.  Simultaneously, a non-reading voltage  of 0 

V is applied to the bit line BL2 connected only wit h the 

memory cells 2b, 2e, 2h, and 2j from which no data is to 

be read. 

[0061] At a data erasing operation to remove charge  

inside the charge storage layer EC of the memory ce ll 2a 

("Erase" in FIG. 3), a memory gate voltage of -12 V  is 

applied from the memory gate line MGL to the memory  gate 

electrode MG so that charge inside the charge stora ge 

layer EC is removed toward the well W at 0 V, there by 

erasing data. 
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[0062] (1-4) Planar layout of non-volatile semicond uctor 

memory device 

 The following describes a planar layout of the non -

volatile semiconductor memory device 1 described ab ove.  

FIG. 4 is a schematic view illustrating the planar layout 

of the non-volatile semiconductor memory device 1 

according to the present invention including a plur ality 

of memory cell formation parts 3a, 3b, 3c, ... disp osed 

on a semiconductor substrate, when viewed from abov e the 

semiconductor substrate.  The memory cell formation  parts 

3a, 3b, 3c, ... all have identical configurations, and 

thus the following description will be made mainly on the 

memory cell formation part 3a. 

[0063] The sectional configuration of the memory ce ll 2a 

illustrated in FIG. 1 is a sectional configuration along 

line A-A' in FIG. 4.  Illustration of, for example,  the 

sidewall structures SW and the silicide layers S1 a nd S2 

on the drain side select gate structure 5a and the source 

side select gate structure 6a in addition to the si dewall 

spacers 28a and 28b on the sidewalls of the memory gate 

structure 4a illustrated in FIG. 1 is omitted in FI G. 4.  

In the present embodiment, the memory cell formatio n 

parts 3a, 3b, 3c, ... extend side by side at a 

predetermined interval in one direction (the row 

direction in FIG. 4) on the semiconductor substrate . 

[0064] In this case, the memory cell formation part  3a 

includes a select gate formation region ER9 in whic h the 

source side select gate electrode SG and the drain side 

select gate electrode DG face to each other with th e 

memory gate electrode MG interposed therebetween.  The 

select gate formation region ER9 includes a memory cell 

region ER3 in which the memory cells 2a, 2b, and 2c  are 

arranged in a longitudinal direction of the memory cell 

formation part 3a, a select gate contact region ER6  

provided at one end of the memory cell region ER3, and a 
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select gate contact region ER7 provided at the othe r end 

of the memory cell region ER3. 

[0065] In the memory cell formation part 3b (3c), t he 

memory cells 2d, 2e, and 2f (2g, 2h, and 2i) are ar ranged 

in the memory cell region ER3 along the longitudina l 

direction of the memory cell formation part 3b (3c) .  

Although FIG. 2 only illustrates the memory cell 2a  and 

2b (2d and 2e, or 2g and 2h) in the memory cell for mation 

part 3a (3b or 3c), FIG. 4 additionally illustrates  the 

memory cell 2c (2f or 2i) on the third column adjac ent to 

the memory cell 2b (2e or 2h) on the second column.  

[0066] In the memory cell formation part 3a, the me mory 

gate electrode MG extending in one direction is dis posed 

in the select gate formation region ER9.  The memor y gate 

electrode MG in the select gate formation region ER 9 

includes the first sidewall extending across the se lect 

gate formation region ER9, and the second sidewall 12 

disposed facing the first sidewall.  The source sid e 

select gate electrode SG is disposed along the firs t 

sidewall 11, and the drain side select gate electro de DG 

is disposed along the second sidewall 12. 

[0067] In the memory cell region ER3, the well W ha ving a 

predetermined shape is disposed in a surface of the  

semiconductor substrate.  For example, the memory c ell 

formation part 3a intersects strip-shaped memory 

disposition regions W1, W2, and W3 of the well W.  The 

memory cell 2a (2b or 2c) including the memory gate  

structure 4a, the drain side select gate structure 5a, 

and the source side select gate structure 6a are di sposed 

on the memory disposition region W1 (W2 or W3) in t he 

memory cell region ER3 of the memory cell formation  part 

3a. 

[0068] The memory disposition regions W1, W2, and W 3 of 

the well W are each divided into the source region WS and 

the drain region WD with the memory gate structure 4a 
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interposed therebetween.  The drain regions WD of t he 

memory disposition regions W1, W2, and W3 between t he 

memory cell formation parts 3a and 3b are separated  from 

each other and each includes a column-shaped bit co ntact 

BC.  The bit contacts BC are connected with the dif ferent 

bit lines BL1, BL2, ... (FIG. 2), and receive 

predetermined bit voltages from the corresponding b it 

lines BL1, BL2, ...  Accordingly, the drain regions  WD in 

the memory cell formation part 3a receive predeterm ined 

bit voltages from the different bit lines BL1, BL2,  ... 

through the bit contacts BC. 

[0069] In the present embodiment, since the drain r egions 

WD are shared by the memory cell formation part 3a and 

the memory cell formation part 3b adjacent thereto,  a bit 

voltage same as that applied to the memory cell 2a (2b or 

2c) in the memory cell formation part 3a can be app lied 

to the memory cell 2d (2e or 2f) in the memory cell  

formation part 3b. 

[0070] The source regions WS of the memory disposit ion 

regions W1, W2, and W3 are provided continuously wi th 

each other, sharing a column-shaped source contact SC 

provided at a predetermined position.  The source c ontact 

SC is connected with the source line SL (FIG. 2) to  

evenly apply, to the source regions WS of the memor y 

disposition regions W1, W2, and W3, a predetermined  

source voltage applied from the source line SL. 

[0071] In the present embodiment, the first sidewal l 11 

of the memory gate electrode MG is disposed on the source 

region WS side in the well W in the memory cell for mation 

part 3a.  The source side select gate structure 6a is 

disposed along the first sidewall 11 of the memory gate 

electrode MG.  The second sidewall 12 of the memory  gate 

electrode MG is disposed on the drain region WD sid e in 

the well W in the memory cell formation part 3a.  T he 
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drain side select gate structure 5a is disposed alo ng the 

second sidewall 12 of the memory gate electrode MG.  

[0072] In the source side select gate structure 6a,  the 

sidewall-shaped source side select gate electrode S G is 

disposed along the first sidewall 11 of the memory gate 

structure 4a, and a wide select gate contact format ion 

part Ca integrated with the source side select gate  

electrode SG is disposed in the select gate contact  

region ER7. 

[0073] The select gate contact formation part Ca in cludes 

a mounting portion over the memory gate electrode M G, and 

a plane portion having a plane surface along the 

semiconductor substrate.  The plane portion is prov ided 

with a column-shaped source side select gate contac t SGC 

connected with a source side select gate line (not 

illustrated).  With this configuration, a predeterm ined 

voltage is applied from the source side select gate  line 

SGL to the source side select gate electrode SG hav ing a 

tilted sidewall shape with a small width through th e 

source side select gate contact SGC and the select gate 

contact formation part Ca. 

[0074] In the drain side select gate structure 5a, the 

sidewall-shaped drain side select gate electrode DG  is 

disposed along the second sidewall 12 of the memory  gate 

structure 4a, and a wide select gate contact format ion 

part Cb integrated with the drain side select gate 

electrode DG is disposed in the select gate contact  

region ER6. 

[0075] The select gate contact formation part Cb in cludes 

a mounting portion over the memory gate electrode M G, and 

a plane portion having a plane surface along the 

semiconductor substrate.  The plane portion is prov ided 

with a column-shaped drain side select gate contact  DGC 

connected with the drain side select gate line DGL1 .  

With this configuration, a predetermined voltage is  
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applied from the drain side select gate line DGL1 t o the 

drain side select gate electrode DG having a tilted  

sidewall shape with a small width through the drain  side 

select gate contact DGC and the select gate contact  

formation part Cb. 

[0076] The select gate contact formation parts Ca a nd Cb 

provided in the select gate contact regions ER7 and  ER6 

may each have such various shapes that the select g ate 

contact formation part is provided continuously wit h the 

source side select gate electrode SG or the drain s ide 

select gate electrode DG, and the source side selec t gate 

contact SGC or the drain side select gate contact D GC is 

formed on the select gate contact formation part.  In 

addition, the select gate contact formation parts C a and 

Cb may be disposed at various positions in one or b oth of 

the select gate contact regions ER7 and ER6. 

[0077] In addition to this configuration, the memor y cell 

formation part 3a includes an electrical disconnect ion 

region ER2 (ER4) disposed at an end of the select g ate 

contact region ER6 (ER7), and a physical disconnect ion 

region ER1 (ER5) disposed at an end of the electric al 

disconnection region ER2 (ER4).  The electrical 

disconnection region ER2 (ER4) and the physical 

disconnection region ER1 (ER5) include an extended 

electrode portion 15a (15b) as the memory gate elec trode 

MG extending from the select gate formation region ER9. 

[0078] In the present embodiment, when viewed from above 

the semiconductor substrate, the extended electrode  

portion 15a (15b) is such a C shape that extends fr om an 

end of the select gate formation region ER9 to the 

physical disconnection region ER1 (ER5) through the  

electrical disconnection region ER2 (ER4) and then turns 

around in the physical disconnection region ER1 (ER 5) 

before returning to the electrical disconnection re gion 

ER2 (ER4). 
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[0079] The extended electrode portion 15a (15b) inc ludes 

an extension part 16a extending straight from the m emory 

gate electrode MG in the select gate formation regi on ER9, 

an end part 16b having straight shape disposed late rally 

outside of the extension part 16a, and a connection  part 

16c connecting the extension part 16a and the end p art 

16b.  The extension part 16a and the end part 16b i s 

disposed in the electrical disconnection region ER2 , and 

the connection part (non-sidewall formation part) 1 6c as 

a turning part is disposed in the physical disconne ction 

region ER1. 

[0080] In the present embodiment, the extended elec trode 

portion 15a bends to the first sidewall 11 side of the 

memory gate electrode MG so that the end part 16b i s 

disposed on the first sidewall 11 side, and the ext ended 

electrode portion 15b bends to the second sidewall 12 

side of the memory gate electrode MG so that the en d part 

16b is disposed on the second sidewall 12 side. 

[0081] The memory gate electrode MG extends as the 

extended electrode portion 15a (15b) from the selec t gate 

formation region ER9 to the electrical disconnectio n 

region ER2 (ER4), but the source side select gate 

electrode SG and the drain side select gate electro de DG 

do not extend to the electrical disconnection regio n ER2 

(ER4) unlike the select gate formation region ER9.  Four 

electrical disconnection portions 13a, 13b, 13c, an d 13d 

(13e, 13f, 13g, and 13h) are disposed on sidewalls of the 

extended electrode portion 15a (15b) in place of th e 

source side select gate electrode SG and the drain side 

select gate electrode DG. 

[0082] The electrical disconnection portions 13a, 1 3b, 

13c, and 13d (13e, 13f, 13g, and 13h) all have iden tical 

configurations and each includes i-type sidewall-sh aped 

intrinsic semiconductor layers Ia and Ib and a side wall-

shaped opposite-conductivity-type semiconductor lay er OC.  
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The opposite-conductivity-type semiconductor layer OC is 

disposed between the intrinsic semiconductor layers  Ia 

and Ib.  The opposite-conductivity-type semiconduct or 

layer OC is of a conductivity type (in this case, p -type) 

different from a conductivity type of the source si de 

select gate electrode SG and the drain side select gate 

electrode DG. 

[0083] In the extension part 16a of the extended 

electrode portion 15a, the electrical disconnection  

portion 13a is disposed along a first sidewall 

continuously provided flush with the first sidewall  11 of 

the memory gate electrode MG, and the electrical 

disconnection portion 13c is disposed along a secon d 

sidewall continuously provided flush with the secon d 

sidewall 12 of the memory gate electrode MG.  In th e 

memory cell formation part 3a, for example, the 

electrical disconnection portion 13a provides a p-i -n 

junction along the first sidewall 11 of the memory gate 

electrode MG and the sidewall of the extension part  16a 

from the n-type source side select gate electrode S G as a 

starting point.  Similarly, in the second sidewall 12 

side of the memory gate electrode MG of the memory cell 

formation part 3a, for example, the electrical 

disconnection portion 13c provides a p-i-n junction  along 

the second sidewall 12 and the sidewall of the exte nsion 

part 16a from the n-type drain side select gate ele ctrode 

DG as a starting point. 

