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to form such films and devices. The ELO thin films generally contain epitaxially grown layers which are formed on a sacrificial
layer disposed on or over a substrate, such as a wafer. A support handle may be disposed on the opposite side of the epitaxial ma-
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EPITAXIAL LIFT OFF STACKS AND METHODS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the invention generally relate to the fabrication of solar,
semiconductor, and electronic devices, and more particularly to epitaxial lift off

(ELO) devices and methods.

Description of the Related Art

[0002] One phase in device fabrication involves handling and packaging of thin
films used as solar devices, semiconductor devices, or other electronic devices.
Such thin film devices may be manufactured by utilizing a variety of processes for
depositing and removing materials onto a wafer or other substrate. One uncommon
technique for manufacturing thin film devices is known as the epitaxial lift off (ELO)
process. The ELO process includes depositing an epitaxial layer or film on a
sacrificial layer on a growth substrate, then etching the sacrificial layer to separate
the epitaxial layer from the growth substrate. The thin epitaxial layer removed is
known as the ELO film or layer and typically includes thin films used as solar

devices, semiconductor devices, or other electronic devices.

[0003] The thin ELO films are very difficult to manage or handle, such as when
bonding to a substrate or while packaging, since the ELO films are very fragile and
have narrow dimensions. The ELO films crack under very small forces. Also, the

ELO films are very difficult to align due to their extremely narrow dimensions.

[0004] The sacrificial layer is typically very thin and is usually etched away via a
wet chemical process. The speed of the overall process may be limited by the lack
of delivery or exposure of reactant to the etch front, which leads to less removal of
by products from the etch front. This described process is a diffusion limited
process and if the films were maintained in their as deposited geometries, a very
narrow and long opening would form to severely limit the overall speed of the

process. To lessen the transport constraint of the diffusion processes, it may be
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beneficial to open up the resulting gap created by the etched or removed sacrificial
layer and bending the epitaxial layer away from the growth substrate. A crevice is
formed between the epitaxial layer and the growth substrate — which geometry
provides greater transport of species both towards and away the etch front.
Reactants move towards the etch front while by-products generally move away from

the etch front.

[0005] The bending of the epitaxial layer however can induce stresses there
within and the amount of bending is limited by the strength of the film. The epitaxial
layer usually contains a brittle material, which does not undergo plastic deformation

before failure, and as such may be subject to crack induced failures.

[0006] To minimize the potential for crack propagation, the brittle epitaxial layer
may be maintained under a compressive stress. Cracks usually do not propagate
through regions of residual compressive stress. The epitaxial layer is placed under
tensile stress while bending the epitaxial layer away from the growth substrate since
the epitaxial layer is on the outside of the curvature of the crevice. The tensile
stress limits the amount of crevice curvature and reduces the speed of the etch
process. To overcome this limitation, a residual compressive stress may be instilled
within the epitaxial layer before etching the sacrificial layer. This initial compressive
stress may be offset by tensile stress caused by the bending and therefore allows

for a greater amount bending during the separation process.

[0007] Therefore, there is a need for more robust ELO thin films, as well as for

methods to form, remove, and handle ELO thin films.

SUMMARY OF THE INVENTION

[0008] Embodiments of the invention generally relate to epitaxial lift off (ELO) thin
films and devices and methods used to form such films and devices. The ELO thin
films generally contain epitaxially grown layers which are formed on a sacrificial
layer disposed on or over a substrate, such as a wafer. A support material or

support handle may be disposed on the opposite side of the epitaxial material than
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the substrate. The support handle may be used to stabilize the epitaxial material,
such as by providing compression to the epitaxial material. Furthermore, the
support handle may be used to grip and hold the epitaxial material during the
etching and removal steps of the ELO process. In various embodiments, the
support material or support handle may include a pre-curved handle, a multi-layered
handle, a non-uniform wax handle, and two shrinkage-induced handles which

universally or unidirectional shrink to provide compression to the epitaxial material.

[0009] In one embodiment, a method for forming a thin film material during an
ELO process is provided which includes forming an epitaxial material on or over a
sacrificial layer, which is disposed on or over on a substrate, adhering a multi-
layered support handle onto the epitaxial material, removing the sacrificial layer
during an etching process, and peeling the epitaxial material from the substrate
while forming an etch crevice therebetween while maintaining compression in the
epitaxial material during the etching process. The method further provides that the
multi-layered support handle contains a stiff support layer disposed on or over or
adhered to the epitaxial material, a soft support layer adhered to the stiff support

layer, and a handle plate adhered to the soft support layer.

[0010]} In one example, the multi-layered support handle contains a stiff support
layer disposed over the epitaxial material, a soft support layer disposed over the stiff
support layer, and a handle plate disposed over the soft support layer. The multi-
layered support handle is disposed on and maintains compression of the epitaxial
material. In some embodiments, the stiff support layer may contain a polymer, a
copolymer, an oligomer, derivatives thereof, or combinations thereof. In one
example, the stiff support layer contains a copolymer, such as an
ethylene/vinylacetate (EVA) copolymer or a derivative thereof. In other examples,
the stiff support layer may contain a hot-melt adhesive, an organic material or
organic coating, an inorganic material, or combinations thereof. In one example, the
inorganic material contains multiple inorganic layers, such as metal layers and/or
dielectric layers. In another example, the stiff support layer may contain composite

materials or patterned composite materials, such as organic/inorganic materials.
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The composite materials may contain at least one organic material and at least one
inorganic material. In some examples, the inorganic material may contain a metal
layer, a dielectric layer, or combinations thereof. In another example, the stiff

support layer may contain wax or derivatives thereof, such as black wax.

[0011] In other embodiments, the soft support layer may contain an elastomer,
such as rubber, foam, or derivatives thereof. Alternatively, the soft support layer
may contain a material such as neoprene, latex, or derivatives thereof. The soft
support layer may contain a monomer. For example, the soft support layer may
contain an ethylene propylene diene monomer or derivatives thereof. In another
embodiment, the soft support layer may contain a liquid or a fluid contained within a
membrane. Alternatively, the soft support layer may contain a gas contained within
a membrane. The membrane may contain a material such as rubber, foam,
neoprene, latex, or derivatives thereof. In one example, the membrane is a balloon,

such as a rubber balloon or a latex balloon.

[0012] In another embodiment, the handle plate may be made from or contain a
plastic material, a polymeric material, or an oligomeric material, derivatives thereof,
mixtures thereof, or combinations thereof. In one example, the handle plate may
contain polyester or derivatives thereof. The handle plate may have a thickness

within a range from about 50.8 pum to about 127.0 pum, such as about 23.4 um.

[0013] in one embodiment, the method further includes removing the epitaxial
material from the substrate and attaching a support substrate to an exposéd surface
of the epitaxial material. The support substrate may be bonded to the exposed
surface of the epitaxial material by an adhesive, thereby forming an adhesive layer
therebetween. In one example, the adhesive is an optical adhesive and/or may be
UV-curable (e.g., cured by ultraviolet light exposure). In some examples, the
adhesive may contain a mercapto ester compound. In other examples, the adhesive
may further contain a material such as butyl octyl phthalate, tetrahydrofurfuryl

methacrylate, acrylate monomer, derivatives thereof, or combinations thereof.
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[0014] In another embodiment, a thin film material, such as an ELO thin film
stack, is provided which includes a support substrate disposed on or over a first
surface of the epitaxial material, and a support handle disposed on or over the other
surface of the epitaxial material. An adhesive layer may be disposed between the
epitaxial material and the support substrate. In one example, the support handle
may be a multi-layered support handle which contains the stiff support layer
disposed on or over the epitaxial material, the soft support layer disposed on or over
the stiff support layer, and the handle plate disposed on or over the soft support

layer.

[0015] In another embodiment, the ELO thin film stack is provided which includes
a sacrificial layer disposed on a substrate, an epitaxial material disposed on or over
the sacrificial layer, and a flattened, pre-curved support material or handle disposed
on or over the epitaxial material. The flattened, pre-curved support handle is under
tension while the epitaxial material is under compression. The flattened, pre-curved
support handle may contain a single layer or multiple layers. The flattened, pre-
curved support handle may contain wax, polyethylene, polyester, polyolefin,
polyethylene terephthalate polyester, rubber, derivatives thereof, or combinations
thereof. In some examples, the flattened, pre-curved support handle contains wax.
In other examples, the flattened, pre-curved support handle contains polyethylene
terephthalate polyester or derivatives thereof. In other examples, the flattened, pre-

curved support handle contains polyolefin or derivatives thereof.

[0016] In some embodiments, the flattened, pre-curved support handle contains
a first layer having wax and a second layer having a polymer disposed over the first
layer. For example, the second layer may contain polyethylene terephthalate
polyester or derivatives thereof. In other examples, the flattened, pre-curved
support handle contains at least three layers. The third layer may contain wax and
be disposed on or over the second layer. In some examples, the third layer contains
another polymer (e.g., polyethylene or derivatives thereof) and is disposed on or
over the second layer. In other embodiments, an adhesive is disposed between the

flattened, pre-curved support handle and the epitaxial material.
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[0017] In other embodiments, a method for forming a thin film material, such as
an ELO thin film stack, during an ELO process, is provided which includes forming
an epitaxial material on or over a sacrificial layer on a substrate, adhering a
flattened, pre-curved support material or handle onto or over the epitaxial material,
removing the sacrificial layer during an etching process, and peeling the epitaxial
material from the substrate while forming an etch crevice therebetween and bending
the flattened, pre-curved support handle to have substantial curvature. The
flattened support handle is under tension to put the epitaxial material under
compression. The flattened support handle may be formed by flattening a curved

support material.

[0018] In another embodiment, the ELO thin film stack is provided which includes
a sacrificial layer disposed on or over a substrate, an epitaxial material disposed on
or over the sacrificial layer, and a universal shrinkable support handle disposed on
or over the epitaxial material, wherein the support handle contains a universal
shrinkable material, which upon being shrunk, forms tension in the support handle
and compression in the epitaxial material. In one example, the universal shrinkable
material contains an amorphous material. The amorphous material may be
crystallized to undergo a net volume reduction during a universal shrinkage process.
The universal shrinkable material may contain a plastic, a polymer, an oligomer,
derivatives thereof, mixtures thereof, or combinations thereof. In some examples,

the universal shrinkable support handle contains a heat shrink polymer.

[0019] In another embodiment, a method for forming the ELO thin film stack
during an ELO process, is provided which includes forming an epitaxial material on
or over a sactificial layer, which is disposed on or over a substrate, adhering a
universal shrinkable support handle onto or over the epitaxial material, wherein the
support handle contains a universal shrinkable material, shrinking the support
handle to form tension in the support handle and compression in the epitaxial
material during a universal shrinkage process, removing the sacrificial layer during
an etching process, and peeling the epitaxial material from the substrate while

forming an etch crevice therebetween and bending the support handie to have
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substantial curvature. The universal shrinkage support handle may contain one

layer or multiple layers.

[0020] In another embodiment, a thin film stack material is provided which
includes a sacrificial layer disposed on or over a substrate, an epitaxial material
disposed on or over the sacrificial layer, and a unidirectional shrinkable support
handle disposed on or over the epitaxial material. The unidirectional shrinkable
support handle may contain a shrinkable material and reinforcement fibers
extending unidirectional throughout the shrinkable material. The shrinkable material
shrinks unidirectional and tangential to the reinforcement fibers to form tension in the

support handle and compression in the epitaxial material.

[0021] The reinforcement fibers are high-strength polymeric fibers. In one
example, the reinforcement fibers contain polyethylene or derivatives thereof. In
some examples, the reinforcement fibers contain a negative linear thermal
expansion coefficient along the length of the fiber. Generally, the reinforcement

fibers have a tensile moduli within a range from about 15 GPa to about 134 GPa.

[0022] In other embodiments, a method for forming a thin film material during an
ELO process is provided which includes forming an epitaxial material on or over a
sacrificial layer on a substrate, adhering a unidirectional shrinkable support handle
onto the epitaxial material, wherein the support handle contains a shrinkable
material and reinforcement fibers extending unidirectional throughout the shrinkable
material, and shrinking the support handle tangential to the reinforcement fibers to
form tension in the support handle and compression in the epitaxial material during a
unidirectional shrinkage process. The method further includes removing the
sactificial layer during an etching process, peeling the epitaxial material from the
substrate while forming an etch crevice therebetween, and bending the support

handle to have substantial curvature.

[0023] in other embodiments, a thin film stack material is provided which includes
a sacrificial layer disposed on or over a substrate, an epitaxial material disposed on

or over the sacrificial layer, and a non-uniform support handle disposed on or over

7



WO 2009/155122 PCT/US2009/045715

the epitaxial material, wherein the non-uniform support handle contains a wax film

having a varying thickness.

[0024] In another embodiment, a method for forming a thin film material during an
ELO process, is provided which includes forming an epitaxial material disposed on
or over a sacrificial layer on a substrate, and adhering a non-uniform support handle
onto or over the epitaxial material, wherein the non-uniform support handle contains
a wax film having a varying thickness. The method further includes removing the
sacrificial layer during an etching process, peeling the epitaxial material from the
substrate while forming an etch crevice therebetween, and bending the non-uniform
support handle to form compression in the epitaxial material during the etching

process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] So that the manner in which the above recited features of the invention
can be understood in detail, a more particular description of the invention, briefly
summarized above, may be had by reference to embodiments, some of which are
illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this invention and are therefore not
to be considered limiting of its scope, for the invention may admit to other equally

effective embodiments.

[0026] Figure 1 depicts an ELO thin fiim stack on a wafer according to

embodiments described herein;

[0027] Figure 2A depicts a pre-curved support handle according to an

embodiment described herein;

[0028] Figures 2B-2C depict an ELO thin film stack containing the pre-curved

support handle according to embodiments described herein;

[0029] Figure 2D depicts the pre-curved support handle and an epitaxial material

after being removed from the wafer, as described in embodiments herein;



WO 2009/155122 PCT/US2009/045715

[0030] Figures 3A-3C depict an ELO thin film stack containing a universal

shrinkable support handle according to another embodiment described herein;

[0031] Figure 3D depicts the universal shrinkable support handie and the
epitaxial material after being removed from the wafer, as described in embodiments

herein;

[0032] Figures 4A-4C depict an ELO thin film stack containing a unidirectional

shrinkable support handle according to other embodiments described herein;

[0033] Figure 4D depicts the unidirectional shrinkable handle and the epitaxial

material after being removed from the wafer, as described in embodiments herein;

[0034] Figures 5A-5B depict non-uniform wax support handles disposed on or

over a thin film stack according to other embodiments described herein;

[0035] Figure 6A depict a multi-layered support handle disposed over a thin film

stack on a substrate according to another embodiment described herein; and

[0036] Figure 6B depict the multi-layered support handle and the thin film stack

disposed on a support substrate according to another embodiment described herein.

DETAILED DESCRIPTION

[0037] Figure 1 depicts substrate 100 containing ELO thin film stack 150
disposed on wafer 102, as described in one embodiment herein. ELO thin film stack
150 may have sacrificial layer 104 disposed on or over wafer 102, epitaxial material
106 disposed on or over sacrificial layer 104, and support handle 108 disposed on or
over epitaxial material 106. In various embodiments, support handle 108 is under
tension while the epitaxial material 106 is under compression. The ELO process
includes removing sacrificial layer 104 during an etching process, while peeling
epitaxial material 106 from wafer 102 and forming an etch crevice therebetween until
epitaxial material 106 and support handle 108 are removed from wafer 102.

Sacrificial layer 104 generally contains aluminum arsenide.
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[0038] Wafer 102 may contain or be formed of a variety of materials, such as
Group II/V materials, and may be doped with other elements. In one embodiment,
wafer 106 contains gallium arsenide or a derivative thereof. A gallium arsenide
wafer has thermal expansion coefficient of about 5.73x10° °C™. In various
embodiments, support handle 108 contains materials (e.g., wax or polymers) which

have a higher coefficient of thermal expansion.

[0039] Support handle 108 may be a single layer of material or multiple layers. In
the various embodiments, support handle 108 may be a flattened, pre-curved
support handle that is formed by flattening a curved support material. In another
embodiment, support handle 108 may contain a shrinkable material, such as a
thermally shrinkable plastic. In an alternative embodiment, support handle 108 may
contain a shrinkable material having reinforcement fibers extending unidirectional
throughout the shrinkable material. In another embodiment, support handle 108
may contain a wax film having a varying or non-uniform thickness across substrate

100. In another embodiment, support handle 108 may be a multi-layered handle.

Pre-Curved Handle

[0040] Figures 2A-2D depict a pre-curved support material or handle during
various aspects of an ELO process or within an ELO thin film stack, as described in
one embodiment herein. Figure 2A illustrates a pre-curved support material, such
as pre-curved support handle 202. Pre-curved support handle 202 contains top
surface 211 and bottom surface 213. In one embodiment, pre-curved support
handle 202 may be flattened or straightened prior to adhering or attaching to the
substrate 200, such as to epitaxial material 204. Aiternatively, pre-curved support
handle 202 may be flattened or straightened while adhering or attaching to the
substrate 200. Once flattened or straightened, pre-curved support handle 202 is
under tension, which is utilized to produce compression to the underlying layers

(e.g., epitaxial material 204) when adhered or attached to the substrate 200.

[0041] Figure 2B depicts substrate 200 containing ELO thin film stack 250
disposed on or over wafer 208, as described in one embodiment herein. ELO thin

film stack 250 may have sacrificial layer 206 disposed on or over wafer 208,
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epitaxial material 204 disposed on or over sacrificial layer 206, and pre-curved
support handle 202 disposed on or over epitaxial material 204. During the etching
process, flattened pre-curved support handle 202 bends towards top surface 211, as
depicted in Figure 2C. Pre-curved support handle 202 may have a radius of

curvature within a range from about 10 cm to about 100 cm.

[0042] In some embodiments, pre-curved support handle 202 contains multiple
layers, such as a first layer of wax and a second layer of a polymer disposed on or
over the first layer. For example, the second layer may contain polyethylene
terephthalate polyester, such as a MYLAR® polymeric film. In other examples, pre-
curved support handle 202 contains at least three layers. The third layer may be
disposed on or over the second layer. In some examples, the third layer contains
another polymer (e.g., polyethylene or derivatives thereof) or wax, which is disposed

on or over the second layer.

[0043] Figure 2B depicts substrate 200 containing pre-curved support handle 202
after being flattened. The flattened, pre-curved support handle 202 may be
disposed on or over epitaxial material 204, which may be disposed on or over

sacrificial layer 206. Sacrificial layer 206 may be disposed on or over wafer 208.

[0044] In some embodiments, an adhesive (not shown) may be disposed
between pre-curved support handle 202 and epitaxial material 204. The adhesive
may be a pressure sensitive adhesive, a hot melt adhesive, an ultraviolet (UV)
curing adhesive, a natural adhesive, a synthetic adhesive, derivatives thereof, or

combinations thereof.

