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(57) ABSTRACT 

Anon-volatile semiconductor memory device has, at a main 
surface of a semiconductor substrate, an uneven shape With 
recesses and protrusions repeated continuously and alter 
nately and further includes a source diffusion layer region 
having a source region formed from an upper surface of each 
protrusion to the depth direction of the semiconductor 
substrate and a source diffusion layer interconnection 
formed from a bottom surface of the recess to the depth 
direction of the semiconductor substrate When the semicon 
ductor substrate is vieWed two-dimensionally. The depth of 
the bottom surface of the source region from the upper 
surface of the protrusion is made equal to or larger than the 
depth of the bottom surface of the recess from the upper 
surface of the protrusion. Thus, a non-volatile semiconduc 
tor memory device is provided Which is suitable for minia 
turization and in Which resistance of the source diffusion 
layer region can easily be loWered. 
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NONVOLATILE SEMICONDUCTOR MEMORY 
DEVICE AND MANUFACTURING METHOD 

THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a non-volatile 
semiconductor memory device and, more speci?cally, to a 
structure of a source diffusion layer region of a non-volatile 
semiconductor memory device and to a manufacturing 
method thereof. 

[0003] 2. Description of the Background Art 

[0004] As a method of isolating each cell region of a 
non-volatile semiconductor memory device represented by a 
conventional ?ash memory, element isolating structure uti 
liZing formation of an isolation ?lm through LOCOS (local 
oxidation of silicon) process has been dominant. The 
LOCOS isolation, hoWever, has a limit in miniaturiZation of 
the semiconductor devices, and hence STI (ShalloW Trench 
Isolation) comes to be Widely used recently. In STI, a trench 
is formed at a main surface of a semiconductor substrate and 
?lled With a burying oxide ?lm, so as to establish element 
isolation. 

[0005] Anon-volatile semiconductor memory device hav 
ing a common trench isolation suffers from a problem that 
a source diffusion layer region comes to have high resistance 
When self align source etching is performed utiliZing aniso 
tropic dry etching. In a non-volatile semiconductor memory 
device using LOCOS isolation, an end portion of an isola 
tion ?lm has moderate inclination. Therefore, a source 
diffusion layer interconnection of loW resistance is formed 
betWeen respective sources at the time of ion implantation, 
and therefore, such a problem does not arise. In the trench 
isolation described above, a sideWall of the trench formed at 
the main surface of the semiconductor substrate has a steep 
inclination of approximately 90°. Therefore, it has been 
dif?cult to form a source diffusion layer interconnection of 
loW resistance on the sideWall during ion implantation. 

[0006] In the folloWing, a structure of a non-volatile 
semiconductor memory device employing the conventional 
trench isolation as Well as the problem mentioned above Will 
be described in greater detail. FIG. 6 is a top vieW repre 
senting a structure of a conventional non-volatile semicon 
ductor memory device, and FIGS. 7 to 10 are cross sections 
shoWing various portions of the non-volatile semiconductor 
memory device. 

[0007] In the non-volatile semiconductor memory device, 
When the main surface of the semiconductor is vieWed from 
above, cells forming a memory portion are arranged in a 
matrix. Along a bit line (BL) direction of the cells arranged 
in a matrix, a plurality of trench isolation regions 17 are 
formed as stripes parallel to each other at the main surface 
of a semiconductor substrate 1. Along a Word line (WL) 
direction, gate regions 15 are formed at the main surface of 
the semiconductor substrate 1. The gate region 15 includes 
a ?oating gate 5 and a control gate 6. Asource diffusion layer 
region 2 and a drain region 4 are formed sandWiching the 
gate region 15. Drain region 4 is electrically isolated by the 
above described trench isolation region 17. Adrain electrode 
12 for taking out electrical charges is formed in each drain 
region 4. Source diffusion layer region 2 is constituted by 
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individual source regions 2a arranged along the Word line 
direction electrically connected With each other by source 
diffusion layer interconnections 2b. Source diffusion layer 
interconnection 2b is formed by removing an isolation ?lm 
positioned betWeen individual source regions 2a by etching 
so as to expose a trench surface of semiconductor substrate 
1, and by performing ion implantation to the thus exposed 
trench surface of semiconductor substrate 1. Thus, the 
source regions 2a aligned in the Word line direction are 
electrically coupled, so that all have the same potential. The 
aforementioned ?oating gate 5 is arranged independently for 
each cell, betWeen source region 2 and drain region 4. 

