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(57) ABSTRACT 

A ferroelectric memory includes a substrate and a sheet 
shaped device formed over the substrate through an adhesive 
layer. The sheet-shaped device includes a memory cell array 
in Which a ferroelectric layer is disposed at least in inter 
secting regions of a plurality of loWer electrodes and a 
plurality of upper electrodes Which are formed in the shape 
of lines, and a peripheral circuit section for the memory cell 
array. 

1000 f. 

300 
200 

“V100 



Patent Application Publication Dec. 1, 2005 Sheet 1 0f 14 US 2005/0263809 A1 

FIG. 1A 
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FERROELECTRIC MEMORY AND METHOD OF 
FABRICATING THE SAME 

[0001] Japanese Patent Application No. 2002-238014 ?led 
on Aug. 19, 2002, is hereby incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a ferroelectric 
memory and a method of manufacturing the same. 

[0003] A ferroelectric memory (FeRAM) using a ferro 
electric capacitor capable of retaining data by spontaneous 
polariZation has attracted attention. A cross-point type fer 
roelectric memory has a small cell siZe and is expected to be 
highly integrated by multi-layering. The folloWing problem 
has been pointed out relating to multi-layering of the ferro 
electric memory. 

[0004] In the manufacturing process of the ferroelectric 
memory, a heating process in Which a large amount of 
hydrogen is generated, such as a formation step of an 
interlayer dielectric, is necessary. Therefore, such a step is 
repeatedly performed for multi-layering the ferroelectric 
memory. In the case of using an oXide as a ferroelectric 
material, the device is damaged to a large eXtent due to 
reduction of the oxide. Therefore, a novel technology 
capable of multi-layering the ferroelectric memory Without 
requiring a heating process in Which hydrogen is generated 
has been demanded. 

BRIEF SUMMARY OF THE INVENTION 

[0005] The present invention may provide a ferroelectric 
memory having a novel structure, such as a thin structure, 
and a method of manufacturing the same. 

[0006] According to one aspect of the present invention, 
there is provided a ferroelectric memory comprising: 

[0007] a substrate and a sheet-shaped device formed over 
the substrate through an adhesive layer, 

[0008] Wherein the sheet-shaped device includes: 

[0009] a memory cell array in Which a ferroelectric layer 
is disposed at least in intersecting regions of a plurality of 
loWer electrodes and a plurality of upper electrodes, the 
loWer and upper electrodes being formed in the shape of 
lines; and 

[0010] 
array. 

a peripheral circuit section for the memory cell 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0011] FIG. 1A is a cross-sectional vieW schematically 
shoWing a ?rst ferroelectric memory according to an 
embodiment of the present invention, and FIG. 1B is a vieW 
schematically shoWing a sheet-shaped device of the ?rst 
ferroelectric memory according to an embodiment of the 
present invention. 

[0012] FIGS. 2A to 2C are vieWs schematically shoWing 
manufacturing steps of the ?rst ferroelectric memory 
according to an embodiment of the present invention. 

[0013] FIG. 3A is a cross-sectional vieW schematically 
shoWing a ?rst modi?cation of the ?rst ferroelectric memory 
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according to an embodiment of the present invention, and 
FIG. 3B is a cross-sectional vieW schematically shoWing a 
second modi?cation of the ?rst ferroelectric memory 
according to an embodiment of the present invention. 

[0014] FIGS. 4A to 4C are vieWs schematically shoWing 
manufacturing steps of the ?rst modi?cation of the ?rst 
ferroelectric memory according to an embodiment of the 
present invention. 

[0015] FIGS. 5A to 5C are vieWs schematically shoWing 
manufacturing steps of the ?rst modi?cation of the ?rst 
ferroelectric memory according to an embodiment of the 
present invention. 

[0016] FIG. 6 is a cross-sectional vieW schematically 
shoWing a second ferroelectric memory according to an 
embodiment of the present invention. 

[0017] FIG. 7 is a cross-sectional vieW schematically 
shoWing a modi?cation of the second ferroelectric memory 
according to an embodiment of the present invention. 

