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DESCRIPTION 

SEMICONDUCTOR MEMORY DEVICE 

TECHNICAL FIELD 5 

[0001]  Embodiments of the present invention relate to 

semiconductor memory devices. 

BACKGROUND ART 

[0002]  A three-dimensional NAND flash memory in which 10 

memory cells are arranged three-dimensionally achieves a 

high degree of integration and a low cost.  In the three-

dimensional NAND flash memory, for example, a memory hole 

is formed in a stacked body, in which a plurality of 

insulating layers and a plurality of gate electrode layers 15 

are alternately stacked, to penetrate the stacked body.  A 

charge storage layer and a semiconductor layer are formed 

in the memory hole to form a memory string in which a 

plurality of memory cells are connected in series.  The 

amount of charge held in the charge storage layer is 20 

controlled to store data in the memory cell. 

CITATION LIST 

PATENT DOCUMENT 

[0003]  Patent Document 1: US 10566280 B 25 

SUMMARY OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0004]  An object of the invention is to provide a 

semiconductor memory device whose characteristics can be 30 

improved. 

MEANS FOR SOLVING PROBLEM 

[0005]  A semiconductor memory device according to an 
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embodiment includes: a semiconductor layer extending in a 

first direction; a gate electrode layer including at least 

one metal element selected from a group consisting of 

tungsten (W), molybdenum (Mo), and cobalt (Co); a charge 

storage layer provided between the semiconductor layer and 5 

the gate electrode layer; and a first insulating layer 

provided between the charge storage layer and the gate 

electrode layer, the first insulating layer including a 

first region, the first region including aluminum (Al) and 

oxygen (O), the first insulating layer being in contact 10 

with the gate electrode layer. 

BRIEF DESCRIPTION OF DRAWINGS 

[0006]  Fig. 1 is a circuit diagram illustrating a memory 

cell array of a semiconductor memory device according to a 15 

first embodiment; 

Fig. 2 is a schematic cross-sectional view 

illustrating the memory cell array of the semiconductor 

memory device according to the first embodiment; 

 Fig. 3 is a schematic cross-sectional view 20 

illustrating a memory cell of the semiconductor memory 

device according to the first embodiment; 

Fig. 4 is a schematic cross-sectional view 

illustrating an example of a method for manufacturing the 

semiconductor memory device according to the first 25 

embodiment; 

Fig. 5 is a schematic cross-sectional view 

illustrating an example of the method for manufacturing the 

semiconductor memory device according to the first 

embodiment; 30 

Fig. 6 is a schematic cross-sectional view 

illustrating an example of the method for manufacturing the 

semiconductor memory device according to the first 

embodiment; 
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Fig. 7 is a schematic cross-sectional view 

illustrating an example of the method for manufacturing the 

semiconductor memory device according to the first 

embodiment; 

 Fig. 8 is a schematic cross-sectional view 5 

illustrating an example of the method for manufacturing the 

semiconductor memory device according to the first 

embodiment; 

Fig. 9 is a schematic cross-sectional view 

illustrating an example of the method for manufacturing the 10 

semiconductor memory device according to the first 

embodiment; 

Fig. 10 is a schematic cross-sectional view 

illustrating an example of the method for manufacturing the 

semiconductor memory device according to the first 15 

embodiment; 

Fig. 11 is a schematic cross-sectional view 

illustrating an example of the method for manufacturing the 

semiconductor memory device according to the first 

embodiment; 20 

Fig. 12 is a schematic cross-sectional view 

illustrating an example of the method for manufacturing the 

semiconductor memory device according to the first 

embodiment; 

 Fig. 13 is a schematic cross-sectional view 25 

illustrating an example of the method for manufacturing the 

semiconductor memory device according to the first 

embodiment; 

Fig. 14 is a schematic cross-sectional view 

illustrating an example of the method for manufacturing the 30 

semiconductor memory device according to the first 

embodiment; 

Fig. 15 is a schematic cross-sectional view 

illustrating a memory cell of a semiconductor memory device 
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according to a comparative example of the first embodiment; 

Fig. 16 is a schematic cross-sectional view 

illustrating a memory cell array of a semiconductor memory 

device according to a second embodiment; 

 Fig. 17 is a schematic cross-sectional view 5 

illustrating a memory cell of the semiconductor memory 

device according to the second embodiment; 

Fig. 18 is a schematic cross-sectional view 

illustrating an example of a method for manufacturing the 

semiconductor memory device according to the second 10 

embodiment; 

Fig. 19 is a schematic cross-sectional view 

illustrating an example of the method for manufacturing the 

semiconductor memory device according to the second 

embodiment; and 15 

Fig. 20 is a schematic cross-sectional view 

illustrating a memory cell of a semiconductor memory device 

according to a comparative example of the second 

embodiment. 

20 

MODE(S) FOR CARRYING OUT THE INVENTION 

[0007]  Hereinafter, embodiments of the invention will be 

described with reference to the drawings.  In addition, in 

the following description, the same or similar members and 

the like are denoted by the same reference numerals, and a 25 

description of members and the like that have already been 

explained will be omitted as appropriate. 

[0008]  Further, in this specification, the term "upper 

side" or "lower side" may be used for convenience.  The 

"upper side" or the "lower side" is, for example, a term 30 

indicating a relative positional relationship in the 

drawings.  The term "upper side" or "lower side" does not 

necessarily define the positional relationship with respect 

to gravity. 
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[0009]  Qualitative analysis and quantitative analysis of 

chemical compositions of members constituting a 

semiconductor memory device in the specification can be 

performed by, for example, secondary ion mass spectroscopy 

(SIMS), energy dispersive X-ray spectroscopy (EDX), 5 

electron energy loss spectroscopy (EELS), and the like. 

Further, for example, a transmission electron microscope 

(TEM) can be used to measure the thickness of the members 

constituting the semiconductor memory device, the distance 

between the members, and the like.  Furthermore, for 10 

example, the transmission electron microscope, X-ray 

diffraction (XRD), electron beam diffraction (EBD), X-ray 

photoelectron spectroscopy (XPS), or synchrotron radiation 

X-ray absorption fine structure (XAFS) can be used to

identify crystalline systems of materials forming the 15 

members constituting the semiconductor memory device and to 

compare the abundance ratios of the crystalline systems.  

