SEM CONDUCTOR MEMORY DEVI CE
CROSS- REFERENCE TO RELATED APPLI CATI ON

This application is based upon and clains the benefit
of priority fromJapanese Patent Application No. 2017- 046395,
filed March 10, 2017, the entire contents of which are
I ncorporated herein by reference.

FI ELD

Enmbodi nents described herein relate generally to a

sem conductor nenory devi ce.
BACKGROUND

There are proposed sem conductor nmenory devices with
3-di nmensional structures in which nenory holes are formed in
stacked bodies in which a plurality of electrode |ayers are
stacked on substrates with insulating l|ayers interposed
t her ebet ween and si | i con bodi es servi ng as channel s are f or ned
i nside the menory hol es via charge storage filns. There are
proposed technol ogies for form ng control circuits of nenory
cell arrays with the 3-di nensional structures directly under
or directly on the nenory cell arrays.

However, in the exanpl es, nenory densities per area nay
not be sufficiently inproved.

Exanpl es of related art include JP-A-2011-204829 and
JP- A-2016- 62901.

DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a schematic sectional view illustrating a



sem conduct or nmenory devi ce according to a first enbodi nent.

FIG 2is aschematic perspective viewillustratingthe
sem conduct or nenory devi ce accordingtothefirst enbodi nent.

FIG 3 is a schematic sectional viewillustrating the
sem conduct or nenory devi ce accordingtothefirst enbodi nent.

FIG 4 is an enlarged schematic sectional view
illustrating a part of the sem conductor nenory device
according to the first enbodi nent.

FIG 5is aschematic perspective viewillustratingthe
sem conduct or nenory devi ce accordingtothefirst enmbodi nent.

FIG 6 is a schematic sectional view illustrating a
met hod of manufacturing the sem conductor nenory device
according to the first enbodi nent.

FIG 7 is a schematic sectional viewillustrating the
met hod of manufacturing the sem conductor nenory device
according to the first enbodi nent.

FIG 8 is a schematic sectional viewillustrating the
nmet hod of manufacturing the sem conductor nenory device
according to the first enbodi nent.

FIG 9 is a schematic sectional viewillustrating the
met hod of manufacturing the sem conductor nenory device
according to the first enbodi nent.

FIG 10 is a schematic sectional view illustrating a
sem conductor nmenory devi ce accordingto afirst nodification

exanple of the first enbodi nent.



FIG 11 is a schematic sectional view illustrating a
sem conduct or menory devi ce accordingto asecond nodi fication
exanpl e of the first enbodi nent.

FIG 12 is a schematic sectional view illustrating a
sem conduct or nenory devi ce accordi ng to a second enbodi nent .

FIG 13isacircuit diagramof the sem conduct or nenory
devi ce according to the second enbodi nent.

FIG 14 is a block diagramillustrating a configuration
of a systemof the sem conductor nenory device according to
t he second enbodi nent.

DETAI LED DESCRI PTI ON

[ 0005] Exenpl ary enbodi nent s provi de a m ni at ure sem conduct or
menory device wi th high performance.

[ 0006] I n general , accordi ngto one enbodi ment, a sem conduct or
menory devi ce includes aplurality of menory cell array | ayers
that include a first surface and a second surface opposite to
the first surface and do not include a substrate and that
i nclude a plurality of nenory cells arranged 3-di nensionally
in a nmenory cell array region and a surface wiring |ayer
enbedded in the first surface or/and the second surface. The
surface wiring | ayer of each of the nenory cell array | ayers
is formed to overlap the first surface when viewed in a
directionvertical tothefirst surface, andthe surfacew ring
| ayers are bonded to each ot her sothat the plurality of nenory

cell array |layers are stacked.



[ 0008] Herei nafter, enbodinents wll be described wth
reference to the drawings. The sane reference nunerals are
given to the sanme elenents in the draw ngs.

[ 0009] (Fi rst Enbodi nment)

FIG 1 is a schematic sectional view illustrating a
sem conduct or nmenory devi ce according to a first enbodi nent.
The sem conductor nenory device according to the first
enbodi nent has a structure inwhichaperipheral circuit | ayer
100includingacontrol circuit that controlswiting, erasing,
andreadingdatawi threspect tonmenory cellsandafirst nenory
cell arraylayer 200includingapluralityof first menorycells
arranged 3-di nensional |y are bonded and stacked to face each
ot her and are attached. The sem conductor nenory devi ce has
astructureinwhichthefirst nmenory cell array | ayer 200 and
a second nenory cell array |l ayer 300 i ncluding a plurality of
second nenory cells arranged 3-di nensionally are bonded and
stacked to face each other and are attached.

[0010] First, the first nenory cell array |layer 200 wll be
described. The first nmenory cell array |layer 200 i ncl udes a
first surface (|l ower surface) Sal and a second surface (upper
surface) Sa2 opposite to the first surface in FIG 1 and
includes a first menory cell array 10a with a 3-di nensi onal
structure. FIG 2 is a schematic perspective view
illustratingthe sem conductor nenory devi ce accordingtothe

first enbodinment andillustratingthe first nmenory cell array



10a. InFIG 2, soneinsulatinglayerssuchasinter-electrode
insulating |layers are not illustrated. In FIG 2, the upper
and | ower sidesinFIG 1arereversed, and thus t he upper side
is the first surface side and the |lower side is the second
surface side in FIG 2.

[0011]In FIG 2, two directions orthogonal to each other are
set asthe Xand Ydirections andadirectionwhichis orthogonal
tothe Xand Y directions (XY plane) and in which a plurality
of electrode | ayers W. are stacked is set as the Z direction
(a stacking direction).

[0012] The first menory cell array 10a includes afirst stacked
body 12a in which a plurality of | ayers of one el ectrode | ayer
WL and one insulating layer 11 are alternately stacked. A
plurality of first columar portions 13a extending in the Z
direction are fornmed inside the first stacked body 12a. The
first columar portions 13a are formed in, for exanple, a
cylindrical shape or an elliptic cylindrical shape. For
exanple, the plurality of first columar portions 13a are
arranged in a staggered pattern or a square grid pattern on
the XY plane. The electrode |ayers W. are separated into a
plurality of blocks in the Y direction and extend in the X
di rection.

[0013] The el ectrode layer W. is a |layer that contains, for
exanpl e, silicon as a mai n conponent. Further, the el ectrode

| ayer WL contains boron as inpurities for conductivity of a



silicon layer. The electrode | ayer W. may al so cont ai n net al
silicide.

[0014] The insul ating | ayer 11 mainly contains, for exanple,
silicon and oxygenandis formed of asiliconoxidefilm(Si O,
a silicon oxynitride film (SiON), or a carbon-containing
silicon oxide film (Si OC)

[ 0015] A drain-side selection gate SGD is forned in upper
portions of the first columar portions 13a on the side of the
first surface Sal and a source-si de sel ecti ongate SGSi s f or med
in lower portions of the first columar portions 13a on the
si de of the second surface Sa2. The drain-side sel ection gate
S@ is forned on the uppernost electrode |layer W. with the
I nsul atinglayer 11 i nterposedtherebetween. The source-side
selection gate SGS is fornmed bel ow the | owernost el ectrode
|l ayer W withtheinsulatinglayer 11 interposedtherebetween.
Here, for exanple, the drain-side selection gate SGD and t he
sour ce-si de sel ection gate SGS can be forned to be thicker than
the el ectrode | ayer W. of one | ayer.

