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(57) ABSTRACT 

Integrated circuit ferroelectric memory devices are manu 
factured by forming a ?rst patterned conductive layer on an 
integrated circuit substrate, to de?ne a loWer capacitor 
electrode and a gate electrode that is spaced apart therefrom. 
A source region and a drain region are formed on opposite 
sides of the gate electrode. Aferroelectric layer is formed on 
the loWer capacitor electrode. An upper capacitor electrode 
is formed on the ferroelectric layer opposite the loWer 
capacitor electrode, to thereby form a ferroelectric capacitor. 
After forming the upper capacitor electrode, an interconnect 
layer is formed that electrically connects the top electrode 
and the source region. A bit line is formed that electrically 
contacts the drain region. Preferably, both the interconnect 
layer and the bit line are formed from the same conductive 
layer. Integrated circuit ferroelectric memory devices 
include an integrated circuit substrate including an elongated 
active region therein, and a pair of spaced apart Word lines 
that cross the elongated active region. A drain region is 
provided in the elongated active region betWeen the pair of 
Word lines. A pair of source regions is provided in the 
elongated active region, a respective one of Which is outside 
the pair of spaced apart Word lines on opposite sides of the 
drain region. A pair of ferroelectric capacitors are provided 
outside the elongated active region. A respective one of the 
ferroelectric capacitors is adjacent a respective one of the 
pair of source regions. An interconnect layer electrically 
connects a respective one of the upper capacitor electrodes 
to a respective one of the source regions and a bit line, 
electrically connected to the drain region and extending 
along the integrated circuit substrate orthogonal to the Word 
lines. 

125 
120 

112 

100 



Patent Application Publication Jan. 10, 2002 Sheet 1 0f 8 US 2002/0004248 A1 

FIG. 1 (PRIOR ART) 
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FERROELECTRIC MEMORY DEVICES 
INCLUDING PATTERNED CONDUCTIVE LAYERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is related to application Ser. No. 
08/869,704, ?led Jun. 5, 1997, entitled “Ferroelectric 
Memory Devices and Fabrication Methods Therefor”, 
assigned to the assignee of the present application, the 
disclosure of Which is hereby incorporated herein by refer 
ence. 

FIELD OF THE INVENTION 

[0002] This invention relates to integrated circuit devices 
and fabrication methods therefor, and more particularly to 
integrated circuit memory devices and fabrication methods 
therefor. 

BACKGROUND OF THE INVENTION 

[0003] Ferroelectric thin ?lms have been used in nonvola 
tile memory devices to form ferroelectric memory devices. 
Ferroelectric memory devices utiliZe the spontaneous polar 
iZation phenomenon of a ferroelectric material to store 
information. High speed read/Write operations may be 
accomplished With ferroelectric memory devices compared 
to conventional Erasable and Programmable Read Only 
Memories (EPROM) or Electrically Erasable and Program 
mable Read Only Memories (EEPROM). 

[0004] Moreover, if a ferroelectric thin ?lm is used as a 
dielectric layer in a cell capacitor of a Dynamic Random 
Access Memory (DRAM), a refresh operation may not be 
required, Which can thereby reduce the poWer consumption 
of the DRAM and can improve the speed thereof. A ferro 
electric memory device can perform read and Write opera 
tions using a single poWer supply voltage similar to a 
Random Access Memory Accordingly, ferroelectric 
memory devices are also referred to as Ferroelectric RAM 

(FRAM) devices. 

[0005] FRAM devices may be classi?ed into tWo catego 
ries based on the unit cells thereof. The ?rst category 
includes devices having unit cells including a transistor in 
Which the ferroelectric ?lm is used as a gate insulating layer. 
The second category includes unit cells having an access 
transistor and a capacitor in Which the ferroelectric ?lm is 
used for the dielectric layer of the capacitor. 

[0006] A FRAM in the ?rst category, including a ferro 
electric ?lm as a gate insulating layer in a transistor, may 
have operational problems. For eXample, a silicon dioxide 
layer may be generated at the interface betWeen a silicon 
substrate and the ferroelectric ?lm Which functions as a gate 
insulator due to a reaction betWeen the silicon substrate and 
oXygen atoms. Moreover, it may be dif?cult to obtain high 
quality ferroelectric ?lms due to the lattice constant differ 
ence or thermal eXpansion coef?cient difference betWeen the 
silicon substrate and the ferroelectric ?lm. 