[0045] In some embodiments, sacrificial layer 206 may contain aluminum
arsenide, alloys thereof, derivatives thereof, or combinations thereof. In one
example, sacrificial layer 206 contains an aluminum arsenide layer. Sacrificial layer
206 may have a thickness of about 20 nm or less, preferably, within a range from
about 1 nm to about 10 nm, and more preferably, from about 4 nm to about 6 nm.
Wafer 208 may be a wafer or a substrate and usually contains gallium arsenide,

gallium arsenide alloys or other derivatives, and may be n-doped or p-doped. In one
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example, wafer 208 contains n-doped gallium arsenide material. In another

example, wafer 208 contains p-doped gallium arsenide material.

[0046] In some embodiments, epitaxial material 204 may contain gallium
arsenide, aluminum gallium arsenide, indium gallium phosphide, alloys thereof,
derivatives thereof, or combinations thereof. Epitaxial material 204 may contain one
layer, but usually contains multiple layers. In some examples, epitaxial material 204
contains a layer having gallium arsenide and another layer having aluminum gallium
arsenide. In another example, epitaxial material 204 contains a gallium arsenide
buffer layer, an aluminum gallium arsenide passivation layer, and a gallium arsenide

active layer.

[0047] The gallium arsenide buffer layer may have a thickness within a range
from about 100 nm to about 500 nm, such as about 300 nm, the aluminum gallium
arsenide passivation layer may have a thickness within a range from about 10 nm to
about 50 nm, such as about 30 nm, and the gallium arsenide active layer may have
a thickness within a range from about 500 nm to about 2,000 nm, such as about
1,000 nm. In some examples, epitaxial material 204 further contains a second
aluminum gallium arsenide passivation layer. The second gallium arsenide buffer
layer may have a thickness within a range from about 100 nm to about 500 nm, such

as about 300 nm.

[0048] In other embodiments herein, epitaxial material 204 may have a cell
structure containing multiple layers. The cell structure may contain gallium arsenide,
n-doped gallium arsenide, p-doped gallium arsenide, aluminum gallium arsenide, n-
doped aluminum gallium arsenide, p-doped aluminum gallium arsenide, indium

gallium phosphide, alloys thereof, derivatives thereof, or combinations thereof.

[0049] Figure 2C depicts the formation of etch crevice 210 while sacrificial layer
206 is etched away and pre-curved support handle 202 and the epitaxial material
are peeled away from wafer 208 during an ELO etch process, as described in an
embodiment herein. Figure 2D illustrates pre-curved support handle 202 and

epitaxial material 204 after being removed from wafer 208. The flattened, pre-
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curved support handle 202 is under tension while epitaxial' material 204 is under

compression.

[0050] in one embodiment of a method for forming the thin film material,
sacrificial layer 206 may be disposed on or over substrate 200, such as wafer 208,
epitaxial material 204 disposed on or over sacrificial layer 206, and the flattened,
pre-curved support material or handle may be disposed on or over epitaxial material
204. The flattened, pre-curved support material or handle may contain a single layer
or multiple layers. The flattened, pre-curved support material or handle may contain
wax, polyethylene, polyester, polyolefin, polyethylene terephthalate polyester,
rubber, derivatives thereof, or combinations thereof. In some examples, the
flattened, pre-curved support handle 202 contains wax. In other examples, the
flattened, pre-curved support handle 202 contains polyethylene terephthalate
polyester or derivatives thereof, such as a MYLAR® film. In other examples, pre-

curved support handle 202 contains polyolefin or derivatives thereof.

[0051] In another embodiment, the method for forming the thin film material
during an ELO process is provided which includes forming epitaxial material 204
over or on sactrificial layer 206 that is disposed on substrate 200, such as wafer 208.
The method further provides adhering or attaching a flattened pre-curved support
material, such as pre-curved support handle 202, over or onto epitaxial material 204,
wherein the flattened pre-curved support handle 202 is formed by flattening a curved
support material, and the flattened pre-curved support handle 202 is under tension
while epitaxial material 204 is under compression, removing sacrificial layer 206
during an etching process, and peeling epitaxial material 204 from the substrate
while forming the etch crevice therebetween and bending the flattened pre-curved

support handle 202 to have substantial curvature.

[0052] In some embodiments, sacrificial layer 206 may be exposed to a wet etch
solution during an ELO etching process. In some examples, the wet etch solution
contains hydrofluoric acid and may contain a surfactant and/or a buffer. Sacrificial
layer 206 may be etched at a rate of about 0.3 mm/hr or greater, preferably, about 1

mm/hr or greater, and more preferably, about 5 mm/hr or greater.
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[0053] In an alternative embodiment, sacrificial layer 206 may be exposed to an
electrochemical etch during the ELO etching process. The electrochemical etch
may be a biased process or a galvanic process. Also, sacrificial layer 206 may be
exposed to a vapor phase etch during the ELO etching process in another
embodiment described herein. The vapor phase etch includes exposing sacrificial
layer 206 to hydrogen fluoride vapor. The ELO etching process may be a
photochemical etch, a thermally enhanced etch, a plasma enhanced etch, a stress

enhanced etch, derivatives thereof, or combinations thereof.

Induced-Shrinkage Handle (universal shrinkage)

[0054] Figures 3A-3D depict a universal shrinkable support material or handle
during various aspects of an ELO process or within an ELO thin film stack, as
described in some embodiments herein. Figure 3A illustrates substrate 300
containing ELO thin film stack 350 disposed on or over wafer 308, as described in
one embodiment herein. ELO thin film stack 350 may include sacrificial layer 306
disposed on or over wafer 308, epitaxial material 304 disposed on or over sacrificial
layer 306, and universal shrinkable support handle 302 disposed on or over epitaxial
material 304. Figure 3B depicts force/stress 320 as applied to universal shrinkable
support handle 302 provides universal shrinkage 322 across the plain of substrate

300.

[0055] Shrinkable support handle 302 contains a universal shrinkable material,
such as wax, polyethylene, polyester, polyolefin, polyethylene terephthalate
polyester, rubber, derivatives thereof, or combinations thereof. In one example,
shrinkable support handle 302 contains wax. In some examples, shrinkable support
handle 302 contains polyethylene terephthalate polyester or derivatives thereof,
such as a MYLAR® film. In other examples, shrinkable support handle 302 contains
polyolefin or derivatives thereof. In other examples, shrinkable support handle 302
contains a first layer having wax and a second layer having a polymer (e.g.,

polyethylene terephthalate polyester) disposed over the first layer.

[0056] Universal shrinkable support handle 302 may contain three layers or more

layers. For example, shrinkable support handle 302 further may have a third layer
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containing wax or a polymer and disposed over the second layer. The third layer

may contain polyethylene or derivatives thereof.

[0057] Shrinkable support handle 302 contains a bottom surface and a top
surface and the bottom surface is adhered to or above epitaxial material 304.
Shrinkable support handle 302 bends towards the top surface during the etching
process. In another embodiment, the universal shrinkable material contains an
amorphous material and the amorphous material may be crystallized to undergo a
net volume reduction during the shrinkage process. The universal shrinkable
material may contain at least one plastic, rubber, polymer, oligomer, derivatives
thereof, or combinations thereof. In one specific example, the universal shrinkable
material contains polyester or derivatives thereof. In other example, a heat

shrinkable adhesive tape may be used as universal shrinkable support handle 302.

[0058] In other embodiments, shrinkable support handle 302 may be heated
during the shrinkage process. Shrinkable support handle 302 may contain a heat
shrink plastic or polymer. Alternatively, shrinkable support handle 302 may be
shrunk by removing solvent from the shrinkable material. Shrinkable support handle
302 may be bent to have a radius of curvature within a range from about 10 cm to

about 100 cm.

[0059] In some embodiments, an adhesive (not shown) may be disposed
between universal shrinkable support handle 302 and epitaxial material 304. The
adhesive may be a pressure sensitive adhesive, a hot melt adhesive, an ultraviolet
(UV) curing adhesive, a natural adhesive, a synthetic adhesive, derivatives thereof,
or combinations thereof. In some examples, a heat shrinkable tape containing the

adhesive on one side may be used as shrinkable support handle 302

[0060] In some embodiments, epitaxial material 304 may contain gallium
arsenide, aluminum gallium arsenide, indium gallium phosphide, alloys thereof,
derivatives thereof, or combinations thereof. Epitaxial material 304 may contain one
layer, but usually contains multiple layers. In some examples, epitaxial material 304
contains a layer having gallium arsenide and another layer having aluminum gallium

arsenide. In another example, epitaxial material 304 contains a gallium arsenide
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buffer layer, an aluminum gallium arsenide passivation layer, and a gallium arsenide

active layer.

[0061] The gallium arsenide buffer layer may have a thickness within a range
from about 100 nm to about 500 nm, such as about 300 nm, the aluminum gallium
arsenide passivation layer may have a thickness within a range from about 10 nm to
about 50 nm, such as about 30 nm, and the gallium arsenide active layer may have
a thickness within a range from about 500 nm to about 2,000 nm, such as about
1,000 nm. In some examples, epitaxial material 304 further contains a second
aluminum gallium arsenide passivation layer. The second gallium arsenide buffer
layer may have a thickness within a range from about 100 nm to about 500 nm, such

as about 300 nm.

[0062] In other embodiments herein, epitaxial material 304 may have a cell
structure containing multiple layers. The cell structure may contain gallium arsenide,
n-doped gallium arsenide, p-doped gallium arsenide, aluminum gallium arsenide, n-
doped aluminum gallium arsenide, p-doped aluminum gallium arsenide, indium

gallium phosphide, alloys thereof, derivatives thereof, or combinations thereof.

[0063] In another embodiment, sacrificial layer 306 may contain aluminum
arsenide, alloys thereof, derivatives thereof, or combinations thereof. In one
example, sacrificial layer 306 contains an aluminum arsenide layer. Sacrificial layer
306 may have a thickness of about 20 nm or less, preferably, within a range from
about 1 nm to about 10 nm, and more preferably, from about 4 nm to about 6 nm.
Wafer 308 may be a wafer or a substrate and usually contains gallium arsenide,
gallium arsenide alloys, or other derivatives, and may be n-doped or p-doped. In
one example, wafer 308 contains n-doped gallium arsenide material. In another

example, wafer 308 contains p-doped gallium arsenide material.

[0064] Figure 3C depicts the formation of etch crevice 310 while sacrificial layer
306 is etched away and shrinkable support handle 302 and epitaxial material 304
are peeled away from wafer 308. Figure 3D illustrates shrinkable support handle

302 and epitaxial material 304 after being removed from wafer 308.
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[0065] In one embodiment of a method for forming a thin film material during an
ELO process, epitaxial material 304 may be formed or deposited over sacrificial
layer 306 disposed on or over substrate 300, such as wafer 308, and adhering
shrinkable support handle 302 over or onto epitaxial material 304. Shrinkable
support handle 302 contains a universal shrinkable material. The method further
provides shrinking or reducing the size of shrinkable support handle 302 to form
tension in shrinkable support handle 302 and compression in epitaxial material 304
during a shrinkage process, removing sacrificial layer 306 during an etching
process, and peeling epitaxial material 304 from the substrate while forming etch
crevice 310 therebetween and bending shrinkable support handle 302 to have
substantial curvature. Shrinkable support handle 302 may contain one layer or

multiple layers.

[0066] In another embodiment, a method for forming a thin film material during an
ELO process is provided which includes positioning substrate 300 containing
epitaxial material 304 disposed on or over sacrificial layer 306, which is disposed on
or over wafer 308, and adhering shrinkable support handle 302 onto epitaxial
material 304. Shrinkable support handle 302 contains a universal shrinkable
material. The method further provides shrinking or reducing the size of shrinkable
support handle 302 to form tension in shrinkable support handle 302 and
compression in epitaxial material 304 during a shrinkage process, and removing
sacrificial layer 306 during an etching process. The method further provides that the
etching process further contains peeling epitaxial material 304 from the substrate,
forming etch crevice 310 between epitaxial material 304 from the substrate, and

bending shrinkable support handle 302 to have substantial curvature.

[0067] In other embodiments, a thin film stack material is provided which includes
sacrificial layer 306 disposed on a substrate, epitaxial material 304 disposed over
sacrificial layer 306, and shrinkable support handle 302 disposed over epitaxial
material 304. Shrinkable support handle 302 contains a universal shrinkable
material that upon being shrunk, forms tension in shrinkable support handle 302 and
compression in epitaxial material 304. In one example, the shrinkable material
contains an amorphous material. The amorphous material may be crystallized to
17
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undergo a net volume reduction during the shrinkage process. The shrinkable
material may contain at least one plastic, polymer, oligomer, derivatives thereof, or
combinations thereof. In some examples, shrinkable support handle 302 contains a

heat shrink plastic or polymer.

[0068] In some embodiments, sacrificial layer 306 may be exposed to a wet etch
solution during the etching process. The wet etch solution contains hydrofluoric acid
and may contain a surfactant and/or a buffer. In some examples, sacrificial layer
306 may be etched at a rate of about 0.3 mm/hr or greater, preferably, about 1

mm/hr or greater, and more preferably, about 5 mm/hr or greater.

[0069] In an alternative embodiment, sacrificial layer 306 may be exposed to an
electrochemical etch during the etching process. The electrochemical etch may be
a biased process or a galvanic process. Also, sacrificial layer 306 may be exposed
to a vapor phase etch during the etching process in another embodiment described
herein. The vapor phase etch includes exposing sacrificial layer 306 to hydrogen
fluoride vapor. The etching process may be a photochemical etch, a thermally
enhanced etch, a plasma enhanced etch, a stress enhanced etch, derivatives

thereof, or combinations thereof.

Induced-Shrinkage Handle (unidirectional shrinkage)

[0070] Figures 4A-4D depict a unidirectional shrinkable support material or
handle during various aspects of an ELO process or within an ELO thin film stack,
as described in one embodiment herein. Figure 4A illustrates substrate 400
containing ELO thin film stack 450 disposed on or over wafer 408, as described in
one embodiment herein. ELO thin film stack 450 may have sacrificial layer 406
disposed on or over wafer 408, epitaxial material 404 disposed on or over sacrificial
layer 406, and unidirectional shrinkable support handle 402 disposed on or over

epitaxial material 404.

[0071] Unidirectional shrinkable support handle 402 contains a shrinkable
material and reinforcement fibers extending unidirectional throughout the shrinkable
material, which upon being shrunk, shrinks tangential to the reinforcement fibers to

form tension in shrinkable support handle 402 and compression in epitaxial material
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404. Figure 4B depicts force/stress 420 as applied to shrinkable support handle 402
provides unidirectional shrinkage 422 across the plain of substrate 400.

[0072] Shrinkable support handle 402 contains a botiom surface and a top
surface and the bottom surface is adhered to or above epitaxial material 404.
Shrinkable support handie 402 may bend towards the top surface during the etching
process. In one example, the unidirectional shrinkable material contains an
amorphous material, which may be crystallized to undergo a net volume reduction
during the unidirectional shrinkage process. In another example, the unidirectional
shrinkable material may contain plastic, polymer, oligomer, derivatives thereof, or
combinations thereof. In one example, the unidirectional shrinkable material

contains polyester or derivatives thereof.

[0073] The reinforcement fibers may be high-strength polymeric fibers. The
reinforcement fibers may contain polyethylene or derivatives thereof. In sdme
examples, the reinforcement fibers contain a negative linear thermal expansion
coefficient along the length of the fiber. Generally, the reinforcement fibers have a

tensile moduli within a range from about 15 GPa to about 134 GPa.

[0074] In some examples, unidirectional shrinkable support handle 402 may be
heated during the shrinkage process. Shrinkable support handle 402 may contain a
heat shrink polymer and high-strength polymeric fibers. In other examples,
shrinkable support handle 402 is shrunk by contains removing solvent from the
shrinkable material. Shrinkable support handle 402 may be bent to have a radius of

curvature within a range from about 10 cm to about 100 cm.

[0075] In some embodiments, an adhesive (not shown) may be disposed
between unidirectional shrinkable support handle 402 and epitaxial material 404.
The adhesive may be a pressure sensitive adhesive, a hot melt adhesive, an
ultraviolet (UV) curing adhesive, a natural adhesive, a synthetic adhesive,

derivatives thereof, or combinations thereof.

[0076] In some embodiments herein, epitaxial material 404 may contain gallium
arsenide, aluminum gallium arsenide, indium gallium phosphide, alloys thereof,

derivatives thereof, or combinations thereof. Epitaxial material 404 may contain one
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layer, but usually contains multiple layers. In some examples, epitaxial material 404
contains a layer having gallium arsenide and another layer having aluminum gallium
arsenide. In another example, epitaxial material 404 contains a gallium arsenide
buffer layer, an aluminum gallium arsenide passivation layer, and a gallium arsenide

active layer.

[0077] The gallium arsenide buffer layer may have a thickness within a range
from about 100 nm to about 500 nm, such as about 400 nm, the aluminum gallium
arsenide passivation layer may have a thickness within a range from about 10 nm to
about 50 nm, such as about 30 nm, and the gallium arsenide active layer may have
a thickness within a range from about 500 nm to about 2,000 nm, such as about
1,000 nm. In some examples, epitaxial material 404 further contains a second
aluminum gallium arsenide passivation layer. The second gallium arsenide buffer
layer may have a thickness within a range from about 100 nm to about 500 nm, such

as about 400 nm.

[0078] In other embodiments herein, epitaxial material 404 may have a cell
structure containing multiple layers. The cell structure may contain gallium arsenide,
n-doped gallium arsenide, p-doped gallium arsenide, aluminum gallium arsenide, n-
doped aluminum gallium arsenide, p-doped aluminum gallium arsenide, indium

gallium phosphide, alloys thereof, derivatives thereof, or combinations thereof.

[0079] In another embodiment, sacrificial layer 406 may contain aluminum
arsenide, alloys thereof, derivatives thereof, or combinations thereof. In one
example, sacrificial layer 406 contains an aluminum arsenide layer. Sacrificial layer
406 may have a thickness of about 20 nm or less, preferably, within a range from
about 1 nm to about 10 nm, and more preferably, from about 4 nm to about 6 nm.
Wafer 408 may be a wafer or a substrate and usually contains gallium arsenide,
gallium arsenide alloys, or other derivatives, and may be n-doped or p-doped. In
one example, wafer 408 contains n-doped gallium arsenide material. In another

example, wafer 408 contains p-doped gallium arsenide material.

[0080] Figure 4C depicts the formation of etch crevice 410 while sacrificial layer

406 is etched away and shrinkable support handle 402 and epitaxial material 404
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are peeled away from wafer 408. Figure 4D illustrates shrinkable support handle

402 and epitaxial material 404 after being removed from wafer 408.

[0081] In another embodiment, a method for forming a thin film material during an
ELO process is provided which includes forming epitaxial material 404 over
sacrificial layer 406 on substrate 400, adhering shrinkable support handle 402 onto
epitaxial material 404, wherein shrinkable support handle 402 contains a
unidirectional shrinkable material and reinforcement fibers extending unidirectional
throughout the shrinkable material, and shrinking or reducing shrinkable support
handle 402 tangential to the reinforcement fibers to form tension in shrinkable
support handle 402 and compression in epitaxial material 404 during a shrinkage
process. The method further includes removing sacrificial layer 406 during an
etching process, and peeling epitaxial material 404 from the substrate while forming
an etch crevice therebetween and bending unidirectional shrinkable support handle

402 to have substantial curvature.