[0016] First bit lines 16a are connected to upper ends of the
first columar portions 13a on the side of the first surface
Sal. Thepluralityof first bit lines 16aarefornedof anetal
The plurality of first bit lines 16a are separated in the X
direction to extend in the Y direction. The first bit lines
16a are fornmed on the drain-side selection gate SGD with the

insulating layer 11 and an interlayer insulating |ayer 14



I nt er posed t herebetween.

[0017]A first source line 17a is connected to | ower ends of
the first columar portions 13a on the side of the second
surface Sa2. The first source |line 17a is forned bel ow t he
source-side sel ection gate SGSwith an interlayer insulating
| ayer 15 interposedtherebetween. Afirst source-sidewring
| ayer 19a is formed inside an interlayer insulating |ayer 18
at thel ower ends of thefirst col umar portions 13a and further
bel ow the first source line 17a. The interlayer insulating
| ayer 18 may be a stacked | ayer.

[0018]FIG 3 is a schematic sectional viewillustrating the
sem conduct or nmenory devi ce accordingto the first enbodi nent
and illustrating thevicinity of the first col umar portions.
FIG 4 is an enlarged schematic sectional viewillustrating
aportion Awhichisapart of thevicinity of thefirst col umar
portionin FIG 3. FIGS. 3 and 4 illustrate a cross section
parallel to the YZ plane in FIG 2.

[0019] AsillustratedinFIG 3, thefirst columar portion 13a
isfornedinsideanl-shapednenory holeformedinsidethefirst
st acked body 12a including the plurality of el ectrode | ayers
WL and the plurality of insulating |layers 11. A channel body
20 serving as a sem conductor channel is formed inside the
menory hole. The channel body 20 is, for exanple, a silicon
film Aninpurityconcentrationof thechannel body 20i s | ower

than an inpurity concentration of the electrode |ayer WL.



[0020]As illustrated in FIG 4, in a nenory cell MC, a nenory
film21 is formed between the inner wall of the nenory hole
and the channel body 20. The nmenory film 21 includes, for
exanpl e, a block insulating film22, a charge storage fil m23,
and a tunnel insulating film24. Between the el ectrode | ayer
WL and t he channel body 20, the block insulating film22, the
charge storage fil m23, and the tunnel insulating film24 are
formed in order fromthe electrode | ayer W side.

[ 0021] The channel body 20 is formed in a cylindrical shape
extendi ng in the stacking direction of the stacked body. The
menory film2lisfornmedinacylindrical shape whil e extendi ng
i nthe stacking direction of the stacked body to surround the
outer circunferential surface of the channel body 20. The
el ectrode | ayer WL surrounds the peri phery of the channel boy
20 via the nmenory film 21 interposed therebetween. A core
insulating film25is forned i nside the channel body 20. The
coreinsulatingfilm25is, for exanple, asiliconoxidefilm
[ 0022] The bl ock insulating fil m22 cones i nto contact withthe
el ectrode | ayer W., the tunnel insulating film24 cones into
contact wth the channel body 20, and the charge storage film
23 is fornmed betweenthe blockinsulatingfil m22 andthetunnel
insulating film 24.

[ 0023] The channel body 20 functions as a channel of the nenory
cell MCand the el ectrode | ayer W. functions as a control gate

of the nmenory cell. The charge storage film23 functions as



a data storage |layer that stores charges injected fromthe
channel body 20. That is, the nenory cell MC that has a
structure in which the control gate surrounds around the
channel at an intersection of the channel body 20 and each
el ectrode layer WL is forned.

[ 0024] The sem conduct or nenory devi ce according to the first
enbodi nent can be free to electrically execute erasing and
witing data. Thus, the sem conductor nenory device is a
nonvol atil e sem conductor nmenory devi ce capabl e of retaining
stored contents even when power is turned off.

[ 0025] The nenory cell MCis, for exanple, a charge trapping
menory cell. The charge storage fil m23 has several trapsites
trappi ng charges and is, for exanple, asiliconnitride film
The nenory cell MC nay be a floating gate nenory cell

[ 0026] The tunnel insul atingfil m24 becones apotential barrier
when charges are i nj ect ed fromt he channel body 20t ot he charge
storage film23 or when charges stored in the charge storage
film 23 are diffused to the channel body 20. The tunnel
insulating film24 is, for exanple, a silicon oxide film
[0027] Al ternatively, a stacked film (ONO filn) that has a
structureinwhichasiliconnitridefilmisinterposedbetween
a pair of silicon oxide filnms may be used as the tunnel
insulating film Wen the ONO filmis used as the tunne
insulating film an erasing operation can be executedin alow

electric field conpared to a silicon oxide filmof a single



| ayer.

[ 0028] The bl ock i nsul ating fil m22 prevents t he charges stored
inthe charge storage film23 fromdiffusing to the el ectrode
| ayer W.. The bl ock insulatingfilm22includes, for exanpl e,
asilicon nitride film221 forned to conme into contact with
the electrode layer W. and a silicon oxide film 222 forned
between the silicon nitride film 221 and the charge storage
film 23.

[0029]By formingthesiliconnitride film221 whichis alayer
wi th a higher dielectric constant than the silicon oxide film
222tobeincontact withthe el ectrodelayer W, it is possible
to prevent back-tunneling electrons injected from the
el ectrode | ayer W. at the tine of erasing. That is, by using
astackedfilmof thesiliconoxidefilmandthesiliconnitride
filmas the blockinsulatingfilm35, it is possibletoinprove
a charge bl ocking property.

[0030]As illustrated in FIGS. 2 and 3, the drain-side sel ect
transistor STDis fornmed in the upper portions of the first
col umar portions 13a and the source-side sel ect transistor
STS is formed in the |ower portions of the first columar
portions 13a.

[ 0031] The mrenory cel | MC, t he drai n-si de sel ect transi stor STD,
and the source-side select transistor STS are vertical
transistorsinwhichacurrent flows inthe stackingdirection

(the Z direction) of the stacked body.
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[ 0032] The drai n-side selection gate SGD functions as a gate
el ectrode (control gate) of the drain-side sel ect transistor
STD. An insulating film26 (see FIG 3) that functions as a
gate insulating filmof the drain-side select transistor STD
is formed between the drain-side selection gate SGD and t he
channel body 20. The channel body 20 of the drain-side sel ect
transistor STD formed in the first columar portion 13a is
connected to a bit |Iine BL above t he drai n-side sel ection gate
SGD.

[ 0033] The source-side sel ection gate SGS functions as a gate
el ectrode (control gate) of the source-side sel ect transistor
STS. Aninsulating film27 (see FIG 3) that functions as a
gate insulating fil mof the source-side sel ect transistor STS
is formed between the source-side sel ection gate SGS and t he
channel body 20. The channel body 20 of t he source-si de sel ect
transistor STS fornmed in the first columar portion 13a is
connected to a source |ine SL bel owthe source-side sel ection
gat e SGS.

[0034] A first source-side wiring layer 19a is forned inside
the interlayer insulating |ayer 18 further bel ow the source
l'i ne SL.

[0035] The plurality of nenory cells MC, the drain-side sel ect
transi stor STD, and t he source-side sel ect transistor STS are
connected in series through the channel body 20 to configure

one | -shaped nenory string MS. By arranging the plurality of
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menory strings MSinthe Xand Y directions, the plurality of
menory cells MC are arranged 3-dinensionally in the X, Y, and
Z directions.