[0018] FIG. 8 is a cross-sectional vieW schematically 
shoWing a third ferroelectric memory according to an 
embodiment of the present invention. 

[0019] FIG. 9 is a cross-sectional vieW schematically 
shoWing a modi?cation of the third ferroelectric memory 
according to an embodiment of the present invention. 

[0020] FIGS. 10A to 10C are vieWs schematically shoW 
ing manufacturing steps of the third ferroelectric memory 
according to an embodiment of the present invention. 

[0021] FIGS. 11A to 11C are vieWs schematically shoW 
ing manufacturing steps of a fourth ferroelectric memory 
according to an embodiment of the present invention. 

[0022] FIGS. 12A to 12D are vieWs schematically shoW 
ing manufacturing steps of the fourth ferroelectric memory 
according to an embodiment of the present invention. 

[0023] FIG. 13 is a vieW shoWing an electron micrograph 
of a memory cell array according to an eXample of manu 
facturing steps of the fourth ferroelectric memory according 
to an embodiment of the present invention. 

[0024] FIG. 14 is a vieW shoWing hysteresis characteris 
tics of a memory cell array according to an eXample of 
manufacturing steps of the fourth ferroelectric memory 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

[0025] (1) According to one embodiment of the present 
invention, there is provided a ferroelectric memory com 
prising: 

[0026] a substrate and a sheet-shaped device formed over 
the substrate through an adhesive layer, 

[0027] 
[0028] a memory cell array in Which a ferroelectric layer 
is disposed at least in intersecting regions of a plurality of 
loWer electrodes and a plurality of upper electrodes, the 
loWer and upper electrodes being formed in the shape of 
lines; and 

Wherein the sheet-shaped device includes: 
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[0029] 
array. 

a peripheral circuit section for the memory cell 

[0030] According to this ferroelectric memory, the 
memory cell array and the peripheral circuit section are 
planarly disposed as the sheet-shaped device. The sheet 
shaped device is formed over the substrate through the 
adhesive layer, the substrate being different from a substrate 
on Which the memory cell array and the peripheral circuit 
section are generally formed. Therefore, since a substrate 
having an arbitrary thickness or made of an arbitrary mate 
rial can be selected, for example, the thickness of the entire 
device can be reduced or the device can be provided With 
?exibility. Therefore, this ferroelectric memory enables a 
ferroelectric memory having a novel thin structure to be 
realiZed. 

[0031] The “memory cell array” used herein refers to a 
structure in Which memory cells are disposed in the shape of 
a matrix, the memory cells including a ferroelectric capaci 
tor in Which the ferroelectric layer is disposed in the inter 
secting regions of the loWer electrodes and the upper elec 
trodes, the loWer and upper electrodes being formed in the 
shape of lines. 

[0032] The “peripheral circuit” used herein includes at 
least a circuit for Writing information in the memory cells 
and a circuit for reading information from the memory cells. 

[0033] The adhesive layer is not necessarily formed as a 
layer differing from the substrate, and may be integrally 
formed With the substrate. For example, in the case of 
bonding the substrate and the sheet-shaped device by using 
a property of a material of the substrate, a layer near the 
surface of the substrate is included in the adhesive layer. 

[0034] (2) According to another embodiment of the 
present invention, there is provided a ferroelectric memory 
comprising: 
[0035] a plurality of laminates Which include substrates 
and sheet-shaped devices formed over the substrates through 
adhesive layers, respectively, 

[0036] Wherein the laminates are stacked, and 

[0037] 
[0038] a memory cell array in Which a ferroelectric layer 
is disposed at least in intersecting regions of a plurality of 
loWer electrodes and a plurality of upper electrodes, the 
loWer and upper electrodes being formed in the shape of 
lines; and 

[0039] 
array. 

Wherein each of the sheet-shaped devices includes: 

a peripheral circuit section for the memory cell 

[0040] This ferroelectric memory has a novel structure in 
Which the thickness of the laminate including the substrate 
and the sheet-shaped device can be reduced. Therefore, the 
thickness of the entire device can be reduced or the degree 
of integration can be increased While providing the device 
With ?exibility, for example. 