Moreover, whether the member constituting the semiconductor 

memory device is crystalline or amorphous can be determined 

from, for example, an image obtained by the TEM. 20 

[0010]  (First Embodiment) 

A semiconductor memory device according to a first 

embodiment includes: a semiconductor layer extending in a 

first direction; a gate electrode layer including at least 

one metal element selected from a group consisting of 25 

tungsten (W), molybdenum (Mo), and cobalt (Co); a charge 

storage layer provided between the semiconductor layer and 

the gate electrode layer; and a first insulating layer 

provided between the charge storage layer and the gate 

electrode layer, the first insulating layer including a 30 

first region, the first region including aluminum (Al) and 

oxygen (O), the first insulating layer being in contact 

with the gate electrode layer. 

[0011]  The semiconductor memory device according to the 
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first embodiment is a three-dimensional NAND flash memory.  

A memory cell of the semiconductor memory device according 

to the first embodiment is a so-called metal-oxide-nitride-

oxide-semiconductor (MONOS) memory cell. 

[0012]  Fig. 1 is a circuit diagram illustrating a memory 5 

cell array of the semiconductor memory device according to 

the first embodiment. 

[0013]  As illustrated in Fig. 1, a memory cell array 100 

of the three-dimensional NAND flash memory according to the 

first embodiment includes a plurality of word lines WL, a 10 

common source line CSL, a source select gate line SGS, a 

plurality of drain select gate lines SGD, a plurality of 

bit lines BL, and a plurality of memory strings MS. 

[0014]  The plurality of word lines WL are arranged in a z 

direction to be spaced from each other.  The plurality of 15 

word lines WL are arranged to be stacked in the z 

direction.  The plurality of memory strings MS extend in 

the z direction.  For example, the plurality of bit lines 

BL extend in an x direction. 

[0015]  Hereinafter, the x direction is defined as a third 20 

direction, a y direction is defined as a second direction, 

and the z direction is defined as a first direction.  The x 

direction, the y direction, and the z direction intersect 

each other and are, for example, perpendicular to each 

other. 25 

[0016]  As illustrated in Fig. 1, the memory string MS 

includes a source select transistor SST, a plurality of 

memory cells, and a drain select transistor SDT that are 

connected in series between the common source line CSL and 

the bit line BL.  One bit line BL and one drain select gate 30 

line SGD can be selected to select one memory string MS, 

and one word line WL can be selected to select one memory 

cell.  The word line WL is a gate electrode of a memory 

cell transistor MT constituting the memory cell. 
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[0017]  Figs. 2(a) and 2(b) are schematic cross-sectional 

views illustrating the memory cell array of the 

semiconductor memory device according to the first 

embodiment.  Figs. 2(a) and 2(b) illustrate, for example, 

cross sections of a plurality of memory cells in one memory 5 

string MS that is surrounded by a dotted line in the memory 

cell array 100 illustrated in Fig. 1. 

[0018]  Fig. 2(a) is a yz cross-sectional view illustrating 

the memory cell array 100.  Fig. 2(a) illustrates a cross 

section taken along the line B-B' of Fig. 2(b).  Fig. 2(b) 10 

is an xy cross-sectional view illustrating the memory cell 

array 100.  Fig. 2(b) illustrates a cross section taken 

along the line A-A' of Fig. 2(a).  In Fig. 2(a), a region 

surrounded by a broken line is one memory cell. 

[0019]  Fig. 3 is a schematic cross-sectional view 15 

illustrating the memory cell of the semiconductor memory 

device according to the first embodiment.  Fig. 3 is an 

enlarged cross-sectional view illustrating a portion of the 

memory cell. 

[0020]  As illustrated in Figs. 2(a) and 2(b) and Fig. 3, 20 

the memory cell array 100 includes the word line WL, a 

semiconductor layer 10, an interlayer insulating layer 12, 

a tunnel insulating layer 14, a charge storage layer 16, a 

first block insulating layer 18, a second block insulating 

layer 19, and a core insulating region 20. 25 

[0021]  A plurality of word lines WL and a plurality of 

interlayer insulating layers 12 constitute a stacked body 

30. The first block insulating layer 18 includes a first

region 18a and a second region 18b.

[0022]  The word line WL is an example of a gate electrode 30 

layer.  The interlayer insulating layer 12 is an example of 

a fourth insulating layer.  The tunnel insulating layer 14 

is an example of a third insulating layer.  The first block 

insulating layer 18 is an example of a first insulating 
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layer.  The second block insulating layer 19 is an example 

of a second insulating layer. 

[0023]  The memory cell array 100 is provided, for example, 

on a semiconductor substrate (not illustrated).  The 

semiconductor substrate has a surface that is parallel to 5 

the x direction and the y direction. 

[0024]  The word lines WL and the interlayer insulating 

layers 12 are alternately stacked on the semiconductor 

substrate in the z direction.  The word lines WL are 

repeatedly arranged in the z direction to be spaced from 10 

each other.  The plurality of word lines WL and the 

plurality of interlayer insulating layers 12 constitute the 

stacked body 30.  The word line WL functions as a control 

electrode of the memory cell transistor MT. 

[0025]  The word line WL is a plate-shaped conductor.  The 15 

word line WL includes at least one metal element selected 

from the group consisting of tungsten (W), molybdenum (Mo), 

and cobalt (Co).  The word line WL is, for example, a 

tungsten layer, a molybdenum layer, or a cobalt layer.  The 

thickness of the word line WL in the z direction is, for 20 

example, equal to or more than 5 nm and equal to or less 

than 20 nm. 

[0026]  The interlayer insulating layer 12 separates the 

word lines WL from each other.  The interlayer insulating 

layer 12 electrically separates the word lines WL from each 25 

other. 

[0027]  The interlayer insulating layer 12 is, for example, 

oxide, oxynitride, or nitride.  The interlayer insulating 

layer 12 is, for example, silicon oxide.  The thickness of 

the interlayer insulating layer 12 in the z direction is, 30 

for example, equal to or more than 5 nm and equal to or 

less than 20 nm. 

[0028]  The semiconductor layer 10 is provided in the 

stacked body 30.  The semiconductor layer 10 extends in the 
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z direction.  The semiconductor layer 10 extends in a 

direction perpendicular to the surface of the semiconductor 

substrate. 

[0029]  The semiconductor layer 10 is provided to penetrate 

the stacked body 30.  The semiconductor layer 10 is 5 

surrounded by a plurality of word lines WL.  The 

semiconductor layer 10 has, for example, a cylindrical 

shape.  The semiconductor layer 10 functions as a channel 

of the memory cell transistor MT. 

