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(57) Abstract: It is an object of the present invention to provide a method for forming a layer having functionality including a
conductive layer and a colored layer and a flexible substrate having a layer having functionality with a high yield. Further, it is an
object of the present invention to provide a method for manufacturing a semiconductor device that is small-sized, thin, and light-
weight. After coating a substrate having heat resistance with a silane coupling agent, a layer having functionality is formed. Then,
after attaching an adhesive to the layer having functionality, the layer having functionality is peeled from the substrate. Further, after
coating a substrate having heat resistance with a silane coupling agent, a layer having functionality is formed. Then, an adhesive
is attached to the layer having functionality. Thereafter, the layer having functionality is peeled from the substrate, and a flexible
substrate is attached to the layer having functionality.
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" DESCRIPTION

LAYER HAVING FUNCTIONALITY,
'METHOD FOR FORMING FLEXIBLE SUBSTRATE HAVING THE SAME,'
. AND \
' METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001] '

. The present invention relates to a layer having functionality and a method for
fofming a flexible .substrate" having .the sarﬁe.. Fur'ther,' the present invention also
relates to a method for manufacturing a semiconductor device having a layer having

functionality.
BACKGROUND ART

As a conventional method for forming a conductive layer serving as an antenna,

-a pixel electrode, a wiring, or the like over a ﬂexibie substrate, the following methods

- are given: a method in which, after a. composition that contains particles with a metal

element is printed over a flexible s'ubst'r'ate by a s¢reen printing method, the ci_)mposition
is heated and baked'to form a conductive layer; and a method in which a conductive
layer is formed over a flexible substrate by a plating method. |

Patent Document 1: Japanese Published Patent Application No. 2004-310502

DISCLOSURE OF INVENTION
[0003]

In order to form a low-resistance conductive layer by using a composition that
contains particles with a metal element, the composition is preferably heated at a high
temperature, typically, 200°C or higher to be baked. However, some flexible

substrates have a low glass transition temperature depending on a material, which is
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lower than a baking temperature of a composition 'that'contains particles with a metal
clement. Therefore, there is a problem that a flexible substrate is transformed in a case -

of directly' pfintin_g a composition that contains particles with a metal element over the .

flexible substrate and performing heating and baking to form a low-resistance

conductive layer.
[0004] "

On the other hand, in a plating method, a baking step is not necessary, and a

low-resistance conductive layer can be formed at a comparatively low temperature of a

room temperature to 100°C, approx-imat.el'y'. However, in a plating method, there are
'problems that dangerous chemicals Such as sulfuric acid, hydrochloric acid, and a
cyénogens compound are used and thaf waste fluids become pollution.. |
[0005] _

Similarly to the above, a conventional color filter is generally fonhed using a
coloring resin, a colorant disperséd resin, or the like. However, in order to make the
resin harden, a heating step at a higher temperature than a glass transition temperature
of a flexible substrate is necessary. Therefore, it was difficult to directly form a

colored layer over a flexible substrate.

{0006]

’ On the basis of described above, it is an objectlo.f the present _inventibn to
provide a method for forming a layer having.fun'ctionality including'a conductive layer
and a colored layér, and a flexible substrate that has a layer having functionality with a
high yield. Further, it is also an object of the present invention to provide a method for
manufacturing a semiconductor device that is small-sized, thin, and lightweight.

[0007] '

One feature of the present invention is to include the steps of forming a layer
having functionality after coating a substrate having heat resistance with a silane
coupling agent, and peeling the layer having functionality from the substrate after
attaching an adhesive to the layer having functionality.

[0008]

Another feature of the present invention is to include the steps of forming a
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layer in which oxygen and silicon are combined and an inactive group is combined with
the silicon over a substrate, forming a layer having functionality over the layer in which

oxygen and silicon are combined and an inactive group is combined with the silicon,

‘and peeling the layer having functionality from the substrate by dividing t'he' layer in

which oxygen and silicon are combined and an inactive group is combmed with the
silicon after attachmg an adhesive to the layer having functionality.
[0009]

| Another feature of the present invention is to include the steps' of forming a

layer having functioﬁality after coating a substrate having heat resistance with a silane

"cou'pling agent, peelirig the layér having functionality from the substrate after attaching

an adhesive to the layer haVihg functionality, and att:ach'in-g' a flexible substrate to the
layer having functionality. - |
[0010]

Another feature of the present invention is to include the steps of forming a
layer in which oxygen and silicon are éombined and an inactive group is'combined with

the silicon over a substrate having heat resistance, forming a layer having functionality

-over the layer in which oxygen and silicon are combined and an inactive group is

~ combined with the silicon, peeling the layer having functionality from the substrate by

dividing the layer in which oxygen and silicon are combined and an inactive group is
combined with the silicon after attaching an adhesive to the layer having functioﬁality,
and attaching a ﬂé'xlible substrate to the layer having functionality.
[0011] |

Another feature of the present invention is a seniiconductor device that
includes the layer having functionality or a substrate having the layer having
functionality.
[0012]

It is to be noted that the layer in which oxygen and silicon are combined and an
inactive group is combined with the silicon, which remains over one surface of the layer
having functionality, may be removed after peeing the layer having functionality.

Alternatively, a flexible substrate may be attached to the layer having functionality after
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removing thc.léyer in which oxygén and silicon are combined and an.ina_c.:tive group is
combined with the silicoh. o | |
[0013] |
As a layer having functionality, a conductive layer serving as a Wifing, an

électrode, a pixel clcctrodé, an antenna, or the like.and an insulating layer éoVering the
conduétivc léyer are given. Itis to be noted that one surfa.ce- of the: conducti_ve layer is
in contact with a silahe coupling agént in a manufacturing step, and another surfacé of
the conductive layer is in contact with the insulating layer.v - |
[0014] | |

" In addition, as a layér having functionality, a colored layer and an insulating
layer covering the colored lay_er are given.- It is to be ndted that one surface of the
colored layer is in contact with a silane coupling agent in a ménufacturing step, and
another surface of the colored layer is in contact with the insulating layer. |
[0015]

Further, in a case where a plurality of conductive layers or a plurality of

| colored layers is included as a layer having functionality, an insulating layer covers all

conductive layers or all colored layers.

[0016]

’ Arn insulating layer of a layer having functionélity pr_eferably_se'rves'as a
protective film for preventing deterioration and oxidization of the cdnductjve layer and
the colored layer. | In addition, the insulating layer preferably serves as a planarizing
layer for moderating unevenness of the conductive layer and the colored layer.

[0017] |

As a method for forming a layer having functionality, a droplet discharging
method, a printing method such as screen printing, off-set printing, relief printing, or
gravure printing, or the like is given. In addition, an evaporation method using a metal
mask, a CVD method, a sputtering method, or the like is given. Further, a plurality of
the above methods can be used.
[0018]

When a layer having functionality is formed using a composition, a heating
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temperature is desired to be set at greater than or equal to 200°C and less than or equal

to 350°C, preferably greater th_an or equal to 200°C and less than or <equal to 300°C.
When a heating temperature of the cbmposition is less than 200°C, the composition is
insufficiently baked. Alternatively, when the composition is heated at é hfgher
temperature than 350°C, the layer in which oxygén and silicon are_combfnéd and.an
inéctive groﬁp is combined with the silicon is reacted, and it becomes diffi(gult to peel
the layer having funct.ionality from the substrate afterwards with ease. |
[0019] |

In a case where a layer having functionality has a conductive layer serving as

- an antenna, a semiconductor device capable of transmitting and receiving data

wfre]essly is a typiéal example of a s'err.licondu.ctor device. Further, in a case where the
layer having functionality is a layer having a pfxel electrode, .a display device is a
typical example of the semico.nductor.device. Furthermore, in a éase where the layer
having functionality is a colored layer, a display device is a typical example of the
semiconductor device. | |

[0020]

A layer in which oxygen and silicon are combined and an inactive group is

.combined with the silicon is easily divided by physical force; therefore, a layer having

* functionality over the layer in which oxygen and silicon are combined and an inactive

group is combined with the silicon can be peeled from a substrate. Accordingly, the
layer having funcfionality that is formed over a substrate having heat resistance is
péeled fr(;m the substrate, and the layer having functionality can be easily formed.
[0021] |

Further, by attaching the layer having functionality to a flexible substrate
having low heat resistance, a flexible substrate having a layer having functionality can
be formed. Therefore, a layer having functionality can be formed with a high yield by
using a composition for which baking at a glass transition temperature of the flexible
substrate or higher in a forming step is needed. In a case where a composition that
contains particles with a metal element is used, a flexible substrate having a

low-resistance conductive layer can be formed with a high yield.
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'[oozz]-

Further, by coating a layer in which oxygen and silicon are combined and an
inactive group is combined with the silicon, of which surface energy is. low with a

composition by a prmtmg method, unevenness on a side face of the printed composmon

_can be reduced Furthermore, the width of the composmon can be controlled to make

" the layer thin. Therefore, a layer of which the width and a distance between the

adjacent layers are uniform can be formed. MoreoVer, a layer of which the width is
minuter than that of a layer formed by a conventional printing method can be formed.
[0023] |

i By using such a layer'for an antenna, an antenna having little variation in
inductance can be formed. In addition, an antenna ha\}ing high electromotive force can
be formed.. Further, by using such a layer for a-wiring, a pixel electrode, a colored
layer, or the like, a semiconductor device can be manufactured with a high yield.
Furthermore, by using a flexible substrate having such a layer, a :semiconductor device

that is small-sized, thin, and lightweight can be achieved.

BRIEF DESCRIPTION OF DRAWINGS

[0024]

’ FIGS. 1A to 1E are cross-sectional views for each-showing a forming step of a
functional layer of the present invention.
FIG. 2 is 'zli cross-sectional view for showing a semiconductor device having a
functional layer of the present invention.
FIGS. 3A to 3E are cross-sectional views for each shoWing a forming step of a
functional layer of the present invention.
FIG. 4 is a cross-sectional view for showing a semiconductor device having a
functional layer of the present invention.
FIGS. 5A to 5E are cross-sectional views for each showing a forming step of a
functional layer of the present invention.
FIGS. 6A to 6E are cross-sectional views for each showing a semiconductor

device having a functional layer of the present invention.
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© FIG. 7. isa fop view for showing a foﬁning a step of .a functional layer of the
present invcntion. ' |
FIG. 8 is a chart for showing ihe relation between a heating temperature and the
resistance 6f a conductive layer of the present invention. |

. FIGS. 9A to 9E are cross-sectional views for each showing a manufacturing

~ step of a semiconductor device of the preseni invention.

FIGS. 10A td 10D are cross-sectional views for each showing a manufactu'r.ing
stép of a semiconductor device of the present invention. .

FIGS. 11A to 11C are cross-sectional views for each showing a manufacturing
step of a semiconductor device of the present invention; |

FIGS. 12A to 12D are cross-sectional views for each showing a manufacturing
step of a semiconductor device of the present invenﬁon. |

FIGS. 13A to 13D are cross-sectional views for each showing a manufacturing

“step of a semiconductor device of the present invention.

FIGS. 14A to 14C are top views for each showing a structure of an antenna that

can be applied to the present invention.

FIGS. 15A and 15B are model views for-each showing a forming step of a

functional layer of the present invention.

FIG. 16 is a view for showing a structure of a semiconductor device of the

present invention. |

. FIGS. 17A 'to. 17F are views for each showing an application example of a
semicond;lctor device of the present invention. ' |
FIGS. 18A to 18F are views for each showing an electrénic device including a

semiconductor device of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0025]

- Embodiment Modes of the present invention will be described below with
reference to drawings. However, the present invention can be implemented in various

different modes, and it is easily understood by those skilled in the art that various
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changés and modifications of the modes and details are poss’iblé,_ unless such changes
and modifications depart from- the content and the scope of thé invention. There_fdre,
the present invention is. not constriled as being limited to the description of the
_following-Embodiment Modes. It is to be noted that the same portion or a- portion
having the same fuiiction is denoted by the s_zime reference numeral in all drawings for
e)iplaining Einbodime_nt Modes, and the repetitive explanation thereof is omitied.