[0008] Cross sectional structures of respective regions Will 
be described in detail in the folloWing. First, FIG. 7 is a 
cross section taken along the line VII-VII of FIG. 6. 
Referring to the ?gure, the main surface of the semiconduc 
tor in the source diffusion layer region 2 has recesses and 
protrusions. This shape results from the above described 
process in Which a trench isolation ?lm 17 provided at the 
main surface of semiconductor substrate 1 is removed to 
expose the trench portion. Source diffusion layer region 2 
continuously extends immediately beloW the surface of the 
recesses and protrusions. Further, an interlayer insulating 
?lm 11 is formed to cover the main surface of semiconductor 
substrate 1. 

[0009] FIG. 8 is a cross section taken along the line 
VIII-VIII of FIG. 6. Referring to this ?gure, drain regions 
4 of the cells are isolated by trench isolation 17 from each 
other, and on each drain region 4, a drain electrode 12 is 
formed. Different from the above described source region 
2a, drain regions 4 aligned in the Word line direction are 
electrically independent from each other, and therefore, 
electric charges are taken out from each drain region 4 
through drain electrode 12. 

[0010] FIG. 9 is a cross section taken along the line IX-IX 
of FIG. 6. Referring to the ?gure, in the cross section of 
semiconductor substrate 1 along the direction of extension 
of a gate region 15, a channel 8 is formed at the main surface 
of the semiconductor substrate 1 sandWiched betWeen trench 
isolation regions 17, and a ?oating gate 5 is positioned With 
a thin tunnel oxide ?lm 18 interposed, on the channel 8. An 
upper surface of ?oating gate 5 is covered by a control gate 
6 With a thin ONO (oxide nitride oxide) ?lm 20 interposed, 
thus providing a capacitance. Further, at an upper portion of 
control gate 6, a gate electrode 7 is formed for taking out 
electrical charges from the control gate. 

[0011] FIG. 10 is a cross sectional vieW taken along the 
line X-X of FIG. 6. Referring to the ?gure, in the cross 
section along the bit line direction of the non-volatile 
semiconductor memory device, source regions 2a and drain 
regions 4 are arranged alternately at the main surface of 
semiconductor substrate 1, and betWeen each of these 
regions, a channel 8 is positioned. Immediately above the 
channel 8, a ?oating gate 5 is positioned With a thin tunnel 
oxide ?lm 18 interposed, and on an upper surface of ?oating 
gate 5, control gate 6 and gate electrode 7 are positioned, 
With the aforementioned ONO ?lm 20 interposed. The 
non-volatile semiconductor memory device having such a 
structure is thus formed. 

[0012] The method of forming the source diffusion layer 
region in the non-volatile semiconductor memory device 
having the above described structure is as folloWs. FIGS. 
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11A and 11B are cross sections representing the method of 
forming the non-volatile semiconductor memory device 
having the above described structure. First, a trench is 
formed at the main surface of semiconductor substrate 1, the 
trench is ?lled With an isolation ?lm to form a trench 
isolation region 17, and the isolation ?lm of that portion of 
the trench isolation region 17 Which overlaps the source 
diffusion layer region 2 is removed by self align source 
etching. Consequently, the main surface of semiconductor 
substrate 1 at a portion that Will be source diffusion layer 
region 2 comes to have such a cross sectional structure as 
shoWn in FIG. 11A, Which includes recesses and protru 
s1ons. 

[0013] Thereafter, an n type impurity such as arsenic is 
ion-implanted to the portion that Will be source diffusion 
layer region 2, from a direction approximately at a right 
angle With the main surface of semiconductor substrate 1 
(from the direction of the arroW D in the ?gure). As the 
upper surface of the protrusions are positioned approxi 
mately at a right angle With respect to the direction of ion 
implantation, a deep source region 2a is formed immediately 
therebeloW. Further, as the bottom surface of the recesses is 
positioned approximately at a right angle With respect to the 
direction of ion implantation, a deep source diffusion layer 
interconnection 2b 1 is formed immediately therebeloW. A 
sideWall of the recessed portion formed by removing trench 
isolation described above has an inclination angle of 
approximately 90°. Therefore, implanted ions do not much 
diffuse, and hence only a shalloW source diffusion layer 
interconnection 2b2 is formed at the surface. As these source 
regions are formed continuos to each other, a so-called 
source line is formed (FIG. 11B). When the sideWall of the 
recessed portion is particularly steep, the source diffusion 
layer interconnection 2b2 is not formed at the sideWall 
portion, resulting in a discontinuous source line. 