[0007] For at least these reasons, FRAM devices of the 
second category have also been developed, in Which the 
ferroelectric ?lm is used as the dielectric layer of a cell 
capacitor. These devices may generally have a similar struc 
ture to a cell structure of a DRAM. 
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[0008] FIG. 1 is an equivalent circuit diagram of a con 
ventional unit cell of a FRAM in Which the ferroelectric ?lm 
is used as the dielectric layer of the cell capacitor. In the 
circuit con?guration shoWn in FIG. 1, the gate electrode G 
of an NMOS transistor T is connected to a Word line W. The 
drain region D is connected to a bit line B, and the source 
region S is connected to one electrode of a ferroelectric 
capacitor C. The other electrode of the ferroelectric capaci 
tor C is connected to a plate line P. 

[0009] In conventional FRAM cells as described above, 
multiple masking steps and multiple conductive layers are 
generally used during fabrication. The use of multiple mask 
ing steps and multiple conductive layers may make it 
dif?cult to maintain alignment betWeen layers and masking 
steps, and may thereby limit the integration density, cost 
and/or reliability of integrated circuit ferroelectric devices. 
Accordingly, there continues to be a need for integrated 
circuit ferroelectric memory device manufacturing methods 
and structures that can reduce the number of masking steps 
and/or conductive layers. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to 
provide integrated circuit ferroelectric memory manufactur 
ing methods and structures that can reduce the number of 
masking steps. 

[0011] It is another object of the present invention to 
provide integrated circuit ferroelectric memory manufactur 
ing methods and structures that can reduce the number of 
separate conductive layers that need be used. 

[0012] These and other objects are provided, according to 
the present invention, by methods of manufacturing inte 
grated circuit ferroelectric memory devices Wherein a ?rst 
patterned conductive layer is formed on an integrated circuit 
substrate, to de?ne a loWer capacitor electrode and a gate 
electrode that is spaced apart therefrom. A source region and 
a drain region are formed on opposite sides of the gate 
electrode. A ferroelectric layer is formed on the loWer 
capacitor electrode. An upper capacitor electrode is formed 
on the ferroelectric layer opposite the loWer capacitor elec 
trode, to thereby form a ferroelectric capacitor. Accordingly, 
the ?rst patterned conductive layer is used to de?ne both the 
loWer capacitor electrodes and the gate electrodes for the 
integrated circuit ferroelectric memory device. It Will be 
understood that the step of forming a source region and a 
drain region may precede the step of forming a ?rst pat 
terned conductive layer, such that the gate electrode is 
formed betWeen the source region and the drain region. 

[0013] The loWer capacitor electrode preferably includes a 
loWer capacitor electrode sideWall, and the gate electrode 
preferably includes a gate electrode sideWall. BetWeen the 
steps of forming a ?rst patterned conductive layer and 
forming a source region and a drain region, a loWer capacitor 
electrode sideWall spacer and a gate electrode sideWall 
spacer are preferably formed on the loWer capacitor elec 
trode sideWall and on the gate electrode sideWall respec 
tively. BetWeen the steps of forming a ferroelectric layer and 
forming an upper capacitor electrode, an interlayer dielectric 
layer is preferably formed on the gate electrode, that exposes 
the loWer electrode. 

[0014] The ?rst patterned conductive layer may be formed 
by forming an insulating layer on the integrated circuit 
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substrate, forming a conductive layer on the insulating layer 
and patterning the conductive layer and the insulating layer, 
to form the ?rst patterned conductive layer. Moreover, the 
conductive layer itself may be formed by forming a ?rst 
conductive sublayer on the insulating layer and forming a 
second conductive sublayer on the ?rst conductive sublayer. 
The second conductive sublayer, the ?rst conductive sub 
layer and the insulating layer are then sequentially patterned, 
preferably using a single mask. 

[0015] In another embodiment, the ?rst patterned conduc 
tive layer de?nes a loWer capacitor electrode and a pair of 
gate electrodes that are spaced apart from one another. A 
drain region is formed betWeen the spaced apart gate elec 
trodes and a pair of source regions is formed outside the gate 
electrodes on opposite sides thereof. 

[0016] In forming a ferroelectric layer, the ferroelectric 
layer may be formed on the interlayer dielectric layer and on 
the exposed loWer electrode, and then removed from the 
interlayer dielectric layer so that the ferroelectric layer only 
remains on the exposed loWer electrode. The ferroelectric 
layer may be removed by chemical-mechanical polishing. 

[0017] According to another aspect of the invention, the 
interlayer dielectric layer includes a sideWall on the loWer 
electrode. Prior to forming the ferroelectric layer, a sideWall 
spacer is formed on the dielectric layer sideWall, to reduce 
diffusion from the ferroelectric layer. Moreover, a capping 
layer may be formed on the upper electrode to reduce 
diffusion from the ferroelectric layer through the upper 
electrode. 