[0030]  The semiconductor layer 10 is, for example, a 10 

polycrystalline semiconductor.  The semiconductor layer 10 

is, for example, polycrystalline silicon. 

[0031]  The tunnel insulating layer 14 is provided between 

the semiconductor layer 10 and the word line WL.  The 

tunnel insulating layer 14 is provided between the 15 

semiconductor layer 10 and at least one of the plurality of 

word lines WL.  The tunnel insulating layer 14 is provided 

between the semiconductor layer 10 and the charge storage 

layer 16.  The tunnel insulating layer 14 has a function of 

allowing the passage of charge according to a voltage 20 

applied between the word line WL and the semiconductor 

layer 10. 

[0032]  The tunnel insulating layer 14 includes, for 

example, silicon (Si), nitrogen (N), and oxygen (O).  The 

tunnel insulating layer 14 includes, for example, silicon 25 

oxide, silicon nitride, or silicon oxynitride.  The tunnel 

insulating layer 14 is, for example, a stacked structure of 

a silicon oxide layer, a silicon nitride layer, and a 

silicon oxide layer.  The thickness of the tunnel 

insulating layer 14 is, for example, equal to or more than 30 

3 nm and equal to or less than 8 nm. 

[0033]  The charge storage layer 16 is provided between the 

tunnel insulating layer 14 and the first block insulating 

layer 18.  The charge storage layer 16 is provided between 
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the tunnel insulating layer 14 and the second block 

insulating layer 19. 

[0034]  The charge storage layer 16 has a function of 

trapping and storing charge.  The charge is, for example, 

an electron.  A threshold voltage of the memory cell 5 

transistor MT changes depending on the amount of charge 

stored in the charge storage layer 16.  The use of this 

change in the threshold voltage makes it possible for one 

memory cell to store data. 

[0035]  For example, when the threshold voltage of the 10 

memory cell transistor MT changes, a voltage at which the 

memory cell transistor MT is turned on changes.  For 

example, when a state in which the threshold voltage is 

high is defined as data "0" and a state in which the 

threshold voltage is low is defined as data "1", the memory 15 

cell can store 1-bit data of "0" and "1". 

[0036]  The charge storage layer 16 is an insulating layer. 

The charge storage layer 16 includes, for example, silicon 

(Si) and nitrogen (N).  The charge storage layer 16 

includes, for example, silicon nitride.  The charge storage 20 

layer 16 is, for example, a silicon nitride layer.  The 

thickness of the charge storage layer 16 is, for example, 

equal to or more than 3 nm and equal to or less than 10 nm. 

[0037]  The first block insulating layer 18 and the second 

block insulating layer 19 are provided between the tunnel 25 

insulating layer 14 and the word line WL.  The first block 

insulating layer 18 and the second block insulating layer 

19 are provided between the charge storage layer 16 and the 

word line WL.  The first block insulating layer 18 and the 

second block insulating layer 19 have a function of 30 

blocking a current flowing between the charge storage layer 

16 and the word line WL. 

[0038]  The thickness of the first block insulating layer 

18 in the y direction is, for example, equal to or more 
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than 1 nm and equal to or less than 8 nm.  The thickness of 

the second block insulating layer 19 in the y direction is, 

for example, equal to or more than 3 nm and equal to or 

less than 8 nm. 

[0039]  The first block insulating layer 18 is provided 5 

between the charge storage layer 16 and the word line WL. 

The first block insulating layer 18 is provided between the 

second block insulating layer 19 and the word line WL.  The 

first block insulating layer 18 is in contact with the word 

line WL. 10 

[0040]  The interlayer insulating layer 12 is provided in 

the z direction of the word line WL.  The first block 

insulating layer 18 is provided between the word line WL 

and the interlayer insulating layer 12 in the z direction. 

[0041]  The first block insulating layer 18 includes the 15 

first region 18a and the second region 18b.  The second 

region 18b is provided between the word line WL and the 

first region 18a. 

[0042]  The first region 18a is an insulating layer.  The 

first region 18a includes aluminum (Al) and oxygen (O). 20 

The first region 18a includes aluminum oxide.  The first 

region 18a is, for example, an aluminum oxide layer. 

[0043]  The first region 18a is crystalline.  The first 

region 18a is, for example, a crystalline aluminum oxide 

layer. 25 

[0044]  The thickness of the first region 18a in the y 

direction from the semiconductor layer 10 to the word line 

WL is, for example, equal to or more than 1 nm and equal to 

or less than 5 nm. 

[0045]  The second region 18b is an insulating layer.  The 30 

second region 18b is, for example, oxide, oxynitride, or 

nitride.  The second region 18b includes, for example, at 

least one of aluminum (Al), hafnium (Hf), or zirconium 

(Zr).  The second region includes, for example, at least 
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one of oxygen (O) or nitrogen (N). 

[0046]  The second region 18b includes, for example, 

aluminum nitride, aluminum oxynitride, aluminum oxide, 

aluminum silicate, hafnium silicate, nitrogen-doped hafnium 

silicate, or zirconium silicate.  The second region 18b is, 5 

for example, an aluminum nitride layer, an aluminum 

oxynitride layer, an aluminum oxide layer, an aluminum 

silicate layer, a hafnium silicate layer, a nitrogen-doped 

hafnium silicate layer, or a zirconium silicate layer. 

[0047]  The second region 18b is amorphous.  The second 10 

region 18b is, for example, an amorphous aluminum nitride 

layer, an amorphous aluminum oxynitride layer, an amorphous 

aluminum oxide layer, an amorphous aluminum silicate layer, 

an amorphous hafnium silicate layer, an amorphous nitrogen-

doped hafnium silicate layer, or an amorphous zirconium 15 

silicate layer. 

[0048]  The second region 18b includes, for example, boron 

(B).  The atomic concentration of boron atoms in the second 

region 18b is, for example, higher than the atomic 

concentration of boron atoms in the first region 18a. 20 

[0049]  The second region 18b includes, for example, 

fluorine (F).  The atomic concentration of fluorine atoms 

in the second region 18b is, for example, higher than the 

atomic concentration of fluorine atoms in the first region 

18a. 25 

[0050]  The thickness of the second region 18b in the y 

direction from the semiconductor layer 10 to the word line 

WL is smaller than the thickness of the first region 18a in 

the y direction from the semiconductor layer 10 to the word 

line WL.  The thickness of the second region 18b in the y 30 

direction from the semiconductor layer 10 to the word line 

WL is, for example, equal to or more than 0.1 nm and equal 

to or less than 1 nm. 