[0014] In the non-volatile semiconductor memory device 
described above, the main surface of the semiconductor 
substrate has recesses and protrusions at the cross section of 
the source diffusion layer region. Therefore, it is dif?cult to 
introduce ions to the sideWalls of the trenches by conven 
tional vertical ion implantation to the main surface of the 
semiconductor substrate, so that the source diffusion layer 
region comes to have an unstable and discontinuous struc 
ture, of Which resistance becomes high. Because of this high 
resistance, voltage drops as a current ?oWs through the 
source diffusion layer region, and therefore, at a cell posi 
tioned far from a portion Where the potential of the source 
region is ?xed, ef?ciency of Writing decreases. Further, a 
threshold voltage Vth becomes loWer in order to obtain read 
current at the time of erasure, resulting in excessive erasure. 

[0015] Japanese Patent Laying-Open No. 2000-36546 dis 
closes a structure in Which a trench sideWall is formed With 
an angle larger than the angle of ion implantation to provide 
a source diffusion layer region of loW resistance. This 
method, hoWever, is disadvantageous to miniaturiZation of 
the semiconductor device, as the trench sideWall is inclined. 
Though it is described in this reference that the angle of ion 
implantation is set to 7°, such setting is speci?ed simply to 
improve implantation ef?ciency by preventing piercing of 
the ions, and not to loWer the resistance of the source 
diffusion layer region. 
[0016] Japanese Patent Laying-Open No. 2000-91545 dis 
closes a technique in Which a trench is formed as tWo 
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stepWise trench so as to loWer the resistance of the source 
diffusion layer region. Such a structure, hoWever, signi? 
cantly increases the number of process steps, and hence 
increases manufacturing cost. 

SUMMARY OF THE INVENTION 

[0017] An object of the present invention is to provide a 
non-volatile semiconductor memory device having such a 
structure that does not limit miniaturiZation even When 
trench isolation suitable for miniaturiZation is used and that 
can loWer resistance of a source diffusion layer region With 
the number of process steps not much increased, and to 
provide a manufacturing method thereof. 

[0018] The non-volatile semiconductor memory device in 
accordance With the present invention has a source diffusion 
layer region formed continuously at a main surface of the 
semiconductor substrate, Wherein the main surface of the 
semiconductor substrate at the source diffusion layer region 
has recesses and protrusions repeated continuously and 
alternately in a cross section parallel to a direction of 
extension of the source diffusion layer region; the source 
diffusion layer region includes, When the semiconductor 
substrate is vieWed tWo-dimensionally, a ?rst source diffu 
sion layer region formed from an upper surface of each 
protrusion toWard the depth direction of the semiconductor 
substrate and a second source diffusion layer region formed 
When the semiconductor substrate is vieWed to dimension 
ally, from a bottom surface of each recess toWard the depth 
direction of the semiconductor substrate; and depth from the 
upper surface of the protrusion to the bottom surface of the 
?rst source diffusion layer region is the same as or larger 
than the depth from the upper surface of the protrusion to the 
bottom surface of the recess. 

[0019] Because of this structure, the source diffusion layer 
region surely becomes continuous and comes to have a large 
cross sectional area in the cross section vertical to the 
direction of extension thereof. Thus, the source diffusion 
layer region comes to have loWer resistance. Further, as the 
source diffusion layer region extends doWn to the bottom 
surface of the protrusion, source regions are coupled through 
shortest path With each other, Which leads to further decrease 
of the resistance of the source diffusion layer region. 

[0020] Desirably, in the non-volatile semiconductor 
memory device of the present invention described above, in 
a ?rst source diffusion layer region, for example, impurity 
concentration distribution of a linear portion coupling loWer 
ends of sideWalls of each protrusion has one peak betWeen 
a mid point of the linear portion and one of the loWer ends, 
and another peak betWeen the mid point and the other loWer 
end. 

[0021] By controlling conditions of ion implantation to 
realiZe the above described feature, a source diffusion layer 
region can be formed Which is surely continuous at the end 
portions and at the middle portion of the protrusion. 