[0018] After forming the upper capacitor electrode, an 
interconnect layer is formed that electrically connects the 
top electrode and the source region. Abit line is formed that 
electrically contacts the drain region. Preferably, both the 
interconnect layer and the bit line are formed from the same 
conductive layer. More speci?cally, a second patterned 
conductive layer is formed on the source and drain regions 
and on the top electrode, to de?ne an interconnect layer that 
electrically connects the top electrode and the source region 
and a bit line that electrically contacts the drain region. Thus, 
separate conductive layers need not be used for the top level 
interconnections. Prior to forming the second patterned 
conductive layer, a second interlayer dielectric layer may be 
formed on the source and drain regions and on the upper 
electrode, the second interlayer dielectric layer exposing a 
portion of the source region, the drain region and the upper 
electrode. 

[0019] It Will be understood that the steps of forming a ?rst 
patterned conductive layer to de?ne a loWer capacitor elec 
trode and a gate electrode, and forming a second patterned 
conductive layer to de?ne an interconnect layer and a bit 
line, may be used together or may be used separately. 

[0020] According to yet another aspect of the present 
invention, the ferroelectric layer and the upper capacitor 
layer may also be patterned using a single mask. More 
speci?cally, an unpatterned ferroelectric layer is formed on 
the loWer capacitor electrode, on the gate electrode and on 
the source and drain regions. An unpatterned upper capacitor 
electrode layer is formed on the ferroelectric layer. The 
unpatterned upper capacitor layer and the unpatterned fer 
roelectric layer are then patterned, to thereby form a pat 
terned ferroelectric and a patterned upper electrode of a 
ferroelectric capacitor. 
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[0021] Integrated circuit ferroelectric memory devices 
according to the invention comprise an integrated circuit 
substrate including an elongated active region therein, and a 
pair of spaced apart Word lines that cross the elongated 
active region. A drain region is provided in the elongated 
active region betWeen the pair of Word lines. Apair of source 
regions is provided in the elongated active region, a respec 
tive one of Which is outside the pair of spaced apart Word 
lines on opposite sides of the drain region. A pair of 
ferroelectric capacitors are provided outside the elongated 
active region. Arespective one of the ferroelectric capacitors 
is adjacent a respective one of the pair of source regions. 

[0022] Each of the ferroelectric capacitors includes a 
loWer electrode on the integrated circuit substrate, extending 
along the integrated circuit substrate parallel to the Word 
lines to de?ne a plate line. A ferroelectric layer is provided 
on the loWer electrode opposite the integrated circuit sub 
strate. An upper electrode is provided on the ferroelectric 
layer opposite the loWer electrode. 

[0023] Integrated circuit ferroelectric devices according to 
the invention also include an interconnect layer that electri 
cally connects a respective one of the upper electrodes to a 
respective one of the source regions and a bit line, electri 
cally connected to the drain region and extending along the 
integrated circuit substrate orthogonal to the Word lines. In 
preferred embodiments of the invention, a ?rst conductive 
layer is included, and the pair of spaced apart Word lines and 
the loWer electrodes comprise ?rst and second portions 
respectively of the ?rst conductive layer. The ?rst conduc 
tive layer more preferably comprises a ?rst sublayer includ 
ing doped polysilicon and a second sublayer on the ?rst 
sublayer. The second sublayer preferably comprises at least 
one of platinum, iridium, ruthenium, tungsten iridium oxide, 
rhenium oxide and ruthenium oxide. 

[0024] A second conductive layer is also preferably pro 
vided. The interconnect layer and the bit line preferably 
comprise ?rst and second portions respectively of the second 
conductive layer. The second conductive layer preferably 
comprises at least one of doped polysilicon tungsten and 
aluminum. 

[0025] A sideWall spacer may be provided on the ferro 
electric layer sideWall that reduces diffusion from the fer 
roelectric layer. The sideWall spacer preferably comprises 
aluminum oxide. Acapping layer is also preferably provided 
on the upper electrode opposite the ferroelectric layer, to 
reduce diffusion from the ferroelectric layer through the 
upper electrode. The capping layer preferably comprises 
titanium oxide. The ferroelectric layer preferably comprises 
at least one of PZT, PLZT and Yi, and the upper electrode 
preferably comprises the same material as the second sub 
layer. Accordingly, integrated circuit ferroelectric memory 
device fabrication methods and structures are provided that 
can use feWer conductive layers and/or masking steps to 
alloW high density, improved reliability and/or reduced 
costs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is an equivalent circuit diagram of a unit 
cell of a conventional ferroelectric memory device. 