[0026] o |

(Embodiment Mode 1)

In this embodiment mode, one mode of a method for easily forming a layer

. haviilg functionality will be expl'ained with reference to FIGS. 1A to 1E, FIG. 2, FIG. 7,

and FIGS. 15A and 15B. FIGS. 1A to 1E shciw cross-sectional views of a forming step
of a layer having functionality. FIG 2 shows a cross-éectional view of a
semiconductor -device capablé of transmitting and receiving data wirelessly (also
referred to as an RFID (Radio Frequency ldentification) tag, an iC chip, an IC tag, an

ID chip,.an ID tag, an RF chip, an RF tag, a wireless chip, and a wireless tag). FIG. 7

~ shows a top view of FIG. 1A. A cross section A-B in FIG. 1A corresponds to a region |

A-B in FIG: 7. A layer having a conductive layer is used as a layer having

functionality to explain this embodiment mode. In addition, the conductive layer here .

* serves as an antenna. It is to be noted that this embodiment mode can be applied to a

method for forming a layer having' a colored layer as a layer having functionality instead
of a conductive-la);e'r._ In addition, this embodiment mode can be applied to a method
for formiilg a pixel electrode, a wiring, and an electrode, and the like as a conductive
layer, instead of an antenna. |
[0027]

As shown in FIG. 1A, a layer 102 in which oxygen and silicon are combined
and an inactive group is combined with the silicon is formed by coating a substrate 101
with a silane coupling agent, a conductive layer 103 is formed thereover, and an
insulating layer 104 covering the conductive layer 103 is formed. It is to be noted that
a layer having functionality (hereinafter, referred to as a functional layer 105) can be

formed by the conductive layer 103 and the insulating layer 104.
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 [0028]

As the substrate 101 a substrate having heat re51stance against a bakmg
temperature of the conductive layer 103 is preferably used. Typically, a glass substrate,
a quartz substrate, a ceramic substrate, a metal substrate, a silicon wafer, or the .like can
be used. -. | | |

[0029]

As the layer. 102 in which .oxyg'en and silicon are combineéd and an inactive

group is combined with the silicon, a layer having high adhesion to the substrate 101
- and low surface enefgy compared to a composition that is applied afterwards is

. preferably formed. The layer 102 in which oxygen and 51hcon are combined and an

inactive group is combmed with the S]llCOIl is formed by usmg a silane coupling agent.
The saline coupling agent is a 3111con compound 1ndlcated by R, Sx —Xu-ny(n=1,2,3)
(R is at least one selected from the functional groups of an alkyl group, an aryl group, a

fluoroalkyl group, and a fluoroaryl group, and X is an alkoxyl group). A layer formed

by using the silane coupling' agent becomes a layer in which oxygen and silicon are

combined and an inactive group is combined with the silicon.

[0030]

As a typical alkoxyl group, an alkoxyl group having 1 to 4 carbon atoms, .

* specifically, a methoxy group, an etoxy group, a propyloxy group, an isopropyloxy

group, a butoxy group, an isobutoxy group, an s-butoxy group, a t-butoxy group or the
like is given. o
[0031]

The number of the alkoxyl group is 1 to 3 of monoalkoxysilanc, dialkoxysilane,
trialkoxysilane.
[0032]

As a typical example of a silicon compound containing an alkyl group as R,
alkoxysilane containing an alkyl group having 2 to 30 carbon atoms is preferably used.
Typically, ethyltriethoxysilane, propylethoxysilane, octyltriethoxysilane,
decyltriethoxysilane,  octadecyltriethoxysilane ~ (ODS),  eicosyltriethoxysilane,

triacontyltriethoxysilane, and the like are given.
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[0033]
' " As alkoxylsilane containing an aryl group as R, alkoxysilane containing an aryl-
group having 6 to 8 carbon atoms is preferably used. Typically, phenyltriethoxysilane, :

_benzyltriethoxysilane, phenethyltriethoxysilane, toluiltriethoxysilane, and the like are

given. -
[0034]

As alkoxylsilane containing a fluoroalkyl group as R, a fluoroalkyl group
having 3 to 12 carbon atoms is preférably used. Typically,

' '(3,3,3-triﬂuoropropyl)frietoxysilane,-

(trid.ecafluoro-l,1,2,2-tetrahydrobctyl)trietdxysilane,
(héptadecaﬂuoro-l,1,2,2-tetranydrodeéyl)triethoxysilane,
(henicosaﬂuoro-l,l,2,2-tetrahydrodecyl)triethoxysilane, and the like are given.
[0035] |

As alkbxylsilane containing a fluoroaryl group as R, alkoxysilan_e containing a

- fluoroaryl group having 6 to 9. carbon atoms is preferably used. Typically,

| pentafluorophenyltriethoxysilane, (p‘entaﬂuorophenyl)propyltriethoxysi]ane, and the

like are given.

[0036]

It is to be noted that the layer in which oxygen and silicon are combined an_d an
inactive group is combined with the silicon may be formed by using.é solution in which
a_silane coupling' ngcnt is dissolved in a solvent. As the solvent in-this case,
hydrocarbon such as toluene, xylene, or hexadecane, a halogen solvent such as
chloroform, tetrachloride, trichloroethylene, or tetrachloroethylene, alcohol such as
methanol, ethanol, n-propanol, or isopropanol, and the like are given. As a method for
forming the layer 102 in which oxygen and silicon are combined and an inactive group
is combined with the silicon, a droplet discharging method, a printing method such as
screen printing, off-set printing, relief printing, or gravure printing, or the like can be
used. Alternatively, a vacuum evaporation method, an evaporation method, a CVD
method, a sputtering method, or the like can be used. Here, a droplet discharging

method indicates a method for forming a predetermined pattern by discharging a droplet
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~ of a composition from a minute hole.

[0037] -

A composition is applied 0\;er the layer 102 in which oxygen and silicon are
_cornbined.and an inactive group is combined with the silicon by é coating metﬁod, and
the composition is heated to bake particles with almeta'l element, thereby 'fo'rming fhe
coﬁductive léyer 103. As a coating rhethod, a droplet dis.ch_arging method; a printing
method Shqh as scree.n printing, offf.sct printing, relief printing, or gravure printing; or

the like can be used. In addition, an evaporation mcthod ﬁsing a metal mask, a CVD

-‘method, a sputtering inethod, or the like ¢an be used. Moreover, a plurality of the

above methods can be used. .Fhrthc.r, the composition is formed from particles with a
métal element aﬁd a solvent for dispersing the i)articles with -a metal element.
[0038] | |

A heating temper_aturé of the composition is desirably greater or equal to 200°C
and less than or equal to 350°C, preferably, greater than or equal to 200°C and less than

or equal t0'300°C. When a heating temperature of the composition is lower than

| 200°C, the particles with a metal element is insufficiently baked and a conductive layer

having high resistance is formed. Alternatively, when the composition is heated at a

_higher temperature than 350°C, the layer in which oxygen and silicon are’combined and

* an inactive group is combined with the silicon is reacted and it becomes difficult to peel

the function layer from the substrate afte'rwarc_is with ease.
[0039) :

As the particles with a metal element, one or more of conductive particles of
Ag, Au, Cu, Ni, Pt, Pd, Tr, Rh, W, Al, Ta, Mo, Cd, Zn, Fe, T, Zr, and Ba, or a compound
particle having the element can be appropriately used. |
[0040]

Further, as particles with a metal element, a compound that contains one or
more of elements of In, Ga, Al, Sn, Ge, Sb, Bi, and Zn, or two or more of compound
particles is heated and baked, thereby forming a conductive layer having a light
transmitting property.

[0041]
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As the Cofnbound particle with a metal element, an inorganiclsalt. particle such
as a métal halogen compo_und,-la-met"al sulfated compouhd,_ a metal h_ifric cqmpound, a.
metal oxide,'é metal hydrbxide, or a metal carbonate compound, 6r an organic salt
particle such as a metal acetic acid compound, a metal oxalic acid compound,' of.a metal
tartaric acid compound can be appropriately used. | o
[0042] |

A diameter of the particles. W—ith a metal element is preferably 1 nm to 10 uﬁ, 1
to 5 um, 1 to 100 nm, 2 tb 50 nrh,.further preferably, 3 to 20 nm. By .using such
particles with a small 'grain size, the. resistance of a conductive layer formed afterwards
can be reduced. |
[0043] |

" In addition to the particles with a metai element, parﬁcles such as carbon,

silicon, or germanjum may be éppropriately used.
[0044] | |

-As the solvent for dispersing the particles with a metal element, ester such as

| butyl acetate or ethyl acetate, alcohol such as isopropyl alcohol or ethyl alcohol, methyl |

ethyl ketone, acetone, or an organic resin such as an epoxy resin or a silicon resin

.(silicone) is appropriately used.

 [0045]

As the conductive layer 103, a conductive layer serving as an antenna, a wiring,
a pixel electrode, an electrode, or the like can be appropriately formed.
[0046] ‘
Here, a shape of the composition that is applied over lthe layer 102 in which
oxygen and silicon are combined and an inactive group is combined with the silicon
will be explained with reference to FIGS. 15A and 15B. FIG. 15A is an enlarged
model view for showing a region where the substrate 101 and the conductive layer 103
of FIG. 1A are contacted with the layer 102 in which oxygen and silicon are combined
and an inactive group is combined with the silicon of FIG. 1A. FIG. 15B is an enlarged

view of a region where the layer 102 in which oxygen and silicon are combined and an

inactive group is combined with the silicon of FIG. 1C is divided, and the conductive
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' layer 103 is peeled from the substrate 101,

[0047] ‘ _
' In FIG. 15A, over the substfate 101, here, over a surface of a glass substrate,
oxygen 0\-/er the surface of the glass substrate and silicon in the layer 102 iﬁ which
oxygen and silicon ére combined and an inactive gfoup is combined with thé silicon are
combined, aﬁd the silicon and a functional group R that is at leaét one sélected from an
alkyl group, an aryl group, a fluoroalkyl group, and a fluoroaryl group are combir;ed.
Fﬁrther, the adjacent silicon is combined to each othér ‘_through oxygen. ..Here, a
substituent that islpar't of the functional group R is referred to as a CH, group and
illustrated between the functional group R and silicon. It is to be noted that various
suBstituents are shown without limitat.ion to t-he CH; group as long as they are part of
the functional group R. |
[0048] _
In addition, a functional group R that is at least one sglected from an alkyl

group, an aryl group, a ﬂuordalkyi group, and a fluoroaryl group is exposed on the

 surface of the layer 102 in which oxygen and silicon are combined and an inactive

group is combined with the silicon. Further, the conductive layer 103 is formed in

_contact with the functional group R.

' [0049]

An inactive functional group R typified by at least one sel¢cted from an alkyl
group, an aryl grolup, a fluoroalkyl group, and a fluoroaryl group is exposed on the
surface of the layer 102 in which oxygen and silicon are combined and an inactive
group is combined with the silicon; therefore, surface energy in .the surface of the layer
102 in which oxygen and silicon are combined and an inactive group is combined with
the silicon is relatively lowered.

[0050]

Further, as carbon chain length of a functional group becomes longer, a contact
angle becomes larger, and the surface energy is relatively lowered. Accordingly, a
composition having different surface energy from the surface of the layer 102 is easily

repelled, and the composition flows over a surface of a film having small surface energy
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“and stays in a stabilized shape.

[0051]

In other words, the composition that is applied over the layer in which oxygen

“and silicon are combined and an inactive group is combined with the silicon becomes to

have a shape for'. stabilizing the surface energy of the composition.. Therefore,
uﬁever_mess .. on a side face of the applied composition is re_duced.' By ‘drying and
baking Suc.h.a paste, é conductive layer in which unevenness on a side face is modefatgd
can be formed. o .
[0052]

| An insulating composition is applied by a coating method over an exposed
pértion-of the layef 102 in which okygen and silicon aré ‘combined and an inactive
group is. combined with the silicon and the cohductive layer. 103, and heating and
baking are performed, thgreby forming the insulating layer 104 covéring the conductive
layer 103. As a coating method, the coating method for the conductive layer. 103 can
be appropriately used. Further, as the insulating composition, an org;anic compound
such as an acrylic resin, a polyim.ide resin, a melamine resin, a-‘p_olyester resin, a

polycarbonate resin, a phenol resin, an epoxy resin, polya_éetal, polyether, polyurethane,

. polyamide (nylon), a furan resin, or a diallylphthalate resin; a siloxane polymer or an

alkylsiloxane polymer, an alkylsilsesquioxane polymer; a silsesquioxane hydride
polymer, an alkylsilsesquioxane hydride polymer, or the like typified by siiica glasé can
be appropriately 1'1.sed.. |
[0053]

In the present invention, the insulating layer 104 is preferably formed
extending to an outer side 1001 of a region where the conductive layer 103 is formed
(an inside of a dot line 1000 of FIG. 7) as shown in FIG. 7. That is, the insulating layer
104 is preferably formed to cover the whole conductive layer so as not to expose part of
the side face of the conductive layer from the insulating layer. As a result, the
conductive layer 103 is sealed by the insulating layer 104; therefore, oxidization of the
conductive layer and mixture of an impurity can be prevented, and deterioration of the

conductive layer can be suppressed. Further, since the insulating layer is formed so as
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to cover the whole conductlve layer the functional layer can be peeled as one layer
w1thout bemg divided in a subsequent peeling step '
[0054] .