[0084] In addition, the electrical disconnection po rtion 

13b is disposed on a sidewall facing the extension part 

16a at the end part 16b of the extended electrode p ortion 

15a, and the electrical disconnection portion 13d i s 

disposed on a sidewall disposed outside.  According ly, in 

the extended electrode portion 15a, the four electr ical 

disconnection portions 13a, 13b, 13d, and 13c are 

disposed in this order on the sidewalls extending b etween 
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the source side select gate electrode SG disposed a long 

the first sidewall 11 of the memory gate electrode MG and 

the drain side select gate electrode DG disposed al ong 

the second sidewall 12 of the memory gate electrode  MG.  

With this configuration, three or more opposite-

conductivity-type semiconductor layers and intrinsi c 

semiconductor layers are provided on the sidewalls of the 

extended electrode portion 15a. 

[0085] Accordingly, for example, even when a foreig n 

object adheres to the electrical disconnection port ion 

13a of the extension part 16a or the connection par t 16c 

to be described later, providing conduction between  the 

source side select gate electrode SG and the electr ical 

disconnection portion 13b of the end part 16b, the 

electrical disconnection portions 13b and 13d each 

provides a p-i-n junction along the first sidewall 11 of 

the memory gate electrode MG and the sidewall of th e end 

part 16b from the n-type source side select gate 

electrode SG as a starting point. 

[0086] In addition to this configuration, in the 

connection part 16c as a non-sidewall formation par t in 

the physical disconnection region ER1, physical 

disconnection portions 14a and 14b are disposed on an 

outer peripheral wall and an inner peripheral wall 

connecting the sidewalls of the extension part 16a and 

the sidewalls of the end part 16b.  In the physical  

disconnection portions 14a and 14b, no conduction l ayer 

made of, for example, a semiconductor material is 

provided along the outer and inner peripheral walls  of 

the connection part 16c so that the outer and inner  

peripheral walls of the connection part 16c are 

externally exposed.  With this configuration, the 

physical disconnection portions 14a and 14b each pr ovides 

physical disconnection through a gap between the so urce 

side select gate electrode SG and the drain side se lect 
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gate electrode DG, thereby achieving a non-conducti ve 

state between the source side select gate electrode  SG 

and the drain side select gate electrode DG. 

[0087] In the present embodiment, the physical 

disconnection portion 14a is disposed along the out er 

peripheral wall of the connection part 16c and prov ides a 

non-conductive state between the electrical disconn ection 

portions 13c and 13d through a gap between the elec trical 

disconnection portion 13c disposed on the first sid ewall 

of the extension part 16a and the electrical 

disconnection portion 13d disposed on the first sid ewall 

of the end part 16b.  The physical disconnection po rtion 

14b is disposed along the inner peripheral wall of the 

connection part 16c and provides a non-conductive s tate 

between the electrical disconnection portions 13a a nd 13b 

through a gap between the electrical disconnection 

portion 13a disposed on the second sidewall of the 

extension part 16a and the electrical disconnection  

portion 13b disposed on the second sidewall of the end 

part 16b. 

[0088] In this manner, in the extended electrode po rtion 

15a, the electrical disconnection portion 13a, the 

physical disconnection portion 14b, the electrical 

disconnection portions 13b and 13d, the physical 

disconnection portion 14a, and the electrical 

disconnection portion 13c are disposed in this orde r on 

the sidewalls extending between the source side sel ect 

gate electrode SG disposed along the first sidewall  11 of 

the memory gate electrode MG and the drain side sel ect 

gate electrode DG disposed along the second sidewal l 12 

of the memory gate electrode MG.  Accordingly, the 

extended electrode portion 15a prevents conduction 

between the source side select gate electrode SG an d the 

drain side select gate electrode DG through the fou r 
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electrical disconnection portions 13a, 13b, 13d, an d 13c 

and the two physical disconnection portions 14a and  14b. 

[0089] Similarly, in the extension part 16a of the 

extended electrode portion 15b disposed at the othe r end 

of the memory cell formation part 3a, the electrica l 

disconnection portion 13e is disposed along a first  

sidewall continuously provided flush with the first  

sidewall 11 of the memory gate electrode MG, and th e 

electrical disconnection portion 13g is disposed al ong a 

second sidewall continuously provided flush with th e 

second sidewall 12 of the memory gate electrode MG.   In 

the end part 16b of the extended electrode portion 15b, 

the electrical disconnection portion 13h is dispose d on a 

sidewall facing the extension part 16a, and the 

electrical disconnection portion 13f is disposed on  a 

sidewall disposed outside. 

[0090]Accordingly, in the extended electrode portio n 15b, 

the four electrical disconnection portions 13e, 13f , 13h, 

and 13g are disposed in this order the sidewalls 

extending between the source side select gate elect rode 

SG disposed along the first sidewall 11 of the memo ry 

gate electrode MG and the drain side select gate 

electrode DG disposed along the second sidewall 12 of the 

memory gate electrode MG. 

[0091] In addition to this configuration, in the 

connection part 16c in the physical disconnection r egion 

ER5, physical disconnection portions 14c and 14d ar e 

disposed on outer and inner peripheral walls connec ting 

the sidewalls of the extension part 16a and the sid ewalls 

of the end part 16b.  In the physical disconnection  

portions 14c and 14d, no conduction layer made of, for 

example, a semiconductor material is provided on th e 

outer and inner peripheral walls of the connection part 

16c so that the outer and inner peripheral walls of  the 

connection part 16c are externally exposed.  With t his 
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configuration, the physical disconnection portions 14c 

and 14d each provides physical disconnection throug h a 

gap between the source side select gate electrode S G and 

the drain side select gate electrode DG, thereby 

achieving a non-conductive state between the source  side 

select gate electrode SG and the drain side select gate 

electrode DG. 

[0092] In the present embodiment, the physical 

disconnection portion 14c is disposed along the out er 

peripheral wall of the connection part 16c and prov ides a 

non-conductive state between the electrical disconn ection 

portion 13e disposed on the first sidewall of the 

extension part 16a and the electrical disconnection  

portion 13f disposed on the first sidewall of the e nd 

part 16b.  The physical disconnection portion 14d i s 

disposed along the inner peripheral wall of the 

connection part 16c and provides a non-conductive s tate 

between the electrical disconnection portion 13g di sposed 

on the second sidewall of the extension part 16a an d the 

electrical disconnection portion 13h disposed on th e 

second sidewall of the end part 16b. 

[0093] In this manner, in the extended electrode po rtion 

15b provided symmetrically with the extended electr ode 

portion 15a, the electrical disconnection portion 1 3e, 

the physical disconnection portion 14c, the electri cal 

disconnection portions 13f and 13h, the physical 

disconnection portion 14d, and the electrical 

disconnection portion 13g are disposed in this orde r on 

the sidewalls extending between the source side sel ect 

gate electrode SG disposed along the first sidewall  11 of 

the memory gate electrode MG and the drain side sel ect 

gate electrode DG disposed along the second sidewal l 12 

of the memory gate electrode MG.  Accordingly, the 

extended electrode portion 15b prevents conduction 

between the source side select gate electrode SG an d the 
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drain side select gate electrode DG through the fou r 

electrical disconnection portions 13e, 13f, 13h, an d 13g 

and the two physical disconnection portions 14c and  14d. 

[0094] Since the memory cell formation part 3b adja cent 

to the memory cell formation part 3a shares the dra in 

region WD between the memory cell formation part 3b  and 

the memory cell formation part 3a, the second sidew all 12 

of the memory gate electrode MG, on which the drain  side 

select gate electrode DG is disposed, is disposed f acing 

the second sidewall 12 of the memory gate electrode  MG in 

the memory cell formation part 3a. 

[0095] The memory cell formation part 3b includes a n 

extended electrode portion 15c, the end part 16b of  which 

is disposed on the adjacent memory cell formation p art 3a 

side in the electrical disconnection region ER2 and  the 

physical disconnection region ER1.  The memory cell  

formation part 3b includes an extended electrode po rtion 

15d, the end part 16b of which is disposed on the 

adjacent memory cell formation part 3c side in the 

electrical disconnection region ER4 and the physica l 

disconnection region ER5. 

[0096] With this Configuration, in a region between  the 

memory cell formation part 3a on the first row and the 

memory cell formation part 3b on the second column,  the 

end part 16b and the connection part 16c of the ext ended 

electrode portion 15c in the memory cell formation part 

3b on the second row are disposed in the electrical  

disconnection region ER2 and the physical disconnec tion 

region ER1, and the end part 16b and the connection  part 

16c of the extended electrode portion 15b in the me mory 

cell formation part 3a on the first row are dispose d in 

the electrical disconnection region ER4 and the phy sical 

disconnection region ER5. 

[0097] In this manner, in the non-volatile semicond uctor 

memory device 1, the end part 16b of the memory cel l 
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formation part 3a and the end part 16b of the memor y cell 

formation part 3b are disposed side by side in the row 

direction between the adjacent memory cell formatio n 

parts 3a and 3b to avoid area increase due to the t wo end 

parts 16b arranged in line in the column direction 

between the adjacent memory cell formation parts 3a  and 

3b, thereby achieving downsizing and highly dense 

integration. 

[0098] In the memory cell formation part 3a, the ca p film 

CP is disposed on the memory gate electrode MG in t he 

select gate formation region ER9 and on the extensi on 

part 16a and the end part 16b as extension of the m emory 

gate electrode MG in the electrical disconnection r egions 

ER2 and ER4.  With this configuration, in the memor y cell 

formation part 3a, the cap film CP prevents salicid ation 

of upper surfaces of the memory gate electrode MG, the 

extension part 16a, and the end part 16b through a 

manufacturing process. 

[0099] In the physical disconnection regions ER1 an d ER5, 

no cap film CP is disposed on the connection parts 16c as 

extension of the memory gate electrode MG, and thus  the 

connection parts 16c are externally exposed so that  upper 

surfaces of the connection parts 16c are salicided.   A 

column-shaped memory gate contact MGC is provided o n the 

connection parts 16c for each, through a silicide l ayer 

(not illustrated) disposed on each connection part 16c.  

The memory gate contact MGC is connected with the m emory 

gate line MGL (FIG. 2) to receive a predetermined v oltage 

from the memory gate line MGL.  With this configura tion, 

the voltage applied to the memory gate line MGL is 

applied from the memory gate contact MGC to the mem ory 

gate electrode MG in the select gate formation regi on ER9 

through the extended electrode portions 15a and 15b . 

[0100] In this manner, in the non-volatile semicond uctor 

memory device 1, the memory gate electrode MG is co vered 
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by the cap film CP in the memory cell region ER3 an d the 

select gate contact regions ER6 and ER7.  However, a 

predetermined voltage can be applied to the memory gate 

electrode MG covered by the cap film CP in the memo ry 

cell region ER3 by applying the predetermined volta ge, 

through the memory gate contact MGC, to the connect ion 

parts 16c exposed in the physical disconnection reg ions 

ER1 and ER5. 

[0101] The non-volatile semiconductor memory device  1 

thus configured can be produced through a process o f 

manufacturing a typical complementary MOS (CMOS) 

involving a deposition process, a resist applying p rocess, 

an exposure and developing process, an etching proc ess, 

an impurity injecting process, and a resist peeling  

process.  Thus, the description of a method of 

manufacturing the non-volatile semiconductor memory  

device 1 is omitted below. 

[0102] (1-5) Operations and effects 

 With the above-described configuration, the memory  

cell formation part 3a includes, in the electrical 

disconnection regions ER2 and ER4 and the physical 

disconnection regions ER1 and ER5, the extended ele ctrode 

portions 15a and 15b as extension of the memory gat e 

electrode MG in the select gate formation region ER 9 in 

which the source side select gate structure 6a and the 

drain side select gate structure 5a are disposed fa cing 

each other. 