[0027] FIG. 2 is a layout of a pair of cells of a cell array 
region of integrated circuit ferroelectric memory devices 
according to the present invention. 
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[0028] FIGS. 3 through 12 are cross-sectional views 
illustrating methods for fabricating integrated circuit ferro 
electric memory devices according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0029] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to 
those skilled in the art. In the draWings, the thickness of 
layers and regions are exaggerated for clarity. Like numbers 
refer to like elements throughout. It Will be understood that 
When an element such as a layer, region or substrate is 
referred to as being “on” another element, it can be directly 
on the other element or intervening elements may also be 
present. In contrast, When an element is referred to as being 
“directly on” another element, there are no intervening 
elements present. Moreover, each embodiment described 
and illustrated herein includes its complementary conduc 
tivity type embodiment as Well. 

[0030] In a cell array region of integrated circuit ferro 
electric memory devices according to the present invention, 
also referred to as a FRAM, a pair of cells shoWn in FIG. 2 
are repeatedly arranged in a matrix in an integrated circuit 
substrate. 

[0031] Referring to FIG. 2, paired cells of a FRAM 
according to the present invention include an elongated 
active region AWhich is de?ned by forming an isolation ?lm 
as an inactive region in a predetermined region of an 
integrated circuit substrate such as a P-type semiconductor 
substrate. A pair of spaced apart Word lines 105 extend 
parallel to each other, crossing the active region A. A drain 
region is provided in the active region betWeen the pair of 
Word lines 105. A pair of source regions are provided in the 
active region outside the Word lines and on opposite sides of 
the drain region. The Word lines 105 act as gate electrodes, 
and the drain and source regions are doped With N-type 
dopants. 

[0032] Paired cells of a ferroelectric memory device 
according to the present invention include a pair of loWer 
electrodes 108 in the inactive regions adjacent the source 
regions, extending in a direction perpendicular to the active 
region A, i.e., parallel to the Word lines 105. A ferroelectric 
layer 130 is provided on each loWer electrode 118. Apair of 
upper electrodes 140 are provided on the ferroelectric layer 
130. 

[0033] An interconnection layer 180 connects the upper 
electrodes 140 and the source regions of the active region A 
via ?rst interconnection contacts 160 in predetermined 
regions of the upper electrodes 140, and second intercon 
nection contacts 162 in predetermined regions of the source 
regions. The loWer electrodes 118 extend along the inte 
grated circuit substrate parallel to the Word lines 105 to 
de?ne plate lines. 

[0034] Also, paired cells of ferroelectric memory devices 
according to the present invention include a bit contact 164 
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formed in a predetermined region of the drain region. A bit 
line 190 extends orthogonal to the Word lines 105, contact 
ing the bit contact 164. 

[0035] FIGS. 3 through 12 are cross-sectional vieWs 
illustrating methods for fabricating one cell of a FRAM 
shoWn in FIG. 2, according to the present invention. 

[0036] Referring noW to FIG. 3, a gate insulation layer 
102 is formed on a P-type semiconductor substrate 100 in 
Which an active region and an inactive region are de?ned by 
an isolation layer 101. A ?rst conductive sublayer 103 and 
a second conductive sublayer 104 are sequentially formed to 
form an electrode layer. The ?rst conductive layer 103 may 
comprise a polysilicon layer doped With impurities, and the 
second conductive layer 104 may comprise at least one of 
platinum (Pt), iridium (Ir), ruthenium (Ru), tungsten (W), 
iridium oxide (Ir2O3), rhenium oxide (ReO2) and ruthenium 
oxide (RuOZ). 

[0037] Referring to FIG. 4, the electrode layer comprised 
of the ?rst and second conductive sublayers 103 and 104, 
and the gate insulation ?lm 102 are patterned to form a gate 
electrode 105 in the active region of the semiconductor 
substrate 100, and a loWer capacitor electrode 108 in the 
inactive region, Which extends parallel to the gate electrode 
105. The loWer electrode 108 also forms a plate line. 

[0038] Referring to FIG. 5, insulating sideWall spacers 
106 and 109 formed of nitride for example, are formed on 
the sideWalls of the gate electrode 105 and the loWer 
electrode 108, respectively. An N-type source region 112 
and a drain region 114 are formed on opposite sides of the 
gate electrode 105, thereby forming a transistor on the 
semiconductor substrate 100. It Will be understood that the 
gate electrode 105 may also be formed after the source and 
drain regions 112 and 114. 

[0039] Referring to FIG. 6, an insulating layer formed of 
borophosphosilicate glass (BPSG) for example, is formed on 
the transistor and the loWer electrode 108. The insulating 
layer is patterned such that an opening exposing only the 
upper surface of the loWer electrode 108 is formed, thereby 
forming a ?rst interlayer dielectric (ILD) layer 120. 