[0051]  The second block insulating layer 19 is provided 
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between the charge storage layer 16 and the first block 

insulating layer 18.  The second block insulating layer 19 

is provided between the interlayer insulating layer 12 and 

the semiconductor layer 10.  The second block insulating 

layer 19 is provided between the interlayer insulating 5 

layer 12 and the charge storage layer 16. 

[0052]  The second block insulating layer 19 is an 

insulating layer.  The second block insulating layer 19 

includes, for example, silicon (Si) and oxygen (O).  The 

second block insulating layer 19 includes, for example, 10 

silicon oxide. 

[0053]  The thickness of the second block insulating layer 

19 in the y direction is, for example, equal to or more 

than 3 nm and equal to or less than 8 nm. 

[0054]  The core insulating region 20 is provided in the 15 

stacked body 30.  The core insulating region 20 extends in 

the z direction.  The core insulating region 20 is provided 

to penetrate the stacked body 30.  The core insulating 

region 20 is surrounded by the semiconductor layer 10.  The 

core insulating region 20 is surrounded by a plurality of 20 

word lines WL.  The core insulating region 20 has a 

columnar shape.  The core insulating region 20 has, for 

example, a cylindrical shape. 

[0055]  The core insulating region 20 is, for example, 

oxide, oxynitride, or nitride.  The core insulating region 25 

20 includes, for example, silicon (Si) and oxygen (O).  The 

core insulating region 20 is, for example, silicon oxide. 

[0056]  Next, an example of a method for manufacturing the 

semiconductor memory device according to the first 

embodiment will be described. 30 

[0057]  Figs. 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, and 14 

illustrate an example of the method for manufacturing the 

semiconductor memory device according to the first 

embodiment.  Each of Figs. 4 to 14 illustrates a cross 
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section corresponding to Fig. 2(a).  Figs. 4 to 14 are 

diagrams illustrating an example of a method for 

manufacturing the memory cell array 100 of the 

semiconductor memory device. 

[0058]  First, silicon oxide layers 50 and silicon nitride 5 

layers 52 are alternately stacked on a semiconductor 

substrate (not illustrated) (Fig. 4).  A stacked structure 

31 in which a plurality of silicon oxide layers 50 and a 

plurality of silicon nitride layers 52 are alternately 

stacked in the z direction is formed.  A portion of the 10 

stacked structure 31 finally becomes the stacked body 30. 

[0059]  The silicon oxide layer 50 and the silicon nitride 

layer 52 are formed by, for example, a chemical vapor 

deposition method (CVD method).  A portion of the silicon 

oxide layer 50 finally becomes the interlayer insulating 15 

layer 12. 

[0060]  Then, a memory hole 54 is formed in the silicon 

oxide layer 50 and the silicon nitride layer 52 (Fig. 5).  

The memory hole 54 penetrates the stacked structure 31 and 

extends in the z direction.  The memory hole 54 is formed 20 

by, for example, a lithography method and a reactive ion 

etching method (RIE method). 

[0061]  Then, a silicon oxide film 56 is formed on an inner 

wall of the memory hole 54 (Fig. 6).  The silicon oxide 

film 56 is formed by, for example, the CVD method.  The 25 

silicon oxide film 56 finally becomes the second block 

insulating layer 19. 

[0062]  Then, a silicon nitride film 58 is formed on the 

silicon oxide film 56 (Fig. 7).  The silicon nitride film 

58 is formed by, for example, an atomic layer deposition 30 

method (ALD method).  The silicon nitride film 58 finally 

becomes the charge storage layer 16. 

[0063]  Then, a stacked insulating film 60 is formed on the 

silicon nitride film 58 (Fig. 8).  The stacked insulating 
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film 60 is, for example, a stacked film of a silicon oxide 

film, a silicon nitride film, and a silicon oxide film. 

[0064]  The stacked insulating film 60 is formed by, for 

example, the CVD method.  The stacked insulating film 60 

finally becomes the tunnel insulating layer 14. 5 

[0065]  Then, a polycrystalline silicon film 62 is formed 

on the stacked insulating film 60 (Fig. 9).  The 

polycrystalline silicon film 62 is formed by, for example, 

the CVD method.  The polycrystalline silicon film 62 

finally becomes the semiconductor layer 10. 10 

[0066]  Then, a silicon oxide film 64 is buried in the 

memory hole 54 (Fig. 10).  The silicon oxide film 64 is 

formed on the polycrystalline silicon film 62.  The silicon 

oxide film 64 is formed by, for example, the CVD method.  

The silicon oxide film 64 finally becomes the core 15 

insulating region 20. 

[0067]  Then, the silicon nitride layer 52 is selectively 

removed by wet etching using an etching groove (not 

illustrated) (Fig. 11).  For example, a phosphoric acid 

solution is used for the wet etching.  The silicon nitride 20 

layer 52 is selectively etched with respect to the silicon 

oxide layer 50 and the silicon oxide film 56. 

[0068]  Then, an aluminum oxide film 66 is formed in a 

region in which the silicon nitride layer 52 has been 

removed (Fig. 12).  The aluminum oxide film 66 is formed 25 

by, for example, the ALD method.  The aluminum oxide film 

66 finally becomes the first region 18a of the first block 

insulating layer 18. 

[0069]  Then, crystallization annealing is performed.  The 

crystallization annealing is performed, for example, at a 30 

temperature of 1000 C in an inert gas atmosphere.  The 

aluminum oxide film 66 is changed to a crystalline film by 

the crystallization annealing. 

[0070]  Then, an aluminum nitride film 68 is formed on the 



16 

aluminum oxide film 66 (Fig. 13). 

[0071]  The aluminum nitride film 68 is formed by, for 

example, the ALD method. 

[0072]  Further, the aluminum nitride film 68 is formed, 

for example, by forming an amorphous aluminum oxide film 5 

and then performing a nitriding treatment on the amorphous 

aluminum oxide film.  The amorphous aluminum oxide film is 

formed by, for example, the ALD method.  The nitriding 

treatment is performed by, for example, thermal nitriding 

or plasma nitriding.  The thermal nitriding is performed, 10 

for example, in an ammonia atmosphere.  The plasma 

nitriding is performed, for example, in a nitrogen 

atmosphere. 