[0103] In the memory cell formation part 3a, the fo ur 

electrical disconnection portions 13a, 13b, 13d, an d 13c 

(13e, 13f, 13h, and 13g) providing p-i-n junction 

structures between the source side select gate elec trode 

SG and the drain side select gate electrode DG are 

provided along the sidewalls of the extended electr ode 

portion 15a (15b). 
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[0104] In this manner, in the memory cell formation  part 

3a, the four electrical disconnection portions 13a,  13b, 

13d, and 13c (13e, 13f, 13h, and 13g) for achieving  

disconnection between the source side select gate 

electrode SG and the drain side select gate electro de DG 

are provided along the sidewalls of the extended 

electrode portion 15a (15b).  Accordingly, the sour ce 

side select gate electrode SG and the drain side se lect 

gate electrode DG are disconnected from each other at the 

increased number of places as compared to conventio nal 

cases, thereby preventing any false reading operati on 

occurring due to voltage variation at a data readin g 

operation as compared to conventional cases. 

[0105] In the memory cell formation part 3a, the ph ysical 

disconnection portion 14b (14a) to which no sidewal l-

shaped semiconductor material is provided is provid ed 

between electrical disconnection portions 13a and 1 3b 

(13b and 13d) disposed along the sidewalls of the 

extended electrode portion 15a.  Accordingly, the 

physical disconnection portion 14b (14a) prevents c ontact 

between the source side select gate electrode SG an d the 

drain side select gate electrode DG, thereby achiev ing a 

non-conductive state.  In this manner, the memory c ell 

formation part 3a additionally includes the physica l 

disconnection portion 14b (14a) disconnecting the s ource 

side select gate electrode SG and the drain side se lect 

gate electrode DG in a manner different from that f or the 

electrical disconnection portions 13a, 13b, 13d, an d 13c.  

This configuration achieves more reliable disconnec tion 

between the source side select gate electrode SG an d the 

drain side select gate electrode DG than a case in which 

only the electrical disconnection portions 13a, 13b , 13d, 

and 13c are provided. 

[0106] In addition, in the memory cell formation pa rt 3a, 

the extended electrode portion 15a (15b) bends at t he 
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physical disconnection region ER1 (ER5) so that the  

plurality of electrical disconnection portions 13a,  13b, 

13d, and 13c (13e, 13f, 13h, and 13g) are disposed in 

parallel to each other in the electrical disconnect ion 

region ER2 (ER4).  With this configuration, in the memory 

cell formation part 3a, increase in a layout region  of 

the memory cell formation part 3a can be prevented in the 

longitudinal direction even when the electrical 

disconnection portions 13a, 13b, 13d, and 13c (13e,  13f, 

13h, and 13g) are provided in the extended electrod e 

portion 15a (15b). 

[0107] (2) Planar layout of non-volatile semiconduc tor 

memory device according to second embodiment 

 In the above-described embodiment, the extended 

electrode portion 15a (15b) including the four elec trical 

disconnection portions 13a, 13b, 13d, and 13c (13e,  13f, 

13h, and 13g) is described as an extended electrode  

portion including three or more electrical disconne ction 

portions.  However, the present invention is not li mited 

thereto.  When including three or more electrical 

disconnection portions, any extended electrode port ion 

may have various kinds of configurations.  For exam ple, 

FIG. 5, in which any part corresponding to that in FIG. 4 

is denoted by an identical reference sign, illustra tes a 

planar layout of a non-volatile semiconductor memor y 

device 21 according to a second embodiment having a  

configuration in which each extended electrode port ion 

25a (25b) includes six electrical disconnection por tions 

23a, 23b, 23c, 23f, 23e, and 23d. 

[0108] Memory cell formation parts 22a, 23b, 23c, . .. all 

have identical configurations, and thus the followi ng 

description will be made mainly on the memory cell 

formation part 22a.  Duplicate description of any p art 

corresponding to that in FIG. 4 will be omitted in the 

following.  In the present embodiment, the extended  
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electrode portion 25a (25b) of the memory cell form ation 

part 22a is E-shaped when viewed from above the 

semiconductor substrate.  The extended electrode po rtion 

25a (25b) extends from the end of the select gate 

formation region ER9 to the physical disconnection region 

ER1 (ER5) through the electrical disconnection regi on ER2 

(ER4), and separately bends toward the first sidewa ll 11 

side and the second sidewall 12 side of the memory gate 

electrode MG from the memory gate electrode MG in t he 

physical disconnection region ER1 (ER5) before retu rning 

to the electrical disconnection region ER2 (ER4). 

[0109] The extended electrode portion 25a (25b) inc ludes 

an extension part 26a extending straight from the m emory 

gate electrode MG in the select gate formation regi on ER9, 

straight end parts 26b and 26c disposed laterally o utside 

of the extension part 26a, and a connection part (n on-

sidewall formation part) 26d connecting the extensi on 

part 26a and the end parts 26b and 26c.  The extens ion 

part 26a and the end parts 26b and 26c are disposed  in 

the electrical disconnection region ER2 (ER4), and the 

connection part 26d as a turning part is disposed i n the 

physical disconnection region ER1 (ER5). 

[0110] In the present embodiment, in the extended 

electrode portion 25a (25b), the end part 26b is di sposed 

on the first sidewall 11 side of the memory gate 

electrode MG, and the end part 26c is disposed on t he 

second sidewall 12 side of the memory gate electrod e MG. 

[0111] The memory gate electrode MG extends as the 

extended electrode portion 25a (25b) from the selec t gate 

formation region ER9 to the electrical disconnectio n 

region ER2 (ER4), but the source side select gate 

electrode SG and the drain side select gate electro de DG 

do not extend to the electrical disconnection regio n ER2 

(ER4) unlike the select gate formation region ER9.  The 

six electrical disconnection portions 23a, 23b, 23c , 23f, 
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23e, and 23d are each disposed on sidewalls of the 

extended electrode portion 25a (25b) in place of th e 

source side select gate electrode SG and the drain side 

select gate electrode DG. 

[0112] The electrical disconnection portions 23a, 2 3b, 

23c, 23f, 23e, and 23d all have identical configura tions 

and each includes the i-type sidewall-shaped intrin sic 

semiconductor layers Ia and Ib and the sidewall-sha ped 

opposite-conductivity-type semiconductor layer OC.  The 

opposite-conductivity-type semiconductor layer OC i s 

disposed between the intrinsic semiconductor layers  Ia 

and Ib.  As described above, the opposite-conductiv ity-

type semiconductor layer OC is of a conductivity ty pe (in 

this case, p-type) different from a conductivity ty pe of 

the source side select gate electrode SG and the dr ain 

side select gate electrode DG. 

[0113] In this case, in the extension part 26a of t he 

extended electrode portion 25a (25b), the electrica l 

disconnection portion 23a is disposed along a first  

sidewall continuously provided flush with the first  

sidewall 11 of the memory gate electrode MG, and th e 

electrical disconnection portion 23d is disposed al ong a 

second sidewall continuously provided flush with th e 

second sidewall 12 of the memory gate electrode MG.   In 

the memory cell formation part 22a, for example, th e 

electrical disconnection portion 23a provides a p-i -n 

junction along the first sidewall 11 of the memory gate 

electrode MG and the sidewall of the extension part  26a 

from the n-type source side select gate electrode S G as a 

starting point.  Similarly, in the second sidewall 12 

side of the memory gate electrode MG of the memory cell 

formation part 22a, for example, the electrical 

disconnection portion 23d provides a p-i-n junction  along 

the second sidewall 12 and the sidewall of the exte nsion 
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part 26a from the n-type drain side select gate ele ctrode 

DG as a starting point. 

[0114] In addition, in the end part 26b disposed on  the 

first sidewall 11 side of the memory gate electrode  MG, 

the electrical disconnection portion 23b is dispose d on a 

sidewall facing the extension part 26a, and the 

electrical disconnection portion 23c is disposed on  a 

sidewall disposed outside.  In the end part 26c dis posed 

on the second sidewall 12 side of the memory gate 

electrode MG, the electrical disconnection portion 23e is 

disposed on a sidewall facing the extension part 26 a, and 

the electrical disconnection portion 23f is dispose d on a 

sidewall disposed outside. 

[0115] Accordingly, in the extended electrode porti on 25a 

(25b), the six the electrical disconnection portion s 23a, 

23b, 23c, 23f, 23e, and 23d are disposed in this or der on 

the sidewalls extending between the source side sel ect 

gate electrode SG disposed along the first sidewall  11 of 

the memory gate electrode MG and the drain side sel ect 

gate electrode DG disposed along the second sidewal l 12 

of the memory gate electrode MG.  With this configu ration, 

three or more opposite-conductivity-type semiconduc tor 

layers and intrinsic semiconductor layers are provi ded on 

the sidewalls of the extended electrode portions 25 a and 

25b. 

[0116] Accordingly, for example, even when a foreig n 

object adheres to the electrical disconnection port ion 

23a of the extension part 26a or the connection par t 26d 

to be described later, providing electrical conduct ion 

between the source side select gate electrode SG an d the 

electrical disconnection portion 23b of the end par t 26b, 

the source side select gate electrode SG and the dr ain 

side select gate electrode DG are electrically insu lated 

from each other through the p-i-n junctions provide d by 
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the other electrical disconnection portions 23b, 23 d, 23f, 

23e, and 23d. 

[0117] In addition to this configuration, in the 

connection part 26d as a non-sidewall formation par t in 

the physical disconnection region ER1, a physical 

disconnection portion 24b is disposed on an inner 

peripheral wall connecting the first sidewall of th e 

extension part 26a with a sidewall of the end part 26b on 

the first sidewall 11 side, a physical disconnectio n 

portion 24c is disposed on an inner peripheral wall  

connecting the second sidewall of the extension par t 26a 

with a sidewall of the end part 26c on the second 

sidewall 12 side, and a physical disconnection port ion 

24a is disposed on an outer peripheral wall connect ing 

sidewalls of the end parts 26b and 26c. 

[0118] In the physical disconnection portions 24a, 24b, 

and 24c, no conduction layer made of, for example, a 

semiconductor material is provided along outer and inner 

peripheral walls of the connection part 26d so that  the 

outer and inner peripheral walls of the connection part 

26d are externally exposed.  With this configuratio n, the 

physical disconnection portions 24a, 24b, and 24c e ach 

provides physical disconnection through a gap betwe en the 

source side select gate electrode SG and the drain side 

select gate electrode DG, thereby achieving a non-

conductive state between the source side select gat e 

electrode SG and the drain side select gate electro de DG. 

[0119] In the present embodiment, the first physica l 

disconnection portion 24a is disposed along the out er 

peripheral wall of the connection part 26d provided  

continuously with the sidewalls of the end parts 26 b and 

26c, and provides a non-conductive state between th e 

electrical disconnection portions 23c and 23f throu gh a 

gap between the electrical disconnection portion 23 c 

disposed on a sidewall of the end part 26b and the 



- 44 - 

electrical disconnection portion 23f disposed on a 

sidewall of the end part 26c.  The second physical 

disconnection portion 24b is disposed along the inn er 

peripheral wall of the connection part 26d provided  

continuously with the sidewalls of the extension pa rt 26a 

and the end part 26b, and provides a non-conductive  state 

between the electrical disconnection portions 23a a nd 23b 

through a gap between the electrical disconnection 

portion 23a disposed on a sidewall of the extension  part 

26a and the electrical disconnection portion 23b di sposed 

on a sidewall of the end part 26b.  In addition, th e 

third physical disconnection portion 24c is dispose d 

along the inner peripheral wall of the connection p art 

26d provided continuously with the sidewalls of the  

extension part 26a and the end part 26c, and provid es a 

non-conductive state between the electrical disconn ection 

portions 23d and 23e through a gap between the elec trical 

disconnection portion 23d disposed on a sidewall of  the 

extension part 26a and the electrical disconnection  

portion 23e disposed on a sidewall of the end part 26c. 

[0120] In this manner, in the extended electrode po rtion 

25a (25b), the electrical disconnection portion 23a , the 

physical disconnection portion 24b, electrical 

disconnection portions 23b and 23c, the physical 

disconnection portion 24a, electrical disconnection  

portions 23f and 23e, the physical disconnection po rtion 

24c and the electrical disconnection portion 23d ar e 

disposed in this order on the sidewalls extending b etween 

the source side select gate electrode SG disposed a long 

the first sidewall 11 of the memory gate electrode MG and 

the drain side select gate electrode DG disposed al ong 

the second sidewall 12 of the memory gate electrode  MG.  