[0040] Referring to FIG. 7, an insulation layer 125 for 
reducing and preferably preventing diffusion is formed on 
the ?rst ILD layer 120. The insulation layer 125 forms a 
barrier layer capable of reducing or preventing diffusion 
betWeen a ferroelectric material forming the ?rst ILD layer 
120. Here, the insulation layer 125 may be formed of a 
material such as aluminum oxide (A1203) or titanium oxide 

(TiOZ). 
[0041] Referring to FIG. 8, the insulation layer 125 is 
etched by reactive ion etching (RIE), thereby exposing the 
upper surface of the loWer electrode 108 and simultaneously 
forming a barrier layer 128 having a sideWall spacer shape 
on the sideWall of the ?rst ILD layer 120. The step of 
forming the barrier layer 128, illustrated With reference to 
FIGS. 7 and 8 is optional and may be omitted. 

[0042] Referring to FIG. 9, a ferroelectric layer 130 is 
formed by ?lling ferroelectric material in the opening. In 
detail, a blanket (unpatterned) ferroelectric layer is formed 
using ferroelectric material such as PZT (PbZrXTi1_XO3), 
PLZT (PZT doped With lanthanum (La)) and Yi, by a sol-gel 
process, sputtering method or chemical vapor deposition 
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(CVD) method. Other materials and methods may be used. 
Then, the blanket ferroelectric ?lm is selectively removed by 
an etch back method or chemical mechanical polishing 
(CMP) method, preferably until its height becomes equal to 
that of the upper surface of the ?rst ILD layer 120, thereby 
forming the ferroelectric layer 130 ?lling the opening. 

[0043] Referring to FIG. 10, an upper electrode 140 is 
formed on the ferroelectric layer 130. In order to form the 
upper electrode 140, a blanket conductive layer is formed. 
The blanket conductive layer preferably comprises at least 
one of Pt, Ir, Ru, W, Ir2O3, ReO2 and RuO2. Then, the 
blanket conductive layer is patterned to remain only on the 
ferroelectric layer 130. 

[0044] In the embodiment illustrated With reference to 
FIGS. 9 and 10, the ferroelectric layer 130 and the upper 
electrode 140 are separately formed. HoWever, the present 
invention is not limited to this embodiment. According to 
another method for forming the ferroelectric layer 130 and 
the upper electrode 140, a ferroelectric material such as PZT, 
PLZT or Yi, is blanket coated by a sol-gel method. Then, a 
blanket conductive layer is formed on the blanket ferroelec 
tric ?lm, using at least one of Pt, Ir, Ru, W, Ir2O3, ReO2 and 
RuO2. Then, the conductive layer for the upper electrode and 
the ferroelectric layer are patterned in one etching step to 
form the ferroelectric layer 130 and the upper electrode 140 
Which are stacked in sequence on the loWer electrode 108. 
As a result, a ferroelectric capacitor including the loWer 
electrode 108, the ferroelectric layer 130 and the upper 
electrode 140 is completed. 

[0045] Referring to FIG. 11, a capping layer 145 covering 
the upper electrode 140 is formed. The capping layer 145 
reduces and preferably prevents diffusion from the ferro 
electric ?lm 130 via the upper electrode 140. The capping 
layer 145 may comprise TiO2 or A1203. Then, a second ILD 
layer 150 comprising oxide is formed, for example by CVD. 

[0046] Referring to FIG. 12, the second ILD layer 150, the 
?rst ILD layer 120 and the capping layer 145 are etched by 
a dry etching method using plasma, to form a ?rst intercon 
nection contact hole 150A partially exposing the upper 
surface of the upper electrode 140 of the ferroelectric 
capacitor, a second interconnection contact hole 150B par 
tially exposing the source region 112, and a bit contact hole 
150C partially exposing the drain region 114. 

[0047] Still referring to FIG. 12, the unpatterned layer of 
impurity-doped polysilicon, tungsten or metal such as alu 
minum is deposited, and then patterned to form an inter 
connection layer 180 for electrically connecting the upper 
electrode 140 and the source region 112 via the ?rst inter 
connection contact 160 of the ?rst interconnection contact 
hole 150A and the second interconnection contact 162 of the 
second interconnection contact hole 150B. Simultaneously, 
a bit line 190 Which is connected to the drain region 114 via 
the bit contact 164 in the bit contact hole 150C is formed. 
The bit line 190 extends perpendicular to the gate electrode 
105. 

[0048] Accordingly, the loWer electrode of the ferroelec 
tric capacitor can be directly used as a plate line. Thus, extra 
steps of forming a contact hole connecting the electrode of 
the capacitor and the plate line, and of forming a metal 
interconnection layer for forming the plate line, may be 
eliminated. Also, the gate electrode and the loWer electrode 
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of the ferroelectric capacitor can be formed at the same time, 
and the interconnection layer connecting the upper electrode 
of the ferroelectric capacitor With the source region of the 
semiconductor substrate and the bit line can be formed 
simultaneously, thereby alloWing a simpli?ed manufactur 
ing process. 