[0036]FIG 1 illustrates a region of an end of the foregoing
first nmenory cell array 10a in the X direction. A stair
structure 29 of the electrode layers W. extending in the X
directionisfornmedat anendof afirst nenory cell array region
28a in which the plurality of nmenory cells MC are arranged.
In the stair structure 29, the ends of each of the el ectrode
| ayers WL of thelayersinthe Xdirectionarefornmedinastair
shape. A plurality of contact plugs 30 connected to each of
the el ectrode | ayers W. of the l ayers fornmedinthe stair shape
are formed in the stair structure 29. The contact plugs 30
are connected to each of the el ectrode | ayers W. of the | ayers
in the stair shape to penetrate through the interlayer
i nsul ating |ayer 31.

[0037]In the stair structure 29, the sel ection gates SG (the
drai n-si de selection gate SG and the source-side sel ection
gate SGS) are connected to contact plugs 32.

[ 0038] The contact plug 30 connected to the el ectrode | ayer W
is connected a word wiring |ayer 33. The contact plug 32
connected to the sel ection gate SGis connected to a sel ection
gate wiring layer 34. The word wiring layer 33 and the
selection gate wiring | ayer 34 are formed in the sanme | ayer.

[ 0039] The first nmenory cell array | ayer 200 does not incl ude

12



a substrate. A first source-side wiring |layer 19a is forned
to be closer to the second surface side than a first source
line SL.

At least parts of the word wiring layer 33 and the
sel ection gate wiring layer 34 are led as a word-line |ead
portion 35 and a sel ection-gate-linelead portion 36, by ot her
wiringlayers or plugs, tothe outside of the first nenory cel
array region 28a when viewed in a direction vertical to the
first surface. The word-line lead portion 35 and the
sel ection-gate-line |l ead portion 36 | ed to the outside of the
first menory cell array region 28a are connected to a first
signal line extraction el ectrode 37a fornmed outside the first
nmenory cell array region 28a.

[ 0040] The channel body 20 of the first columar portion 13a
iselectricallyconnectedtothefirst bit lineBLandthefirst
source line SL. Simlarly, at least parts of the first bit
line BLandthefirst sourcelineSLareledasafirst bit-line
| ead portion and a first source-line l|lead portion (not
illustrated) by other wiring | ayers or plugs to the outside
of the first menory cell array region 28a when viewed in a
direction vertical to the first surface. The first bit-line
| ead portionandthefirst source-lineleadportionledoutside
the first nenory cell array region 28a are connected to the
first signal line extraction electrode 37a forned outsi de the

first menory cell array region 28a.
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[0041] A first surface wiring |layer 38a and a second surface
wiring | ayer 39a are fornmed on the first surface Sal and t he
second surface Sa2 of the first menory cell array | ayer 200.
The first surfacewiringlayer 38aandthe second surface w ring
| ayer 39a are enbedded in the first surface Sal and t he second
surface Sa2, respectively, sothat front surfaces are exposed
frominterlayer insulating layers (not illustrated). Here,
for exanple, the first signal |line extraction el ectrode 37a
is electrically connected to the first surface wiring |ayer
38a and t he second surfacew ring |l ayer 39aformed onthe first
surface Sal and t he second surface Sa2 of the first nenory cell
array |ayer 200, respectively. The first signal |Iine
extraction el ectrode 37a, the first surfacewiring |l ayer 38a,
and t he second surface wiring | ayer 39a penetrate through t he
first menory cell array |layer 200.

[0042] First external connection electrodes 40a are forned
outside the first menory cell array region 28a. That is, the
first external connectionelectrodes 40aarefornedinaregion
further outside than the stair structure in the nenory cel
array. The first external connection electrodes 40a are
el ectrically connected to the first surface wiring | ayer 38a
and the second surface wiring |layer 39a forned on the first
surface Sal and t he second surface Sa2 of the first nenory cell
array |ayer 200. The first surface wiring | ayer 38a and t he

second surface wiring |layer 39a are enbedded in the first
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surface Sal and t he second surface Sa2, respectively, so that
front surfaces are exposed from the interlayer insulating
| ayers (not illustrated). The first external connection
el ectrode 40a, the first surface wiring |layer 38a, and the
second surface wiring |ayer 39a penetrate through the first
menory cell array |ayer 200.

[ 0043] The peri pheral circuit | ayer 100i ncludesacircuit board
1. The circuit board 1 of the peripheral circuit layer 100
is, for exanple, a silicon substrate. A control circuit is
formed on a circuit formati on surface of the circuit board 1
of the peripheral circuit layer. As the control circuit, an
integrated circuit including a transistor is formed. The
transi stor has a MOSFET structure that has a gate el ectrode
and a source/drain region. The source/drain region of the
MOSFET i s connected to a circuit-side connection el ectrode 41
by anot her wiringlayer or aplug. Thecircuit-sideconnection
electrode4liselectricallyconnectedtoacircuit-sidewring
| ayer 42 formed on the circuit formation surface of the
peri pheral circuit layer 100. The circuit-side wiring | ayer
42 is enbedded inthecircuit formati on surface sothat a front
surface is exposed froman interlayer insulating |ayer (not
illustrated).

[ 0044] The second nenory cell array |ayer 300 has the sane
configuration as the first nmenory cell array |layer 200

illustrated in FIGS. 1to 4. That is, the second nenory cel
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array |l ayer 300 includes athird surface (|l ower surface) Sbl
and a fourth surface (upper surface) Sb2 oppositetothethird
surface in FIG 1 and i ncludes a second nenory cell array 10b
wi t h a 3-di nensi onal structure. The other sane configuration
wi |l not be described.

[ 0045] The second nenory cell array | ayer 300 does not incl ude
a substrate. Asecond source-sidew ringlayer 19bis further
formedto becloser tothefourthsurfacethanthe second source
line SL.

As in the first nmenory cell array |layer 200, at | east
parts of thewrdw ring|layer 33 and the sel ectiongatew ring
| ayer 34 are led as a word-line lead portion 35 and a
sel ection-gate-line |l ead portion 36 by other wiring | ayers or
pl ugs to the outside of a second nenory cell array region 28b
when viewed in adirection vertical tothethird surface. The
word-line | ead portion 35 and the selection-gate-line |ead
portion 36 | ed outside the second nenory cell array regi on 28b
are connected to a second signal |lineextraction el ectrode 37b
fornmed outside the second nenory cell array regi on 28b.

[ 0046] The channel body 20 of the second col umar portion 13b
is electrically connected to the second bit line BL and the
second sourcelineSL. Simlarly, at | east parts of t he second
bit line BL and the second source |line SL are | ed as a second
bit-l1ine | ead portion and a second source-line | ead portion

by other wiring | ayers or plugs to the outside of the second
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nmenory cell array region 28b when viewed in the direction
vertical to the third surface. The second bit-line |ead
portion and the second source-line | ead portion | ed outside
the second nenory cell array region 28b are connected to the
second signal Iineextractionelectrode 37b fornmed outsidethe
second nmenory cell array region 28b. A configuration of the
second nmenory cell array region 28b is the sane as that inside
the first menory cell array l|ayer 200, and thus reference
nunmeral s are not given.

