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(57) Abstract: The present invention relates
to a flexible single-crystal film and a method of
manufacturing the same from a single-crystal
wafer. That is, the present invention can
manufacture a silicon-on-insulator (SOI)
( a ) 202 wafer comprising a base wafer, one or more
buried insulator layers, and a single-crystal
layer into a flexible single-crystal film with
203 a desired thickness by employing various
wafer thinning techniques. The method for
/ manufacturing a flexible film comprises the
steps of (i) providing a SOI wafer comprising
a base wafer, one or more buried insulator
( b ) 202 layers on the base wafer, and a single-crystal
1 02 layer on said one or more buried insulator
layers, (ii) forming one or more protective
insulator layers on said single-crystal layer,
(iii) removing said base wafer, and (iv)
removing one or more of the insulator layers.
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Description

FLEXIBLE SINGLE-CRYSTAL FILM AND METHOD OF

[1]

(2]

[3]

MANUFACTURING THE SAME
Technical Field

The present invention relates to a flexible single-crystal film and a method of man-
ufacturing the same from a single-crystal wafer. That is, the present invention can
manufacture a silicon-on-insulator (SOI) wafer comprising a base wafer, one or more
buried insulator layers, and a single-crystal layer into a flexible single-crystal film with
a desired thickness by employing various wafer thinning techniques.

The present invention also relates to manufacturing a flexible film on which
various electronic devices are manufactured from a single-crystal semiconductor
wafer. That is, the present invention can manufacture a flexible single-crystal film with
desired thickness having various electronic devices by employing a variety of wafer
thinning techniques once the electronic devices of desired characteristics on the SOI
wafer, comprising the base wafer, buried insulator layers, and single-crystal layer, are
constructed.

Background Art

At present, electronic apparatuses have drastically improved in design, shifting
from lightweight and compact designs to overall and enhanced flexibility. With the
growth of mobile wireless Internet and electronic commercial transactions, demand
has particularly increased for new flexible displays. As such, the present invention can
be applied to foldable radiotelephones, PDAs, flexible electronic books, electronic
newspapers, and the like commercially. The present invention can also be applied to
electronic blackboards, displays for CAD/CAM, electric signs, and electric billboards.

In spite of the demand for such flexible electronic apparatuses, the major reason for
the delay in developing a flexible electronic apparatus is that there is no substrate
material from which electronic devices of the desired characteristics are stably man-
ufactured. For example, in the case of a flexible LCD display, the flexible substrate is
required in order to stably manufacture a TFT (thin film transistor) array. Up to now,
there have been methods for manufacturing the TFT array by forming amorphous
silicon or poly-silicon for manufacturing electronic devices on a flexible, transparent
plastic substrate under low temperature or by transferring poly-silicon TFT array man-
ufactured on a glass substrate into flexible plastic substrate, and for manufacturing

organic TFT using a smooth and organic semiconductor.
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However, in the case of electronic devices using a plastic substrate or a plastic
substrate after manufacturing electronic devices on a glass substrate, deformation can
occur due to different thermal expansion coefficients between organic substrate and
inorganic electronic devices. Organic semiconductors, in fact, can cause the electronic
devices to lack the desired characteristics.

Disclosure of Invention
Technical Problem

It is an object of the present invention to manufacture a flexible single-crystal film,
which enables the electronic devices of desired characteristics to be manufactured and
to be flexible enough, to solve the above-mentioned problems, specifically, by using a
single-crystal wafer.

Another object of the present invention is to stably manufacture a flexible film
wherein various desired electronic devices are manufactured on the single-crystal layer
by a simple technique in order to embody the desired characteristics.

A further object of the present invention is to improve productivity and reduce the
cost of production by simplifying the manufacturing process of the flexible single-
crystal film.

The above objects can be accomplished by providing a flexible film comprising a
single-crystal layer which is manufactured from a single-crystal wafer. The flexible
film may comprise a flexible single-crystal layer manufactured from a single-crystal
wafer and one or more flexible insulator layers on the lower and/or upper surface of
the single-crystal wafer.

Technical Solution

The flexible single-crystal film according to the present invention may be a pure,
defect{ree, flexible single-crystal film manufactured from a SOI wafer, which
comprises a base wafer, one or more insulator layers on the base wafer, and a single-
crystal layer on the one or more insulator layers, by removing the base wafer through a
variety of thinning techniques, wherein the flexible single-crystal film according to the
present invention enables the thickness of the single-crystal layer to be controlled, for
example, within the range from several ten nanometers up to several ten micrometers,
when manufacturing the SOI wafer by the SOI manufacturing process. The single-
crystal layer of the present invention may be a single-crystal layer of silicon or a
compound semiconductor, such as gallium arsenide.

The flexible single-crystal film according to the present invention comprises a

flexible single-crystal layer manufactured from a single-crystal wafer and one or more
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device layer formed on a surface of the single-crystal layer, wherein various electronic
devices are manufactured on the flexible single-crystal layer.

The flexible single-crystal film, on which the various electronic devices are man-
ufactured according to the present invention, may be manufactured by removing the
base wafer of the SOI wafer. This can be achieved by manufacturing the electronic
devices of desired characteristics on the single-crystal layer of the SOI wafer using a
general semiconductor manufacturing process.

The method for manufacturing a flexible film comprises the steps of (i) providing a
SOI wafer comprising a base wafer, one or more buried insulator layers on the base
wafer, and a single-crystal layer on the one or more buried insulator layers, (ii)
forming one or more protective insulator layers on the single-crystal layer, (iii)
removing the base wafer, and (iv) removing one or more of the insulator layers. The
step of removing the base wafer may comprise the step of removing the entire base
wafer by wet etching it with KOH. The base wafer may removed by grinding the base
wafer to a desired thickness, and the remaining base wafer after grinding may be
removed by wet etching it with KOH. In addition, the step of forming the one or more
protective insulator layers on the single-crystal layer may comprise the steps of
forming an oxide film on the single-crystal layer, and forming a nitride film on the
oxide film. The step of removing one or more of the insulator layers may comprise the
step of removing all of the insulator layers by wet etching them with HF.

