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(7) ABSTRACT

A ferroelectric memory device, e.g., nonvolatile, has an
effective layout by eliminating a separate cell plate line. The
ferroelectric memory device includes first and second split
word lines formed over first and second active regions of a
semiconductor substrate, and the first and second active
regions are isolated from each other. Source and drain
regions are formed in the first active region on both sides of
the first split word line and the second active region on both
sides of the second split word line. A conductive barrier
layer, a first capacitor electrode and a ferroelectric layer are
sequentially formed on the first and second split word lines.
Two second capacitor electrodes with one connected to one
of the source and drain regions of the second active region
is formed over the first split word line. The other one is
connected to one of the source and drain regions of the first
active region and is formed over the second split word line.
First and second bit lines are respectively connected to the
other one of the source and drain regions of the first active
region, and the other one of the source and drain regions of
the second active region.
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FERROELECTRIC MEMORY DEVICE AND
METHOD OF MAKING THE SAME

[0001] This application is a Divisional Application of
application Ser. No. 10/325,838 filed Dec. 23, 2002, which
is a Divisional of application Ser. No. 09/571,547, filed May
16, 2000, which is a Divisional of application Ser. No.
09/175,316, filed Oct. 20, 1998, which is a Continuation-
In-Part of application Ser. No. 09/055,985, filed Apr. 7,
1998, and claims priority to Korean Application Nos. 58191/
1997 filed Dec. 12, 1997 and 17602/1998, filed May 15,
1998, whose entire disclosure is incorporated herein by
reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a memory device
and, more particularly, to a ferroelectric memory device
method thereof.

[0004] 2. Background of the Related Art

[0005] A ferroclectric random access memory (FRAM)
has the data processing speed as fast as a DRAM, which is
widely used as a semiconductor memory device, and stores
data even in a power-off state. The FRAM has a structure
similar to the DRAM and employs ferroelectric as the
capacitor material to use its high residual polarization char-
acteristic. With this characteristic, the data stored in the
FRAM is not erased even when electric field applied thereto
is removed.

[0006] As shown in FIG. 1, a polarization induced by
electric field does not disappear, even when the electric field
is removed, due to existence of spontaneous polarization but
remains in a specific amount (states of d and a). The states
d and a correspond to data 1 and 0, respectively, for the
memory device.

[0007] FIG. 2 illustrates the configuration of the unit cell
of a conventional ferroelectric memory device. FIG. 3
illustrates the configuration of the cell array of the conven-
tional ferroelectric memory device. FIG. 4 illustrates opera-
tion waveforms of the conventional ferroelectric memory
device.

[0008] An ideal structure of an FRAM using a ferroelec-
tric layer is the one which is similar to DRAM. However, it
has the problem in terms of integration, which is difficult to
solve if new materials for forming an electrode and barrier
are not used. Such problems occur because capacitors cannot
be directly formed on a silicon substrate or polysilicon layer
to make the area of FRAM larger than the DRAM with the
same capacitance. Furthermore, when electric field is repeat-
edly applied to the ferroelectric to reiterate polarization
inversion, the amount of residual polarization is reduced,
which results in fatigue of the thin film. Such a fatigue
deteriorates the reliability of device.

[0009] The FRAM structure shown in FIG. 2 has been
used with regard to such matters, including substitutes for
electrode materials currently developed, integration, stabil-
ity of ferroelectric thin film and operation reliability. The
unit cell of the conventional FRAM consists of first and
second NMOS transistors 1 and 3 whose gates are com-
monly connected to a word line 5, and first and second
ferroelectric capacitors 2 and 4 formed using a ferroelectric
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material. The drain and source of the first transistor 1 are
respectively connected to a bit line (Bit_n) 6 and a first node
1 (N1). The drain and source of the second transistor 3 are
respectively connected to a /bit line (BitB_n) 7 and a second
node 2 (N2). The electrodes of the first ferroelectric capaci-
tor 2 are connected to the first node 1 (N1) and a cell plate
line 8, and the electrodes of the second ferroelectric capaci-
tor 4 are connected to the second node 2 (N2) and the cell
plate line 8.

[0010] The unit cell of the conventional FRAM forms the
cell array of FIG. 3. The word lines and plate lines are
arranged in parallel in the direction of the row, and the bit
lines and /bit lines are arranged in parallel in the direction of
the column. Each memory cell is located at the point where
each row and each column intersect each other. Access to
each memory cell can be performed by selecting both the
row and column on which the memory cell is placed.

[0011] The operation of the conventional FRAM is
described with reference to FIG. 4. A chip enable signal
CSBpad is enabled from a level “HIGH” to a level “LOW?,
to start decoding of the address signal. A word line driving
signal applied to a selected word line transit from a level
“LOW?” to a level “HIGH” to select a cell. Before the word
Lines are activated to allow memory cell data to be loaded
on corresponding bit line and /bit line, the bit line and /bit
line become an equivalent potential of VSS according to a
control signal EQ for the equivalent potential.

[0012] Thereafter, the word line driving signal is enabled
from a level “LOW” to level “HIGH?, to electrically connect
the selected memory cell to the bit line and /bit line. Upon
connection of the selected memory cell to the bit line and /bit
line, a pulse of a level “HIGH” is applied to the plate line
P/L, to load the data stored in the ferroelectric capacitor on
bit line and /bit line. In this state, a sense amplifier enable
signal SAN (for turning on the NMOS transistor of a sense
amplifier) transits from a level “LOW” to a level “HIGH”,
and a sense amplifier enable signal SAP (for turning on the
PMOS transistor of the sense amplifier) transits from a level
“HIGH” to a level “LOW?”, such that the voltage of the bit
line and /bit line is amplified.

[0013] To recover the data destroyed during data reading
operation, the signal CSBpad is transferred from a level
“HIGH” to a level “LLOW?”, being disabled while the word
lines is being activated. The signal CSBpad is disabled from
a level “HIGH” to a level “LOW” and the signal applied to
the plate line is transferred from a level “HIGH” to a level
“LOW?, to restore the data destroyed.

[0014] Inthe conventional FRAM, as described above, the
word line and the plate line are separately constructed, to
complicate the structure of the memory cell, which increases
its area. Thus, the word line and plate line receive control
signals different from each other, which creates difficulty in
the control of the control signals in the input/output opera-
tion of data.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to a
ferroelectric memory device that substantially obviates at
least the problems and disadvantages of the related art.

[0016] An object of the present invention is to provide a
nonvolatile ferroelectric memory device designed with an
effective layout.
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[0017] A further object of the invention is to eliminate a
separate cell plate line.

[0018] To accomplish the object of the present invention,
there is provided a nonvolatile ferroelectric memory device,
including: first and second split word lines formed over first
and second active regions of a semiconductor substrate,
isolated from each other, the first and second split word lines
being arranged in the first direction; source and drain regions
formed in the first active region placed on both side of the
first split word line and the second active region placed on
both sides of the second split word line; a conductive barrier
layer, a first capacitor electrode and a ferroelectric layer,
sequentially formed on the first and second split word lines;
two second capacitor electrodes one of which is connected
to one of the source and drain regions of the second active
region and formed over the first split word line, the other one
being connected to one of the source and drain regions of the
first active region and formed over the second split word
line; and first and second bit lines arranged perpendicular to
the first and second split word lines in the second direction,
the first bit line being connected to the other one of the
source and drain regions of the first active region, the second
bit line being connected to the other one of the source and
drain regions of the second active region.

[0019] To accomplish another object of the invention a
method of fabricating a nonvolatile ferroelectric memory
device, comprising the steps of sequentially forming a gate
oxide layer, polysilicon layer for forming gates and word
lines, conductive barrier layer and first capacitor electrode
layer on a semiconductor substrate having first and second
active regions isolated from each other by an isolation layer;
selectively etching the stacked layers, to form first and
second split word lines across the first and second active
regions; forming source and drain regions in exposed por-
tions of the first and second active regions using the first and
second split word lines as a mask, and sequentially forming
a first oxide layer and planarizing insulation layer on the
overall surface of the substrate; improving viscosity of the
planarizing insulation layer through heat treatment, remov-
ing the planarizing insulation layer by a predetermined
thickness using etchback process, to expose the first capaci-
tor electrode, and forming a ferroelectric layer and second
capacitor electrode layer on the overall surface of the
substrate; patterning the second capacitor electrode layer
and forming a second oxide layer on the overall surface of
the substrate; forming contact holes to expose the drain
regions of the first and second active regions, forming a
contact plug which comes into contact with the drain region
of the first active region and second capacitor electrode layer
placed over the second split word line through one of the
contact hole, and forming another contact plug which comes
into contact with the drain region of the second active region
and second capacitor electrode layer placed over the first
split word line through the other contact hole; and forming
a third oxide layer on the overall surface of the substrate
including the contact plug, forming contact holes to expose
the source regions of the first and second active regions, and
forming first and second bit lines perpendicular to the first
and second split word lines, the first and second bit lines
coming into contact with the source regions through the
contact holes.