[0073]  The aluminum nitride film 68 is amorphous.  The 

aluminum nitride film 68 finally becomes the second region 15 

18b of the first block insulating layer 18. 

[0074]  Then, a tungsten film 70 is formed on the aluminum 

nitride film 68 (Fig. 14).  The tungsten film 70 is formed 

by, for example, the CVD method.  The tungsten film 70 

finally becomes the word line WL. 20 

[0075]  When the tungsten film 70 is formed, for example, 

diborane (B2H6) and tungsten hexafluoride (WF6) are used as 

source gases. 

[0076]  The memory cell array 100 of the semiconductor 

memory device according to the first embodiment is 25 

manufactured by the above-described manufacturing method. 

[0077]  Next, the function and effect of the semiconductor 

memory device according to the first embodiment will be 

described. 

[0078]  Fig. 15 is a schematic cross-sectional view 30 

illustrating a memory cell of a semiconductor memory device 

according to a comparative example of the first embodiment. 

Fig. 15 is a diagram corresponding to Fig. 3 illustrating 

the semiconductor memory device according to the first 
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embodiment. 

[0079]  The semiconductor memory device according to the 

comparative example differs from the semiconductor memory 

device according to the first embodiment illustrated in 

Fig. 3 in that the first block insulating layer 18 does not 5 

include the amorphous second region 18b and a barrier metal 

layer 21 is provided between the first block insulating 

layer 18 and the word line WL. 

[0080]  The barrier metal layer 21 is a metal layer.  The 

barrier metal layer 21 includes, for example, titanium (Ti) 10 

and nitrogen (N).  The barrier metal layer 21 includes, for 

example, titanium nitride.  The barrier metal layer 21 is, 

for example, a titanium nitride layer.  The thickness of 

the barrier metal layer 21 is, for example, equal to or 

more than 1 nm and equal to or less than 5 nm. 15 

[0081]  Assuming that the distance between two interlayer 

insulating layers 12 which face each other in the vertical 

direction (z direction) is constant, the thickness of the 

word line WL in the vertical direction is reduced by 

providing the barrier metal layer 21.  In addition, the 20 

electrical resistivity of the barrier metal layer 21 is 

higher than the electrical resistivity of the word line WL. 

[0082]  When the thickness of the word line WL in the 

vertical direction decreases, the electrical resistance of 

the word line WL increases.  For example, there is a 25 

concern that a delay will occur in the operation of the 

memory cell transistor MT.  When a delay occurs in the 

operation of the memory cell transistor MT, for example, it 

is difficult to operate a three-dimensional NAND flash 

memory at a high speed.  Therefore, it is desirable to omit 30 

the barrier metal layer 21 and to increase the thickness of 

the word line WL in the vertical direction. 

[0083]  However, the barrier metal layer 21 has a function 

of suppressing the diffusion of impurities from the word 
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line WL to the charge storage layer 16.  When impurities 

are diffused from the word line WL to the charge storage 

layer 16, for example, the amount of leakage current 

between the charge storage layer 16 and the word line WL 

increases. 5 

[0084]  When the amount of leakage current between the 

charge storage layer 16 and the word line WL increases, the 

characteristics of the memory cell are degraded.  When the 

amount of leakage current between the charge storage layer 

16 and the word line WL increases, for example, the charge 10 

retention characteristics, erase characteristics, write 

characteristics, and the like of the memory cell are 

degraded. 

[0085]  The impurities diffused from the word line WL to 

the charge storage layer 16 are, for example, boron (B) or 15 

fluorine (F) included in the source gas when the word line 

WL is formed. 

[0086]  The three-dimensional NAND flash memory according 

to the first embodiment does not include the barrier metal 

layer provided between the first block insulating layer 18 20 

and the word line WL.  Therefore, it is possible to 

increase the thickness of the word line WL in the vertical 

direction.  As a result, the electrical resistance of the 

word line WL is reduced, which makes it possible to 

operate, for example, the three-dimensional NAND flash 25 

memory at a high speed. 

[0087]  In addition, in the three-dimensional NAND flash 

memory according to the first embodiment, the first block 

insulating layer 18 includes the amorphous second region 

18b.  Since the three-dimensional NAND flash memory 30 

according to the first embodiment includes the amorphous 

second region 18b, the diffusion of impurities from the 

word line WL to the charge storage layer 16 is suppressed. 

Therefore, for example, it is possible to suppress an 
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increase in the amount of leakage current between the 

charge storage layer 16 and the word line WL.  As a result, 

it is possible to suppress the degradation of the 

characteristics of the memory cell. 

[0088]  A mechanism in which the diffusion of impurities 5 

from the word line WL to the charge storage layer 16 is 

suppressed by providing the amorphous second region 18b is 

not necessarily clear.  However, for example, it is 

considered that the amorphous second region 18b serves as 

an impurity diffusion barrier. 10 

[0089]  From the viewpoint of suppressing the diffusion of 

impurities from the word line WL to the charge storage 

layer 16, the thickness of the second region 18b in the y 

direction from the semiconductor layer 10 to the word line 

WL is preferably equal to or more than 0.1 nm and more 15 

preferably equal to or more than 0.2 nm. 

[0090]  From the viewpoint of reducing the electrical 

resistance of the word line WL, it is preferable that the 

thickness of the second region 18b is small.  Therefore, 

the thickness of the second region 18b in the y direction 20 

from the semiconductor layer 10 to the word line WL is 

preferably equal to or less than 1 nm and more preferably 

equal to or less than 0.5 nm. 

[0091]  Since the second region 18b suppresses the 

diffusion of impurities from the word line WL to the charge 25 

storage layer 16, the impurity concentration of the second 

region 18b is higher than the impurity concentration of the 

first region 18a.  For example, the atomic concentration of 

boron atoms in the second region 18b is higher than the 
atomic concentration of boron atoms in the first region 30 

18a.  In addition, for example, the atomic concentration of 

fluorine atoms in the second region 18b is higher than the 

atomic concentration of fluorine atoms in the first region 

18a. 
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[0092]  As described above, according to the first 

embodiment, it is possible to provide the semiconductor 

memory device that includes the word line with reduced 

resistance and has improved characteristics. 