[0082] In one embodiment of a method for forming a thin film material during an
ELO process is provided which includes depositing epitaxial material 404 on or over
sacrificial layer 406 that is disposed on wafer 408 of substrate 400, and adhering
shrinkable support handle 402 onto epitaxial material 404. Shrinkable support
handle 402 contains a unidirectional shrinkable material and reinforcement fibers
extending unidirectional throughout the shrinkable material. The method further
provides shrinking or reducing shrinkable support handle 402 tangential to the
reinforcement fibers to form tension in shrinkable support handle 402 and
compression in epitaxial material 404 during a shrinkage process, and removing
sacrificial layer 406 during an etching process. The etching process contains
peeling epitaxial material 404 from the substrate, forming an etch crevice between
epitaxial material 404 from the substrate, and bending unidirectional shrinkable

support handle 402 to have substantial curvature.

[0083] In some embodiments, sacrificial layer 406 may be exposed to a wet etch
solution during the etching process. The wet etch solution contains hydrofluoric acid

and may contain a surfactant and/or a buffer. In some examples, sacrificial layer
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406 may be etched at a rate of about 0.3 mm/hr or greater, preferably, about 1

mm/hr or greater, and more preferably, about 5 mm/hr or greater.

[0084] In an alternative embodiment, sacrificial layer 406 may be exposed to an
electrochemical etch during the etching process. The electrochemical etch may be
a biased process or a galvanic process. Also, sacrificial layer 406 may be exposed
to a vapor phase etch during the etching process in another embodiment described
herein. The vapor phase etch includes exposing sacrificial layer 406 to hydrogen
fluoride vapor. The etching process may be a photochemical etch, a thermally
enhanced etch, a plasma enhanced etch, a stress enhanced etch, derivatives

thereof, or combinations thereof.

Non-uniform Wax Handle

[0085] Figures 5A-5B depict substrate 500 containing ELO thin film stack 550
disposed on or over wafer 508, as described in one embodiment herein. ELO thin
film stack 550 may have sacrificial layer 506 disposed on or over wafer 508,
epitaxial material 504 disposed on or over sacrificial layer 506, and non-uniform
support handle 502 disposed on or over epitaxial material 504. In one embodiment,
non-uniform support handle 502 contains a wax film having a varying thickness, as
described in some embodiments herein. In one example, the varying thickness of
non-uniform support handle 502 is thickest in or near middle 510a of non-uniform
support handle 502, as depicted in Figure 5A. In another example, the varying
thickness of non-uniform support handle 502 is thinnest in or near middle 510b of

non-uniform support handle 502, as depicted in Figure 5B.

[0086] In another embodiment, ELO thin film stack 550 contains sacrificial layer
506 disposed on a substrate, epitaxial material 504 under disposed over sacrificial
layer 506, and non-uniform support handle 502 disposed over epitaxial material 504,
wherein non-uniform support handle 502 contains a wax film having a varying

thickness or non-uniform thickness.

[0087] In other embodiments, a method for forming a thin film material during an
ELO process, is provided which includes forming epitaxial material 504 over
sacrificial layer 506 on a substrate, adhering non-uniform support handle 502 onto
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epitaxial material 504, wherein non-uniform support handle 502 contains a wax film
having a varying thickness, removing sacrificial layer 506 during an etching process,
and peeling epitaxial material 504 from the substrate while forming an etch crevice
therebetween and bending non-uniform support handle 502 to form compression in

epitaxial material 504 during the etching process.

[0088] In another embodiment, a method for forming a thin film material during an
ELO process, is provided which includes positioning a substrate containing epitaxial
material 504 disposed over sacrificial layer 506 on the substrate, adhering non-
uniform support handle 502 onto epitaxial material 504, wherein non-uniform support
handle 502 contains a wax film having a varying thickness, and removing sacrificial
layer 506 during an etching process, wherein the etching process further contains
peeling epitaxial material 504 from the substrate, forming an etch crevice between
epitaxial material 504 from the substrate, and bending non-uniform support handle

502 to form compression in epitaxial material 504 during the etching process.

[0089] In some embodiments, non-uniform support handle 502 contains a bottom
surface of the wax film and a top surface of a flexible member, and the bottom
surface is adhered to epitaxial material 504. Non-uniform support handle 502 may
bend towards the top surface. Non-uniform support handle 502 may be bent to have
a radius of curvature within a range from about 10 cm to about 100 cm. The flexible
member may contain plastic, polymer, oligomer, derivatives thereof, or combinations
thereof, for example, polyester or a polyester derivative. The flexible member may
have a film thickness within a range from about 50.8 pum (about 20 gauge) to about

127.0 pm (about 500 gauge), preferably, about 23.4 um (about 92 gauge).

[0090] In other examples, the wax film contains wax which has a softening point
temperature within a range from about 65°C to about 95°C, preferably, from about
80°C to about 90°C, such as about 85°C. In one example, the varying thickness of
the wax film is thickest in or near the middle of the wax film (Figure 5A) or thinnest in
or near the middle of the wax film (Figure 5B). In various embodiments, the varying
thickness of the wax film may be within a range from about 1 um to about 100 pum.

In one embodiment, the wax film has a thinnest section having a thickness within a
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range from about 1 um to about 25 um and has a thickest section having a thickness

within a range from about 25 pum to about 100 um.

[0091] In some embodiments herein, epitaxial material 504 may contain gallium
arsenide, aluminum gallium arsenide, indium gallium phosphide, alloys thereof,
derivatives thereof, or combinations thereof. Epitaxial material 504 may contain one
layer, but usually contains multiple layers. In some examples, epitaxial material 504
contains a layer having gallium arsenide and another layer having aluminum gallium
arsenide. In another example, epitaxial material 504 contains a gallium arsenide
buffer layer, an aluminum gallium arsenide passivation layer, and a gallium arsenide

active layer.

[0092] The gallium arsenide buffer layer may have a thickness within a range
from about 100 nm to about 500 nm, such as about 500 nm, the aluminum gallium
arsenide passivation layer may have a thickness within a range from about 10 nm to
about 50 nm, such as about 30 nm, and the gallium arsenide active layer may have
a thickness within a range from about 500 nm to about 2,000 nm, such as about
1,000 nm. In some examples, epitaxial material 504 further contains a second
aluminum gallium arsenide passivation layer. The second gallium arsenide buffer
layer may have a thickness within a range from about 100 nm to about 500 nm, such

as about 500 nm.

[0093] In other embodiments herein, epitaxial material 504 may have a cell
structure containing multiple layers. The cell structure may contain gallium arsenide,
n-doped gallium arsenide, p-doped gallium arsenide, aluminum gallium arsenide, n-
doped aluminum gallium arsenide, p-doped aluminum gallium arsenide, indium

gallium phosphide, alloys thereof, derivatives thereof, or combinations thereof.

[0094] In another embodiment, sacrificial layer 506 may contain aluminum
arsenide, alloys thereof, derivatives thereof, or combinations thereof. In one
example, sacrificial layer 506 contains an aluminum arsenide layer. Sacrificial layer
506 may have a thickness of about 20 nm or less, preferably, within a range from
about 1 nm to about 10 nm, and more preferably, from about 4 nm to about 6 nm.

Wafer 508 may be a wafer or a substrate and usually contains gallium arsenide,
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gallium arsenide alloys, or other derivatives, and may be n-doped or p-doped. In
one example, wafer 508 contains n-doped gallium arsenide material. In another

example, wafer 508 contains p-doped gallium arsenide material.

[0095] In some embodiments, sacrificial layer 506 may be exposed to a wet etch
solution during the etching process. The wet etch solution contains hydrofluoric acid
and may contain a surfactant and/or a buffer. In some examples, sacrificial layer
506 may be etched at a rate of about 0.3 mm/hr or greater, preferably, about 1

mm/hr or greater, and more preferably, about 5 mm/hr or greater.

[0096] In an alternative embodiment, sacrificial layer 506 may be exposed to an
electrochemical etch during the etching process. The electrochemical etch may be
a biased process or a galvanic process. Also, sacrificial layer 506 may be exposed
to a vapor phase etch during the etching process in another embodiment described
herein. The vapor phase etch includes exposing sacrificial layer 506 to hydrogen
fluoride vapor. The etching process may be a photochemical etch, a thermally
enhanced etch, a plasma enhanced etch, a stress enhanced etch, derivatives

thereof, or combinations thereof.

Multi-Layered Support Handle

[0097] Embodiments of the invention generally relate to ELO thin film materials
and devices and methods used to form such materials and devices. In one
embodiment, a method for forming a thin film material during an ELO process is
provided which includes depositing or otherwise forming an epitaxial material over a
sactificial layer on a substrate, adhering a support handle onto the epitaxial material,
removing the sacrificial layer during an etching process, and peeling the epitaxial
material from the substrate while forming an etch crevice therebetween while
maintaining compression in the epitaxial material during the etching process. The
method further provides that the support handle contains a stiff support layer
adhered to the epitaxial material, a soft support layer adhered to the stiff support

layer, and a handle plate adhered to the soft support layer.

[0098] In one embodiment, as depicted in Figure 6A, ELO thin film stack 600A is

provided which includes sacrificial layer 620 disposed on or over a substrate, such
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as wafer 610, epitaxial material 630 disposed on or over sacrificial layer 620, and
multi-layered support handle 670 disposed on or over epitaxial material 630. In one
example, multi-layered support handle 670 contains stiff support layer 640 disposed
over epitaxial material 630, soft support layer 650 disposed over stiff support layer
640, and handle plate 660 disposed over soft support layer 650. Multi-layered
support handle 670 is disposed on and maintains compression of epitaxial material

630.

[0099] In some examples, stiff support layer 640 may contain a polymer, a
copolymer, an oligomer, derivatives thereof, or combinations thereof. In one
embodiment, stiff support layer 640 contains a copolymer. In one example, the
copolymer may be an ethylene/vinylacetate (EVA) copolymer or derivatives thereof.
An EVA copolymer which is useful as stiff support layer 640 is WAFER GRIP
adhesive film, commercially available from Dynatex International, located in Santa
Rosa, CA. In other examples, stiff support layer 640 may contain a hot-melt
adhesive, an organic material or organic coating, an inorganic material, or

combinations thereof.

[0100] In one embodiment, stiff support layer 640 contains an inorganic material
having multiple inorganic layers, such as metal layers, dielectric layers, or
combinations thereof. In another example, stiff support layer 640 may contain
composite materials or patterned composite materials, such as organic/inorganic
materials. The composite materials may contain at least one organic material and at
least one inorganic material. In some examples, the inorganic material may contain
a metal layer, a dielectric layer, or combinations thereof. A composite material may
be used to optimize device performance, such as an increase in reflectivity,
conductivity, and/or yield. In another embodiment, stiff support layer 640 may

contain wax or derivatives thereof, such as black wax.

fo101] In another embodiment, soft support layer 650 may contain an elastomer,
such as rubber, foam, or derivatives thereof. Alternatively, soft suppont layer 650

may contain a material such as neoprene, latex, or derivatives thereof. Soft suppont
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layer 650 may contain a monomer. For example, soft support layer 650 may contain

an ethylene propylene diene monomer or derivatives thereof.

[0102] In another embodiment, soft support layer 650 may contain a liquid or a
fluid contained within a membrane. Alternatively, soft support layer 650 may contain
a gas contained within a membrane. The membrane may contain a material such
as rubber, foam, neoprene, latex, or derivatives thereof. In one example, the

membrane is a balloon of rubber or latex.

[0103] In another embodiment, handle plate 660 may contain a material such as
plastic, polymer, oligomer, derivatives thereof, or combinations thereof. In one
example, handle plate 660 may contain polyester or derivatives thereof. Handle
plate 660 may have a thickness within a range from about 50.8 um to about 127.0

pum, such as about 23.4 um.

[0104] In one embodiment, the method further includes removing sacrificial layer
620 to separate epitaxial material 630 from the substrate, such as wafer 610, as
depicted in Figure 6A, and subsequently adhering or attaching epitaxial material 630
to support substrate 680 by bonding therebetween with an adhesive to form
adhesive layer 690, as depicted in Figure 6B. Support substrate 680 may be
bonded to an exposed surface of epitaxial material 630 by the adhesive. In one
example, adhesive layer 690 may be formed from or contain an optical adhesive
and/or a UV-curable, such as commercially available as Norland UV-curable optical
adhesive. In some examples, the adhesive may contain a mercapto ester
compound. In other examples, the adhesive may further contain a material such as
butyl octyl phthalate, tetrahydrofurfuryl methacrylate, acrylate monomer, derivatives

thereof, or combinations thereof.

[0105] In one example, as depicted in Figure 6B, ELO thin film stack 600B is
provided which includes support substrate 680 disposed over a first surface of
epitaxial material 630, and multi-layered support handle 670 disposed over the other
surface of epitaxial material 630. Adhesive layer 690 may be disposed between
epitaxial material 630 and support substrate 680. Multi-layered support handle 670

contains stiff support layer 640 disposed over epitaxial material 630, soft support
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layer 650 disposed over stiff support layer 640, and handle plate 660 disposed over
soft support layer 640.

[0106] In one example, adhesive layer 690 may be formed from adhesive that
has been exposed to UV radiation during a curing process. Generally, the adhesive
may be exposed to the UV radiation for a time period within a range from about 1
minute to about 10 minutes, preferably, from about 3 minutes to about 7 minutes,
such as about 5 minutes. The adhesive may be cured at a temperature within a

range from about 25°C to about 75°C, such as about 50°C.

[0107] In other examples, the adhesive of adhesive layer 690 may be a silicone
adhesive or may contain sodium silicate. In these examples, the adhesive may be
cured for a time period within a range from about 10 hours to about 100 hours,
preferably, from about 20 hours to about 60 hours, and more preferably, from about
30 hours to about 50 hours, for example, about 42 hours. The adhesive may be
cured at a temperature within a range from about 25°C to about 75°C, such as about
50°C. Also the adhesive may be cured at a pressure within a range from about 1 psi
(pounds per square inch) to about 50 psi, preferably, from about 3 psi to about 25
psi, and more preferably, from about 5 psi to about 15 psi. In one example, the

pressure may be about 9 psi.

[0108] Sacrificial layer 620 may be exposed to an etching process to remove
epitaxial material 630 from the substrate. In some embodiments, sacrificial layer
620 may be exposed to a wet etch solution during the etching process. The wet
etch solution contains hydrofluoric acid and may contain a surfactant and/or a buffer.
In some examples, sacrificial layer 620 may be etched at a rate of about 0.3 mm/hr
or greater, preferably, about 1 mm/hr or greater, and more preferably, about 5
mm/hr or greater. In an alternative embodiment, sacrificial layer 620 may be
exposed to an electrochemical etch during the etching process. The
electrochemical etch may be a biased process or a galvanic process. Also,
sactificial layer 620 may be exposed to a vapor phase etch during the etching
process in another embodiment described herein. The vapor phase etch includes

exposing sacrificial layer 620 to hydrogen fluoride vapor. The etching process may
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be a photochemical etch, a thermally enhanced etch, a plasma enhanced etch, a

stress enhanced etch, derivatives thereof, or combinations thereof.

[0109] In embodiments herein, epitaxial material 630 may contain gallium
arsenide, aluminum gallium arsenide, indium gallium phosphide, alloys thereof,
derivatives thereof, or combinations thereof. Epitaxial material 630 may have a
rectangular geometry, a square geometry, or other geometries. Epitaxial material
630 may contain one layer, but usually contains multiple layers. In some examples,
epitaxial material 630 contains a layer having gallium arsenide and another layer
having aluminum gallium arsenide. In another example, epitaxial material 630
contains a gallium arsenide buffer layer, an aluminum gallium arsenide passivation
layer, and a gallium arsenide active layer. The gallium arsenide buffer layer may
have a thickness within a range from about 100 nm to about 500 nm, such as about
300 nm, the aluminum gallium arsenide passivation layer has a thickness within a
range from about 10 nm to about 50 nm, such as about 30 nm, and the gallium
arsenide active layer has a thickness within a range from about 500 nm to about
2,000 nm, such as about 1,000 nm. In some examples, epitaxial material 630

further contains a second aluminum gallium arsenide passivation layer.

[0110] In other embodiments herein, epitaxial material 630 may contain a cell
structure containing multiple layers. The cell structure may contain gallium arsenide,
n-doped gallium arsenide, p-doped gallium arsenide, aluminum gallium arsenide, n-
doped aluminum gallium arsenide, p-doped aluminum gallium arsenide, indium
gallium phosphide, alloys thereof, derivatives thereof, or combinations thereof. In

many examples, the gallium arsenide is n-doped or p-doped.

[0111] In some embodiments, sacrificial layer 620 may contain aluminum
arsenide, alloys thereof, derivatives thereof, or combinations thereof. In one
example, sacrificial layer 620 contains an aluminum arsenide layer and has a
thickness of about 20 nm or less, preferably, within a range from about 1 nm to
about 10 nm, and more preferably, from about 4 nm to about 6 nm. The substrates,
such as wafer 610 and/or support substrate 680, usually contain gallium arsenide or

derivatives thereof, and may be n-doped or p-doped.
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[0112] While the foregoing is directed to embodiments of the invention, other and
further embodiments of the invention may be devised without departing from the

basic scope thereof, and the scope thereof is determined by the claims that follow.
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Claims:

1. A method for forming a thin film material during an epitaxial lift off process,
comprising:

forming an epitaxial material over a sacrificial layer on a substrate;

adhering a flattened, pre-curved support handle onto the epitaxial material,
wherein the flattened, pre-curved support handle is formed by flattening a curved
support material, and the flattened, pre-curved support handle is under tension while
the epitaxial material is under compression;

removing the sacrificial layer during an etching process; and

peeling the epitaxial material from the substrate while forming an etch crevice
therebetween and bending the flattened, pre-curved support handle to have

substantial curvature.

2. The method of claim 1, wherein the curved support material comprises a
material selected from the group consisting of wax, polyethylene, polyester,
polyolefin, polyethylene terephthalate polyester, rubber, derivatives thereof, and

combinations thereof.

3. The method of claim 2, wherein the curved support material comprises

polyethylene terephthalate polyester, polyolefin, or derivatives thereof.

4. The method of claim 1, wherein the curved support material comprises a first
layer comprising wax and a second layer comprising a polymer disposed over the

first layer.

5. The method of claim 4, wherein the second layer comprises polyethylene

terephthalate polyester or derivatives thereof.
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6. The method of claim 4, wherein the curved support material further comprises
a third layer comprising wax and disposed over the second layer or comprises a

third layer comprising another polymer and disposed over the second layer.

7. The method of claim 6, wherein the third layer comprises polyethylene or

derivatives thereof.

8. The method of claim 1, wherein the flattened, pre-curved support handle
comprises a bottom surface and a top surface, the bottom surface is adhered to the
epitaxial material and the flattened, pre-curved support handle bends towards the

top surface.

9. The method of claim 1, wherein an adhesive is used to adhere the flattened,
pre-curved support handle onto the epitaxial material, and the adhesive is selected
from the group consisting of pressure sensitive adhesive, hot melt adhesive, UV
curing adhesive, natural adhesive, synthetic adhesive, derivatives thereof, and

combinations thereof.