[0020] The first split word line and first capacitor elec-
trode, placed over the first split word line, are connected to

Feb. 9, 2006

each other at a predetermined portion of a peripheral circuit
region, and the second split word line and first capacitor
electrode, placed over the second split word line, are con-
nected to each other at a predetermined portion of the
peripheral circuit region. The first and second capacitor
electrodes are formed of a metal such as Pt. The planarizing
insulation layer for filling the space between the first and
second split word lines is formed of SOG or BPSG. The heat
treatment is carried out to the planarizing insulation layer at
a temperature of 800 to 900° C., to shrink its volume by 20
to 30%, improving its viscosity. The contact plugs are
formed in such a manner that portions of the second oxide
layer, ferroelectric layer, planarizing insulation layer and
first oxide layer, placed on the drain regions of the first and
second active regions, are selectively removed, to form the
contact holes, simultaneously, to expose a portion of the
second capacitor electrode, and a material for forming the
contact plugs is deposited to completely fill the contact holes
and patterned so as to come into contact with the drain
regions and second capacitor electrode.

[0021] The contact holes for exposing the source regions
of the first and second active regions are formed in such a
manner that the third oxide layer is formed on the overall
surface of the substrate including the contact plugs, and
portions of the third oxide layer, second oxide layer, ferro-
electric layer, planarizing insulation layer and first oxide
layer, placed on the source regions, are selectively removed.

[0022] The object of the present invention can be achieved
in a whole or in parts by a method of fabricating a nonvola-
tile ferroelectric memory device, comprising the steps of
sequentially forming a gate oxide layer, polysilicon layer for
forming gates and word lines, conductive barrier layer and
first capacitor electrode layer on a semiconductor substrate
having first and second active regions isolated from each
other by an isolation layer; selectively etching the stacked
layers, to form first and second split word lines across the
first and second active regions; forming source and drain
regions in exposed portions of the first and second active
regions using the first and second split word lines as a mask,
and sequentially forming a first oxide layer and photoresist
layer on the overall surface of the substrate; removing the
photoresist layer, filled between the first and second split
word lines, by a predetermined thickness using etchback,
removing the first oxide layer to expose the first capacitor
electrode, and completely removing remaining photoresist
layer; forming a ferroelectric layer and second capacitor
electrode layer on the overall surface of the substrate includ-
ing the exposed first capacitor electrode, patterning the
second capacitor electrode layer, and forming a second
oxide layer on the overall surface of the substrate; forming
contact holes to expose the drain regions of the first and
second active regions, forming a conductive connection
layer which connects the drain region of the first active
region to the second capacitor electrode placed over the
second split word line through one of the contact hole, and
forming another conductive connection layer which con-
nects the drain region of the second active region to the
second capacitor electrode placed over the first split word
line through the other contact hole; and forming a third oxide
layer on the overall surface of the substrate including the
conductive connection layer to bury the space between the
first and second split word lines, forming contact holes to
expose the source regions of the fist and second active
regions, and forming first and second bit lines perpendicular
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to the first and second split word lines, the first and second
bit lines coming into contact with the source regions through
the contact holes.

[0023] The objects of the present invention can be
achieved in a whole or in parts by a nonvolatile ferroelectric
memory device, comprising: first and second split word
lines parallel with each other; first and second shunt split
word lines branched from the first and second split word
lines respectively; a first transistor whose gate is connected
to the first split word line; a second transistor whose gate is
connected to the second split word line; a bit line connected
to one electrode of the first transistor and arranged perpen-
dicular to the first and second split word lines; a bit line
connected to one electrode of the second transistor, arranged
parallel with the bit line and perpendicular to the first and
second split word lines; a first ferroelectric capacitor, one
electrode of the first ferroelectric capacitor being connected
to the other electrode of the first transistor, the other elec-
trode of the fist ferroelectric capacitor being connected to the
second shunt split word line; and a second ferroelectric
capacitor, one electrode of the second ferroelectric capacitor
being connected to the other electrode of the second tran-
sistor, the other electrode of the second ferroelectric capaci-
tor being connected to the first shunt split word line.

[0024] The objects of the present invention can be
achieved in a whole or in parts by a nonvolatile ferroelectric
memory device, comprising: first and second split word
lines formed over first and second active regions of a
semiconductor substrate, isolated from each other, the first
and second split word lines being arranged in the first
direction; source and drain regions formed in the first active
region placed on both sides of the first split word line and
second active region placed on both sides of the second split
word line; first and second bit lines isolated from neighbor-
ing layers and arranged perpendicular to the first and second
split word lines in the second direction, the first bit line being
connected to one of the source and drain regions of the first
active region, the second bit line being connected to one of
the source and drain regions of the second active region; two
first capacitor electrodes formed over the first and second
split word lines in a cylindrical shape with the bottom and
cylinder, one of the first capacitor electrodes being con-
nected to the other one of the source and drain regions of the
first active region, the other one of the first capacitor
electrodes being connected to the other one of the source and
drain regions of the active region; a ferroelectric layer
formed on the inner walls of the first capacitor electrodes;
second capacitor electrodes filled in the first capacitor elec-
trodes; and a first shunt split word line formed over the first
split word line and connected to the second capacitor
electrode of the second active region, and second shunt split
word line formed over the second split word line and
connected to the second capacitor electrode of the first active
region.

[0025] When it is assumed that the semiconductor sub-
strate is divided into rectangular blocks with longer and
shorter sides, and among neighboring four blocks placed at
a certain region, the first, second, third and fourth clockwise
are respectively called a block A, block B, block A and block
B, and this four-block structure is repeated in the substrate,
the first active region is formed over one blocks A and the
other block A, arranged adjacent in diagonal direction, and
the second active region is formed over one block B hori-
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zontally located next to the block A, and the other block B
vertically located next to the block A, the two blocks Bs
being arranged in diagonal direction. The first direction is
perpendicular to the longer sides of the blocks A and B, and
second direction is parallel with the longer sides of the
blocks A and B. Each first capacitor electrode connected to
one of the source and drain regions of each of the first and
second active regions has a flat shape, not having the
cylindrical portion.

[0026] The objects of the present invention can be
achieved in a whole or in parts by a method of fabricating
a nonvolatile ferroelectric memory device, comprising the
steps of: forming a gate oxide layer and polysilicon layer for
forming gates and word lines on a semiconductor substrate
having first and second active regions isolated from each
other by an isolation layer, and selectively etching them,
forming first and second split word lines across the first and
second active regions; forming source and drain regions in
exposed portions of the active regions using the first and
second split word lines as a mask, and forming a first
interlevel insulating layer on the overall surface of the
substrate; forming bit line contact holes to expose the source
regions of the first and second active regions, and forming
first and second bit lines perpendicular to the first and second
split word lines, coming into contact with the source regions
through the bit line contact holes; forming a second inter-
level insulating layer, forming contact holes to expose the
drain regions of the first and second active regions, forming
first capacitor electrodes in a cylindrical shape, coming into
contact with the drain regions through the contact holes;
forming a ferroelectric layer on the overall surface of the
substrate on which the first capacitor electrodes are formed,
and forming second capacitor electrodes to be filled in the
cylinders of the first capacitor electrodes; and forming a
third interlevel insulating layer on the overall surface of the
substrate including the second capacitor electrodes, forming
contact holes to expose portions of the second capacitor
electrodes, forming a metal layer on the overall surface of
the substrate and selectively etching it, to form first and
second shunt split word lines.

[0027] Before the third interlevel insulating layer is
formed, portions of second capacitor electrodes, ferroelec-
tric layer and first capacitor electrodes in the cylindrical
shape are removed by a predetermined thickness by CMP
process, isolating capacitors by the unit cell. A process of
forming the first capacitor electrodes comprises the steps of:
selectively removing the second interlevel insulating layer,
first and second bit lines, placed on the drain regions, to form
capacitor contact holes; forming a conductive layer and
interlevel insulating layer on the overall surface of the
substrate including the capacitor contact holes, and pattern-
ing them to be left only on regions where capacitors will be
formed; and foxing another conductive layer on the overall
surface of the substrate including the patterned interlevel
insulating layer, and etching back it, to be left on the sides
of the patterned interlevel insulating layer in the form of
sidewall.

[0028] The first shunt split word line and first split word
line come into contact with each other at a predetermined
point of a peripheral circuit region around a cell array, to
receive the same signal, and the second shunt split word line
and second split word line come into contact with each other
at a predetermined point of the peripheral circuit region
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around the cell array, to receive the same signal. Each first
capacitor electrode connected to the drain region of each of
the first and second active regions has a flat shape, not
having the cylindrical portion.