[0093]  (Second Embodiment) 5 

A semiconductor memory device according to a second 

embodiment includes: a semiconductor layer extending in a 

first direction; a gate electrode layer including at least 

one metal element selected from a group consisting of 

tungsten (W), molybdenum (Mo), and cobalt (Co); a charge 10 

storage layer provided between the semiconductor layer and 

the gate electrode layer; a first insulating layer provided 

between the charge storage layer and the gate electrode 

layer, the first insulating layer including a first region 

and a second region, the first region including aluminum 15 

(Al) and oxygen (O), the second region provided between the 

first region and the gate electrode layer, the first region 

being crystalline, the second region being amorphous; and a 

metal layer provided between the first insulating layer and 

the gate electrode layer, the metal layer being in contact 20 

with the second region and the gate electrode layer, the 

metal layer including titanium (Ti) and nitrogen (N).  The 

semiconductor memory device according to the second 

embodiment differs from the semiconductor memory device 

according to the first embodiment in that it includes the 25 

metal layer provided between the first insulating layer and 

the gate electrode layer.  Hereinafter, a description of a 

portion of the content that overlaps that in the first 

embodiment will be omitted. 

[0094]  Figs. 16(a) and 16(b) are schematic cross-sectional 30 

views illustrating a memory cell array of the semiconductor 

memory device according to the second embodiment.  Figs. 

16(a) and 16(b) are diagrams corresponding to Figs. 2(a) 

and (2b) in the first embodiment. 
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[0095]  Fig. 16(a) is a yz cross-sectional view 

illustrating a memory cell array 200.  Fig. 16(a) 

illustrates a cross section taken along the line D-D' of 

Fig. 16(b).  Fig. 16(b) is an xy cross-sectional view 

illustrating the memory cell array 200.  Fig. 16(b) 5 

illustrates a cross section taken along the line C-C' of 

Fig. 16(a).  In Fig. 16(a), a region surrounded by a broken 

line is one memory cell. 

[0096]  Fig. 17 is a schematic cross-sectional view 

illustrating a memory cell of the semiconductor memory 10 

device according to the second embodiment.  Fig. 17 is an 

enlarged cross-sectional view illustrating a portion of the 

memory cell. 

[0097]  As illustrated in Figs. 16(a) and 16(b) and Fig. 

17, the memory cell array 200 includes a word line WL, a 15 

semiconductor layer 10, an interlayer insulating layer 12, 

a tunnel insulating layer 14, a charge storage layer 16, a 

first block insulating layer 18, a second block insulating 

layer 19, a core insulating region 20, and a barrier metal 

layer 21. 20 

[0098]  A plurality of word lines WL and a plurality of 

interlayer insulating layers 12 constitute a stacked body 

30. The first block insulating layer 18 includes a first

region 18a and a second region 18b.

[0099]  The word line WL is an example of the gate 25 

electrode layer.  The interlayer insulating layer 12 is an 

example of the fourth insulating layer.  The tunnel 

insulating layer 14 is an example of the third insulating 

layer.  The first block insulating layer 18 is an example 

of the first insulating layer.  The second block insulating 30 

layer 19 is an example of the second insulating layer.  The 

barrier metal layer 21 is an example of the metal layer. 

[0100]  The first block insulating layer 18 includes the 

first region 18a and the second region 18b.  The Second 
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region 18b is provided between the word line WL and the 

first region 18a. 

[0101]  The first region 18a is an insulating layer.  The 

first region 18a includes aluminum (Al) and oxygen (O).  

The first region 18a includes aluminum oxide.  The first 5 

region 18a is, for example, an aluminum oxide layer. 

[0102]  The first region 18a is crystalline.  The first 

region 18a is, for example, a crystalline aluminum oxide 

layer. 

[0103]  The thickness of the first region 18a in the y 10 

direction from the semiconductor layer 10 to the word line 

WL is, for example, equal to or more than 1 nm and equal to 

or less than 5 nm. 

[0104]  The second region 18b is an insulating layer.  The 

second region 18b is, for example, oxide, oxynitride, or 15 

nitride.  The second region 18b includes at least one of 

aluminum (Al), hafnium (Hf), or zirconium (Zr).  The second 

region includes, for example, at least one of oxygen (O) or 

nitrogen (N). 

[0105]  The second region 18b includes, for example, 20 

aluminum nitride, aluminum oxynitride, aluminum oxide, 

aluminum silicate, hafnium silicate, nitrogen-doped hafnium 

silicate, or zirconium silicate.  The second region 18b is, 

for example, an aluminum nitride layer, an aluminum 

oxynitride layer, an aluminum oxide layer, an aluminum 25 

silicate layer, a hafnium silicate layer, a nitrogen-doped 

hafnium silicate layer, or a zirconium silicate layer. 

[0106]  The second region 18b is amorphous.  The second 

region 18b is, for example, an amorphous aluminum nitride 

layer, an amorphous aluminum oxynitride layer, an amorphous 30 

aluminum oxide layer, an amorphous aluminum silicate layer, 

an amorphous hafnium silicate layer, an amorphous nitrogen-

doped hafnium silicate layer, or an amorphous zirconium 

silicate layer. 
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[0107]  The second region 18b includes, for example, boron 

(B).  The atomic concentration of boron atoms in the second 
region 18b is, for example, higher than the atomic 

concentration of boron atoms in the first region 18a. 

[0108]  The second region 18b includes, for example, 5 

fluorine (F).  The atomic concentration of fluorine atoms 

in the second region 18b is, for example, higher than the 

atomic concentration of fluorine atoms in the first region 

18a. 

[0109]  The thickness of the second region 18b in the y 10 

direction from the semiconductor layer 10 to the word line 

WL is smaller than the thickness of the first region 18a in 

the y direction from the semiconductor layer 10 to the word 

line WL.  The thickness of the second region 18b in the y 

direction from the semiconductor layer 10 to the word line 15 

WL is, for example, equal to or more than 0.1 nm and equal 

to or less than 1 nm. 

[0110]  The barrier metal layer 21 is provided between the 

first block insulating layer 18 and the word line WL.  The 

barrier metal layer 21 is provided between the second 20 

region 18b and the word line WL.  The barrier metal layer 

21 is in contact with the second region 18b.  The barrier 

metal layer 21 is in contact with the word line WL. 

[0111]  The barrier metal layer 21 is a metal layer.  The 

barrier metal layer 21 includes, for example, titanium (Ti) 25 

and nitrogen (N).  The barrier metal layer 21 includes, for 

example, titanium nitride.  The barrier metal layer 21 is, 

for example, a titanium nitride layer.  The thickness of 

the barrier metal layer 21 is, for example, equal to or 

more than 1 nm and equal to or less than 5 nm. 30 

[0112]  Next, an example of a method for manufacturing the 

semiconductor memory device according to the second 

embodiment will be described. 

