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DESCRIPTION
TITLE

SEMICONDUCTOR MEMORY DEVICE

FIELD
The embodiment relates to a semiconductor memory device.
BACKGROUND
A NAND flash memory capable of storing data in a
nonvolatile manner is known.
CITATION LIST
PATENT LITERATURE
Patent Document 1: Japanese Patent Application KOKAT
Publication Publication No. 2020-145233
SUMMARY
TECHNICAL PROBLEM
A cost of manufacturing a semiconductor memory device
should be suppressed.
SOLUTION TO PROBLEM
In general, according to one embodiment, a A
semiconductor storage device includes a substrate, a
plurality of first coductive layers, pillar, and a second
conductive layer. The plurality of first conductive layers
are provided above the substrate, and mutually separated in
a first direction. The pillar is provided to penetrate the
plurality of the first conductive layers, and includes a
first semiconductor layer extending in the first direction.

A part of the pillar that intersects with the first
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conductive layers are functioned as memory cells. The second
conductive layer is provided above the plurality of first
conductive layers and is in ~contact with the first
semiconductor layer. The second conductive layer is made of
a metal or a silicide.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an example of a
configuration of a semiconductor memory device according to
a first embodiment.

FIG. 2 is a circuit diagram showing an example of a
circuit configuration of a memory cell array included in the
semiconductor memory device according to the first
embodiment.

FIG. 3 1is a circuit diagram showing an example of a
circuit configuration of a row decoder module included in
the semiconductor memory device according to the first
embodiment.

FIG. 4 is a circuit diagram showing an example of a
circuit configuration of a sense amplifier module included
in the semiconductor memory device according to the first
embodiment .

FIG. 5 is a perspective view showing an example of the
structure of the semiconductor memory device according to
the first embodiment.

FIG. 6 is a plan view showing an example of a planar
layout in a memory region of the semiconductor memory device

according to the first embodiment.
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FIG. 7 is a cross-sectional view showing an example of
a cross-sectional structure in a memory region of the
semiconductor memory device according to the first
embodiment.

FIG. 8 is a cross-sectional view taken along line VIII-
VIII of FIG. 7, showing an example of a cross-sectional
structure of a memory pillar in the semiconductor memory
device according to the first embodiment.

FIG. 9 is a cross-sectional view showing an example of
a cross-sectional structure including a memory region and a
sense amplifier region of the semiconductor memory device
according to the first embodiment.

FIG. 10 is a flowchart showing an example of a method
for manufacturing a semiconductor memory device according to
the first embodiment.

FIG. 11 is a cross-sectional view showing an example of
a cross-sectional structure during manufacturing of the
semiconductor memory device according to the first
embodiment .

FIG. 12 is a cross-sectional view showing an example of
a cross-sectional structure during manufacturing of the
semiconductor memory device according to the first
embodiment.

FIG. 13 is a cross-sectional view showing an example of
a cross-sectional structure during manufacturing of the
semiconductor memory device according to the first

embodiment .
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FIG. 14 is a cross-sectional view showing an example of
a cross-sectional structure during manufacturing of the
semiconductor memory device according to the first
embodiment.

FIG. 15 is a timing chart showing an example of a read
operation of the semiconductor memory device according to
the first embodiment.

FIG. 16 is a schematic diagram showing an example of a
band structure in a NAND string at the time of a read
operation of the semiconductor memory device according to
the first embodiment.

FIG. 17 is a timing chart showing an example of an erase
operation of the semiconductor memory device according to
the first embodiment.

FIG. 18 is a schematic diagram showing an example of a
band structure in a NAND string at the time of an erase
operation of the semiconductor memory device according to
the first embodiment.

FIG. 19 is a cross-sectional view showing an example of
a cross-sectional structure in a memory region of a
semiconductor memory device according to a comparative
example of the first embodiment.

FIG. 20 is a timing chart showing an example of a read
operation of a semiconductor memory device according to a
second embodiment.

FIG. 21 is a schematic diagram showing an example of a

band structure in a NAND string at the time of a read
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operation of the semiconductor memory device according to
the second embodiment.

FIG. 22 is a cross-sectional view showing an example of
a cross-sectional structure in a memory region of a
semiconductor memory device according to a third embodiment.

FIG. 23 is a cross-sectional view showing an example of
a cross-sectional structure of a coupling portion between a
memory pillar and a source line in the semiconductor memory
device according to the third embodiment.

FIG. 24 is a cross-sectional view showing an example of
a cross-sectional structure of a coupling portion between a
memory pillar and a source liné in the semiconductor memory
device according to the third embodiment.

FIG. 25 is a flowchart showing an example of a method
for manufacturing a semiconductor memory device according to
the third embodiment.

FIG. 26 i1s a cross-sectional view showing an example of
a cross-sectional structure during manufacturing of the
semiconductor memory device according to the third
embodiment.

FIG. 27 is a cross-sectional view showing an example of
a cross-sectional structure during manufacturing of the
semiconductor memory device according to the third
embodiment.

FIG. 28 is a cross-sectional view shoWing an example of
a cross-sectional structure during manufacturing of the

semiconductor memory device according to the third
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embodiment.

FIG. 29 is a cross-sectional view showing an example of
a cross-sectional structure during manufacturing of the
semiconductor memory device accofding to the third
embodiment.

FIG. 30 is a cross-sectional view showing an example of
a cross-sectional structure during manufacturing of the
semiconductor memory device according to the third
embodiment.

FIG. 31 is a cross-sectional view showing an example of
a cross-sectional structure in a memory region of a
semiconductor memory device according to a fourth embodiment.

FIG. 32 is a cross-sectional view showing an example of
a cross-sectional structure of a coupling portion between a
memory pillar and a source line in the semiconductor memory
device according to the fourth embodiment.

FIG. 33 is a cross-sectional view showing an example of
a cross-sectional structure of a coupling portion between a
memory pillar and a source line in the semiconductor memory
device according to the fourth embodiment.

FIG. 34 is a flowchart showing an example of a method
for manufacturing a semiconductor memory device according to
the fourth embodiment.

FIG. 35 is a cross-sectional view showing an example of
a cross-sectional structure during manufacturing of the
semiconductor memory device according to the fourth

embodiment.
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FIG. 36 is a cross-sectional view showing an example of
a cross-sectional structure during manufacturing of the
semiconductor memory device according to the fourth
embodiment.

FIG. 37 is a cross-sectional view showing an example of
a cross-sectional structure 1in a memory region of a
semiconductor memory device according to a modification of
the first embodiment.

DETATILED DESCRIPTION

Hereinafter, embodiments will be described with
reference to the drawings. An embodiment exemplifies an
apparatus and a method for embodying the technical idea of
the invention. The drawings are schematic or conceptual, and
the dimensions and ratios, etc. in the drawings are not
always the same as the actual ones. The technical idea of
the present invention is not specified by the shapes,
structures, arrangements, etc. of the structural elements.

In the following descriptions, constituent elements
having substantially the same functions and configurations
will be denoted by the same reference symbols. A numeral
following characters constituting a reference symbol is used
to distinguish between elements that have the same
configuration that are referred to by reference symbols that
have the same characters. Similarly, a character following
a numeral constituting a reference symbol 1is wused to
distinguish between elements that have the same

configuration that are referred to by reference symbols that
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have the same numerals. If components represented by
reference symbols including the same letters need not be
distinguished, such components are assigned vreference
symbols including only the same letters or numerals.

<l> First Embodiment

A semiconductor memory device 1 according to the first
embodiment is a type of NAND-type flash memory capable of
storing data in a non-volatile manner. The semiconductor
memory device 1 according to the first embodiment will be
described.

<1-1> Configuration

<1l-1-1> Overall Configuration of Semiconductor Memory
Device 1

FIG. 1 is a block diagram illustrating an example of a
configuration of a semiconductor memory device 1 according
to the first embodiment. As illustrated in FIG. 1, the
semiconductor memory device 1 1is configured to Dbe
controllable by an external memory controller 2. The
semiconductor memory device 1 includes, for example, a memory
cell array 10, a command register 11, an address register
12, a sequencer 13, a driver module 14, a row decoder module
15 and a sense amplifier module 16.

The memory cell array 10 includes a plurality of blocks
BLKO to BLKn (n is an integer of 1 or more). Each block BLK
includes a set of memory cells capable of storing data in a
nonvolatile manner. The block BLK is used, for example, as

a data erase unit. The memory cell array 10 is provided with
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a plurality of bit lines and a plurality of word lines, which
will be described later. Each memory cell is associated with
one bit line and one word line.

The command register 11 stores a command CMD which the
semiconductor memory device 1 receives from the memory
controller 2. The command CMD includes an instruction for
causing the sequencer 13 to perform a read operation, a write
operation, an erase operation, etc.

The address register 12 stores address information ADD
which the semiconductor memory device 1 receives from the
memory controller 2. The address information ADD includes,
for example, a block address BA, a page address PA, and a
column address CA. The block address BA, the page address PA
and the column address CA are associated with a block BLK,
a word line and a bit line, respectively.

The sequencer 13 controls the overall operation of the
semiconductor memory device 1. For example, the sequencer 13
controls the driver module 14, row decoder module 15, and
sense amplifier module 16, etc., based on a command CMD
stored in the command register 11, to perform a read
operation, a write operation, an erase operation, etc.

The driver module 14 is coupled to the row decoder
module 15 via a plurality of signal lines and generates
voltages used in the read operation, the write operation,
the erase operation, etc. For example, the driver module 14
applies predetermined voltages to a signal line coupled to

the word line selected based on the page address PA stored
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in the address register 12 and to signal lines coupled to
the other word lines.

The row decoder module 15 transfers the wvoltages that
the driver module 14 applies to the plurality of signal lines
to the memory cell array 10. Further, in the memory cell
array 10, the row decoder module 15 selects one block BLK
associated with the block address BA stored in the address
register 12, and transfers the voltages applied to different
sets of signal lines between the selected block BLK and the
unselected blocks BLK.

The sense amplifier module 16 transmits/receives data
DAT to/from the memory controller 2 via an input/output
circuit (not illustrated). In a write operation, the sense
amplifier module 16 applies a voltage corresponding to the
write data received from the memory controller 2 to each bit
line. In a read operation, the sense amplifier module 16
determines the data stored in the memory cell, based on the
voltage of the bit 1line, and transmits the read data
determined based on the determination result to the memory
controller 2.