Accordingly, the extended electrode portion 15a pre vents 

conduction between the source side select gate elec trode 

SG and the drain side select gate electrode DG thro ugh 
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the six the electrical disconnection portions 23a, 23b, 

23c, 23f, 23e, and 23d and the three physical 

disconnection portions 24b, 24a, and 24c. 

[0121] With the above-described configuration, in t he 

memory cell formation part 22a, the six the electri cal 

disconnection portions 23a, 23b, 23c, 23f, 23e, and  23d 

for achieving disconnection between the source side  

select gate electrode SG and the drain side select gate 

electrode DG are provided along the sidewalls of th e 

extended electrode portion 25a (25b).  Accordingly,  the 

source side select gate electrode SG and the drain side 

select gate electrode DG are disconnected from each  other 

at the increased number of places as compared to 

conventional cases, thereby preventing any false re ading 

operation occurring due to voltage variation at a d ata 

reading operation as compared to conventional cases . 

[0122] In the memory cell formation part 22a, the 

physical disconnection portions 24b, 24a, and 24c t o 

which no sidewall-shaped semiconductor material is 

provided are provided between the electrical 

disconnection portions 23a and 23b, between the 

electrical disconnection portions 23c and 23f, and 

between the electrical disconnection portions 23e a nd 23d, 

which are disposed along the sidewalls of the exten ded 

electrode portion 25a (25b), so that the three phys ical 

disconnection portions 24b, 24a, and 24c prevent co ntact 

between the source side select gate electrode SG an d the 

drain side select gate electrode DG, thereby achiev ing a 

non-conductive state.  In this manner, the memory c ell 

formation part 22a additionally includes the physic al 

disconnection portions 24b, 24a, and 24c, which 

disconnect the source side select gate electrode SG  and 

the drain side select gate electrode DG in a manner  

different from that for the electrical disconnectio n 

portions 23a, 23b, 23c, 23f, 23e, and 23d.  This 
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configuration achieves more reliable disconnection 

between the source side select gate electrode SG an d the 

drain side select gate electrode DG than a case in which 

only the electrical disconnection portions 23a, 23b , 23c, 

23f, 23e, and 23d are provided. 

[0123] In the memory cell formation part 22a, the 

extended electrode portion 25a (25b) bends at the 

physical disconnection region ER1 (ER5) so that the  

plurality of electrical disconnection portions 23a,  23b, 

23c, 23f, 23e, and 23d are all disposed in parallel  to 

each other in the electrical disconnection region E R2 

(ER4).  With this configuration, increase in a layo ut 

region of the memory cell formation part 22a can be  

prevented in the longitudinal direction. 

[0124] (3) Planar layout of non-volatile semiconduc tor 

memory device according to third embodiment 

 In the non-volatile semiconductor memory device 1 

according to the above-described embodiments, the 

extended electrode portions 15a and 15b are provide d as 

parts of the memory cell formation parts 3a, 3b, an d 3c 

and independent between the memory cell formation p arts 

3a, 3b, and 3c.  However, the present invention is not 

limited thereto.  For example, as illustrated in FI G. 6, 

in which any part corresponding to that in FIG. 4 i s 

denoted by an identical reference sign, a non-volat ile 

semiconductor memory device 31 may include extended  

electrode portions 35a and 35b separately from memo ry 

cell formation parts 32a, 32b, 32c, ... so that the  

memory cell formation parts 32a, 32b, 32c, ... are 

provided continuously with each other through the 

extended electrode portions 35a and 35b. 

[0125] In this case, the memory cell formation part  32a 

(32b or 32c) includes the select gate formation reg ion 

ER9 in which the source side select gate structure 6a (6b 

or 6c) and the drain side select gate structure 5a (5b or 
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5c) are disposed facing each other with the memory gate 

structure 4a (4b or 4c) interposed therebetween.  I n the 

memory gate structures 4a, 4b, and 4c of the respec tive 

memory cell formation parts 32a, 32b, and 32c, the memory 

gate electrode MG extending in the row direction is  

provided in the select gate formation region ER9, a nd the 

cap film CP is disposed on the memory gate electrod e MG. 

[0126] In the present embodiment, the drain region WD 

disposed on the well W is shared by the memory cell  

formation part 32a on the first row and the memory cell 

formation part 32b on the second row adjacent to th e 

memory cell formation part 32a on the first row.  

Accordingly, an identical bit voltage is applied, t hrough 

the drain region WD, to the memory cell 2a (2b or 2 c) in 

the memory cell formation part 32a on the first row  and 

the memory cell 2d (2e or 2f) in the memory cell 

formation part 32b on the second row.  In this mann er, 

since the memory cell formation part 32b on the sec ond 

row adjacent to the memory cell formation part 32a on the 

first row shares the drain region WD disposed betwe en the 

memory cell formation part 32b and the memory cell 

formation part 32a on the first row, the second sid ewall 

12 of the memory gate electrode MG, on which the dr ain 

side select gate electrode DG is disposed, is dispo sed 

facing the second sidewall 12 of the memory gate 

electrode MG in the memory cell formation part 32a on the 

first row. 

[0127] In addition to this configuration, the memor y gate 

electrode MG disposed in each of the memory cell 

formation parts 32a, 32b, 32c, ... extends to the 

electrical disconnection region ER2 (ER4) and the 

physical disconnection region ER1 (ER5) from the se lect 

gate formation region ER9, forming the extended ele ctrode 

portions 35a and 35b in the electrical disconnectio n 

region ER2 (ER4) and the physical disconnection reg ion 
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ER1 (ER5).  In the present embodiment, the extended  

electrode portions 35a and 35b each has a comb teet h 

shape when viewed from above the semiconductor subs trate, 

and include an extension part 36a as straight exten sion 

of the memory gate electrode MG in each of the memo ry 

cell formation parts 32a, 32b, 32c, ..., and a stra ight 

end part 36b disposed laterally outside of the exte nsion 

part 36a.  The extension part 36a and the end part 36b 

are alternately arranged along the column direction  in 

which the memory cell formation parts 32a, 32b, 32c , ... 

are arranged.  The extension part 36a and the end p art 

36b are disposed in the electrical disconnection re gions 

ER2 and ER4 and continuously provided through conne ction 

parts (non-sidewall formation parts) 36c disposed i n the 

physical disconnection regions ER1 and ER5. 

[0128] The following description of the extended 

electrode portions 35a and 35b will be made mainly on the 

memory cell formation part 32b on the second row.  The 

second sidewall 12 of the memory gate electrode MG,  on 

which the drain side select gate electrode DG is di sposed, 

in the memory cell formation part 32b on the second  row 

is provided continuously with the second sidewall 1 2 of 

the memory gate electrode MG, on which the drain si de 

select gate electrode is disposed, in the adjacent memory 

cell formation part 32b on the first row, through i nner 

sidewalls of the extended electrode portions 35a an d 35b. 

[0129] In the present embodiment, four electrical 

disconnection portions 33a, 33b, 33c, and 33d are 

disposed in this order along sidewalls of the exten ded 

electrode portions 35a and 35b between the second 

sidewall 12 of the memory gate electrode MG in the memory 

cell formation part 32b on the second row and the s econd 

sidewall 12 of the memory gate electrode MG in the memory 

cell formation part 32a on the first row.  In the 

extended electrode portions 35a and 35b, the electr ical 
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disconnection portion 33a is disposed along a sidew all of 

the extension part 36a disposed flush with the seco nd 

sidewall 12 of the memory gate electrode MG in the memory 

cell formation part 32b on the second row, and the 

electrical disconnection portion 33d is disposed al ong a 

sidewall of the extension part 36a disposed flush w ith 

the second sidewall 12 of the memory gate electrode  MG in 

the memory cell formation part 32a on the first row . 

[0130] In the end part 36b of each of the extended 

electrode portions 35a and 35b extending in the row  

direction between the memory cell formation part 32 a on 

the first column and the memory cell formation part  32b 

on the second column, the electrical disconnection 

portion 33c is disposed along a sidewall disposed o n the 

memory cell formation part 32a side on the first ro w, and 

the electrical disconnection portion 33b is dispose d 

along a sidewall disposed on the memory cell format ion 

part 32b side on the second row.  In this manner, t he 

four electrical disconnection portions 33a, 33b, 33 c, and 

33d are disposed in this order along sidewalls of e ach of 

the extended electrode portions 35a and 35b connect ing 

the second sidewall 12 of the memory gate electrode  MG in 

the memory cell formation part 32b on the second ro w with 

the second sidewall 12 of the memory gate electrode  MG in 

the memory cell formation part 32a on the first row .  

With this configuration, three or more opposite-

conductivity-type semiconductor layers and intrinsi c 

semiconductor layers are provided on the sidewalls of the 

extended electrode portions 35a and 35b. 

[0131] In addition to this configuration, the physi cal 

disconnection portion 34c is disposed on, for examp le, an 

inner peripheral wall of the connection part 36c in  the 

physical disconnection region ER1, which connects a  

sidewall of the extension part 36a provided continu ously 

with the memory cell formation part 32b on the seco nd row 
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with a sidewall of the end part 36b between the mem ory 

cell formation part 32b on the second row and the m emory 

cell formation part 32a on the first row.  The phys ical 

disconnection portion 34b is disposed on, for examp le, an 

inner peripheral wall of the connection part 36c in  the 

physical disconnection region ER1, which connects a  

sidewall of the extension part 36a provided continu ously 

with the memory cell formation part 32a on the firs t row 

with a sidewall of the end part 36b between the mem ory 

cell formation part 32a on the first row and the me mory 

cell formation part 32b on the second row. 

[0132]In the physical disconnection portions 34b an d 34c, 

no conduction layer made of, for example, a semicon ductor 

material is provided along the inner peripheral wal l of 

the connection part 36c so that the inner periphera l wall 

of the connection part 36c is externally exposed.  With 

this configuration, the physical disconnection port ions 

34b and 34c each provides physical disconnection th rough 

a gap between the drain side select gate electrode DG in 

the memory cell formation part 32a on the first row  and 

the drain side select gate electrode DG in the memo ry 

cell formation part 32b on the second row, thereby 

achieving a non-conductive state between the drain side 

select gate electrode DG in the memory cell formati on 

part 32a on the first row and the drain side select  gate 

electrode DG in the memory cell formation part 32b on the 

second row. 

[0133] In this manner, in the extended electrode po rtions 

35a and 35b, the electrical disconnection portion 3 3a, 

the physical disconnection portion 34c, the electri cal 

disconnection portions 33b and 33c, the physical 

disconnection portion 34b, and the electrical 

disconnection portion 33d are disposed in this orde r on 

sidewalls between the drain side select gate electr ode DG 

in the memory cell formation part 32b on the second  row 
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and the drain side select gate electrode DG in the memory 

cell formation part 32a on the first row.  Accordin gly, 

the extended electrode portions 35a and 35b prevent  

conduction between the drain side select gate elect rode 

DG in the memory cell formation part 32a on the fir st row 

and the drain side select gate electrode DG in the memory 

cell formation part 32b on the second row through t he 

four electrical disconnection portions 33a, 33b, 33 c, and 

33d and the two physical disconnection portions 34b  and 

34c. 

[0134] In the extended electrode portions 35a and 3 5b, 

the end parts 36b extend from the connection parts 36c, 

respectively, in the physical disconnection regions  ER1 

and ER5 to the electrical disconnection regions ER2  and 

ER4, and are disposed in the region between the mem ory 

cell formation parts 32a and 32b adjacent to each o ther.  

This configuration prevents increase of the electri cal 

disconnection regions ER2 and ER4 in the longitudin al 

directions of the memory cell formation parts 32a a nd 32b 

by an amount corresponding to the end parts 36b. 

[0135] The source region WS disposed on the well W is 

shared by the memory cell formation part 32b on the  

second row and the memory cell formation part 32c o n the 

third row adjacent to the memory cell formation par t 32b 

on the second row.  Accordingly, an identical sourc e 

voltage is applied to the memory cells 2d, 2e, and 2f in 

the memory cell formation part 32b on the second ro w and 

the memory cells 2g, 2h, and 2i in the memory cell 

formation part 32c on the third row.  In this manne r, 

since the memory cell formation part 32b on the sec ond 

row adjacent to the memory cell formation part 32c on the 

third row shares the source region WS between the m emory 

cell formation part 32b and the memory cell formati on 

part 32c on the third row, the first sidewall 11 of  the 

memory gate electrode MG, on which the source side select 
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gate electrode SG is disposed, is disposed facing t he 

first sidewall 11 of the memory gate electrode MG i n the 

memory cell formation part 32c on the third row. 