[0029] The objects of the present invention can be
achieved in a whole or in parts by a nonvolatile ferroelectric
memory device, comprising: first and second split word
lines parallel with each other; first and second shunt split
word lines branched from the first and second split word
lines respectively; a first transistor whose gate is connected
to the first split word line; a second transistor whose gate is
connected to the second split word line; a bit line connected
to one electrode of the first transistor and arranged perpen-
dicular to the first and second split word lines; a bit line
connected to one electrode of the second transistor, arranged
parallel with the bit line and perpendicular to the first and
second split word lines; a first lower ferroelectric capacitor
one electrode of the first lower ferroelectric capacitor being
connected to the other electrode of the first transistor, the
other electrode of the first lower ferroelectric capacitor being
connected to the second split word line; a first upper
ferroelectric capacitor, one electrode of the first upper fer-
roelectric capacitor being connected to the other electrode of
the first transistor, the other electrode of the first upper
ferroelectric capacitor being connected to the second shunt
split word line; a second lower ferroelectric capacitor, one
electrode of the second lower ferroelectric capacitor being
connected to the other electrode of the second transistor, the
other electrode of the second lower ferroelectric capacitor
being connected to the first split word line; and a second
upper ferroelectric capacitor, one electrode of the second
upper ferroelectric capacitor being connected to the other
electrode of the second transistor, the other electrode of the
second upper ferroelectric capacitor being connected to the
first shunt split word line.

[0030] The present invention can be achieved in a whole
or in parts by a nonvolatile ferroelectric memory device,
comprising: first and second split word lines formed over
first and second active regions of a semiconductor substrate,
isolated from each other, the first and second split word lines
being arranged in the first direction; source and drain regions
formed in the first active region placed on both sides of the
first split word line and second active region placed on both
sides of the second split word line; a conductive barrier
layer, first capacitor electrode layer and first ferroelectric
layer sequentially formed on the first and second split word
lines; a second capacitor electrode formed over the first split
word line and connected to one of the source and drain
regions of the second active region, and another second
capacitor electrode formed over the second split word line
and connected to one of the source and drain regions of the
first active region; a second ferroelectric layer formed on the
second capacitor electrodes; a first shunt split word line
formed over the first split word line and connected to the
second capacitor electrode on the second active region, and
second shunt split word line formed over the second split
word line and connected to the second capacitor electrode on
the first active region; and first and second bit lines arranged
perpendicular to the first and second split word lines, the first
bit line being connected to one of the source and drain
regions of the first active region, the second bit line being
connected to one of the source and drain regions of the
second active region.
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[0031] The present invention can be achieved in a whole
or in parts by a method of fabricating a nonvolatile ferro-
electric memory device, comprising the steps of: sequen-
tially forming a gate oxide layer, polysilicon layer for
forming gates and word lines, conductive barrier layer and
first capacitor electrode layer on a semiconductor substrate
having first and second active regions isolated from each
other by an isolation layer; selectively etching the stacked
layers, to form first and second split word lines across the
first and second active regions; forming source and drain
regions in exposed portions of the first and second active
regions using the first and second split word lines as a mask,
and sequentially forming a first oxide layer and planarizing
insulation layer on the overall surface of the substrate;
improving viscosity of the planarizing insulation layer
through heat treatment, removing the planarizing insulation
layer by a predetermined thickness using etchback process,
to expose the first capacitor electrode 95, and forming a first
ferroelectric layer and second capacitor electrode layer on
the overall surface of the substrate; patterning the second
capacitor electrode layer and forming a second oxide layer
on the overall surface of the substrate; forming contact holes
to expose the drain regions of the first and second active
regions, forming a contact plug which comes into contact
with the drain region of the first active region and second
capacitor electrode layer placed over the second split word
line through one of the contact hole, and forming another
contact plug which comes into contact with the drain region
of the second active region and second capacitor electrode
layer placed over the first split word line through the other
contact hole; forming a second ferroelectric layer on the
overall surface of the substrate including the contact plug,
forming a first shunt split word line over the first split word
line, being connected to the second capacitor electrode on
the second active region, and forming a second shunt split
word line over the second split word line, being connected
to the second capacitor electrode on the first active region;
and forming a third oxide layer on the overall surface of the
substrate, forming contact holes to expose the source regions
of the first and second active regions, and forming first and
second bit lines perpendicular to the fist and second split
word lines, the first and second bit lines coming into contact
with the source regions through the contact holes.

[0032] The first split word line, first capacitor electrode,
placed over the first split word line, and first shunt split word
line are connected to one another at a predetermined portion
of a peripheral circuit region, and the second split word line,
first capacitor electrode, placed over the second split word
line, and second shunt split word line are connected to one
another at a predetermined portion of the peripheral circuit
region.

[0033] The planarizing insulation layer for filling the
space between the first and second split word lines is formed
of SOG or BPSG. The heat treatment is carried out to the
planarizing insulation layer at a temperature of 800 to 900°
C., to shrink its volume by 20 to 30%, improving its
Viscosity.

[0034] The contact plugs are formed in such a manner that
portions of the second oxide layer, ferroelectric layer, pla-
narizing insulation layer and first oxide layer, placed on the
drain regions of the first and second active regions, are
selectively removed, to form the contact holes, simulta-
neously, to expose a portion of the second capacitor elec-
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trode, and a material for forming the contact plugs is
deposited to completely fill the contact holes and patterned
S0 as to come into contact with the drain regions and second
capacitor electrode. The contact holes for exposing the
source regions of the first and second active regions are
formed in such a manner that the third oxide layer is formed
on the overall surface of the substrate including the contact
plugs, and portions of the third oxide layer, second oxide
layer, second ferroelectric layer, first ferroelectric layer,
planarizing insulation layer and first oxide layer, placed on
the source regions, are selectively removed.

[0035] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The objects
and advantages of the invention may be realized and attained
as particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The invention will be described in detail with
reference to the following drawings in which like reference
numerals refer to like elements wherein:

[0037] FIG. 1 is a characteristic diagram illustrating hys-
teresis loop of a conventional ferroelectric;

[0038] FIG. 2 illustrates the configuration of the unit cell
of a conventional ferroelectric memory device;

[0039] FIG. 3 illustrates the configuration of the cell array
of the conventional ferroelectric memory device;

[0040] FIG. 4 illustrates operation waveforms of the con-
ventional ferroelectric memory device;

[0041] FIG. 5 illustrates the configuration of the unit cell
of a ferroelectric memory device according to a preferred
embodiment of the present invention;

[0042] FIG. 6 illustrates the configuration of the cell array
of the ferroelectric memory device according to a preferred
embodiment of the present invention;

[0043] FIG. 7 illustrates operation waveforms of the fer-
roelectric memory device according to a preferred embodi-
ment of the present invention;

[0044] FIG. 8 illustrates an example of block division of
the ferroelectric memory layout according to a fist preferred
embodiment of the present invention;

[0045] FIGS. 9a to 9p illustrate layouts and fabrication
steps of the ferroelectric memory according to a fist pre-
ferred embodiment of the present invention;

[0046] FIGS. 10q to 10q illustrate alternative layouts and
fabrication steps of the ferroelectric memory according to
the first preferred embodiment of the present invention;

[0047] FIG. 11 illustrates an alternative block division of
the ferroelectric memory layout according to a second
preferred embodiment of the present invention;

[0048] FIGS. 12a to 12 illustrate alternative layouts and
fabrication steps of the ferroelectric memory according to a
second preferred embodiment of the present invention;
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[0049] FIGS. 13a to 13 illustrate alternative layouts and
fabrication steps of the ferroelectric memory according to a
second preferred embodiment of the present invention;

[0050] FIG. 14 illustrates another alternative block divi-
sion of the ferroelectric memory layout according to a third
preferred embodiment of the present invention; and

[0051] FIGS. 15a to 15r illustrate alternative layouts and
fabrication steps of the ferroelectric memory according to a
third preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0052] FIG. 5 illustrates the configuration of a unit cell of
a ferroelectric memory device, e.g., nonvolatile, according
to a preferred embodiment of the present invention. FIG. 6
illustrates the configuration of the cell array of the ferro-
electric memory device according to a preferred embodi-
ment of the present invention. FIG. 7 illustrates operation
waveforms of the ferroelectric memory device according to
a preferred embodiment of the present invention.

[0053] First of all, there will be explained below the
structure of unit cell of a ferroelectric memory device
without a separate cell plate line according to a preferred
embodiment of the present invention. Referring to FIG. 5,
two pieces of data per unit memory cell can be stored. A pair
of word lines SWL1 and SWL2 corresponds to one row, and
a pair of bit lines Bit_n and Bit_n+1 forms two columns.