Communications between the semiconductor memory device
1 and the memory controller 2 support, for example, a NAND
interface standard. For example, in the communications
between the semiconductor memory device 1 and the memory
controller 2, an input/output signal I/O, a command latch
enable signal CLE, an address latch enable signal ALE, a

write enable signal WEn, a read enable signal REn and a
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ready/busy signal RBn are used.

The input/output signal I/O0 is, for example, an 8-bit
signal and may include a command CMD, address information
ADD, data DAT, etc. The command latch enable signal CLE is
a signal indicating whether or not the input/output signal
I/0 received by the semiconductor memory device 1 1is a
command CMD. The address latch enable signal ALE is a signal
indicating whether or not the input/output signal 1I/O
received by the semiconductor memory device 1 is address
information ADD. The write enable signal WEn is a signal for
instructing the semiconductor memory device 1 to input the
input/output signal I/O. The read enable signal REn is a
signal for instructing the semiconductor memory device 1 to
output the input/output signal I/O. The ready/busy signal
RBn is a signal that notifies the memory controller 2 whether
the semiconductor memory device 1 is in a ready state or in
a busy state. The ready state is a state in which the
semiconductor memory device 1 accepts an instruction from
the memory controller 2. The busy state is a state in which
the semiconductor memory device 1 does not accept an
instruction from the memory controller 2.

The semiconductor memory device 1 and memory controller
2 may constitute one semiconductor device by combining them
together. Examples of such semiconductor devices include a
memory card such as an SD™ card, and a solid state drive
(SSD) .

<1-1-2> Circuit Configuration of Semiconductor Memory
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Device 1

(Circuit Configuration of Memory Cell Array 10)

FIG. 2 is a circuit diagram illustrating an example of
a circuit configuration of the memory cell array 10 provided
in the semiconductor memory device 1 of the first embodiment.
In FIG. 2, one block BLK included in the memory cell array
10 is extracted and illustrated. As illustrated in FIG. 2,
the block BLK includes, for example, four string units SUO
to SU3. The block BLK includes a plurality of bit lines BLO
to BLm (m is an integer of 1 or more), a plurality of word
lines WLO to WL7, a plurality of select gate lines SGDO to
SGD3, a select gate line SGS, and a source line SL.

Each string unit SU includes a plurality of NAND strings
NS. Different column addresses are assigned to the plurality
of NAND strings NS. The plurality of NAND strings NS in each
string unit SU are associated with bit lines BLO to BLm,
respectively. A plurality of NAND strings NS to which the
same column address is assigned are coupled to the respective
bit lines BL. A set consisting of the plurality of word lines
WLO to WL7, the plurality of select gate lines SGDO to SGD3,
and the select gate line SGS is provided for each block BLK.
The source line SL is shared by a plurality of blocks BLK.

Each NAND string NS includes memory cell transistors
MTO0 to MT7 and select transistors STD and STS. Each of the
memory cell transistors MT includes a control gate and a
charge storage layer, and holds data in a nonvolatile manner

according to a threshold voltage. The select transistors STD
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and STS are used, for example, for selecting a string unit
SU during the write operation, the read operation, the erase
operation, etc.

In each NAND string NS, the memory cell transistors MTO
to MT7 are coupled in series. The drain of the select
transistor STD is coupled to each associated bit line BL
The source of the select transistor STD is coupled to one
end of a set of memory cell transistors MTO0 to MT7 coupled
in series. The drain of the select transistor STS is coupled
to the other end of the set of memory cell transistors MTO
to MT7 coupled in series. The source of the select transistor
STS is coupled to a source line SL.

The control gates of the memory cell transistors MTO to
MT7 included in the same block BLK are coupled to the word
lines WLO to WL7, respectively. The gates of the select
transistors STD in the string unit SUO are coupled to the
select gate line SGDO. The gates of the select transistors
STD in the string unit SUl are coupled to the select gate
line SGD1. The gates of the select transistors STD in the
string unit SU2 are coupled to the select gate line SGD2.
The gates of the select transistors STD in the string unit
SU3 are coupled to the select gate line SGD3. The gates of
the select transistors STS included in the same block BLK
are coupled to the select gate line SGS.

A set of a plurality of memory cell transistors MT
coupled to a common word line WL within one string unit SU

may be referred to as, for example, a “cell unit CU”. For
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example, the storage capacity of the cell unit CU including
a plurality of memory cell transistors MT each storing 1-bit
data is defined as “1 page data”. The memory cell transistor
MT may have a storage capacity of 2 bits of data or more.
The cell unit CU can have a storage capacity of two pages of
data or more in accordance with the number of bits of data
stored in the memory cell transistor MT. In connection with
the first embodiment, a description will be given of the
configuration and operation of the case where one memory
cell transistor MT stores 3-bit data.

The memory cell array 10 may have other circuit
configurations. For example, the number of string units SU
included in each block BLK and the numbers of memory cell
transistors MT and select transistors STD and STS included
in each NAND string NS may be changed. The NAND string NS
may include one or more dummy transistors. A select gate
line SGS may be provided for each string unit SU.

(Circuit Configuration of Row Decoder Module 15)

FIG. 3 is a circuit diagram illustrating an example of
a circuit configuration of the row decoder module 15 provided
in the semiconductor memory device 1 bf the first embodiment.
As illustrated in FIG. 3, the row decoder module 15 is
coupled to the driver module 14 via signal lines CGO to CG7,
SGDDO to SGDD3, SGSD, USGD and USGS. The row decoder module
15 includes row decoders RDO to RDn (n is an integer of 1 or
more) . The row decoders RDO to RDn are associated with the

blocks BLKO to BLKn, respectively. A detailed circuit
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configuration of the row decoder RD will be described below,
focusing on the row decoder RDO.

The row decoder RD includes, for example, transistors
TRO to TR17, transfer gate lines TG and bTG, and a block
decoder BD.

Each of the transistors TRO to TR17 is a high-breakdown-
voltage N-type MOS transistor. The gates of the transistors
TRO to TR12 are coupled to the transfer gate line TG. The
gates of the transistors TR13 to TR17 are coupled to the
transfer gate 1line DbTG. The drain and source of each
transistor TR are coupled between one of the plurality of
signal lines coupled to the driver module 14 and one of the
plurality of interconnects coupled to the block BILK
associated with the row decoder RD.

Specifically, the drain of the transistor TRO is coupled
to the signal line SGSD. The source of the transistor TRO is
coupled to the select gate line SGS. The drains of the
transistors TR1 to TR8 are coupled to the signal lines CGO
to CG7, respectively. The sources of the transistors TR1 to
TR8 are coupled to the word lines WLO to WL7, respectively.
The drains of the transistors TR9 to TR12 are coupled to the
signal lines SGDDO to SGDD3, respectively. The drains of the
transistors TR9 to TR12 are coupled to the select gate lines
SGD0 to SGD3, respectively. The drain of the transistor TR13
is coupled to the signal 1line USGS. The source of the
transistor TR13 is coupled to the select gate line SGS. The

drains of the transistors TR14 to TR17 are coupled to the
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signal line USGD. The drains of the transistors TR14 to TR17
are coupled to the select gate lines SGDO to SGD3,
respectively.

The block decoder BD decodes a block address BA. The
block decoder BD applies predetermined voltages to the
transfer gate lines TG and bTG, based on the decoding result.
The voltage applied to the transfer gate line TG and the
voltage applied to the transfer gate 1line bTG have a
complementary relationship. In other words, the inverted
signal of a signal of the transfer gate line TG is input to
the transfer gate line DbTG.

The row decoder module 15 selects a block BLK by
inputting a block address BA to each of the block decoders
BD of the row decoders RDO to RDn. For example, during a
read or write operation, the block decoder BD associated
with a selected block BLK applies “H” and “L” level voltages
to the transfer gate lines TG and bTG, respectively. On the
other hand, the block decoders BD associated with the
unselected blocks BLK apply “L” and “H” level voltages to
the transfer gate lines TG and bTG, respectively. As a result,
the voltages applied to the different signal 1lines are
transferred to the selected block BLK and the unselected
blocks BLK.

The row decoder module 15 may have other circuit
configurations. For example, the number of transistors TR
included in the row decoder module 15 may be changed in

accordance with the number of interconnects provided in each
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block BLK. Since the signal line CG is shared by a plurality
of blocks BLK, it may be called a “global word line”. Since
the word line WL is provided for each block, it may be called
a “local word line”. Since each of the signal lines SGDD and
SGSD is shared by a plurality of blocks BLK, it may be
referred to as a “global transfer gate line”. Since each of
the selected gate lines SGD and SGS is provided for each
block, it may be referred to as “local transfer gate line”.

(Circuit Configuration of Sense Amplifier Module 16)

FIG. 4 is a circuit diagram illustrating an example of
the circuit configuration of the sense amplifier module 16
provided in the semiconductor memory device 1 of the first
embodiment. As illustrated in FIG. 4, the sense amplifier
module 16 includes sense amplifier units SAUO to SAUm (m is
an integer of 1 or more). The sense amplifier units SAUO to
SAUm are associated with the bit 1lines BLO to BLm,
respectively. A circuit configuration of the sense amplifier
unit SAU will be described below, focusing on the sense
amplifier unit SAUO.

The sense amplifier unit SAU includes, for example, a
bit line coupling unit BLHU, a sense amplifier section SA,
a bus LBUS, and latch circuits SDL, ADL, BDL, CDL, VLDL,
VHDL and XDL. The bit line coupling unit BLHU includes a
high-breakdown-voltage transistor coupled between the bit
line BL and the sense amplifier section SA. The sense
amplifier section SA includes a circuit for determining the

threshold voltage of the memory cell transistor MT, based on
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the voltage of the bit line BL. Each of the latch circuits
SDL, ADL, BDL, and XDL is a circuit capable of temporarily
storing data.

The sense amplifier section SA and the latch circuits
SDL, ADL, BDL, and XDL are coupled to the bus LBUS. The latch
circuits SDI.,, ADIL, BDL, and XDL can transmit and receive
data therebetween via the LBUS. The latch circuit XDL is
used for the input/output of data DAT Dbetween the
input/output circuit of the semiconductor memory device 1
and the sense amplifier unit SAU. The latch circuit XDL can
also be used as a cache memory CM of the semiconductor memory
device 1. The semiconductor memory device 1 can be in the
ready state at least when the latch circuit XDL is vacant.

A control signal STB generated by the sequencer 13 is
input to each sense amplifier section SA. When the control
signal STB is asserted, the sense amplifier section SA
determines a threshold voltage of the selected memory cell
transistor MT, namely the data stored in the selected memory
cell transistor MT. Briefly speaking, when the control signal
STB is asserted, the sense amplifier section SA discharges
the bus LBUS in accordance with the voltage of the associated
bit line BL. Data (“0” or “1”) that is based on the voltage
of the bus LBUS at the time is stored in one of the latch
circuits sharing the bus LBUS.