[0113]  Figs. 18 and 19 are schematic cross-sectional views 
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illustrating an example of the method for manufacturing the 

semiconductor memory device according to the second 

embodiment.  Each of Figs. 18 and 19 illustrates a cross 

section corresponding to Fig. 16(a).  Figs. 18 and 19 are 

diagrams illustrating an example of a method for 5 

manufacturing the memory cell array 200 of the 

semiconductor memory device. 

[0114]  An example of the method for manufacturing the 

semiconductor memory device according to the second 

embodiment is similar to an example of the method for 10 

manufacturing the semiconductor memory device according to 

the second embodiment until an aluminum nitride film 68 is 

formed on an aluminum oxide film 66. 

[0115]  Then, a titanium nitride film 69 is formed on the 

aluminum nitride film 68 (Fig. 18).  The titanium nitride 15 

film 69 is formed by, for example, the ALD method.  The 

titanium nitride film 69 finally becomes the barrier metal 

layer 21. 

[0116]  Then, a tungsten film 70 is formed on the titanium 

nitride film 69 (Fig. 19).  The tungsten film 70 is formed 20 

by, for example, the CVD method.  The tungsten film 70 

finally becomes the word line WL. 

[0117]  When the tungsten film 70 is formed, for example, 

diborane (B2H6) and tungsten hexafluoride (WF6) are used as 

source gases. 25 

[0118]  Next, the function and effect of the semiconductor 

memory device according to the second embodiment will be 

described. 

[0119]  Fig. 20 is a schematic cross-sectional view 

illustrating a memory cell of a semiconductor memory device 30 

according to a comparative example of the second 

embodiment.  Fig. 20 is a diagram corresponding to Fig. 17 

illustrating the semiconductor memory device according to 

the second embodiment. 
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[0120]  The semiconductor memory device according to the 

comparative example differs from the semiconductor memory 

device according to the second embodiment illustrated in 

Fig. 17 in that the first block insulating layer 18 does 

not include the amorphous second region 18b. 5 

[0121]  The barrier metal layer 21 has a function of 

suppressing the diffusion of impurities from the word line 

WL to the charge storage layer 16.  In the semiconductor 

memory device according to the comparative example, in some 

cases, the effect of suppressing the diffusion of the 10 

impurities by the barrier metal layer 21 is insufficient. 

[0122]  Therefore, for example, a problem arises in that 

the amount of leakage current between the charge storage 

layer 16 and the word line WL increases.  When the amount 

of leakage current between the charge storage layer 16 and 15 

the word line WL increases, the characteristics of the 

memory cell are degraded.  When the amount of leakage 

current between the charge storage layer 16 and the word 

line WL increases, for example, the charge retention 

characteristics, erase characteristics, write 20 

characteristics, and the like of the memory cell are 

degraded. 

[0123]  The impurities diffused from the word line WL to 

the charge storage layer 16 are, for example, boron (B) or 

fluorine (F) included in the source gas when the word line 25 

WL is formed. 

[0124]  It is considered that the effect of suppressing the 

diffusion of the impurities by the barrier metal layer 21 

is insufficient because the flatness of the barrier metal 

layer 21 is insufficient. 30 

[0125]  Since the three-dimensional NAND flash memory 

according to the second embodiment includes the amorphous 

second region 18b provided between the first region 18a of 

the first block insulating layer 18 and the barrier metal 
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layer 21, the diffusion of impurities from the word line WL 

to the charge storage layer 16 is suppressed.  Therefore, 

for example, it is possible to suppress an increase in the 

amount of leakage current between the charge storage layer 

16 and the word line WL.  As a result, it is possible to 5 

suppress the degradation of the characteristics of the 

memory cell. 

[0126]  The flatness of the barrier metal layer 21 is 

improved by providing the amorphous second region 18b.  It 

is considered that the effect of suppressing the diffusion 10 

of the impurities by the barrier metal layer 21 is improved 

by improving the flatness of the barrier metal layer 21. 

[0127]  It is preferable that the thickness of the second 

region 18b is large from the viewpoint of improving the 

flatness of the barrier metal layer 21 to suppress the 15 

diffusion of impurities from the word line WL to the charge 

storage layer 16.  Therefore, the thickness of the second 

region 18b in the y direction from the semiconductor layer 

10 to the word line WL is preferably equal to or more than 

0.1 nm and more preferably equal to or more than 0.2 nm. 20 

[0128]  It is preferable that the thickness of the second 

region 18b is small from the viewpoint of reducing the 

electrical resistance of the word line WL.  Therefore, the 

thickness of the second region 18b in the y direction from 

the semiconductor layer 10 to the word line WL is 25 

preferably equal to or less than 1 nm and more preferably 

equal to or less than 0.5 nm. 

[0129]  As described above, according to the second 

embodiment, it is possible to provide the semiconductor 

memory device in which the diffusion of impurities from the 30 

word line is suppressed and characteristics can be 

improved. 

[0130]  In the first and second embodiments, the case in 

which the interlayer insulating layer 12 is provided 
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between the word lines WL has been described as an example. 

However, the space between the word lines WL may be, for 

example, a cavity. 

[0131]  In the first and second embodiments, the structure 

in which the semiconductor layer 10 is surrounded by the 5 

word line WL has been described as an example.  However, a 

structure in which the semiconductor layer 10 is interposed 

between two divided word lines WL can also be adopted.  In 

the case of this structure, it is possible to double the 

number of memory cells in the stacked body 30. 10 

[0132]  Further, in the first and second embodiments, the 

structure in which one semiconductor layer 10 is provided 

in one memory hole 54 has been described as an example.  

However, a structure in which a plurality of semiconductor 

layers, for example, two or more divided semiconductor 15 

layers 10 are provided in one memory hole 54 can also be 

adopted.  In the case of this structure, it is possible to 

more than double the number of memory cells in the stacked 

body 30. 

[0133]  Furthermore, in the first and second embodiments, 20 

the case where the charge storage layer is an insulating 

layer has been described as an example.  However, the 

charge storage layer may be a conductive layer. 