[0054] First and second split word lines SWL1 and SWI.2
are arranged in parallel. A first transistor T1 of a unit cell
includes a gate connected to a first split word line SWLI1,
and a second transistor T2 includes a gate connected to a
second split word line SWL2. A bit line Bit_n, which is
arranged perpendicular to first and second split word lines
SWLI1 and SWL2, is connected to an electrode of the first
transistor T1, and a bit line Bit_n+] which is arranged in
parallel with the bit line Bit_n and perpendicular to the first
and second split word lines SWL1 and SWL2, is connected
to an electrode of second transistor T2.

[0055] A first ferroelectric capacitor FC1 includes a sec-
ond electrode connected to the source electrode of first
transistor T1, and a first electrode connected to the second
split word line SWL2. A second ferroelectric capacitor FC2
includes a second electrode connected to the source elec-
trode of the second transistor T2, and a first electrode
connected to the first split word line SWL1. The unit cell is
repeatedly arranged in row and column direction to con-
struct the cell array shown in FIG. 6.

[0056] The data input/output operation of the FRAM of
the preferred embodiment is described with reference to
FIG. 7. In a write mode, a binary logic “0” is stored in the
first and second ferroelectric capacitors FC1 and FC2 from
a level “LOW?” applied to the bit lines Bit_n and Bit_n+1
when the driving signals SWLS1 and SWLS2 for the first
and second split word lines SWL1 and SWL2 are in a level
“HIGH.” A binary logic “1” is stored in the first and second
ferroelectric capacitors FC1 and FC2 from a level “HIGH”
applied to a corresponding bit line when only one of the
driving signals SWLS1 and SWLS2 is in a level “HIGH”.

[0057] In a read mode, the data stored in the first and
second ferroelectric capacitors FC1 and FC2 is loaded on the
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bit lines Bit_n and Bit_n+1. If a logic “0” is stored in the first
ferroelectric capacitor FC1 and a logic “1” is stored in the
second ferroelectric capacitor FC2, the voltage applied to the
bit line Bit_n rises less than the voltage applied to bit line
Bit_n+1. When the logic “1” is stored in the second ferro-
electric capacitor FC2, a lot of residual polarization charges
are loaded on bit line Bit_n+1 while the logic “1” is changed
into logic “0”, to increase the voltage applied to bit line
Bit_n+1. Accordingly, the data needs to be restored in the
second ferroelectric capacitor FC2, where the logic “1” is
changed into the logic “07, i.e., the occurrence of a polar-
ization destruction.

[0058] A “LLOW” signal is applied to the first split word
line SWL1 and a “HIGH” signal is applied to the second
split word line SWL2 to restore the logic “1” in second
ferroelectric capacitor FC2. Thus, a level “HIGH” data of
the bit line Bit_n+1 applies a “HIGH” voltage to the second
electrode of the second ferroelectric capacitor FC2 accord-
ing to the signal SWLS2 through the second transistor T2
turned on, and applies a “LLOW” voltage to the first electrode
of second ferroelectric capacitor FC2, which serves as the
reference electrode according to signal SWLSI, restore the
logic “1” in the second ferroelectric capacitor FC2.

[0059] On the other hand, when the logic “1” is stored in
the first ferroelectric capacitor FC1 and the logic “0” is
stored in the second ferroelectric capacitor FC2, the logic
“1” of the first ferroelectric capacitor FC1 is changed into a
logic “0” when both of the driving signals SWLS1 and
SWLS2 for the first and second split word lines SWL1 and
SWL2 remain at a level “HIGH”, destroying the data stored.
To restore the logic “1” destroyed in the first ferroelectric
capacitor FC1, a “HIGH” signal is applied to the first split
word line SWL1 and a “LOW” signal is applied to the
second split word line SWL2.

[0060] By doing so, a level “HIGH” data of the bit line
Bit_n applies a “HIGH” voltage to the second electrode of
the first ferroelectric capacitor FC1 according to the signal
SWLST1 through the first transistor T1 turned on, and applies
a “LOW?” voltage to the first electrode of the first ferroelec-
tric capacitor FC1, which serves as the reference electrode
according to signal SWLS2, to restore the logic “1” in the
first ferroelectric capacitor FC1.

[0061] The storage of logic “1” in writing mode is similar
to that in reading mode. In other words, the driving signal
SWLS1 has a “HIGH” level and the driving signal SWLS2
has a “LOW?” level so as to store the logic “1” in the first
ferroelectric capacitor FC1. To store the logic “1” in the
second ferroelectric capacitor FC2, the driving signal
SWLS1 has a “LOW” level and the driving signal SWLS2
has a “HIGH” level.

[0062] In the FRAM with the split word lines which
operates as above in writing and reading modes, the split
word lines SWL1 and SWL2 are connected as a pair to a
word line driver and this pair of split word lines is repeatedly
arranged to accomplish the cell array. With the cell array
having the split word lines, the two word lines SWL1 and
SWL2 are enabled simultaneously. The word lines SWL1_n
and SWL2 n form one pair and the word lines SWL1_n+1
and SWL2 n+1 form another pair.

[0063] The following is a description related to the layouts
and fabrication steps of the cell array having the split word
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lines according to the preferred embodiment of the present
invention. FIG. 8 illustrates an example of a block division
layout of the ferroelectric memory according to the first
preferred embodiment of the present invention.

[0064] In the first preferred embodiment of the present
invention, each unit SWL (split word line) cell (a basic unit
for storing two pieces of data) is defined as blocks A and B.
The unit SWL cell is formed over adjacent two active
regions (block A and block B) isolated from each other by
an isolation layer. The layout block A includes the first
transistor T1, the first ferroelectric capacitor FC1, the second
ferroelectric capacitor FC2, the bit line Bit_n and the first
node 1 (N1), and the layout block B includes the second
transistor T2, the first ferroelectric capacitor FC1, the second
ferroelectric capacitor FC2, bit line Bit_n+1 and the second
node 2 (N2).

[0065] The cross sections for the method steps of the
ferroelectric memory device having the above-described
layout structure according to the first preferred embodiment
of the present invention are illustrated in FIGS. 9a to 9p. A
semiconductor substrate 90 having active regions is defined
by an isolation layer 91 formed on an isolation region. First
and second split word lines 93a and 93b are isolated from
the substrate by a gate oxide layer 92 and formed over the
active regions in the first direction. Source and drain regions
96 are formed in portions of the semiconductor substrate 90,
and are placed on both sides of each of first and second split
word lines 93a and 93b. A conductive barrier layer 94 is
deposited on the first and second split word lines 93a and
93b, having the same size as the split word lines, prior to
forming a first capacitor electrode 95.

[0066] A first oxide layer 974 is formed on a portion of the
side of the first capacitor electrode 95. A planarizing insu-
lation layer 98 is buried between the first and second split
word lines 93a and 93b and has the same height as the first
oxide layer 97a. A ferroelectric layer 99 is formed on the
first capacitor electrode 95. A second capacitor electrode
100g is formed, and a contact plug 102 comes into contact
with the second capacitor electrode 100z and one of the
source and drain regions 96. First and second bit lines 104a
and 104b are isolated from their neighboring layers by the
second and third oxide layers 97b and 97c¢ which are
arranged over the active regions in the second direction, and
come into contact with the other source and drain regions 96.

[0067] As described above, one unit SWL cell is con-
structed in such a manner that one active region includes
ferroelectric capacitor FC2 whose electrodes are connected
to transistor T1 and transistor T2, and neighboring active
region includes ferroelectric capacitor FC1 whose electrodes
are connected to transistor T2 and transistor T1. Ferroelec-
tric capacitors FC1 and FC2 have the same configuration,
and are arranged symmetrically.

[0068] When the semiconductor substrate 91 is divided
into rectangular blocks with longer and shorter sides, and
among the neighboring four blocks placed at a certain
region, the first, second, third and fourth clockwise blocks
are respectively referred to as a first block A, a first block B,
a second block A and a second block B. This four-block
structure is repeated in the substrate. One active region is
formed for the first block A and the second block A, which
are arranged in a diagonal direction. An active region is
formed for the first block B horizontally located next to the
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first block A, and the second block B is vertically located
next to the first block A. The first and second two blocks B
are arranged in a diagonal direction.

[0069] One SWL unit cell is constructed in such a manner
that two transistors are respectively formed on the active
region of the first block A and active region of the first block
B horizontally located next to the first block A, and two
ferroelectric capacitors are also formed on the two active
regions respectively. A first direction is perpendicular to the
longer sides of the blocks A and B, and a second direction
is parallel to the longer sides of the blocks A and B.