The sense amplifier module 16 may have other circuit
configurations. For example, the number of latch circuits

included in each sense amplifier unit SAU can be changed in
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accordance with the number of bits that can be stored in one
memory cell transistor MT. One sense amplifier unit SAU may
be allocated to a plurality of bit lines BL.
<1-1-3> Structure of Semiconductor Memory Device 1
Hereinafter, an example of the structure of the
semiconductor memory device 1 according to the first
embodiment will be described. In the drawings to be referred
to hereinafter, a direction in which the word lines WL extend
is referred to as an “X direction”, a direction in which the
bit lines BL extend is referred to as a “Y direction”, and
a direction vertical to the surface of a semiconductor
substrate used for formation of the semiconductor memory
device 1 is referred to as a “Z direction”. In the plan views,
hatching is added as appropriate to facilitate visualization
of the drawings. The hatching added to the plan views,
however, may not necessarily relate to the materials or
properties of the hatched structural elements. In the plan
views and cross-sectional views, interconnects, contacts,
inter-layer insulating films, etc. are omitted as
appropriate to facilitate wvisualization of the drawings.
(Overall Structure of Semiconductor Memory Device 1)
FIG. 5 is a perspective view showing an example of the
structure of the semiconductor memory device 1 according to
the first embodiment. As shown in FIG. 5, the semiconductor
memory device 1 includes a memory chip MC and a CMOS chip
CC. The lower surface of the memory chip MC and the upper

surface of the CMOS chip CC are bonded to each other. The
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memory chip MC includes a structure corresponding to the
memory cell array 10. The CMOS chip CC includeg, for example,
structures corresponding to the command register 11, the
address register 12, the sequencer 13, the driver module 14,
the row decoder module 15, and the sense amplifier module
16.

The region of the memory chip MC is divided into, for
example, a memory region MR, hookup regions HR1 and HR2, and
a pad region PR1. The memory region MR occupies most of the
memory chip MC and is used for storing data. The memory
region MR is interposed between the hookup regions HR1 and
HR2 in the X direction. The hookup regions HR1l and HR2 are
used for a coupling between the stacked interconnects
provided in the memory chip MC and the row decoder module 15
provided in the CMOS chip CC. The pad region PR1 is adjacent
to each of the memory region MR and the hookup regions HRI1
and HR2 in the Y direction. The pad region PR1 includes, for
example, a circuit related to an input/output circuit of the
semiconductor memory device 1.

The memory chip MC includes a plurality of bonding pads
BP below each of the memory region MR, the hookup regions
HR1 and HR2, and the pad region PR1. The bonding pad BP may
be called a “bonding metal”. The bonding pads BP in the
memory region MR are coupled to the associated bit lines BL.
The bonding pad BP in the hookup region HR is coupled to an
associated interconnect (for example, the word line WL) among

the stacked interconnects provided in the memory region MR.
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The bonding pad BP in the pad region PR1 is electrically
coupled to a pad (not shown) provided on the memory chip MC.
The pads provided on the memory chip MC are used for a
coupling between the semiconductor memory device 1 and the
memory controller 2, for example.

The region of the CMOS chip CC is divided into, for
example, a sense amplifier region SR, a peripheral circuit
region PERI, transfer regions XR1l and XR2, and a pad region
PR2. The sense amplifier region SR and the peripheral circuit
region PERI are arranged adjacent to each other in the Y
direction, and overlap the memory region MR. The sense
amplifier region SR includes a sense amplifier module 16.
The peripheral circuit region PERI includes the sequencer 13
and the like. The transfer regions XR1l and XR2 sandwich a
set of the sense amplifier region SR and the peripheral
circuit region PERI in the X direction, and overlap the
hookup regions HR1 and HR2, respectively. The transfer
regions XR1 and XR2 include a plurality of transistors
included in the row decoder module 15. The pad region PR2 is
disposed to overlap the pad region PR1 in the memory chip MC
and includes an input/output circuit of the semiconductor
memory device 1.

In addition, the CMOS chip CC includes a plurality of
bonding pads BP on each of the sense amplifier region SR,
the peripheral circuit region PERI, the transfer regions XR1
and XR2, and the pad region PR2. The plurality of bonding

pads BP in the sense amplifier region SR are arranged to
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overlap the plurality of bonding pads BP in the memory region
MR, respectively. The plurality of bonding pads BP in the
transfer region XR1 are arranged to overlap the plurality of
bonding pads BP in the hookup region HR1l, respectively. The
plurality of bonding pads BP in the transfer region XR2 are
arranged to overlap the plurality of bonding pads BP in the
hookup region HR2, respectively. The plurality of bonding
pads BP in the pad region PR1 are arranged to overlap the
plurality of bonding pads BP in the pad region PR2,
respectively.

Two bonding pads BP facing each other between the memory
chip MC and the CMOS chip CC among the plurality of bonding
pads BP provided in the semiconductor memory device 1 are
bonded to each other (“bonded” in FIG. 5). As a result, the
circuit in the memory chip MC and the circuit in the CMOS
chip CC are electrically coupled to each other. A set’of two
bonding pads BP facing each other between the memory chip MC
and the CMOS chip CC may have a boundary or may be integrated.

Note that the semiconductor memory device 1 may have a
different structure. For example, it suffices that at least
one adjacent hookup region HR is provided adjacently to the
memory region MR. The semiconductor memory device 1 may
include a plurality of sets of the memory region MR and the
hookup region HR. In this case, a set of the sense amplifier
region SR, the transfer region XR, and the peripheral circuit
region PERI is appropriately provided corresponding to the

arrangement of the memory region MR and the hookup region
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HR.

(Structure in Memory Region MR of Semiconductor Memory
Device 1)

FIG. 6 1s a plan view illustrating an example of a
planar layout in the memory region MR of the semiconductor
memory device 1 according to the first embodiment. FIG. 6
illustrates a region including one block BLK (i.e., the
string wunits SU0O to SU4). As shown in FIG. 6, the
semiconductor memory device 1 includes a plurality of slits
SLT, a plurality of slits SHE, a plurality of memory pillars
MP, a plurality of contacts CV, and a plurality of bit lines
BL in the memory region MR.

Each of the plurality of slits SLT has a portion
provided to extend along the X direction, and crosses the
memory region MR and the hookup regions HR1 and HR2 along
the X direction. The plurality of slits SLT are arranged in
the Y direction. An insulating member is embedded in the
slit SLT. Each slit SLT insulates interconnects that are
adjacent to each other via the slit SLT (e.g., the word lines
WLO to WL7 and the select gate lines SGD and SGS).

Each of the plurality of slits SHE has a portion
provided extending along the X direction and crosses the
memory region MR. The plurality of slits SHE are arranged in
the Y direction. The slit SHE divides at least the select
gate line SGD. In this example, three slits SHE are arranged
between any adjacent slits SLT. An insulating member is

embedded in the slit SHE. Fach slit SHE insulates
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interconnects (at least the select gate line SGD) that are
adjacent to each other wvia that slit SLT.

Each of the plurality of memory pillars MP functions
as, for example, one NAND string NS. A plurality of memory
pillars MP are in, for example, a 19-row staggered
arrangement in an area between two adjacent slits SLT. For
example, a single slit SHE overlaps each set of the memory
pillars MP in the fifth row, the memory pillars MP in the
tenth row, and the memory pillars MP in the fifteenth row,
counting from the top of the drawing.

Each of the plurality of bit lines BL has a portion
provided to extend along the Y direction, and crosses a
region provided with the plurality of blocks BLK along the
Y direction. The plurality of bit lines are arranged in the
X direction. Each bit line BL is arranged to overlap at least
one memory pillar MP in each string unit SU. In the present
example, two bit lines BL overlap each memory pillar MP.

Each contact CV is provided between one bit line BL of
the plurality of bit lines BL overlapping the memory pillar
MP and the memory pillar MP. The associated memory pillar MP
and the bit line BL are electrically coupled to each other
via a contact CV. Note that the contact CV between the memory
pillar MP overlapping the slit SHE and the bit line BL is
omitted. In other words, the contacﬁ CV between the memory
pillar MP in contact with two different select gate lines
SGD and the bit line BL is omitted.

For example, in the memory region MR, the planar layout
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described above i1s repeatedly arranged in the Y direction.
A region sectioned by the slit SLT corresponds to the block
BLK. In the region corresponding to the block BLK in the
memory region MR, each of the regions sectioned by the slits
SLT and SHE corresponds to a single string unit SU. That is,
in the present example, the string units SU0 to SU3 each
extending in the X direction are arranged in the Y direction
for each block BLK.

Note that the planar layout in the memory region MR of
the semiconductor memory device 1 may be other layouts. For
example, the number of sglits SHE arranged between mutually
neighboring slits SLT can be freely designed. The number of
string units SU formed between adjacent slits SLT may be
changed based on the number of the slits SHE arranged between
adjacent slits SLT. The number and arrangement of memory
pillars MP provided between any adjacent slits SLT may be
changed as appropriate. The number of bit lines BL that
overlap each memory pillar MP can be freely designed.

FIG. 7 is a cross-sectional view showing an example of
a cross-sectional structure in a memory region MR of the
semiconductor memory device 1 according to the first
embodiment. FIG. 7 illustrates a cross section including the
memory Ppillar MP and the slit SLT, along the Y direction.
Note that the Z direction in FIG. 7 is reversed with respect
to FIG. 5. That is, in FIG. 7, the “upper side” corresponds
to the lower side of the paper, and the “lower side”

corresponds to the upper side of the paper. As shown in



10

15

20

25

FIG. 7, the memory region MR of the semiconductor memory
device 1 includes insulating layers 20 to 27, conductive
layers 30 to 36, and contacts V1 and V2.

For example, the insulating layer 20 is provided in the
uppermost layer of the memory chip MC. The embodiment is not
limited to this example; an interconnect layer, an insulating
layer, or the like may be provided on the insulating layer
20. The conductive layer 30 is provided under the insulating
layer 20. Each conductive layer 30 is, for example, formed
in a plate shape expanding along an XY plane, and is used as
the source line SL. A metal is used as the conductive layer
30. As the metal used as the conductive layer 30, aluminum,
titanium, titanium nitride, tungsten, a stacked structure of
titanium nitride and aluminum, or the like can be used. As
the conductive layer 30, silicide may be used. In this case,
nickel silicide, titanium silicide, or the like is used as
the conductive layer 30.