[0041] (3) According to a further embodiment of the 
present invention, there is provided a ferroelectric memory 
comprising: 

[0042] a substrate and a plurality of sheet-shaped devices 
stacked over the substrate through a plurality of adhesive 
layers, 
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[0043] Wherein each of the sheet-shaped devices includes: 

[0044] a memory cell array in Which a ferroelectric layer 
is disposed at least in intersecting regions of a plurality of 
loWer electrodes and a plurality of upper electrodes, the 
loWer and upper electrodes being formed in the shape of 
lines; and 

[0045] 
array. 

a peripheral circuit section for the memory cell 

[0046] This ferroelectric memory has a structure in Which 
a plurality of sheet-shaped devices are stacked through the 
adhesive layers. Therefore, the thickness of the entire device 
can be further reduced While stacking and integrating the 
sheet-shaped devices. Therefore, this ferroelectric memory 
has a novel structure, Whereby the thickness of the entire 
device can be reduced or the degree of integration can be 
increased While providing the device With ?exibility. 

[0047] The above ferroelectric memory may have any of 
the folloWing features. 

[0048] (A) The above ferroelectric memory and a sheet 
shaped operation processing device may be stacked. 

[0049] According to this feature, the degree of integration 
of an embedded device including a memory device having 
a novel thin structure and an operation processing device can 
be increased. 

[0050] (B) An insulating substrate having a through-hole 
may be disposed betWeen the stacked sheet-shaped devices. 

[0051] According to this feature, since the stacked devices 
are electrically connected through the through-hole formed 
in the insulating substrate, a mounting area of the device can 
be reduced and the interconnect length can be reduced, 
Whereby the device can be driven at high speed. 

[0052] (C) The insulating substrate may include an inter 
connect layer on at least one surface of the insulating 
substrate or inside the insulating substrate. 

[0053] According to this feature, since interconnection 
betWeen the stacked devices or in each device is achieved 
through the insulating substrate, the interconnect structure of 
each device can be simpli?ed. 

[0054] (4) According to still another embodiment of the 
present invention, there is provided a method of manufac 
turing a ferroelectric memory comprising: 

[0055] forming a separation layer Which changes in a 
property by absorbing light over a light transmissive ?rst 
substrate; 

[0056] forming a memory cell array, in Which a ferroelec 
tric layer is disposed at least in intersecting regions of a 
plurality of loWer electrodes and a plurality of upper elec 
trodes over a predetermined portion of the separation layer, 
the loWer and upper electrodes being formed in the shape of 
lines; 

[0057] forming a peripheral circuit section for the memory 
cell array over the separation layer in a portion other than the 
predetermined portion; 

[0058] bonding a sheet-shaped device including the 
memory cell array and the peripheral circuit section to a 
second substrate through at least an adhesive layer; and 
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[0059] removing the sheet-shaped device from the ?rst 
substrate by applying light to the separation layer through 
one surface of the ?rst substrate. 

[0060] In this method of manufacturing a ferroelectric 
memory, the separation layer is formed on the light trans 
missive ?rst substrate, and the memory cell array and the 
peripheral circuit section for the memory cell array are 
formed on the separation layer. 

[0061] The sheet-shaped device including the memory cell 
array and the peripheral circuit section is then bonded to the 
second substrate through the adhesive layer, and the sheet 
shaped device is removed from the ?rst substrate together 
With the second substrate at the separation layer by applying 
light to the separation layer from the back surface of the ?rst 
substrate. The sheet-shaped device may be removed by 
changing the properties of the separation layer by applying 
light to the separation layer through the light transmissive 
?rst substrate. In this case, a material having a property 
absorbing applied light and causing separation inside the 
layer or on the surface by ablation may be used for the 
separation layer. There may be a case Where gas is released 
from the separation layer by the application of light, 
Whereby the separation effect is obtained. 

[0062] There are no speci?c limitations to the second 
substrate. The second substrate is selected in consideration 
of convenience of handling after removed from the ?rst 
substrate. 