The method for manufacturing a flexible film using the jig according to the present
invention comprises the steps of (i) providing a SOI wafer comprising a base wafer,
one or more buried insulator layers on the base wafer, and a single-crystal layer on the
one or more buried insulator layers, (ii) holding the SOI wafer with a jig to expose the
lower surface of the base wafer, and (iii) removing the base wafer by etching it. When
the SOI wafer is held with the jig, specifically, the edges, the entire lower surface of
the base wafer is exposed and etched. The base wafer may be etched after holding the
peripheral portion of the SOI wafer with the jig to expose a portion of the lower
surface of the base wafer. The base wafer may be removed by cutting the peripheral
portion which is held by the jig. The base wafer may be removed by wet etching it
with KOH, and one or more of the insulator layers may be removed by wet etching
them with HF.

The method for manufacturing a flexible film by grinding and using the jig
according to the present invention comprises the steps of (i) providing a SOI wafer

comprising a base wafer, one or more buried insulator layers on the base wafer, and a
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single-crystal layer on the one or more buried insulator layers; (ii) bonding a
supporting wafer to the single-crystal layer of the SOI wafer; and (iii) removing the
base wafer and the supporting wafer. The base wafer may be removed by grinding and
etching it. One or more protective insulator layers may be formed on the single-crystal
layer before bonding a supporting wafer to said single-crystal layer of said SOI wafer.
Also, the method for manufacturing a flexible film by grinding and using the jig
according to the present invention comprises the steps o (i) providing a SOI wafer
comprising a base wafer, one or more buried insulator layers on the base wafer, and a
single-crystal layer on the one or more buried insulator layers; (ii) grinding the base
wafer to a predetermined thickness; (iii) holding the SOI wafer with a jig to expose the
lower surface of the remaining base wafer after grinding; (iv) and removing the
remaining base wafer by wet etching it. One or more protective insulator layers may be
formed on the single-crystal layer before grinding the base wafer. The one or more
buried insulator layers and/or the one or more protective insulator layers may be
removed after removing the base wafer.

The method for manufacturing a flexible film on which electronic devices are man-
ufactured according to the present invention comprises the steps of (i) providing a SOI
wafer comprising a base wafer, one or more buried insulator layers on the base wafer,
and a single-crystal layer on the one or more buried insulator layers, (ii) forming one
or more device layers by manufacturing electronic devices on the single-crystal layer,
(iii) forming a protective film for the devices on the device layer, and (iv) removing
the base wafer. The base wafer may be removed by the various methods described
above.

The SOI wafer used in the present invention may be commercially available, or
manufactured from a SOI wafer through various methods. The step of providing the
SOI wafer may comprise the steps of (i) providing the base wafer and a bonding wafer,
(i1) forming one or more buried insulator layers on the base wafer, (iii) implanting
hydrogen ions into the bonding wafer, (iv) bonding the base wafer and the bonding
wafer, (v) cleaving the bonding wafer, and (vi) etching the cleaved surface of the
bonding wafer to manufacture the SOI wafer wherein the single-crystal layer is formed
on the buried insulator layers of the base wafer. The thickness of the single-crystal
layer can be controlled by controlling the depth of the cleaving and etching the cleaved
surface of the bonding wafer. For the method of manufacturing a bonded SOI wafer,
please refer to U.S. Patent Application Serial No. US10/391,297.

The jig used in etching a wafer comprises a lower plate; an upper plate having one
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or more through holes; and fixtures for joining the lower and upper plates together,
wherein the wafer is positioned between the lower plate and the upper plate, the
portion of the wafer to be etched is exposed through the one or more through holes, the
wafer and the one or more through holes are sealed, and an etching solution is supplied
through the one or more through holes. The upper plate is provided with a bath for
containing the etching solution, and the bath is communicated with the one or more
through holes. A heater and a thermometer are provided in the bath.

Description of Drawings

[19] Hg. 1 shows a flow chart for manufacturing a flexible film according to
Embodiment 1 of the present invention.

[20] Hg. 2 shows views d the manufacturing process of a flexible film according to
Embodiment 1 of the present invention.

[21] Hg. 3 shows views dof a flexible film manufactured according to Embodiment 1 of
the present invention.

[22] Hg. 4 shows views illustrating the method of measuring the flexibility of a flexible
film manufactured according to the present invention.

[23] Hg. 5 shows a flow chart for manufacturing a flexible film according to
Embodiment 2 o the present invention.

[24] Hg. 6 shows views of the manufacturing process of a flexible film according to
Embodiment 2 of the present invention.

[25] Hg. 7 shows a perspective view of a jig used in the present invention.

[26] Hg. 8 shows views illustrating the manufacturing process of a flexible film by
etching the entire surface of a base wafer, according to Embodiment 3 of the present
invention.

[27] Hg. 9 shows views illustrating the manufacturing process of a flexible film by
etching a portion of the surface of the base wafer, according to Embodiment 3 of the
present invention.

[28] Hg. 10 shows a flow chart for manufacturing a flexible film according to
Embodiment 4 of the present invention.

[29] Hgs. 11 to 13 show views of the manufacturing processes of a flexible film
according to Embodiment 4 of the present invention.

[30] Hg. 14 shows a flow chart for manufacturing a flexible film according to
Embodiment 5 of the present invention.

[31] Hgs. 15 and 16 show views of the manufacturing process of a flexible film

according to Embodiment 5 of the present invention.
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Hg. 17 shows views of the manufacturing process of a flexible film according to
Embodiment 6 of the present invention.