10. The method of claim 1, wherein the sacrificial layer is exposed to a wet etch
solution during the etching process, the wet etch solution comprises hydrofluoric

acid, a surfactant, and a buffer.

11.  The method of claim 10, wherein the sacrificial layer is etched at a rate of

about 5 mm/hr or greater.

12.  The method of claim 1, wherein the epitaxial material comprises a material
selected from the group consisting of gallium arsenide, aluminum gallium arsenide,

indium gallium phosphide, alloys thereof, derivatives thereof, and combinations

thereof.
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13. The method of claim 12, wherein the epitaxial material comprises a layer
comprising gallium arsenide and another layer comprising aluminum gallium

arsenide.

14.  The method of claim 13, wherein the epitaxial material comprises a gailium
arsenide buffer layer, an aluminum gallium arsenide passivation layer, and a gallium

arsenide active layer.

15.  The method of claim 14, wherein the gallium arsenide buffer layer has a
thickness within a range from about 100 nm to about 500 nm, the aluminum gallium
arsenide passivation layer has a thickness within a range from about 10 nm to about
50 nm, and the gallium arsenide active layer has a thickness within a range from

about 500 nm to about 2,000 nm.

16. The method of claim 14, wherein the epitaxial material further comprises a

second aluminum gallium arsenide passivation layer.

17.  The method of claim 1, wherein the epitaxial material comprises a cell
structure containing multiple layers comprising at least one material selected from
the group consisting of gallium arsenide, n-doped gallium arsenide, p-doped gallium
arsenide, aluminum gallium arsenide, n-doped aluminum gallium arsenide, p-doped
aluminum gallium arsenide, indium gallium phosphide, alloys thereof, derivatives

thereof, and combinations thereof.
18.  The method of claim 1, wherein the sacrificial layer comprises a material
selected from the group consisting of aluminum arsenide, alloys thereof, derivatives

thereof, and combinations thereof.

19.  The method of claim 18, wherein the sacrificial layer comprises an aluminum

arsenide layer having a thickness of about 20 nm or less.
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20. The method of claim 1, wherein the substrate comprises gallium arsenide, n-

doped gallium arsenide, p-doped gallium arsenide, or derivatives thereof.

21. A method for forming a thin film material during an epitaxial lift off process,
corﬁprising:
positioning a substrate comprising an epitaxial material disposed over a
sacrificial layer on the substrate;
adhering a flattened, pre-curved support handle onto the epitaxial material,
wherein the flattened, pre-curved support handle is formed by flattening a curved
support material, and the flattened, pre-curved support handie is under tension while
the epitaxial material is under compression; and
removing the sactificial layer during an etching process, wherein the etching
process further comprises:
peeling the epitaxial material from the substrate while forming an etch
crevice therebetween; and
bending the flattened, pre-curved support handle to have substantial

curvature.

22.  Athin film stack material, comprising:

a sacrificial layer disposed on a substrate;

an epitaxial material disposed over the sacrificial layer; and

a flattened, pre-curved support material disposed over the epitaxial material,
wherein the flattened, pre-curved support material is under tension while the

epitaxial material is under compression.

23.  The thin film stack material of claim 22, wherein the flattened, pre-curved
support material comprises a material selected from the group consisting of wax,
polyethylene, polyester, polyolefin, polyethylene terephthalate polyester, rubber,

derivatives thereof, and combinations thereof.
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24. The thin film stack material of claim 23, wherein the flattened, pre-curved
support material comprises polyethylene terephthalate polyester, polyolefin, or

derivatives thereof.

25. The thin film stack material of claim 22, wherein the flattened, pre-curved
support material comprises a first layer comprising wax and a second layer

comprising a polymer disposed over the first layer.

26.  The thin film stack material of claim 25, wherein the second layer comprises

polyethylene terephthalate polyester.

27. The thin film stack material of claim 25, wherein the flattened, pre-curved
support material further comprises a third layer comprising another polymer and

disposed over the second layer.

28.  The thin film stack material of claim 27, wherein the third layer comprises

polyethylene or derivatives thereof.

29. The thin film stack material of claim 22, wherein an adhesive is disposed
between flattened, pre-curved support and the epitaxial material, and the adhesive is
selected from the group consisting of pressure sensitive adhesive, hot melt
adhesive, UV curing adhesive, natural adhesive, synthetic adhesive, derivatives

thereof, and combinations thereof.

30. The thin film stack material of claim 29, wherein the epitaxial material
comprises a material selected from the group consisting of gallium arsenide,
aluminum gallium arsenide, indium gallium phosphide, alloys thereof, derivatives

thereof, and combinations thereof.
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31. The thin film stack material of claim 30, wherein the epitaxial material
comprises a layer comprising gallium arsenide and another layer comprising

aluminum gallium arsenide.

32. The thin film stack material of claim 30, wherein the epitaxial material
comprises a gallium arsenide buffer layer, an aluminum gallium arsenide passivation

layer, and a gallium arsenide active layer.

33.  The thin film stack material of claim 32, wherein the gallium arsenide buffer
layer has a thickness within a range from about 100 nm to about 500 nm, the
aluminum gallium arsenide passivation layer has a thickness within a range from
about 10 nm to about 50 nm, and the gallium arsenide active layer has a thickness

within a range from about 500 nm to about 2,000 nm.

34. The thin film stack material of claim 32, wherein the epitaxial material further

comprises a second aluminum gallium arsenide passivation layer.

35. The thin film stack material of claim 22, wherein the epitaxial material
comprises a cell structure containing multiple layers comprising at least one material
selected from the group consisting of gallium arsenide, n-doped gallium arsenide, p-
doped gallium arsenide, aluminum gallium arsenide, n-doped aluminum gallium
arsenide, p-doped aluminum gallium arsenide, indium gallium phosphide, alloys

thereof, derivatives thereof, and combinations thereof.

36. The thin film stack material of claim 22, wherein the sacrificial layer comprises
a material selected from the group consisting of aluminum arsenide, alloys thereof,

derivatives thereof, and combinations thereof.

37.  The thin film stack material of claim 36, wherein the sacrificial layer comprises

an aluminum arsenide layer having a thickness of about 20 nm or less.
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38. The thin film stack material of claim 37, wherein the thickness is within a

range from about 1 nm to about 10 nm.

39. The thin film stack material of claim 38, wherein the thickness is within a

range from about 4 nm to about 6 nm.

40. The thin film stack material of claim 22, wherein the substrate comprises
gallium arsenide, n-doped gallium arsenide, p-doped gallium arsenide, or derivatives

thereof.

41. A method for forming a thin film material during an epitaxial lift off process,
comprising: _

forming an epitaxial material over a sacrificial layer on a substrate;

adhering a support handle onto the epitaxial material, wherein the support
handle comprises a shrinkable material;

shrinking the support handle to form tension in the support handle and
compression in the epitaxial material during a shrinkage process;

removing the sacrificial layer during an etching process; and

peeling the epitaxial material from the substrate while forming an etch crevice

therebetween and bending the support handle to have substantial curvature.

42. The method of claim 41, wherein the support handle comprises a material
selected from the group consisting of wax, polyethylene, polyester, polyolefin,
polyethylene terephthalate polyester, rubber, derivatives thereof, and combinations

thereof.

43. The method of claim 42, wherein the support handle comprises polyethylene

terephthalate polyester, polyolefin, or derivatives thereof.
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44.  The method of claim 41, wherein the support handle comprises a first layer
comprising wax and a second layer comprising a polymer disposed over the first

layer.

45. The method of claim 44, wherein the second layer comprises polyethylene

terephthalate polyester or derivatives thereof.

46. The method of claim 44, wherein the support handle further comprises a third
layer comprising wax and disposed over the second layer or the support handle
further comprises a third layer comprising another polymer and disposed over the

second layer.

47. The method of claim 46, wherein the third layer comprises polyethylene or

derivatives thereof.

48. The method of claim 41, wherein the support handle comprises a bottom
surface and a top surface, the bottom surface is adhered to the epitaxial material

and the support handle bends towards the top surface.

49. The method of claim 41, wherein the shrinkable material comprises an
amorphous material, and the amorphous material is crystallized to undergo a net

volume reduction during the shrinkage process.

50. The method of claim 41, wherein the shrinkable material comprises a material
selected from the group consisting of plastic, rubber, polymer, oligomer, derivatives

thereof, and combinations thereof.

51.  The method of claim 41, wherein the shrinkable material comprises polyester

or derivatives thereof.
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52. The method of claim 41, wherein the support handle comprises a heat shrink

polymer and the support handle is heated during the shrinkage process.

53. The method of claim 41, wherein an adhesive is used to adhere the support
handle onto the epitaxial material, and the adhesive is selected from the group
consisting of pressure sensitive adhesive, hot melt adhesive, UV curing adhesive,

natural adhesive, synthetic adhesive, derivatives thereof, and combinations thereof.

54. The method of claim 41, wherein the sacrificial layer is exposed to a wet etch
solution during the etching process, the wet etch solution comprises hydrofluoric

acid, a surfactant, and a buffer.

55. The method of claim 54, wherein the sacrificial layer is etched at a rate of

about 5 mm/hr or greater.

56. The method of claim 41, wherein the sacrificial layer is exposed to hydrogen

fluoride vapor during the etching process.

57. The method of claim 41, wherein the epitaxial material comprises a material
selected from the group consisting of gallium arsenide, aluminum gallium arsenide,
indium gallium phosphide, alloys thereof, derivatives thereof, and combinations

thereof.

58. The method of claim 57, wherein the epitaxial material comprises a layer
comprising gallium arsenide and another layer comprising aluminum gallium

arsenide.

59. The method of claim 57, wherein the epitaxial material comprises a gallium
arsenide buffer layer, an aluminum gallium arsenide passivation layer, and a gallium

arsenide active layer.
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60. The method of claim 59, wherein the gallium arsenide buffer layer has a
thickness within a range from about 100 nm to about 500 nm, the aluminum gallium
arsenide passivation layer has a thickness within a range from about 10 nm to about
50 nm, and the gallium arsenide active layer has a thickness within a range from

about 500 nm to about 2,000 nm.

61. The method of claim 59, wherein the epitaxial material further comprises a

second aluminum gallium arsenide passivation layer.

62. The method of claim 41, wherein the epitaxial material comprises a cell
structure containing multiple layers comprising at least one material selected from
the group consisting of gallium arsenide, n-doped gallium arsenide, p-doped gallium
arsenide, aluminum gallium arsenide, n-doped aluminum gallium arsenide, p-doped
aluminum gallium arsenide, indium galiium phosphide, alloys thereof, derivatives

thereof, and combinations thereof.

63. The method of claim 41, wherein the sacrificial layer comprises a material
selected from the group consisting of aluminum arsenide, alloys thereof, derivatives

thereof, and combinations thereof.

64. The method of claim 63, wherein the sacrificial layer comprises an aluminum

arsenide layer having a thickness of about 20 nm or less.

65. The method of claim 41, wherein the substrate comprises gallium arsenide, n-

doped gallium arsenide, p-doped gallium arsenide, or derivatives thereof.

66. A method for forming a thin film material during an epitaxial lift off process,
comprising:
positioning a substrate comprising an epitaxial material disposed over a

sacrificial layer on the substrate;
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adhering a support handle onto the epitaxial material, wherein the support
handle comprises a shrinkable material;

shrinking the support handle to form tension in the support handle and
compression in the epitaxial material during a shrinkage process; and

removing the sacrificial layer during an etching process, wherein the etching

process further comprises:
peeling the epitaxial material from the substrate;
forming an etch crevice between the epitaxial material from the

substrate; and
bending the support handle to have substantial curvature.

67. A thin film stack material, comprising:

a sacrificial layer disposed on a substrate;

an epitaxial material disposed over the sacrificial layer; and

a support handle disposed over the epitaxial material, wherein the suppornt
handle comprises a shrinkable material, which upon being shrunk, forms tension in

the support handle and compression in the epitaxial material.

68. The thin film stack material of claim 67, wherein the shrinkable material
comprises an amorphous material which is crystallized to undergo a net volume

reduction during the shrinkage process.

69. The thin film stack material of claim 67, wherein the shrinkable material
comprises a material selected from the group consisting of plastic, polymer,

oligomer, derivatives thereof, and combinations thereof.

70. The thin film stack material of claim 67, wherein the support handle

comprises a heat shrink polymer.

71. The thin film stack material of claim 67, wherein an adhesive is between the
support handle and the epitaxial material, and the adhesive is selected from the
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group consisting of pressure sensitive adhesive, hot melt adhesive, UV curing
adhesive, natural adhesive, synthetic adhesive, derivatives thereof, and

combinations thereof.

72. The thin film stack material of claim 67, wherein the epitaxial material
comprises at least one material selected from the group consisting of gallium
arsenide, aluminum gallium arsenide, indium gallium phosphide, alloys thereof,

derivatives thereof, and combinations thereof.

73. The thin film stack material of claim 72, wherein the epitaxial material
comprises a layer comprising gallium arsenide and another layer comprising

aluminum gallium arsenide.

74. The thin film stack material of claim 72, wherein the epitaxial material
comprises a gallium arsenide buffer layer, an aluminum gallium arsenide passivation

layer, and a gallium arsenide active layer.

75.  The thin film stack material of claim 74, wherein the gallium arsenide buffer
layer has a thickness within a range from about 100 nm to about 500 nm, the
aluminum gallium arsenide passivation layer has a thickness within a range from
about 10 nm to about 50 nm, and the gallium arsenide active layer has a thickness

within a range from about 500 nm to about 2,000 nm.

76.  The thin film stack material of claim 72, wherein the epitaxial material further

comprises a second aluminum gallium arsenide passivation layer.

77. The thin film stack material of claim 67, wherein the epitaxial material
comprises a cell structure containing multiple layers comprising at least one material
selected from the group consisting of gallium arsenide, n-doped gallium arsenide, p-

doped gallium arsenide, aluminum gallium arsenide, n-doped aluminum gallium
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arsenide, p-doped aluminum gallium arsenide, indium gallium phosphide, alloys

thereof, derivatives thereof, and combinations thereof.

78.  The thin film stack material of claim 67, wherein the sacrificial layer comprises
a material selected from the group consisting of aluminum arsenide, alloys thereof,

derivatives thereof, and combinations thereof.

79.  The thin film stack material of claim 78, wherein the sacrificial layer comprises

an aluminum arsenide layer having a thickness of about 20 nm or less.

80. The thin film stack material of claim 79, wherein the thickness is within a

range from about 1 nm to about 10 nm.

81. The thin film stack material of claim 80, wherein the thickness is within a

range from about 4 nm to about 6 nm.

82. The thin film stack material of claim 67, wherein the substrate comprises
gallium arsenide, n-doped gallium arsenide, p-doped gallium arsenide, or derivatives

thereof.

83. A method for forming a thin film material during an epitaxial lift off process,
comprising:

forming an epitaxial material over a sacrificial layer on a substrate;

adhering a support handle onto the epitaxial material, wherein the support
handle comprises a shrinkable material and reinforcement fibers extending
unidirectional throughout the shrinkable material;

shrinking the support handle tangential to the reinforcement fibers to form
tension in the support handle and compression in the epitaxial material during a
shrinkage process;

removing the sacrificial layer during an etching process; and
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peeling the epitaxial material from the substrate while forming an etch crevice

therebetween and bending the support handle to have substantial curvature.

84. The method of claim 83, wherein the support handle comprises a bottom
surface and a top surface, the bottom surface is adhered to the epitaxial material,

and the support handle bends towards the top surface.

85. The method of claim 83, wherein the shrinkable material comprises an
amorphous material which is crystallized to undergo a net volume reduction during

the shrinkage process.

86. The method of claim 83, wherein the shrinkable material comprises a material
selected from the group consisting of plastic, polymer, oligomer, derivatives thereof,

and combinations thereof.

87. The method of claim 83, wherein the shrinkable material comprises polyester

or derivatives thereof.

88. The method of claim 83, wherein the reinforcement fibers are high-strength

polymeric fibers.

89. The method of claim 88, wherein the reinforcement fibers comprise

polyethylene or derivatives thereof.

90. The method of claim 88, wherein the reinforcement fibers comprise a

negative linear thermal expansion coefficient along the length of the fiber.

91. The method of claim 88, wherein the reinforcement fibers comprise a tensile

moduli within a range from about 15 GPa to about 134 GPa.
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92. The method of claim 83, wherein the support handle is heated during the
shrinkage process, and the support handle comprises a heat shrink polymer and

high-strength polymeric fibers.

93. The method of claim 83, wherein shrinking the support handle comprises

removing solvent from the shrinkable material.

94. The method of claim 83, wherein an adhesive is used to adhere the support
handle onto the epitaxial material, and the adhesive is selected from the group
consisting of pressure sensitive adhesive, hot melt adhesive, UV curing adhesive,

natural adhesive, synthetic adhesive, derivatives thereof, and combinations thereof.

95. The method of claim 83, wherein the sacrificial layer is exposed to a wet etch
solution during the etching process, the wet etch solution comprises hydrofluoric

acid, a surfactant, and a buffer.

96. The method of claim 95, wherein the sacrificial layer is etched at a rate of

about 5 mm/hr or greater.

97. The method of claim 83, wherein the sacrificial layer is exposed to hydrogen

fluoride vapor during the etching process.

98. The method of claim 83, wherein the epitaxial material comprises a material
selected from the group consisting of gallium arsenide, aluminum gallium arsenide,
indium gallium phosphide, alloys thereof, derivatives thereof, and combinations

thereof.

99. The method of claim 98, wherein the epitaxial material comprises a layer
comprising gallium arsenide and another layer comprising aluminum gallium

arsenide.

45



WO 2009/155122 PCT/US2009/045715

100. The method of claim 98, wherein the epitaxial material comprises a gallium
arsenide buffer layer, an aluminum gallium arsenide passivation layer, and a gallium

arsenide active layer.

101. The method of claim 100, wherein the gallium arsenide buffer layer has a
thickness within a range from about 100 nm to about 500 nm, the aluminum gallium
arsenide passivation layer has a thickness within a range from about 10 nm to about
50 nm, and the gallium arsenide active layer has a thickness within a range from

about 500 nm to about 2,000 nm.

102. The method of claim 100, wherein the epitaxial material further comprises a

second aluminum gallium arsenide passivation layer.

103. The method of claim 83, wherein the epitaxial material comprises a cell
structure containing multiple layers comprising at least one material selected from
the group consisting of gallium arsenide, n-doped gallium arsenide, p-doped gaIEAium
arsenide, aluminum gallium arsenide, n-doped aluminum gallium arsenide, p-doped
aluminum gallium arsenide, indium gallium phosphide, alloys thereof, derivatives

thereof, and combinations thereof.
104. The method of claim 83, wherein the sacrificial layer comprises a material
selected from the group consisting of aluminum arsenide, alloys thereof, derivatives

thereof, and combinations thereof.

105. The method of claim 104, wherein the sacrificial layer comprises an aluminum

arsenide layer having a thickness of about 20 nm or less.