Next, an adhesive 106 is attached to a surface of the insulating layer 104,
typically, to part of or.to the entire surface of the.insulating layer 104; thereafter, the
layer 102 in which oxygen and silicon are combined and an inactive group is combmed
with the silicon is physrcally d1v1ded with the use of the adhesive 106 as shown in FIG
1B. Typically, the adhesive 106 is pulled up in a direction of an angle of 8 degree with
respect to the surface of the layer 102 in which oxygen and silicon are combined and an
1nact1ve group is comblned with the srlrcon or the insulating layer 104. The angle of 6
degree is other directions than a horizontal direction, specifically, 0° < 8 < 180°,
preferably, 30° < 8 < 160°, more preferably,.60° < 6 < 120°. As a result, the layer 102
in which oxygen and silicon are combined and an inactive group is combined with the
silicon is divided, and the functional layer 105 is peeled from:the substrate IOl by

dividing the-layer 102 in which oxygen and silicon are combined and an inactive group

| is combined with the silicon. At this time, a part 102b of the layer in which oxygen

and silicon are combined and an inactive group is-combined with the silicon remains

over the substrate 101, and a part 102a of the layer in which oxygen and silicon are

* combined and an inactive group is combined with the silicon remains over a surface of

the functional layer 105 having the conductive layer 103. Thus, the layer 102 in which
ol_xygen and silicon are combined and an inactive group is combined with the silicon
works as a peeling layer.

[0055]

Furthermore, in a case where a roller is provided over the adhesive 106 and the
layer 102 in which oxygen and silicon are combined and an inactive group is combined
with the silicon is physically divided from the substrate by rotation of the roller, the
angle of 0 degree is 0° < 6 < 90°, preferably, 0° < 0 < 45°. As a result, the functional
layer 105 can be peeled from the substrate 101 while a crack is prevented from
occurring in the functional layer 105.

[0056]
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- Here, é priﬁciple that the layer 102 in which oxygeﬁ and silicon are combined
and an .ina.\ctive group is combined with the silicon is divided and_the'funct‘ional.-layer
105 is peeled from tﬁe substrate 101 is explained with the use of FIG. 15B. When the
adhesive 106 is puiled up as shown in FIG. 1B, the binding power inside the .inactive
group is lowered aé compared to adhesion betweeh a surface of the substrafé 101 and
the layer 162 in which oxygen and silicon are combined and an inactive group is
combined with the silicon and adhesion between the layer 102 in which oxygen :;ln_d

silicon are combined and an inactive group is combined. with the silicon and the

- conductive layer 103. In other words, the binding power inside the inactive group is

weak as compared to binding pbwer_of oxygen and silicon over the substrate 101 and
adhesion between the conduétive layer 103 énd the layer 102 in which oxygen and
silicon are combined and an inactive group is combincd with the silicon. Therefore, as
shown in FIG. 15B, combination of the functional group R that is at.least one selected
from an alkyl group, an aryl group, a fluoroalkyl group, and a fluoroaryl group is

partially cutoff, and the layer in which oxygen and silicon are combined and an inactive

| group is combined with the silicon is divided. ~As a result, the functional layer 105 can

be peeled from the substrate 101.

[0057]

) Since the combination of the functional group R that is at least one selélcted
form an alkyl group, an aryl group, a fluoroalkyl group, and a ﬂuoroaryl group is
partially cut off, a femaining part of the alkyl group, the aryl group, the fluoroalkyl
gfoup, and the fluoroaryl group is left over the surface of the substrate. Aécordingly, a
contact angle is large and the surface energy is relatively small over a surface of the part
102b of the layer in which oxygen and silicon are combined and an inactive group is
combined with the silicon that is divided. Therefore, a composition having different
surface energy from the surface of the part 102b of the layer is easily repelled over the
layer, and the composition flows over a surface of a film having small surface energy
and stays in a stabilized shape. As a result, the substrate 101 having the part 102b of
the layer in which oxygen and silicon are combined and an inactive group is combined

with the silicon that is divided can be used for forming a functional layer again.
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[0058]
Hcré; as the adheSivé_ 106, an optical plastic adhesive film, a thermoplastic
adhesive film, or the like can be used. Instead of a film, a tape, a sheet, a substrate or

the like can be- approprlately used. Moreover, 1nstead of usmg the adhesive, a materlal

~may be attached to the surface of the msulatmg layer 104 by electrostatic force or

adsorption power.
[0059] | |
| Next, as shown in FIG. 1D, the part 102a of thé.layer in which oxygen and
silicon are combined and an inactive group is combined wtth _the.siIicon that remains
over a surface of the functional layer 105 having the conductive layer 103 may be
removed. The part of the léyer in which dxygen and siiiéon are combined and an
inactive group is combined with the silicon can be removed by plasma irradiation of
hydrogen, a rare gas, nitrogen, or the like, or heating treatment at 400°C or higher.
Through the above step, a functional layer can be easily formed. In additioh, a
funétional layer having a cohduct'ive. layer in which unevenness on .a side face is
reduced or a thinned conductive layer can be easily formed. .-

[0060]

Next, as shown in FIG. 1E, a flexible substrate 112 having an opening 111 is

~ attached to the functional layer 105. As the flexible substrate 112, a substrate made

from PET (polyethylene terephthalate), PEN (polyethylene naphthalate), PES
(pplyethersulfoﬁe); polypropylene,  polypropylene  sulfide, polycarbonate,
polyethetimide, polyphenylene  sulfide, polyphenylene oxide, polysulfone,
polyphthalamide, or the like; and a substrate having a stacked léyer of paper made of a
fibrous material and an adhesive organic resin (an acrylic-based organic resin, an
epoxy-based organic resin, or the like) can be typically used. In a case of using the
above substrate, the functional layer 105 and the flexible substrate 112 are attached with
an adhesive organic resin layer interposed therebetween, which is not illustrated.
[0061]

Alternatively, as the flexible substrate 112, a film having an adhesive layer that

is subjected to adhesion treatment with an object to be processed by thermocompression
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' (such as a larrn'n'ating film (including polypropylene, ‘polyester, vinyl, poly\)inyl fluoride,

vinyl 'c_hloride, or the like)) may-be used. The'laminating film can be attached to an
object to be processed in such a way that an adhesive layer provided on an uppermost \

layer or a layer prov1ded on an outermost layer (not the adhesive layer) is melted by

_heat treatment and then, by applymg pressure thereto, the film is attached to the object

to be processed.
[0062] .
The opening 111 formed in the flexible substrate 112 can be formed by

irradiating the flexible substrate with laser light and melting part of the flexible

. substrate. Alternatively, the flexible substrate is subjected to mechanical punching to

form the operring.
[0063]

By the above step, a ﬂexible substrate having a functional layer can be formed
with a high yield.. Since heating at a sufficient temperature'}can be performed, a
flexible substrate having a low-resistance conductive layer can be formed with a high
yield. Further, a flexible substrate having a functional layer that has d conductive layer |

in which unevenness on a side face is reduced or a thinned conductive layer can be

.formed with a high yield. Furthennore, in a case of forming an antenna by using these

* conductive layers, among a plurality of antennas that is concurrently formed, a substrate

having an antenna that has little variation in inductance can be forrhed. Moreover, a
substrate having un antenna that has little variation in electromotive force can be
formed.
[0064]

Next, as shown in FIG. 2, a semiconductor device can be manufactured by
attaching a flexible substrate 113 having a functional layer to a silicon chip 121.
[0065]

Typically, connection terminals 123 and 124 of the silicon chip 121 where a
plurality of elements are formed and the conductive layer 103 of the functional layer are
connected to each other with a conductive particle 126 contained in an anisotropic

conductive adhesive agent 125, whereby a MOS transistor 122 and the conductive layer
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103 are electrically connected. As the plurality of elements, the MOS transistor, a

capacitor element, a resistor, ahd the like are. given. Here, the MOS ‘transistor 122 is .

shown as one of the plurality of elements. A thickness of the silicon chip is preferably

0.1 to 20 pm, further preferably, 1 to 5 um.

[0066] _
_ Thel connection terminals 123 and 124 can be .formed using 'titanil\lm nickel
gold, copper or the like appropnately, by a printing method, an electrolytic platmg
method an electroless platmg method, a sputtcrmg method or the like.

[0067]
o As a typigal exaxﬁplc of the anisotropic conductive adhcsive agent 125, an
adhesive resin containing the conductive paﬁicle 126 (a grain size is several nm to
several tens pum, preferably about 3 to 7 pm), which is dispersed, such as an epoxy resin
or a phenol resin can be given. The conductive particle 126 is formed from an element
selected from gold, silver, copper, palladium, and platinﬁm; or aiplurality of elements.
Fuﬁher, a particle having a 'mult'i-'layer structure of these elements may be used.

Furthermore, a conductive particle in which a thin film that is formed from an element

'.selected from gold, silver, copper, palladium, and platinum, or a plurality of the

. elements is formed over a surface of a particle formed from a resin may be used.

[0Q68]

The connection terminals 123 and 124 may be cbnnectec_i to the conductive
layer 103 by a niethod such ‘as compression of an anisotropic conductive film and
reflow tr-eatment using a solder bump ‘instead of the anisotropic conductive adhesive
agent. |
[0069]

By the above step, a semiconductor device capable of transmitting and
receiving data wirelessly can be manufactured with a high yield.

[0070]
(Embodiment Mode 2)
In this embodiment mode, one mode of a method for easily forming a layer

having functionality will be explained with reference to FIGS. 3A to 3E and FIG. 4.
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FIGS: 3A to 3E each show a cross-sectional view of a step for forming a layer having
functionality. FIG. 4 shows a cross-sectional view of a liquid crystal display device as

a display device in a case where the display device is used as a semiconductor device.

‘Alayer having a conductive layer serving as a pixel electrode is used as a layer having

functionality to qxp_lain this embodiment mode.
{0071} |

'A_s shdwn iﬁ FIG 3A, a layer 102 in which oxygen and silicon are combined
and an inactive group is combined with the silicon is formed over a substrate 101, a
conductive layer 131 is formed thereover, and an insulating layer .132 covering the
conductive layer 131 is formed. A functional layer 133 can be formed by the
conductive layer 131 and the insulating layer 132. o
[0072] .

The substrate 101 and the layer 102 in which oxygen and silicon are combined
and an inactive group is combined with the silicon can be formed jn a manner similar to

that of Embodiment Mode 1.

© [0073]

A composition that contains particles with a metal element is z{pplied over the

Jlayer 102 in 'which oxygen and silicon are combined and an inactive group is combined

* with the silicon, and heating is performed at a temperature of greater than or equal to

200°C and less than or equal to 350°C, preferably, greater than or e'qual to 200°C and
less than or equal to 300°C to bake the particles with a metal element, thereby. forming

the conductive layer 131. As a coating method, a droplét dischafging method, a

printing method such as screen printing, off-set printing, relief printing, or gravure

printing, or the like can be used. Further, an evaporation method using a metal mask, a
CVD method, a sputtering method, or the like can be used. Furthermore, a plurality of
the methods can be used. As the composition that contains particles with a metal
element, a composition for forming a conductive layer having a light transmitting
property is preferably used. Typically, a composition that contains a conductive
particle having one or more of elements of In, Ga, Al, Sn, Ge, Sb, Bi, and Zn, or two or

more of compounds particles can be used.
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As the conductive_layer-1_31-', a conductive layef serving as a pixel electrode is

appropriately formed here. Typically, a striped-shape conductive layer 131 is formed.