[0022] In the non-volatile semiconductor memory device 
described above, in the ?rst source diffusion layer region for 
example, the impurity concentration distribution of the 
linear portion connecting the loWer ends of sideWalls form 
ing each protrusion may have a peak near the mid point 
thereof. 

[0023] By controlling conditions of ion implantation to 
realiZe the above described feature, a source diffusion layer 
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region Which is surely continuous at the end portions and at 
the middle portion of the protrusion is formed. 

[0024] In the non-volatile semiconductor memory device 
of the present invention described above, the protrusions and 
recesses at the main surface of the semiconductor substrate 
may be formed by trench isolation. 

[0025] The present invention is particularly effective When 
the recesses and protrusions at the main surface of the 
semiconductor substrate are steep recesses and protrusions 
formed by using trench isolation. Even When LOCOS pro 
cess is used for isolation, application of the present invention 
is effective if end portions of the isolation ?lm is formed 
steep. 

[0026] A method of manufacturing a non-volatile semi 
conductor memory device in accordance With the present 
invention is for manufacturing a non-volatile semiconductor 
memory device having a source diffusion layer region 
formed continuously at the main surface of a semiconductor 
substrate, Which includes: a ?rst step of forming a plurality 
of element isolating regions parallel to each other by form 
ing isolation ?lms at the main surface of the semiconductor 
substrate; a second step of removing the isolation ?lms at 
portions that Will be source diffusion layer regions among 
the element isolating regions to provide recesses and pro 
trusions at the main surface of the semiconductor substrate; 
and a third step of oblique ion implantation under such a 
condition that in a cross section parallel to a direction of 
extension of the source diffusion layer region, a mid point of 
a line connecting loWer ends of sideWalls of each protrusion 
forms a part of the source diffusion layer region. 

[0027] By the above described manufacturing method, the 
structure described above can be obtained. More speci? 
cally, ions introduced to an arbitrary one point at the main 
surface of the semiconductor substrate in the third step 
radially eXpands from this point as a center, and forms the 
source diffusion layer region. By performing oblique ion 
implantation under such a condition that ions introduced to 
the loWer end of the sideWall of each protrusion reach the 
middle point of the line connecting the loWer ends of the 
sideWall of the protrusion, the depth of the bottom surface of 
the ?rst source diffusion layer region mentioned above 
surely becomes deeper than the bottom surface of the 
recessed portion. Accordingly, the resistance of the source 
diffusion layer region can be signi?cantly loWered as com 
pared With the prior art. 

[0028] Desirably, the third step of the method of manu 
facturing a non-volatile semiconductor memory device in 
accordance With the present invention includes: the step of 
ion implantation obliquely from above to the main surface of 
the semiconductor substrate at an angle smaller than an 
acute one of the angles formed by a line connecting a loWer 
end of one sideWall of each recess and an upper end of the 
opposite sideWall of the recess With a line vertical to the 
main surface of the semiconductor substrate, to form a part 
of the source diffusion layer region; and a step of ion 
implantation obliquely to the main surface of the semicon 
ductor substrate from a direction in line-symmetry With the 
vertical line being the aXis, at the same angle as the former 
ion implantation, to form remaining part of the source 
diffusion layer region. 

[0029] By performing oblique ion implantation tWice to 
the sideWalls of the protrusion as in the present method of 
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manufacturing, the source diffusion layer region can surely 
be formed in the protrusion. The tWice oblique ion implan 
tation operations of the ?Xed type should desirably be 
performed from directions in line-symmetry With the verti 
cal line to the main surface of the semiconductor substrate 
being the aXis of symmetry. 

[0030] The method of manufacturing a non-volatile semi 
conductor memory device of the present invention may 
additionally include a step of introducing ions approXi 
mately vertically to the main surface of the semiconductor 
substrate. 

[0031] This additional step ensures formation of the 
source diffusion layer region. This method of manufacturing 
is effective When deeper source diffusion layer regions are to 
be formed at the upper surface of the protrusions and the 
bottom surface of the recesses. 

[0032] In the method of manufacturing a non-volatile 
semiconductor memory device of the present invention, the 
method of forming an isolation ?lm in the ?rst step, for 
eXample, may be trench isolation. 