The insulating layer 21 is provided under the conductive
layer 30. The conductive layers 31 and the insulating layers
22 are alternately provided under the insulating layer 21.
The conductive layer 31 is formed in a plate shape extending
along the XY plane, for example. In the present example, the
plurality of conductive layers 31 are used as the select
gate lines SGS. The conductive layer 32 includes, for example,
tungsten. The select gate line SGS may be constituted by one
conductive layer 32 or may be configured to be able to apply

different voltages to the conductive 1layer 32 of the
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uppermost layer and the other conductive layers 32. The
uppermost conductive layer 32 and the other conductive layers
32 may be constituted by different conductors. The distance
between the conductive layer 30 and the uppermost conductive
layer 31 is preferably designed to be equal to or less than
50 nm.

The insulating layer 23 is provided under the lowermost
conductive layer 31. The conductive layers 32 and the
insulating layers 24 are alternately provided under the
insulating layer 23. Each of the conductive layers 32 1is
formed in a plate-like shape expanding along the XY plane.
The stacked conductive layers 32 are used as word lines WLO
to WL7 in the named order from the conductive layer 30 side.
The conductive layer 32 includes, for example, tungsten.

The insulating layer 25 is provided under the lowermost
conductive layer 32. The conductive layers 33 and the
insulating layers 26 are alternately provided under the
insulating layer 25. The conductive layer 33 is formed in a
plate shape extending along the XY plane, for example. In
the present example, the plurality of conductive layers 33
are used as the select gate lines SGD. The conductive layer
33 includes, for example, tungsten. The select gate line SGD
may be constituted by a single conductive layer 33.

The insulating layer 27 is provided under the lowermost
conductive layer 33. The conductive layer 34 1is provided
under the insulating layer 27. The conductive layer 34 is,

for example, formed in a linear shape extending in the Y
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direction, and 1s used as a bit 1line BL. Namely, the
plurality of conductive layers 34 are arranged in the X
direction in an unillustrated area. The conductive layers 34
contain, for example, copper. The interconnect layer in which
the conductive layer 34 is provided is called, for example,
“MO”.

Each memory pillar MP extends along the Z direction,
and penetrates the insulating layers 21 to 26 and the
conductive layers 31 to 33. An upper portion of the memory
pillar MP is in contact with the conductive layer 30. A lower
portion of the memory pillar MP is 1in contact with the
conductive layer 27. Each memory pillar MP includes, for
example, a core member 40, a semiconductor layer 41, and a
deposited film 42.

The core member 40 is provided so as to extend along
the Z direction. The upper end of the core member 40 is
provided at the height of the insulating layer 21. The lower
end of the core member 40 is provided at the height of the
insulating layer 27. The semiconductor layer 41 covers the
core member 40. An upper portion of the semiconductor layer
41 is in contact with the conductive layer 30. A contact
portion between the semiconductor layer 41 and the conductive
layer 30 forms a Schottky junction. The lower portion of the
semiconductor layer 41 is formed in a separate process from
the upper portion and the side portion of the semiconductor
layer 41. The stacked film 42 covers the side surface of the

semiconductor layer 41. The stacked film 42 may be provided
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at least between each of the conductive layers 31 to 33 and
the semiconductor layer 41.

The core member 40 includes, for example, an insulator
such as silicon oxide. The semiconductor layer 41 is, for
example, non-doped silicon or silicon of a low impurity
concentration (for example, 10!° (atoms/cm3) or less). A
portion where the memory pillar MP and the plurality of
conductive layers 31 (select gate 1line SGS) intersect
functions as a select transistor STS. A portion where the
memory pillar MP and the conductive layer 32 (word line WL)
intersect functions as a memory cell transistor MT. A portion
where the memory pillar MP and the plurality of conductive
layers 33 (select gate line SGD) intersect functions as a
select transistor STD.

A  columnar contact CV is provided under the
semiconductor layer 41 of each memory pillar MP. In the
illustrated region, a contact CV corresponding to one memory
pillar MP, among two memory pillars MP, is depicted. To the
memory pillar MP to which the contact CV is not coupled in
the region, the contact CV is coupled in an unillustrated
region. A single conductive layer 34 (bit line BL) is in
contact with the lower surface of the contact CV.

A columnar contact V1 is provided on the conductive
layer 34. The conductive layer 35 1is provided under the
contact V1. Note that the conductive layers 34 and 35 are
electrically coupled via the contact V1. The conductive layer

35 is an interconnect used for coupling circuits in the
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semiconductor memory device 1. The interconnect layer in
which the conductive layer 35 is provided is called, for
example, “M1”.

A columnar contact V2 1is provided on the conductive
layer 35. The conductive layer 36 1is provided under the
contact V2. The conductive layers 35 and 36 are electrically
coupled via the contact V2. The conductive layer 36 is in
contact with the interface of the memory chip MC and used as
a bonding pad BP. The conductive 1layers 36 contain, for
example, copper. The interconnect layer in which the
conductive layer 36 is provided is éalled, for example, “M2”.

At least a portion of the structure embedded in the
slit SLT is formed in a plate shape extending along the XZ
plane, and splits the insulating layers 21 to 26 and the
conductive layers 31 to 33. In the slit SLT, at least a
portion in contact with each of the conductive layers 31 to
33 is constituted by an insulator. The lower end of the slit
SLT is provided at the height of the insulating layer 27.
The upper end of the slit SLT is in contact with the
conductive layer 30, for example.

FIG. 8 is a cross-sectional view taken along line VIII-
VIII of FIG. 7, illustrating an example of a cross-sectional
structure of the memory pillar MP in the semiconductor memory
device 1 according to the first embodiment. FIG. 8
illustrates a cross section which includes the memory pillar
MP and the conductive layer 32 and which is parallel to the

substrate of the semiconductor memory device 1. As shown in
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FIG. 8, the stacked film 42 includes, for example, a tunnel
insulating film 43, an insulating film 44, and a block
insulating film 45. In the layer that includes the conductive
layer 32, the core member 40 is provided in the middle of
the memory pillar MP. The semiconductor layer 41 surrounds
the side surface of the core member 40. The tunnel insulating
film 43 surrounds the side surface of the semiconductor layer
41. The insulating film 44 surrounds the side surface of the
tunnel insulating film 43. The Dblock insulating film 45
gsurrounds the side surface of the insulating film 44. A
conductive layer 32 surrounds the side surface of the block
insulating film 45.

The semiconductor layer 41 is used as a channel (current
path) for the memory cell transistors MTO0 to MT7 and the
select transistors STD and STS. Each of the tunnel insulating
film 43 and the block insulating film 45 contains, for
example, silicon oxide. The insulating film 44 is used as a
charge storage layer of the memory cell transistors MT, and
contains silicon nitride, for example. Each memory pillar MP
thus functions as a single NAND string NS.

(Structure in Sense Amplifier Region SR of
Semiconductor Memory Device 1)

FIG. 9 1s a cross-sectional view illustrating an
example of a cross-sectional structure in the memory region
MR and the sense amplifier region SR of the semiconductor
memory device 1 according to the first embodiment. As shown

in FIG. 6, the memory device 1 includes a substrate 50,



10

15

20

25

conductive layers GC and 51 to 54, and columnar contacts CS
and CO to C3 in the sense amplifier region SR.

The semiconductor substrate 50 is used for forming a
CMOS chip CC. The semiconductor substrate 50 includes, for
example, a P-type impurity. Further, the semiconductor
substrate 50 includes a plurality of well regions (not shown) .
For example, a transistor is formed in each of the plurality
of well regions. The plurality of well regions are separated
by, for example, shallow trench isolations (STI).

In the sense amplifier region SR, a conductive layer GC
is provided on the semiconductor substrate 50 with a gate
insulating film being interposed therebetween. The
conductive layer GC in the sense amplifier region SR is used
as a gate electrode of the transistor Tr included in the bit
line coupling unit BLHU. A contact CO is provided on the
conductive layer GC corresponding to the gate of the
transistor Tr. Two contacts CS are provided on the
semiconductor substrate 50 corresponding to the source and
the drain of the transistor Tr. For example, the upper
surfaces of the contacts CS and CO0 are aligned with each
other. One conductive layer 51 is provided on each of the
contact CS and the contact CO.

A contact Cl is provided on the conductive layer 51. A
conductive layer 52 1is provided on the contact Cl. The
conductive layers 51 and 52 are electrically coupled via the
contact Cl. A contact C2 is provided on the conductive layer

52. A conductive layer 53 is provided on the contact C2. The
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conductive layers 52 and 53 are electrically coupled via the
contact C2. A contact C3 is provided on the conductive layer
53. A conductive layer 54 is provided on the contact C3. The
conductive layers 53 and 54 are electrically coupled via the
contact C3. For example, interconnect layers in which the
conductive layers 51 to 54 are provided will be referred to
as “DO”, “D1”, “D2”, and “D3”, respectively.

The conductive layer 54 is in contact with the interface
of the CMOS chip CC and is used as a bonding pad BP. The
conductive layer 54 in the sense amplifier region SR is
bonded to the conductive layer 37 (the bonding pad BP of the
memory chip MC) in the memory region MR arranged facing the
conductive layer 54. Each of the conductive layers 54 in the
sense amplifier region SR is electrically coupled to one bit
line BL. The conductive layer 54 contains, for example,
copper. Although illustration is omitted, a plurality of
transistors having the same structure as the transistor Tr
are provided in the sense amplifier region SR.

Note that the cross-section structure in the memory
region MR and the sense amplifier zregion SR of the
semiconductor memory device 1 may be other structures. The
number of interconnect layers provided in the CMOS chip CC
can be designed to be an arbitrary number. The contact
coupled to each of the conductive layers 51 to 53 may be
omitted as appropriate depending on the design of the circuit.
The layout of the interconnect for coupling the circuit in

the memory chip MC and the circuit in the CMOS chip CC can
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be changed as appropriate.

<1-2> Manufacturing Method

FIG. 10 1is a flowchart showing an example of a
manufacturing method of the semiconductor memory device 1
according to the first embodiment. FIGS. 11 to 14 are a
cross-sectional view illustrating an example of a cross-
sectional structure during manufacturing of the
semiconductor memory device 1 according to the first
embodiment. FIGS. 11 to 14 show the structure of a cross
section that includes the region shown in FIG. 7. Hereinafter,
a method of forming a source line SL in the semiconductor
memory device 1 éccording to the first embodiment will be
described with reference to FIG. 10 as appropriate.