[0075]

An insulating composition is applied over exposed portions of the layer in
which 102 oxygen and silicon are combined and an inactive group is combmed with the

silicon and the conductlve layer 131. by a coating method, and heating and baking are

performed, thereby forming the insulating layer 132 covering the conductive layer 131.

. As a coating method the coating method for the conductive layer 131 can be

approprlately used. As the insulating composmon an acrylic resin, polyimide, or the
like can be appropriately used. Here the 1nsulat1ng layer 132 preferably serves as a
protective layer for the. conductlve layer 131, furthermore, an orientation film.
Therefore, the insulating layer 132 may be subjected to rubbing treatment.
[0076] ’
| -Through the above slte'p, the fnnctional layer 133 having a cqnduetive layer that
serves as a pixel electrode can be formed. | |
[0077] | |

Next, as shown in FIG. 3B, an adhesive 106 is attached to a'éurface of the

 insulating layer 132, typically, part of or an entire surface of the insulating layer 132 in a

similar manner to Embodiment Mode 1, and thereafter, the adhesive 106 is pulled up.
As a result, as shown in FIG. 3C, the layer 102 in which oxygen and silicon are
combineci and an inactive group is combined with the silicon is ‘divided, and the
functional layer 133 is peeled from the substrate 101. At this time, a part 102b of the
layer in which oxygen and silicon are combined and an inactive group is combined with
the silicon remains over the substrate 101, and a part 102a of the layer in which oxygen
and silicon are combined and an inactive group is combined with the silicon remains
over a surface of the functional layer 133 having the conductive layer 131.
[0078]

Subsequently, as shown in FIG. 3D, the part 102a of the layer in which oxygen

and silicon are combined and an inactive group is combined with the silicon that
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| _rémaifls over a surface of the functional_ layer 133 having the conductive llzllyer 131 may |

be removed in a manner s_imilé;r to that of Embod_iment' Mode 1. Through the a_bdve

step, the functional layer 133 can be easily formed. .

[0079]

Then, as shown in FIG. 3E, a flexible subsfratc 112 is attached to the functional
layer 133. o
[0080]
Through the above step, a flexible substrate 134 having a pixel electrode as a

functional layer can be formed with a high yield.
[0081] |

| Next, a ﬂéxible substfatc 135 having é functional .lay'er is similarly formed. A
sealant is applied in a region where the functional layer 133 is ﬂot formed over one of
the flexible substrates having functionality, and a liquid crystal material is applied inside
the sealant. Then, the conductive layer 131 formed over the ﬂex_ible substrate 134 and

a conductive layer 136 formed over the flexible substrate 135 are arranged to be

intersected with each other at right angles, and attachment is performed while a pressure

is reduced. Please note that the conductive layer 136 serves as an opposite electrode.

.As a result, a passive matrix liquid crystal display'device including a sealant 141 for

* sealing the flexible substrates 134 and 135, the flexible substrates 134 and 135, anda -

liquid crystal layer 142 that is formed in a region surroundcdl'by the sealant is
manufactured. | BS/ the above step, a liquid crystal display device can be manufactured
with a high yield. Further, a liquid crystal display device that is small-sized, thin, and
lightweight can be manufactured. |

[0082]

(Embodiment Mode 3)

In this embodiment mode, one mode of a method for easily forming a layer
having functionality will be explained with reference to FIGS. 5A to 5E and FIGS. 6A
to 6E. FIGS. 5A to 5E each show a cross-sectional view of a forming step of a layer
having functionality. As a layer having functionality, a layer that optically functions

such as a colored layer, a color conversion filter, or a photogram color filter can be
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given in this 'enibo'diment mode. | Here, a colored layer is used as a layer that optically
funct1ons to explain thrs embodrment mode
[0083]

' As shown in FIG. 5A, a layer 102 in Wthh oxygen and silicon are combined
and an 1nact1ve group is combined with the sﬂrcon is formed over a substrate 101, a
colored layer is formed thereover, and an insulating layer 158 covering a colored layer
is formed. Here, light shielding layers 151 to 154, a red colored layer 155, a blue
colored layer 156, and a green colored layer 157 are shown as the colored layer. A
functional layer 159 can be formed by the colored layer and the insulating layer 158.
[0084] .

As a'meth.od for forming the colored- layer, an etching method using a colored
resin, a color resist method using a color resist, a staining method, an electrodeposition
method, a micelle electrolytic method, an electrodeposition transfer method, a film
dispersion method, an inkjet method (droplet discharging method), or the like can be
appropriately used. ‘

[0085]

Here, a color filter is formed by an etching method using a photosensitive resin

‘in which colorant is dispersed. First, a photosensitive acrylic resin in which black
~ colorant is dispersed is applied to the layer 102 in which oxygen and silicon are = °

combined and an inactive group is combined with the silicon by a coating method.

Subsequently, a.ft.er the acrylic resin is dried and temporarily baked, exposure and
development are performed, and then, the acryl is hardened by heating at greater than or
equal to 200°C and less than or equal to 350°C, preferably greater than or equal to
200°C and less than or equal to 300°C, here, 220°C, to form the light shielding layers
151 to 154 with a film thickness of 0.5 to 1.5 um.
[0086]

Next, photosensitive acrylic resins in each of which red colorant, green
colorant, and blue colorant are dispersed are applied to form the red colored layer 155,
the blue colored layer 156, and tlle green colored layer 157, each having a film

thickness of 1.0 to 2.5 um, by a step similar to that of the light shielding layers 151 to
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154.
[0087) |

Through the above step, the éolored layer can be easily formed.
[0088]

It is to bé noted that the red colored llayer indicates a colorcd‘ layer that
trénsmits red ligfxt (light having a péak wavelength in the vicinity of 650. nm), the green
colored layer 'indicatés a colored layer that transmits green light (light having a peak

wavelength in the vicinity of 550 hm), and the blue cdldred layer indicates a.colored

‘layer that transmits blue light (light having a peak wavelength in the vicinity of 450

nm).
[0089]

An insulating composition is applied to éxposed portions of the layer 102 in
which oxygen and silicon aré combined and an inactive group is combined with the
silicon, the colored layers 155 to 157, and the light shielding layers 151 to 154, and

heating and baking are performed, thereby forming the insulating layer 158 covering the

~ colored layers. The insulating layer 158 can .be formed with a method and material

similar to those of the insulating layer 132 in Embodiment Mode 1. Further, the

.insulating layer 158 serves as a protective layer for the colored layer.

 [0090]

Through the above step, the functional layer. 159 that serves as a colored layer
can be formed witH a high yield.
[0091]

Next, as shown in FIG. 5B, an adhesive 106 is attached fo part of or to an entire
surface of the insulating layer 158 in a manner similar to that of Embodiment Mode 1,
and thereafter, the adhesive 106 is pulled up.
[0092]

As a result, the layer 102 in which oxygen and silicon are combined and an
inactive group is combined with the silicon is divided, and the functional layer 159 is
peeled from the substrate 101 as shown in FIG. 5C. At this time, a part 102b of the

layer in which oxygen and silicon are combined and an inactive group is combined with
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the silicon remains over the substrate 101, .and a part 102a of the layer in which oxygen
and silicon are combined and an inactive group is combined with the silicon remains

over a surface of the functional layer 159 having the colored layer.

[0093]

Subsequen:tly,. as shown in FIG. 5D, the pzirt 102a of the layer in wh\i‘ch oxygen
ahd ‘silicon I_are combined and an inactive group is combined with thc silicon that
remains over a surface of the func_ﬁtional layer 159 having the colored layer may be
removed in a manner similar to-that of Embodimeni Modc 1..

[0094]

' Then, as shown in FIG. 'SE,- aflexible substrate 112 is attached to the functional
layer 159. | | |
[0095] .

Through the above step, a flexible substrate having the functional layer 159 can
be formed with a high yield.
[0096]

(Embodiment Mode 4)

In this embodiment mode, one mode of a method for manufacturing a liquid

‘crystal display device will be explained with reference to FIGS. 6A to 6E. It is to be .

noted that FIGS. 6A to 6E each show a cross-sectional view of a manufacturing sté_p of
a liduid crystal display device.
[0097] |

o As shown in FIG. 6A, a layer 102 in which oxygen and silicon are combined
and an inactive group is combined with the silicon is formed ovcf a substrate 101 by the
step shown in FIG. 5A of Embodiment Mode 3, a colored layer including light shielding
layers 151 to 154, a red colored layer 155, a blue colored layer 156, and a green colored
layer 157 is formed thereover, and an insulating layer 158 covering the colored layer is

formed.

[0098]

Next, an opposite electrode 160 is formed over the insulating layer 158, and an

insulating layer 161 serving as an orientation film is formed thereover.
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[0099]

- The -opposite electrod'_e 160 is formed over exposed regions of thc; insu_lating
layer 158 and the layer 102 in whicH oxygen and silicon are combined and an inactive
group is combin.cd with the silicon. The formation method and matefiai of the
conductive layer 131 serving as a pixel electrode in Embodiment Mode 2 can be used
similarly to tlhat'of the opposite electrode 160. Further, the opposite electrocie 160 may
be formed by using a .sputtering metl_iod. |
[0100] | |

The insulating layer 161 can be formed by using the material and method
similar to those of the insulafing layer 132 in Embodiment Mode 2 appropriately.
[0101] | | | | |

~ Through the above step, a functional layer 162 can be formed.

[0102] o
- Next, as shown in FIG. 6B, an adhesive 106 is attacht;d to a surface of the

insulating layer 161, typically, to part of or to the entire surface of the insulating layer

| 161, and thereafter, the adhesive 106 is pulled up in a 6 direction in a manner similar to

that of Embodiment Mode 1.
[0103]

As a result, as shown in FIG. 6C, the layer 102 in which oxygen and silicon are
corﬁbined and an inactive group is combined with the silicon i.s' divided, and the
functional layer 162 is peeled from the substrate 101. At fhis time, a part 102b of the
layer in Which 6xygen and silicon are combined and an inactive group is combined with
the silicon remains over the substrate 101, and a part 102a of thé layer in which oxygen
and silicon are combined and an inactive group is combined with the silicon remains
over a surface of the functional layer 162 having the colored layer. Thereafter, the part
102a of the layer in which oxygen and silicon are combined and an inactive group is
combined with the silicon that remains over a surface of the functional layer 162 having
the colored layer may be removed in a manner similar to that of Embodiment Mode 1.

[0104]

Next, as shown in FIG. 6D, a flexible substrate 112 is attached to the functional
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layer 162.

[0105]- _ B ‘

Through the above step, a ﬂéxible substrate having the functional layer 162 can .
be manufactured.l | |
[0106] _
| Ne)%t, a§ shown in FIG. 6E, an insulating layer 173 is formed over‘.a substrate
172. Over the. insul.ating layer 173, a thin film transistor 174, an interlayer insula'tir_lg
layer 175 that insulates a conduétive layer forming the thin film transistb_r..l74, an
interlayer insulatihg 'layer 176 covering the thin film transistor 174, and a pixel
electrode 177 that is formed over the interlayer insulating layer. 176 and connected to
the thin film transistor 174 are formed. - -An insulating layer 178 serving as an
orientat_io_ﬁ film is formed over the pixel electrode 177 and the intérlayer insulating layer
176. An active matrix substfate 171 is formed of the above components. The active
matrix substrate 171 and the flexible substrate 112 having the funptional layer 162 over
which a sealant 141 and a liquid crystal material are applied are attachcd under a
reduced pressure, whereby a liquid crystal display device can be 'mzinufacturcd. - That
is, ah active matrix liquid crystal display device can be manufactured{v?hich includes

_the flexible substrate 112 having the functional layer 162, the sealant 141, the active

* matrix substrate 171, and a liquid crystal layer 142.

[0107] . .