[0033] When the method of forming the insulating ?lm is 
trench isolation as in the manufacturing method described 
above, steep recesses and protrusions are formed, and there 
fore, application of the present invention is particularly 
effective. Even When the method of forming an isolation ?lm 
utiliZing LOCOS process is used, application of the present 
invention is effective particularly When the recesses and 
protrusions are steep. 

[0034] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a cross section along the Word line 
direction of a non-volatile semiconductor memory device 
after the step of forming source diffusion layer region in 
accordance With an embodiment of the present invention. 

[0036] FIG. 2 is a cross section taken along the bit line 
direction of the non-volatile semiconductor memory device 
after the step of forming source diffusion layer region in 
accordance With an embodiment of the present invention. 

[0037] FIGS. 3A to 3C are cross sections representing the 
method of forming the source diffusion layer region in 
accordance With an embodiment of the present invention. 

[0038] FIG. 4 shoWs an impurity concentration distribu 
tion along the line A-A‘ of FIG. 1 of the source diffusion 
layer region in accordance With EXample 1 of the present 
invention. 

[0039] FIG. 5 shoWs impurity concentration distribution 
along the line A-A‘ of FIG. 1 of the source diffusion layer 
region in accordance With EXample 2 of the present inven 
tion. 

[0040] FIG. 6 is a top vieW of a conventional non-volatile 
semiconductor memory device. 

[0041] FIG. 7 is a cross section representing a cross 
sectional structure along the line VII-VII of FIG. 6 of the 
conventional non-volatile semiconductor memory device. 
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[0042] FIG. 8 is a cross section representing a cross 
sectional structure along the line VIII-VIII of FIG. 6 of the 
conventional non-volatile semiconductor memory device. 

[0043] FIG. 9 is a cross section representing a cross 
sectional structure along the line IX-IX of FIG. 6 of the 
conventional non-volatile semiconductor memory device. 

[0044] FIG. 10 is a cross section representing a cross 
sectional structure along the line X-X of FIG. 6 of the 
conventional non-volatile semiconductor memory device. 

[0045] FIGS. 11A and 11B are cross sections representing 
the method of forming a source diffusion layer region in the 
conventional non-volatile semiconductor memory device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0046] The structure of a non-volatile semiconductor 
memory device in accordance With an embodiment of the 
present invention Will be described With reference to FIGS. 
1 and 2. The non-volatile semiconductor memory device in 
accordance With the present embodiment has the same 
structure as the conventional non-volatile semiconductor 
memory device described above except for the structure of 
the source diffusion layer region. Therefore, corresponding 
portions are denoted by the same reference characters and 
description thereof Will not be repeated. 

[0047] In the cross section of a channel region along the 
bit line direction of the non-volatile semiconductor memory 
device in accordance With the present embodiment, source 
region 2a as ?rst source diffusion layer region and drain 
region 4 are formed alternately at a main surface of a 
semiconductor substrate 1. BetWeen source region 2a and 
drain region 4, a channel 8 is formed, and on the main 
surface of semiconductor substrate 1 above the channel 8, a 
?oating gate 5 of polysilicon is positioned With a tunnel 
oxide ?lm 18 interposed. A control gate 6 and a gate 
electrode 7 are further formed thereon, With an ONO ?lm 20 
interposed. Here, in the non-volatile semiconductor memory 
device in accordance With the present embodiment, the 
depth of source region 2a is signi?cantly deeper than the 
drain region 4 from the main surface of semiconductor 
substrate 1. 

[0048] In a cross section of the source diffusion layer 
region 2 in a direction parallel to the Word lines, the main 
surface of the semiconductor substrate 1 has recesses and 
protrusions formed by trenches 3 provided in the step of 
forming an isolation ?lm. Source diffusion layer region 2 is 
formed from the main surface of semiconductor substrate 1 
having the recesses and the protrusions to the depth direc 
tion. Though source diffusion region 2 is formed continu 
ously, let us divide the layer into a source region 2a as the 
?rst source diffusion layer region extending from an upper 
surface of each protrusion in the depth direction of the 
semiconductor substrate and a source diffusion layer inter 
connection 2b as the second source diffusion layer region 
extending from the sideWalls and bottom surface of each 
recess in the depth direction of the semiconductor substrate, 
for convenience of description. In the non-volatile semicon 
ductor memory device of the present embodiment, the 
highest portion of the bottom surface of source region 2a is 
positioned deeper than the bottom surface of the recess of 
the main surface of semiconductor substrate 1. Accordingly, 
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the protrusions on the main surface of semiconductor sub 
strate 1 all function as the source regions 2a, and source 
diffusion layer interconnections 2b provide deep source 
regions in the depth direction of the main surface of the 
semiconductor substrate 1. The highest portion of the bottom 
surface of source region 2a may be of the same height as the 
bottom surface of the recesses. 