Hg. 18 shows views of a flexible film manufactured according to Embodiment 6 of
the present invention.

Best Mode

The process for manufacturing the flexible film from a single-crystal according to
the present invention will now be explained in detail.

(Embodiment 1)

Referring to Hgs. 1 and 2, the manufacturing process of the flexible single-crystal
film according to the present invention is as follows.

A base wafer 100 and a bonding wafer 200 are provided as a bare silicon wafer. As
shown in Hg. 2(a), such buried insulator layers as silicon nitride film (Si 3N4) 101 and
silicon oxide film 102 are formed on a surface of the base wafer with uniform
thickness. The silicon oxide film 102 is formed on the silicon nitride film 101. The
silicon oxide film 102 may be formed by using chemical vapor deposition. As shown
in Hg. 2(b), the bonding wafer 200 is formed with an impurity ion implantation
portion 201 by implanting impurity ions into the predetermined depth of the surface
thereof. At this time, impurities such as hydrogen ions are implanted into the surface of
a wafer by a low voltage ion implantation method, causing a projection range distance
(Rp) d the implanted hydrogen ions formed near the surface of the bonding wafer, for
example, in the range of 100 to 1000 nm.

The base wafer 100, on which the buried insulator layers are formed as above, and
the bonding wafer 200, into the surface of which hydrogen ions are implanted, are
cleaned, and then, these wafers 100, 200 are bonded to each other as shown in Hg.
2(c). At this time, the wafers 100, 200 are cleaned under hydrophilic condition in order
to improve the bonding force. The wafers 100, 200 are bonded vertically, as shown in
Hg. 2(c), immediately after cleaning. For vertical bonding, the base wafer 100 and the
bonding wafer 200 are placed in front of each other and connected at one end. As
shown in Hg. 2(d), two wafers are manufactured with one wafer overlapping the other.

As described above, by heat-treating the bonded wafers under low temperature, the
impurity ion implantation portion of the bonding wafer is cleaved as shown in Hg.
2(e). A single-crystal layer 202 of silicon is manufactured by processing the cleaved
surface to the desired thickness by etching, CMP (chemical mechanical polishing), and
the like (see Hg. 2(f)). The thickness of the single-crystal layer of silicon can be

controlled according to need.
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As shown in Hg. 2(g), protective insulator layers 300, 301 are formed on the
single-crystal layer 202 manufactured on the base wafer 100, as described above. The
protective insulator layers, which protect the single-crystal layer of silicon from being
etched when the base wafer is removed by wet etching, includes an oxide film 300 and
a nitride film 301 thereon.

After the protective insulator layers 300, 301 are formed on the single-crystal layer
of silicon, the base wafer 100 is removed by wet etching it with KOH solution. The
etching condition can be adjusted by controlling the etching temperature, the con-
centration of the etching solution, and the like.

Once removing the base wafer as described above, the insulator layers are left on
the upper and lower surfaces of the single-crystal layer of silicon as shown in Hg. 2(h)
so that the single-crystal layer and insulator layers become thin and flexible. The
single-crystal layer of silicon is left alone by removing all of the buried and protective
insulator layers by wet etching the films with HF solution, so that the pure flexible
single-crystal film of silicon is obtained, as shown in Hg. 2(j). The flexible film,
including the buried or protective insulator layers and the single-crystal layer of
silicon, is also obtained by etching and removing the buried insulator layers or the
protective insulator layers on the single-crystal layer of silicon.

Since it is possible to control the thickness of the flexible film from several ten
nanometers up to several ten micrometers, the pure single-crystal film 202 of silicon
having excellent flexibility and transparent property as in Hg. 3(a) and the flexible
film 203 including the buried insulator layer 102 and the single-crystal layer 202 of
silicon in Hg. 3(b), are applicable to a variety of fields. Also, the buried insulator layer
102 of the flexible film 203 protects the single-crystal layer 202 of silicon during
handling.

Theoretical flexibility of the single-crystal film o silicon, the radius of curvature,
at which the single-crystal film of silicon is fractured when bent, can be calculated. As
shown in Hg. 4(a), the stress when the silicon wafer with a thickness of d is bent to the
radius of curvature of R, can be calculated as follows:

o =(d/2R)E (< 0 and<o )

where, 0 is stress dis th1ckness R is the radius of curvature, E is Young's
modulus, 0 is yield stress, and ¢ 1s fracture stress.

In general E is 190 GPa, 0 is 6 9 GPa, and o is 2.8 GPa. Hence, the theoretical
fracture curvature-radius of the smgle crystal film of silicon of e.g. 5 u m in thickness

is estimated to be 0.17 mm. It was actually confirmed that the silicon film of 5 p m in
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thickness according to the present invention can be bent without fracture at least at the
radius of curvature of less than 3 mm (see Hg. 4(b)). Therefore, it is noted that the
flexible single-crystal film of silicon according to the present invention can possess the
desired flexibility. The flexible single-crystal film according to the following em-
bodiments of the present invention also meets with the same results.

(Embodiment 2)

Referring to Hgs. 5 and 6, the manufacturing process of the flexible single-crystal
film by grinding according to the present invention is as follows.

As shown in Hg. 6(a), a SOI wafer comprising a base wafer 600, a buried insulator
layer 601 formed on the base wafer 600, and a single-crystal layer 602 of silicon
formed on the buried insulator layer 601 is provided. The SOI wafer may be man-
ufactured from a SOI wafer by bonding or a SIMOX (separation by implanted oxygen)
wafer, or may be commercially available. Thick insulator layers are used. The
thickness of the single-crystal layer is adjusted according to applications.

