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(57) ABSTRACT 

A nonvolatile semiconductor memory device that have a 
new structure are provided, in which memory cells are 
laminated in a three dimensional state so that the chip area 
may be reduced. The nonvolatile semiconductor memory 
device of the present invention is a nonvolatile semiconduc 
tor memory device that has a plurality of the memory 
strings, in which a plurality of electrically programmable 
memory cells is connected in series. The memory strings 
comprise a pillar shaped semiconductor; a first insulation 
film formed around the pillar shaped semiconductor, a 
charge storage layer formed around the first insulation film; 
the second insulation film formed around the charge storage 
layer; and first or nth electrodes formed around the second 
insulation film (n is natural number more than 1). The first 
or nth electrodes of the memory strings and the other first or 
nth electrodes of the memory Strings are respectively the 
first or nth conductor layers that are spread in a two 
dimensional state. 
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NONVOLATILE SEMCONDUCTOR 
MEMORY DEVICE AND MANUFACTURING 

METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 2006-86674, filed on May 27, 2006, the entire contents 
of which are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention is related to an electrically 
programmable semiconductor memory device, and particu 
larly in Such a semiconductor memory device, related to a 
nonvolatile semiconductor memory device. 

BACKGROUND OF THE INVENTION 

0003 Demand for a nonvolatile semiconductor memory 
device that is Small and has a large capacity has been 
increasing rapidly, and a NAND type flash memory, in 
which high integration and large capacitivity can be 
expected, has been paid attention. 
0004. It will be necessary that a design rule should be 
reduced to proceeded high integration and large capacity. 
For reducing the design rules, further micro processing of 
wiring patterns will be required. 
0005 For realizing further micro processing such as 
wiring patterns, a very high quality of processing technique 
is required; therefore, reduction of the design rules has 
become difficult. 
0006 Thus, in late years, large number of inventions on 
semiconductor memory devices, in which a three-dimen 
sional memory cell has been suggested to raise integration 
degree of the memory (Japanese Patent Laid-Open No. 
2003-078044, U.S. Pat. No. 5,599,724, U.S. Pat. No. 5,707, 
885, “Masuoka et al. “Novel Ultrahigh-Density Flash 
Memory With a Stacked-Surrounding Gate Transistor 
(S-SGT) Structured Cell, IEEE TRANSACTION SON 
ELECTRON DEVICES, VOL. 50, NO. 4, pp. 945-951, April 
2003. 
0007. Many of the conventional semiconductor memory 
device, in which a three dimensional memory cell is placed, 
need to proceed Photo Etching Process (hereinafter called 
“PEP, which represents so-called a process to proceed a 
patterning, using photo resist and manufacturing process 
Such as a lithography process and etching, etc.). Here, a 
Photo Etching Process performed with a smallest line width 
of the design rule is set as “a critical PEP', and a Photo 
Etching Process performed with a line width larger than the 
smallest line width of the design rule is set as “a rough PEP. 
In the conventional semiconductor memory device, in which 
a three-dimensional memory cell is disposed, it is required 
that the critical PEP number per one layer of a memory cell 
part should be equal to or more than 3. Additionally in a 
conventional semiconductor memory device, there are many 
of those, in which memory cells are simply stacked, and thus 
cost increase caused by three-dimensional manufacturing 
will not be avoided. 
0008. In addition, in one of the conventional semicon 
ductor memory devices which placed a three-dimensional 
memory cell, there is a semiconductor memory device in use 
of a transistor of a SGT (a column shape) structure (Japanese 