[0049] The method of manufacturing a non-volatile semi 
conductor memory device in accordance With the present 
embodiment Will be described With reference to FIGS. 3A 
to 3C. In the present embodiment, in order to simplify the 
process steps, ion implantation of ?xed type is performed 
tWice under the same ion implantation condition, for form 
ing the source diffusion layer region. 

[0050] First, isolation ?lm at those portions of the trench 
isolation regions 17 formed at the main surface of semicon 
ductor substrate 1 Which overlap the source diffusion layer 
region 2 is removed by anisotropic dry etching. Thereafter, 
ion implantation is performed obliquely to the main surface 
of the semiconductor substrate having recesses and protru 
sions, that is to be the source diffusion layer region 2 (in the 
direction of the arroW B in FIG. 3A). The direction of ion 
implantation here is a direction inclined from a plane that is 
perpendicular to the main surface of the semiconductor 
substrate and vertical to the direction of extension of that 
portion Which Will be the source diffusion layer region 2, and 
the angle of inclination is smaller than an acute one of the 
angles formed by a line connecting a loWer end of one 
sideWall of each recess and an upper end of the opposite 
sideWall of the recess forms With the vertical line of the main 
surface of the semiconductor substrate 1. As the condition of 
ion implantation, it is necessary that a mid point of a line 
connecting loWer ends of sideWalls of each protrusion of the 
main surface of semiconductor substrate 1 is in the source 
region 2a. Speci?cally, ion implantation is performed to 
satisfy the folloWing target conditions, here Rp represents 
range in the horiZontal direction, ARp represents standard 
deviation of the implanted ions at the main surface of the 
semiconductor substrate, and Wbottom represents the Width 
of the bottom surface of the protrusion at the source diffu 
sion layer region 2: 

[0051] When 0 i 2Rp é Wbottom, 

[0052] Wbottom§2 (Rp+3ARp), or 

[0053] (ii) When Wbottom<2Rp é 2Wbottom, 

[0054] Wbottom Z 2 (Rp —3ARp). 

[0055] In order that the mid point is Within the source 
region 2a, ion implantation must be performed such that 
concentration is higher than the Well concentration of oppo 
site type (Well concentration of the base substrate) formed in 
advance in the semiconductor substrate 1. The range of ions 
of ion implantation approximates to Gaussian distribution, 
and (Rp13ARp) is generally knoWn as a range in Which most 
of the ions exist. 

[0056] Thereafter, ion implantation is performed With the 
semiconductor substrate 1 rotated by 180° in the horiZontal 
direction, so as to enable ion implantation under the same 
condition as described above from the direction opposite to 
the former implantation (in the direction represented by the 
arroW C in FIG. 3B), so as to enable ion implantation to the 
sideWalls of the recesses opposite to the sideWalls to Which 
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ions have already been implanted. Consequently, ions 
implanted from opposite directions of the protrusion inter 
sect at the mid point of the line connecting loWer ends of the 
sideWalls of the protrusion, Whereby a continuous source 
diffusion layer region 2 is formed (FIG. 3C). As the non 
volatile semiconductor memory device having the above 
described structure is manufactured by this method, the 
source diffusion layer region is formed continuously from 
the main surface of the semiconductor substrate to a deep 
position, surely by oblique ion implantation, Whereby the 
source regions can be connected With the shortest distance, 
and the resistance can be decreased. Further, by oblique 
implantation, the source diffusion layer region having large 
cross sectional area can be formed, and hence, the resistance 
can be decreased. Further, as the oblique ion implantation 
described above is performed tWice, the structure of the 
present embodiment is provided. By the tWice oblique ion 
implantation operations, the resistance can signi?cantly be 
loWered in the source diffusion layer region as compared 
With the conventional vertical implantation. Regardless of 
the shape of protrusions and recesses, it is possible to form 
a continuous source region by ion implantation under the 
above described conditions. By performing a conventional 
ion implantation from approximately vertical direction addi 
tionally to the above described process steps, the resistance 
can further be loWered. 