106. The method of claim 83, wherein the substrate comprises gallium arsenide, n-

doped gallium arsenide, p-doped gallium arsenide, or derivatives thereof.
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107. A method for forming a thin film material during an epitaxial lift off process,
comprising:
positioning a substrate comprising an epitaxial material disposed over a
sacrificial layer on the substrate;
adhering a support handle onto the epitaxial material, wherein the support
handle comprises a shrinkable material and reinforcement fibers extending
unidirectional throughout the shrinkable material;
shrinking the support handle tangential to the reinforcement fibers to form
tension in the support handle and compression in the epitaxial material during a
shrinkage process; and
removing the sacrificial layer during an etching process, wherein the etching
process further comprises:
peeling the epitaxial material from the substrate;
forming an etch crevice between the epitaxial material from the
substrate; and
bending the support handle to have substantial curvature.

108. A thin film stack material, comprising:

a sacrificial layer disposed on a substrate;

an epitaxial material disposed over the sacrificial layer; and

a support handle disposed over the epitaxial material, wherein the support
handle comprises a shrinkable material and reinforcement fibers extending
unidirectional throughout the shrinkable material, which upon being shrunk, shrinks
tangential to the reinforcement fibers to form tension in the support handle and

compression in the epitaxial material.

109. The thin film stack material of claim 108, wherein the shrinkable material
comprises an amorphous material which is crystallized to undergo a net volume

reduction during the shrinkage process.
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110. The thin film stack material of claim 108, wherein the shrinkable material
comprises a material selected from the group consisting of plastic, polymer,

oligomer, derivatives thereof, and combinations thereof.

111. The thin film stack material of claim 108, wherein the reinforcement fibers are

high-strength polymeric fibers.

112. The thin film stack material of claim 108, wherein the reinforcement fibers

comprise polyethylene.

113. The thin film stack material of claim 108, wherein the reinforcement fibers
comprise a negative linear thermal expansion coefficient along the length of the

fiber.

114. The thin film stack material of claim 108, wherein the reinforcement fibers

comprise a tensile moduli within a range from about 15 GPa to about 134 GPa.

115. The thin film stack material of claim 108, wherein the support handle

comprises a heat shrink polymer and high-strength polymeric fibers.

116. The thin film stack material of claim 108, wherein an adhesive is between the
support handle and the epitaxial material, and the adhesive is selected from the
group consisting of pressure sensitive adhesive, hot melt adhesive, UV curing
adhesive, natural adhesive, synthetic adhesive, derivatives thereof, and

combinations thereof.

117. The thin film stack material of claim 108, wherein the epitaxial material
comprises a material selected from the group consisting of gallium arsenide,
aluminum gallium arsenide, indium gallium phosphide, alloys thereof, derivatives

thereof, and combinations thereof.
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118. The thin film stack material of claim 117, wherein the epitaxial material
comprises a layer comprising gallium arsenide and another layer comprising

aluminum gallium arsenide.

119. The thin film stack material of claim 117, wherein the epitaxial material
comprises a gallium arsenide buffer layer, an aluminum gallium arsenide passivation

layer, and a gallium arsenide active layer.

120. The thin film stack material of claim 119, wherein the gallium arsenide buffer
layer has a thickness within a range from about 100 nm to about 500 nm, the
aluminum gallium arsenide passivation layer has a thickness within a range from
about 10 nm to about 50 nm, and the gallium arsenide active layer has a thickness

within a range from about 500 nm to about 2,000 nm.

121. The thin film stack material of claim 119, wherein the epitaxial material further

comprises a second aluminum gallium arsenide passivation layer.

122. The thin film stack material of claim 108, wherein the epitaxial material
comprises a cell structure containing multiple layers comprising at least one material
selected from the group consisting of gallium arsenide, n-doped gallium arsenide, p-
doped gallium arsenide, aluminum gallium arsenide, n-doped aluminum gallium
arsenide, p-doped aluminum gallium arsenide, indium gallium phosphide, alloys

thereof, derivatives thereof, and combinations thereof.
123. The thin film stack material of claim 108, wherein the sacrificial layer
comprises a material selected from the group consisting of aluminum arsenide,

alloys thereof, derivatives thereof, and combinations thereof.

124. The thin film stack material of claim 123, wherein the sacrificial layer

comprises an aluminum arsenide layer having a thickness of about 20 nm or less.
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125. The thin film stack material of claim 124, wherein the thickness is within a

range from about 1 nm to about 10 nm.

126. The thin film stack material of claim 125, wherein the thickness is within a

range from about 4 nm to about 6 nm.

127. The thin film stack material of claim 108, wherein the substrate comprises
gallium arsenide, n-doped gallium arsenide, p-doped gallium arsenide, or derivatives

thereof.

128. A method for forming a thin film material during an epitaxial lift off process,
comprising:

forming an epitaxial material over a sacrificial layer on a substrate;

adhering a support handle onto the epitaxial material, wherein the support
handle comprises a wax film having a varying thickness;

removing the sacrificial layer during an etching process; and

peeling the epitaxial material from the substrate while forming an etch crevice
therebetween and bending the support handle to form compression in the epitaxial

material during the etching process.

129. The method of claim 128, wherein the support handle comprises a bottom
surface of the wax film and a top surface of a flexible member, the bottom surface is
adhered to the epitaxial material, and the support handle bends towards the top

surface.

130. The method of claim 129, wherein the flexible member comprises a material
selected from the group consisting of plastic, polymer, oligomer, derivatives thereof,

and combinations thereof.

131. The method of claim 129, wherein the flexible member comprises polyester or
derivatives thereof.
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132. The method of claim 128, wherein the wax film comprises wax which has a

softening point temperature within a range from about 65°C to about 95°C.

133. The method of claim 132, wherein the softening point temperature is within a

range from about 80°C to about 90°C.

134. The method of claim 132, wherein the varying thickness of the wax film is

thinnest at or near the middle of the wax film.

135. The method of claim 132, wherein the varying thickness of the wax film is

thickest at or near the middle of the wax film.

136. The method of claim 128, wherein the sacrificial layer is exposed to a wet
etch solution during the etching process, the wet etch solution comprises

hydrofluoric acid, a surfactant, and a buffer.

137. The method of claim 136, wherein the sacrificial layer is etched at a rate of

about 5 mm/hr or greater.

138. The method of claim 128, wherein the sacrificial layer is exposed to hydrogen

fluoride vapor during the etching process.

139. The method of claim 128, wherein the epitaxial material comprises a material
selected from the group consisting of gallium arsenide, aluminum gallium arsenide,

indium gallium phosphide, alloys thereof, derivatives thereof, and combinations

thereof.

140. The method of claim 139, wherein the epitaxial material comprises a layer
comprising gallium arsenide and another layer comprising aluminum gallium

arsenide.
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141. The method of claim 139, wherein the epitaxial material comprises a gallium
arsenide buffer layer, an aluminum gallium arsenide passivation layer, and a gallium

arsenide active layer.

142. The method of claim 141, wherein the gallium arsenide buffer layer has a
thickness within a range from about 100 nm to about 500 nm, the aluminum gallium
arsenide passivation layer has a thickness within a range from about 10 nm to about
50 nm, and the gallium arsenide active layer has a thickness within a range from
about 500 nm to about 2,000 nm.

143. The method of claim 141, wherein the epitaxial material further comprises a

second aluminum gallium arsenide passivation layer.

144. The method of claim 128, wherein the epitaxial material comprises a cell
structure containing multiple layers comprising at least one material selected from
the group consisting of gallium arsenide, n-doped gallium arsenide, p-doped gallium
arsenide, aluminum gallium arsenide, n-doped aluminum gallium arsenide, p-doped
aluminum gallium arsenide, indium gallium phosphide, alloys thereof, derivatives

thereof, and combinations thereof.
145. The method of claim 128, wherein the sacrificial layer comprises a material
selected from the group consisting of aluminum arsenide, alloys thereof, derivatives

thereof, and combinations thereof.

146. The method of claim 145, wherein the sacrificial layer comprises an aluminum

arsenide layer having a thickness of about 20 nm or less.

147. The method of claim 128, wherein the substrate comprises gallium arsenide,

n-doped gallium arsenide, p-doped gallium arsenide, or derivatives thereof.
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148. A method for forming a thin film material during an epitaxial lift off process,
comprising:
positioning a substrate comprising an epitaxial material disposed over a
sacrificial layer on the substrate;
adhering a support handle onto the epitaxial material, wherein the support
handle comprises a wax film having a varying thickness; and
removing the sacrificial layer during an etching process, wherein the etching
process further comprises:
peeling the epitaxial material from the substrate;
forming an etch crevice between the epitaxial material from the
substrate; and
bending the support handle to form compression in the epitaxial material during the

etching process.

149. A thin film stack material, comprising:
a sacrificial layer disposed on a substrate;
an epitaxial material under disposed over the sacrificial layer; and
a support handle disposed over the epitaxial material, wherein the support

handle comprises a wax film having a varying thickness.

150. The thin film stack material of claim 149, wherein the support handie
comprises a bottom surface of the wax film and a top surface of a flexible member,

and the bottom surface is adhered to the epitaxial material.

151. The thin film stack material of claim 150, wherein the flexible member
comprises a material selected from the group consisting of plastic, polymer,

oligomer, derivatives thereof, and combinations thereof.

152. The thin film stack material of claim 150, wherein the flexible member

comprises polyester or derivatives thereof.
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153. The thin film stack material of claim 150, wherein the flexible member

comprises a film thickness within a range from about 50.8 um to about 127.0 um.

154. The thin film stack material of claim 149, wherein the wax film comprises wax
which has a softening point temperature within a range from about 65°C to about

95°C.

155. The thin film stack material of claim 154, wherein the softening point

temperature is within a range from about 80°C to about 90°C.

156. The thin film stack material of claim 154, wherein the varying thickness of the

wax film is thinnest at or near the center of the wax film.

157. The thin film stack material of claim 154, wherein the varying thickness of the

wax film is thickest at or near the center of the wax film.

158. The thin film stack material of claim 154, wherein the varying thickness of the

wax film is within a range from about 1 um to about 100 pm.

159. The thin film stack material of claim 154, wherein the varying thickness of the

wax film comprises a thinnest section and a thickest section.

160. The thin film stack material of claim 159, wherein the thinnest section has a

thickness within a range from about 1 um to about 25 um.

161. The thin film stack material of claim 159, wherein the thickest section has a

thickness within a range from about 25 pm to about 100 pm.

162. The thin film stack material of claim 149, wherein the epitaxial material

comprises a material selected from the group consisting of gallium arsenide,
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aluminum gallium arsenide, indium gallium phosphide, alloys thereof, derivatives

thereof, and combinations thereof.

163. The thin film stack material of claim 162, wherein the epitaxial material
comprises a layer comprising gallium arsenide and another layer comprising

aluminum gallium arsenide.

164. The thin film stack material of claim 162, wherein the epitaxial material
comprises a gallium arsenide buffer layer, an aluminum gallium arsenide passivation

layer, and a gallium arsenide active layer.

165. The thin film stack material of claim 164, wherein the gallium arsenide buffer
layer has a thickness within a range from about 100 nm to about 500 nm, the
aluminum gallium arsenide passivation layer has a thickness within a range from
about 10 nm to about 50 nm, and the gallium arsenide active layer has a thickness

within a range from about 500 nm to about 2,000 nm.

166. The thin film stack material of claim 164, wherein the epitaxial material further

comprises a second aluminum gallium arsenide passivation layer.

167. The thin film stack material of claim 149, wherein the epitaxial material
comprises a cell structure containing multiple layers comprising at least one material
selected from the group consisting of gallium arsenide, n-doped gallium arsenide, p-
doped gallium arsenide, aluminum gallium arsenide, n-doped aluminum gallium
arsenide, p-doped aluminum gallium arsenide, indium gallium phosphide, alloys

thereof, derivatives thereof, and combinations thereof.
168. The thin film stack material of claim 149, wherein the sacrificial layer

comprises a material selected from the group consisting of aluminum arsenide,

alloys thereof, derivatives thereof, and combinations thereof.
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169. The thin film stack material of claim 168, wherein the sacrificial layer

comprises an aluminum arsenide layer having a thickness of about 20 nm or less.

170. The thin film stack material of claim 169, wherein the thickness is within a

range from about 1 nm to about 10 nm.

171. The thin film stack material of claim 170, wherein the thickness is within a

range from about 4 nm to about 6 nm.

172. The thin film stack material of claim 149, wherein the substrate comprises
gallium arsenide, n-doped gallium arsenide, p-doped gallium arsenide, or derivatives

thereof.

173. A method for forming a thin film material during an epitaxial lift off process,
comprising:

forming an epitaxial material over a sacrificial layer on a substrate;

adhering a support handle onto the epitaxial material, wherein the support
handle comprises a stiff support layer adhered to the epitaxial material, a soft
support layer adhered to the stiff support layer, and a handle plate adhered to the
soft support layer;

removing the sacrificial layer during an etching process; and

peeling the epitaxial material from the substrate while forming an etch crevice
therebetween while maintaining compression in the epitaxial material during the

etching process.

174. The method of claim 173, further comprising removing the epitaxial material

from the substrate.

175. The method of claim 174, further comprising attaching a support substrate to

an exposed surface of the epitaxial material.
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176. The method of claim 174, wherein the support substrate is bonded to the

exposed surface of the epitaxial material by an adhesive.

177. The method of claim 176, wherein the adhesive is an optical adhesive or an

UV-curable adhesive.

178. The method of claim 176, wherein the adhesive further comprises a material
selected from the group consisting of butyl octyl phthalate, tetrahydrofurfuryl

methacrylate, acrylate monomer, derivatives thereof, and combinations thereof.

179. The method of claim 176, wherein the adhesive is a silicone adhesive or the

adhesive comprises sodium silicate.

180. The method of claim 176, wherein the adhesive is cured for a time period
within a range from about 20 hours to about 60 hours, at a temperature within a
range from about 25°C to about 75°C, and at a pressure within a range from about 5

psi to about 15 psi.

181. The method of claim 173, wherein the stiff support layer comprises a material
selected from the group consisting of polymer, copolymer, oligomer, derivatives

thereof, and combinations thereof.

182. The method of claim 181, wherein the stiff support layer comprises an

ethylene/vinylacetate copolymer or derivatives thereof.
183. The method of claim 173, wherein the stiff support layer comprises a material

selected from the group consisting of a hot-melt adhesive, an organic material, an

organic coating, an inorganic material, and combinations thereof.

57



WO 2009/155122 PCT/US2009/045715

184. The method of claim 183, wherein the stiff support layer comprises mulitiple
layers of the inorganic material, and the multiple layers further comprise a metal

layer, a dielectric layer, or combinations thereof.

185. The method of claim 173, wherein the soft support layer comprises an

elastomer, and the elastomer comprises rubber, foam, or derivatives thereof.

186. The method of claim 173, wherein the soft support layer comprises a material

selected from the group consisting of neoprene, latex, and derivatives thereof.

187. The method of claim 173, wherein the soft support layer comprises an

ethylene propylene diene monomer or derivatives thereof.

188. The method of claim 173, wherein the handle plate comprises a material
selected from the group consisting of plastic, polymer, oligomer, derivatives thereof,

and combinations thereof.

189. The method of claim 173, wherein the handle plate comprises polyester or

derivatives thereof.
190. The method of claim 173, wherein the sacrificial layer is exposed to a wet
etch solution during the etching process, the wet etch solution comprises

hydrofluoric acid, a surfactant, and a buffer.

191. The method of claim 173, wherein the sacrificial layer is etched at a rate of

about 5 mm/hr or greater.

192. The method of claim 173, wherein the sacrificial layer is exposed to a

hydrogen fluoride vapor during the etching process.
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193. The method of claim 173, wherein the epitaxial material comprises a material
selected from the group consisting of gallium arsenide, aluminum gallium arsenide,
indium gallium phosphide, alloys thereof, derivatives thereof, and combinations

thereof.

194. The method of claim 193, wherein the epitaxial material comprises a layer
comprising gallium arsenide and another layer comprising aluminum gallium

arsenide.

195. The method of claim 194, wherein the epitaxial material comprises a gallium
arsenide buffer layer, an aluminum gallium arsenide passivation layer, and a gallium

arsenide active layer.

196. The method of claim 195, wherein the gallium arsenide buffer layer has a
thickness within a range from about 100 nm to about 500 nm, the aluminum gallium
arsenide passivation layer has a thickness within a range from about 10 nm to about
50 nm, and the gallium arsenide active layer has a thickness within a range from

about 500 nm to about 2,000 nm.

197. The method of claim 195, wherein the epitaxial material further comprises a

second aluminum gallium arsenide passivation layer.

198. The method of claim 173, wherein the epitaxial material comprises a cell
structure comprising multiple layers, the cell structure comprises a material selected
from the group consisting of gallium arsenide, n-doped gallium arsenide, p-doped
gallium arsenide, aluminum gallium arsenide, n-doped aluminum gallium arsenide,
p-doped aluminum gallium arsenide, indium gallium phosphide, alloys thereof,

derivatives thereof, and combinations thereof.
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199. The method of claim 173, wherein the sacrificial layer comprises a material
selected from the group consisting of aluminum arsenide, alloys thereof, derivatives

thereof, and combinations thereof.

200. The method of claim 199, wherein the sacrificial layer comprises an aluminum

arsenide layer having a thickness within a range from about 1 nm to about 10 nm.

201. A thin film stack material, comprising:
a sactrificial layer disposed on a substrate;
an epitaxial material disposed over the sacrificial layer; and
a support handle disposed over the epitaxial material, wherein the support
handle comprises:
a stiff support layer disposed over the epitaxial material;
a soft support layer disposed over the stiff support layer; and

a handle plate disposed over the soft support layer.

202. The thin film stack material of claim 201, wherein the epitaxial material is

under compression.

203. The thin film stack material of claim 201, wherein the stiff support layer

comprises an ethylene/vinylacetate copolymer or derivatives thereof.

204. The thin film stack material of claim 201, wherein the stiff support layer
comprises a material selected from the group consisting of a hot-melt adhesive, an
organic coating, an organic material, an inorganic material, and combinations

thereof.

205. The thin film stack material of claim 204, wherein the stiff support layer
comprises multiple layers of the inorganic material, and the muitiple layers further

comprise a metal layer, a dielectric layer, or combinations thereof.
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206. The thin film stack material of claim 201, wherein the soft support layer

comprises an elastomer and the elastomer comprises rubber, foam, or derivatives

thereof.

207. The thin film stack material of claim 201, wherein the soft support layer
comprises a material selected from the group consisting of neoprene, latex, and

derivatives thereof.

208. The thin film stack material of claim 201, wherein the soft support layer

comprises an ethylene propylene diene monomer or derivatives thereof.

209. The thin film stack material of claim 201, wherein the handle plate comprises
a material selected from the group consisting of plastic, polymer, oligomer,

derivatives thereof, and combinations thereof.

210. The thin film stack material of claim 209, wherein the handle plate comprises

polyester or derivatives thereof.

211. The thin film stack material of claim 209, wherein the handle plate has a

thickness within a range from about 50.8 um to about 127.0 um.