[0070] A method of fabricating the ferroelectric memory
device according to the first preferred embodiment of the
present invention is described with reference to FIGS. 9a to
9p. Referring to FIG. 94, an isolation layer 91 is formed on
a predetermined portion of semiconductor substrate 90
through a field oxidation process, to define the active regions
on which cell transistors and ferroelectric capacitors will be
formed.

[0071] Referring to FIG. 95, in order to form the first and
second split word lines SWL1 and SWL2 constructing one
SWL unit cell, a gate oxide layer 92, a polysilicon layer 93
for forming the gates and word lines, a conductive barrier
layer 94 and a first capacitor electrode layer 95 are sequen-
tially formed on the overall surface of semiconductor sub-
strate 90 including the active regions. The stacked layers are
patterned through photolithography, to form the first and
second split word lines 93a and 93b.

[0072] The conductive barrier layer 94 may be oxidized by
subsequent heat treatment, resulting in a material layer with
a high resistance. To prevent this, the patterned fist capacitor
electrode 95 and the polysilicon layer 93 for forming the
gates and word lines come into contact with each other on
a portion of a peripheral circuit region. The first capacitor
electrode 95 is preferably formed of a metal, preferably Pt.

[0073] Referring to FIG. 9¢, N+ impurities are implanted
into exposed active regions using the patterned first and
second split word lines 93z and 93b as a mask, and a heat
treatment is performed to form the source and drain regions
96. Referring to FIG. 94, a first thin oxide layer 97a is
formed on the overall surface of the substrate on which first
and second split word lines 934 and 93b are formed.
Referring to FIG. 9¢, a planarizing insulation layer 98 is
formed on the first thin oxide layer 974, which fills the areas
between the first and second split word lines 93a and 93b.
The planarizing insulation layer 98 may be formed of SOG
or BPSG.

[0074] Referring to FIGS. 9f and 9g, when planarizing
insulation layer 98 is formed of SOG, it is heat-treated at 800
to 900° C. to shrink its volume by 20 to 30%. By doing so,
the SOG is prevented from flowing during subsequent heat
cycles, thereby preventing deterioration of the device. After
improving the viscosity of the planarizing insulation layer
98, it is removed by a predetermined thickness by an
etchback process. Here, a portion of the first oxide layer 974,
placed on the first capacitor electrode 95, is also removed to
expose the first capacitor electrode 95.

[0075] Referring to FIG. 94, a ferroelectric layer 99 is
formed on the overall surface of the substrate including the
exposed first capacitor electrode 95. Referring to FIG. 9, a
metal, such as Pt, is deposited on the ferroelectric layer 99
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to form the second capacitor electrode layer 100. Referring
to FIG. 9j, the second capacitor electrode layer 100 is
patterned to form a second capacitor electrode 100a, serving
as the capacitor plate electrode.

[0076] Referring to FIG. 9%, a second oxide layer 97b is
formed on the overall surface of the substrate including the
second capacitor electrode 10a. Referring to FIG. 91, por-
tions of the second oxide layer 97b, the ferroelectric layer
99, the planarizing insulation layer 98 and the first oxide
layer 974, which are placed on one of the source and drain
regions formed on both sides of first and second split word
lines 93a and 93b, are selectively removed, thereby forming
a contact hole 101.

[0077] Referring to FIG. 9m, a contact plug 102 is formed
to fill the contact hole 101. Referring to FIG. 9n, a third
oxide layer 97c is formed on the overall surface of the
substrate including the contact plug 102. Referring to FIG.
90, portions of the third oxide layer 97¢c, the second oxide
layer 97b, the ferroelectric layer 99, the planarizing insula-
tion layer 98 and the first oxide layer 97a, which are placed
on the other source and drain regions formed on both sides
of the first and second split word lines 93a and 93b, are
selectively removed, thereby forming a contact hole 103 for
allowing the bit line to come into contact with the other
electrode of the cell transistor. Referring to FIG. 9p, a metal
for forming the bit line is deposited on the overall surface of
the substrate including the contact hole 103 and patterned, to
form the first and second bit lines 104a and 104b perpen-
dicular to the first and second split word lines 93a and 93b.

[0078] FIGS. 10a-10q illustrate another plan and cross
section view of the ferroelectric memory having the block
layout layer structure of FIG. 8 according to the first
preferred embodiment of the present invention. As illus-
trated in FIG. 10g, which is the final semiconductor layout,
a semiconductor substrate 90 has the active regions defined
by an isolation layer 91 formed on an isolation region. First
and second split word lines 93a and 93b are isolated from
the substrate by a gate oxide layer 92 and are formed over
the active region in the first direction.

[0079] Source and drain regions 96 are formed in portions
of semiconductor substrate 90 and are placed on both sides
of first and second split word lines 93a and 93b. A conduc-
tive barrier layer 94 is deposited on the first and second split
word lines 93a and 935, and has the same size as the split
word lines. A first capacitor electrode 95, a first oxide layer
97a formed on a portion of the side of first capacitor
electrode 95 and semiconductor substrate 90, and ferroelec-
tric layer 99 are formed on first capacitor electrode 95 and
a second capacitor electrode 100a.

[0080] A conductive connection layer 102a comes into
contact with a second capacitor electrode 100a and one of
source and drain regions 96. A first and second bit lines 104a
and 104b, which are isolated from their neighboring layers
by second and third oxide layers 97b and 97c¢ and are
arranged over the active region in the second direction, come
into contact with the other source and drain regions 96. A
third oxide layer 97¢ is formed sufficiently thick so as to
bury the space between first and second split word lines 93a
and 93b, improving flatness of the substrate.

[0081] One unit SWL cell is constructed in such a manner
that one active region includes the ferroelectric capacitor
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FC2 whose electrodes are connected to the transistors T1
and T2, and neighboring active region includes the ferro-
electric capacitor FC1 whose electrodes are connected to the
transistors T2 and T1. Ferroelectric capacitors FC1 and FC2
have the same configuration, being arranged symmetrically.

[0082] When the semiconductor substrate 91 is divided
into rectangular blocks with longer and shorter sides, and the
neighboring four blocks placed at a certain region, the first,
second, third and fourth blocks, clockwise, are respectively
referred to as first block A, first block B, second block A and
second block B. This four-block structure is repeated in the
substrate with one active region formed over adjacent first
block A and the second block A, which are arranged in
diagonal direction. The adjacent active region is formed on
the first block B horizontally located next to the first block
A, and the second block B is vertically located next to the
second block A. These first and blocks B are arranged
diagonally from each other. The first direction is perpen-
dicular to the longer sides of the blocks A and B, and second
direction is parallel with the longer sides of the blocks A and
B.

[0083] FIGS. 10z to 10q illustrate the method according
to a second preferred embodiment of the present invention.
Referring to FIG. 104, an isolation layer 91 is formed on a
predetermined portion of semiconductor substrate 90
through a field oxidation process to define the active regions
on which cell transistors and ferroelectric capacitors will be
formed. Referring to FIG. 10, in order to form the first and
second split word lines SWL1 and SWL2 constructing one
SWL unit cell, a gate oxide layer 92, a conductive material
layer 93 for forming the gates and word lines, a conductive
barrier layer 94 and a first capacitor electrode layer 95 are
sequentially formed on the overall surface of semiconductor
substrate 90 including the active regions.

[0084] The stacked layers are patterned through photoli-
thography to form the first and second split word lines 93a
and 93b. The conductive barrier layer 94 may be oxidized by
a subsequent heat treatment, to be changed into a material
layer with a high resistance. To prevent this, the patterned
first capacitor-electrode 95 and the conductive material layer
93 for forming the gates and word lines come into contact
with each other on a portion of the peripheral circuit region.
The first capacitor electrode 95 is preferably formed of a
metal like Pt.

[0085] Referring to FIG. 10c, N+ impurities are implanted
into the exposed active regions using the patterned first and
second split word lines 93a and 93b as a mask, and heat
treated to form the source and drain regions 96. Referring to
FIG. 104, a first thin oxide layer 974 is formed on the overall
surface of the substrate on which the first and second split
word lines 93a and 93b are formed. Referring to FIG. 10e,
a photoresist layer 98a is formed on the first thin oxide layer
97a to fill the area between the first and second split word
lines 93a and 93b.

[0086] Referring to FIGS. 10f and 10g, a photoresist layer
984 is removed by a predetermined thickness by an etchback
process, and a portion of the first oxide layer 984, which is
placed on first capacitor electrode 95 is etched back, to
expose first capacitor electrode 95. The photoresist layer 98a
is then removed, as shown in FIG. 104. Referring to FIG.
10i, a ferroelectric layer 99 is formed on the overall surface
of the substrate including the exposed first capacitor elec-
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trode 95. Referring to FIG. 10j, a metal layer, such as P, is
deposited on the ferroelectric layer 99 to form a second
capacitor electrode layer 100.