[0049] Also, since the source region of the semiconductor 
substrate and the upper electrode of the ferroelectric capaci 
tor may be connected via the interconnection layer, much of 
the area occupied by the loWer electrode can be used as an 
effective area of the ferroelectric capacitor. Thus, the effec 
tive area of the capacitor may be increased compared to 
Where the source region is connected to the loWer electrode. 
Denser integration in the cell may therefore be provided. 

[0050] Finally, the ferroelectric ?lm of the ferroelectric 
capacitor may be formed by ?lling the opening in the ILD 
layer With ferroelectric material. Thus, damage to the side 
Wall of the ferroelectric layer caused during etching, can be 
reduced and preferably prevented. This contrasts With con 
ventional methods Where a dry etching method is used to 
form the ferroelectric ?lm. 

[0051] In the draWings and speci?cation, there have been 
disclosed typical preferred embodiments of the invention 
and, although speci?c terms are employed, they are used in 
a generic and descriptive sense only and not for purposes of 
limitation, the scope of the invention being set forth in the 
folloWing claims. 

What is claimed is: 
1. A method for manufacturing an integrated circuit 

ferroelectric memory device, comprising the steps of: 

forming a ?rst patterned conductive layer on an integrated 
circuit substrate to de?ne a loWer capacitor electrode 
and a gate electrode that is spaced apart therefrom; 

forming a source region and a drain region on opposite 
sides of the gate electrode; 

forming a ferroelectric layer on the loWer capacitor elec 
trode; and 

forming an upper capacitor electrode on the ferroelectric 
layer opposite the loWer capacitor electrode, to thereby 
form a ferroelectric capacitor. 

2. A method according to claim 1 Wherein the step of 
forming a source region and a drain region precedes the step 
of forming a ?rst patterned conductive layer, such that the 
gate electrode is formed betWeen the source region and drain 
region. 

3. A method according to claim 1 Wherein the loWer 
capacitor electrode includes a loWer capacitor electrode 
sideWall, Wherein the gate electrode includes a gate elec 
trode sideWall and Wherein the folloWing step is performed 
betWeen the steps of forming a ?rst patterned conductive 
layer and forming a source region and a drain region: 

forming a loWer capacitor electrode sideWall spacer and a 
gate electrode sideWall spacer on the loWer capacitor 
electrode sideWall and on the gate electrode sideWall, 
respectively. 

4. A method according to claim 1 Wherein the folloWing 
step is performed betWeen the steps of forming a ferroelec 
tric layer and forming an upper capacitor electrode: 
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forming an interlayer dielectric layer on the gate electrode 
that exposes the loWer electrode. 

5. A method according to claim 1 Wherein the step of 
forming a ?rst patterned conductive layer comprises the 
steps of: 

forming an insulating layer on the integrated circuit 
substrate; 

forming a conductive layer on the insulating layer oppo 
site the integrated circuit substrate; and 

patterning the conductive layer and the insulating layer to 
form the ?rst patterned conductive layer. 

6. A method according to claim 5 Wherein the step of 
forming a conductive layer comprises the steps of: 

forming a ?rst conductive sublayer on the insulating 
layer; and 

forming a second conductive sublayer on the ?rst con 
ductive sublayer; and 

Wherein the step of patterning the conductive layer and 
the insulating layer comprises the step of patterning the 
second conductive sublayer, the ?rst conductive sub 
layer and the insulating layer. 

7. A method according to claim 1: 

Wherein the step of forming a ?rst patterned conductor 
layer comprises the step of forming a ?rst patterned 
conductive layer on an integrated circuit substrate to 
de?ne a loWer capacitor electrode and a pair of gate 
electrodes that are spaced apart from one another; and 

Wherein the step of forming a source region and a drain 
region comprises the step of forming a drain region 
betWeen the spaced apart gate electrodes and forming a 
pair of source regions outside the gate electrodes, on 
opposite sides thereof. 

8. A method according to claim 4 Wherein the step of 
forming a ferroelectric layer comprises the steps of: 

forming a ferroelectric layer on the interlayer dielectric 
layer and on the eXposed loWer electrode; and 

removing the ferroelectric layer from on the interlayer 
dielectric layer so that the ferroelectric layer only 
remains on the eXposed loWer electrode. 

9. A method according to claim 8 Wherein the removing 
step comprises the step of chemical-mechanical polishing 
the ferroelectric layer. 

10. A method according to claim 4 Wherein the interlayer 
dielectric layer includes a sideWall on the loWer electrode, 
and Wherein the folloWing step is performed prior to the step 
of forming a ferroelectric layer: 

forming a sideWall spacer on the dielectric layer sideWall, 
to reduce diffusion from the ferroelectric layer. 