EXAMPLE 1 

[0057] An example Will be described in Which the present 
invention is applied to a non-volatile semiconductor 
memory device in Which memory cell pitch in the Word line 
direction is 0.5 pm, the Width Wbottom of the loWer surface 
of the protrusion is 0.2 pm, the Width of the bottom surface 
of the recess is 0.3 pm, the depth of the recess is 0.3 pm and 
an angle formed by the bottom surface and sideWall of the 
recess is 90°. FIG. 4 represents impurity concentration at the 
loWer portion of the protrusion (the line A-A‘ of FIG. 1) at 
the surface of the semiconductor substrate of the present 
example. In the present example, the angle formed by the 
bottom surface and the sideWall of each recess is 90°, and the 
Width and depth of the bottom surface of the recess have the 
same length. Therefore, When the angle of ion implantation 
is set to 45°, ions can be implanted to an intersection 
betWeen the bottom surface and sideWall of the recess. When 
the impurity implanted for forming the source diffusion 
layer region 2 is arsenic, it is knoWn that (Rp+3ARp) of the 
ions in the horiZontal direction is about 0.1 m When the ions 
are implanted at an angle of 45 ° as mentioned above With the 
implantation energy of 120 keV. Preferable ion dosage at this 
time is about 5><1013 to about 5><101°/cm2. 

[0058] By separately performing ion implantation to 
opposing sideWalls of the recess as the trench under the 
above described condition, the source diffusion layer region 
2 is formed. At this time, at a loWer portion of the protrusion, 
opposite source diffusion layer regions are brought into 
contact With each other and connected. Accordingly, the 
highest point of the bottom surface of source region 2a is 
positioned at least deeper than the bottom surface of the 
recess. Rp is positioned nearer to the trench than the central 
portion of the protrusion under the condition of the present 
example, and hence the impurity concentration has such a 
distribution as shoWn in FIG. 4. 
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EXAMPLE 2 

[0059] An example Will be described in Which the present 
invention is applied to a non-volatile semiconductor 
memory device in Which memory cell pitch in the Word line 
direction is 0.5 pm, the Width Wbottom of the loWer surface 
of the protrusion is 0.2 pm, the Width of the bottom surface 
of the recess is 0.3 pm, the depth of the recess is 0.3 pm and 
an angle formed by the bottom surface and a sideWall of the 
recess is 90°, as in Example 1 above. FIG. 5 represents 
impurity concentration of a loWer portion of the protrusion 
(the line A-A‘ of FIG. 1) of the surface of the semiconductor 
substrate, similar to that of Example 1 above. 

[0060] In the present embodiment, as the angle formed by 
the bottom surface and the sideWall of each recess is 90° and 
the Width and depth of the bottom surface of the recess have 
the same length, ions can be implanted to the intersection 
betWeen the bottom surface and the sideWall of the recess 
When the angle of ion implantation is set to 45°. Further, 
When the impurity implanted for forming the source diffu 
sion layer region 2 is arsenic, it is knoWn that average range 
Rp of the ions in the horiZontal direction is about 0.1 pm 
When the ions are implanted at an angle of 45° as mentioned 
above With an implantation energy of 255 keV. Preferable 
ion dosage at this time is about 5><1013 to about 5><101°/cm2. 

[0061] By performing ion implantation to satisfy Wbot 
tom=2><Rp as described above, it is possible to manufacture 
a non-volatile semiconductor memory device With the loWer 
portion of the protrusion having such an impurity concen 
tration distribution as shoWn in FIG. 5. 

[0062] Though ion implantation is performed in a ?xed 
manner tWice under the same ion implantation conditions in 
order to simplify the process steps in the above described 
examples, the conditions for the tWo ion implantation opera 
tions need not be the same, provided that implantation 
condition eventually results in a structure in Which the 
bottom surface of the source region formed at the protrusion 
of the main surface of the semiconductor substrate is posi 
tioned at the same depth or loWer than the bottom surface of 
the recess. 