[0087] Referring to FIG. 10k, the second capacitor elec-
trode layer 100 is patterned to form a second capacitor
electrode 100z serving as the capacitor plate electrode.
Referring to FIG. 101, a second oxide layer 97b is formed
on the overall surface of the substrate including the second
capacitor electrode 100a. Referring to FIG. 10m, portions of
the second oxide layer 975, the ferroelectric layer 99 and the
first oxide layer 97a, placed on one of the source and drain
regions formed on both sides of first and second split word
lines 93a and 93b, are selectively removed, thereby forming
a contact hole 101 for allowing one electrode of the capaci-
tor to come into contact with one electrode of the cell
transistor.

[0088] Referring to FIG. 10n, a conductive connection
layer 1024 is formed on the inner wall of the contact hole
101 and on a portion of second oxide layer 97b. Referring
to FIG. 100, a third oxide layer 97¢ is formed with a
sufficient thickness on the overall surface of the substrate
including the conductive connection line 1024, fill the area
between the first and second split word lines 93a and 93b.

[0089] Referring to FIG. 10p, portions of the third oxide
layer 97¢, the second oxide layer 975, the ferroelectric layer
99 and the first oxide layer 974, which are placed on the
other source and drain regions formed on both sides of the
first and second split word lines 93a and 93b, are selectively
removed, thereby forming a contact hole 103 for allowing a
bit line to come into contact with the other electrode of the
cell transistor. Referring to FIG. 10g, a metal layer is
deposited on the overall surface of the substrate including
the contact hole 103 and patterned, to form first and second
bit lines 104 and 104) perpendicular to the first and second
split word lines 93a and 93b.

[0090] FIG. 11 illustrates another example of a block
layout of the ferroelectric memory device according to the
second preferred embodiment of the present invention.
Shunt split word lines SSWL1 and SSWL2, each of which
is connected to one capacitor of each ferroelectric capacitor,
are added to split word lines SWL1 and SWIL.2. Two pieces
of data can be stored per unit SWL memory cell where a pair
of split word lines SWL1 and SWIL2 including the shunt
split word lines SSWL1 and SSWL2 corresponds to one
row, and a pair of bit lines Bit_n and Bit_n+1 comprises two
columns.

[0091] The unit SWL memory cell includes the first and
second split word lines SWL1 and SWL2 arranged parallel
with each other, and the first and second shunt split word
lines SSWL1 and SSWI2 branching from the first and
second split word lines SWL1 and SWL2 respectively. A
first transistor T1 includes a gate connected to the first split
word line SWL1, and a second transistor T2 includes a gate
connected to the second split word line SWL2.

[0092] Abit line Bit_n is connected to one electrode, e.g.,
drain, of the first transistor T1 and the bit line Bit_n is
arranged perpendicular to the first and second split word
lines SWL1 and SWL2. A bit line Bit_n+1 is connected to
one electrode, e.g., drain, of the second transistor T2, and is
arranged parallel with the bit line Bit_n and perpendicular to
-die first and second split word lines SWL1 and SWL2.
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[0093] A first ferroelectric capacitor FC1 includes a sec-
ond electrode connected to the other electrode, e.g., source,
of the first transistor T1, and the first electrode connected to
the second shunt split word line SSWL2. A second ferro-
electric capacitor FC2 includes a second electrode connected
to the other electrode, e.g., source, of the second transistor
T2, and a first electrode connected to the first shunt split
word line SSWLI.

[0094] In this second preferred embodiment of the present
invention, the unit SWL cell (the basic unit for storing two
pieces of data) is formed over an area covering two blocks
A and B. The block A corresponds to an active region
isolated by the isolation layer, and the block B corresponds
to the adjacent active region. The block A includes the first
transistor T1, the first ferroelectric capacitor FC1, the bit line
Bit_n, the node 1 (N1) and the first shunt split word line
SSWLL1, and the block B includes the second transistor T2,
the second ferroelectric capacitor FC2, the bit line Bit_n+1,
the node 2 (N2) and the second shunt split word line
SSWL2.

[0095] The plan view and cross section of the ferroelectric
memory according to the second preferred embodiment of
the present invention are illustrated in FIGS. 124 to 12i with
reference to FIG. 12f illustrating the resulting device, a
semiconductor substrate 90 includes active regions defined
by an isolation layer 91 formed on a predetermined isolation
region. The first and second split word lines 93a and 93b are
isolated from the substrate by a gate oxide layer 92 and are
formed over the active regions in the first direction. The
source and drain regions 96 are placed on both sides of the
first and second split word lines 93a and 93b.

[0096] A first interlevel insulating layer 1054 is formed on
a predetermined region of the substrate other than the
regions of the source and drain regions 96. The first and
second bit lines 104a and 1045 are isolated from neighbor-
ing layers by first and second interlevel insulating layers
105a and 105b and are arranged on the active regions in the
second direction, which come into contact with one of
source and drain regions 96.

[0097] A first capacitor electrode 95 is formed over the
first and second split word lines 93a and 93b in a cylindrical
shape (bottom and cylinder), and comes into contact with the
other source and drain regions 96. A ferroelectric layer 99 is
formed on the inner wall of the first capacitor electrode 95,
and a second capacitor electrode 100 filled in the cylinder of
the first capacitor electrode 95 on which ferroelectric layer
99 is formed. The first and second shunt split word lines
109a and 1095 are partly isolated from the second capacitor
electrode 100 by a third interlevel insulating layer 105¢, and
come into contact with a predetermined portion of the
second capacitor electrode 100.

[0098] One unit SWL cell is constructed in such a manner
that one active region includes the transistor T1 and the
ferroelectric capacitor FC1 having the second electrode
connected to the source of the transistor T1, and a neigh-
boring active region includes the transistor T2 and ferro-
electric capacitor FC2 having the second electrode con-
nected to the source of the transistor T2. Ferroelectric
capacitors FC1 and FC2 have the same configuration, and
are arranged symmetrically. The division of the blocks A and
B are the same as the previous embodiments.

[0099] Referring to FIG. 124, an isolation layer 91 is
formed on a predetermined portion of the semiconductor

Feb. 9, 2006

substrate 90 through field oxidation, to define active regions
on which cell transistors and ferroelectric capacitors will be
formed. Referring to FIG. 125, a gate oxide layer 92 and a
polysilicon layer for forming gates and word lines are
sequentially formed on the overall surface of semiconductor
substrate 90, and then patterned through photolithography,
to form the first and second split word lines 93a and 93b.

[0100] Referring to FIG. 12¢, N+ impurities are implanted
into exposed active regions using the first and second split
word lines 93a and 93b as a mask, and heat treated to form
the source and drain regions 96. Referring to FIG. 124, the
first interlevel insulating layer 105a is formed on the overall
surface of the substrate on which first and second split word
lines 93a and 93b are formed, and a portion of the first
interlevel insulating layer, placed on one of source and drain
regions 96, is selectively removed, to form a bit line contact
hole 106. Referring to FIG. 12¢, a metal layer 104 is
deposited on the overall surface of the first interlevel insu-
lating layer 1054 including the bit line contact hole 106, to
be buried in the bit line contact hole 106. Thereafter, the
metal layer is patterned to form the first and second bit lines
1042 and 104b perpendicular to the first and second split
word lines 93a and 93b.

[0101] Referring to FIG. 12f, the second interlevel insu-
lating layer 1055 is formed on the overall surface of the
substrate including the first and second bit lines 104a and
104b. Portions of the second interlevel insulating layer 1055,
the first bit line 1044 (second bit line 1045 in case of block
B) and the first interlevel insulating layer 105 are selectively
removed to form a capacitor contact hole 107. Referring to
FIG. 12g, a conductive layer and an interlevel insulating
layer (not shown) are formed on the overall surface of the
substrate including capacitor contact hole 107, and then
patterned to be left only on regions where the capacitors will
be formed.

[0102] Another conductive layer is formed on the overall
surface of the substrate including the patterned interlevel
insulating layer and etched back, to be buried in capacitor
contact hole 107 and to be left on the sides of the patterned
interlevel insulating layer in the form of sidewall, forming
first capacitor electrode 95 in a cylindrical shape. Subse-
quently, a ferroelectric layer 99 is formed on the overall
surface of the substrate on which first capacitor electrode 95
is formed, and second capacitor electrode layer 100 is
formed thereon to be buried in the cylinder of the first
capacit or electrode 95. Portions of the second capacitor
electrode layer 100, the ferroelectric layer 99 and the cyl-
inder-shape first capacitor electrode 95 are removed by a
predetermined thickness using CMP process, isolating the
capacitors by the unit cell.