212. The thin film stack material of claim 201, wherein the epitaxial material
comprises a material selected from the group consisting of gallium arsenide,
aluminum gallium arsenide, indium gallium phosphide, alloys thereof, derivatives

thereof, and combinations thereof.
213. The thin film stack material of claim 212, wherein the epitaxial material

comprises a gallium arsenide buffer layer, an aluminum gallium arsenide passivation

layer, and a gallium arsenide active layer.
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214. The thin film stack material of claim 213, wherein the gallium arsenide buffer
layer has a thickness within a range from about 100 nm to about 500 nm, the
aluminum gallium arsenide passivation layer has a thickness within a range from
about 10 nm to about 50 nm, and the gallium arsenide active layer has a thickness

within a range from about 500 nm to about 2,000 nm.

215. The thin film stack material of claim 213, wherein the epitaxial material further

comprises a second aluminum gallium arsenide passivation layer.

216. The thin film stack material of claim 201, wherein the epitaxial material
comprises a cell structure containing multiple layers comprising at least one material
selected from the group consisting of gallium arsenide, n-doped gallium arsenide, p-
doped gallium arsenide, aluminum gallium arsenide, n-doped aluminum gallium
arsenide, p-doped aluminum gallium arsenide, indium gallium phosphide, alloys

thereof, derivatives thereof, and combinations thereof.

217. The thin film stack material of claim 201, wherein the sacrificial layer
comprises a material selected from the group consisting of aluminum arsenide,

alloys thereof, derivatives thereof, and combinations thereof.
218. The thin film stack material of claim 201, wherein the substrate comprises

gallium arsenide, n-doped gallium arsenide, p-doped gallium arsenide, or derivatives

thereof.
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E T S TR 97 5 S, LTV T3 SRR 1 3 ) A& SR 0 P
4 ;

FELR 2T SR R BT A2 5L

WA B A SN R, IR 75 3 7 PR A 245 O 75 RS 1, B
T EPNTOITES

42, BUBURIEESR 41 BRI Jr vk, 3P Rk 2 BRI B 26 11t T ST R 4L
B 2K B R B 2 R 2 RS R SURT R4

43, WORURIE Sk 42 BRI 77 v, 3R 8 S BRI 30— R R 2 — R B T
KSR,

44, BRI SR 41 BRI ik, JOp s SRR 0 S S — 2 B S
BTS2 LB,

15, WIRCRIZESR 44 BRI 77 v, S0P A — 2 L 3 4 — TR 2 — SR I
£,

46, ALRITIR 44 BRI J5 5, 30oh i S BRI A 6 4 B AE IR 2
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TR =2 BT SRS IR S 7 — R EWIF I EAA TR SR R TR =R

AT, WIBUREESR 46 Frik i) Jridk, Joh ik o = )2 e 28 M s AT B

48. WIBURIELSR A1 Fridk i) 7735, Forb BT ik SCYER AL 55 IR R TR TO0R 1T, T i SRR T 2
TR PTRINER L TR SRR T IR TR 125 1

49. WIBUMEER 41 BT (4753, Ferb Bk wl WO RS JE € TE AR BB e T2
BB R WA T2 5 5, AL D ARG /) o

50. WIBUAEER 41 BTk (¥ 7532, 2 B ] Wi A R RS 8 B E T A1 AL s i 2 K4
KL AR BB A AR AT EY A 5 .

1. WIAUREESR 41 ik 1) 77 3%, 2o B ] e b R A 58 SR R sl AT A4 o

52. WIBUAESR 41 Brid i 7735, Horb Brid SCHEMN A TG i R G, HL T IR SCHERNAE T
R T2 RN

53. WIBUMESR 41 BTk (1752, e bR 50 FHORORE P iR SCHER R & T SME R BE 2
b, HATRRSG IR B d R A A - IR AORS & 70 U TR AR UV RS & )R
A Rl N5 | N A S 7 T R e

5. WIRUMIEISR 41 BT i) 75 1%, Ko b Bk itk J2 A8 P i v 22 120300 1) 2 e I i
WL P I ok 22 R A SRR AR I PR AT 2 o

55. WIRUMIESK 54 BTk i) 751, Kb Brik gk /2 L2 5 222K/ /I8 i sl B A I e e el
Zlo

56. WIBUFIEISR 41 BTk i 753, Ko rp prik ik JRAE Pk vh 2 1200 1R 2 i T AL 0%

57. WIBURIEER 41 Prid (735, Je b i S s R 53 B il T 51 502 R 4L 1K 4
R LA N ATEEZ N 718 Rl O R N IR 7/ P T R 4 R

58. WIARIELSR 57 Prid (5 3%, Jerh B SN Ed RS A S bR 10— = A 2
WY — )=,

59. WIBCMER 57 Prid ({7532, Horp BT AN E R B FE R 8K 2 o0 2 AL AR X B4
R BEIETE)Z o

60. AIBUMEESK 59 BTk 197732, Hoh Prid il B gz 2 HAT AE 2T 100nm 2224 500nm
K39 Bl A 9 5B s i e An B AL 2 HAT E A 10nm 222 50nm [R5 [l 4 (K552 5 HLAT
AR T2 BT 7E 2T 500nm F2445 2000nm (1958 [l 3 1) )5 52

61. WIABURIEK 59 ik 177 1%, o pridk SMEM BEA A 1R — b i s AL =

62. WIBUAIER 41 Brid 17735, Forp BTk S A AR $ i MO Z5 44, P ikt o e & A 0 £k
Z 2 ik i RS AR B B R ST AR 2 D FRRE ML ER n B2 ER b
BRI L B EK L n BRI EREK L p BRI BB LIRS L AT A A
e

63. WIBCAIER 41 Fridk i) 7735, Forb Bk it 2 A0 45 38 5 iy B 5 U e 2 A )
LR a8 N o N S AR 7/ 12 e e

64. WIBURIESR 63 Pk it 7532, Horb Brid it )= A0 48 HAT 29 20nm sCE /M T L
Tz,

65. WIBCHIESK 41 Frik 75k, Hob Prid 2R AR  n B2RibEx . p 5280k
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BT D)

66. — i TAESM TR T 2 (R e i ok () 75 2, B dd F A1) AP B -

TEAT S FTIABE IR AL FR IC B AE TR R A = 7 AN ER B

W SCHERRE & R TR SN EM BL 2 b, Horr B SO AR AL nT R G M B 5

TR A T 230 TR e i P S A 5 AT 18 P i S A (/) 5K 7 R0 Ik 0 44 6 v ) s
9 ;LA K

TERRZ) T 2N bR ek it J2 , o prid ik 2] T 208 4 -

T IR L & TR A G244 KL

FE TR AN SEM LR BT IR L 6 2 () T i 2 24 4% DL

A8 BT SCEEARES i, DL R

67. —FhEIRHER AR, AL

A2, HECEAEREIR |

HNEMEL, FEC B AR TR BT UK

SCPERR, FEL B AE TR AN A K E 7, A BT I SRR G S RIS a1 R, BTl w4 A
BHE BRI T BT S A0 Rk ) R IR A SE M R P i R 46

68. WA EESK 67 JITid i) HE R AR, H b I n] A i AR 48 TC e TEA L, ik
T e RHEN s T Z A 25 5, LA T AR GE /N

69. WIBURIEESR 67 Jr il () HER AR, Forh B vl i et ks 1 B iR 21 10020 ik
IR SR B AV VIR AT R A S .

70. WIBUREESR 67 Jr il () B HER AR, b BT if SR AL R G S

T1. WIBCRIEESK 67 Pk () i HE e AR, I HhoRt & 7070 BT SCEERR AN T IR A1 3844 )2
i), HLFTR RS A 5% B BT 2000 s 4« R BORS & 770 FAE MRS A7) UV [ AR RS 557 R
SR G G BORGA 7R AT AR AL A A

T2, WIBCRIEESK 67 Pk (i i HE AR, 2 b BT i S0 (844 B HE L 5 F T 40 2002 A8 )
I E D —Fib Rl PR LR R B B LA G T AE A L AL

73, WIRIRIEESR 72 Pk (R I HER A B, S rh TR S i R LA A B R BRI — 2
KA G LRI 5 — 2

T4, WUBCRE SR 72 BT Ik i i HE B A L 2L Bk S0 3 4 R R Ak B 22 i 2 AL
B RAL R RIS 2

75, WIRUMELSK 74 Frid f R A B, Horb Brid i b B g )2 HA 72 2T 100nm 22
23 500nm [F17E A RS s Frid b s 8 Btk 2 oA 76 ) 10nm 2244 50nm (175 F P 1) 2
B BT A B 1 2 LA AE 2 500nm 2244 2000nm [58 [ 4 1G JEFE

76. WIAUCMEISK 72 Prik i R HER A KL, S0rh Brad S e A0 RHE A S 5 i AR S AL
2.

TT. WBCRESK 67 BT i I I HE R A Bk L Bk 1 e A4 B A0 355 o I 25 4, BTk ot e
SERELHE 2 2, P it M S5 A A AR 1 el A0 A R 2 ) 22 b — R A B LR L n B0k
THLLER < p B4 THL B LR R o n B 24 LR ER o B2V R BRIl LA & AT
YR A

78. WIBURIEESK 67 Pk () i HE e AR}, 2 b it 2 A0 45 18 B i T 21 S 4 e 28
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Idg Rl A sn G AT E A 5

79. WIAURIEESR 78 Pk R I HE R AT ), L b B iR i = A5 BT 2 20nm BCE /IS
BRI = o

80. WIRAIEISR 79 ik i) BEHER AL B}, Jorh BTk 3 JEAE AZY Tnm 24 10nm () [
o

81. WIAUMIELSR 80 FTid (RS HE R AT L, rp BT J5 JEEAE 2T dnm 222 6nm [RIEH A

82. UIAUMIEIR 67 Fridk IR EEHE AR A R, o b BT BE IR AL SR AL B L n B 2% LR p
BB AT £

83. — M TAESMEIT A T 21 Ia) JE i B4 R ¥ 75 325, BG4 IR

TEBEE Bt = BT T o e K

RSN R G R AMEM B b, Forp B i SO R 8 W] 4 i1 L AR 5iR 2T 4, i 1
SRET Yk 5 m) SE 1 51 2 T ml W AL R

FENC A T2 RN HE (E D) T B i b i 2T Y 1) P ik SCEEAN , LU BT IR SCHER P 5K )
AP IR SN ER KL s 46

FEVR 2 1 2R B B BT Atk J= 5 LA

MBITIR B e B B IR SR AR, (RIS A6 R itk 2 248, FFAL AT IR SCH# RS i, LA
EEREE=PN: i E

84. WIBUAIER 83 Frik i) 7735, o b Brid SCHEAN AL 55 I R 1 AN TS0 1, P I8 Je R T 2
TR PTIRINER R, HPTIR SCEER A B TR 125 1

85. WIBUAIEIR 83 BTk i) 773k, e rb BT i n] W AR 8 T 52 JE AT ), B ik e e FEA
RHE TR s 12 45 i, L T AR 46

86. WIBUHIEIR 83 Frik i) 7 iz, b prid n] et B FE L B iR 2 T4 s 4L A7
KRR G RR Y AT AL A &

87. WIABUMIELSR 83 Frid 197542, b Fir il ] e 4 A e B 8 SR R sl AT A

88. WIBUMIEISR 83 Frid 1) 759, Horh B i b sii 2T 4 D4y v stk L B 5 AT 4

89. WIBURER 88 Fridkt it 77 ik, Horh Firid Ab sl T 4 A 5 58 L s HAT £ o

90. HIBUREER 88 FTid )77 1%, Forh B ik wb s T YE S5 4T Y B RLAE S i Ze MERVZ K
1. IBCAIESK 88 Fridk it 77 i, Horh i Ab s T YR fi5 AE 2T 15GPa 22 134GPa (1178
SEETALIE N

92. WIBUAIELR 83 Pk 1) 7732 o rb BTl SCHEANAE BT ik Wi 1 Z IR gn 24, HL P ig
SCEER RGN R S Rt B R S AT 4k

93. WIBUM LR 83 Fridk 1) 7732, Fo b o Za B ik SCHZAN AL $5 MO I8 ml L4 4 B2 3
o

94, WIBURIEK 83 BT i) 77 1%, FLHh ok & 7 HI R B i SCHERN R 5 R Pk 1 SER RL 2
b, HATRRS G B d R ST A - PR BOR, G50 A PR S 7L UV RS S R
SRR T A5 R R FRT AR AL

95. WIAUFIEK 83 BTk i 751, Forp BTk it J2 A8 P i i 2 120300 1) 2 g IR i %
W8 P AT o 20 VB A A5 TR R TR TR SRR G ) o
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96. WIBUREER 95 Frik i) 75 ik, Jorh Brid it J= L2 5 22K/ /DN sl B A 1 e 2 e el
Zlo
O7. WIAURIEK 83 Frik i) 7 ik, Jorh B it J= A6 B i i 21 T 20300 1) 5 1 AL =25

ﬁ

98. IR EE K 83 BTk ¥ 75 v2:, Forh Bk A A4 B FR 16 B R 51 T2 R 2 1 A
Bl AL LR R B ER LA & AT AR AL AL A

99. UIBUH)ELSK 98 FITIR 18 77 1%, Sorb BTl A GE M R ELRE AL S A B I — 2 B A 5 T
WHEHER R —F.

100. QAR EESK 98 BTid i 77 ¥, Hodr BTk 4 e M R FE AL B 2 b 2 VL ER R B4k
| S ey =

101, 4n AR EL Sk 100 fr ik 1) 75 %, i Bir il ik B 22 o )= B A 72 A2 100nm 22 2
500nm 15 [l N IR A s Fr iR ik BR K 40 2 A 7E A2 10nm 2224 50nm f 5 B 3 16 )R A
H R b 85 5 T 2 B 78 ZT 500nm 22247 2000nm F)78 F 4 ) JEERE .

102, GACRIEESK 100 Frid (7515, Jomh Brid S A4 kLG A48 38 — L R s Bl 2 .

103. QAR EESK 83 Bk it 77 v2%, Forh Bk 1 SE A 1L FE i B 45 1), I ot &5 14 B 46
Z )2, ik S S A AR B R AN AL AL 2 b — Ak AR n B A4LER . p
B2 AL SR n B LR R | p B AL R BN LA e AT AR A
HE

104, WIBCREESK 83 JTad (1) 772, e rh e il 4t I A0 46 %k 1 el T 20 S e i) A A R
S GG AT AR R A A

105. QIAURIEL SR 104 Jrk (1) 77325, o b e it J 20 45 LA 24 20nm B35 /)N 5 A2 ) i
WHE .

106. GIACRIEESK 83 ik ity 7732, Horh iR B AL FE AL 2K o n 3B 250U p B2tk
Bk LAY .

107, —FpFH TAEANMET R T 2 A1 B A4 L 1) 7512, A 4E R 4100 8K -

TEAT TS, PITIABE I AL FR C B AR TR R A 2= 7 A A R

Yo SCAERN R G R PTIRAMEM KL b, b T IR SCPE AR AL HE nT S A B R RIRR SR 21 4, i
AN AT Y B ) S B o TR nT A R

e G T 23R TR e i 1 DT BT b s 41 4k (1) BTk SCEEA , DUTE I AT SCHE Hh (15K )
PRSI ER L RS 5 B

TERRZ) T2 bR i it J2, Foh prid i 2 1T 28 a4 -

M IR F SIS 5 iR S AT R

TE TR A SER LR BT IR B8 2 (0] T i 2 244 DL

A8 TR SCEEARES i, LR R

108. — Pl B HER A KL, U4 -

A2, HECEAEREIR |

HNEMEL, HECE AR TR = BT K

SCYERR, HEL B AE TR AN ER K b7, oA il SCPEAN G s nT S g iR R R T 4, i
TRAN SR ET Y B 1) GE A BT 2F BT IR WL AR AR, PR nT S AA I RHE WA I IE 1T Pk b B 4T 4
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AR LA BRIk SCEEAR AP R 5K T 0 BTk A0 S8R P ) R 46

109. AIBCHEE SR 108 Jiad it i i e FOR R, 3 A B ik n] e a v R AL 56 J0 e A B, i
R ICE TEM BHE BTk e T 2R 5 b, LA DR 4a /N o

110, AnAUAIEESR 108 Brid (i i HERR A R, I rp B vl Wi b BHE F5 1E B iR 21 4]
R EIM L SR RS ARRY) AT EM A S .

LI, BBCR SR 108 I i iR HE AR AL RL, FLrh Tk wb sl 2T 4 Oy v it B 2 S W 4T 4

112, QBCH SR 108 Tk i s R AR AR, SErh TR /bl 2T 4 FL AR 3 L0

113, AiACRIEE SR 108 BTidk (s s HE R R}, e rp IR b iR 4T Yl 1 45 47 4 KR AL AS 1
G AR

114, GnACRIEE SR 108 Brid (s I HERR A KL, e rp I bR 4T YE A0 35 72 W2 15GPa 224
134GPa FR Y H P I Hr {5 &

115, AIAAIEE SR 108 FITid (I HER A KL, I ob P SCHEAR B 15 A 8 S ) A v i T
EEWAYE.

116, AIAUAIEE SR 108 Brid (I HERR A R, T Aokl & 7075 T IR SCIEAR R TR 41 344
Z 18], HPr A A550 18 B R 2 A S 4L« R8Ok & ) PSR G ) UV ARG 5570
FARKEE T A Bk & 71 AT A AL A .

LL7. AnACREE 5K 108 Frik i I HEA AR, I rh i S E M B RE 1 B iR 21 B4
FIZH IR B AR L R B B R B S < AT AE I LA & .

118, AIBUCH R 117 ik R AR, Serh ik A E M R A& e B ) —
& KA S LR T — =

119, JIBUREESR 117 ik s HER AR, L b I S A4 B LR 2 2 i
AR AL JE R ST TR 2

120. AAAUMIEESR 119 Frid (3 i HE A KL, HC b B i e AL B 2 b = R A 42 N2 100nm
22y 500nm K150 [ W I ERE s Frid b A8 s ik 2 A fE ALY 10nm 222 50nm [R50 F 4 1
JEEE s BT b B30 1 )2 B 7 N 500nm 4245 2000nm ()78 H P 1) 2 FE

121, QBCR SR 119 Fr i iR HE AR RE, FEmh T S i AR AL 45 2 — b SR Bl
=

122, WIRCHESK 108 i () 3 R HER A KL, A B ad S0 344 B A5 a5, BT adk iy
M ZA ARG L 2, Tk e 254 A0 558 B BT S0 B2 i AL 2 /b — Rl Rl B n 8
FLER o B 2L LR ER n B 24 R K o B 2L R B B R L S
frtEm LA 4.

123, WIACMESK 108 Prid I HERR A K], T rp I ikt 5 B0 45 18 B HR 21 4 R
AR db e G & AT AR S .