. Through thé above step, a liquid crystal display device can be manufactured
with a hfgh yield. Further, a liquid crystal display device that is small-sized, thin, and
lightweight can be manufactured. |
[Embodiment 1]

[0108]

In this embodiment, over a flexible substrate having a functional layer that has
a conductive layer serving as an antenna and an insulating layer, a baking temperature
for forming the conductive layer, the resistance of the conductive layer, and the

probability that peeling is possible are shown with the use of FIG. 8 and Table 1.
[0109]
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-+ A surface of a su_bstraté ‘was irradiafcd V\-/i.th a UV'lig_ht plasma to remove
contaminénts from the surface of the substrate. After. a silane coupling agent was |
deposited onto the substrate, a s_urfaée of the silane coupling agent was cleaned with
cthanol and pure water, and a layer in which oxygen and silicon are combihed and an
inactive group is cdmbined With the silicon was formed. SubSequently, a Composition
thét containé particles with a metal element was applied in the shape of ;1 coil, and
baking was performéd to form a_ conductive layer. Then, an insulating layer \'avas

formed over the layer in which oxygen and silicon are combined and an inactive group

~ is combined with the silicon and the conductive layer. A functional layer formed of

the conductive layer and the insulating layer was peeled through with the use of an
adhesive. | - |
[0110]

Here, fluoroalkyl silane was used as a silane coupling. égent. After the
substrate was heated for 1.0 minutes at 170°C and fluoroalkyl silane was deposited bnto

the surface of the substrate, the surface was cleaned with ethanol and pure water to form

a layer in which oxygen and silicon are combined and an inactive group is combined

with the silicon with a thickness of several nm to several te_ﬁs of nm.

[0111]

Further, as the composition that contains pa’rticlés with a metal element, a
con'1position containing silver particles was used. This composition was épplied by a
p‘rinting method, ahd heating was performed for 30 minutes at 160°C, 200°C, 300°C,
356°C, of 400°C to form a conductive layer with a‘thickness of 30 um.’

[0112] |

As the insulating layer, an epoxy resin was applied by a printing method, and
heating was performed for 30 minutes at 160°C to bake the epoxy resin that has a
thickness of 30 pum.

[0113]

As the adhesive, an adhesive tape was used.

[0114]

It is to be noted that a substrate over which the composition containing silver
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- particles was baked at a temperature of 160°C was a PEN substrate, and a substrate over

which the composition containing silver particles was béked at a.temperature of 200 to

400°C was a glass substrate. Further, by setting the number of samples for each

heating temperature to be 10, an experiment was carried out.

[0115]
The average value of the resistance of the conductive layer with respect to the

baking temperature at this time and the probability that peeling is possible are shown in

Table 1, and a graph for showing the relation between .a baking temperature and the

' resistance of the conductive layer is shown in FIG. 8.

[Table 1]
' Resitance Value [O]
Sample number _ Baking Temperature [C]
o 160 | 200 300 350 400 450
1 36 29 139 | 115 | 874 7.8
2 36 28 135 | 102 | 875 9.1
3 3 | 31 142 | 10.8 8.8 8.2
4 35 34 | 13.9 11 8.46 | 7.8
5 37 36 | 14.1 105 | 8.15 7.8
6 38 27 146 | 101 | 836 | 7.9
7 40 29 | 138 | 11.9 8.8 8.9
8. 38 29 129 | 115 8.9 8.3
9 37 | 28 | 145 | 119 | 93 | 78
10 - 37 30 142 | 116 | 98 7.9
.Average Value || - 37 301 | 13.96 | 11.1 | 8.806 | 8.15
P;Z‘;gg‘?; /::‘)” 100 | 100 | 100 | 50 0 0

[0116]

According to Table 1, a baking temperature at which peeling is possible was
less than 400°C, preferably 350°C or less. According to FIG. 8, the resistance of the
conductive layer serving as an antenna was 30 €2 or less. Thus, in accordance with this
embodiment, it was found that the range of a heating temperature at which a functional
layer having a conductive layer that serves as an antenna can be peeled was greater than

or equal to 200°C and less than or equal to 350°C, preferably greater than or equal to
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200°C and less than or equal to 300°C.
[0117] o
That is, a layer having functionality is peeled from the Sﬁbstratc, which is .
formed by heating at a temperature of greater than or equal to 200°C and. less than or
equal to 350°C, preferably greater than or equal to 200°C and less than (\)lr equal to
300°C over a substrate having heat resistance, whereby a layer having functionality can
be easily formed. |
[Embodiment 2]
[0118]
o In this embodiment, a rﬁanufacturing step of a semiconductor device capable of
transmitting and receiving daié Wirélegsly will be ¢xpléined with reference to FIGS. 9A
to 9E, FIGS. 10A to 10D, and FIGS. 11A to 11C.
[0119] | -
As shown in FIG. 9A, a peeling layer 202 is formed over a substrate 201, an
insulating layer 203 is formed ihereover, and a thin film transistor 204 and ah interlayer
insulating layer 205 that insulates a conductive layer forming a thin film transistor are

formed thereover. In order to be connected to a semiconductor layer 6f_ the thin film

transistor, a source electrode and a drain electrode 206 are formed. Then, an insulating -

~ layer 207 is formed, which covers the thin film transistor 204, the interlayer insul'ating '

layer 205, and the source electrode and the drain electrodé 206. A conductive layer
208 that is-conﬁeéted_ to the source electrode or the drain electrode 206 through the
insulating layer 207 is formed. |

[0120]

As the substrate 201, a glass substrate, a quértz substrate, a metal or stainless
steel substrate with an insulating layer formed over one surface, a plastic substrate that
has enough heat resistance to resist a treatment temperature of this step, or the like is
used. Since the aforementioned substrate 201 is not limited in size or shape, a
rectangular substrate with a length of 1 m or more on one side, for example, can be used
to drastically increase productivity. This point is a superior to that of a circular silicon

substrate.
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[0121) | |
.'The peeling layer 202 i; formed by a sputtering ﬁlethod; a plasma CVD method,

a coating method, a printing method, or the like to be a single layer or a stacked layer .

made of an element selected from tungsten (W), molybdenum (Mo), titahium (Ti), -

tantalum (Ta), niobium (Nb), nickel (Ni), .cobalt (Co), zirconium (Zr); \z'inc'(Zn),
ru.thenium (Ru), .rhod_ium (Rh), pallladium (Pd), osmium (Os), iridiﬁm (Ir), and silicon
(Si); an 'allpy matcriél containing the element as its main component; or a compound
material containing the element as its main component. The crystalline structuré of a
layer containing silicon may be amorphous, microcrystalline, or polycrystalline.

[0122] |
' In a case where the peeling léyer 202 has a Singlé layer structure, a tungsten
layer, a molybdenum layer, or a layer containing a ﬁlixture of tungsten and molybdenum
is preferably formed. Altcrﬁatively, a layer containing tungsten oxide or tungsten
oxynitride, a layer éontaining molybdenum oxide or molybdenum oxynipride, or a layer

containing oxide of a mixture of tungsten and molybdenum or oxynitride of a mixture

~of tungsten and molybdenum is formed. It is to be noted that the mixture of tungsten

and molybdenum corresponds to an alloy of tungsten and molybdenum.

[0123]

In a case where the peeling layer 202 has a stacked layer structure, a tungsten -
layer, a molybdenum layer, or a layer containing a mixture of tungsteh and molybdenum
is preferably fofméd as a first layer. Oxide of tungsten, molybdenum, or a mixture of
tungsten r;md molybdenum; nitride of tungsten, molybdenum, or a ‘mikture of tungsten
and molybdenum; oxynitride of tungsten, molybdenum, or a mixture of tungsten and
molybdenum; or nitride oxide of tungsten, molybdenum, or a mixture of tungsten and
molybdenum is preferably formed as a second layer.

[0124]

In a case where a stacked layer structure of a layer containing tungsten and a
layer containing tungsten oxide is formed as the peeling layer 202, the layer containing
tungsten is formed, and an insulating layer formed from oxide is formed thereover, and

a layer containing tungsten oxide in an interface between the tungsten layer and the
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iﬁsulaiing_ layer is férmed, which .may be utilized. Moreover, a surface of the layer
containing tungsten may be subjected to thermal oxidaﬁon treatment, oxygen p,lasfna
treatment, N,O plasma treatment, treatment using a solution having strong oxidizability .
such as ozone watér, or the like, thereby forming the layer containing tungéten oxide.
A case of forming a layer containing tungsten nitride, a layer containi-n‘g tungsten
oxynitride, or a.layer containing tungsten nitride oxide is similar to the above. After
forming the layer coﬁtaining tungsten, a silicon nitride layer, a silicon oxynitride layer,

and a silicon nitride oxide layer may be formed.

" [0125]

Tungsten oxide is rcprésented by WOx where x is in the range of 2 < x < 3.
The x may be 2 (WO5), 2.5 (W505), 2.75 (W+Oy1), 3 (WO), and the like.

[0126] - - .

Although the peeling layer 202 is formed in contact with the substrate 201 in
accordance with the above step, the present invention is not limited to this step. - An
insulating layer to be a base may be formed so as to be in contact with the substrate 201,
and the peeling layer 202 may be provided in contact with the insulating layer. |
[0127] '

The insulating layer 203 is formed usihg an inorganic compound by a-

" sputtering method, a plasma CVD method, a coating method, a pr_inﬁng method, or the -

like to be a singlg layer or a stacked layer. As a typical example of an inorganic
compound, oxid.izéd.silicon or nitrided silicon can be given.
[0128] |

Moreover, the insulating layer 203 may be formed to have a stacked layer
structure. For example, layers may be stacked using an inorganic compound.
Typically, silicon oxide, silicon nitride oxide, and silicon oxynitride may be stacked to
form the insulating layer 203.
[0129]

The thin film transistor 204 includes a semiconductor layer having a source
region, a drain region, and a channel formation region; a gate insulating layer; and a

gate electrode.
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[0130]

" The- semrconductor layer is formed from a semrconductor having a crystallme

structure, and a non—smgle crystalline semiconductor or "a single crystalline

semiconductor may be used. In particular, a crystalline semiconductor that is

crystallized by heat treatment or a crystalline semiconductor that is crystallized by
combining heat treatment and 1rrad1at10n of laser light is preferably applied. During
heat treatment, a crystallrzatron method can be applied usmg a metal element such as
nickel that operates to promote crystallization of a silicon semiconductor. Further, by
heating during the cr.ystallization step of the silicon semicdnductor a surface of the
peelmg layer can be oxrdrzed to form a metal oxrdrzed layer in the interface between the
peeling layer 202 and the insulating layer 203.

[0131]

In a case -where crystallization is performed by irradiation of laser light in
addition to heat treatment, the crystallization can be performed by using continuous
wave laser light or ultra short pulsed laser light with a repetition rate of 10 MHz or
higher and the pulse width of 1 nanosecohd or shorter, preferably 1 to 100 picosecorids;

in such a.way that a melting zone in which the crystalline semiconductor is melted is

.moved continuously in a direction of irradiation of the laser light. By such a

" crystallization method, a crystalline semiconductor that has a large grain size with a

crystal grain boundary extending in one direction can be.obtaine_(l. By matching a
carrier drifting direction to the direction where the crystal grain boundary is extended,
the electric field effect mobility of the transistor can be inereased. " For er(ample, a
mobility of 400 cm?/V-sec or higher can be achieved.

[0132]

In a case where a crystallization process at a heat-resistance temperature
(approximately 600°C) or lower of the glass substrate is used for the above
crystallization step, a glass substrate having a large size can be used. Therefore, a
large quantity of semiconductor devices can be manufactured per substrate, and costs
can be reduced.

[0133]
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Fufther, the.semiconductor layer may be formed by performing a érystallizatibn
step by heating at a temperafure of heat resistlance of the glass substrate or higﬁer.
Typically, a quartz substrate is used for the substrate 201, and an amorphous or .
microcrystalline semiconductor is heated at 700°C or more, thereby forming the

semiconductor layer. As a result, a semiconductor having high crystalllmty can be

' formed. Therefore, a thin film tran51st0r of which properties such as a response speed

and m0b1111y are favorable and which is capable of high speed operation can be
provided. | | o o
[0134]

| The gate 1nsulat1ng layer is formed from an morgamc insulator such as silicon
0x1de and silicon oxynitride.
[0135] .

The gate electrode can be formed from a polycrystalline semiconductor to
which metal or an ifnpurity of one conductivity type is added. In.a case of using metal,
tungsten (W), molybdenum (Mo), titanium (Ti), tantalum (Ta), aluminum (Al), or the
like can be used. Metal nitride forrhed by nitriding metal may .be also used.

Alternatively, the gate electrode may have a structure in which a first layer made of the

.metal nitride and a second layer made of the metal are stacked. In a case of the

 stacked layer structure, an edge portion of the first layer may be, projected beyoh_d an

edge portion of the second layer. At this time, by forming the first layer from metal
nitride, a barrier metal can be obtained. In other words, the metal of the second layer
can be prevented from diffusing into the gate insulating layer or into the sefniéonductor
layer that is provided in the lower part of the gate insulating layer.