First, as shown in FIG. 11, the memory chip MC is formed
(step S10). The memory chip MC is formed wusing the
semiconductor substrate 60. The insulating'layers 20 to 27,
the conductive layers 30 to 36, and the contacts CV, V1, and
V2, which were described with reference to FIG. 7, are formed
on the substrate 60. The bottom of the memory pillar MP is
in contact with the semiconductor substrate 60. The
conductive layers 31 to 33 are formed by a replacement
process using the slits SLT. Briefly, in the replacement
process, after sacrificial members and insulating layers are
alternately stacked, a stacked body that includes the
sacrificial members and the insulating layers is divided by
the slits SLT. Then, the sacrificial members are removed via

the slits SLT, and a space from which the sacrificial members
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have been removed 1is buried with a conductive layer.
Thereafter, each slit SLT is embedded with an insulator, for
example.

Next, the CMOS chip CC is formed (step S11). The memory
chip MC and the CMOS chip CC are formed using different
semiconductor substrates (wafers). Specifically, the memory
chip MC is formed using the semiconductor substrate 60, and
the CMOS chip CC is formed using the semiconductor substrate
50. Therefore, the step of forming the memory chip MC and
the step of forming the CMOS chip CC may be interchanged or
performed in parallel.

Next, as shown in FIG. 12, the memory chip MC and the
CMOS chip CC are bonded together (step S12). Specifically,
the manufacturing apparatus brings the memory chip MC and
the CMOS chip CC into contact with each other in a state in
which the plurality of bonding pads BP exposed on the memory
chip MC and the plurality of bonding pads BP exposed on the
CMOS chip CC face each other in the Z direction. Thereafter,
the bonding pads BP facing each other are bonded to each
other by performing a heat treatment. Thus, the bonding pads
BP facing each other are electrically coupled to each other.

Next, the semiconductor substrate 60 of the memory chip
MC is removed (step S13), and a portion of the stacked film
42 of each memory pillar MP is removed (step S14). Then, as
shown in FIG. 13, a structure in which the semiconductor
layer 41 is exposed at the bottom of each memory pillar MP

is formed. The semiconductor substrate 60 1is removed by
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mechanical or chemical polishing. The processes of steps S13
and S14 may be performed collectively or may be performed by
different processes.

Next, as shown in FIG. 14, metals used as source lines
SLs are formed (step S15). In the present example, a
conductive layer 61 and a conductive layer 62 are formed in
order on the insulating layer 21 and the bottom portion of
each memory pillar MP. The conductive layer 61 is, for
example, titanium nitride. The conductive layer 62 is, for
example, aluminum. The metal used as the source line SL is
formed at a low temperature of, for example, 400 °C or lower.
A set of the conductive layers 61 and 62 functions as a part
of the source line SL and is coupled to the bottom portion
of the semiconductor layer 41 of each memory pillar MP.

As described above, a structure in which the source
line SL and the semiconductor layer 41 in the memory pillar
MP are electrically coupled 1is formed. Thereafter, the
insulating layer 20 is formed on the conductive layer 62,
and processes related to a formation of contacts coupled to
the source line SL and a formation of a pad are performed as
appropriate. The manufacturing steps described in the above
are merely examples. Another step may be inserted between
the manufacturing steps.

<1-3> Operation

Hereinafter, an example of each of the read operation
and the erase operation of the semiconductor memory device

1 according to the first embodiment will be described. Note
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that, in the following description, voltages applied to
various interconnects are appropriately denoted by only
reference numerals. A block BLK that is a target for an
operation is referred to as a “selected block BLK”, and the
block BLK that is not a target for an operation is referred
to as a “non-selected block BLK”. The word line WL that is
a target for an operation is referred to as a “selected word
line WL”, and the word line WL that is not a target for an
operation is referred to as a “non-selected word line WL”.
The voltages applied to the various interconnects and nodes
are generated by the driver module 14 and applied via the
row decoder module 15 and the like.

<1-3-1> Read Operation

FIG. 15 is a timing chart showing an example of a read
operaﬁion of the semiconductor memory device 1 according to
the first embodiment. FIG. 15 illustrates voltages of the
bit line BL, the select gate line SGD, the selected word
line WL, the non-selected word line WL, the select gate line
SGS, and the source line SL. As shown in FIG. 15, before the
start of a read operation, the wvoltage of each of the bit
line BL, the select gate line SGD, the selected word line
WL, the non-selected word line WL, the select gate line SGS,
and the source line SL is, for example, the ground voltage
VSS.

When a read operation is started, VBL is applied to the
bit line BL, VSGD is applied to the select gate line SGD,

VCG is applied to the selected word line WL, VREAD is applied
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to the non-selected word line WL, and VSGS is applied to the
select gate line SGS. VBL is a voltage higher than VSS. VSGD
and VSGS are voltages that respectively turn on the select
transistors STD and STS of the selected block BLK in the
read operation. VCG is a read voltage for determining data
stored in the memory cell transistor MT. The memory cell
transistor MT to which VCG is applied is turned on or off in
accordance with a threshold wvoltage that is set for each
data to be stored. VREAD is a voltage that turns on the
memory cell transistor MT regardless of data to be stored.

When any of the above-described voltages is applied, a
channel of the NAND string NS is formed. Then, a channel
current flows according to the threshold voltage of the
memory cell transistor MT coupled to the selected word line
WL. In the sense amplifier unit SAU, the voltage of the sense
node changes according to the state of the NAND string NS.
Then, when the sequencer 13 asserts the control signal STB,
each sense amplifier unit SAU determines the threshold
voltage of the memory cell transistor MT based on the voltage
of the sense node. The semiconductor memory device 1
determines read data based on the determination result of
the threshold voltage. When the read operation is finished,
the state of each interconnect is returned to the state
before the start of the read operation.

FIG. 16 is a schematic diagram illustrating an example
of a band structure in the NAND string during a read

operation in the semiconductor memory device according to
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the first embodiment. In FIG. 16, the wvertical axis
represents energy and the horizontal axis represents a region
from the channel of the NAND string NS to the source line
SL. As shown in FIG. 16, a Schottky barrier is formed between
the channel of the NAND string NS and the source line SL. In
a read operation, VREAD is applied to the non-selected word
line WL, and VSGD and VSGS are applied to the select gate
lines SGD and SGS, respectively, thereby lowering the energy
of the conduction band.

Thus, the thickness of the Schottky barrier formed
between the channel and the source line SL is reduced. Then,
electrons (“e” illustrated in FIG. 16) are supplied from the
gsource line SL toward the channel of the NAND string NS.
That is, in a read operation in the semiconductor memory
device 1 according to the first embodiment, a reverse bias
with respect to the Schottky junction is applied, and a
tunnel current from the source line SL toward the channel is
used.

<1-3-2> Erase Operation

FIG. 17 is a timing chart showing an example of an erase
operation in the semiconductor memory device according to
the first embodiment. FIG. 17 illustrates voltages of the
bit line BL, the select gate line SGD, the selected word
line WL, the non-selected word line WL, the select gate line
SGS, and the source line SL. As shown in FIG. 17, before the
start of an erase operation, the voltage of each of the bit

line BL, the select gate line SGD, the selected word line
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WL, the non-selected word line WL, the gselect gate line SGS,
and the source line SL is, for example, the ground voltage
VSS.

When the erase operation starts, the sequencer 13 turns
off the transistor Tr of the bit line coupling unit BLHU to
cut off the current path between the bit line BL and the
sense amplifier unit SA. The sequencer 13 sets each of the
gselect gate 1lines SGS and SGD and the word 1line WL
corresponding to the non-selected block BLK to be in a
floating state. Thereafter, the sequencer 13 raises the
voltage of each of the bit line BL and the source line SL to
the erase voltage VERA, and maintains the voltage of the
word line WL in the selected block BLK at VISO. VERA is a
high voltage that is higher than VSS and is used in an erase
operation. VISO is a voltage lower than VERA and is, for
example, the same voltage as VSS. When the voltage of the
bit line BL is raised to VERA, a high electric field region
is formed in a portion where the select transistor STD is
formed. As a result, holes are generated by gate-induced-
drain-leakage (GIDL) in the vicinity of the select transistor
STD, and the holes are injected into the channel in the
memory pillar MP.

As the voltages of the bit line BL and the source line
SL are raised to VERA, the voltage of the channel in the
memory pillar MP (the semiconductor layer 41) increases.
Then, the voltage of each of the select gate lines SGD and

SGS and the word line WL corresponding to the non-selected
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block BLK increases according to the increase in the voltage
of the channel. For example, the voltage of each of the
select gate lines SGD and SGS is raised to VSGERA, and the
voltage of the word line WL corresponding to the non-selected
block BLK is raised to VWLERA.

On the other hand, the word line WL corresponding to
the selected block BLK is maintained at VISO. For this reason,
in the selected block BLK, a voltage difference occurs
between the control gate and the channel of the memory cell
transistor MT. In other words, a voltage gradient is formed
between the high channel voltage and the low word line WL
voltage. Then, holes in the channel are injected into the
charge storage layer (insulating film 44), and recoupling of
electrons held in the charge storage layer and the injected
holes occurs based on the written data. As a result, the
threshold voltage of the memory cell transistor MT decreases,
and the data stored in the memory cell transistor MT is
erased. When the erase operation is completed, the state of
each interconnect is returned to the state before the start
of the erase operation.

FIG. 18 is a schematic diagram showing an example of a
band structure in the NAND string at the time of an erase
operation of the semiconductor memory device 1 according to
the first embodiment. In FIG. 18, the wvertical axis
represents energy and the horizontal axis represents a region
from the bit line BL to the source line SL. As shown in

FIG. 18, a Schottky barrier is formed between the channel of
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the NAND string NS and the source line SL. In the erase
operation, when VERA is applied to the bit line BL and the
source line SL, holes are generated by GIDL in the vicinity
of the select gate line SGD.

Accordingly, holes generated in the wvicinity of the
select gate line SGD (illustrated as “h” in FIG. 18) are
injected into the channel of the NAND string NS. The holes
injected into the channel of the NAND string NS are used to
erase the data stored in each memory cell transistor MT.

<1-4> Advantageous Effects of First Embodiment

The above described semiconductor memory device 1
according to the first empbodiment can reduce the
manufacturing cost of the semiconductor memory device 1.
Detailed advantages of the semiconductor memory device 1 of
the first embodiment will be described below.