[0047]A third surface wiring | ayer 38b and a fourth surface
wiring | ayer 39b are forned on the third surface Sbl and t he
fourth surface Sb2 of the second nenory cell array | ayer 300.
Thethirdsurfacewiring!layer 38bandthefourthsurfacewring
| ayer 39b are enbedded inthe third surface Sbl and the fourth
surface Sb2, respectively, sothat front surfaces are exposed
frominterlayer insulating layers (not illustrated). Here,
for exanple, the second signal |line extraction el ectrode 37b
Is electrically connected to the third surface wiring |ayer
38b and the fourth surfacew ring|layer 39b formed onthethird
surface and the fourth surface of the second nenory cell array
| ayer 300, respectively. The second signal line extraction
electrode and the third and fourth surface wiring |ayers
penetrate through the second nenory cell array |ayer 300.

[ 0048] Second external connection el ectrodes 40b are forned

out si de t he second nenory cell array region 28b. That is, the
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second external connection electrodes 40b are forned in a
regi on further outside than the stair structure in the nenory
cell array. The second external connection el ectrodes 40b are
el ectrically connected to the third surface wiring | ayer 38b
and the fourth surface wiring |layer 39b forned on the third
surface Sbl and the fourth surface Sb2 of the second nenory
cell array layer 300. The third surface wiring | ayer 38b and
the fourth surface wiring | ayer 39b are enbedded in the third
surface Sbl and the fourth surface Sb2, respectively, so that
front surfaces are exposed frominterlayer insulating|ayers
(not illustrated). The second external connection el ectrodes
40b, thethird surfacew ringlayer 38b, and the fourth surface
wiringlayer 39b penetrate throughthe second nenory cell array
| ayer 300. Anexternal connectionpad52isfornedonasurface
wiring layer electrically connected to the second external
connection el ectrodes 40b anong the fourth surface wring
| ayers 39b.

[0049]AsillustratedinFIG 1, thefirst surfacew ringlayer
38a fornmed on the first surface Sal is attached to be bonded
with the circuit-side wiring | ayer 42 formed on the circuit
formati on surface. Thefirst surfacewring!layer 38a andthe
circuit-sidewiringlayer 42 are fornmed of, for exanpl e, copper
or copper alloys which have copper as a main conponent. An
insulating film(not illustrated) is forned around the first

surfacewiringlayer 38aandthe circuit-sidewring|layer 42.
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The insulating filmis, for exanple, an inorganic filmor a
resin film The first menory cell array |ayer 200 and the
peri pheral circuit layer 100 are electrically connected via
thefirst surfacewiringlayer 38aandthe circuit-sidewring
| ayer 42.
[0050]AsillustratedinFI G 1, the secondsurfacewringl ayer
39a formed on the second surface Sa2 is attached to be bonded
with the third surface wiring | ayer 38b fornmed on the third
surface Sbl. The second surfacew ringlayer 39aandthethird
surface wiring | ayer 38b are fornmed of, for exanple, copper
or copper alloys which have copper as a main conponent. An
insulating film(not illustrated) is forned around t he second
surface wiring |l ayer 39a forned on the second surface and t he
thirdsurfacewi ringlayer 38bformedonthethirdsurface Sbl.
The insulating film is, for exanple, an inorganic film
includingasiliconnitridefilm Thefirst menory cell array
| ayer and the second nenory cell array | ayer are el ectrically
connected viathe second surfacewiring !l ayer 39aandthethird
surface wiring |ayer 38b.

[0051] When the insulating fil maround the wiring |l ayers is an
inorganic film the wiring | ayers can be bonded to each ot her
on t he bondi ng surfaces and the inorganic fil ns can be bonded
usi ng hydrogen bondi ng. Accordi ngly, whentheinorganic film
is used as the insulating film a gap between the bonding

surfaces rarely occurs. Therefore, it is preferable to use

19



the inorganic filmin that it is not necessary to perform
under-filling using a resin film

[0052]FIG 5is aschematic perspective viewillustratingthe
sem conduct or nmenory devi ce accordingto the first enbodi nent
andillustratinganelectricconnectionstate of theperiphera

circuit layer, thefirst nenorycell arrayl ayer, andthe second
menory cell array |ayer

[0053]As illustrated in FIG 5, the peripheral circuit |ayer
100, the first nenory cell array |ayer 200, and the second
menory cell array | ayer 300 are el ectrically connected by the
first signal | ineextractionelectrodes, the secondsignal |ine
extraction electrodes, the first external connection
el ectrodes, andt he second external connection el ectrodes (not
illustrated). The signal line extraction electrodes are
fornmed outside the menory cell array regions 28a and 28b and
t he ext ernal connection el ectrodes arefornedinaregi onwhich
I soutsidethe menory cell array regions andis further outside
than the stair structureinthe nenory cell array. The signal

line extraction electrode and the external connection
el ectrode of the nmenory cell array layer are forned in
over | appi ng regi ons when viewed in the direction vertical to
the first surface Sal. The signal line extraction el ectrode
iselectrically connectedtothe surfacew ringlayers 39a and
39b and t he ext ernal connection el ectrode of the second nenory

cell array layer 300 which is the wuppernost layer 1is
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el ectrically connected to the external connection pad 52. 1In
FIG 5, only parts of electric connection states of the first
signal line extraction electrodes, the second signal I|ine
extraction electrodes, the first external connection
el ectrodes, and t he second ext ernal connection el ectrodes are
illustrated and the other parts are not illustrated.

[ 0054] A nethod of manufacturing the sem conductor nenory
devi ce accordingtothefirst enbodi nent wi || be descri bedw th
reference to FIGS. 6 to 9. FIGS. 6 to 9 are diagrans
illustrating one cross-section of the sem conductor nenory
device in a net hod of manufacturing the seni conductor nenory
devi ce according to the first enbodi nent.

[0055]As illustrated in FIG 6, a control circuit including
transistors and the like are forned onthe circuit board 1 and
t he peripheral circuit layer 100 including the circuit-side
wiring | ayer 42 of which a front surface is exposed fromthe
insulating film (not illustrated) is forned. The first
i nsul ating | ayer 50 serving as a buffer layer, for exanple,
asilicon oxide fil munder anot her substrate 2, is forned, the
first source-sidewring layers 19a and the first source |ine
17a are forned under the first insulating |ayer 50, and the
first selection gates SG the plurality of electrode |ayers
W., and the |like are forned under the first source line 17a.
Next, the nmenory strings M5, the stair structure 29, and the

li ke are forned. Further, the first external connection
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el ectrodes 40a, the first signal |ine extraction el ectrodes
37a, and the first surface wiring | ayers 38a of which front
surfaces are exposed from the insulating filnms (not
illustrated) are formed to formthe first nenory cell array
| ayer 200. Subsequently, the circuit-sidewring|layer 42 of
t he peripheral circuit | ayer 100 and the first surface wiring
| ayer 38a of the first menory cell array | ayer 200 are stacked
to face each ot her

[ 0056] Next, as illustrated in FIG 7, the peripheral circuit
| ayer 100 andthefirst nmenory cell array | ayer 200 ar e st acked.
At this time, the circuit-side wiring |ayer 42 and the first
surface wiring | ayer 38a are bonded. As a bondi ng net hod, for
exanpl e, these |ayers are bonded by applying a nechanica
pressuretobesubjectedtodiffusionbonding. Alternatively,
aninert plasmatreatnent i s perfornmed onthe bondi ng surfaces
and the layers are bonded using hydrogen bond produced by
form ng OH groups on the bonding surfaces. Alternatively,
t hese | ayers are bonded usi ng an organi ¢ adhesi ve or the |ike.
Thereafter, for exanple, the substrate 2 is renopved using a
chemcal liquidsuchas KOH At thistine, theinsulatingfilns
around the wiring |l ayers can al so be bonded.