11. A method according to claim 1 Wherein the step of 
forming an upper capacitor electrode is folloWed by the 
steps of: 

forming a second patterned conductive layer on the source 
and drain regions and on the top electrode, to de?ne an 
interconnect layer that electrically connects the top 
electrode and the source region, and a bit line that 
electrically contacts the drain region. 

12. A method according to claim 11 Wherein the step of 
forming a second patterned conductive layer is preceded by 
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the step of forming a second interlayer dielectric layer on the 
source and drain regions and on the upper electrode, the 
second interlayer dielectric layer eXposing a portion of the 
source region, the drain region and the upper electrode. 

13. A method according to claim 12 Wherein the step of 
forming a second interlayer dielectric layer is folloWed by 
the step of forming a capping layer on the upper electrode, 
to reduce diffusion from the ferroelectric layer through the 
upper electrode. 

14. A method for manufacturing an integrated circuit 
ferroelectric memory device, comprising the steps of: 

forming a ?rst patterned conductive layer on an integrated 
circuit substrate to de?ne a loWer capacitor electrode 
and a gate electrode that is spaced apart therefrom; 

forming a source region and a drain region on opposite 
sides of the gate electrode; 

forming an unpatterned ferroelectric layer on the loWer 
capacitor electrode, the gate electrode and the source 
and drain regions; 

forming an unpatterned upper capacitor electrode layer on 
the ferroelectric layer; and 

patterning the unpatterned upper capacitor layer and the 
unpatterned ferroelectric layer, to thereby form a pat 
terned ferroelectric layer and a patterned upper elec 
trode of a ferroelectric capacitor. 

15. A method according to claim 14 Wherein the step of 
forming a source region and a drain region precedes the step 
of forming a ?rst patterned conductive layer, such that the 
gate electrode is formed betWeen the source region and drain 
region. 

16. A method according to claim 14 Wherein the loWer 
capacitor electrode includes a loWer capacitor electrode 
sideWall, Wherein the gate electrode includes a gate elec 
trode sideWall and Wherein the folloWing step is performed 
betWeen the steps of forming a ?rst patterned conductive 
layer and forming a source region and a drain region: 

forming a loWer capacitor electrode sideWall spacer and a 
gate electrode sideWall spacer on the loWer capacitor 
electrode sideWall and on the gate electrode sideWall, 
respectively. 

17. Amethod according to claim 14 Wherein the folloWing 
step is performed prior to the step of forming an unpatterned 
ferroelectric layer: 

forming an interlayer dielectric layer on the gate electrode 
and the source and drain regions, that eXposes the loWer 
electrode; and 

Wherein the step of forming an unpatterned ferroelectric 
layer comprises the step of forming an unpatterned 
ferroelectric layer on the eXposed loWer capacitor elec 
trode and on the interlayer dielectric layer. 

18. A method according to claim 14 Wherein the step of 
forming a ?rst patterned conductive layer comprises the 
steps of: 

forming an insulating layer on the integrated circuit 
substrate; 

forming a conductive layer on the insulating layer oppo 
site the integrated circuit substrate; and 

patterning the conductive layer and the insulating layer to 
form the ?rst patterned conductive layer. 
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19. A method according to claim 18 wherein the step of 
forming a conductive layer comprises the steps of: 

forming a ?rst conductive sublayer on the insulating 
layer; and 

forming a second conductive sublayer on the ?rst con 
ductive sublayer; and 

Wherein the step of patterning the conductive layer and 
the insulating layer comprises the step of patterning the 
second conductive sublayer, the ?rst conductive sub 
layer and the insulating layer. 

20. A method according to claim 14: 

Wherein the step of forming a ?rst patterned conductor 
layer comprises the step of forming a ?rst patterned 
conductive layer on an integrated circuit substrate to 
de?ne a loWer capacitor electrode and a pair of gate 
electrodes that are spaced apart from one another; and 

Wherein the step of forming a source region and a drain 
region comprises the step of forming a drain region 
betWeen the spaced apart gate electrodes and forming a 
pair of source regions outside the gate electrodes, on 
opposite sides thereof. 

21. A method according to claim 14 Wherein the step of 
patterning is folloWed by the step of: 

forming a second patterned conductive layer on the source 
and drain regions and on the top electrode, to de?ne an 
interconnect layer that electrically connects the top 
electrode and the source region, and a bit line that 
electrically contacts the drain region. 

22. A method according to claim 21 Wherein the step of 
forming a second patterned conductive layer is preceded by 
the step of forming a second interlayer dielectric layer on the 
source and drain regions and on the upper electrode, the 
second interlayer dielectric layer exposing a portion of the 
source region, the drain region and the upper electrode. 