[0136] With this configuration, the first sidewall 11 of 

the memory gate electrode MG, on which the source s ide 

select gate electrode SG is disposed, in the memory  cell 

formation part 32b on the second row is provided 

continuously, through inner sidewalls of the extend ed 

electrode portions 35a and 35b, with the first side wall 

11 of the memory gate electrode MG, on which the so urce 

side select gate electrode SG is disposed, in the 

adjacent memory cell formation part 32c on the thir d row. 

[0137] In the present embodiment, four electrical 

disconnection portions 33e, 33f, 33g, and 33h are 

disposed in this order along sidewalls each of the 

extended electrode portions 35a and 35b between the  first 

sidewall 11 of the memory gate electrode MG in the memory 

cell formation part 32b on the second row and the f irst 

sidewall 11 of the memory gate electrode MG in the memory 

cell formation part 32c on the third row.  In each of the 

extended electrode portions 35a and 35b, the electr ical 

disconnection portion 33e is disposed along a sidew all of 

the extension part 36a disposed flush with the firs t 

sidewall 11 of the memory gate electrode MG in the memory 

cell formation part 32b on the second row, and the 

electrical disconnection portion 33h is disposed al ong a 

sidewall of the extension part 36a disposed flush w ith 

the first sidewall 11 of the memory gate electrode MG in 

the memory cell formation part 32c on the third row . 

[0138] In the end part 36b of each of the extended 

electrode portions 35a and 35b extending in the row  

direction between the memory cell formation part 32 b on 

the second column and the memory cell formation par t 32c 

on the third column, the electrical disconnection p ortion 

33f is disposed along a sidewall disposed on the me mory 
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cell formation part 32b side on the second row, and  the 

electrical disconnection portion 33g is disposed al ong a 

sidewall disposed on the memory cell formation part  32c 

side on the third row.  In this manner, the four 

electrical disconnection portions 33e, 33f, 33g, an d 33h 

are disposed in this order along sidewalls of the 

extended electrode portions 35a and 35b connecting the 

first sidewall 11 of the memory gate electrode MG i n the 

memory cell formation part 32b on the second row wi th the 

first sidewall 11 of the memory gate electrode MG i n the 

memory cell formation part 32c on the third row. 

[0139] In addition to this configuration, in the 

connection part 36c in the physical disconnection r egion 

ER1, for example, the physical disconnection portio n 34e 

is disposed on an inner peripheral wall connecting a 

sidewall of the extension part 36a provided continu ously 

with the memory cell formation part 32b on the seco nd row 

with a sidewall of the end part 36b between the mem ory 

cell formation part 32b on the second row and the m emory 

cell formation part 32c on the third row.  Similarl y, in 

the connection part 36c in the physical disconnecti on 

region ER1, for example, the physical disconnection  

portion 34d is disposed on an inner peripheral wall  

connecting a sidewall of the extension part 36a pro vided 

continuously with the memory cell formation part 32 c on 

the third row with a sidewall of the end part 36b b etween 

the memory cell formation part 32c on the third row  and 

the memory cell formation part 32b on the second ro w. 

[0140]In the physical disconnection portions 34e an d 34d, 

no conduction layer made of, for example, a semicon ductor 

material is provided along the inner peripheral wal l of 

the connection part 36c so that the inner periphera l wall 

of the connection part 36c is externally exposed.  With 

this configuration, the physical disconnection port ions 

34e and 34d each provides physical disconnection th rough 
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a gap between the source side select gate electrode  SG in 

the memory cell formation part 32b on the second ro w and 

the source side select gate electrode SG in the mem ory 

cell formation part 32c on the third row, thereby 

achieving a non-conductive state between the source  side 

select gate electrode SG in the memory cell formati on 

part 32b on the second row and the source side sele ct 

gate electrode SG in the memory cell formation part  32c 

on the third row. 

[0141] In this manner, the electrical disconnection  

portion 33e, the physical disconnection portion 34e , the 

electrical disconnection portions 33f and 33g, the 

physical disconnection portion 34d, and the electri cal 

disconnection portion 33h are disposed in this orde r on 

sidewalls of the extended electrode portions 35a an d 35b 

between the source side select gate electrode SG in  the 

memory cell formation part 32b on the second row an d the 

source side select gate electrode SG in the memory cell 

formation part 32c on the third row.  Accordingly, the 

extended electrode portions 35a and 35b prevent 

conduction between the source side select gate elec trode 

SG in the memory cell formation part 32b on the sec ond 

row and the source side select gate electrode SG in  the 

memory cell formation part 32c on the third row thr ough 

the four electrical disconnection portions 33e, 33f , 33g, 

and 33h and the two physical disconnection portions  34e 

and 34d. 

[0142]In the non-volatile semiconductor memory devi ce 31, 

the cap film CP is disposed on the memory gate elec trodes 

MG in the memory cell formation parts 32a, 32b, 32c , ..., 

the extension parts 36a as extension of the memory gate 

electrode MG in the electrical disconnection region s ER2 

and ER4, and the end parts 36b in the electrical 

disconnection regions ER2 and ER4.  The cap film CP  

prevents salicidation of upper surfaces of the memo ry 



- 55 - 

gate electrode MG, the extension part 36a, and the end 

part 36b through a manufacturing process.  In the 

physical disconnection regions ER1 and ER5, no cap film 

CP is disposed on the connection parts 36c as exten sion 

of the memory gate electrode MG, and thus the conne ction 

parts 36c are externally exposed so that upper surf aces 

of the connection parts 36c are salicided.  The col umn-

shaped memory gate contact MGC is provided on the 

connection parts 36c for each, through a silicide l ayer 

(not illustrated) disposed on each connection part 36c. 

[0143] With the above-described configuration, in t he 

non-volatile semiconductor memory device 31, the fo ur 

electrical disconnection portions 33a, 33b, 33c, an d 33d 

for achieving disconnection between the drain side select 

gate electrode DG the memory cell formation parts 3 2a and 

32b adjacent to each other are provided along first  

sidewalls of the extended electrode portions 35a an d 35b.  

Accordingly, the drain side select gate electrodes DG are 

disconnected from each other at the increased numbe r of 

places as compared to conventional cases, thereby 

preventing any false reading operation occurring du e to 

voltage variation at a data reading operation as co mpared 

to conventional cases. 

[0144]In the non-volatile semiconductor memory devi ce 31, 

the four electrical disconnection portions 33e, 33f , 33g, 

and 33h for achieving disconnection between the sou rce 

side select gate electrodes SG of the memory cell 

formation parts 32b and 32c adjacent to each other are 

provided along second sidewalls of the extended ele ctrode 

portions 35a and 35b.  Accordingly, the source side  

select gate electrodes SG are disconnected from eac h 

other at the increased number of places as compared  to 

conventional cases, thereby preventing any false re ading 

operation occurring due to voltage variation at a d ata 

reading operation as compared to conventional cases . 
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[0145] For example, in the region between the memor y cell 

formation parts 32a and 32b adjacent to each other,  the 

physical disconnection portions 34c and 34b, to whi ch no 

sidewall-shaped semiconductor material is provided,  are 

provided between the electrical disconnection porti ons 

33a and 33b and between electrical disconnection po rtions 

33c and 33d, which are disposed along sidewalls of the 

extended electrode portions 35a and 35b, so that th e two 

physical disconnection portions 34c and 34b prevent  

contact between the drain side select gate electrod es DG, 

thereby achieving a non-conductive state.  In this manner, 

the region between the memory cell formation parts 32a 

and 32b additionally includes the physical disconne ction 

portions 34c and 34b, which disconnect the drain si de 

select gate electrodes DG in a manner different fro m that 

for the electrical disconnection portions 33a, 33b,  33c, 

and 33d.  This configuration achieves more reliable  

disconnection between the drain side select gate 

electrodes DG than a case in which only the electri cal 

disconnection portions 33a, 33b, 33c, and 33d are 

provided.  Similarly, the region between the memory  cell 

formation parts 32b and 32c adjacent to each other 

additionally includes the physical disconnection po rtions 

34e and 34d, which disconnect the source side selec t gate 

electrode SG in a manner different from that for th e 

electrical disconnection portions 33e, 33f, 33g, an d 33h.  

This configuration achieves more reliable disconnec tion 

between the source side select gate electrode SG th an a 

case in which only the electrical disconnection por tions 

33e, 33f, 33g, and 33h are provided. 

[0146] In addition, the extended electrode portion 35a 

(35b) turns around in the physical disconnection re gion 

ER1 (ER5) toward the electrical disconnection regio n ER2 

(ER4) and provides the end part 36b between the mem ory 

cell formation parts 32a and 32b adjacent to each o ther.  
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With the extension part 36a and the end part 36b di sposed 

in the electrical disconnection region ER2 (ER4), t he 

plurality of electrical disconnection portions 23a,  23b, 

23c, 23f, 23e, and 23d are all disposed in parallel  to 

each other in the electrical disconnection region E R2 

(ER4).  Accordingly, increase of the electrical 

disconnection region ER2 (ER4) can be prevented in the 

longitudinal direction of the memory cell formation  part 

32a due to the end part 36b in the non-volatile 

semiconductor memory device 31, thereby achieving 

downsizing and highly dense integration. 

[0147]In the non-volatile semiconductor memory devi ce 31, 

for example, when a foreign object remains along a 

sidewall of the extended electrode portion 35a prov ided 

continuously with the first sidewall 11 of each mem ory 

gate electrode MG between the memory cell formation  parts 

32b and 32c adjacent to each other due to manufactu ring 

defect, the source side select gate electrodes SG i n the 

memory cell formation parts 32b and 32c adjacent to  each 

other can be electrically connected with each other .  In 

this case, since an identical voltage is applied to  each 

source side select gate electrode SG in the non-vol atile 

semiconductor memory device 31 at data reading oper ation, 

voltage variation can be prevented in the source si de 

select gate electrodes SG and the drain side select  gate 

electrodes DG due to short-circuit defect at data r eading 

operation even when the source side select gate 

electrodes SG in the memory cell formation parts 32 b and 

32c are electrically connected with each other. 

[0148]In the non-volatile semiconductor memory devi ce 31, 

for example, when a foreign object remains along a 

sidewall of the extended electrode portion 35a prov ided 

continuously with the second sidewall 12 of each me mory 

gate electrode MG between the memory cell formation  parts 

32a and 32b adjacent to each other due to manufactu ring 
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defect, the drain side select gate electrodes DG in  the 

memory cell formation parts 32a and 32b adjacent to  each 

other can be electrically connected with each other .  In 

this case, in the non-volatile semiconductor memory  

device 31, since the drain side select gate electro des DG 

of the same kind to which an identical voltage is l ikely 

to be applied at data reading operation can be 

electrically connected with each other, the probabi lity 

of generation of voltage variation in the drain sid e 

select gate electrodes DG at data reading operation  can 

be reduced. 

[0149] (4) Planar layout of non-volatile semiconduc tor 

memory device according to fourth embodiment 

 In the non-volatile semiconductor memory device 31  

according to the above-described third embodiment, the 

memory cell formation parts 32a, 32b, 32c, ... are 

provided continuously with each other in the physic al 

disconnection regions ER1 and ER5, but the present 

invention is not limited thereto.  As illustrated i n FIG. 

7, in which any part corresponding to that in FIG. 4 is 

denoted by an identical reference sign, a non-volat ile 

semiconductor memory device 41 may include connecti on 

regions ER10 and ER11 provided separately from the 

physical disconnection regions ER1 and ER5 so that memory 

cell formation parts 42a and 42b adjacent to each o ther 

are provided continuously with each other in the 

connection regions ER10 and ER11. 

[0150] In this case, the memory cell formation part  42a 

(42b) includes the select gate formation region ER9  in 

which the source side select gate structure 6a (6b)  and 

the drain side select gate structure 5a (5b) are di sposed 

facing each other with the memory gate structure 4a  (4b) 

interposed therebetween.  The memory gate structure s 4a 

and 4b are each provided with the straight memory g ate 

electrode MG extending in the row direction in the memory 
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cell formation parts 42a and 42b in the select gate  

formation region ER9, and the cap film CP is dispos ed on 

the memory gate electrode MG. 