[ 0057] Since the nenory cell array |ayer does not include a
substrate, deformation easily occurs due to stress appliedto
the menory cell array |ayer and the stacked sem conduct or

menory device is considered to be bent. Accordingly, the
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second insulating layer 51 is forned. The second insul ating
| ayer 51 is a | ayer that has stress in an opposite direction
to a bent state occurring after the substrate i s renoved and
isformedas astressadjustingfilm Asthe secondinsul ating
filmb51l, for exanple, a silicon nitride filmis fornmed. 1In
this way, it is possible to alleviate stress occurringinthe
sem conductor nmenory device, andthusit i s possibletoprevent
a bent state of the sem conductor nenory device.

[ 0058] Next, the first insulating layer 50 and the second
i nsulating | ayer 51 are renoved to formgrooves so that the
upper surfaces of the first external connection el ectrodes 40a
andthefirst signal lineextractionelectrodes 37a are exposed.
As illustratedinFIG 8, the second surfacewring|layers 39a
whi ch are bonding netals are forned i n the grooves such that
t he upper surfaces of the second surfacew ring |l ayers 39a are
exposed.

[ 0059] Next, subsequentlyto FIG 8, the sane processes as t hose
in FIGS. 6 to 8 are repeated on the first nenory cell array
| ayer 200 instead of the peripheral circuit Ilayer 100
illustratedinFIG 6 and onthe second nenory cell array | ayer
300insteadof thefirst menorycell array |l ayer 200il |l ustrated
inFIG 6. AsillustratedinFIG 9, the external connection
pad 52 is fornmed on the surface wiring layer electrically
connected to the second external connection el ectrodes 40b

anong the fourth surfacew ringl ayers 39b exposed to t he upper
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surfaces. Inthisway, it ispossibletoformthesem conductor
menory device in which the peripheral circuit [ayer 100, the
first menory cell array | ayer 200, and t he second nenory cel
array |ayer 300 are stacked.

[0060]In the first enbodi nent, the second nmenory cell array
| ayer 300 is stacked onthe first nenory cell array | ayer 200.
However, another nenory cell array |ayer of one |ayer or
mul ti pl el ayers nmay be stacked on the second nenory cell array
| ayer 300. At this tine, at |east sonme |ayers of the other
menory cell array |ayer of one layer or nmultiple | ayers may
i nclude a substrate. In this case, it is possible to reduce
a bent state of the stacked sem conductor nenory devi ce.
[0061] Only a stacked body of the nenory cell array | ayer may
be formed wit hout stacking the peripheral circuit |ayer 100.
[0062] (First Modification Exanple)

FIG 10 is a schematic sectional viewillustrating the
sem conductor nenory devi ce accordingto afirst nodification
exanpl e of the first enbodinment. Awring |layer 61 is forned
to connect a nenory string MS1 of the first nmenory cell array
| ayer 200to a menory string M52 of the second nenory cel |l array
| ayer 300. The wiring layer 61 is formed inside the nenory
cell array region and is connected to the first source-side
wiring layer 19a of the first nenory cell array | ayer 200 and
the second bit Iine 16b of the second nenory cell array | ayer

300. The first nmenory cell array | ayer and t he second nmenory
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cell array | ayer are connected wi t hout i nterposingsignal |Iine
extraction el ectrodes fornmed outside the nenory cell array
region.

[0063]Inthe first nodificationexanple, thefirst menory cell
array |l ayer andt he second nenory cel | | ayer are connect ed usi ng
the wiring layers fornmed i nside the nenory cell array region
in addition to the signal |line extraction el ectrodes forned
outside the nenory cell array region.

[ 0064] By form ng the sem conduct or nenory device inthis way,
it is possibletoreduce el ectrode areas necessary to connect
the menory cell array |l ayers, andthus it i s possibletoreduce
chi p areas.

[ 0065] (Second Modi ficati on Exanpl e)

FIG 11 is a schematic sectional viewillustrating the
sem conduct or menory devi ce accordingto asecond nodification
exanple of the first enbodinment. The external connection
el ectrode will not be descri bed.

[ 0066] At | east parts of thewordw ringlayer and the sel ection
gate wiring |l ayer of the first nmenory cell array | ayer 200 are
led as the word-line Jlead ©portion 35 and the
sel ection-gate-line |l ead portion 36 by other wiring | ayers or
plugs and are folded insidethe first nmenory cell array region
28a when viewed in a direction vertical to the first surface
Sal. The wor d- | i ne | ead portion 35 and t he

sel ection-gate-lineleadportion36ledinsidethefirst menory
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cell array region 28a are connected to the first signal |ine
extraction el ectrodes 37a fornmed i nside the first nmenory cell
array region 28a.

[0067]Simlarly, at | east parts of the first bit |ine BL and
thefirst sourcelineSLareledasafirst bit-lineleadportion
and a first source-line |lead portion by other wring | ayers
or plugs and are folded inside the first nmenory cell array
regi on 28a when viewed in a direction vertical to the first
surface Sal (not illustrated). The first bit-line |ead
portion and the first source-linelead portion |edinsidethe
first menory cell array regi on 28a are connected to the first
signal line extraction electrode 37a fornmed inside the first
nmenory cell array region 28a.

[ 0068] The first source-side wiring | ayer 19a on the side of
t he second surface Sa2 is connected to the first signal |ine
extraction el ectrode 37a fornmed inside the first nmenory cell
array region 28a. Here, sone of the first signal |ine
extraction electrodes 37a nmay be forned outside the first
menory cell array region 28a.

[ 0069] The first surface wiring | ayer 38a and t he second front
surface wiring layer 39a are forned on the first surface Sal
and t he second surface Sa2 of the first nmenory cell array | ayer
200, respectively, inside the nenory cell array region. The
first surface wiring | ayer 38a and the second surface wring

| ayer 39a fornmed inside the nmenory cell array region are
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el ectrically connected to the first signal line extraction
el ectrodes 37a.

[0070]As in the first nenory cell array |ayer 200, at | east
parts of the word wiring | ayer and the sel ection gate wiring
| ayer of the second nenory cell array | ayer 300 are | ed as t he
word-line lead portion 35 and the selection-gate-line |ead
portion 36 by other wiring !l ayers or plugs and are fol ded i nsi de
the second nenory cell array region 28b when viewed in a
direction vertical to the third surface Sbl. The word-1line
| ead portion 35 and the selection-gate-line | ead portion 36
| edinsidethe second nenory cell array regi on 28b ar e connect ed
to the second signal |ine extraction el ectrodes 37b formed
i nside the second nenory cell array region 28b

[0071]In addition, at |least parts of the second bit |ine BL
and t he second sourceline SL are | ed as a second bit-line |l ead
portion and a second source-line | ead portion by other wiring
| ayers or plugs and are fol ded i nside the second nenory cel |
array region 28b when viewed in a direction vertical to the
third surface (not illustrated). The second bit-line |ead
portion and t he second source-linelead portionledinsidethe
second nenory cel | array regi on 28b are connectedtot he second
signal |line extraction electrode 37b forned i nside the second
menory cell array regi on 28b. Here, sone of the second si gnal
line extraction el ectrodes 37b may al so be forned outside the

second nenory cell array region 28b.
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[0072] Onthe third surface Sbl of the second nenory cell array
| ayer 300, the third front surface | ayer 38b is forned i nside
the menory cell array region. The third surface wiring | ayer
38 formed i nside the nenory cell array regionis electrically
connected to the second signal |ine extraction el ectrode 37b.
Here, onthe fourth surface Sb2 of the second nenory cell array
| ayer 300, the fourth surface wiring | ayer (not illustrated)
may be fornmed inside the nenory cell array region. In this
case, the fourth surfacewring |l ayer fornmedinsidethe nenory
cell array region is electrically connected to the second
signal line extraction el ectrode 37b.