[0063] Though not described above, When a short channel 
effect in the direction of the source/drain region is large, a 
knoWn pocket structure may be provided by introducing a p 
type impurity such as boron, in order to prevent punch 
through. Further, application of the present invention is not 
limited to a non-volatile semiconductor memory device. The 
present invention is applicable to any semiconductor device 
that has a continuous diffusion layer region at the main 
surface of the semiconductor substrate With the main surface 
of the semiconductor substrate as the diffusion layer region 
having recesses and protrusions. The region speci?ed as the 
source diffusion layer region Where the present invention is 
applied to a non-volatile semiconductor memory device is 
not limited thereto but covers all general diffusion layer 
regions including a drain diffusion layer region. In that case, 
the diffusion layer region formed continuously at the main 
surface of the semiconductor substrate having recesses and 
protrusions comes to have loWer resistance. 

[0064] Although the present invention has been described 
and illustrated in detail, it is dearly understood that the same 
is by Way of illustration and example only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
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What is claimed is: 
1. A non-volatile semiconductor memory device having a 

source diffusion layer region formed continuously at a main 
surface of a semiconductor substrate, Wherein 

the main surface of said semiconductor substrate as said 
source diffusion layer region has, in a cross section 
parallel to a direction of extension of said source 
diffusion layer region, recesses and protrusions con 
tinuously and alternately repeated; 

said source diffusion layer region includes 

a ?rst source diffusion layer region formed, When said 
semiconductor substrate is vieWed tWo-dimension 
ally, from an upper surface of each said protrusion to 
depth direction of said semiconductor substrate, and 

a second source diffusion layer region formed, When 
said semiconductor substrate is vieWed tWo-dimen 
sionally, from a bottom surface of said recess to the 
depth direction of said semiconductor substrate; and 

depth of a bottom surface of said ?rst source diffusion 
layer region from the upper surface of said protrusion 
is equal to or larger than depth of a bottom surface of 
each said recess from the upper surface of the protru 
sion. 

2. The non-volatile semiconductor memory device 
according to claim 1, Wherein 

in said ?rst source diffusion layer region, impurity con 
centration distribution of a linear portion connecting 
loWer ends of sideWalls forming each said protrusion 
has one peak betWeen a mid point of the linear portion 
and one of the loWer ends and another peak betWeen the 
mid point and the other loWer end. 

3. The non-volatile semiconductor memory device 
according to claim 1, Wherein 

in said ?rst source diffusion layer region, impurity con 
centration distribution of a linear portion connecting 
loWer ends of sideWalls forming each said protrusion 
has a peak near a mid point of the linear portion. 

4. The non-volatile semiconductor memory device 
according to claim 1, Wherein the recesses and protrusions 
of the main surface of said semiconductor substrate are 
formed by trench isolation method. 

5. A method of manufacturing a non-volatile semicon 
ductor memory device having a source diffusion layer region 
formed continuously at a main surface of a semiconductor 
substrate, comprising: 
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a ?rst step of forming an isolation ?lm on the main surface 
of said semiconductor substrate to form a plurality of 
element isolation regions parallel to each other; 

a second step of removing the isolation ?lm of those 
portions of said element isolating regions Which are to 
be said source diffusion layer region so that the main 
surface of said semiconductor substrate comes to have 
recesses and protrusions; and 

a third step of performing oblique ion implantation under 
such a condition that in a cross section parallel to a 

direction of extension of said source diffusion layer 
region, a mid point of a line connecting loWer ends of 
sideWalls of each protrusion of said recesses and pro 
trusions becomes a part of said source diffusion layer 
region. 

6. The method of manufacturing a non-volatile semicon 
ductor memory device according to claim 5, Wherein said 
third step includes the steps of: 

implanting ions obliquely from above to the main surface 
of said semiconductor substrate at an angle not larger 
than an acuter one of angles formed by a line connect 
ing a loWer end of one sideWall of each recess of said 
recesses and protrusions to an upper end of opposing 
sideWall of said recess With a line vertical to the main 
surface of said semiconductor substrate, to form a part 
of said source diffusion layer region; and 

implanting ions obliquely to the main surface of said 
semiconductor substrate With the same angle as the 
angle of said former ion implantation from a direction 
in line symmetry With said vertical line being an axis, 
to form remaining part of said source diffusion layer 
region. 

7. The method of manufacturing a non-volatile semicon 
ductor memory device according to claim 6, further com 
prising the step of implanting ions approximately vertically 
to the main surface of said semiconductor substrate. 

8. The method of manufacturing a non-volatile semicon 
ductor memory device according to claim 5, Wherein 

method of forming an isolation ?lm in said ?rst step is 
trench isolation method. 