Protective insulator layers such as an oxide film 603 and a nitride film 604, which
protect the single-crystal layer of silicon when a base wafer is removed, are formed on
the SOI wafer, prepared as above. The oxide film 603 is formed, and then the nitride
film 604 is formed on the oxide film 603 (Hg. 6 (¢)).

After a bonding agent such as wax 605 is coated on the protective insulator layer,
formed as above (Hg. 6(d)), a supporting wafer 606 is bonded thereon (Hg. 6(¢)). The
wax which is soluble in water may be selected. The supporting wafer is bonded by
vertical or horizontal bonding. In the post grinding process, the supporting wafer
protects the SOI wafer and facilitates the process. Since the SOI wafer becomes thin as
it is ground, it may be fractured in a chuck of a grinding machine. Therefore, if the SOI
wafer with the supporting wafer bonded is ground, the wafer is safely held in the
chuck, though thinning the SOI wafer.

With the supporting wafer 606 bonded, as shown in Hg. 6(f), the base wafer 600 is
ground to the desired thickness. The thickness can be desirously adjusted in grinding,
for example from 50 um to 200 um. The supporting wafer 606 may be not used if the
thickness of the remaining base wafer after grinding is thick.

After grinding the base wafer 600, the supporting wafer 606 is removed by
dissolving the wax with aqueous solutions or a chemical agent (Hg. 6(g)).

After removing the supporting wafer 606, the remaining base wafer 600a after
grinding is removed by wet etching it with a KOH solution (Hg. 6(h)).

As shown in Hg. 6(h), the insulator layers 604, 603, 601 are left on the upper and
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lower surfaces of the single-crystal layer 602 of silicon after the base wafer is
removed, the thickness of the single-crystal layer and the insulator layers become thin
enough so that the desired flexibility can be obtained. By removing all of the insulator
layers on the upper and lower surfaces of the single-crystal layer of silicon by wet
etching the films with HF solution, as shown in Hg. 6(i), the pure flexible single-
crystal film is obtained. Also, if the buried insulator layer or the protective insulator
layers on the single-crystal layer of silicon are removed by etching, the flexible film
including the insulator layer(s) and the single-crystal layer o silicon is obtained.

If the flexible film is manufactured by such a method according to the present
invention, the etching time can be significantly reduced. Since the base wafer is
ground to the desired thickness, an etching flatness is desirable. Also, according to the
present invention, the flexible single-crystal film is easily manufactured from a com-
mercially available SOI wafer by using a thinning method.

(Embodiment 3)

Referring to Hgs. 8 and 9, the manufacturing process of the flexible single-crystal
film using the jig according to the present invention is as set forth below.

Hrst, the jig used in the present invention will be explained. As shown in Hg. 7,
the jig comprises a lower plate 700 and an upper plate 701 wherein a wafer 706 is
installed therebetween. These plates 700, 701 are made from material that is stable
against chemical agents, such as, Teflon. The upper plate 701 is provided with a bath
702 for containing chemical solution when the upper and lower plates are joined
together. The bottom of the bath 702 includes a through hole through which the
portion of the wafer to be etched is exposed. The wafer and the through hole are
sealed. The through hole of the bath 702 can be manufactured into a tube or other
various shapes such as rectangular and circular cylinders. Hxtures 703 are provided for
joining the lower and upper plates together.

Using such a jig, a single side of the wafer can be removed by wet etching. The
wafer 706 is positioned on the lower plate 700 wherein the wafer surface to be
removed by etching faces the upper plate 701. After the lower and upper plates are
joined and fixed to each other, the wafer surface is removed by supplying an etching
solution into the bath 702. According to the etching condition, a heater 704 and
thermometer 705 coated with Teflon may be provided in the bath 702 to control the
etching temperature.

Referring to Hg. 8, the removal process by etching an entire surface of the base

wafer using the jig is as follows.
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The SOI wafer comprising a base wafer 800, an insulator layer 801 formed on the
base wafer, and a single-crystal layer 802 of silicon formed on the insulator layer is
prepared, wherein the surface of the SOI wafer to be removed by etching faces
upward. As shown in Hg. 8(b), the edges of the SOI wafer is held with the jig so that
the entire surface of the base wafer to be removed by etching is exposed to the bath of
the upper plate.

A KOH solution 900 is supplied onto the exposed surface of the base wafer so that
the base wafer is removed by etching as shown in Hg. 8(c). By draining the KOH
solution 900 from and supplying a HF solution 901 onto the exposed surface, the
insulator layer 801 is removed by etching so that the pure, flexible, single-crystal film
of silicon is obtained (Hg. 8(c)). The removal of the insulator layer with the HF
solution may be performed by dipping the entire SOI wafer without the jig in the HF
solution.

By etching only with the KOH in the steps described above, the flexible film
including the insulator layer and the single-crystal layer of silicon can be obtained.

Referring to Hg. 9, the removal process by etching a portion of the base wafer
using the jig will be explained in more detail as below.

As shown in Hg. 9(a), the SOI wafer comprising the base wafer 800, the insulator
layer 801 formed on the base wafer 800, and the single-crystal layer 802 of silicon
formed on the insulator layer is prepared. The jig is positioned and pressed on the
peripheral portion of the backside of the SOI wafer so that a portion of the surface to
be removed by etching is exposed (see Hg. 9(b)).

The KOH solution 900 is supplied onto the exposed surface of the base wafer so
that the base wafer is removed by etching as shown in Hg. 9(c). By draining the KOH
solution from and supplying the HF solution onto the exposed surface, the insulator
layer is removed by etching (see Hg. 9(d-1)). That is, the exposed surface of the base
wafer is removed by etching, and the insulator layer functions as an etching protective
layer. The removal of the insulator layer with the HF solution may be performed by
dipping the entire SOI wafer without the jig in the HF solution (see Hg. 9(d-2)).

The pure, flexible single-crystal film of silicon is obtained by cutting the peripheral
portion of the base wafer, not removed by etching (see Hg. 9(e)).