[0073] Accordingly, the signal |ine extraction el ectrode of
each nmenory cel |l array | ayer i s connectedtothe surface w ring
| ayer fornedinsidethenenorycell arrayregionandthesurface
wiring |l ayer of each nmenory cell array | ayer can be forned in
each over | appi ng regi on when viewed i n the direction verti cal
to the first surface. Accordingly, when the plurality of
nmenory cell array | ayers are stacked, it i s possibletofurther
reduce chip areas and reduces wiring lengths, and thus it is
possi bl e to prevent operation del ay.

[ 0074] According to the second nodi fication exanple, at | east
some of the bit lines or the work Iines are fol ded i nside the
menory cell array region. The signal |ine extraction
el ectrodes connected via the bit-line | ead portion and the

word-lineleadportionare fornedinsidethe nenory cell array
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region. The signal |line extraction el ectrode of each nenory
cell array |l ayer i sconnectedtothesurfacew ringlayer forned
insidethenenorycell array regi onandthesurfacewringlayer
of each nmenory cell array layer can be forned in each
over | appi ng regi on when viewed in the direction vertical to
the first surface. Accordingly, whenthe plurality of nenory
cell array | ayers are stacked, it is possibletofurther reduce
chip areas and reduce wiring |l engths, and thus it is possible
to prevent operation del ay.

[ 0075] Accordingtothe first enbodi nent, thefirst nenory cell
array |l ayer 200 and the second nenory cell array | ayer 300 do
not include a substrate (for exanple, a silicon substrate).
Accordingly, when first nenory cell array |ayer 200 and the
second nmenory cel | array | ayer 300 are stacked and el ectrically
connected, these |layers can be connected without formng a
through silicon via (TSV). Accordingly, it is not necessary
to performa substrate etching process which takes cost or a
processing tinme and to forman insulating filmto prevent
short-circuiting between a substrate and a via. Thus, it is
possi bl e to achi eve a reduction in cost and an i nprovenent in
a t hroughput.

[0076] The nenory cell array | ayer and the peripheral circuit
| ayer are formed in different wafer processes. Therefore,
even when a hi gh-tenperature heating process i s necessary at

thetinme of formngthe nenory cell array |l ayer, it i s possible
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to prevent inpurity diffusion of the transistors of the
peri pheral circuit layer or an adverse influence such as
deterioration in a netal wring |ayer.

[0077] The nmenory cel |l array | ayer i s stacked so that the first
surface faces the peripheral circuit layer. The bit line or
the word lineis led to the first surface of the nenory cell
array layer and the bit line or the word line is connected to
the signal line extraction electrode. Since the nenory cel
array layer is stacked so that the first surface faces the
peri pheral circuit layer, it is possible toreduce a draggi ng
di stance of the electrode layer, and thus it is possible to
prevent an adverse influence on an operation speed.

[ 0078] Further, according to the first enbodi nent, the nenory
cell array layers of the plurality of |layers are stacked on
t he peripheral circuit |ayer. Accordingly, when the stacked
body of one nmenory cell array |layer has 48 |ayers, a nenory
cell array having 96 | ayers which is a doubl e of the 48 | ayers
can be realized, for exanple, using a process technique for
48 layers by stacking two nenory cell array |ayers.
Accordingly, it ispossibletoeasilyinprove anenorydensity.
[ 0079] Furt her, at | east sone of the bit lines or thewordlines
are | ed outside the nenory cell array region, and the signal
line extraction el ectrodes connected via the bit-line |ead
portion and the word-line |l ead portion are forned outside the

nmenory cell array region. In addition, external connection
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el ectrodes are forned in a region which is outside the menory
cell array region and is further outside the stair structure
inthenenorycell array. Thesignal [ineextractionelectrode
and t he ext ernal connecti on el ectrode of each nenory cell array
| ayer are formed i n each over| appi ng regi on when vi ewed i n t he
direction vertical to the first surface. Accordingly, when
the plurality of nenory cell array | ayers are stacked, it is
possi ble to reduce wiring lengths, and thus it is possibleto
prevent operation del ay.

[ 0080] Al ternatively, at | east sonme of the bit Iines or the word
| ines are repeated inside the nmenory cell array region. The
signal line extraction electrode connected via the bit-1ine
| ead portion and the word-line | ead portionis fornmed inside
the nmenory cell array region. The signal line extraction
el ectrode of each nmenory cell array | ayer is connected to the
surfacewiring !l ayer formedinsidethe menory cell array regi on
and the surface wiring | ayer of each menory cell array | ayer
is formed in each overlapping region when viewed in the
direction vertical to the first surface. Accordingly, when
the plurality of nenory cell array | ayers are stacked, it is
possi bleto further reduce chi p areas and reduce wi ri ng | engt hs,
and thus it is possible to prevent operation del ay.

[ 0081] The ext ernal connecti on el ectrode andthe surfacew ring
| ayer connectedtotheexternal connectionelectrodeareforned

at | east topenetrate al ayer (here, thefirst nenory cell array
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| ayer) vertically interposed by the nenory cell array | ayer
or/and the peripheral circuit |ayer. The signal |ine
extraction el ectrode and the surface wiring | ayer connected
to the signal line extraction electrode are forned at | east
to penetrate alayer (here, thefirst menory cell array | ayer)
vertically interposed by the nenory cell array | ayer or/and
t he peri pheral circuit layer. Accordingly, whentheplurality
of menory cell array |layers are stacked, it is possible to
further reducewiringlengths. Thus, it is possibletofurther
prevent operation delay and inprove reliability.

[ 0082] Further, the external connection electrode can have
| ayout not connected to a nenory cell and an external signal
can be i nput fromthe external connection padtothe peripheral
circuit layer without interposing the nenory cell. In this
way, it is possible to further prevent an adverse influence
on operation delay or the Iike. Since the signal Iine
extractionelectrodeis electrically connected to each nenory
cell array |l ayer eveninaroute of non-connectiontothenenory
cell, a signal line of each | ayer is connected to the signal
lineextractionelectrodew thout i nterposingthenmenory cell.
In this way, it is possible to further prevent an adverse
i nfl uence on operation delay or the |iKke.

[ 0083] The nenory cel | array | ayer does not i ncl ude a substrate
and it i s not necessary to formsilicon through el ectrode such

as TSV. On the side of the second surface (the side of the
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fourth surface) of the nenory cell array | ayer, the source-side
wiring layer is formed instead of formng a substrate.

Accordingly, it i s possibletoconnect the stacked nenory cell

array layer to any layer and it is possibletoincrease wiring
regions without an increase in chip areas.