[0136] '

Various structures such as a single drain structure, an LDD (lightly-doped
drain) structure, and a gate-overlapped drain structure can be applied to the thin film
transistor that is formed by combining the semiconductor layer, the gate insulating layer,
the gate electrode, and the like. Here, a thin film transistor having a single drain
structure is employed. Moreover, a multi-gate structure where transistors, to which a

gate voltage having the same potential is applied equally are serially connected, a
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dual-gate structure yvhere the semi.conductor_ layer ls sandwiched by the gate electrode,
an inVersely staggered thin filrrr -traneistor where the gale electrode is formed over .the-
insulating layer 203 and the gate insulating layer and the semiconductor layer are .
formed thereover, or the like can be applied. |
[0137] _ _
The source electrode and drain electrode 206 are preferably formed by

combining a low-resistance mater1al such as aluminum (Al), a barrier metal using a

meétal material that has a high melting point such as titanium (Ti) or molybdenum (Mo)

~ to have a stacked- layer structure of titanium (Ti) and aluminum (Al), or a stacked- layer

structure of molybdenum (Mo) and alummum (Al) or the like.

[0138]

The interlayer insulating layer 205 and the insulating layer 207 are formed
using polyimide, acryl, or siloxane polymer.
[0139] | |

Furthermore, a semieonductor-eler_nent of any structure may be provided

instead of the thin film transistor 204 as long as the semiconductor element serves as a

éwitching element. As a typical example of the switching element, MIM

(Metal-Insulator-Metal), a diode, or the like can be glven.

 [0140)

Next, as shown in FIG. 9B, a conductive layer 211 is' form_ecl over the
conductive layer 268. Here, a composition that contains gold particles is printed by a
printing rrrethod, and then, heating is performed for 30 mimltes at 200°C.to bake the
composition, thereby forming the conductive layer 211.

[0141]

Subsequently, as shown in FIG. 9C, an insulating layer 212 for covering the
insulating layer 207 and an edge portion of the conductive layer 211 is formed. Here,
after applying an epoxy resin by a spin coating method, the epoxy resin is heated for 30
minutes at 160°C. Then, the insulating layer in a portion where the conductive layer
211 is covered is removed to expose the conductive layer 211 and the insulating layer

212 is also formed. Here, a stacked body including the insulating layer 203 to the
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insulating layer 212 is referred to as an element formation layer 210.
[0142] |

- Then, as shown in FIG. 9D, in order to perform a subsequent peeling step easily,

the insulating layers 203, 205, 207, and 212 are irradiated with laser light 213 to form

'arr opening 214 as shown in FIG. 9E. Subsequently, an adhesive 215 is attaehed to the
insulating layer 212. As the laser light used for forming the opening 214, laser light

havmg a wavelength that is absorbed by the insulating layers 203, 205 207 and 212 is

_preferably used. Typ1cally, laser l1ght in a UV region, a visible region, or an-infrared

- region is appropriately selected for 1rrad1at10n.

[0143]

As a laser oscillator capable of oscrllatmg such laser l1ght an oscillator of an
excimer laser such as an ArF laser, a KrF laser, or a XeCl laser a gas laser such as a He
laser, a He-Cd laser, an Ar laser, a _He-Ne laser, a -HF laser, or a CO;, laser; a solid laser
such as a crystal laser in which a erystal such as YAG, GdVOq, YVO,, YLF, or YAIO; is
doped with 'Cr, Nd, Er, Ho, Ce, Co, Ti, or Tm, a glass laser, or a ruby laser; or a
semiconductor laser such as a GaN laser, a GaAs laser, a GaAlAs laser, or an InGaAsP

laser can- be used. In the solid laser oscillator, the fundamental wave to the fifth

~harmonic wave may be appropriately used. As a result, the insulating layers 203, 205, -

~ 207, and 212 absorb and melt laser light to form the opening.

[0144] |

By elrmmatmg the step of irradiating the 1nsulat1ng layers 203, 205,.207, and
212 with laser light, throughput can be 1mproved \

[0145]

Next, as shown in FIG. 10A, a part 221 of the element formation layer is peeled
from the substrate 201 having the peeling layer by a physical means by dividing a metal
oxide layer formed in the interface between the peeling layer 202 and the insulating
layer 203. The physical means refers to a dynamic means or a mechanical means,
which changes some dynamic energy (mechanical energy). The typical physical

means refers to mechanical power addition (for example, peeling by a human hand or

grip tool, or separation treatment by rolling a roller).
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:[Oi46]

In this embodiment, a method in which the metal oxide film is formed between
the peeling l.a'yer and the insulating leyer and the element formation layer 210 is peeled |
by a physical means by dividing the metal oxide film, is used; however, the present
1nvent10n is not 11m1ted thereto. A method can be used, in which, by usmg a substrate
that has a llght transmlttmg property for the substrate and using an amorphous 5111con
layer conta;mng moisture for the peeling layer, irradiation of laser light from a substrate
side is performed to vaporize moisture contained in the érhofphous silicon filrh after the
step of FIG. 9E, and peehng between the substrate and the peeling layer is performed
[0147]

Further, after the step of FIG. 9E, e method for removing the substrate by
mechanically grinding' the -substrate or a methodl for removing- the substrate using a
solution for dissolving a substrate, such as HF, can be used. In this case, the peeling
layef may be unused. | |
[0148]

In FIG. 9E, the following method can be used: ,é fluoride helogeh gas such as

NF;, BrF;, or CIF; is introduced into the opening 214 befofe attaching the adhesive 215

-to the insulating layer 212; after etching the peeling layer with a fluoride halogen gas, .

- the adhesive 215 is attached to the insulating layer 212; and the element formation layer

210 is peeled from the substrate.
[0149] o

In FIG. 9E, the following method can be also used: a fluoride halogen gas such
as NF3, BrF;, or CIF; is introduced into the opening 214 before attaching the adhesive
215 to the insulating layer 212; after etching part of the peeling layer with a fluoride
halogen gas, the adhesive 215 is attached to the insulating layer 212; and the element
formation layer 210 is peeled from the substrate by a physical means.
[0150]

Next, as shown in FIG. 10A, the part 221 of the element formation layer is
peeled from the peeling layer 202.
[0151]
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Subéetjuently, as shown in FIG, 10B, a flexible sub_stréte _222 is attached to the
ihsulatirlg léyer 203 in the part-221 of the element formation layer. - Thereafter, the
adhesive 215 is peeled from the part 221 of the element formation layer.

[0152]

Then as shown in FIG. 10C, the flexible substrate 222 is attached to a UV tape
231 of a drcmg frame 232. Since the UV tape 231 has adhessiveness, the ﬂexrble
substrate 222 is flxed over the UV tape 231. Thereafter, the conductive layer 211 is
irradiated with laser light to enhance adhesion between the conductive layer 211, and the
conductive layer 208. - | |
[0153]

| Subéequently, as shown in FIG. 10D,. a conneetiorl .terminal 233 is formed over
the conductive layer 211. . By forming the connection terminal 233, alignment with and
attachment te a conductive .layer serving as an antenna afterwards can be easily
performed.
[0154] o
Next, as shown in FIG. 11A, the part 221 of the element -formation layer is

divided into parts. Here, the part 221 of the element formation'layer.'and the flexible

substrate 222 are irradiated with laser light 234 to form a groove 241 as shown in FIG.
" 11A, thereby dividing the part 221 of the element formation layer into a plurality. As
for the laser light 234, the laser light that is described for the laser light 231 can be

applied by being éppropriately selected. Laser light that can be absorbed by the
ihsulatiné layers 203, 205, 206, and 212 and the flexible substrate 222 is preferably
selected. Although the part of the element formation layer is.divided into a plurality
by using a laser cut method here, a dicing method, a scribing method, or the like can be
appropriately used instead of this method. As a result, the divided element formation
layer is referred to as thin film integrated circuits 242a and 242b.
[0155]

Subsequently, a UV sheet of the dicing frame 232 is irradiated with UV light to
lower the adhesiveness of the UV sheet, and then, the thin film integrated circuits 242a

and 242b are attached to an adhesive sheet 243 of an expander frame 244. At this time,
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the adhésiVe sheet 243 is attached to the thin film integrated circuits 2.423 and 242b
while being extended, wh_ereb'ly the width of the '_gr00vé 241 formed between the thin

film integrat’ed circuits 242a and 242b can be expanded. It is to be noted that the

‘expanded groove 246 preferably corresponds to the size of an antenna substrate attached

to the thin film integrated circuits 242a and 242b in a subsequent step.

[0156]
'Ngxt, a flexible substrate having a conductive layer serving as an antenna is

mahufactured. First, as shown in FIG. 12A, a silane.coupling agent is applied to a

. substrate 250, thereby forming a layer 251 in which oxygen and silicon are combined

and an inactive group is combined with the silicon. Then; conductive layers 252a and
252b serving'as antennas are formed thereovér, and an insulating layer 253 for covering
the conductive layers 252a and 252b is formed. |

[0157]

Here, a glass substrate is used as the substrate 250, and fluoroalkyl silane is

used as for the layer 251 in _Whic_h oxygen and silicon are combined and an inactive

group is combined with the silicon. The substrate 250 is heated for 10 minutes at

'170°C to deposit fluordalkyl silane onto a surface of the substrate, and then, the surface
. is cleaned with ethanol and pure water to form a layer in which oxygen and silicon are

 combined and an inactive group is combined with the silicon with a thickness of several

nm to several tens of nm. As i_he Conduc_tive‘ layérs 252a and 252b, a composition
c‘:o_ntaining\silv'er'particles is applied by a printing method, and the composition is
heated for 30 minutes at 300°C and baked to form a conductive layer with a thickness of
30 um. As the insulating layer 253, an epoxy resin is applied by a printing method,
and the resin is heated for 30 minutes at 160°C and baked to form the insulating layer
253 with a thickness of 30 um.
[0158]

As a shape of the conductive layer serving as an antenna at this time, in a case
where an electromagnetic coupling system or an electromagnetic induction system (for
example, a frequency of 13.56 MHz) is used as a transmission system of a signal in a

semiconductor device, electromagnetic induction due to the change of magnetic field
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dénsity is utilized; therefore, the conductive layer sérving as an antenna can be formed
to have. a square coil shape 271 as. shown in FIG. 14A or a circular coil shape (for
example, a spifal antenna). Further,.the conductive layer serving as an antenna can be
formed to have a sqilarc loolp.shape 272 as shown in FIG. 14B or a. circular loop Shape. :
[0159] " - -
~ In a._case where a microwave system (for example, the UHF band (a frequency
of 860 to 960 MHz) dr a frequency of 2.45 GHz) is used, the shape such as the lengtl; of
the cbnd_uctivé layer serving as an aﬁtenna may be .appropriately set in conSidc}ration of
the wavelength of an electromagnetic wave used for the tr'ansmission of the signal.
The conductive layer serving as ah antenna can be formed to have a line dipole shape
273 as shown in FIG. 14C, a curved dipole éhape, or a pléhar shape (for example, a
patch antenna). |
[0160]

Next, as shown in FIG. 12B, an adhesive 254 is attached to the insulating layer

- 253, and then, the adhesive 254 is pulled up. As a result, as shown in FIG. 12C, the

layer in which oxygen and silicon are combined and an inactive group is combined with

the silicon is divided, and the conductive layers 252a and 252b and the .insulating layer

253 are peeled from the substrate 250. At this time, a part 251b of the layer in which

" oxygen and silicon are combined and an inactive group is combined with the silicon

remains over the substrate 250, and a part 251a of the layer in which oxygen and silicon
are combined and an inactive group is combined with the silicon remains over a surface
of the coﬁductive layers 252a and 252b and the insulating layer 253.
[0161] |

Then, as shown in FIG. 12D, after removing the part of the layer in which
oxygen and silicon are combined and an inactive group is combined with the silicon that
remains over a surface of the conductive layers 252a and 252b and the insulating layer
253, the conductive layers 252a and 252b and the insulating layer 253 are attached to a
flexible substrate 256 where openings 255 are formed. At this time, alignment of the
flexible substrate 256 and the conductive layers 252a and 252b is performed so as to

expose part of the conductive layers 252a and 252b through the openings 255.