A semiconductor memory device in which memory cells are
three-dimensionally stacked includes, for example, a
plurality of stacked word lines WL and a memory pillar MP
penetrating the plurality of word 1lines WL. In such a
semiconductor memory device, in order to couple the
semiconductor layer 41 used as a channel in the memory pillar
MP and the source line SL, for example, a process of removing
the stacked film 42 provided at the bottom of a hole for
forming the memory pillar MP (hereinafter referred to as a
“memory hole”) is performed. However, the difficulty of the
process of removing the stacked film 42 provided at the

bottom of the memory hole increases as the number of stacked
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word lines WL increases in order to increase the storage
capacity.

As a method for increasing the storage capacity per
unit area of the semiconductor memory device, a structure in
which the memory cell array 10 and the peripheral circuit
are formed using different semiconductor substrates and then
the two semiconductor substrates are bonded to each other
(hereinafter referred to as a bonding structure) is
considered. In the bonding structure, the occupation ratio
of the memory cell array 10 to the chip area of the
semiconductor memory device can be increased, and the
restriction on the process for each semiconductor substrate
can be reduced. In the bonding structure, when a memory chip
provided with the memory cell array 10 is disposed on a CMOS
chip provided with a peripheral circuit, the bottom of the
memory pillar MP is disposed on the upper surface side of
the chip of the semiconductor memory device.

Therefore, the semiconductor memory device 1 according
to the first embodiment has a structure in which the memory
pillar MP and the source line SL are bonded after the memory
chip MC and the CMOS chip CC are bonded. In short, when the
memory chip MC 1is formed, the coupling between the
semiconductor layer 41 in the memory pillar MP and the source
line SL is omitted. Then, after the memory chip MC and the
CMOS chip CC are bonded, a part of the stacked film 42 in
the memory pillar MP is removed from the upper surface side

of the chip, and the source line SL is formed. The source
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line SL and the semiconductor layer 41 in the memory pillar
MP can thus be coupled.

Processing the bottom portion of the memory pillar MP
from the upper surface side of the boﬁded chips is shallow
etching processing. For this reason, the degree of difficulty
of the etching process for coupling the semiconductor layer
41 to the source line SL is lower than that of the process
of removing the stacked film 42 provided at the bottom of
the memory hole at the time of forming the memory chip MC.
As a result, the semiconductor memory device 1 according to
the first embodiment can suppress the occurrence of defects
stemming from the processing for coupling the source line SL
to the semiconductor layer 41 in the memory pillar MP. As a
result, the semiconductor memory device 1 according to the
first embodiment can improve the yield and suppress the
manufacturing cost.

FIG. 19 is a cross-sectional view showing an example of
a cross-sectional structure in a memory region MR of a
semiconductor memory device 1 according to a comparative
example of the first embodiment; As shown in FIG. 19,
polysilicon 70 doped with an n-type impurity (n+Poly in
FIG. 19) may be used as the source line SL. When polysilicon
is doped with impurities, heat treatment (hereinafter
referred to as annealing treatment) for activating the doped
impurities is performed.

However, the annealing treatment after the memory chip

MC and the CMOS chip CC are bonded to each other may cause
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performance deterioration of a transistor of a peripheral
circuit formed in the CMOS chip CC, occurrence of a defect
due to diffusion of a specific metal (for example, copper),
or the like. In the annealing process at the temperature of
400 °C or lower, which hardly affects the reliability of the
bonding structure and a copper interconnect, the
crystallization rate and the impurity activation rate of the
polysilicon decrease. When these are insufficient, the
source line SL and the contact resistance of the source line
SI. may increase, and the read performance may deteriorate.
On the other hand, the semiconductor memory device 1
according to the first embodiment has a bonding structure
and has a configuration in which metal or silicide is used
for the source line SL. In short, in the first embodiment,
after the memory chip MC and the CMOS chip CC are bonded to
each other, the semiconductor substrate 60 and a part of the
stacked film 42 are removed, and a part of the semiconductor
layer 41 is exposed. Then, the metal or silicide used as the
source line SL is formed at a low temperature of 400 °C or
lower. As described above, in the semiconductor memory device
1 according to the first embodiment, the source line SL is
formed after the memory chip MC and the CMOS chip CC are
bonded to each other, without performing a high-temperature
annealing process. Thus, in the semiconductor memory device
1 according to the first embodiment, it is possible to
suppress a decrease in the reliability of a copper

interconnect or the like and to form the source line SL at
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low cost.

In the semiconductor memory device 1 according to the
first embodiment, the non-doped or low impurity
concentration semiconductor layer 41 (channel) and the metal
or silicide source line SL are in direct contact with each
other. Therefore, a Schottky barrier may be formed at a
contact portion between the channel and the source line SL.
In the semiconductor memory device 1 according to the first
embodiment, a voltage higher than that of the source line SL
is applied to the bit line BL during a read operation. Then,
a sense amplifier unit SAU determines data based on a current
value corresponding to the magnitude of the threshold voltage
of the selected memory cell transistor MT.

In such a read operation, since a reverse bias of a
Schottky junction is applied to the contact portion between
the channel and the source line SL, the read current may be
reduced. For example, when polysilicon having an impurity
concentration of 1020 (atoms/cm®) or more is used for the
channel, the channel and the source line SL form an ohmic
contact, and the contact resistance can be reduced. However,
it is not desirable to increase the impurity concentration
of the semiconductor layer 41 used for the channel because
the characteristics of the on/off ratio and the threshold
voltage of the memory cell transistor MT deteriorate.

To this end, in the memory device 1 according to the
first embodiment, the distance between the conductive layer

30 and the uppermost conductive layer 31 is designed to be
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equal to or less than 50 nm. In this case, when a voltage is
applied to the select gate line SGS in a read operation, a
fringe electric field is generated between the select gate
line SGS and the source line SL. Such a fringe electric field
can form an inversion layer in the channel, and can reduce
a contact resistance between the channel and the source line
SL (in other words, a parasitic resistance of the channel).

As a result, the semiconductor memory device 1 according
to the first embodiment can suppress a decrease in a read
current in a read operation using a reverse bias of a
Schottky junction, and can improve the performance of a read
operation. In addition, in the semiconductor memory device
1 according to the first embodiment, since the semiconductor
layer 41 (channel) can be formed in a non-doped state or
with a low impurity concentration, it is possible to suppress
the deterioration of the on/off ratio of the memory cell
transistor MT and to optimize the threshold voltage of the
memory cell transistor MT.

<2> Second Embodiment

The configurations of the semiconductor memory device

-1 according to the second embodiment are similar to those of

the first embodiment. The semiconductor memory device 1
according to the second embodiment performs a read operation
of applying a forward bias to a Schottky junction between a
channel and a source line SL. Hereinafter, the semiconductor
memory device 1 according to the second embodiment will be

described with respect to different points from the first



10

15

20

25

embodiment .

<2-1> Read Operation

FIG. 20 is a timing chart showing an example of a read
operation of the semiconductor memory device according to
the second embodiment. FIG. 20 illustrates voltages of the
bit line BL, the select gate line SGD, the selected word
line WL, the non-selected word line WL, the select gate line
SGS, and the source line SL. As shown in FIG. 20, before the
start of a read operation, the voltage of each of the bit
line BL, the select gate line SGD, the selected word line
WL, the non-selected word line WL, the select gate line SGS,
and the source line SL is, for example, the ground voltage
VSS.

When a read operation is started, VSS is applied to the
bit line BL, VSGD is applied to the select gate line SGD,
VCG is applied to the selected word line WL, VREAD is applied
to the non-selected word line WL, and VSGS is applied to the
select gate line SGS. VSL is a voltage higher than VSS. In
other words, the read operation of the second embodiment is
performed in a state in which a voltage higher than that of
the bit line BL is applied to the source line SL. While these
voltages are being applied, the sequencer 13 asserts the
control signal STB. Other operations of the semiconductor
memory device 1 of the second embodiment are similar to, for
example, those of the first embodiment.

FIG. 21 is a schematic diagram showing an example of a

band structure in a NAND string at the time of a read



10

15

20

25

operation of the semiconductor memory device according to
the second embodiment. In FIG. 21, the vertical axis
represents energy, and the horizontal axis represents a
region from the channel of the NAND string NS to the source
line SL. As shown in FIG. 21, a Schottky barrier is formed
between the channel of the NAND string NS and the source
line SL.

In the read operation of the second embodiment, since
the voltage of the source line SL is higher than the voltage
of the bit line BL, a forward bias is applied to the Schottky
junction between the channel and the source line SL. Thus,
the thickness of the Schottky barrier formed between the
channel and the source line SL during a read operation is
reduced in the semiconductor memory device 1 according to
the second embodiment. As a result, electrons (illustrated
as “e” in FIG. 16) may flow from a channel of the NAND string
NS toward a source line SL.

<2-2> Advantageous Effects of Second Embodiment

As described above, in the semiconductor memory device
1 according to the second embodiment, a Schottky junction is
formed in the contact portion between the semiconductor layer
41 (channel) and the source line SL, as 1in the first
embodiment. At the time of a read operation, a voltage higher
than that of the bit line BL is applied to the source line
SL, and the sense amplifier unit SAU determines data based
on a current value corresponding to the magnitude of.the

threshold voltage of the selected memory cell transistor MT.
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As described above, in a read operation, a forward bias of
a Schottky junction is applied to the contact portion between
the channel and the sourée line SL, thereby suppressing a
decrease in a read current. As a result, the semiconductor
memory device 1 according to 'the second embodiment can
improve the performance of a read operation while suppressing
the manufacturing cost of the semiconductor memory device 1
as in the first embodiment.

Note that the semiconductor memory device 1 according
to the second embodiment may perform a read operation using
electrons or may perform a read operation using holes. The
semiconductor memory device 1 can obtain the advantageous
effect described in the second embodiment as long as a read
operation in which a forward bias is applied to a Schottky
junction between the channel and the source line SL is
performed.

<3> Third Embodiment

The semiconductor memory device 1 according to the third
embodiment has a structure in which silicide is formed in
the coupling portion between the semiconductor layer 41 in
the memory pillar MP and the source line SL. Hereinafter,
the semiconductor memory device 1 according to the third
embodiment will be described with respect to different points
from the first and second embodiments.

<3-1> Structure of Memory Cell Array 10

FIG. 22 is a cross-sectional view showing an example of

a cross-sectional structure in a memory region MR of the
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semiconductor memory device 3 according to the first
embodiment. As shown in FIG. 22, the semiconductor memory
device 1 according to the third embodiment is different from
the semiconductor memory device 1 according to the first
embodiment shown in FIG. 7 only in the structure of the
bottom portion of the memory pillar MP. Specifically, in the
third embodiment, each memory pillar MP further includes a
silicide 46.