Nov. 1, 2007 

Patent Laid-Open No. 2003-078044, U.S. Pat. No. 5,599, 
724, U.S. Pat. No. 5,707,885). 
0009. In a semiconductor memory device in use of a 
transistor of a SGT (a column shape) structure, a process, in 
which poly-silicon that will become gate electrodes in its 
side walls are formed after having formed a channel (a body) 
part of a stacked memory transistor part in the shape of a 
pillar, is adopted. It is highly possible that problems such as 
a shortstop between the adjacent gates occur with micro 
processing, because the structure from the overhead view is 
the structure like skewering dumplings. 
00.10 Even more particularly, as disclosed by IEEE 
TRANSACTION SON ELECTRON DEVICES, VOL. 50, 
NO 4, pp. 945-951, April 2003, after having formed upper 
pillar and a side wall gate, a lower layer pillar is formed 
regarding the upper pillar and the sidewall gate as a mask, 
and thus a lower layer gate is formed. Therefore, as the lower 
the layer is going, pillar diameter is different. Accordingly, 
not only a variation of a transistor property occurs in every 
layer, but also a cell area from the overhead view becomes 
large, because a pitch at the time of two dimensional 
placements with a pillar diameter of the bottom layer is 
fixed. In addition, a pair of adjacent pillars that is disposed 
in a two dimensional state are separated thoroughly, and an 
extra process that connects word lines of every layer will be 
needed. Therefore, the process will become cumbersome. 
0011. As for the nonvolatile semiconductor memory 
device of conventional stacked type, a number of the word 
line driver that is necessary has increased because there are 
word lines that exist at least independently in every layer 
thus; a tip area has grown large. 