Also, by etching only with the KOH in the steps described above and cutting the
peripheral portion of the base wafer, the flexible film including the insulator layer and
the single-crystal layer of silicon can be obtained.

The flexible single-crystal film can be easily manufactured by etching and
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removing only one surface of the wafer by using the jig. That is, the processing steps
can be reduced by etching the base wafer using the jig without additional processing.
An unnecessary peripheral of a wafer can also be easily removed. The flexible film of
the desired shape can be manufactured by changing the shape of the bath of the upper
plate. That is, by etching a circular wafer, of which the peripheral portion is held with
the jig having a rectangular cylinder-shaped bath for containing a chemical agent and
by cutting the peripheral portion, a rectangular, flexible single-crystal film can be
obtained.

(Embodiment 4)

Referring to Hgs. 10 to 13, the manufacturing process of the flexible single-crystal
film by grinding and using the jig according to the present invention is as set forth
below.

As shown in Hg. 11(a), a SOI wafer comprising a base wafer 1000, a buried
insulator layer 1001 formed on the base wafer 1000, and a single-crystal layer 1002 of
silicon formed on the buried insulator layer 1001 is provided. The thickness of the
single-crystal layer is adjusted according to applications.

After a bonding the wax 1005 is coated on the SOI wafer provided as above (Hg.
11(b)), a supporting wafer 1006 is bonded thereon (Hg. 11(c)). The wax which is
soluble in water may be selected. The supporting wafer 1006 is bonded by vertical or
horizontal bonding. In the post grinding process, the supporting wafer protects the SOI
wafer and facilitates the process. Preferably, protective insulator layers may be formed
on the SOI wafer, prepared as above.

With the supporting wafer 1006 bonded, as shown in Hg. 11(d), the base wafer
1000 is ground to the desired thickness. The thickness can be desirously adjusted in
grinding, for example from 50 um to 200 pm.

After grinding the base wafer 1000, as shown in Hgs. 12 and 13, the remaining
base wafer 1000b after grinding can be removed by wet etching it using the jig shown
in Hg. 7. The supporting wafer 1006 is removed by dissolving the wax with aqueous
solutions or a chemical agent after or before removing the remaining base wafer
1000b.

Referring to Hg. 12, the removal process by etching an entire surface of the base
wafer using the jig is as follows.

As shown in Hg. 12(a), the edges of the SOI wafer is held with the jig so that the
entire surface of the remaining base wafer 1000b to be removed by etching is exposed
to the bath 702 of the upper plate701.
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A KOH solution 900 is supplied onto the exposed surface of the remaining base
wafer 1000b so that the base wafer is removed by etching as shown in Hg. 12(b). By
draining the KOH solution 900 from and supplying a HF solution 901 onto the
exposed surface, the insulator layer 1001 is removed by etching it (Hg. 12(c)). After
draining the HF solution 901, the pure, flexible, single-crystal film of silicon is
obtained by removing the wax 1005 and the supporting wafer 1006 (Hg. 12(d)(e)).
The supporting wafer 1006 may be removed before removing the remaining base
wafer 1000b.

By etching only with the KOH in the steps described above, the flexible film
including the insulator layer and the single-crystal layer of silicon can be obtained.

Referring to Hg. 13, the removal process by etching a portion of the base wafer
using the jig will be explained in more detail as below. If the flexible film is man-
ufactured by such a method according to the present invention, it is not necessary to
wet etch a peripheral of a wafer. That is, the flexible film of the desired shape can be
manufactured by etching the necessary portion of the wafer using the jig, wherein the
shape of the through hole of the bath is changed to a shape of a desired portion, and by
cutting the unnecessary peripheral of the wafer, which is not etched. The wax 1005 and
the supporting wafer 1006 may be removed before the etching process in order to
avoid the cutting process of the supporting wafer 1006. Otherwise, after the etching
process, the supporting wafer 1006 may be removed before cutting the unnecessary
peripheral o the wafer.

After grinding the base wafer 1000 to the desired thickness as described above, the
supporting wafer 1006 is removed by dissolving the wax with aqueous solutions or a
chemical agent. After removing the supporting wafer 1006, the jig is positioned and
pressed on the peripheral portion of the wafer so that a portion of the base wafer to be
removed by etching is exposed (see Hg. 13(a)).

The KOH solution 900 is supplied onto the exposed surface of the remaining base
wafer 1000b so that the base wafer is removed by etching as shown in Hg. 13(b). By
draining the KOH solution from and supplying the HF solution onto the exposed
surface, the insulator layer is removed by etching (see Hg. 13(c)). The peripheral
portion 1000c of the base wafer, not removed by etching, is cut (Hg. 13(¢e)), so that the
pure, flexible single-crystal film of silicon is obtained (Hg. 13(f)).

Also, by etching only with the KOH in the steps described above and cutting the
peripheral portion 1000c of the base wafer, the flexible film including the insulator

layer and the single-crystal layer of silicon can be obtained.
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(Embodiment 5)

Referring to Hgs. 14 to 16, another embodiment of the manufacturing process of
the flexible single-crystal film according to the present invention will be explained in
more detail as below. The present embodiment is similar to Embodiment 4, except that
the supporting wafer is not bonded on the SOI wafer.

As shown in Hg. 15(a), a SOI wafer comprising a base wafer 1200, a buried
insulator layer 1201 formed on the base wafer 1200, and a single-crystal layer 1202 of
silicon formed on the buried insulator layer 1001 is provided. The thickness of the
single-crystal layer is adjusted according to applications.

Protective insulator layers are formed on the SOI wafer provided as above. The
protective insulator layers, which protect the single-crystal layer of silicon from being
etched when the base wafer is removed by wet etching, includes an oxide film 1203
(Hg. 15(b)) and a nitride film 1204 (Hg. 15(c)) thereon.