[0103] Referring to FIG. 124, a third interlevel insulating
layer 105¢ is formed on the overall surface of the substrate.
Avportion of the third interlevel insulating layer 105¢, placed
on the second capacitor electrode 100, is selectively
removed, to form a shunt split word line contact hole 108.
Referring to FIG. 124, a metal layer is formed on the third
interlevel insulating layer 105¢ including shunt split word
line contact hole 108, and selectively etched, to form the first
and second shunt split word lines 1092 and 109b. The first
shunt split word line 1092 and the first split word line 93a
come into contact with each other at a predetermined point
of a peripherical region around the cell array, to receive the
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same signal. Similarly, a second shunt split word line 1095
and a second split word line 935 come into contact with each
other at a predetermined point of a peripherical region
around the cell array, so that the same signal can be applied
to the two lines.

[0104] An alternate method of fabricating the ferroelectric
memory device with the unit SWL cell configuration of FIG.
11 according to the second preferred embodiment of the
present invention is illustrated in FIGS. 13a to 13i. Refer-
ring to FIG. 134, an isolation layer 91 is formed on a
predetermined portion of semiconductor substrate 90
through field oxidation to define active regions on which cell
transistors and ferroelectric capacitors will be formed.
Referring to FIG. 13b, a gate oxide layer 92 and a polysili-
con layer for forming the gates and the word lines are
sequentially formed on the overall surface of the semicon-
ductor substrate 90, and then patterned through photolithog-
raphy, to form the first and second split word lines 93a and
95b.

[0105] Referring to FIG. 13¢c, N+ impurities are implanted
into the exposed active regions using the first and second
split word lines 93a and 93b as a mask, and heat treated to
form source and drain regions 96. Referring to FIG. 134, a
first interlevel insulating layer 105a is formed on the overall
surface of the substrate on which first and second split word
lines 93a and 93b are formed. A portion of the first interlevel
insulating layer, placed on one of the source and drain
regions 96, is selectively removed, forming a bit line contact
hole 106. Referring to FIG. 13¢, a metal layer 104 is
deposited on the overall surface of the first interlevel insu-
lating layer 1054 to be buried in the bit line contact hole 106.
Thereafter, the metal layer is patterned to form the first and
second bit lines 104 and 104b perpendicular to the first and
second split word lines 93a and 93b.

[0106] Referring to FIG. 13f, second interlevel insulating
layer 105b is formed on the overall surface of the substrate
including first and second bit lines 104a and 104b. Portions
of the second interlevel insulating layer 105b, the first bit
line 104a (second bit line 1045 in case of block B) and the
first interlevel insulating layer 105 are selectively removed,
to form a capacitor contact hole 107. Referring to FIG. 13g,
the first capacitor electrode layer 95 is formed on the second
interlevel insulating layer 105b, filling the capacitor contact
hole 107. A ferroelectric layer 99 and a second capacitor
electrode layer 100 are sequentially formed thereon. The
second capacitor electrode layer 100, the ferroelectric layer
99 and the first capacitor layer 95 are patterned to form a
capacitor.

[0107] Referring to FIG. 134, a third interlevel insulating
layer 105¢ is formed on the overall surface of the substrate,
and a portion of the third interlevel insulating layer 105c,
placed on second capacitor electrode 100, is selectively
removed to form a shunt split word line contact hole 108.
Referring to FIG. 13;, a metal layer is formed on the third
interlevel insulating layer 105¢ including the shunt split
word line contact hole 108, and selectively etched to form
the first and second shunt split word lines 1092 and 1095.

[0108] The first shunt split word line 109a and the first
split word line 93a come into contact with each other at a
predetermined point of a peripherical region around the cell
array to receive the same signal Similarly, the second shunt
split word line 1095 and the second split word line 935 come
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into contact with each other at a predetermined point of a
peripherical region around the cell array so that the same
signal can be applied to the two lines.

[0109] FIG. 14 illustrates another example of block divi-
sion layout of the ferroelectric memory device according to
a third preferred embodiment of the present invention. Shunt
split word lines SSWL1 and SSWL2, each of which is
connected to one capacitor of each ferroelectric capacitor,
are added to the split word lines SWL1 and SWL2. Refer-
ring to FIG. 14, two pieces of data can be stored per unit
SWL memory cell, a pair of split word lines SWL1 and
SWIL2 (including shunt split word lines SSWL1 and
SSWL2) corresponds to one row, and a pair of bit lines Bit_n
and Bit_n+1 comprises two columns.

[0110] The unit SWL memory cell includes the first and
second split word lines SWL1 and SWL2 arranged parallel
with each other, and the first and second shunt split word
lines SSWL1 and SSWI2 branching from the first and
second split word lines SWL1 and SWL2 respectively. A
first transistor T1 has a gate connected to the first split word
line SWL1, and a second transistor T2 has a gate connected
to the second split word line SWL2. A bit line Bit_n is
connected to one electrode, e.g., drain, of first transistor T1
and is arranged perpendicular to the first and second split
word lines SWL1 and SWL2. A bit line Bit_n+1 is con-
nected to one electrode, e.g., drain of the second transistor
T2, and is arranged parallel with bit line Bit_n and perpen-
dicular to the first and second split word lines SWL1 and
SWIL2.

[0111] A first lower ferroelectric capacitor FC1-1 includes
a second electrode connected to an electrode, e.g., source, of
the first transistor T1, and a first electrode connected to the
second split word line SWL2. A first upper ferroelectric
capacitor FC1-2 includes a second electrode connected to an
electrode, e.g., source, of the transistor T1, and a first
electrode connected to the second shunt split word line
SSWIL2. A second lower ferroelectric capacitor FC2-1
includes a second electrode connected to an electrode, e.g.,
source, of the transistor T2, and a first electrode connected
to the first shunt split word line SSWL1. A second upper
ferroelectric capacitor FC2-2 includes a second electrode
connected to an electrode, e.g., source, of the second tran-
sistor T2, and a first electrode connected to the first split
word line SWLI.

[0112] In this third preferred embodiment of the present
invention, the unit SWL cell (the basic unit for storing two
pieces of data) is formed over an area covering two blocks
A and B. The block A corresponds to an active region
isolated by the isolation layer, and block B corresponds to
the adjacent active region. The block A includes the first
transistor T1, the first lower and upper ferroelectric capaci-
tors FC1-1 and FC1-2, the second lower and upper ferro-
electric capacitors FC2-1 and Ft2-2, the bit line B_n, the
node 1 (N1) and the first shunt split word line SSWL1, and
the block B includes the second transistor T2, the first lower
and upper ferroelectric capacitors FC1-1, FC1-2, the second
lower and upper ferroelectric capacitors, the bit line B_n+1,
node 2 (N2) and the second shunt split word line SSWL2.

[0113] As described above, one unit SWL cell is con-
structed in such a manner that one active region includes the
first transistor T1 and the second lower and upper ferroelec-
tric capacitors FC2-1 and FC2-2. The neighboring active
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region includes the second transistor T2 and first lower and
upper ferroelectric capacitors FC1-1 and FC1-2. The second
electrodes of the second lower and upper ferroelectric
capacitors FC2-1 and FC2-2 are connected to the second
transistor T2. The second electrodes of the first lower and
upper ferroelectric capacitors FC1-1 and FC1-2 are con-
nected to the first transistor T1. The first ferroelectric capaci-
tors FC1-1 and FC1-2 and the second ferroelectric capaci-
tors FC2-1 and FC2-2 have the same configuration and are
arranged syrnrnetrically. Further, the layout of blocks A and
B on a substrate is the same as the previous embodiments.

[0114] A method of fabricating the ferroelectric memory
device according to the third embodiment of the present
invention is illustrated in FIGS. 154 to 157 Referring to
FIG. 154, an isolation layer 91 is formed on a predetermined
portion of a semiconductor substrate 90, through a field
oxidation process, to define the active regions on which cell
transistors and ferroelectric capacitors will be formed.
Referring to FIG. 15b, in order to form the first and second
split word lines SWL1 and SWL2, a gate oxide layer 92, a
polysilicon layer 93, a conductive barrier layer 94 and a first
capacitor electrode layer 95 are sequentially formed on the
overall surface of the semiconductor substrate 90 including
the active regions. The stacked layers are patterned through
photolithography to form the first and second split word
lines 93a and 93b.

[0115] The conductive barrier layer 94 may be oxidized by
subsequent heat treatment to be changed into a material
layer with a high resistance. To prevent this, the patterned
first capacitor electrode 95 and the polysilicon layer 93 come
into contact with each other on a predetermined portion of
the peripheral circuit region. The first capacitor electrode 95
is preferably formed of a metal such as Pt.