124, WIBCMEEK 123 JTidk B iR by e, 0 e ad it 2 A0 8 HA 29 20nm 85 /M
BRI R R

125, WIBCREESK 124 Frid () IR AR R}, b Bk 5 R A2 A2 Inm 222 10nm ()75 H
Mo

126. WIACMIEESKR 125 Frik (I HER AR, T BTl 5 2 A2 A2 4nm 222 6nm (705 H
Mo
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127, IR SR 108 B iR [ AT ), 2L P iR L I A AR AL B | n 45 2Bl X
p AR BRI D o

128. — P TAESNET AR T 2R S IR RHK ik, S R Pk

TESLE LR 2 ETT T A e R

R SRR G B PTIRSMER B2 B, Forh B SO G BAT 220 T L B

FERR 2| T Z IR B B I A= 5 LA

FE TR 2 T2 I R] , MR HE IR 8 BT AN GE AR, (R I E L (R R p ik 212 4, IR A
PV SCEERNES i, LU BT A SRR R IR s 4 o

129. WIAURIEESR 128 FTId 1977 1% » 2o il SCH 0 B A5 P s A8 1) S i A SR A 1
WITHER I, P IR 3 & PR SMER R, LT SO BTk TR 175 o

130. WIAUMIEESR 129 Frik 1977 3%, Je Bk SRR B T 21 S04 s i 2L IR 4
KR R G RRY AT A S

131 IAURIEESR 129 Prik it J7idk, Horh ik MR R 5 R B s AT A0

132. WIAURIER 128 Brid (757, Ko b Pk i i A 550, Pk it AT FE 2T 65°C 22
95°C ¥ 76 Fil PN R AL R

133. WA EE SR 132 Frik 8 7732, e b Brid Al st EAE AZ) 80°C 222 90°C I i [H
o

134, WIBCMIEER 132 Frik 177 7i%, 2o B iR i R K0 22 A 5 FEAE P ik e i o e b s B 3

135. WIBOMIEER 132 Frik 171k, 2o B iR i B (K 22 A 5 FEAE P ik e i o e mh s B I
5o
136. WIBOMEER 128 Frik i) 77 i, 2o B it J= A6 B i il 2] T 20000 R 2 i b %)
VB P IRDR k2R R A A SRR R T PR G o

137, QBRI ER 136 BTk (#7532, Herh ik it I A2 5 22K / /N BCE K R B
Tz

138. QIR EESR 128 B (K753, 2o Bk i J= A B i i 22 T2 0 1e) 2 e 1 AL

M
i

139. GnBCRIEESK 128 Frid i) 7512, A Brik S e p B % B B F 210 U2 R 20 i
Kl AR LR B R LA & T AR L AL

140. GOBCRESR 139 BT 19 7532, Hodr irid ot s p B EFE S — 2 e
LR 7 —E .

141, WIRURIEL SR 139 BT (1) 7510, P BT iR S M R HE b SR 28 P 2 AL BB X Bl
e E LIS T E .

142, AR EL SR 141 Brik 19 77 3%, Ho e ik A 85 52 o )2 A 78 A2 100nm 52 2
500nm [R156 Bl N IR A s P ik SR A Ak 12 B 7E A2 10nm 222 50nm ff15E il Y IRJE A
H R b 5505 1 2 B 8 A2 500nm 24 2000nm F 76 [ 4 1B 1 .

143, GIBCRIEE SR 141 BTk ity 77 v2:, Forh Bk 4 GE A4 L B0 16 235 — L BBl 2

144, GnBUREESR 128 P IR I 7775, SLrh Bk A1 S 4 R0 45 it ML 25440 » BT O ot e 25 40
W22, BTk 45/ A 35 18 B iR A AL I 4110 22 /2 —Fiob k) L ER S n 1B 491k
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Hp BAILER LB 0 BRI o B BRI LS 6 AT AR
FILAE .

145, QUBCRIEE SR 128 Prik (¥ 751, 2o Bk 4k )2 A0 46 36 B bl 210 200 28 R 1) 4 1) 44
KL AL LA S AT AR A .

146. WAL SK 145 Bk (#7325, Ho b a4t J2 00 55 LA 24 20nm B35 /N 5 A2 ) i
W E .

147, GnBCREE SR 128 Pk ity 77 iZ:, Horh PriR B A FEIL K n B340 R p 2500
WK B ILAT )

148. —FH FAESMET R 1T 2 A ) B G i k1) 77 7%, AdE T 51 0 0%

TEA LIRS BT IR ARG L B AE TR SR L (g 2 7 A e B

W SRR B G R TR SN EM B2 b, S i SCPE AN A0 48 B AR A0S R IS i 5 L&

TERRZ) T2 bR e it 2, Foh prid ih 2 1T 28t 4 -

M IR F SIS 5 iR S AT R

TE TR A EM BTN BT IR B 2 [0 i 2 34 4% 5 DL %

TEFT IR 2] 1T 2 Ta) , A8 B S HEAR S it DU Bk 0 S A4 K)o ) R 4

149. — Pl R HERA R, A4 -

A 2, B AR |

HNEMEL, FECELE iR = By DU

SCPERR, HECEAE TR ER L b5, e B IR S A 0 HE LA AR A R R T A

150. WIBCRZESK 149 Fridk (g IR A 8k, HLrh PR SCP A G 458 T et i 14 e K T A
FAEA TR T, HTR IR R A& 2 R M e k.

151, WIBCREESK 150 Frid (g e A d Rk, 2 rb Pk 2tk A8 (045 16 B Hi T 41 T4 i
IR SR R AV IR AT AR A S .

152, QIR SR 150 Firak s M S e ARk, G o i 32 ) 420, 465 B8 MR B L AT A4

153, WIRLHIE K 150 ik (g s A iR, 2 rh Pk 2 A8 B G 72 M EY 50. 8 um 22
29 127. 0w m (PTG A RS

154, 4nBCR)EESR 149 Firads i) s B HEAR AR, S0 BT i i A R s, Ik i B 76 2
65°C 222 95°C 13 [l N AL iR

155. WIRRIEL R 154 Frd (3 iR HE A AR, I BTl oAb RdBL R 7E ) 80°C 2245 90°C
HOFENE I

156. WIBCRZESK 154 ik i I HE AR ARk, HL rb Pk i F65 300 24 A J52 R 7 P ok i s g v
Lo b B PR T R T

157, WIBCREESK 154 ik (g I EAR A ARk, JHL rb Pk i 6 30 20 A J52 R 1 P ok s s g v
I OET i

158. WIBUREE K 164 Pk () fHE R AR, o rp IR i i A R EE A Lum B2 Y
100 1 m {9 Y

159. WIBCRZESK 154 g (s IR ARk, L rb P s 65 () A A J52 R 956 e v B A e
JFEL

160. QIR ZEK 159 Pk (s B HE AR A B, K IR R B B AAENLY lun 24
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25 wm [PIVE RN IR .

161, G BUR) EESR 159 Pk i #ff I HE A A R, b il & R B R A ML 25um 224
100 v m (1) Bl A IR 2 A

162, WIBURIE SR 149 Fridk (g I HE AR B, Sorh PR Sh AP RHEFE 18 B H T 51 I 4 Rk
(IR L AL ER LR R L R R LA & AT AR AL &

163. WA EISK 162 BT ik ik W s HE R A b}, b Pk A0 SE A A4S A Al B 1) —
B R AL SRR 7 —

164, GIAUREESR 162 T I 1) 5 HE R A k], 2L b Bk &0 ZE 4 B A0 FR Al A0 85 22 i J 2 L i
A AR B 2 RO B T 2

165. WIRRIE R 164 JT i R HERRBPRE, JL b T i AL 55 22 v 2 AT 7E A2 100nm
224 500nm [F15E W IR s Tl b BR R B E A ZE T 10nm 2224 50nm [0 [ P 1)
JERE s BT b B0 1 2 H A £E ) 500nm 2244 2000nm [ 75 F 4 17 5 R

166. WIBCRZEK 164 ik (s EHEA A R, Forb Ik S0 SE ARG 045 58 — fib AR et
2.

167. WA EESK 149 Jridk (8 B HEAR AR, I P idk S0 G A4 I 46 B &5 14, il &y
Mgt 2 2, Ik f g e ek 0 B A A A 2 b —MM e b n
ZAALE  p B AL ER LR ER 0 B AL AR SR p B AL RS B R LA e I
frE A 4.

168. WIRUHIE SR 149 Fridk (s I E At Bk, Forh Pk it 2 A8 1 B iR 210 0020 )
MM R AR A4S AT BRI A S .

169. WIAURIEL K 168 Jrdk (3 s HE M 4, e rp B i it J 20 45 2L A 29 20nm B /)M
JE R LR 2

170. QAR ELSR 169 Bk i s HE M 4L, o rp BTk J&2 B2 7E N2 1nm 2224 10nm (1) 75 [H
P o

171 QBRI SR 170 o (g s A R, 2 rp BTl J22 B2 AR N2 4nm 2244 6nm (1) 75 [H]
P

172, GIBCREE SR 149 Prik i) s i HER A4 K], Srp R JE IS A FR LR L n B2 ER
p B2 s AT AED

173, —FHFAESMET R T 2 A B S i Bk i) 777, ds T oD% .

PR B 2 T T AN TR R

W SLAHERNRL A R TR SN EM R 2 b, Hod Pl SCEEAR AL 4R RG22 T IR S0 S A4 ) 11
M s BEE 2 TR M SCPE 2 R SR s BB G 2 Il S SCHE T2 (PR

TE R T2 R B i ik 4 2 5 UL &

TE TR 2] T2 R 1R] , AT I S5 e ) 125 i R A/ ZE A4 K5 R e I (8] T ple o 221 24 4% , [
YERFPTIR S ER R B R4

174, WIBCRIEESR 173 Brid 59751, IS AEE WAT IR R [ BT iR M e K

175. WIAURIEE SR 174 Pk 81 77 1, I ARG 1 S 08 I R 22 T ik A 1801 B 2 7 3
1T

176. WIBCREESK 174 Frik i) 751, Horb Jdk SCPEFE R DR G504 6 2 TR SF AT RHE
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JIT I 5 5 3 T o

L77. AIRCRIEE R 176 BTk (97712, Sorh Bridohl & 30 A e R A 70 sk UV AL ADRG 457 o

178, WIAURIEE K 176 ik (7712, Sorh Bridohl & FE s 5 i 20 02 i) 20 A
BE A0 2K R TSR NG TP AA IR DY SUREES TR IR e A AT AR AL AL

179, WIBCRIEE SR 176 JITad (1) 7732, o BT idoRh & 300 8 A AURERS & 570, S0 doRt & 570
FEREFR N o

180. WIRUREESK 176 Frak (k) 77325, Horh IRl & 55075 A2 25°C 22 2 75°C 1G] Y R
FE R FIAE L) bpsi 24 15psi BIVEHE NI T, 7E L 20 ZNaF 222 60 /)N (150 [ N 1)
— B[R] P B [ A o

181, UIAURIEE SR 173 Brid (07732, Jorp rid il i S 43 2 A8 % B B R 8 A i 411
MEL REW LR ARRY AT B LA A .

182. UIAURIEE SR 181 BTk (7715, Jorh il S 3 2 AFE 406 / LR LG R D
AT

183. WIAURIE SR 173 Frik (07732, Sorb i il M S 4% 2 A % B BT 41 2 i 411
ML BIETER AT B VMR AR ZE SV MR A

184. WIBURIE R 183 Frik (1775, Horh prid i 3 i B a5 2 B LA ERL, Bk £
EAESREE N HERHEA A,

185. WIAUFIEL R 173 FTid (1977 7%, Horh Brid o =09 2 A s stk A, HL BT 30 A
FERG R R IAR S AT EY .

186. UIAURIE K 173 Bridk iy 77125, Sorh Brid ot S 3 2 s 7k B T 81 2 i 4
MR TR LA ELATEY)

187, WIAURIE SR 173 PFrad iy 7715, Sorh B il otk S 4 2 AL HE L0 TR I 0 BR AR sl LA
.

188. WIRRIELSR 173 Bk it 7732, Horh i WA B 36 3% 181 Pl 20 I 4 B (R 4L 9 4 )
SR RBEY R AT AR L4

189. WAL 173 Fridk () 7732, Horb B AR fo. 4% 2R BR sl LA B4 o

190. UIAURIEE SR 173 BTid (#7732, SLHp Brid it )2 48 Tk i 2] T2 1 1R) 2 2 TV i )
VIR BT IR o 20 VR S S JRUIR « 3 19 M TR R G 7 o

191, WIRCRIEE SR 173 BTik (97732, SLrb Brid i J2 DALY 5 222K/ /Nid s B K 4D i
T o

192, WIAURIEE SR 173 BTk (7712, Sodb Brid it 2 e irdk i 2] T2 800 B2 85 T AL A

=
7Y
A

=

193. WIBCMIER 173 Frik 19771, b ik SMER BHRLARIE B i1 21 02 B i 2L IR R
IR LA O A2 N T il O e Sl IR k7 P T R R

194. IR EESR 193 Brid 17 i, Hoh Brid S e B 65 R SR — 2 L&
LIRS — )=

195. WIAUREESK 194 Brid i) 7732, Forp Brik S @R R SR il 5 22 b R S L B ek Bl
WRFRL BRI TR o
196. IR 5K 195 Frik (1 75 i, o b B iR A AL 85 22 b |2 HAT E 4 100nm £ 24

13
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500nm [R15E Bl N IR R A s i AL BB A AL 2 B 7E N2 10nm 222 50nm [¥156 il  1R JE A
H TR b 505 1 2 B A8 A2 500nm 24 2000nm F 6 [ 4 1B S .

197 GIBCRIEE SR 195 BTk it 77 v2:, T Bk 4 GE A4 b 0 46 255 — b B Bl =

198, AIALRELSR 173 Frad 1 77 7%, JLrh TR A0 I AR 6 i B 544, BT ot i 5 4 £
T2 2, Ik i 25 A B HE L B T A I S 4L A BE ALK n B 29K p B vl
BRI ERER  n B AL ERER | p B8 AR DL LA & T AR R L AL A

199. WIBCHIE K 173 BTk i 77 1, i Bk gtk )2 A0 45 1% B BT 210 200 28 1 1) 4 1) 44
KBl LR A AT R A A .

200. WIBCR)EE K 199 Frid (1) 77 7%, o e i 4k 12 A0 48 B 76 WZY Inm 224 10nm #13
1) 2 FE R AL AR 2

201. — PP HEAR AR, FL 4 -

A 2, B AR |

HNEMRL, FEC B Pk 2 BT UK

SCHERR, BB AR TR SMEM BE 7, Horp Bl SRR A

TP S 4% 2, R B A TR AN AR 7

WIS, B TR S )2 B o7 LR

WA, HBCE AR TR M S # E Er .

202. WIAUMIEISK 201 Frd (1) B HERR AR, Hor Pk 1 3 44 152 21 4

203. AIACRIEESK 201 JT il () R HER AL R, Horh Bt M S 1 RS 06 ) R O

B SR B IHAT D) o

204, AR ELSR 201 BT il () R HE R AR, G B e S8 AR I B R S
FCRJALR AR IEMERE S A VIR AV B BRI 5

205. WIBCR)E K 204 Brad (A HE R A B}, Hrb Pk il M S 3 )2 A0 46 2 )2 RN B
JEN BN A = U S iy ) = N s R e

206. GIBCH)E K 201 Brad () A IBE M A k), Horb Pk v SR )2 A AR AR, LT IR
PR FERR I IR BRI

207. WIBURIEISK 201 ik i i HE AR, e A Bk 3 S8 2 A 1k 1 R 21 A
R RE 50T B BCFLRILAT A o

208. ATAUAIEL SR 201 il ()R HE R AL R, 30 BT i oM S8 B AR LR TN G 0 B
IREHAT D)

209. AIACRIELSR 201 il 0w R HE R AL R), 0 BT AR AR B FG 16 B R A1) I R 21
AR R R AV KD AT AL A A .

210. WIBCRIEESR 209 Frig i HEARAA KL, F b Bl AR A 46 2R Bs sl AT AR 40

211, AR K 209 JI ik 1 I HE R A1 RL, b BT R A AR LA 7E A2 50. 8 um 2 44
127. 0 v m (18 A 5

212. WIBCRIEESR 201 il (1) R HE R AR, b BT iR 1 (844 B AR 1 Fl R 2 T2
LRI L AL ER LR R L R L& & T AR Ll &

213, WIRCR SR 212 T () HE A R, b Pk S0 G 34 R L FR AL B G2 b 2 L A
AR EIAL 2 R S T2

14
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214, WIBCRIEESK 213 Pk (s HE A A B}, 0 b P i A5 22 1 |2 BB 76 A 100nm
£ 24 500nm [ A R s Frd b R S B E B fE AT 10nm 2224 50nm #1511
JERE s BT b B35 1 )2 B 7EMZ) 500nm 2224 2000nm 78 Fl Y 1) )55

215, UIACRIEESK 213 Pl () iR HE AR, 2 BT I S0 G844 KL A0 45 5 — A b BR i il

A=
216. WIAUFIESR 201 FTId i EHER AT KL, L rp BTk SR e R 55 00 ML 25 44, Brids ot
WSR2 R, rid i R B HELE B i SI I B AL 2 /b — Bk R AL e n 5
R p BB LR B on B2 B L BN B LA B LA
TEMMELA G,

217, WIBURIEESR 201 Frid (R AR RE, b BT i 2 0 16 8 B iR 1 B A v
ENIDY o SR IR A SN SN S R A S S R 2 e

218. WIBUREESR 201 BTk (¥ A R HE HAA R, Forb BT B R BRI K L n B2 R
p B AR B BRI A o

15
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SNE T FRIERRFO S L
[0001] R

& BRSRIE

[0002] AR BH IR St 5 SR U8 KO B BERS A 2 SRR AR B T2 AR 0 i, HSE A

i, 35 K ANGEIT R (epitaxial 1ift off, ELO) #84-F0 772

[0003]  AHOCHARHEAE

[0004] #3443 P — > B B A5 AL BERN 35 26 FH A K BH BE 2818 2 SR g3 s HoAth A 1

P AR o IX 2R AR A AT I A SR A AR SO B TR IR R B A R T

R . T il A A B — R WAARFROASMET R (ELO) T2, ELO T2 A4

A KR B 2 BT AME 2 B, B T2 2 DR AN E 2 5 A KRR B . P

BRI ANE ZFR N ELO FREBUZ , F— M B 48 FVE K BHRE RS 4 1 A2 A sl I Ath fE 747

PR

[0005] {311, 24945 28 SE IR B RN, i BLO Sk X LU PR B AL B, P52 BLO JEHEH

I A 2 R SF . BLO JELEAER N 2 RretE g, that, i FERm 2 11 R, ELO

FIE A5 X LUK ¥

[0006]  A7i4 2 — AR i, HIlW & i s T EM L. B T EREEZ R T RN

YR 2 HT 2k 1) AL X B BRIk 2, X R BN R D MR ZI T S . MLITR T2 0 H

PRy B T2, Hoan SR8 iR I LA R, WIHE & 78 HAS I I F0R T i, LA™ A% B i) T

IR E . O T 2SI FR D, T REAE R KR, O ik 2 BB [ A

7 AR AR A 5 B TR B, A8 A0 i J2 0 B AR K TR . (EAME AN AR K IR 2 R T 3R

4 — H LT ARG S RAZE R B T BT 2 0 SR I ik o RNV Y)EAZE T AT 45 5,
I o S 2 T S B

[0007] AR, SN JZ 2 AT AR NS A R ), HAS i & a2 IR T IR AL . SN E R A

e R, A S AT A DT AR, IR n] e 52 ST S R KR

[0008] i T fe/MERALUEIR VT RENE, IS TEANE Z AT YERFE RGN ) . EURE A

TR B R4 R R IR 3 . BT ANE R T2 4% R R A, A A G 2 B AR K

JER I, SN EJE B T RAR N R o PRy PR SE th 2 &, FERRIC ) T 2R, A

T v R R, 7R R 24 S AT, RIAESME S R R B A N o EAITGR ) s i N )

A] I kS i AT S B R R SRk R, R AR E 2 B T AR R K =

[0009]  [AItk, F5 B AR AE I ELO FEEANIE B B i JFAb 22 ELO SRR 1K 77

[o010] & BIAIA

[0011] AR BH )5t 77 S8 W 0 R AMEIT RS (ELO) WEIEFILR 1, UL K IR T X % i i

FIZEAFR0 7770 ELO IR AL A AR K2, SLAE L B 58 i vz BB b7 itk

2 BTG SCIEMRL B IR AT I B AERR T RIS A AR AR X b o SRR mT 4

T R XS A M BB Fak ] TR g AN ER R, AL, 78 ELO T2 2 RIS [ 20 R A0

), S AN ] AR LR SR AMER L o TEAN R SEHE 77 S8, SCHEM R B AR ] L

16
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TS AR 2 A0 B ST SR NI 4615 AR (shrinkage—induced handle) , H3%
TH B ) e G, DLZE A IER R AR R 4

[0012]  {E—ANSEiliy %&b, 424 148 ELO 125 3 1R) J/ J o M e 1) 7 2%, HL A 6 A0 47
PrZ 2 BRI TR ER L, S E B AR R 2 BB BT o 2 R SRR S R
MRz b AEmh ) T2 AR Rt 2 s DL AE i 2] T2 A 1), SR 25 4 S A4 KL, (] i
TE LR T R i 21|24 5%, [RI 4E RF AN AR P R R 46 . %05 ik — D HE, 2 2 SE AT
Tl Pt S P 2, HOBCEAEAMEM Bz BB E T BiEEE R AMEM R s 3 SR 2, R & 2 il
T RR, A A R IRE .