[ 0084] Further, the first source-side wiring|layer can be used
as the first source-linelead portionof thefirst sourceline
SL. The second source-side wiring | ayer can be used as the
second source-line |l ead portion of the second source |ine SL.

In this way, by form ng the source-side wiring | ayer on the
side of the second surface (the side of the fourth surface)

of the sourcelineinthe nenory cell array which includes the
menory cell stringinwhichthecol umar portionhasthel shape,
it is possibletoefficiently reduce awring length fromthe
source line to the signal line extraction el ectrode.

The signal line extraction el ectrode and the surface
wi ringlayer of the second nenory cell array | ayer nmay be f or med
topenetratethe second nenory cell array layer, asinthefirst
menory cell array layer. In this case, it is preferable to
penetrate the second nenory cell array |l ayer in that a device
structure can be conmon to the first nenory cell array | ayer
and t he second nenory cel | array | ayer and characteristics such
as stress occurring in the nenory cell array |ayer can be
achieved. In addition, it is preferable to penetrate the

second nenory cell array | ayer inthat processes can be conmon
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tothefirst nenory cell array | ayer and t he second nenory cel |
array layer and the nenory cell array |ayer can efficiently
be manuf act ur ed.

[0085]Inthefirst menory cell array | ayer or t he second nenory
cell array layer, the bit line or the word lineis ledtothe
side of the first surface or the side of the third surface and
the bit line or the word line is connected to the signal |ine
extraction electrode. The first nenory cell array |layer is
stacked so that the first surface faces the peri pheral circuit
| ayer and t he second nenory cell array | ayer i s stacked so t hat
thethirdsurfacefacesthefirst menorycell arrayl ayer. That
is, the first menory cell array |layer and the second nenory
cell array | ayer are stacked so that the signal lines are | ed
inthe sanme direction and directions of the first nenory cel
array | ayer and t he second nenory cell array | ayer are uniform
In this way, since the bit lines and the word |ines are |ed
tothe side (the lower sidein FIG 1) on which the peripheral
circuit layer is formed and are stacked on the peripheral
circuit layer, it is possible to reduce a draggi ng di stance
of the el ectrode layer, and thus it is possible to prevent an
adverse influence on an operation speed.

[ 0086] When the first nmenory cell array |ayer and the second
menory cell array | ayer are stacked to face each ot her w t hout
being uniformin the directions thereof, it is necessary to

provi de one of the nenory cell array | ayers on, for exanple,
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a tape, renove a substrate on the tape, and stack the nenory
cell array layer so that the surface on which the substrate
is renoved faces the peripheral circuit layer or the other
menory cell arraylayer. Wenthefirst nenorycell arrayl ayer
and t he second nenory cell array | ayer are stacked so that the
directions thereof are uniform it is not necessary to use a
tape or the like. That is, the nmenory cell array |ayer can
be fornmed by stacking the nenory cell array |ayer forned on
the substrate onthe peripheral circuit | ayer sothat the front
surface of the substrate i s upward and renovi ng t he substrate.
Accordingly, it is preferable to stack the first menory cell
array | ayer and the second nenory cell array | ayer so that the
directions thereof are uniformin that the first nenory cell
array | ayer and t he second nenory cell array | ayer are easily
formed without using a tape or the |ike.

[ 0087] (Second Enbodi nent)

Next, a sem conductor nmenory devi ce accordi ngto asecond
enbodi nent wil| be descri bed. The basic configurationis the
same as that of the first enbodinent. Therefore, the matters
described in the first enbodinment will not be descri bed.
[0088]FIG 12 is a schematic sectional viewillustrating the
sem conduct or nenory devi ce accordingtothe second enbodi nent .
In FIG 12, one nenory cell array |ayer is further stacked on
the sem conductor nenory device in FIG 1. The peripheral

circuit layer 100, the first nenory cell array | ayer 200, the
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second nenory cell array | ayer 300, and the third nenory cell
array |ayer 400 are formed in order fromthe | ower side.
[0089] Here, as illustrated in FIG 12, in the stacked second
menory cell array layer 300, a wiring |layer 71 connected to
a menory string MS3 is forned between a third surface wiring
| ayer 38b fornmed onthe third surface Sbl and a fourth surface
wiring | ayer 39b formed on the fourth surface Sb2. That is,
t he second nenory cel |l array | ayer 300i s connectedtothe upper
and | ower nenory cell array |layers by the wiring layer 71 via
the nmenory string MS3.

[0090]FIG 13is acircuit diagramof the sem conduct or nenory
device according to the second enbodinent. FIG 13
illustrates a part of a circuit of the nenory string MS3
connectedtothewringlayer 71. Aplurality of nenory cells
are formed and sone of the nenory cells are not illustrated.
In the plurality of nmenory cells, the drain-side select
transi stor STD and t he source-side sel ect transi stor STS are
fornmed and an array | ayer IDformed for each nenory cell array
| ayer i sstored. Thecircuit of thenmenorystringMS3functions
as apart of anarray | ayer selectioncircuit sel ectinganarray
| ayer.

[0091]FIG 14 is a block diagramillustrating a configuration
of a systemof the sem conductor nenory device according to
t he second enbodinment. FIG 14 illustrates the configuration

of the systemof t he sem conduct or nenory devi ce i ncl udi ng t he
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array | ayer selectioncircuit formed in the nmenory string MS3
connected to the wiring |ayer 71

[0092] I n each menory cell array | ayer, an address |line and an
array |l ayer select signal line are input as signal lines. 1In
thenenory cel |l array | ayer, whet her the nenory cel |l array | ayer
Is selected is determ ned i n accordance with the array | ayer
sel ect signal lineandthe storedarray | ayer | Dand t he address
line is input to a nenory cell array.

[ 0093] By form ng the sem conductor nenory device inthis way,
the nmenory cel |l array | ayer can be sel ected using a transi stor
and a nmenory cell inside the nenory string M3 wthout
i ndi vidual |y sel ectingthe nenory cell array usi ng each si gnal
line. Even in the sem conductor nmenory device including the
plurality of stacked menory cell array |layers, it is possible
to considerably reduce the nunber of wrings.

[0094] I nthisway, each nenory cel | array | ayer nay be connect ed
tothe upper and | ower nenory cel |l array | ayers usingthewring
| ayer 71 for each nenory block or nenory area of the second
menory cell array |l ayer. By form ng the sem conductor nenory
device in this way, the nenory area or the nenory bl ock can
be sel ect ed usi ng each transi stor and each nenory cell in each
menory string M5. Even in the sem conductor nenory device
including the plurality of stacked nenory cell array | ayers,
it is possible to considerably reduce the nunber of wirings.

[ 0095] The enbodi nents have been described with reference to
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t he drawi ngs. However, the present disclosureisnot [imted
t hereto.

[0096]In the present disclosure, the exanple in which the
circuit boardis contai ned has been descri bed. However, acase
inwhichonly the nenory cell array | ayers are stacked is al so
i ncluded in the scope of the present disclosure.

[ 0097] Vari ous desi gnchanges i ntheconfigurationof thenenory
cell array for realizing the present disclosure can be nmade
by those skilled in the art and are included in the scope of
t he present di scl osure without departing fromthe gist of the

present discl osure.

[ 0098] According to still another aspect of the present
di scl osur e, a semconductor nenory device including
3- di nensi onal menory cell arrays Wi th di fferent

configurations is provided.