[0151] In addition to this configuration, the non-

volatile semiconductor memory device 41 includes th e 

connection regions ER10 and ER11 adjacent to the se lect 

gate formation region ER9, and the physical disconn ection 

region ER1 (ER5) at an end of the connection region  ER10 

(ER11) through the electrical disconnection region ER2 

(ER4).  In this case, the memory gate electrode MG 

extends as an extended electrode portion 45a (45b) in the 

connection region ER10 (ER11), the electrical 

disconnection region ER2 (ER4), and the physical 

disconnection region ER1 (ER5). 

[0152] The source region WS disposed on the well W is 

shared by the memory cell formation parts 42a and 4 2b 

adjacent to each other so that an identical source 

voltage is applied from the source region WS to the  

memory cells 2d, 2e, and 2f in the memory cell form ation 

part 42a and the memory cells 2g, 2h, and 2i in the  

memory cell formation part 42b.  The first sidewall s 11 

of the memory gate electrodes MG in the memory cell  

formation parts 42a and 42b adjacent to each other are 

disposed facing each other, and the sidewall-shaped  

source side select gate electrodes SG are disposed facing 

each other along the first sidewalls 11. 

[0153] In addition to this configuration, ends of t he 

memory gate electrodes MG in the memory cell format ion 

parts 42a and 42b adjacent to each other are provid ed 

continuously with each other through the extended 

electrode portions 45a and 45b in the connection re gions 

ER10 and ER11.  When viewed from above the semicond uctor 

substrate, the extended electrode portions 45a and 45b 

have E shapes that are reflectively symmetric with 

respect to the center of each memory cell formation  part 
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in the connection regions ER10 and ER11, the electr ical 

disconnection regions ER2 and ER4, and the physical  

disconnection regions ER1 and ER5.  In this case, t he 

extended electrode portions 45a, 45b include a fork ed 

connection part 46a provided in the connection regi ons 

ER10, ER11 and connecting the memory gate electrode s MG 

in the memory cell formation parts 43a and 42b, ext ension 

parts 46b and 46f provided in the electrical 

disconnection regions ER2, ER4 and extending from t he 

forked connection part 46a along the longitudinal 

directions of the memory gate electrodes MG, an end  part 

46d provided in the electrical disconnection region s ER2, 

ER4 and disposed between the extension parts 46b an d 46f, 

and non-sidewall formation parts 46c, 46g, and 46e 

provided in the physical disconnection regions ER1,  ER5 

and disposed at leading ends of the extension parts  46b 

and 46f and the end part 46d. 

[0154] In the memory cell formation parts 42a and 4 2b 

adjacent to each other, the first sidewall 11 of th e 

memory gate electrode MG in the memory cell formati on 

part 42a and the first sidewall 11 of the memory ga te 

electrode MG in the memory cell formation part 42b are 

provided continuously with each other through sidew alls 

47a of the forked connection parts 46a in the conne ction 

regions ER10 and ER11.  Sidewall-shaped semiconduct or 

layers 11a are disposed along the sidewalls 47a of the 

forked connection parts 46a so that the source side  

select gate electrode SG in the memory cell formati on 

part 42a and the source side select gate electrode SG in 

the memory cell formation part 42b are provided 

continuously with each other through the semiconduc tor 

layers 11a. 

[0155] In each forked connection part 46a, the wide  

select gate contact formation part Ca provided with  the 

source side select gate contact SGC is disposed at a 
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predetermined position on the semiconductor layer 1 1a.  

The select gate contact formation part Ca includes a 

mounting portion over the forked connection part 46 a and 

a plane portion having a plane surface along the 

semiconductor substrate.  The plane portion is prov ided 

with the column-shaped source side select gate cont act 

SGC connected with a source side select gate line ( not 

illustrated).  With this configuration, a predeterm ined 

voltage is applied from the source side select gate  line 

SGL to the source side select gate electrode SG hav ing a 

tilted sidewall shape with a small width through th e 

source side select gate contact SGC and the select gate 

contact formation part Ca. 

[0156] In the present embodiment, the plane portion  of 

the select gate contact formation part Ca is dispos ed in 

the select gate contact regions ER6, ER7, and the 

mounting portion thereof is disposed in the connect ion 

regions ER10, ER11.  In the above-described embodim ent, 

the select gate contact formation part Ca is provid ed to 

the semiconductor layer 11a in the forked connectio n part 

46a, but the present invention is not limited there to.  

The select gate contact formation part Ca may be pr ovided 

to the source side select gate electrode SG in the select 

gate contact regions ER6, ER7. 

[0157] In the forked connection part 46a, sidewall- shaped 

semiconductor layers 11b are disposed on C-shaped 

sidewalls 47b and 47c facing the sidewall 47a provi ded 

with the select gate contact formation part Ca.  Th e 

semiconductor layers 11b remains on the C-shaped 

sidewalls 47b and 47c of the forked connection part  46a 

at formation of the source side select gate electro des SG 

and the drain side select gate electrodes DG of the  

memory cell formation parts 42a and 42b. 

[0158] In addition to this configuration, in each o f the 

memory cell formation parts 42a and 42b, the sidewa ll-
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shaped drain side select gate electrode DG is dispo sed 

along the second sidewall 12 facing the first sidew all 11 

of the memory gate electrode MG and disposed in the  drain 

region WD side on the well W.  For example, the mem ory 

cell formation part 42a shares the drain region WD with 

an adjacent memory cell formation part (not illustr ated), 

and thus a bit voltage same as that applied to the memory 

cell 2d in the memory cell formation part 42a is al so 

applied to a memory cell in the adjacent memory cel l 

formation part (not illustrated). 

[0159] No source side select gate electrode SG nor drain 

side select gate electrode DG is disposed on sidewa lls of 

the extension parts 46b and 46f and the end part 46 d 

provided in the electrical disconnection region ER2  (ER4).  

Instead, six electrical disconnection portions 43a,  43b, 

43c, 43f, 43e, and 43d are disposed along these sid ewalls.  

The electrical disconnection portions 43a, 43b, 43c , 43f, 

43e, and 43d all have identical configurations and each 

includes the i-type sidewall-shaped intrinsic 

semiconductor layers Ia and Ib and the sidewall-sha ped 

opposite-conductivity-type semiconductor layer OC.  The 

opposite-conductivity-type semiconductor layer OC i s 

disposed between the intrinsic semiconductor layers  Ia 

and Ib.  The opposite-conductivity-type semiconduct or 

layer OC has a conductivity type (in this case, p-t ype) 

different from a conductivity type of the source si de 

select gate electrode SG and the drain side select gate 

electrode DG. 

[0160] In the extension part 46b of the extended 

electrode portion 45a (45b), the electrical disconn ection 

portion 43a is disposed along a first sidewall prov ided 

continuously flush with the second sidewall 12 of t he 

memory gate electrode MG in the memory cell formati on 

part 42a, and the electrical disconnection portion 43b is 

disposed along a second sidewall disposed facing th e 
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first sidewall.  In the memory cell formation part 42a, 

for example, the electrical disconnection portion 4 3a 

provides a p-i-n junction along the second sidewall  12 of 

the memory gate electrode MG and sidewalls of the f orked 

connection part 46a and the extension part 46b from  the 

n-type drain side select gate electrode DG as a sta rting 

point. 

[0161] In the extension part 46f of the extended 

electrode portion 45a (45b), the electrical disconn ection 

portion 43f is disposed along a first sidewall prov ided 

continuously flush with the second sidewall 12 of t he 

memory gate electrode MG in the memory cell formati on 

part 42b, and the electrical disconnection portion 43e is 

disposed along a second sidewall disposed facing th e 

first sidewall.  In the memory cell formation part 42b, 

for example, the electrical disconnection portion 4 3f 

provides a p-i-n junction along the second sidewall  12 of 

the memory gate electrode MG and sidewalls of the f orked 

connection part 46a and the extension part 46f from  the 

n-type drain side select gate electrode DG as a sta rting 

point. 

[0162] The end part 46d of the extended electrode p ortion 

45a (45b) extends straight from the forked connecti on 

part 46a in the longitudinal directions of the exte nsion 

parts 46b and 46f, and is disposed between the exte nsion 

parts 46b and 46f.  In the end part 46d, the electr ical 

disconnection portion 43c is disposed on a sidewall  

facing the extension part 46b, and the electrical 

disconnection portion 43d is disposed on a sidewall  

facing the extension part 46f.  Accordingly, the si x 

electrical disconnection portions 43a, 43b, 43c, 43 d, 43e, 

and 43f are disposed in this order on a sidewall of  the 

extended electrode portion 45a (45b) between the dr ain 

side select gate electrode DG disposed along the se cond 

sidewall 12 of the memory gate electrode MG in the memory 
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cell formation part 42a and the drain side select g ate 

electrode DG disposed along the second sidewall 12 of the 

memory gate electrode MG in the memory cell formati on 

part 42b.  With this configuration, three or more 

opposite-conductivity-type semiconductor layers and  

intrinsic semiconductor layers are provided on side walls 

of the extended electrode portions 45a and 45b. 

[0163] Accordingly, for example, the electrical 

disconnection portion 43c provides a p-i-n junction  along 

a sidewall of the end part 16b even when foreign ob jects 

adhere to the electrical disconnection portions 43a  and 

43b of the extension part 46b and the non-sidewall 

formation part 46c of the extension part 46b to be 

described later, providing electrical conduction th rough 

the drain side select gate electrode DG, the electr ical 

disconnection portions 43a and 43b, the non-sidewal l 

formation part 46c, the semiconductor layers 11b on  the 

sidewall 47b, and the electrical disconnection port ion 

43c of the end part 46d in the memory cell formatio n part 

42a due to the foreign objects. 

[0164] In addition to this configuration, physical 

disconnection portions 44a, 44b, and 44c are dispos ed on 

sidewalls of the non-sidewall formation parts 46c, 46e, 

and 46g in the physical disconnection region ER1.  In the 

physical disconnection portions 44a, 44b, and 44c, no 

conduction layer made of, for example, a semiconduc tor 

material is provided along the sidewalls of the non -

sidewall formation parts 46c, 46e, and 46g so that the 

sidewalls of the non-sidewall formation parts 46c, 46e, 

and 46g are externally exposed.  With this configur ation, 

the physical disconnection portions 44a, 44b, and 4 4c 

provide physical disconnection through gaps between  the 

drain side select gate electrode DG in the memory c ell 

formation part 42a and the drain side select gate 

electrode DG in the memory cell formation part 42b,  
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thereby achieving a non-conductive state between th e 

drain side select gate electrodes DG. 

[0165] In this manner, the electrical disconnection  

portion 43a, the physical disconnection portion 44a , the 

electrical disconnection portions 43b and 43c, the 

physical disconnection portion 44b, the electrical 

disconnection portions 43d and 43e, the physical 

disconnection portion 44c, and the electrical 

disconnection portion 43f are disposed in this orde r on 

sidewalls of the extended electrode portion 45a (45 b) 

between the drain side select gate electrode DG dis posed 

along the second sidewall 12 of the memory gate ele ctrode 

MG in the memory cell formation part 42a and the dr ain 

side select gate electrode DG disposed along the se cond 

sidewall 12 of the memory gate electrode MG in the memory 

cell formation part 42b.  Accordingly, the extended  

electrode portion 45a (45b) prevents conduction bet ween 

the drain side select gate electrodes DG through th e six 

electrical disconnection portions 43a, 43b, 43c, 43 d, 43e, 

and 43f, and the three the physical disconnection 

portions 44a, 44b, and 44c. 