After the protective insulator layers are formed on the SOI wafer, the base wafer
1200 is ground to the desired thickness (Hg. 15(d)). Since the supporting wafer is not
bonded on the SOI wafer in the present embodiment, the SOI wafer may be fractured
in a chuck of a grinding machine. Therefore, the thickness of the remaining base wafer
after grinding should be thick. That is, the thickness of above 150 um can be
desirously adjusted in grinding.

After grinding the base wafer 1200, as shown in Hg. 16, the remaining base wafer
1200b can be removed by wet etching it using the jig shown in Hg. 7.

Hg. 16 shows the removal process by etching a portion of the base wafer using the
jig. If the flexible film is manufactured by such a method according to the present
invention, it is not necessary to wet etch a peripheral of a wafer. That is, the flexible
film of the desired shape can be manufactured by etching the necessary portion of the
waler using the jig, wherein the shape o the through hole of the bath is changed to a
shape of desired portion, and by cutting the unnecessary peripheral of the wafer, which
is not etched.

After grinding the base wafer 1200 to the desired thickness as shown in Hg. 15(g),
the jig is positioned and pressed on the peripheral portion of the wafer so that a portion
of the base wafer to be removed by etching is exposed (see Hg. 16(a)).

The KOH solution 900 is supplied onto the exposed surface of the base wafer so
that the base wafer is removed by etching as shown in Hg. 16(b). By draining the
KOH solution from and supplying the HF solution onto the exposed surface, the
insulator layer 1201 is removed by etching (see Hg. 16(c)(d)). By etching only with



WO 2005/106933 14 PCT/KR2004/002286

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

the KOH in the steps described above, the flexible film including the insulator layer
and the single-crystal layer of silicon can be obtained.

After removing the insulator layer 1201, the wafer including the protective
insulator layers and the single-crystal layer of silicon is obtained by cutting the
peripheral portion of the wafer, not removed by etching (see Hg. 16(e)). In order to
remove the protective insulator layers 1203, 1204, the wafer is overturned and held
with the jig so that the entire surface of the protective insulator layer 1204 is exposed.
Then, the pure, flexible single-crystal film of silicon is obtained by etching the
protective insulator layers 1203, 1204 with HF 901.

The removal of the buried insulator layer 1201 and the protective insulator layers
1203, 1204 with the HF solution may be performed by dipping the entire wafer
without the jig in the HF solution.

Although the present embodiment describes the method for removing the
remaining base wafer after grinding by holding the peripheral portion o the wafer with
the jig, etching a portion of the base wafer, and cutting the peripheral portion, the
remaining base wafer after grinding may be removed by holding the edges of the wafer
with the jig to expose the entire surface of the remaining base wafer and etching it.

(Embodiment 6)

Referring to Hgs. 17 and 18, the manufacturing process of the flexible single-
crystal film according to the present invention will be explained in more detail as
below.

As shown in Hg. 17(a), a SOI wafer 1406 comprising a base wafer 1400, an
insulator layer 1401 formed on the base wafer, and a single-crystal layer 1402 of
silicon formed on the insulator layer is prepared.

Various electronic devices are manufactured on the single-crystal layer of the SOI
waler as prepared above by using a general semiconductor manufacturing process (see
Hg. 17(b)). These electronic devices 1404 are manufactured according to the desired
objectives. That is, these electronic devices may be designed according to the charac-
teristics of various transistors, TFT arrays, logical circuits, and the like, and man-
ufactured by a semiconductor manufacturing process.

A protective film 1405 for the devices is formed on the device layer on which
various electronic devices are manufactured (see Hg. 17(c)). The protective film 1405
can be a general passivation film, an organic matter insulator layer, and the like.

The flexible film is obtained by removing the base wafer 1400 from the SOI wafer

on which the devices are manufactured (see Hg. 17(d)). The removal of the base wafer



WO 2005/106933 15 PCT/KR2004/002286

[104]

[105]

[106]

[107]

[108]

[109]

can be performed by the methods according to Embodiments 1 to 5.

As shown in Hg. 18, the flexible film manufactured as above is flexible enough
with the desired electronic devices manufactured on the single-crystal of silicon. Hg.
18(a) shows the flexible film wherein the devices are manufactured on the pure single-
crystal of silicon, while Hg. 18(b) shows the flexible film wherein the devices are
manufactured are formed on the flexible film including the insulator layer and the
single-crystal layer of silicon and wherein the insulator layer protects the single-crystal
layer of silicon and the devices during handling.

The flexible single-crystal film of the present invention as described thus far
enables the devices of desired characteristics to be manufactured thereon and allows
for overall flexibility. Particularly, the flexible single-crystal film can be easily man-
ufactured using the single-crystal wafer.

Industrial Applicability

According to the present invention, the flexible film wherein desired various
electronic devices are manufactured on the single-crystal layer is simply and stably
manufactured. The present invention can realize the desired characteristics of
electronic devices. By manufacturing various electronic devices on the single-crystal
layer, an active layer for the devices is formed from the single-crystal layer. By using a
semiconductor manufacturing process, a very high electronic mobility of 1000cm 2/
Vsec is achieved. As such, electronic devices possess superior characteristics, and
leakage current is also considerably reduced. It is possible to reduce the size of various
electronic devices to the level of general semiconductor devices. It is also possible to
design circuits with a design rule of about 30 nm, which can be practicable at present,
by a stable high-temperature process and semiconductor photolithographic and etching
process having good alignment accuracy, since the semiconductor manufacturing
process is applied to silicon wafers.

Since the present invention can use a stable channel device of single-crystal, the
present invention enables an SOP (system on panel), where all driver circuits are
embedded in the panel, and embedded devices, where various memories, system ICs,
processors, specific semiconductor circuits, and the like are embedded in a chip
according to device purpose, to be flexible.