The silicide 46 covers the bottom of the core member
40. The silicide 46 is provided between the semiconductor
layer 41 and the conductive layer 30 in the memory pillar
MP. The silicide 46 is in contact with each of the
semiconductor layer 41 and the conductive layer 30. As the
gsilicide 46, nickel silicide, titanium silicide, or the like
is used. In the third embodiment, the semiconductor layer 41
in the memory pillar MP is separated from the conductive
layer 30. The silicide 46 electrically couples the conductive
layer 30 and the semiconductor layer 41. The silicide 46 may
be regarded as a part of the source line SL. A contact
portion (boundary portion) between the silicide 46 and the
semiconductor layer 41 forms a Schottky Jjunction. The
boundary portion Dbetween the silicide 46 and the
semiconductor layer 41 1s provided, for example, at the
height of the insulating layer 21. In the third embodiment,
the boundary portion between the silicide 46 and the
semiconductor layer 41 may be at another position.

FIGS. 23 and 24 are a cross-sectional view showing an
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example of a cross-sectional structure of a coupling portion
between a memory pillar MP and a source line SL in the
semiconductor memory device 1 according to the third
embodiment. Each of FIGS. 23 and 24 illustrates the bottom
region BR of the memory pillar MP illustrated in FIG. 22. As
shown in FIG. 23, the boundary portion between the silicide
46 and the semiconductor layer 41 may be provided at the
height of the conductive layer 31. As shown in FIG. 24, the
boundary portion between the silicide 46 and the
semiconductor layer 41 may be provided at the height of the
insulating layer 22.

In the semiconductor memory device 1 according to the
third embodiment, the boundary portion between the silicide
46 and the semiconductor layer 41 may be provided at least
at the height of the insulating layer 21 or the height of
the insulating layer 22. In the semiconductor memory device
1 according to the third embodiment, the boundary portion
between the silicide 46 and the semiconductor layer 41 is
more preferably provided at the height of the conductive
layer 31. Other structures of the semiconductor memory device
1 according to the third embodiment are the same as those of
the first embodiment.

<3-2> Manufacturing Method

FIG. 25 1is a flowchart showing an example of a
manufacturing method of the semiconductor memory device 1
according to the third embodiment. FIGS. 26 to 30 are a

cross-sectional view showing an example of a cross-sectional
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structure during manufacturing of the semiconductor memory
device 1 according to the third embodiment. FIGS. 26 to 30
show the structure of a cross section that includes the
region shown in FIG. 22. Hereinafter, a method of forming a
source line SL in the semiconductor memory device 3 according
to the first embodiment will be described with reference to
FIG. 25 as appropriate.

First, as in the first embodiment, the memory chip MC
igs formed (step S10), and the CMOS chip CC is formed (step
S11). Then, as in the first embodiment, the memory chip MC
and the CMOS chip CC are bonded together (step S12). Next,
as in the first embodiment, the semiconductor substrate 60
of the memory chip MC is removed (step S13), and a part of
the stacked film 42 is removed (step S14).

In the third embodiment, it 1is preferable that a
structure in which the semiconductor layer 41 protrudes and
is exposed at the bottom of the memory pillar MP be formed
at this time, as shown in FIG. 26. In other words, the
stacked film 42 at the bottom portion of the memory pillar
MP is preferably removed more deeply than in the first
embodiment. In this case, the height of the portion where
the laminated film 42 is exposed is lower than the height of
the vertex portion of the core member 40, for example. In
the process of removing a part of the stacked film 42, for
example, wet etching using a condition that allows selective
removal of the material included in the stacked film 42 is

performed. The removal of the stacked film 42 in this step
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is adjusted so as not to reach the conductive layer 31.

Next, as shown in FIG. 27, a metallic film 80 is formed
(step S20). The metal film 80 is thereby brought into contact
with the semiconductor layer 41 at the bottom of the memory
pillar MP. As the metal film 80, for example, nickel is used.

Next, as shown in FIG. 28, a silicide 46 is formed by
thermal diffusion (step S21). Specifically, by performing
the annealing process, metal atoms (e.g., nickel) included
in the metal film 80 are diffused into the semiconductor
layer 41 in the memory pillar MP. A portion where the metal
atoms are diffused in the semiconductor layer 41 corresponds
to the silicide 46. The diffusion range of the metal atoms
may change depending on the time of the annealing treatment.
Therefore, in this step, the parameters of the annealing
treatment are adjusted so that the boundary portion between
the semiconductor layer 41 and the silicide 46 falls within
the range described with reference to FIGS. 22 to 24.

Next, as shown in FIG. 29, the metallic film 80 is
removed (step S22). In this step, an etching process having
a high selection ratio between the metal film 80 and the
silicide 46 is performed. The metallic film 80 may remain
after the process of step S22. In the third embodiment, step
S22 may be omitted.

Next, as shown in FIG. 30, a metal used as the source
line SL is formed (step S23). In the present example, a
single-phase conductive layer 30 1is formed as the source

line SL. The present embodiment is not limited to this, and
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a stacked structure consgisting of titanium nitride and
aluminum may be formed similarly to the first embodiment, or
another metal interconnect or silicide may be formed.

As described above, a structure in which the source
line SL and the semiconductor layer 41 in the memory pillar
MP are electrically coupled with the silicide 46 being
interposed therebetween is formed. Thereafter, the
insulating layer 20 is formed on the conductive layer 62,
and processes related to a formation of contacts coupled to
the source line SL and a formation of a pad are performed as
appropriate. The manufacturing steps described in the above
are merely examples. Another step may be inserted between
the manufacturing steps.

<3-3> Advantageous Effects of Third Embodiment

As described above, in the semiconductor memory device
1 according to the third embodiment, a part of the channel
(semiconductor layer 41) is replaced with the silicide 46,
and the silicide 46 1is coupled to the metal used as the
source line SL. The silicide 46 and the metal film 80 can be
coupled at a low resistance. The boundary portion between
the channel and the silicide 46 forms a Schottky junction
and enters the region where the semiconductor layer 41 is
formed in the memory pillar MP. To be more specific, the
boundary portion between the channel and the silicide 46 is
arranged in the vicinity of the select gate line SGS, that
is, in the vicinity of the select transistor ST2.

In such a case, during a read operation, the fringe
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electric fieid generated between the select gate line SGS
and the source line SL easily reaches the boundary portion
in which a Schottky junction is formed. As a result, the
semiconductor memory device 1 according to the third
embodiment can reduce a contact resistance between the
channel and the source line SL (in other words, a parasitic
resistance of the channel) more than in the first embodiment.
As a result, the semiconductor memory device 1 according to
the third embodiment can improve the performance of a read
operation while suppressing the manufacturing cost of the
semiconductor memory device 1 as in the first embodiment.

The third embodiment may be combined with either the
first embodiment or the second embodiment. That is, the
semiconductor memory device 1 according to the third
embodiment may perform a read operation of applying a reverse
bias to a Schottky junction, which is described in the first
embodiment, or may perform a read operation of applying a
forward bias to a Schottky junction, which is described in
the second embodiment. In any case, the semiconductor memory
device 1 according to the third embodiment can improve the
performance of a read operation more than in the embodiment
combined with the third embodiment.

<4> Fourth Embodiment

The semiconductor memory device 1 according to the third
embodiment has a structure in which the coupling portion
between the semiconductor layer 41 in the memory pillar MP

and the source line SL is brought closer to the select gate
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line SGS. A description will be given of the points in which
the semiconductor memory device 1 of the fourth embodiment
differs from those of the first to third embodiments.

<4-1> Structure of Memory Cell Array 10

FIG. 31 is a cross-sectional view showing an example of
a cross-sectional structure in a memory region of a
semiconductor memory device according to the fourth
embodiment. As shown in FIG. 31, the semiconductor memory
device 1 according to the fourth embodiment is different
from the semiconductor memory device 1 according to the third
embodiment shown in FIG. 22 only in the structure of the
bottom portion of the memory pillar MP. Specifically, in the
fourth embodiment, the portion where the silicide 46 1is
provided in the third embodiment is filled with the
conductive layer 30.

Specifically, in the fourth embodiment, the conductive
layer 30 covers the bottom portion of the core member 40.
The conductive layer 30 has a portion provided between the
core member 40 and the stacked film 42 in the memory pillar
MP. A portion of the conductive layer 30 provided between
the core member 40 and the stacked film 42 is in contact
with the semiconductor layer 41. A contact portion (boundary
portion) between the conductive layer 30 and the
semiconductor layer 41 forms a Schottky Jjunction. The
boundary portion between the conductive layer 30 and the
semiconductor layer 41 is provided, for example, at the

height of the insulating layer 21. In the fourth embodiment,
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the boundary portion between the conductive layer 30 and the
semiconductor layer 41 may be at another position.

FIGS. 32 and 33 are a cross-gsectional view showing an
example of a cross-sectional structure of a coupling portion
between a memory pillar and a source 1line in the
semiconductor memory device according to the fourth
embodiment. Each of FIGS. 32 and 33 illustrates the bottom
region BR of the memory pillar MP illustrated in FIG. 31. As
shown in FIG. 32, the boundary portion between the conductive
layer 30 and the semiconductor layer 41 may be provided at
the height of the conductive layer 31. As shown in FIG. 32,
the boundary portion between the conductive layer 30 and the
semiconductor layer 41 may be provided at the height of the
insulating layer 22.

In the semiconductor memory device 1 according to the
fourth embodiment, the Dboundary portion between the
conductive layer 30 and the semiconductor layer 41 may be
provided at least at the height of the insulating layer 21
or the height of the insulating 1layer 22. 1In the
semiconductor memory device 1 according to the fourth
embodiment, the Dboundary portion between the conductive
layer 30 and the semiconductor layer 41 is more preferably
provided at the height of the conductive layer 31. Other
structures of the semiconductor memory device 1 according to
the fourth embodiment are the same as those of the third
embodiment.

<4-2> Manufacturing Method



10

15

20

25

FIG. 34 is a flowchart showing an example of a
manufacturing method of the semiconductor memory device 4
according to the first embodiment. FIGS. 35 and 36 are a
cross-sectional view showing an example of a cross-sectional
structure during manufacturing of the semiconductor memory
device 1 according to the fourth embodiment. FIGS. 35 to 36
show the structure of a cross section that includes the
region shown in FIG. 31. Hereinafter, a method of forming a
source line SL in the semiconductor memory device 4 according
to the first embodiment will be described with reference to
FIG. 34 as appropriate.