[0166] With the above-described configuration, in t he 

non-volatile semiconductor memory device 41, the si x 

electrical disconnection portions 43a, 43b, 43c, 43 d, 43e, 

and 43f for achieving disconnection between the dra in 

side select gate electrode DG in the memory cell 

formation part 42a and the drain side select gate 

electrode DG in the memory cell formation part 42b are 

provided along the sidewalls of the extended electr ode 

portion 45a (45b).  Accordingly, the drain side sel ect 

gate electrodes DG are disconnected from each other  at 

the increased number of places as compared to 

conventional cases, thereby preventing any false re ading 

operation occurring due to voltage variation at a d ata 

reading operation as compared to conventional cases . 
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[0167] The physical disconnection portions 44a, 44b , and 

44c, to which no sidewall-shaped semiconductor mate rial 

is provided, are provided between the electrical 

disconnection portions 43a and 43b, between the 

electrical disconnection portions 43c and 43d, and 

between the electrical disconnection portions 43e a nd 43f, 

which are disposed along the sidewalls of the exten ded 

electrode portion 45a (45b), so that the three phys ical 

disconnection portions 44a, 44b, and 44c prevent co ntact 

between the drain side select gate electrodes DG, t hereby 

achieving a non-conductive state.  In this manner, the 

memory cell formation parts 42a and 42b adjacent to  each 

other each additionally include the physical 

disconnection portions 44a, 44b, and 44c, which 

disconnect the drain side select gate electrodes DG  in a 

manner different from that for electrical disconnec tion 

portions 43a, 43b, 43c, 43d, 43e, and 43f.  This 

configuration achieves more reliable disconnection 

between the drain side select gate electrodes DG th an a 

case in which only the electrical disconnection por tions 

43a, 43b, 43c, 43d, 43e, and 43f are provided. 

[0168] In the memory cell formation parts 42a and 4 2b 

adjacent to each other in this manner, the extended  

electrode portion 45a (45b) bends at the physical 

disconnection region ER1 (ER5) and provides the end  part 

46d and the extension parts 46b and 46f in the elec trical 

disconnection region ER2 (ER4) so that the pluralit y of 

electrical disconnection portions 43a, 43b, 43c, 43 d, 43e, 

and 43f are all disposed in parallel to each other in the 

electrical disconnection region ER2 (ER4) through t he end 

part 46d and the extension parts 46b and 46f.  With  this 

configuration, in the non-volatile semiconductor me mory 

device 41, the end part 46d is not disposed in line  with 

the extension parts 46b and 46f, and accordingly, 

increase of the electrical disconnection region ER2  (ER4) 
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can be prevented in the longitudinal directions of the 

memory cell formation parts 42a and 42b. 

[0169]In the non-volatile semiconductor memory devi ce 41, 

for example, even when foreign objects remain along  

sidewalls of the extended electrode portions 45a pr ovided 

continuously with the second sidewalls 12 of the me mory 

gate electrodes MG between the memory cell formatio n 

parts 42a and 42b adjacent to each other due to 

manufacturing defect, the drain side select gate 

electrodes DG of the memory cell formation parts 42 a and 

42b adjacent to each other can be electrically conn ected 

with each other.  In this case, in the non-volatile  

semiconductor memory device 41, since the drain sid e 

select gate electrodes DG of the same kind to which  an 

identical voltage is likely to be applied at data r eading 

operation can be electrically connected with each o ther, 

the probability of generation of voltage variation in the 

drain side select gate electrodes DG at data readin g 

operation can be reduced. 

[0170] In the above-described third embodiment, the  

electrical disconnection portions 43a, 43b, 43c, 43 d, 43e, 

and 43f disconnecting electrical connection between  the 

drain side select gate electrode DG in the memory c ell 

formation part 42a and the drain side select gate 

electrode DG in the memory cell formation part 42b are 

applied as electrical disconnection portions 

disconnecting electrical connection between the fir st 

select gate electrode in a memory cell formation pa rt and 

the first select gate electrode or the second selec t gate 

electrode in another memory cell formation part.  H owever, 

the present invention is not limited thereto.  An 

electrical disconnection portion disconnecting elec trical 

connection between the source side select gate elec trode 

of a memory cell formation part and the source side  

select gate electrode in another memory cell format ion 
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part may be applied.  In this case, those memory ce ll 

formation parts have such a configuration that each  drain 

side select gate electrode DG and the corresponding  

source side select gate electrode SG illustrated in  FIG. 

7 are interchanged with each other. 

[0171] In another embodiment, an electrical disconn ection 

portion disconnecting electrical connection between  the 

drain side select gate electrode in a memory cell 

formation part and the source side select gate elec trode 

in another memory cell formation part may be applie d.  In 

this case, these memory cell formation parts do not  share 

the source region WS but have such a configuration that 

the drain side select gate electrode DG of the memo ry 

cell formation part 42b illustrated in FIG. 7 is re placed 

with a source side select gate electrode SG. 

[0172] (5) Other embodiments 

 The present invention is not limited to the presen t 

embodiments, but various kinds of modifications are  

possible without departing from the scope of the pr esent 

invention.  For example, various voltage values may  be 

applied to each site.  In the above-described first  and 

second embodiments, the first select gate electrode  

disposed on the first sidewall of a memory gate ele ctrode 

is the source side select gate electrode SG, but th e 

present invention is not limited thereto.  A drain side 

select gate electrode may be disposed as the first select 

gate electrode on the first sidewall of a memory ga te 

electrode.  In this case, the second select gate 

electrode disposed on the second sidewall of the me mory 

gate electrode is a source side select gate electro de. 

[0173] In the above-described embodiments, the elec trical 

disconnection portions 13a, 13b, 13d, 13c (13e, 13f , 13h, 

13g), 23a, 23b, 23c, 23f, 23e, 23d, 33a, 33b, 33c, 33d, 

43a, 43b, 43c, 43d, 43e, and 43f, which provide p-i -n 

junctions, are each provided from the drain side se lect 
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gate electrode DG or the source side select gate 

electrode SG as a starting point, but the present 

invention is not limited thereto.  Electrical 

disconnection portions for achieving an n-i-n junct ion 

structure, a p-i-p junction structure, an n-p-n jun ction 

structure, or a p-n-p junction structure may be pro vided 

with the drain side select gate electrode DG or the  

source side select gate electrode SG as a starting point 

or with electrical disconnection portions alone.  

Specifically, three or more opposite-conductivity-t ype 

semiconductor layers of a conductivity type differe nt 

from a conductivity type of the first select gate 

electrode and the second select gate electrode, or three 

or more intrinsic semiconductor layers are desirabl y 

provided on sidewalls of an extended electrode port ion 

extending from a memory gate electrode.  In this ca se, a 

physical disconnection portion at which no semicond uctor 

layer is disposed on a sidewall of the extended ele ctrode 

portion is desirably disposed between opposite-

conductivity-type semiconductor layers adjacent to each 

other or intrinsic semiconductor layers adjacent to  each 

other. 

[0174] In the above-described first, second, third,  and 

fourth embodiments, the physical disconnection regi ons 

ER1, ER5 are provided, but the present invention is  not 

limited thereto.  Only the electrical disconnection  

regions ER2, ER4 may be provided without the physic al 

disconnection regions ER1 and ER5. 

[0175] In the above-described embodiments, the exte nded 

electrode portions 15a, 15b, 15c, 15d, 25a, 25b, 35 a, 35b, 

45a, and 45b each has a C shape, an E shape, or a c omb 

teeth shape when viewed from above the semiconducto r 

substrate, but the present invention is not limited  

thereto.  The extended electrode portions may have 

various kinds of shapes such as an F shape, an H sh ape, a 
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J shape, a K shape, an L shape, an M shape, an N sh ape, a 

T shape, a U shape, a V shape, a W shape, a Y shape , and 

a Z shape. 

[0176] In the above-described embodiments, the P-ty pe 

well W is used to provide the memory gate structure  4a 

included in an N-type transistor structure, the dra in 

side select gate structure 5a included in an N-type  MOS 

transistor structure, and the source side select ga te 

structure 6a included in an N-type MOS transistor 

structure, but the present invention is not limited  

thereto.  An N-type well may be used to provide a m emory 

gate structure included in a P-type transistor stru cture, 

a drain side select gate structure included in a P- type 

MOS transistor structure, and a source side select gate 

structure included in a P-type MOS transistor struc ture.  

In this case, the polarity of N-type or P-type is 

inverted in the memory cell 2a described in the abo ve-

described embodiments, and thus, for example, volta ges 

applied to a memory gate structure, a drain side se lect 

gate structure, a source side select gate structure , a 

bit line, and a source line change accordingly. 

[0177] In the above-described embodiments, for exam ple, 

in the memory cell 2a, data is programmed by inject ing 

charge into the charge storage layer EC and data is  

erased by removing charge in the charge storage lay er EC, 

but the present invention is not limited thereto.  

Contrary to the above configuration, data may be 

programmed by removing charge in the charge storage  layer 

EC of the memory cell 2a, and data may be erased by  

injecting charge into the charge storage layer EC. 

[0178] In the above-described embodiments, a cap fi lm 

disposed on the top portion of the memory gate elec trode 

MG is the cap film CP having a laminated structure in 

which the upper cap layer CPb made of an insulation  

material, such as SiN, different from the insulatio n 
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material of the lower cap film CPa is stacked on th e 

lower cap film CPa, but the present invention is no t 

limited thereto.  The cap film may be a single-laye r cap 

film or a cap film having a laminated structure inc luding 

three or more layers. 

[0179] The four electrical disconnection portions 1 3a, 

13b, 13d, and 13c (13e, 13f, 13h, and 13g) are prov ided 

to the extended electrode portions 15a, 15b, and 15 c, 15d 

in the above-described first embodiment, the six 

electrical disconnection portions 23a, 23b, 23c, 23 f, 23e, 

and 23d are provided to the extended electrode port ions 

25a and 25b in the above-described second embodimen t, the 

four electrical disconnection portions 33a, 33b, 33 c, and 

33d are provided to the extended electrode portions  35a 

and 35b in the above-described third embodiment, an d the 

six electrical disconnection portions 43a, 43b, 43c , 43d, 

43e, and 43f are provided to the extended electrode  

portions 45a and 45b in the above-described fourth 

embodiment, but the present invention is not limite d 

thereto.  Three or more electrical disconnection po rtions 

only have to be provided at various positions on ex tended 

electrode portions.  In addition, the number of 

electrical disconnection portions and the shapes th ereof 

may be different between extended electrode portion s on 

both sides of a memory gate electrode so that the 

electrical disconnection portions may be asymmetric ally 

disposed with respect to the memory gate electrode.  

[0180] (6) Positional relation between electrical a nd 

physical disconnection regions 

 In the above-described first to third embodiments,  

the electrical disconnection region ER2 (ER4) and t he 

physical disconnection region ER1 (ER5) are provide d in 

this order from the select gate formation region ER 9 on 

each side of the select gate formation region ER9, but 

the present invention is not limited thereto.  The 
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electrical disconnection region ER2 (ER4) and the 

physical disconnection region ER1 (ER5) may be disp osed 

at interchanged positions so that the physical 

disconnection region ER1 (ER5) and the electrical 

disconnection region ER2 (ER4) may be provided in t his 

order from the select gate formation region ER9 on each 

side of the select gate formation region ER9. 

[0181] For example, FIG. 8, in which any part 

corresponding to that in FIG. 5 is denoted by an 

identical reference sign, illustrates a planar layo ut of 

a memory cell formation part 52 in which the electr ical 

disconnection region ER2 (ER4) and the physical 

disconnection region ER1 (ER5) of the memory cell 

formation part 22a illustrated in FIG. 5 are interc hanged.  

In this case, in the memory cell formation part 52,  a 

physical disconnection region ER11 is disposed at o ne end 

of the select gate formation region ER9, a physical  

disconnection region ER15 is disposed at the other end of 

the select gate formation region ER9, and an electr ical 

disconnection region ER12 (ER14) is disposed at an end of 

the physical disconnection region ER11 (ER15). 

[0182] In the memory cell formation part 52, the st rip-

shaped memory gate electrode MG extends in the sele ct 

gate formation region ER9, and an extended electrod e 

portion 55a (55b) as extension of the memory gate 

electrode MG from the select gate formation region ER9 is 

provided in the physical disconnection region ER11 (ER15) 

and the electrical disconnection region ER12 (ER14) .  In 

the present embodiment, the extended electrode port ion 

55a (55b) has a leading end in a trifurcated fork s hape 

when viewed from above the semiconductor substrate,  and 

includes a connection part 56d disposed in the phys ical 

disconnection region ER11 (ER15), and an extension part 

56a and end parts 56b and 56c disposed in the elect rical 

disconnection region ER12 (ER14). 
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[0183] In this case, the connection part 56d includ es a 

basal part 57a extending in the physical disconnect ion 

region ER11 (ER15) from an end of the memory gate 

electrode MG in the select gate formation region ER 9, and 

a fork part 57b trifurcated from the basal part 57a .  The 

extension part 56a is disposed at a center fork par t of 

the fork part 57b, and the end parts 56b and 56c ar e 

disposed at both end fork parts of the fork part 57 b. 