BRIEF SUMMARY OF THE INVENTION 

0012. According to one embodiment of the present inven 
tion, a nonvolatile semiconductor memory device compris 
ing a plurality of memory strings, the memory String com 
prising a memory strings having a plurality of electrically 
programmable memory cells connected in series, wherein 
the memory string comprises a pillar shaped semiconductor, 
a first insulation film formed around the pillar shaped 
semiconductor, a charge storage layer formed around the 
first insulation film, a second insulation film formed around 
the charge storage layer, and first to nth electrodes formed 
around the second insulation film (n is a natural number not 
less than 2); and wherein the first to the nth electrodes of the 
memory strings and the first to the nth electrodes of the other 
memory strings form first to nth conductor layers spread in 
two dimensional, respectively. 
0013. In addition, according to one embodiment of the 
present invention, a manufacturing method of a nonvolatile 
semiconductor memory device comprising: forming diffu 
sion areas having conductor impurities on a semiconductor 
Substrate; forming a plurality of first insulation films and 
conductors in turn above the semiconductor Substrates; 
forming a plurality of holes in the plurality of the first 
insulation films and the conductors; forming a second insu 
lation film on the surface of the holes; etching the second 
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insulation film at the bottom of the holes; and forming a 
plurality of pillarshape semiconductors in the holes, respec 
tively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The accompanying drawings, which are incorpo 
rated in and constitute a part of this specification, illustrate 
an implementation of the present invention, and together 
with the description, explain the invention. 
0015. In the drawings, FIG. 1 is an outline diagram of the 
nonvolatile semiconductor memory device according to one 
embodiment of the present invention. 
0016 FIG. 2 is a part of an outline diagram of the 
memory transistor area 2 of the nonvolatile semiconductor 
memory device 1 according to one embodiment of the 
present invention. 
0017 FIG. 3 is a diagram that shows an outline structure 
of one of the memory strings 10 of the nonvolatile semi 
conductor memory device 1 according to one embodiment 
of the present invention. 
0018 FIG. 4 is a diagram that shows a sectional view of 
one memory transistor MTr in the one embodiment of the 
present invention. 
0019 FIG. 5 is an equivalent circuit schematic of the 
nonvolatile semiconductor memory device according to one 
embodiment of the present invention. 
0020 FIG. 6 is a diagram that shows a bias state in the 
case that reading operation of the data of the memory 
transistor MTr3 shown by dotted lines is performed, in the 
nonvolatile semiconductor memory device 1 according to 
one embodiment of the present invention. 
0021 FIG. 7 is a diagram that shows a bias state in the 
case that program operation of the data of the memory 
transistor MTr3 shown by dotted lines is performed, in the 
nonvolatile semiconductor memory device 1 according to 
one embodiment of the present invention. 
0022 FIG. 8 is a diagram that shows a bias state of the 
selected block in the case that deletion operation of the data 
of the memory transistor MTr of the selected block is 
performed, in the nonvolatile semiconductor memory device 
according to one embodiment of the present invention. 
0023 FIG. 9 is a diagram that shows a bias state of the 
no selected block in the case deletion operation of the data 
of the memory transistor MTr of the selected block is 
performed, in the nonvolatile semiconductor memory device 
according to one embodiment of the present invention. 
0024 FIG. 10(A) is a diagram that shows a condition 
setting of a simulation of the deletion operation of one 
memory String of the nonvolatile semiconductor memory 
device according to one embodiment of the present inven 
tion; FIG. 10(B) is a diagram that shows structure of the 
memory string based on the condition setting of FIG. 10(A). 
0025 FIG. 11 is a diagram that shows a plurality of 
adjacent memory transistor areas in the nonvolatile semi 
conductor memory device 1 according to one embodiment 
of the present invention. 
0026 FIG. 12 is a diagram that shows a calculation result 
based on a simulation condition shown in FIG. 10. 
0027 FIG. 13 is a diagram that shows a calculation result 
based on a simulation condition shown in FIG. 10. 
0028 FIG. 14 is a diagram that shows a deletion opera 
tion model of the nonvolatile semiconductor memory device 
1 according to one embodiment of the present invention. 
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0029 FIG. 15 is a diagram that shows a deletion opera 
tion model of the nonvolatile semiconductor memory device 
1 according to one embodiment of the present invention. 
0030 FIG. 16 is a diagram that shows a deletion opera 
tion model of the nonvolatile semiconductor memory device 
1 according to one embodiment of the present invention. 
0031 FIG. 17 is a diagram that shows a bird’s-eye view 
of the nonvolatile semiconductor memory device 1 accord 
ing to one embodiment of the present invention. 
0032 FIG. 18 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0033 FIG. 19 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0034 FIG. 20 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0035 FIG. 21 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0036 FIG. 22 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0037 FIG. 23 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0038 FIG. 24 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0039 FIG. 25 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0040 FIG. 26 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0041 FIG. 27 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0042 FIG. 28 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0043 FIG. 29 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0044 FIG. 30 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0045 FIG. 31 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0046 FIG. 32 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0047 FIG. 33 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0048 FIG. 34 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0049 FIG. 35 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
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0050 FIG. 36 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0051 FIG. 37 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0052 FIG. 38 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0053 FIG. 39 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0054 FIG. 40 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0055 FIG. 41 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0056 FIG. 42 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0057 FIG. 43 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0058 FIG. 44 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0059 FIG. 45 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0060 FIG. 46 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0061 FIG. 47 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0062 FIG. 48 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0063 FIG. 49 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0064 FIG. 50 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0065 FIG. 51 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0066 FIG. 52 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0067 FIG. 53 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0068 FIG. 54 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0069 FIG.55 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0070 FIG. 56 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
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0071 FIG. 57 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0072 FIG. 58 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0073 FIG. 59 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0074 FIG. 60 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0075 FIG. 61 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0076 FIG. 62 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0077 FIG. 63 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0078 FIG. 64 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
007.9 FIG. 65 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0080 FIG. 66 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
I0081 FIG. 67 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
I0082 FIG. 68 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
I0083 FIG. 69 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
I0084 FIG. 70 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
I0085 FIG. 71 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
I0086 FIG. 72 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
I0087 FIG. 73 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
I0088 FIG. 74 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
I0089 FIG. 75 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0090 FIG. 76 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
0091 FIG. 77 is a diagram that shows a manufacturing 
process of the nonvolatile semiconductor memory device 1 
according to one embodiment of the present invention. 
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