[0063] Therefore, according to this method of manufac 
turing a ferroelectric memory, a ferroelectric memory hav 
ing a novel thin structure can be manufactured by removing 
the sheet-shaped device from the ?rst substrate on Which the 
sheet-shaped device is formed. 

[0064] This method of manufacturing a ferroelectric 
memory may have any of the folloWing features. 

[0065] (D) The method of manufacturing a ferroelectric 
memory may further comprise stacking a plurality of lami 
nates including the second substrate and the sheet-shaped 
device removed from the ?rst substrate. 

[0066] According to this feature, since the sheet-shaped 
devices are stacked by stacking the laminates including the 
second substrate, handling capability during manufacturing 
steps is increased and the degree of integration of the 
ferroelectric memory can be increased by multi-layering 
With simpli?ed steps. 

[0067] The method of manufacturing a ferroelectric 
memory may further comprise: 

[0068] bonding the sheet-shaped device removed from the 
?rst substrate to another sheet-shaped device formed over 
another ?rst substrate With a separation layer interposed 
in-betWeen through an adhesive layer, and removing the 
other ?rst substrate by applying light through one surface of 
the other ?rst substrate, 

[0069] Wherein a plurality of the sheet-shaped devices 
may be stacked over the second substrate by performing this 
step at least once. 

[0070] According to this feature, the sheet-shaped devices 
are stacked over the second substrate through the adhesive 
layers. Since each of the stacked sheet-shaped devices is 
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extremely thin, a ferroelectric memory having a novel thin 
structure even in a stacked state can be manufactured. 

[0071] Moreover, according to the features of (D) and (E), 
since a process Which causes a large amount of load to each 
section of an element, such as a formation step of an 
interlayer dielectric, can be omitted When multi-layering the 
sheet-shaped devices, the sheet-shaped devices can be multi 
layered and integrated While securing the characteristics of 
the sheet-shaped devices. 

[0072] (5) According to a still further embodiment of the 
present invention, there is provided a method of manufac 
turing a ferroelectric memory comprising: 

[0073] forming a separation layer Which changes in a 
property by absorbing light over each of a light transmissive 
?rst substrate and a light transmissive second substrate; 

[0074] forming a memory cell array, in Which a ferroelec 
tric layer is disposed at least in intersecting regions of a 
plurality of loWer electrodes and a plurality of upper elec 
trodes over the separation layer formed over the ?rst sub 
strate, the loWer and upper electrodes being formed in the 
shape of lines; 

[0075] forming a peripheral circuit section for the memory 
cell array over the separation layer formed over the second 
substrate; 
[0076] bonding the memory cell array and the peripheral 
circuit section to a third substrate through at least adhesive 
layers; and 

[0077] removing the memory cell array and the peripheral 
circuit section respectively from the ?rst substrate and the 
second substrate by applying light to the separation layers 
through one surface of the ?rst substrate and through one 
surface of the second substrate. 

[0078] According to this method of manufacturing a fer 
roelectric memory, the memory cell array is formed over the 
?rst substrate and the peripheral circuit section is formed 
over the second substrate. Speci?cally, a thin ferroelectric 
memory can be manufactured by forming the memory cell 
array and the peripheral circuit section on different sub 
strates, bonding the memory cell array and the peripheral 
circuit section to the third substrate, and removing the 
original substrates. 

[0079] Therefore, according to this method of manufac 
turing a ferroelectric memory, since the memory cell array 
and the peripheral circuit section each of Which has different 
manufacturing steps are formed over different substrates, 
ef?ciency of the entire manufacturing steps is improved. 
Moreover, since the memory cell array and the peripheral 
circuit section can be freely arranged over the third sub 
strate, the degrees of freedom of the device design are 
increased. 

[0080] The method of manufacturing a ferroelectric 
memory may comprise stacking a plurality of laminates 
including the third substrate and a sheet-shaped device 
Which includes the memory cell array and the peripheral 
circuit section respectively removed from the ?rst substrate 
and the second substrate. 