[0184] The connection part 56d as a non-sidewall 

formation part in the physical disconnection region  ER1 

includes four physical disconnection portions 54a, 54b, 

54c, and 54d.  The physical disconnection portion 5 4a is 

disposed on an outer peripheral wall connecting the  first 

sidewall 11 of the memory gate electrode MG with a 

sidewall of the end part 56b.  The physical disconn ection 

portion 54b is disposed on an outer peripheral wall  

connecting the sidewall of the end part 56b with a 

sidewall of the extension part 56a.  The physical 

disconnection portion 54c is disposed on an outer 

peripheral wall connecting another sidewall of the 

extension part 56a with a sidewall of the end part 56c.  

The physical disconnection portion 54d is disposed on an 

outer peripheral wall connecting the sidewall of th e end 

part 56c with the second sidewall 12 of the memory gate 

electrode MG. 

[0185] In the physical disconnection portions 54a, 54b, 

54c, and 54d, no conduction layer made of, for exam ple, a 

semiconductor material is provided along an outer 

peripheral wall of the connection part 56d so that the 

outer peripheral wall of the connection part 56d is  

externally exposed.  With this configuration, the 

physical disconnection portions 54a, 54b, 54c, and 54d 

provide physical disconnection through gaps between  the 

source side select gate electrode SG disposed along  the 

first sidewall 11 of the memory gate electrode MG a nd the 
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drain side select gate electrode DG disposed along the 

second sidewall 12 of the memory gate electrode MG,  

thereby achieving a non-conductive state between th e 

source side select gate electrode SG and the drain side 

select gate electrode DG.  No cap film CP is dispos ed on 

the connection part 56d of the extended electrode p ortion 

55a (55b) in the physical disconnection region ER11  

(ER15), and the memory gate contact MGC is provided  at a 

predetermined position of the connection part 56d. 

[0186] Six electrical disconnection portions 53a, 5 3b, 

53c, 53d, 53e, and 53f are disposed in the electric al 

disconnection region ER12 (ER14).  The electrical 

disconnection portions 53c and 53d are disposed on facing 

sidewalls of the extension part 56a disposed on an 

extended line along the memory gate electrode MG in  the 

select gate formation region ER9.  The electrical 

disconnection portions 53a and 53b are disposed on facing 

sidewalls of the end part 56b disposed laterally ou tside 

of the extension part 56a.  The electrical disconne ction 

portions 53e and 53f are disposed on facing sidewal ls of 

the end part 56c disposed laterally outside of the 

extension part 56a.  Similarly to the memory gate 

electrode MG in the select gate formation region ER 9, the 

cap film CP is disposed on the extension part 56a a nd the 

end parts 56b and 56c of the extended electrode por tion 

55a (55b) in the electrical disconnection region ER 12 

(ER14). 

[0187] The electrical disconnection portions 53a, 5 3b, 

53c, 53d, 53e, and 53f all have identical configura tions 

and each includes the i-type sidewall-shaped intrin sic 

semiconductor layers Ia and Ib and the sidewall-sha ped 

opposite-conductivity-type semiconductor layer OC.  The 

opposite-conductivity-type semiconductor layer OC a re 

disposed between the intrinsic semiconductor layers  Ia 

and Ib.  The opposite-conductivity-type semiconduct or 
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layer OC has a conductivity type (in this case, p-t ype) 

different from a conductivity type of the source si de 

select gate electrode SG and the drain side select gate 

electrode DG. 

[0188] Accordingly, for example, even when a foreig n 

object adheres to the connection part 56d, providin g 

conduction between the source side select gate elec trode 

SG and the electrical disconnection portion 53a of the 

end part 56b, the electrical disconnection portion 53a 

provides a p-i-n junction along the first sidewall 11 of 

the memory gate electrode MG and the sidewall of th e end 

part 56b from the n-type source side select gate 

electrode SG as a starting point, thereby blocking 

current from the source side select gate electrode SG at 

the electrical disconnection region ER2 (ER4). 

[0189] in addition, for example, even when a foreig n 

object adheres to the electrical disconnection port ion 

53a of the end part 56b in addition to the connecti on 

part 56d, providing conduction between the source s ide 

select gate electrode SG and the electrical disconn ection 

portion 53b of the end part 56b, the electrical 

disconnection portion 53b of the end part 56b provi des a 

p-i-n junction along the first sidewall 11 of the m emory 

gate electrode MG and the sidewall of the end part 56b 

from the n-type source side select gate electrode S G as a 

starting point, thereby blocking current from the s ource 

side select gate electrode SG at the electrical 

disconnection region ER2 (ER4). 

[0190] Similarly to the above-described embodiments , in 

the memory cell formation part 52, the six electric al 

disconnection portions 53a, 53b, 53c, 53d, 53e, and  53f 

for achieving disconnection between the source side  

select gate electrode SG and the drain side select gate 

electrode DG are provided along sidewalls of the ex tended 

electrode portion 55a (55b).  Accordingly, the sour ce 
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side select gate electrode SG and the drain side se lect 

gate electrode DG are disconnected from each other at the 

increased number of places as compared to conventio nal 

cases, thereby preventing any false reading operati on 

occurring due to voltage variation at a data readin g 

operation as compared to conventional cases. 

[0191] In the memory cell formation part 52 illustr ated 

in FIG. 8, the memory gate contact MGC is formed on  the 

connection part 56d in the physical disconnection r egion 

ER1 provided between the select gate formation regi on ER9 

and the electrical disconnection region ER12 (ER14)  

through a manufacturing process, and thus a suffici ent 

positioning margin for the memory gate contact MGC needs 

to be provided in both of the select gate formation  

region ER9 and the electrical disconnection region ER12 

(ER14). 

[0192] In the memory cell formation part 22a accord ing to 

the second embodiment illustrated in FIG. 5, howeve r, a 

sufficient positioning margin for the memory gate c ontact 

MGC needs to be provided only in the electrical 

disconnection region ER2 (ER4), and thus the physic al 

disconnection region ER1 (ER5) can have a reduced w idth 

as compared to a case with the memory cell formatio n part 

52 illustrated in FIG. 8 accordingly and can be for med in 

a compact size as compared to the case with the mem ory 

cell formation part 52 illustrated in FIG. 8. 

[0193] Although the above description is made on th e 

memory cell formation part 52 including the trifurc ated 

extended electrode portions 55a and 55b, the presen t 

invention is not limited thereto.  Each extended 

electrode portion may be a bifurcated extended elec trode 

portions or an extended electrode portion forked in to 

four or more, and may have various shapes such as a n F 

shape and a Y shape.  A plurality of electrical 

disconnection portions can be disposed on a fork pa rt of 
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such an extended electrode portion, and thus, simil arly 

to the above-described embodiments, the source side  

select gate electrode SG and the drain side select gate 

electrode DG can be disconnected from each other at  the 

increased number of places as compared to conventio nal 

cases. 

[0194] In the non-volatile semiconductor memory dev ice 41 

according to the above-described fourth embodiment 

illustrated in FIG. 7, the electrical disconnection  

region ER2 (ER4) and the physical disconnection reg ion 

ER1 (ER5) may be disposed at interchanged positions  so 

that the physical disconnection region ER1 (ER5) an d the 

electrical disconnection region ER2 (ER4) are provi ded in 

this order on each side of the connection regions E R10 

and ER11.  In such a case, the non-sidewall formati on 

parts 46c, 46e, and 46g are provided at an end of t he 

forked connection part 46a, the extension part 46b is 

provided at a leading end of the non-sidewall forma tion 

part 46c, the end part 46d is provided at a leading  end 

of the non-sidewall formation part 46e, and the ext ension 

part 46f is provided at a leading end of the non-si dewall 

formation part 46g.  With this configuration, simil arly 

to the above-described embodiments, the number of t he 

electrical disconnection portions 43a, 43b, 43c, 43 d, 43e, 

and 43f can be increased, and accordingly, the sour ce 

side select gate electrode SG and the drain side se lect 

gate electrode DG can be disconnected from each oth er at 

the increased number of places as compared to 

conventional cases. 

 

Reference Signs List 

[0195] 1, 21, 31, 41 non-volatile semiconductor mem ory 

device 

 2a, 2b, 2c, 2d, 2e, 2f, 2g, 2h, 2i, 2j memory cell  
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 3a, 3b, 3c, 3d, 22a, 22b, 22c, 32a, 32b, 32c, 42a,  

42b, 52 memory cell formation part 

 4a, 4b, 4c memory gate structure 

 5a, 5b, 5c drain side select gate structure 

 6a, 6b, 6c source side select gate structure 

 11 first sidewall 

 12 second sidewall 

 15a, 15b, 15c, 15d, 25a, 25b, 35a, 35b, 45a, 45b, 

55a, 55b extended electrode portion 

 CP cap film 

 ER9 select gate formation region 

 MG memory gate electrode 

 DG drain side select gate electrode 

 SG source side select gate electrode 
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Claims 

 

1. A non-volatile semiconductor memory device 

comprising a plurality of memory cell formation par ts, 

 wherein each memory cell formation part includes: 

 a first select gate structure including a first 

select gate electrode on a well of a semiconductor 

substrate through a first select gate insulating fi lm; 

 a second select gate structure including a second 

select gate electrode on the well through a second select 

gate insulating film; 

 a memory gate structure provided between the first  

select gate structure and the second select gate 

structure through sidewall spacers and including a lower 

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

gate insulating film, and a memory gate electrode s tacked 

on the well in this order; and 

 an extended electrode portion as an extension 

portion extending from the memory gate electrode in  a 

select gate formation region in which the first sel ect 

gate structure and the second select gate structure  are 

disposed facing each other, and 

 three or more opposite-conductivity-type 

semiconductor layers of a conductivity type differe nt 

from a conductivity type of the first select gate 

electrode and the second select gate electrode, or three 

or more intrinsic semiconductor layers are provided  on 

sidewalls of the extended electrode portion. 

 

2. A non-volatile semiconductor memory device 

comprising a plurality of memory cell formation par ts, 

wherein 

 each memory cell formation part includes: 
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 a first select gate structure including a first 

select gate electrode on a well of a semiconductor 

substrate through a first select gate insulating fi lm; 

 a second select gate structure including a second 

select gate electrode on the well through a second select 

gate insulating film; 

 a memory gate structure provided between the first  

select gate structure and the second select gate 

structure through sidewall spacers and including a lower 

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

gate insulating film, and a memory gate electrode s tacked 

on the well in this order, and 

 an extended electrode portion as an extension 

portion extending from the memory gate electrode in  a 

select gate formation region in which the first sel ect 

gate structure and the second select gate structure  are 

disposed facing each other connects one memory cell  

formation part and the other memory cell formation part, 

and 

 three or more opposite-conductivity-type 

semiconductor layers of a conductivity type differe nt 

from a conductivity type of the first select gate 

electrode and the second select gate electrode, or three 

or more intrinsic semiconductor layers are provided  on 

sidewalls of the extended electrode portion. 

 

3. The non-volatile semiconductor memory device 

according to claim 1 or 2, wherein 

 the extended electrode portion includes: 

 an extension part extending from the memory gate 

electrode in the select gate formation region; 

 an end part having straight shape that includes a 

sidewall disposed facing a sidewall of the extensio n part 

and is disposed in parallel to the extension part; and 
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 a connection part connecting the extension part an d 

the end part, and 

 the opposite-conductivity-type semiconductor layer s 

or the intrinsic semiconductor layers are disposed along 

the sidewalls of the extension part and the end par t. 

 

4. The non-volatile semiconductor memory device 

according to any one of claims 1 to 3, wherein a ph ysical 

disconnection portion in which no semiconductor lay er is 

disposed on a sidewall of the extended electrode po rtion 

is disposed between the opposite-conductivity-type 

semiconductor layers adjacent to each other or betw een 

the intrinsic semiconductor layers adjacent to each  other. 

 

5. The non-volatile semiconductor memory device 

according to claim 4, wherein 

 a cap film is provided on an upper surface of the 

memory gate electrode, but no cap film is provided and a 

memory gate contact is provided on an upper surface  of 

the extended electrode portion in a physical 

disconnection region in which the physical disconne ction 

portion is disposed. 