[ 0099] Whi | e certain enbodi nents have been descri bed, these
enbodi nents have been presented by way of exanple only, and
are not intendedtolimt the scope of the inventions. |Indeed,
t he novel enbodi nents described herein may be enbodied in a
variety of other forms; furthernore, various om ssions,
substitutions and changes in the form of the enbodi nents
descri bed herei n may be made wi t hout departing fromthe spirit
of the inventions. The acconpanying clains and their
equi val ents are i ntended to cover such fornms or nodifications

as would fall within the scope and spirit of the inventions.
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WHAT IS CLAIMED | S:

1. A sem conductor nenory device conpri sing:

a plurality of nmenory cell array layers that include a
first surface and asecondsurfaceoppositetothefirst surface
and do not include a substrate and that include a plurality
of menory cel |l s arranged 3-di nensionallyinanenorycell array
region and asurfacewringlayer enbeddedinthefirst surface
or/and the second surface,

wherein the surface wiring | ayer of each of the nenory
cell array layers is fornmed to overlap the first surface when
viewed in a direction vertical to the first surface, and the
surface wiring layers are bonded to each other so that the
plurality of nenory cell array |ayers are stacked.

2. A sem conductor nmenory device conpri sing:

aperipheral circuit |l ayer that i ncludesacircuit board
acontrol circuit formedonacircuit formati on surface of the
circuit board, and a circuit-side wiring |layer forned on the
circuit formationsurfaceof thecircuit boardandel ectrically
connected to the control circuit;

a first nmenory cell array | ayer which includes a first
surface and a second surface oppositetothe first surface and
does not include a first substrate and which includes a
plurality of first nmenory cells arranged 3-dinmensionally in
a nenory cell array region, a first signal line extraction

electrode, a first external connection electrode forned
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outside the nenory cell array regi onwhenviewedinadirection
vertical tothefirst surface, andafirst surfacewiringl ayer
and a second surfacew ringlayer connectedtothefirst signal
line extraction electrode and the first external connection
electrode and forned in the first and second surfaces,
respectively, in which the first surface is stacked to face
t he peripheral circuit layer, andthecircuit-sidewi ringl ayer
and the first surface wiring |ayer are bonded; and

a second nenory cell array | ayer which includes athird
surface and a fourth surface oppositetothethird surface and
does not include a second substrate and which includes a
plurality of second nenory cells arranged 3-di nensionally in
the nmenory cell array region, a second signal |ine extraction
el ectrode, a second external connection electrode forned
outside the nenory cell array regi on when viewedinadirection
vertical tothethirdsurface, andathirdsurfacew ringlayer
andafourthsurfacew ringlayer connectedtothesecondsigna
i ne extraction el ectrode and t he second external connection
electrode and fornmed in the third and fourth surfaces,
respectively, in which the third surface is stacked to face
thefirst menorycell array |l ayer, andthe second surface w ring
| ayer and the third surface wiring |ayer are bonded.

3. The semnmi conductor nenory devi ce according to claim

wherein the circuit-side wiring layer and the first
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surfacew ringlayer aredirectly bonded and t he second surface
wiring | ayer and the third surface wiring layer are directly
bonded.

4. The sem conduct or nmenory devi ce according to claim
2 or 3,

wherein the plurality of first nmenory cells include a
first stacked body in which a plurality of insulating |layers
and a plurality of electrode |ayers are alternately stacked
and first columar portions extendingin a stacking direction
of the first stacked body, a first bit line is electrically
connected to the first columar portion on a side of the first
surface, afirst sourcelineis electrically connectedtothe
first columar portion on a side of the second surface, and
afirst source-sidewringlayer is formedto be closer tothe
side of the second surface than the first source |ine.

5. The sem conduct or nenory devi ce accordi hg t o any one
of clains 2 to 4,

wherein the plurality of second nenory cells include a
second stacked body in which aplurality of insulating|layers
and a plurality of electrode |ayers are alternately stacked
and second col umar portions extendi nginastackingdirection
of the second stacked body, a second bit lineis electrically
connected to t he second col utmar portiononasideof thethird
surface, a second sourcelineiselectrically connectedtothe

second col umar portion on a side of the fourth surface, and
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a second source-side wiring layer is fornmed to be closer to
the side of the fourth surface than the second source |ine.

6. The sem conductor nenory device according to claim
2 or 3,

wherein the plurality of first nmenory cells include a
first stacked body in which a plurality of insulating | ayers
and a plurality of electrode |layers are alternately stacked
and first columar portions extending in a stacking direction
of the first stacked body, a first bit line is electrically
connected to the first columar portion on a side of the first
surface, afirst sourcelineis electrically connectedtothe
first columar portion on a side of the second surface, and
afirst source-sidewiringlayer is fornedto be closer tothe
side of the second surface than the first source |ine,

the plurality of second nmenory cells include a second
stacked body in which a plurality of insulating |layers and a
plurality of electrode |ayers are alternately stacked and
second col ummar portions extending in a stacking direction of
the second stacked body, a second bit line is electrically
connected to the second col umar portiononasideof thethird
surface, a second sourcelineiselectrically connectedtothe
second col umar portion on a side of the fourth surface, and
a second source-side wiring layer is formed to be closer to
the side of the fourth surface than the second source |ine,

and
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the first source-side wiring |ayer of the first nmenory
cell array layer is connected to the second bit |ine of the
second nenory cell array |layer inside the nmenory cell array
region when viewed in the direction vertical to the first
surface.

7. The sem conduct or nmenory devi ce accordi ngto any one
of clains 2 to 6,

wherein the second surface wiring layer and the third
surfacewiringl ayer respectivelyconnectedtothefirst signal
lineextractionel ectrodeandthe secondsignal |ineextraction
el ectrode are forned inside the nenory cell array region.

8. The sem conduct or nenory devi ce accordi ng t o any one
of claims 2 to 7, further conprising:

at |l east one another nenory cell array layer that is
stacked to face the second nenory cell array |ayer, thereby
i ncluding three or nore | ayers of the plurality of nenory cel
array | ayers.

9. The sem conduct or nenory devi ce accordi ngto any one
of clains 2 to 8,

whereininthefirst nmenorycell array | ayer or t he second
menory cel |l array | ayer, anmenory stringthat i ncl udes a nenory
cell storing an array |layer IDand a transi stor selectingthe
first menory cell array | ayer or the second nenory cell array
| ayer as a part of an array |ayer select circuit is formed,

and the nenory string is electrically connected to the first
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signal lineextractionelectrodeof thefirst nenory cell array
| ayer or the second signal line extraction el ectrode of the
second nenory cell array.

10. The sem conduct or nenory devi ce according to claim
1 or 8,

wherein in at | east one nenory cell array | ayer anpbng
theplurality of menory cell array | ayers, anmenory stringthat
includes a nenory cell storing an array layer ID and a
transi stor selecting the nenory cell array | ayer as a part of
an array |layer select circuit is forned.

11. The sem conduct or nenory devi ce according to claim
10,

wherein the plurality of nenory cell array l|ayers are
at | east three nenory cell array | ayers and a part of the array
| ayer select circuit is formed in one nenory cell array | ayer
vertically interposed between other nenory cell array | ayers
anmong the plurality of nenory cell array |ayers.

12. The sem conduct or nenory devi ce according to claim
10 or 11,

whereinapart of thearray |l ayer select circuit isforned
for each nmenory area or nmenory bl ock of at | east one | ayer of

the nmenory cell array |ayers.
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