[0081] According to this method of manufacturing a fer 
roelectric memory, the sheet-shaped devices are stacked by 
stacking the laminates including the third substrate. There 
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fore, according to this manufacturing method, the steps can 
be simpli?ed due to the excellent handling capability of the 
laminates, and the degree of integration can be increased by 
multi-layering. Moreover, according to this manufacturing 
method, since a process Which causes a large amount of load 
to each section of an element, such as a formation step of an 
interlayer dielectric, can be omitted When multi-layering the 
sheet-shaped devices, the sheet-shaped devices can be multi 
layered and integrated While securing the characteristics of 
the sheet-shaped devices. 

[0082] (6) According to yet another embodiment of the 
present invention, there is provided a method of manufac 
turing a ferroelectric memory comprising: 

[0083] forming a ?rst laminate including a memory cell 
array, in Which a ferroelectric layer is disposed at least in 
intersecting regions of a plurality of loWer electrodes and a 
plurality of upper electrodes over a ?rst substrate having a 
coef?cient of thermal expansion smaller than a coefficient of 
thermal expansion of a ferroelectric material, the loWer and 
upper electrodes being formed in the shape of lines; 

[0084] subjecting the ?rst laminate to a ?rst heat treatment 
and subsequent cooling to cause strain in the ?rst laminate, 
and removing the memory cell array from the ?rst substrate 
by subjecting the ?rst laminate to a second heat treatment; 

[0085] forming a separation layer Which changes in a 
property by absorbing light over a light transmissive second 
substrate, and forming a second laminate Which includes a 
peripheral circuit for the memory cell array over the sepa 
ration layer; 

[0086] bonding the second laminate on the side of the 
peripheral circuit to a third substrate; 

[0087] removing the peripheral circuit from the second 
substrate by changing the properties of the separation layer 
by applying light to the separation layer from the side of the 
second substrate of the second laminate; and 

[0088] bonding the memory cell array removed from the 
?rst substrate to the third substrate. 

[0089] In this method of manufacturing a ferroelectric 
memory, strain is generated in the ?rst laminate by subject 
ing the ?rst laminate to the ?rst heat treatment and the 
subsequent cooling. The difference in the amount of expan 
sion betWeen the ?rst substrate and the memory cell array 
including strain is increased in the second heat treatment, 
Whereby the memory cell array is removed from the ?rst 
substrate. The peripheral circuit is removed from the second 
laminate by applying light to the separation layer Which 
changes in a property by the application of light. 

[0090] According to this manufacturing method, since the 
memory cell array can be formed While reducing the hydro 
gen generation process as much as possible, deterioration of 
the characteristics of the memory cell array can be reduced 
in comparison With the case of forming the memory cell 
array and the peripheral circuit continuously. Moreover, 
since stress based on the strain due to the thermal load can 
be reduced in the second heat treatment for removing the 
memory cell array, the memory cell array can be removed 
While eliminating the strain generated in the ?rst heat 
treatment. 

[0091] In this method of manufacturing a ferroelectric 
memory, the ?rst heat treatment may be performed at a 
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temperature loWer than a temperature at Which strain is 
generated at least in the ?rst substrate, and 

[0092] the second heat treatment may be performed at a 
temperature equal to or loWer than the temperature of the 
?rst heat treatment. This enables strain to be generated only 
in the memory cell array in the ?rst laminate in the ?rst heat 
treatment, Whereby a difference in the amount of expansion 
betWeen the memory cell array and the ?rst substrate can be 
increased in the second heat treatment. Moreover, since a 
suf?cient difference in the amount of expansion can be 
secured in the second heat treatment even at a temperature 
equal to or loWer than the temperature of the ?rst heat 
treatment, and load to the memory cell array can be reduced, 
deterioration of the characteristics due to the thermal load 
can be reduced. 

[0093] Preferred embodiments of the present invention are 
described beloW in more detail With reference to the draW 
ings. 

[0094] 1. First Ferroelectric Memory and Method of 
Manufacturing the Same 

[0095] 1.1 Structure of Device 

[0096] FIG. 1A is a cross-sectional vieW schematically 
shoWing a ?rst ferroelectric memory 1000 according to an 
embodiment of the present invention. 

[0097] In the ?rst ferroelectric memory 1000 according to 
the present embodiment, a sheet-shaped device 300 is 
formed on a ?exible substrate 100 through an adhesive layer 
200. 