10

15 -

- 20

25

30

WO 2007/055142 ' 41 PCT/JP2006/321928

[0162]
' .Through the above step, a flexible substrate 257 that has the conduetive l_ayers
252a and 252'b'serving as antennas is formed. '
[0163] | |
Next, as shown in FIG. 13A, the flexible s.ubstrate 257 that has the conductive
layer’s.2_523 nnd 252b serving as antennas and the thin film integrated circui(s_ 242a and
242b are atta_ched to each other with the use of anisotropic conductive adhesive agent_s

255a and 255b. At this time, attachment is performed while aligning so as to.connect

. the conductive layers 252a and 252b serving as antennas to the connection terminal of

the thin film integrated circuits 242a and 242b with conductive particles 254a and 254b
contai'ned in the anisotropic conductive adhesine agents_' 255a and 255b. |
[0164] . -

Here, the conduetive layer 252a serving as an antenna and the thin film
integrated circuit 242a are conneeted to each other through the conductive particle 254a

in the anisotropic conductive adhesive agent 255a. The conductive layer 252b serving

as an antenna and the thin film integrated circuit 242b are connected to each other

fhro_ugh the conductive particle 254b in the anisotropic conductive adhes.ive agent 255b.

[0165]

Subsequently, as shown in FIG. 13B, the thin film integrated c1rcu1t connected
to the flexible C]I‘Clllt 257 is divided in a region where the conductlve layers 252a and
252b serving as antennas and ‘the thin film integrated circuits 242a and 242b are not
formed: Here, division is carried out by a laser cut method in which the insulating
layer 253 and the flexible substrate 256 are irradiated with laser lfght 256.

[0166] '

Through the above step, as shown in FIG. 13C, semiconductor devices 262a
and 262b capable of transmitting and receiving data wirelessly can be manufactured.
[0167]

It is to be noted that the following step may be performed: the flexible substrate
256 that has the conductive layers 252a and 252b serving as antennas and the thin film

integrated circuits 242a and 242b -are attached to each other with the use of the
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ahisot'ropic conductive adhesive agents 255a and 255b as shown in FIG. 13A; a flexible
substrate is provided tb seal the flexible substrate 256 and the thin film integra'ted

circuits 242a and 242b; the region where the conductive layers 252a and 252b serving

- as antennas and the thin film integrated circuits 242a and 242b are not formed is

irradiated with the laser light 261 as shown in FIG. 13B; and a semiconductor device

264 as shown in FIG. .13D. is manufactured. In this case, the thin film integrated circuit
is sealed by the flexible substrate  256 and a flexible substrate 263 that are divicie_d,
whefcby deterioration of the thin film integrated circuit can be suppressed. |
[0168] | |
o By the above step, a sémicqnductor device that is thin aﬁd lightweight can be
ménufactured with é high yield. | |
[Embodiment 3]
[0169] |

A struCture of the semicbnductbr device capable of transmitting and receiving
data wirelessly of the above embodiment will be explained with refergncé to FIG. 16.
[0170] | |

A semiconductor device of this embodiment is mainly formed by an antenna

. portion 2001, a power supply portion 2002, and a logic portion 2003.
- [0171] |

The antenna portion 2001 is made of an antenna 2011 for re'ceiviﬂg an external
signal and trans'miiﬁn_g data. As for a signal transmission system in the semiconductor
device, a-n electromagnetic coupling system, an’electromagnetic ‘induction system, a
microwave system, or the like can be used. The transmission system may be
appropriately selected by a practitioner considering the use application. The most
suitable antenna may be provided in accordance with the transmission system.

[0172]

The power supply portion 2002 is made of a rectification circuit 2021 for
making a power supply by a signal received from an external portion through the
antenna 2011, a storage capacitor 2022 for storing the electric power supply that is made,

and a constant voltage circuit 2023 for making a constant voltage that is supplied to



10

15

20

25

30

WO 2007/055142 43 PCT/JP2006/321928

each circuit.
[0173] -

The logic portion 2003 includes a demodulation circuit 2031 for demodulating

‘a signal that . is received, a clock generation and compensation circuit 2032 for

‘generating a clock signal, a circuit 2033 for recognizing and determining each code, a

memory controller 2034 for makin'g a signal for reading data from a memory by the
received'si.gnal, a modulation circuit 2035 for transmitting an encode signal to the
received signal, an encode circuit 2037 for encoding data that is read out, and a mask

ROM 2038 for storing data. It is to be noted that the modulation circuit 2035 includes

a mbdulation resistor 2036.

[0174]

~ As a code that is recognized and determinéd by the circu.it 2033 for recognizing
and determining each code, an end of frame (EOF) signal, a start of frame (SOF) signal,
a flag, a command code, a mask length, a mask value, and the like are given. Further,
the circuit- 2033 for recogﬁizing and determining each code incfudes a cyclic
redundancy check (CRC) function for identifying a transmission errof.' _ |
[0175] |

In the semiconductor device of this embodiment, an antenna that has little

* variation in inductance from among a plurality of antennas that are formed at the same

time can be used. In addition, an antenna having high electromotive force can be used.
As a result, a séiniconductor device that has little variation can be manufactured.
Further, fhrough use of a functional layer that is formed over a flexible substrate, a
semiconductor device that is small-sized, thin, and lightweight cén be achieved.
[Embodiment 4]

[0176]

The semiconductor device capable of transmitting and receiving data wirelessly
as shown above is acceptable for a wide range of products. For example, the
semiconductor device can be applied to bills, coins, securities, bearer bonds,
identification certificates (a driver’s license, a certificate of residence, and the like, see

FIG. 17A), containers for package (wrapping paper, bottles, and the like, see FIG. 17C),
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recording media (DVD software, video tapes, and the like, see FIG. 17B), vehicl'es
(bicyclee and the like, see FIG.'_ 17D), personal belqngings (bags, glasses, and the like),_
foods, plants, animals, human bodies, clothes, .commodities, electronic appliances,
baggage tags (see-F'IGS. 17E and 17F), and the like. The electronic applianceslincl-ude
a liquid crystal displéy device, an EL display .device., a television device (also referred to
aslsimply a T\/, a TV receiver, or a television receiver), a cellular phone, and trre like.

[0177] | |

A semiconductor device 9210 of this embodiment is fixed to a product by being

mounted on a printed Substrate, attached to a surface of the product, or embedded inside

. the product. For example, if the product is a book, the semiconductor device 9210 is

fixed to the book by embedding it inside the -peper, and if the product is a package made
from an organic resin, the semiconductor device 9210 is fixed to the package by
embedding it inside the organic resin. Since the semiconductor device 9210 of this
embodiment can achieve a device that is small-sized, thin, and lightweight, the deéign

quality of the product itself is not degraded even after the semiconductor device is fixed

to the product. By providing the semiconductor device 9210 in bills, coins, securities,

bearer bonds, identification certificates, and the like, a certification function can be

| provided and forgery can be prevented through use of the certification function.

* Moreover, when the semiconductor device of this embodiment is provided in containers

for package, recording media, personal belongings, foods, clothes, commodities,
e]ectronic applian'ce's, and the like, systems such as an inspection system can become
more effieient.

[Embodiment 5]

[0178]

As an electronic appliance having the semiconductor device shown in
Embodiment Modes 2 to 4, a television device (also referred to as simply TV or a
television receiver), a camera such as a digital camera or a digital video camera, a
cellular phone device (also referred to as simply cellular phone set or cellular phone), a
portable information terminal such as a PDA, a portable game machine, a monitor for a

computer, a computer, an audio reproducing device such as a car audio component, an
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image reproduction device provided with a recording medium such as a home game

machine, and the like can be given. Specific examples thereof will be explained with .
reference to FIGS. 18A to. 18F. |
[0179] | |
' A portablc information terminal shown in FIG. 18A includes a main body 9201,
a dlsplay portion 9202, and the like. A display device using the flexible substrate
shown in Embodlmcnt Modes 2 to 4 can be applied to the display portion 9202. By
using the display device as one aspect of the present.invention, a lightweight and
small-sized portable information terminal can be provided. |
[0180] |

| A digital video camera shown in FIG. 18B in_éludés a display portion 9701, a
display portion 9702, and the like. A display devi.cé using the flexible substrate shown
in Embodiment-Modes 2 to 4 éan be applied to the display portion 9701. By using the
display device as one aspect of the .presen_t invention, a small-sized digital video camera
can be provided. |
[0181] . _

A portable terminal shown in FIG. 18C includes a main body 9101, a display

_portion 9102, and the like. A display device using the flexible substrate shown in

* Embodiment Modes 2 to 4 can be applied to the display portion 9102. By using the

display device as one aspect of the present invention, a small-sized portable terminal

can be provided.

[0182]

A

A portable television device shown in FIG. 18D includés a main body 9301, a
display portion 9302, and the like. A display portion using the flexible substrate
shown in Embodiment Modes 2 to 4 can be applied to the display portion 9302. By
using the display device as one aspect of the present invention, a small-sized and
lightweight portable television device can be provided. Such a television device can
be applied in a wide range to various televisions such as a small-sized one mounted in a
portable terminal such as a cellular phone, a medium-sized one that is portable, and a

large-sized one (e.g., one 40 inches or more in size).
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| [0183]

A portable computer shown in FIG. 18E includes a main body 9401, a display .

portion 9402, and the like. A _dispiay device using the flexible substrate shQWn in

Embodiment Modes 2 to 4 can be applied to the display portion 9402. By uéing the

display device as-dne aspect of the present invehtion, a lightweight and small-sized
cdmputer caﬁ be prov_ided'. | \
[0184] |

A television device shown in FIG. 18F includes a main body 9601, a display

- -portion 9602, and the like. A display device using the flexible substrate shown in

Embodiment Modes 2 to 4 can be applied to the display portion 9602. By using the
display device as one aspect of the present invention, a _'small-s'iz'ed television device can
be provided.

This application is based on Japanese Patent Appiication serial no.
2005-327951 filed in Japan Patent Office on November 11 in 2005, the entire contents

of which are hereby incorporated by reference.
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CLAIMS

1. Amethod for forming a layer having functionality, comp'rising the steps of:
forming a peeling 1ayer comprising a silane coupling agent over a substrate; -
forming the layer having functionality over the peeling layer; and '

~

peeling the layer having furictionality from the substrate.

2. Amethod for forming a layer having functiohalit-y, comprising the steps of:
forming a péeling layer in which oxygen and silicon are combined and an
inactive group is combined with the silicon over a substrate; |
| form'ing a-layer having functionality 6ver the peeling layer; and
peeling the layer having functionality from the substrate- at a portion including
the peeling layer or at a boundary between the peeling layer and the léyer having

functionality.

3. A method for forming a layer having functionality according to claim 1,
further comprising:

attaching an adhesive to the layer having functionality after forming the layer .

" having functionality.

4.-A method for forming a layer having functionality according to claim 2,
further comprising;:
attaching an adhesive to the layer having functionality after forming the layer

having functionality.
5. A method for forming a layer having functionality according to claim 2,
further comprising;:

removing a remaining peeling layer after peeling the layer having functionality.

6. A method for forming a layer having functionality according to claim 1,
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~ wherein the layer having functionality comprises a conductive layer and an insulating

layer covering the conductive layer.

7. A method for forming a layer havrng functionality accordmg to clarm 2,
wherein the layer having functionality comprises a conductlve layer and an msulatmg

layer covermg the conductive layer.

8. A method for forrning'a layer having funclibnelity according to.claim 6,

wherein the conductive layer is an antenna. -

9. A method for forming a layer héving functionality according to claim 7,

wherein the conductive layer is an antenna.

10. A method for forming a layer having functionality according to claim 6,

wherein the conductive layer is a pixel electrode.

11. A method for forming a layer having functionality according to claim 7,

.wherein the conductive layer is a pixel electrode.

12. A method for forming a layer having functionality according to claim 1,

wherein the layer hdvlng functionality comprises a colored layer.

\

13. A method for forming a layer having functionality according to claim 2,

wherein the layer having functionality comprises a colored layer.

14. A method for forming a layer having functionality according to claim 1,

wherein the peeling layer is formed by coating with the silane coupling agent.

15. A method for manufacturing a semiconductor device, comprising the steps

of:
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forming a péeling layer comprising a silane coupling égent over a_Substrate;
. forming a conductive l'_ayer over the peeling layer;
forming an insulating layer cbvering the conductive layer;
péeling the conductive lhyer and the insulating layer from the substra'te;l and
. electrically connecting the conductive la);er and a connection terminal ofl an

integrated circuit.