Using an appropriate thinning method, it is possible to manufacture the flexible
single-crystal film and to improve productivity and reduce the cost of production by
simplifying the manufacturing process of the flexible single-crystal film.

Although the present invention is described in detail with the embodiments, the
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invention is not limited thereto and can be changed or modified by those skilled in the

art within the spirit and scope of the invention.
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Claims

1. A flexible film comprising a single-crystal layer which is manufactured from a
single-crystal wafer.

2. A flexible film, comprising:

a flexible single-crystal layer manufactured from a single-crystal wafer; and
one or more flexible insulator layers.

3. A flexible film, comprising:

a flexible single-crystal layer manufactured from a single-crystal wafer; and

a device layer formed on a surface of the single-crystal layer.

4. The flexible film according to any one of claims 1 to 3, wherein said single-
crystal layer comprises a silicon or a compound semiconductor.

5. The flexible film according to any one of claims 1 to 3, wherein the thickness
of said single-crystal layer is within the range from several ten nanometers up to
several ten micrometers.

6. The flexible film according to claim 2, wherein said one or more flexible
insulator layers are formed on a surface of the single-crystal layer.

7. The flexible film according to claim 3, further comprising one or more flexible
insulator layers on the other surface of said single-crystal layer.

8. The flexible film according to claim 3 or 7, further comprising one or more
protective layers on the device layer.

9. A method for manufacturing a flexible film, comprising the steps of:
providing a SOI wafer comprising a base wafer, one or more buried insulator
layers on the base wafer, and a single-crystal layer on said one or more buried
insulator layers;

forming one or more protective insulator layers on said single-crystal layer;
removing said base wafer; and

removing one or more o the insulator layers.

10. The method according to claim 9, wherein said step of providing the SOI
wafer comprises the steps of:

providing the base wafer and a bonding wafer;

forming said one or more buried insulator layers on said base wafer;

implanting hydrogen ions into said bonding wafer;

bonding said base wafer and said bonding wafer;

cleaving said bonding wafer; and
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etching the cleaved surface of said bonding wafer to manufacture the SOI wafer
wherein the single-crystal layer is formed on the buried insulator layers o the
base wafer.

11. The method according to claim 10, wherein said step of forming said one or
more buried insulator layers on said base wafer comprises the steps of:

forming a nitride film on said base wafer; and

forming an oxide film on said nitride film.

12. The method according to claim 10 or 11, further comprising the step of
cleaning said base wafer and said bonding wafer before bonding them.

13. The method according to any one of claims 9 to 11, wherein said step of
removing said base wafer comprises the step of removing the base wafer by wet
etching it.

14. The method according to claim 13, wherein KOH is used in wet etching said
base wafer.

15. The method according to any one of claims 9 to 11, wherein said step of
forming said one or more protective insulator layers on said single-crystal layer
comprises the steps of:

forming an oxide film on said single-crystal layer; and

forming a nitride film on said oxide film.

16. The method according to any one o claims 9 to 11, wherein said step of
removing one or more of the insulator layers comprises the step of removing all
of the insulator layers by wet etching them with HF.

17. The method according to any one o claims 9 to 11, wherein said step of
removing one or more of the insulator layers comprises the step of removing
either said one or more buried insulator layers or said one or more protective
insulator layers on the single-crystal layer by wet etching them with HF.

18. The method according to claim 15, wherein said step of removing said base
wafer comprises the step of removing the base wafer by wet etching it.

19. The method according to claim 18, wherein KOH is used in wet etching said
base wafer.

20. The method according to claim 18, wherein said step of removing one or
more of the insulator layers comprises the step of removing all of the insulator
layers by wet etching them with HF.

21. The method according to any one o claims 9 to 11, wherein said step of

removing said base wafer comprises the steps of:
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grinding the base wafer to a desired thickness;

removing the remaining base wafer after grinding by wet etching it.

22. The method according to claim 21, wherein KOH is used in wet etching said
base wafer.

23. The method according to claim 21, wherein said step of removing said base
wafer further comprises the steps of:

coating wax on the protective insulator layer and bonding said SOI wafer and a
supporting wafer before grinding the base wafer; and

removing the supporting wafer after grinding the base wafer.

24. The method according to claim 21, wherein said step of removing one or
more of the insulator layers comprises the step of removing all of the protective
and buried insulator layers by wet etching them with HF.

25. The method according to claim 21, wherein said step of removing one or
more of the insulator layers comprises the step of removing either said one or
more buried insulator layers or said one or more protective insulator layers on
the single-crystal layer by wet etching them with HF.

26. A method for manufacturing a flexible film, comprising the steps of:
providing a SOI wafer comprising a base wafer, one or more insulator layers on
the base wafer, and a single-crystal layer on said one or more insulator layers;
holding the SOI wafer with a jig to expose the lower surface of the base wafer;
and

removing said base wafer by etching it.

27. The method according to claim 26, wherein said step of holding the SOI
wafer comprises the step of holding the edges of the SOI wafer with the jig to
expose the entire lower surface of the base wafer.

28. The method according to claim 26, wherein said step of holding the SOI
wafer comprises the step of holding the peripheral portion of the SOI wafer with
the jig to expose a portion of the lower surface of the base wafer.

29. The method according to claim 28, wherein said step of removing said base
wafer comprises the step of cutting the peripheral portion which is held by the
jig.

30. The method according to any one of claims 26 to 29, wherein said step of
removing said base wafer comprises the step of wet etching it.

31. The method according to claim 30, wherein KOH is used in wet etching said

base wafer.
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32. The method according to claim 30, further comprising the step of removing
one or more o the insulator layers by wet etching them with HF.