[0134]  Some embodiments of the invention have been 

described above.  However, these embodiments are presented 25 

as examples and are not intended to limit the scope of the 

invention.  These novel embodiments can be carried out in 

various other forms, and various omissions, substitutions, 

and changes can be made without departing from the gist of 

the invention.  For example, components of one embodiment 30 

may be replaced or modified with components of other 

embodiments.  These embodiments and modifications thereof 

are included in the scope and gist of the invention and are 

also included in the scope of the invention described in 
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the claims and equivalents thereto. 

EXPLANATIONS OF LETTERS OR NUMERALS 

[0135]  10 SEMICONDUCTOR LAYER 

12 INTERLAYER INSULATING LAYER (FOURTH INSULATING 5 

LAYER) 

14 TUNNEL INSULATING LAYER (THIRD INSULATING 

LAYER) 

16 CHARGE STORAGE LAYER 

18 FIRST BLOCK INSULATING LAYER (FIRST INSULATING 10 

LAYER) 

18a FIRST REGION

18b SECOND REGION

19 SECOND BLOCK INSULATING LAYER (SECOND 

INSULATING LAYER) 15 

21 BARRIER METAL LAYER (METAL LAYER) 

WL WORD LINE (GATE ELECTRODE LAYER) 
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CLAIMS 

[Claim 1]  A semiconductor memory device comprising: 

a semiconductor layer extending in a first direction; 

 a gate electrode layer including at least one metal 5 

element selected from a group consisting of tungsten (W), 

molybdenum (Mo), and cobalt (Co); 

a charge storage layer provided between the 

semiconductor layer and the gate electrode layer; and 

 a first insulating layer provided between the charge 10 

storage layer and the gate electrode layer, the first 

insulating layer including a first region, the first region 

including aluminum (Al) and oxygen (O), the first 

insulating layer being in contact with the gate electrode 

layer. 15 

[Claim 2]  The semiconductor memory device according 

to claim 1, 

wherein the first insulating layer includes a second 

region provided between the first region and the gate 20 

electrode layer, the second region is in contact with the 

gate electrode layer, and 

the first region is crystalline, and the second 

region is amorphous. 

25 

[Claim 3]  The semiconductor memory device according 

to claim 2, 

wherein the second region includes at least one of 

aluminum (Al), hafnium (Hf), or zirconium (Zr). 

30 

[Claim 4]  The semiconductor memory device according 

to claim 3, 

wherein the second region includes at least one of 

oxygen (O) or nitrogen (N). 
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[Claim 5]  The semiconductor memory device according 

to claim 2, 

wherein the second region includes at least one of 

boron (B) or fluorine (F). 5 

[Claim 6]  The semiconductor memory device according 

to claim 5, 

wherein an atomic concentration of boron in the 

second region is higher than an atomic concentration of 10 

boron in the first region, or an atomic concentration of 

fluorine in the second region is higher than an atomic 

concentration of fluorine in the first region. 

 [Claim 7]  The semiconductor memory device according 15 

to claim 2, 

wherein a thickness of the second region in a second 

direction from the semiconductor layer to the gate 

electrode layer is equal to or more than 0.1 nm and equal 

to or less than 1 nm. 20 

[Claim 8]  The semiconductor memory device according 

to claim 1, 

wherein a thickness of the first region in a second 

direction from the semiconductor layer to the gate 25 

electrode layer is equal to or more than 1 nm and equal to 

or less than 5 nm. 

[Claim 9]  The semiconductor memory device according 

to claim 1, further comprising: 30 

a second insulating layer provided between the charge 

storage layer and the first insulating layer, the second 

insulating layer including silicon (Si) and oxygen (O). 
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[Claim 10]  The semiconductor memory device according 

to claim 1, further comprising: 

a third insulating layer provided between the charge 

storage layer and the semiconductor layer. 

5 

[Claim 11]  The semiconductor memory device according 

to claim 1, further comprising: 

a fourth insulating layer provided in the first 

direction of the gate electrode layer, the first insulating 
layer provided between the fourth insulating layer and the 10 

gate electrode layer. 

[Claim 12]  A semiconductor memory device comprising: 

a semiconductor layer extending in a first direction; 

 a gate electrode layer including at least one metal 15 

element selected from a group consisting of tungsten (W), 

molybdenum (Mo), and cobalt (Co); 

a charge storage layer provided between the 

semiconductor layer and the gate electrode layer; 

 a first insulating layer provided between the charge 20 

storage layer and the gate electrode layer, the first 

insulating layer including a first region and a second 

region, the first region including aluminum (Al) and oxygen 

(O), the second region provided between the first region 

and the gate electrode layer, the first region being 25 

crystalline, the second region being amorphous; and 

a metal layer provided between the first insulating 

layer and the gate electrode layer, the metal layer being 

in contact with the second region and the gate electrode 

layer, the metal layer including titanium (Ti) and nitrogen 30 

(N). 

[Claim 13]  The semiconductor memory device according 

to claim 12, 
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wherein the second region includes at least one of 

aluminum (Al), hafnium (Hf), or zirconium (Zr). 

[Claim 14]  The semiconductor memory device according 

to claim 13, 5 

wherein the second region includes at least one of 

oxygen (O) or nitrogen (N). 

[Claim 15]  The semiconductor memory device according 

to claim 12, 10 

wherein a thickness of the second region in a second 

direction from the semiconductor layer to the gate 

electrode layer is equal to or more than 0.1 nm and equal 

to or less than 1 nm. 

15 

[Claim 16]  The semiconductor memory device according 

to claim 12, 

wherein a thickness of the first region in a second 

direction from the semiconductor layer to the gate 

electrode layer is equal to or more than 1 nm and equal to 20 

or less than 5 nm. 

[Claim 17]  The semiconductor memory device according 

to claim 12, further comprising: 

a second insulating layer provided between the charge 25 

storage layer and the first insulating layer, the second 

insulating layer including silicon (Si) and oxygen (O). 

[Claim 18]  The semiconductor memory device according 

to claim 12, further comprising: 30 

a third insulating layer provided between the charge 

storage layer and the semiconductor layer. 

[Claim 19]  The semiconductor memory device according 
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to claim 12, further comprising: 

a fourth insulating layer provided in the first 

direction of the gate electrode layer, the first insulating 
layer provided between the fourth insulating layer and the 

gate electrode layer. 5 

[Claim 20]  The semiconductor memory device according 

to claim 12, 

wherein a thickness of the metal layer in a second 

direction from the semiconductor layer to the gate 10 

electrode layer is equal to or more than 1 nm and equal to 

or less than 5 nm. 