16. A method for manufacturing a semiconductor device, comprising the steps
of: |

forming a peeling layér in which oxygen and silicon are combined and an
inéctive group is combined with the silicon over a substrate;

forming a conductive layer over the peeliﬁg layer;

forming an insulating.layer cerring the conductive layer;

peeling the conductive layer and the insulating layer from the substrate at a
portion including the peeling layer or at a boundary between the pegliné layer and the
conductive layer; and | | |

connecting the conductive layer and a connecti(jn terminal of an integrated

.circuit electrically each other.

17. A method for manufacturing a semiconductor device according to claim 15,
further comprising: '

attaching an adhesive to the insulating layer after forming the insulating layer.

18. A method for manufacturing a semiconductor device according to claim 16,

further comprising;:

attaching an adhesive to the insulating layer after forming the insulating layer.

19. A method for manufacturing a semiconductor device according to claim 16,
further comprising:

removing a remaining peeling layer after peeling the conductive layer and the
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insulating layer.

20. A method for manufacturing a semiconductor device accb'rding to claim 15,

wherein the conductive layer is an antenna.

21. A method for manufacturing a semiconductor device accordi_hg to claim 16,

wherein the conductive layer is an antenna.

22. A method for manufacturing a semiconductor device according to claim 15,

10 . wherein the peeling layer is formed by coating with the silane coupling agent.

23. A method for manufacturihg a semiconductor device according to claim 15,
further comprising:
attaching a flexible substrate having an opening to the conductive layer and the

15 . insulating layer.

24. A method for manufacturing a semiconductor device according to claim 16,
further comprising:
attaching a flexible substrate having an opening to the conductive.layer and the

20  insulating layer.

25. A method for manufacturing a semiconductor device according to claim 23,
wherein the conductive layer is electrically connected with the connection terminal of
the integrated circuit in the opening of the flexible substrate.

25 _

26. A method for manufacturing a semiconductor device according to claim 24,

wherein the conductive layer is electrically connected with the connection terminal of

the integrated circuit in the opening of the flexible substrate.

30 27. A method for manufacturing a semiconductor device, comprising the steps
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ot |

forming a peeling layer comprising a silane- coupling agent over a first
substrate; - | |

formmg a colored layer over the peeling layer

_formmg an msulatmg layer covering the colored layer;

| - forming a conductive layer over the insulating layer;

forming an orientation film_'over the conductive layer;

peeling the colored layer, .the insulating layer, the conductive layer.‘and the
orientation film from the first substrate; '

attaching a second substrate to the colored layer, the insulating layer and the
conductive layer; | '

formlng a sealant over the second substrate

coating a region surrounded by the sealant with a liquid crystal material; and

attaching the second substrate and an active matrix substrate with the sealant.

. 28. A method for manufacturing a.semiconductor device, cornprising the steps |
of: _' _ | |
forming a peeling layer in which oxygen and silicon are combined and an
- inactive group is combined with the silicon over a first substrate;
| forming a colored layer over the peeling layer;
forming arr insulating layer covering the colored layer;
forming a conductive layer over the insulating layer; -
forming an orientation film over the conductive layer;
peeling the colored layer, the insulating layer, the conductive layer and the
orientation film from the first substrate at a portion including the peeling layer or at a
boundary between the peeling layer and the colored layer;
attaching a second substrate to the colored layer, the insulating layer and the
conductive layer;
forming a sealant over the second substrate;

coating a region surrounded by the sealant with a liquid crystal material; and
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attaching the second substrate and an active matrix substrate with the sealant.

29. A method for manufacturing a semiconductor device according to claim 27, ‘
further comprising:

5 : attaching an adhesive to the orientation film after forming the orientation film.

30. A method for manufactﬁring a semiconductor device according to claim 28,
further comprising:

attaching an adhesive to the orientation film after forming the orientation film.

10 .
31. A method for manufacturing a semiconductor device according to claim 28,
further comprising;: | |
removing a remaining peeling layer after peeling the | colored layer, the
insulating layer, the conductive layer and the orientation film.
5.

32. A method for manufacturing a semi'conductolr device according to claim 27, |

wherein the conductive layer is an opposite electrode.

33. A method for manufacturing a semiconductor device according to claim 28,

20  wherein the conductive layer is an opposite electrode.

34. A method for manufacturing a semiconductor device according to claim 27,

wherein the peeling layer is formed by coating with the silane cohpling agent.

25 35. A method for manufacturing a semiconductor device according to claim 27,
wherein the first substrate is a substrate selected from the group consisting of a glass

substrate, a quartz substrate, a ceramic substrate, a metal substrate and a silicon wafer.

36. A method for manufacturing a semiconductor device according to claim 28,

30  wherein the first substrate is a substrate selected from the group consisting of a glass
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sﬁbstrate, a quartz substrate, a ceramic substrate, a metal substrate and a silicon wafer.

37. A method for manufacturing a semiconductor device according to claim 27,
wherein the second substrate is a flexible substrate. |
38. A method for manufacturing a semiconductor device according to claim 28,

wherein the second substrate is a flexible substrate.

39. A method for manufacturing a'semiconductor devi_ce, comprising the steps
10 . of: |
forming a first peeling lay¢r'compri-sing a silane coupling agent over a first
substrate; | |
forming a first conductive layér over the first peeling layer;
forming a first insulating layer covering the first conductive layer;
15 | peeling the first conductive léyer and the first insulating layer‘ from the first
substrate; | | | | |
| attaching a second substrate fo. the first conductive layer and thé first insulating
layer;
forming a second peeling layer comprising a silane coupling agent over a third
20 suBstrate |
forming a .second conductive layer over the second peeling layer;
forming a second insulating layer covering the second conductive layer;
peeling the second conductive layer and the second inSulating layer from the
third substrate;
25 attaching a fourth substrate to the second conductive layer and the second
insulating layer;
forming a sealant over the second substrate or the fourth substrate;
coating a region surrounded by the sealant with a liquid crystal material; and
attaching the second substrate having the first conductive layer and the first

30 insulating layer and the fourth substrate having the second conductive layer and the
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second insulating layer with the sealant.

40. A method for manufacturing a semiconductor device, comprising the steps

of:

forming a t;irst peeling layer in which oxygen and silicon are combined and an
inactiv_e group is combined with the silicon over a first substrate; ‘

forming a first conductive layer over the first peeling layer;

forming a first insulating layer covering the first conductive layer;

peeling the first conductive layer and the first insulating. layer from the first
substrate at a port10n 1ncludmg the first peelmg layer or at a boundary between the first
peelmg layer and the first conductive layer;

attaching a second substrate to the first conductive layer and the first insulating
layer;

forming a second peeling layer in which oxygen and silicon are combined and
an inactive group is combined with the silicon over a third substrate;

forming a second conductive layer oi/er the second peeling layer;

forming a second insulating layer covering the second conductive layer;

peeling the second conductive layer and .th'e second insulating layer from the

' third substrate at a portion including the second peeling layer or at a boundary between

the second peeling layer and the second conductive layer
. attaching a fourth substrate to the second conductive layer and the second
1nsulat1ng layer; '
forming a sealant over the second substrate or the fourth substrate;
coating a region surrounded by the sealant with a liquid crystal material; and
attaching the second substrate having the first conductive layer and the first
insulating layer and the fourth substrate having the second conductive layer and the

second insulating layer with the sealant.

41. A method for manufacturing a semiconductor device according to claim 39,

further comprising:
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attaching a first a_dhesive' to the first insulating layer after 'forming the first

insulatihg layer.

42. A method for manufacturing a semiconductor device according to claim 40,
further comprising:

attaching a first adhesive to the first insulating layer after forming the first

insulating layer.

43. A method for manufacturing a semiconductor device according to claim 39,
further comprising: o
attaching a second adhesive to the second in‘sulatirig_'layer after forming the

second insulating layer.

44. A method for manufacturing a semiconductor device according to claim 40,

further comprising;:

attaching a second adhesive to the second insulating layer after forming. the

second insulating layer.

45. A method for manufacturing a semiconductor device according to claim 40,
further comprising:
removing a remaining peeling layer after peeling the first conductive layer and

the first insulating layer.

46. A method for manufacturing a semiconductor device according to claim 39,

wherein the first conductive layer is a pixel electrode.

47. A method for manufacturing a semiconductor device according to claim 40,

wherein the first conductive layer is a pixel electrode.

48. A method for manufacturing a semiconductor device according to claim 39,
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* wherein the second conductive layer is an opposite electrode.

49. A method for manufacturing a semiconductor device according to claim 40,

wherein the second conductive layer is an opposite electrode.

50. A method for manufacturing a semiconductor device according to claim 39,

wherein the first peeling layer and the second peeling layer are formed by coating with

‘the silane coupling agent.

51. A method for manufacturing a semiconductor device according to claim 39,
wherein each of the first substrate and the third substrate is a substrate selected from the
group consisting of a glass .substrate, a quartz substrate, a ceramic substrate, a metal

substrate and a silicon wafer.

52..A method for manufacturing a semiconductor device accordmg to claim 40,
whercm cach of the first substrate and the third substrate isa substrate selected from the

group consisting of a glass substrate, a quartz substrate, a ceramic substrate, a metal

‘substrate and a silicon wafer.

53. A method for manufacturing a semiconductor device according to claim 39,

wherein each of the second substrate and the fourth substrate is a flexible substrate.

54. A method for manufacturing a semiconductor device according to claim 40,

wherein each of the second substrate and the fourth substrate is a flexible substrate.
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EXPLANATION OF REFERENCE

20: semiconductor device, 25: substrate, 101: substrate, 102: .
layer, 103: conductive layer, 104: insulating layer, 105: functional
layer, 106: adhesive, 108: substrate, 111: opening, 112: flexible
substrate, 113: flexible substrate, 121: silicon chip, 122: MOS
transistor, 123: connection terminal, 125: anisotropic conductive
adhesive agent, 126: conductive particle, 131: conductive layer,
132: insulating layer, 133: functional layer, 134: flexible substrate, .
135: flexible substrate, 136: conductive layer, 141: sealant, 142:
liquid crystal layer, 151: light shielding layer, 155: colored layer,

~ 156: colored layer, 157: colored layer, 158: insulating layer, 159:
functional layer, 160: opposite electrode, 161: insulating layer,
162: functional layer, 171: active matrix substrate, 172: substrate,
173: insulating layer, 174: thin film transistor, 175: interlayer
insulating layer, 176: interlayer insulating layer, 177: pixel
electrode, 178: insulating layer, 201: substrate, 202: peeling
layer, 203: insulating layer, 204: thin film transistor, 205:

_interlayer insulating layer, 206: drain electrode, 207: insulating

- layer, 208: conductive layer, 210: element formation layer, 211:
conductive layer, 212: insulating layer, 213: laser light, 214:
opening, 215: adhesive, 221: part, 222: flexible substrate, 231:
UV tape, 232: dicing frame, 233: connection terminal, 234: laser
light, 241: groove, 243: adhesive sheet, 244: expander frame,
'246: groove, 250: substrate, 251: layer, 253: insulating layer, _
255: opening, 256: flexible substrate, 257: flexible substrate, 261:
laser light, 264: semiconductor device, 271: square coil shape,
272: square loop shape, 273: line dipole shape, 102a: part, 102b:
part, 1302: semiconductor layer, 2001: antenna portion, 2002:
power supply portion, 2003: logic portion, 2011: antenna, 2021:
rectification circuit, 2022: storage capacitor, 2023: constant
voltage circuit, 2031: demodulation circuit, 2032: clock generation
and compensation circuit, 2033: determination circuit, 2034:
memory controlier, 2035: modulation circuit, 2036: modulation
resistance, 2037: encode circuit, 2038: mask ROM, 242a: thin
film integrated circuit, 242b: thin film integrated circuit,
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251a: part, 251b: part, 252a: conductive layer, 252b: conductive

_layer, 254a: conductive particle, 254b: conductive particle, 255a: '
anisotropic conductive adhesive agent, 255b: anisotropic
conductive adhesive agent, 262a: semiconductor device, 9101:
main body, 9102: display portion, 9201: main body, 9202: display
portion, 9301: main body, 9302: display portion, 9401: main body,
9402: display portion, 9601: main body, 9602: display portion,.
9701: display portion, 9702: display portion.
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