33. The method according to claim 32, wherein said step of removing one or
more of the insulator layers by wet etching them with HF comprises the step of
dipping the SOI wafer with the jig detached in an etching solution.

34. A method for manufacturing a flexible film, comprising the steps of:
providing a SOI wafer comprising a base wafer, one or more buried insulator
layers on the base wafer, and a single-crystal layer on said one or more buried
insulator layers;

bonding a supporting wafer to said single-crystal layer of said SOI wafer; and
removing said base wafer and said supporting wafer.

35. The method according to claim 34, wherein said step of removing said base
wafer comprises the steps of grinding said base wafer to a predetermined
thickness, removing said supporting wafer, holding the SOI wafer with a jig to
expose the lower surface of the remaining base wafer after grinding, and
removing the remaining base wafer by wet etching it.

36. The method according to claim 34, wherein said step of removing said base
wafer comprises the steps of grinding said base wafer to a predetermined
thickness, holding the SOI wafer with a jig to expose the lower surface of the
remaining base wafer after grinding, removing the remaining base wafer by wet
etching it, and removing said supporting wafer.

37. A method for manufacturing a flexible film, comprising the steps of:
providing a SOI wafer comprising a base wafer, one or more buried insulator
layers on the base wafer, and a single-crystal layer on said one or more buried
insulator layers;

grinding said base wafer to a predetermined thickness;

holding the SOI wafer with a jig to expose the lower surface of the remaining
base wafer after grinding; and

removing the remaining base wafer by wet etching it.

38. The method according to claim 37, further comprising the step of forming
one or more protective insulator layers on said single-crystal layer before
grinding said base wafer, wherein the remaining base wafer is above 150 um in
thickness.

39. The method according to claim 38, further comprising the step of removing

said one or more buried insulator layers and/or said one or more protective
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insulator layers after removing said base wafer.

[40] 40. The method according to any one of claims 35 to 39, wherein said step of
holding the SOI wafer with the jig comprises the step of holding the edges of the
SOI water with the jig to expose the entire lower surface of the base wafer.

[41] 41. The method according to any one of claims 35 to 39, wherein said step of
holding the SOI wafer with the jig comprises the step of holding the peripheral
portion of the SOI wafer with the jig to expose a portion of the lower surface of
the base wafer, and further comprising the step of cutting the peripheral portion
which is held by the jig after wet etching the portion of said base wafer after
grinding.

[42] 42. The method according to any one of claims 34 to 39, further comprising the
step of removing said one or more buried insulator layers after removing said
base wafer.

[43] 43. The method according to any one of claims 34 to 36, further comprising the
step of forming one or more protective insulator layers on said single-crystal
layer before bonding a supporting wafer to said single-crystal layer of said SOI
wafer.

[44] 44. The method according to any one of claims 34 to 36, wherein the step of
bonding a supporting wafer to said single-crystal layer of said SOI wafer
comprises the steps of coating wax on said single-crystal layer of said SOI wafer
and bonding a supporting wafer to said single-crystal layer of said SOI wafer.

[45] 45. The method according to claim 43, wherein the step of bonding the
supporting wafer to said single-crystal layer of said SOI wafer comprises the
steps of coating wax on the protective insulator layer and bonding said SOI
wafer and a supporting wafer before grinding the base wafer; and further
comprising the step of removing said one or more buried insulator layers and/or
said one or more protective insulator layers after removing said base wafer and
said supporting wafer.

[46] 46. The method according to any one of claims 35 to 39, wherein KOH is used in
wet etching said base wafer.

[47] 47. A method for manufacturing a flexible film, comprising the steps of:
providing a SOI wafer comprising a base wafer, one or more insulator layers on
the base wafer, and a single-crystal layer on said one or more insulator layers;
forming one or more device layers by manufacturing electronic devices on the

single-crystal layer;
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[54]

[55]

[56]

forming a protective film for the devices on the device layer; and

removing said base wafer.

48. The method according to claim 47, wherein said step of removing said base
wafer comprises the step of wet etching the base wafer.

49. The method according to claim 47, wherein said step of removing said base
wafer comprising the steps of

grinding the base wafer to a desired thickness; and

removing the remaining base wafer after grinding by wet etching it.

50. The method according to claim 47, wherein said step of removing said base
wafer comprises the steps of:

holding the SOI wafer with a jig to expose the lower surface of the base wafer;
and

removing the base wafer by wet etching it.

51. The method according to claim 47, wherein said step of removing said base
wafer comprises the steps of:

grinding the base wafer to a desired thickness;

holding the SOI wafer with a jig to expose the lower surface of the base wafer;
and

removing the base wafer by wet etching it.

52. The method according to any one of claims 48 to 51, wherein KOH is used in
wet etching said base wafer.

53. The method according to any one of claims 47 to 51, further comprising the
step of removing said one or more insulator layers by wet etching them with HF.
54. The method according to any one of claims 47 to 51, wherein said step of
forming the device layer by manufacturing the electronic devices on the single-
crystal layer comprises the step of using a semiconductor manufacturing process.
55. A flexible film manufactured by the method according to any one of claims 9
to 11, 26 to 29, 34 to 39, and 47 to 51.

56. A jig used in etching a wafer comprising:

a lower plate;

an upper plate having one or more through holes; and

fixtures for joining the lower and upper plates together,

wherein the wafer is positioned between said lower plate and said upper plate,
the portion of the wafer to be etched is exposed through said one or more

through holes, the wafer and said one or more through holes are sealed, and an
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etching solution is supplied through said one or more through holes.

57. The jig according to claim 56, wherein said upper plate is provided with a
bath for containing the etching solution, and said bath is communicated with said
one or more through holes.

58. The jig according to claim 57, wherein a heater and a thermometer are

provided in the bath.
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[Fig. 10]
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l

Fabricating the flexible single-crystal silicon

J
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[Fig. 16]
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