[0098] There are no speci?c limitations to the ?exible 
substrate 100. A substrate having ?exibility may be selected 
in order to increase applicability of the ?rst ferroelectric 
memory 1000. It is expected that the market for devices for 
Which ?exibility is required, such as an IC card, Will expand 
in the future. Therefore, it is necessary to Widen the appli 
cation range in the ?eld of ferroelectric memory by provid 
ing the ferroelectric memory With ?exibility. As examples of 
the ?exible substrate 100, a synthetic resin, a thin metal 
sheet, and the like can be given. In the case of selecting a 
substrate having no ?exibility, a glass substrate or a semi 
conductor substrate may be used. 

[0099] As examples of the adhesive layer 200, various 
adhesives such as a reaction curable adhesive, a heat curable 
adhesive, and a photocurable adhesive such as a ultraviolet 
curable adhesive can be given. The adhesive layer 200 may 
not be formed as a layer differing from the ?exible substrate 
100. The adhesive layer 200 may be integrally formed With 
the ?exible substrate 100. This applies to the case Where the 
sheet-shaped device 300 is caused to adhere to the ?exible 
substrate 100 by thermocompression bonding utiliZing a 
surface property of the ?exible substrate 100, for example. 

[0100] As shoWn in FIG. 1B, the sheet-shaped device 300 
is formed by a memory cell array 304 and a peripheral 
circuit section 307 for the memory cell array 304 Which are 
disposed in different regions on the ?exible substrate 100. 

[0101] In the memory cell array 304, loWer electrodes 301 
and upper electrodes 302 Which are formed in the shape of 
lines are disposed to intersect, and memory cells, in Which 
a ferroelectric layer (not shoWn) is disposed in an intersect 
ing region 303, are arranged in the shape of a matrix. 
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[0102] In the memory cell array 304, the lower electrodes 
301 function as Word lines for selecting roWs, and the upper 
electrodes 302 function as bit lines for selecting columns. 
The loWer electrodes 301 and the upper electrodes 302 may 
be formed so that the loWer electrodes 301 function as the 
Word lines and the upper electrodes 302 function as the bit 
lines. 

[0103] The peripheral circuit section 307 has at least a 
function of Writing information in each memory cell of the 
memory cell array 304 and reading information from each 
memory cell. The peripheral circuit section 307 includes a 
driver circuit and a signal detection circuit for selectively 
controlling the loWer electrodes 301 and the upper elec 
trodes 302 and the like. As speci?c examples of these 
circuits, a Y gate, sense ampli?er, input/output buffer, X 
address decoder, Y address decoder, address buffer, and the 
like can be given. 

[0104] The peripheral circuit section 307 can be thinly 
formed by forming the peripheral circuit section 307 by 
using thin ?lm transistors (TFTs) or other thin ?lm semi 
conductor devices. 

[0105] As described above, in the ?rst ferroelectric 
memory 1000 according to the present embodiment, the 
memory cell array 304 and the peripheral circuit section 307 
are formed on the ?exible substrate 100 through the adhe 
sive layer 200 instead of a substrate on Which the memory 
cell array 304 and the peripheral circuit section 307 are 
generally formed. Moreover, since the ?exible substrate 100 
having an arbitrary thickness or made of an arbitrary mate 
rial can be selectively used, the thickness of the entire device 
can be reduced or the device can be provided With ?exibility. 

[0106] Therefore, the ?rst ferroelectric memory 1000 
according to the present embodiment enables a novel thin 
ferroelectric memory structure to be realiZed. Moreover, 
since the ?rst ferroelectric memory 1000 according to the 
present embodiment has high ?exibility by employing a 
material having ?exibility for the ?exible substrate 100, the 
?rst ferroelectric memory 1000 can be applied for various 
uses such as an IC card. 

[0107] 1.2 Method of Manufacturing Device 

[0108] A method of manufacturing the ?rst ferroelectric 
memory 1000 according to the present embodiment is 
described beloW. 