First, as in the first embodiment, the memory chip MC
is formed (step S10), and the CMOS chip CC is formed (step
S11). Then, as in the first embodiment, the memory chip MC
and the CMOS chip CC are bonded together (step S12). Next,
as in the first embodiment, the semiconductor substrate 60
of the memory chip MC is removed (step S13), and a part of
the stacked film 42 is removed (step S14).

Next, as shown in FIG. 35, a part of the semiconductor
layer 41 is removed (step S30). In the present process, for
example, wet etching using a condition that allows selective
removal of the semiconductor layer 41 is performed. At this
time, a structure in which the core member 40 protrudes at
the bottom of the memory pillar MP may be formed; The surface
of the semiconductor layer 41 is provided within the range
described with reference to FIGS. 31 to 33. In other words,

the surface of the semiconductor layer 41 is provided at the
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height of the insulating layers 21 and 22 and the conductive
layer 31.

Next, as shown in FIG. 36, a metal used as the source
line SL is formed (step S31). In the present example, a
single-phase conductive layer 30 is formed as the source
line SL. The present embodiment is not limited to this, and
a stacked structure consisting of titanium nitride and

aluminum may be formed similarly to the first embodiment, or

another metal interconnect may be formed. The conductive

layer 30 1is also embedded in the portion where the
semiconductor layer 41 has been removed in the memory pillar
MP. As a vresult, the semiconductor layer 41 and the
conductive layer 30 are in contact with each other in the
memory pillar MP.

As described above, a structure is formed in which the
conductive layer 30 used as the source line SL enters the
portion where the semiconductor layer 41 was previously
formed in the memory pillar MP. Thereafter, the insulating
layer 20 is formed on the conductive layer 62, and processes
related to a formation of contacts coupled to the source
line SL and a formation of a pad are performed as appropriate.
The manufacturing steps described in the above are merely
examples. Another step may be 1inserted between the
manufacturing steps.

<4-3> Advantageous Effects of Fourth Embodiment

As described above, in the semiconductor memory device

1 according to the fourth embodiment, a part of the channel
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(the semiconductor layer 41) is removed, and the metal used
as the source 1line ©SL enters the region where the
semiconductor layer 41 was previously formed in the memory
pillar MP. To be more specific, the boundary portion between
the channel and the source 1line SL 1is arranged in the
vicinity of the select gate 1line SGS, that 1is, in the
vicinity of the select transistor ST2.

In such a case, similarly to the third embodiment,
during a read operation, the fringe electric field generated
between the select gate line SGS and the source line SL
easily reaches the boundary portion in which a Schottky
junction is formed. As a result, the semiconductor memory
device 1 according to the fourth embodiment can reduce a
contact resistance between the channel and the source line
SL. more than in the first embodiment. As a result, the
semiconductor memory device 1 according to the fourth
embodiment can improve the performance of a read operation
while suppressing the manufacturing cost of the
semiconductor memory device 1 as in the first embodiment.

The fourth embodiment may be combined with either the
first embodiment or the second embodiment. That is, the
semiconductor memory device 1 according to the fourth
embodiment may perform a read operation of applying a reverse
bias to a Schottky junction, which is described in the first
embodiment, or may perform a read operation of applying a
forward bias to a Schottky junction, which is described in

the second embodiment. In any case, the semiconductor memory
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device 1 according to the fourth embodiment can improve the
performance of a read operation more than in the embodiment
combined with the fourth embodiment.

<5> Modifications, etc.

In the above-described embodiment, a voltage may be
applied to the source line SL via a contact provided in the
slit SLT. FIG. 37 1is a cross-sectional wview showing an
example of a cross-sectional structure in a memory region of
a semiconductor memory device according to a modification of
the first embodiment. As shown in FIG. 37, in the
modification of the first embodiment, each slit SLT includes
a contact LI and a spacer SP. The contact LI is a conductor
including a portion that extends in the X direction. The
spacer SP is an insulator provided on a side surface of the
contact LI. The contact LI and a conductor adjacent to the
contact LI in the Y direction are distanced and insulated by
the spacer SP. The contact LI is thus used as a part of the
source line SL. The structure having the contact LI may be
applied to any of the second to fourth embodiments.

In the above embodiments, the memory pillar MP may be
such a structure that two or more memory pillars MP are
coupled together in the Z direction. Furthermore, the memory
pillar MP may be such a structure that a pillar corresponding
to the select gate line SGD and a pillar corresponding to
the word line WL are coupled together. Each of the memory
pillar MP and contacts CV, CS, CO to C3, V1, and V2 may have

either a tapered or reverse-tapered shape, or a shape that



10

15

20

25

bulges at the middle (bowed shape). Similarly, the slit SLT
may have either a tapered or reverse-tapered shape, or a
shape that bulges at the middle (bowed shape). A cross-
sectional structure of the memory pillar MP may be oval, or
may be freely designed.

In the foregoing embodiments, the memory cell array 10
may include one or more dummy word lines between the word
line WLO and the select gate line SGS and between the word
line WL7 and the select gate line SGD. If dummy word lines
are provided, dummy transistors provided in the number
corresponding to the number of dummy word lines are provided
between the memory cell transistor MT0 and the select
transistor STS and between the memory cell transistor MT7
and the select transistor STD. Each of the dummy transistors
has a configuration similar to that of the memory cell
transistor MT, and is a memory cell transistor not used for
storing data. If two or more memory pillars MP are coupled
in the Z-direction, the memory cell transistor MT in the
vicinity of the coupling portion of the pillars may be used
as a dummy transistor.

The read operation and the erase operation described in
the foregoing embodiments are merely shown as examples. If
the semiconductor memory device 1 performs a read operation
of the first embodiment, at least the voltage of the bit
line BL may be set to be higher than the voltage of the
source line SL. If the semiconductor memory device 1 performs

a read operation of the second embodiment, on the other hand,
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at least the voltage of the source line SL may be set to be
higher than the voltage of the bit line BL.

Herein, the term “couple” refers to electrical coupling,
and does not exclude interposition of another component. The
term “electrically coupled” may indicate coupling via an
insulator as long as the same operation as that by electrical
coupling is possible. The term “columnar” indicates being a
structure which i1s provided in a hole formed in the
manufacturing step of the semiconductor memory device 1. The
term “plan view” corresponds to, for example, viewing an
object in a direction perpendicular to the surface of the
semiconductor substrate 50. The term “region” may be regarded
as a structure included within the semiconductor substrate
50 of the CMOS chip CC. For example, when the semiconductor
substrate 50 is defined as including a memory region MR, the
memory region MR is associated with a region above the
semiconductor substrate 50. The term “height” refers to a
distance between the semiconductor substrate 50 and a target
structure 1in the Z direction with reference to the
semiconductor substrate 50. A height of a layer includes a
portion between a surface of the 1layer close to the
semiconductor substrate 50 and a surface thereof far from
the semiconductor substrate 50. The term “on/off ratio of
the transistor” indicates a ratio of a current when the
memory cell transistor MT is turned on to a current when the
memory cell transistor MT is turned off. In order to enable

discrimination Dbetween on and off of the memory cell
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transistor MT, the on/off ratio needs to be increased to
some extent.

While certain embodiments of the present invention have
been described, these embodiments have been presented by way
of example only, and are not intended to limit the scope of
the invention. Indeed, the novel embodiments described
herein may be embodied in a variety of other forms;
furthermore, various omissions, substitutions and changes in
the form of the embodiments described herein may be made
without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the

scope and spirit of the invention.
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CLAIMS

1. A semiconductor storage device comprising:

a substrate;

a plurality of first conductive layers provided above
the substrate, the plurality of first conductive layers being
mutually separated in a first direction;

a pillar penetrating the plurality of the first
conductive layers, the pillar including a first
semiconductor layer extending in the first direction, a part
of the pillar that intersects with the first conductive
layers functioning as memory cells; and

a second conductive layer provided above the plurality
of first conductive layers and being in contact with the
first semiconductor layer, the second conductive layer being
made of a metal or a silicide.

2. The semiconductor storage device of claim 1, further
comprising:

a first insulating layer provided between the plurality
of first conductive layers and the second conductive layer
and being in contact with the second conductive layer,
wherein

an interval in the first direction between the substrate
and a boundary portion between the first semiconductor layer
and the second conductive layer is shorter than an interval
in the first direction between the first insulating layer
and the substrate.

3. The semiconductor storage device of claim 2, further
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comprising:

a third conductive layer provided between the plurality
of first conductive layers and the first insulating layer
and being penetrated by the pillar, wherein

a location of the boundary portion is included at a
height at which the third conductive layer is provided.

4. The semiconductor storage device of claim 1, further
comprising:

a third conductive layer provided between the plurality
of first conductive layers and the second conductive layer
and being penetrated by the pillar, wherein

no conductive layer 1is included between the third
conductive layer and the second conductive layer, and

an interval in the first direction between the third
conductive layer and the second conductive layer is equal to
or shorter than 50 nm.

5. The semiconductor storage device of any one of claims
1 to 4, further comprising:

a fourth conductive layer provided between the
substrate and the plurality of first conductive layers and
electrically coupled to the first semiconductor layer,
wherein

the second conductive layer is used as a source line,
and

the fourth conductive layer is used as a bit line.

6. The semiconductor storage device of claim 5, further

comprising:
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.a control circuit configured to perform a read operation,

wherein

in a read operation the control circuit applies, when
determining a threshold voltage of a memory cell, a first
voltage to the source line and a second voltage higher than
the first voltage to the bit line.

7. The semiconductor storage device of claim 5, further
comprising:

a control circuit configured to perform a read operation,

wherein

in a read operation the control circuit applies, when
determining a threshold voltage of a memory cell, a third
voltage to the source line and a fourth voltage lower than
the third voltage to the bit line.

8. The semiconductor storage device of any one of claims
1 to 7, wherein

the second conductive layer includes any one selected
from the group consisting of titanium, titanium silicide,
titanium nitride, nickel silicide, and tungsten.

9. The semiconductor storage device of any one of claims
1 to 8, wherein

a concentration of impurity in the first semiconductor
layer is 10!° (atoms/cm?®) or lower.

10. The semiconductor storage device of any one of
claims 1 to 9, further comprising:

a first chip that includes the substrate and a first

junction metal coupled to a circuit formed in the substrate;



and
a second chip that includes the plurality of first
conductive layers, the second conductive layer, the pillar,
and a second junction metal coupled to the pillar, wherein
the first junction metal and the second junction metal

are coupled to each other.