23. A method according to claim 22 Wherein the step of 
forming a second interlayer dielectric layer is folloWed by 
the step of forming a capping layer on the upper electrode, 
to reduce diffusion from the ferroelectric layer through the 
upper electrode. 

24. A method for manufacturing an integrated circuit 
ferroelectric memory device, comprising the steps of: 

forming a loWer capacitor electrode and a gate electrode 
that is spaced apart therefrom on an integrated circuit 
substrate, and a source region and a drain region on 
opposite sides of the gate electrode; 

forming a ferroelectric layer on the loWer capacitor elec 
trode; 

forming an upper capacitor electrode on the ferroelectric 
layer opposite the loWer capacitor electrode, to thereby 
form a ferroelectric capacitor; and 

forming a patterned conductive layer on the source and 
drain regions and the top electrode, to de?ne an inter 
connect layer that electrically connects the top elec 
trode and the source region, and a bit line that electri 
cally contacts the drain region. 

25. A method according to claim 24 Wherein the step of 
forming a patterned conductive layer is preceded by the step 
of forming an interlayer dielectric layer on the source and 
drain regions and on the upper electrode, the interlayer 
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dielectric layer exposing a portion of the source region, the 
drain region and the upper electrode. 

26. A method according to claim 25 Wherein the step of 
forming an interlayer dielectric layer is folloWed by the step 
of forming a capping layer on the upper electrode, to reduce 
diffusion from the ferroelectric layer through the upper 
electrode. 

27. An integrated circuit ferroelectric memory device 
comprising: 

an integrated circuit substrate including an elongated 
active region therein; 

a pair of spaced apart Word lines that cross the elongated 
active region; 

a drain region in the elongated active region betWeen the 
pair of Word lines; 

a pair of source regions in the elongated active region, a 
respective one of Which is outside the pair of spaced 
apart Word lines on opposite sides of the drain region; 

a pair of ferroelectric capacitors outside the elongated 
active region, a respective one of Which is adjacent a 
respective one of the pair of source regions, each of the 
ferroelectric capacitors comprising: 

a loWer electrode on the integrated circuit substrate and 
extending along the integrated circuit substrate par 
allel to the Word lines to de?ne a plate line; 

a ferroelectric layer on the loWer electrode opposite the 
integrated circuit substrate; and 

an upper electrode on the ferroelectric layer opposite 
the loWer electrode; 

an interconnect layer that electrically connects a respec 
tive one of the upper electrodes to a respective one of 
the source regions; and 

a bit line, electrically connected to the drain region and 
extending along the integrated circuit substrate 
orthogonal to the Word lines. 

28. An integrated circuit ferroelectric memory device 
according to claim 27 further comprising a ?rst conductive 
layer, and Wherein the pair of spaced apart Word lines and 
the loWer electrodes comprise ?rst and second portions, 
respectively, of the ?rst conductive layer. 

29. An integrated circuit ferroelectric memory device 
according to claim 28 Wherein the ?rst conductive layer 
comprises a ?rst sublayer comprising doped polysilicon and 
a second sublayer on the ?rst sublayer, the second sublayer 
comprising at least one of platinum, iridium, ruthenium, 
tungsten, iridium oxide, rhenium oxide, and ruthenium 
oxide. 

30. An integrated circuit ferroelectric memory device 
according to claim 27 Wherein the ferroelectric layer 
includes a sideWall, the integrated circuit memory device 
further comprising a sideWall spacer on the sideWall. 

31. An integrated circuit ferroelectric memory device 
according to claim 30 Wherein the sideWall spacer comprises 
aluminum oxide. 

32. An integrated circuit ferroelectric memory device 
according to claim 27 Wherein the ferroelectric layer com 
prises at least one of PZT, PLZT and Yi. 
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33. An integrated circuit ferroelectric memory device 
according to claim 29 Wherein the upper electrode comprises 
same material as the second sublayer. 

34. An integrated circuit ferroelectric memory device 
according to claim 27 further comprising a second conduc 
tive layer, and Wherein the interconnect layer and the bit line 
comprise ?rst and second portions, respectively, of the 
second conductive layer. 

35. An integrated circuit ferroelectric memory device 
according to claim 34 Wherein the second conductive layer 
comprises at least one of doped polysilicon, tungsten and 
aluminum. 
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36. An integrated circuit ferroelectric memory device 
according to claim 27 further comprising a capping layer on 
the upper electrode opposite the ferroelectric layer that 
reduces diffusion from the ferroelectric layer through the 
upper electrode. 

37. An integrated circuit ferroelectric memory device 
according to claim 36 Wherein the capping layer comprises 
titanium oxide. 