[0109] FIGS. 2A to 2C are vieWs schematically shoWing 
manufacturing steps of the ?rst ferroelectric memory 1000 
according to the present embodiment. 

[0110] As shoWn in FIG. 2A, a separation layer 20 is 
formed on a separation substrate 10, and a sheet-shaped 
device 300 is formed on the separation layer 20. 

[0111] As a material for the separation substrate 10, a 
material having a property of transmitting light such as laser 
light may be selected. For example, glass, a resin such as 
plastic, and the like can be given as such a material. 

[0112] As a material for the separation layer 20, a material 
Which changes in properties by application of light such as 
laser light and can be fused, such as amorphous silicon, may 
be used. As the material for the separation layer 20, various 
substances such as an oxide such as silicon oxide, ceramics, 
an organic polymer compound, or a metal may be used in 
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addition to amorphous silicon. As such substances, sub 
stances disclosed in Japanese Patent Application Laid-open 
No. 11-74533 may be used. In the case of using an organic 
polymer compound as the material for the separation layer 
20, a polyole?n such as polyethylene and polypropylene, 
polyimide, polyamide, polyester, polymethylmethacrylate 
(PMMA), polyphenylene sul?de (PPS), polyether sulfone 
(PES), epoxy resin, or the like may be used. 

[0113] In the present embodiment, the memory cell array 
304 included in the sheet-shaped device 300 is formed by 
forming the loWer electrodes 301, the ferroelectric layer (not 
shoWn), and the upper electrodes 302 shoWn in FIG. 1B in 
that order. 

[0114] As examples of an electrode material, Pt, Ir, IrOX, 
RuOX, SrRuOX, LaSrCoOX, and the like can be given. As the 
loWer electrode and the upper electrode, a single layer or a 
laminate of a plurality of layers of the above electrode 
material may be used. The loWer electrode and the upper 
electrode may be formed by using a conventional deposition 
method such as a sputtering method, a vapor deposition 
method, or a CVD method. 

[0115] As examples of a material for the ferroelectric 
layer, PZT (PbZrXTi1_XO3), SBT (SrBiZTaZOQ), a material in 
Which a metal such as niobium, nickel, or magnesium is 
added to PZT or SBT, and the like can be given. The 
ferroelectric layer may be formed by using a conventional 
method such as a spin coating method or a dipping method 
using a sol-gel material or MOD (Metal Organic Decom 
position) material, a sputtering method, an MOCVD 
method, or a laser ablation method. 

[0116] The peripheral circuit section 307 shoWn in FIG. 
1B may be formed by forming circuits using thin-?lm 
semiconductor devices such as TFTs by using a conventional 
semiconductor process, for example. 

[0117] In the case of forming the peripheral circuit section 
307 by using thin-?lm semiconductor devices such as TFTs 
Which can be formed by using a loW-temperature process, 
the ferroelectric layer of the memory cell array 304 may be 
formed by crystalliZing a mixture of a sol-gel material of a 
paraelectric including Si or Ge, such as BiZSiOX, BiZGeOX, 
ZrZSiOX, or PbZSiOX, and a sol-gel material of a ferroelectric 
such as PZT or SBT as described above. According to this 
formation method, since the crystalliZation temperature can 
be decreased by alloWing Si or Ge included in the material 
to function as a catalyst, thermal damage to the peripheral 
circuit section 307 can be reduced even in the case of 
forming the memory cell array 304 after forming the periph 
eral circuit section 307. 

[0118] In the case of forming the ferroelectric layer by 
using a single substance such as PZT or SBT, crystal 
modi?cation is induced by annealing the ferroelectric layer 
by applying laser light to the ferroelectric layer after depo 
sition, Whereby a ferroelectric layer having an excellent 
crystal structure can be formed. Such a formation method of 
the ferroelectric layer also enables thermal damage to the 
peripheral circuit section 307 to be reduced even in the case 
of forming the memory cell array 304 after forming the 
peripheral circuit section 307. 

[0119] As shoWn in FIG. 2B, the sheet-shaped device 300 
formed on the separation substrate 10 through the separation 
layer 20 is bonded to the ?exible substrate 100 through the 