[0116] Referring to FIG. 15¢, N+ impurities are implanted
into the exposed active regions using the first and second
split word lines 93a and 93b as a mask, and heat treated to
form the source and drain regions 96. Referring to FIG. 154,
first thin oxide layer 974 is formed on the overall surface of
the substrate. Referring to FIG. 15¢, a planarizing insulation
layer 98 is formed on the first oxide layer 97a to fill an area
between the first and second split word lines 93a and 93b.
The planarizing insulation layer 98 may be formed of SOG
or BPSG.

[0117] Referring to FIGS. 15f and 15g, when the planariz-
ing insulation layer 98 is formed of SOG, it is heat-treated
at a temperature of 800 to 900° C. to shrink the volume by
20 to 30%. By heat treatment, the SOG is prevented from
flowing during subsequent heat cycles and a deterioration of
the characteristic is prevented. After improving the viscosity,
the planarizing insulation layer 98 is removed by a prede-
termined thickness using an etchback process. A portion of
the first oxide layer 97a is also removed to expose the first
capacitor electrode 95.

[0118] Referring to FIG. 15#, first ferroelectric layer 99a
of the lower capacitor is formed on the overall surface of the
substrate including the exposed first capacitor electrode 95.
Referring to FIG. 15/, a metal layer, such as Pt, is deposited
on the first ferroelectric layer 99a to form the second
capacitor electrode layer 100. Referring to FIG. 15j, the
second capacitor electrode layer 100 is patterned to form the
second capacitor electrode 100a.

[0119] Referring to FIG. 15k, a second oxide layer 97b is
formed on the overall surface of the substrate including
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second capacitor electrode 100a. Referring to FIG. 15/,
portions of the second oxide layer 975, the first ferroelectric
layer 99a, the planarizing insulation layer 98 and the first
oxide layer 97a are selectively removed to form a contact
hole 101 for allowing an electrode of the capacitor to come
into contact with one electrode of the cell transistor.

[0120] Referring to FIG. 15m, a contact plug 102 is
formed in the contact hole 101. Referring to FIG. 15x, a
second ferroelectric layer 99b is formed on the overall
surface of the substrate including the contact plug 102.
Referring to FIG. 150, a metal layer for forming the upper
capacitor is formed on second ferroelectric layer 995 and is
patterned to form the first and second shunt split word lines
1094 and 1095 having the same shape as the underlying split
word lines 93a and 93b.

[0121] The first shunt split word line 109a and the first
split word line 93a come into contact with each other at a
predetermined point of a peripherical region around the cell
array to receive the same signal. Similarly, the second shunt
split word line 1096 and the second split word line 93b come
into contact with each other at a predetermined point of a
peripheral region around the cell array so that the same
signal can be applied to the two lines.

[0122] Referring to FIG. 15p, a third oxide layer 97c is
formed on the overall surface of the substrate including the
first and second shunt word lines 1092 and 109b. Referring
to FIG. 15¢, portions of the third oxide layer 97¢, the second
ferroelectric layer 995, the first ferroelectric layer 994, the
planarizing insulation layer 98 and the first oxide layer 97a
are selectively removed to form a contact hole 103 for
allowing the bit line to come into contact with the electrode
of the cell transistor. Referring to FIG. 157 a metal for
forming the bit line is deposited on the overall surface of the
substrate including the contact hole 103 and patterned, to
form the first and second bit lines 104a and 104b perpen-
dicular to the first and second split word lines 93a and 93b.

[0123] The ferroelectric memory device according to the
preferred embodiments of the present invention has various
advantages. The ferroelectric memory device does not have
separate cell plate lines, which allows simplified layouts and
fabrication methods. The gate electrode of the transistor is
designed to be used as an electrode of the ferroelectric
capacitor, resulting in simplifying of the cross section struc-
ture of the ferroelectric memory device. The transistors and
ferroelectric capacitors constructing one SWL unit cell are
arranged in a block or a plurality of blocks, simplifying the
layout structure. Further, the device characteristic is
improved.

[0124] The foregoing embodiments are merely exemplary
and are not to be construed as limiting the present invention.
The present teaching can be readily applied to other types of
apparatuses. The description of the present invention is
intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. In the claims,
means-plus-function clauses are intended to cover the struc-
tures described herein as performing the recited function and
not only structural equivalents but also equivalent structures.

1-12. (canceled)
13. Aword line driver for a memory array having memory
cells arranged in rows and columns, the memory cells in a
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corresponding row being coupled to a pair of split word
lines, the word line driver comprising:

a word line drive control signal generator that receives an
input pulse, adjusts a pulse width of the input pulse, and
executes a first prescribed operation on the input pulse
and the adjusted pulse to generate first, second and third
word line drive control signals;

an address decoding signal generator that executes a
second prescribed operation on the first, second and
third word line drive control signals and first, second,
third and fourth address buffer signals to generate first,
second and third address decoding signals; and

a word line drive signal generator that executes a pre-
scribed third operation on the first, second and third
address decoding signals to generate first and second
word line drive signals which are applied to a corre-
sponding pair of split word lines coupled to a corre-
sponding row of cells, wherein said word line drive
signal generator includes:

a first word line drive signal generator receiving the first
address decoding signal and the second address decod-
ing signal, and executing a first logical operation to
generate the first word line drive signal; and

a second word line drive signal generator receiving the
first address decoding signal and the third address
decoding signal, and executing a second logical opera-
tion to generate the second word line drive signal.

14. The word line driver of claim 13, wherein said word

line drive control signal generator includes:

a first pulse width controller receiving the input pulse,
expanding the pulse width of the input pulse and
therefrom outputting a first pulse having an expanded
pulse width;

a NOR output circuit executing a NOR operation on the
output signal of said first pulse width controller and the
input pulse and outputting a result of the NOR opera-
tion;

a second pulse width controller receiving the output pulse
of said NOR output circuit, expanding the width the
pulse and therefrom outputting a second pulse having a
expanded pulse width;

a first NAND output circuit receiving a signal inverted
from the input pulse, the output pulse of the NOR
output circuit and the output pulse of the second pulse
width controller, executing a filtering operation on
them and outputting the result of the filtering operation;

a second NAND output circuit receiving a signal inverted
from the input pulse, the output pulse of the first NAND
output circuit and the first pulse of the first pulse width
controller, executing a filtering operation on them and
outputting the result of the filtering operation;

a third NAND output circuit receiving a signal which has
a pulse width adjusted in a first stage of said first pulse
width controller and is outputted therefrom and the
output pulses of the first and second NAND output
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circuits, executing a filtering operation on them and
outputting the result of the filtering operation; and

first, second and third word line drive control signal
generators receiving the output pulses of said first,
second and third NAND output circuits and generating
first, second and third word line drive control signals,
respectively.

15. The word line driver of claim 14, wherein said first,
second and third word line drive control signal generators
include a buffer having two inverters coupled in series.

16. The word line driver of claim 14, wherein said first
and second pulse width controllers include a plurality of
inverters in series connection in which at least one inverter
is provided with a pair of PMOS and NMOS whose current
ratio is different from each other, receive the input pulse,
expand a pulse width of the pulse, and output the pulse
having the expanded pulse width.

17. The word line driver of claim 16, wherein the PMOS
having a different current ration from the NMOS in one
inverter has a width to length ratio of 2:4, and the NMOS
having a different current ration from the PMOS in one
inverter has a width to length ration of 4:0.7.

18. The word line driver of claim 16, wherein a width to
length ratio of the PMOS gate of an inverter which does not
adjust the width of the pulse inputted in the first and second
pulse width controller but simply inverts the pulse is 12:0.8
and a width to length ratio of the NMOS gate of the inverter
is 6:0.7.

19. The word line driver of claim 13, wherein said address
decoding signal generator includes:

a first address decoding signal output circuit receiving the
first and second address buffer signals and the first word
line drive control signal, executing a NAND operation
on them, inverting the output of the NAND operation
and generating a first address decoding signal;

a second address decoding signal output circuit receiving
the third and fourth address buffer signals and the
second word line drive control signal, executing a
NAND operation on them, inverting the output of the
NAND operation and generating a second address
decoding signal; and

a third address decoding signal output circuit receiving
the third and fourth address buffer signals and the third
word line drive control signal, executing a NAND
operation on them, inverting the output of the NAND
operation and generating a third address decoding
signal.

20. The word line driver of claim 19, wherein each of said
first, second and third address decoding signal output cir-
cuits includes one NAND gate and an inverter in connection
with the output terminal of said NAND gate.

21. The word line driver of claim 15, wherein each of said
first and second word line drive signal generators includes
one NAND gate and an inverter in connection with the
output terminal of said NAND gate.

22-25. (canceled)