[0013]  fE—ANSEHirh, 22 SR AR S 2, B EAMEM B T sk S %
2, HECEAERVESC I L7 s KW, HECEERMESIRZE L. 22 XML E SN E
MELZ EIFERR AN EM R R4 . AE— S8 g S, T S I B S R AW LR
KD AT ILA S . fE— A, Ve S 2 A8 IR, i, 4% / L8 5
s (EVA) FLERW el ILAT AW o A6 Ho A SAm) A, B 1 S 2 Pl A & B HERG & 50 A LA Rk
AWIRE M BB E . E—ASEW, MM & 2 ATV, wlan, &g ER /
B HE . TS SErh, M S E TS B A MR B RS SR filan, AL/
B R, EEMER 8 2/ D—Fa MR 2D —F BN RL . 152852, EHA
BT s B2 A HEBEAE . 7553, i S8 2w A 3 i s AT A4, 49
PR

[0014]  7EICAh S 77 Sy, OME S 2 ] A B s AR, 46 A s R IR BT AR . T Ik
M, BOPE S I JE AL S AR, G T B B LB AT AR o BRI S SR AT AL B A 25481
KUt PO SCHE R T SR TG M B R BT AR o T8 5 — St Ty S, B S AT
B E AR B AR, O S AR R AT, R S R T AL AUk, HAS TR . R
AL E AR 9 RS LR VST IR IR FLE AT A o A0S, JBE A <K, 49 kg
IR B LK

[0015] 71 55— St 77 %2 1, WRARCRT LA SRR B} B8 6 4 B B SR AR AT AR
FORA W s LA A sl B S bkl . 76— AN SEB R, ARAR T AL & SR MR s AT A . WA
BT B 7E A2 50. 8 um 4 127. 0 wm {78 P B9 JERE, B0, 29 23. 4 1 m,

[0016]  fE—ANSLili 7y b, %5 kit — ARG NI I [ M SE A4 ) DL R K S F B i Bt
2 AMEM B B R R T . SCPEIEE AT ARG G R G R AN EM R R B 2R 1T, A T 75 F (1)
e G2 o FE— A5, R G300 6 2R G FIAN / BRT AR AR AR (4, 1@ i 4%
MR ) o FE—2ESEE R A TS SR BRI A . ESLAR SR, R AR
DS PR, B, 482K R T e B T AR IR DU SR B T R T B R AT AR
W HA A

[0017]  {E 5 —SEili 75 b, SR A R, 40 BLO R HE AR, LA & SR, Al E
TEAMEM B SR —RK 2 BB ET7 5 RSP, JLBCE AR SMEM B 5 —K iz B8 by,
i G Z TR B ESMNEM BRI SIS R 2 (8o fE—ANS2B) b, SO o 2 2 508, A
B MRS R, HECEEINEM B ek b5 s 2, KR E A E 2 bk
BT B, HECEAE R S R EEL R .

[0018]  7F Sl 7 S8, $2fit ELO Wi iR, HoA & A 2, HEd B A RR . b o

17
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PORE, SLRCE AR 2 2 BB E TS ROR TR SRS i SR R B, LB A S IR KL
Z B8 ETr e AAMEM RN B R G, He ST B TS ES I S AR 25K D) ST TS
SRR AL B R 2B 2 o F P TISE 2 i PRSP P A i 58 O SRR SR
TR R IR O MR BE IR AT A LA G 75— 285, R ise s i =g
PRSI o 7R A S, He Y B TS 2 i I S AR AL B SR R IR & R SR MR Bl
FTHED . AEIARSA R, H -~ B P2 ) SCPER R AL 5 BRI I B AT AR

[0019] 72857y S rp, I~ se 4 i S & — )2, HRA W LB )2,
HEARAEY, ARCEEE—Z EJ. 2501k 60, 58 2 A& RN K —F R 4 —Fa R MR sk
HARTAEY . A A, ST TZe TS i s & 20 =2 BB =B A s, IR
B )2y b by, fEsesefih, B = EAs S B A (B, B 2 ms AT
W), IFEEAER —E e B by EHAR ST T S, Rl A T AR S R TISE S S
PRGN EM L (7] 6

[0020]  {E Al S 77 &b, 3R A T8 ELO T2 3 1R 2 e T A 6497 2 ELO 88 s HE AR 1)
Jii, HAFRTERR B 2 2 BE BT T BN ERM BL o P B TISE2S il 0 SCPEA KL
SRF G B AMNEM R Eak EO7 s T E IR Rk 2 5 S IS IR 2 S M K,
[ 70 L[R]3 5 5 B A TR ~F B T 25 il R SR s il LR A S K i 3. JRF
(I SCIERR A SZ K, UAEANMEM RS2 R4 o T T B9 S 3R ] d Ik P~ 25 gl ) S P R e
o

[0021]  7E 55— 5 7 S b, ¥ ELO WA, HAL Sy AR 2, HE B REIR e Bk
Ji sHMEM B, HECE AR E 2 BB R Ty 5 RO AR SN, BB RSN EM L b
B b7, HoAr SRR AL B n] WA iRl HEAE e A i RO RS PR P 5K ) RN i R R
AR S, A nT AR R & Je e TEM B o 70 @ W s T2 1R, o e
MRIAT Sl i, DL i AR i/ o S ] W i R i AL 3 SR SR A ) IR W AT R
HOREGWE LA G . 75— 2o, i v W Ai SRS i R AW o

[0022]  7F57—Sziti %&b, 24P T8 ELO T2 3100 /2 A ELO W HEAR i) 5 vk, LA HR A
Wik 2 2 Bk b5 TE A E AL B i R I B AR R R 2 BB b R I T e SRR R
A RNIMEM KLz ek Ty, HAp SR Tl A R s B T U s T A TR, A S
WWSCAR s AT S EEAR A () RO SE AR} rb 18 PR 48 5 761 2] T 2 8RB Bk = 5 A
FEIR RN B AN EA R, B IR SL TR B i 20 3 4% 5 B A S P il LR AH 2 K 1 i R 1
AIRGE S A — B E R

[0023]  7F 55— St 7 Sy, PR AL IR HE A A L, A Al 2, R EE )R Fai b
J7 sAMNER R, SLECE R R 2 BT s R R 1 n e SR, LB RSN EM R B
B b7 BRI W] SCPERR T AL AT A A BRI R ET A, D 5 ET 4 5 ) G BT T Wi 4
ML PR EE A B 1) RO I IE )TN R AT 4, DA RS S R (195K R4 ZE A4 R A 1
4 o

[0024]  FNBREFAE N RO R G WA Yt . 75— SEH, fNRAT YL S IR O IR
TE— oS i v, RN AT AR5 AT A KA B U S M T IR R B — ik, fh R AT 4 B
TE MY 15GPa 4 134GPa (136 B P 7 (s &

[0025] 75 HiAt SZi 5 % b, $2 4t 148 ELO 12 3R] 7/ i S s kb 1) 7 02, SLAu i AE

18
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Ji5 ERAEEZE 22 BB ETT TR RN E R R e B ) A W A SCEERR RS A R AN E M R L, Horp
SCHER AL AT R RIRN G 2T 4, F R AT A 5 ) R B A T URCAE AL R s B AE R e MR
), Wi 1E DTSR ET Y (1 SRR, LU S AR (5K ) RS AR (8 s 46 o %7
R P ARETE ) T2 N R R Rl 12 s WIE IR B SN RL, [R] I AE LR T Rl ik 212
U s AT SCHERNES i DURAAAH S R il 2,

[0026]  7EH A STy S, $RAL WM HE R A RL, HAS R, HECE AR Feli b
Ti s HNER B, HECE AR E 2 FECE Ty s ARSI S, HECE RSN EM B BBk
T3 s Ferr AR S SRR AL B A AR AL S RS

[0027] 7657 —Sziti &b, 34 H F4E BLO T2 BA 1A 8 s b k) 1 75 922, LA 576 1
Be B ARSI BT 22 BB b T IAMER L s GRS S SRR & RSN EM L2 F B
7, WA RS A S AR B S AR R S IR . 1% R DR ER R R T2 R
BRAFEE s WIS IR B A M L, R B 7B JL 0] T il ik %124 5% 5 S AE P ZI T2 H51R), AF 355
SRS, LA A ER R R4

[0028]  Fff Kl fajik

[0020]  Z:JRAE P &l 7 H I — 8 Sty 28 R B R0 b ST MR 1) 4R & B 1 BE B AR 1
R, DS ] P4 M AR B I EOR R B 7 5K AR, 2007 2, B PRS0 HE O i B 1)
PRSI 7 48, FLDR AN B AW A 0 AR i B S ] P PR 5 R A R B AT 2577 LA [R) A 288 5
[0030]  [&] 1 7% HEHRAR Ak BT o 1) St 75 42 A i v B 19 BLO (R MERK

[0031] ] 2A 7% H R G AL i 3 1) i e g 2 ) PSS 25 il ) SCHE A

[0032]  [&] 2B %2 2C 7% HE AR AR S Adk P o 1) It 7 8 PR, 25 YIS 25 T ) S A 1) ELO 38 i
% s

[0033] 2D 71 HY Gn b A PR ST T TP BT IR AR A i A RS B TR TS S ) SRR A
HNERTEL

[0034] 3A A2 3C 7 HMR AR b A B 3 1) g — SISt g 8 () /B, 5 8 0 T W S AR ) ELO
JEHERR ;

[0035] 3D 7 H b Ak P St 7 8 FP T IS D E A i A RS B i TR S T S S P A
HNER KL

[0036] & 4A 2 AC 7~ HE AR 1 Ak P ok 1y SE Aty S e 7 8 19 5 B ) ] WO SRR T ELO
JEEHERL

[0037] ] 4D 7 tH G b Ak A S it 7 2 PP T I B A B I i 1 B 1) M AT 44 A0 R A1 S
MR

[0038] 5] 5A & 5B 7~ HA AR 1 Ak Pk Fy A S5 it 7y 42 ) I B AE i e A 2. BBl b7 AR
)5 i SRR

[0039] ] 6A 7~ tH AR A Bk 1 o — St 7 SR L B AE SR B e AR B2 2
SCPERR LA

[0040] || 6B 7 thARHR st Ak Bk 11 ) — St 7 S8 0 B AE IR B 1 2 2 SRR R
JEEHERL o

[0041] ik
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[0042] & 1 78 HEEEJK 100, HALSRCEAE S 102 B ELO SR HERE 150, Withab ir)—A
SEHE T P TR ) . ELO MEIEMERR 150 ] B A4 )E 104, HEEAE M 102 2 BB BT
ANERTEL 106, HECEENEZE 104 22 BB ETT s KOZHERR 108, HECE RSN EM KL 106 2 |
B by . EANFRISEHE T S, ST 108 &2 5K ), mANEM K] 106 323 546, BLO T2
ELFELE ] T 2R R 2 104, [RIBS MG B 102 B ANERRL 106, 78 FL R T Rk
Z 4%, HBNSMEMEL 106 FISCHEAR 108 Mim ) 102 BER A1k 4= 104 185 & ik
o

[0043] A 102 AL S SRR RMI) 4 TTT/V A RE B i A Flobs o] dn T1T/V 5 kL
B FEr[ B A4 Ao R . ST B, fb A 106 S AL ST A . LR
FEAZ5.73X10°C ' (WA R AR ST E9d, SO 108 B &5 BB
IEZIK R B R (Blan, a5 ) .

[0044]  SZHEAH 108 1] Ky L Z MBSk £ )2 o FEAN RIS 7 2P, SCHEAR 108 W]k He P (1)
SEE ST, IO ok RSP o R SR R e 1B 55— ST S, SCHEEAR 108 T
Fral A R, B anAGE SR . FE— AN IR RS T G, SCEERR 108 T LS T I AE R KL,
FEA RN RET Y, R R AT Y 5 ) (A B B nT AR R o 78 55— St 7 Z T, SCHEAR 108 Tl A,
B, LB AR AR 100 AR s A IR E . A6 T — 5L T SR, SO 108 1]
VIEDAY P

[0045]  TISE2S filr (A

[0046] & 2A 22 2D 7 HA ATk A (% — A S5t 7 2 i i BRI AE ELO 1 2 AN [R] J7 1) 4 [R) BX7E
ELO 785 HE B PN 30 1 FISE 25 1 ) S P R sl o ] 2 7 HE TS 25 o 1R S B R 491 15
5 SRR 202, FOGES i S 3EAR 202 A A TR I 211 SR 213, £S5 %
W, TGS S PR 202 WAL A B B R AL 200 B andh SEA KL 204 2 AT B S 5 F
Ho AIEHL, FUSEE SO 202 ARSNGB 2 R 200 [ RIS g R FEGE . —
BB P B B PSS B SCEEAR 202 ik 25K 77, 3% FH FAERE A B B2 22 55K 200 7™
AXF R TRIE (BN, SMEREL 204) [ E4E

[0047] 2B 7 R 200, Hof A B A0 5 F 208 2 BBk 77 [ ELO #i s HERR 250, fn it
b — NS T TR . BLO SRR HERR 250 ] AT Al JE 206, SLRCE TE A 208 2
B E T ANMER R 204, HECE AR 206 2 FER T R THSEES SRR 202, HLE
BEAEAMEM KL 204 2 Bl B 07 FERRZ) T 2R, B TS 1 SRR 202 BT
211 25 fihy, Wl 2C Fros i PEES il I SCHEAN 202 A A 7E L) 10em 224 100cm (1135 FH P
IO S

[0048]  {E—L5jf 7y 2 b, THSEES A SCHEAN 202 (05 2 5, B, 28— IS 2 RN e B 7020
— 22 EECE B R EWE . R0, B R AL E RN R R £ e R R,
MYLAR®Z G, fEHADSA T, FSEES iSO 202 5 /b =2 S =2 n Rl E
R —E b by fE—2sefrh, 5 =28 0 —Raw (B, B OmsSi AT ED )
B, HEd B — R el by,

[0049] & 2B 7R IR 200, HAL 3 F~F g B 5625 i S 440 202, P TI5E 25 il i
SRR 202 ATFECEAESNMERRL 204 2 B BT, SMER L 204 T ECE AW E 206 2 1ok
7. 4EE 206 RIECE AR 208 2 BER ETT.
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[0050]  7E—48s5jti 7 Srb, R AR (RE RN ) AIACE7E FSE 2 il S HE AN 202 A4 E A4
K204 Z 18] o K-G0 RT A F 80K A7) B TR A 700 R 2k (UV) [EMRE & 750 AR AL 5551
A R A HAT R s LA A

[0051]  7E—4esijfijy b, Mgk 2 206 nI AL S fibAR A e AT A s LA A, £
ANSEf 4T 2 206 LS IR S o f94E)E 206 W] A 2 20nm SR /N R R, LR AR
M Inm 222 10nm [F550 [ PR RS, DL AL A ZY 4nm 222 6nm [R5 fm v 208 1]
A A BRE S, HLIE R A S LB ML B S S a AT B, I n B4 p B2, 1E
— AN, R 208 A1 n B AR IIULERM KL o 7E 5 — ST, 5 R 208 1 F p B2
WHEMEL.

[0052]  7E-—4Lsizjifi S rp, A ERT R 204 FIA A AL R L B R VLR L LA e
T LH A . AMEMEL 204 WEES— B, HBEBREZE. £ 554, %LW@
204 A5 HA MR — B X A MLEE N 5 — 2 265 — 5204, SMEM L 204 85
R P 2 AL ER R B E AL B0 T2

[0053] Tk EKZE P 2 A] B L8 N2 100nm %245 500nm FI5E [ Y 649 J5 R, 4 401, 249 300nm
T B Bk 2 0] B 7E A2 10nm £ 50nm ()78 5 4 1 BE, 101, £ 30nm ; HAik 505
YEE W] BATE L) 500nm 2225 2000nm (17 F] P 17 B, 491 41, £ 1000nm. 7E—L8si 4w, A
GERPRL 204 DAL &5 ML AR B E o BB LR R E n] BAETE L) 100nm 2244
500nm (K]9S B2, 491 T, £ 300nm.

[0054]  {EIAR I HAh St 77 2 7, AR ERT R 204 0] HAG UG, HEE 2 2. Mgk
A AL n BAYILER L p BAYILER LR ER L n BAHLERER . p BIL L ARER |
AN LA & AT AR S A S .

[0055] 4 UL AL S 77 S ATIR, B 2C 7 HUAE BLO 1R ZI T AR, T2 iz 34 4% 210, [F] BT
TR JZ 206, FF s 208 B TISEES Ml 1) SCHEAR 202 FIAMEM R ] 2D 75 H 7R A
J 208 BB TS5 25 il IR S 440 202 FHAMERD R 204, He~F B FSEES ) SCHERR 202 7K
K 7, MANEM KL 204 523 4 o

[0056]  7E ] T R AR} ) 75 15 B — AN Sl 7 22 v, 54 J2 206 AT B R LI 200 14
Wi A 208 2 bk 75 sHMER K] 204 FLE R Z 206 2 Bl b7 s DU RSP TGS
) S 0 L R P i B AE AR E R L 204 2 BBk 7. FR TR TGS ih A S AR B ] A
FHRENRZE . RIS i SZ MR s vl 8 5 i R O R BR R IA R SRR
IR & B SR ME AR AT A BIL A Ao 78— 2852 v, BT TISE 25 1 S 34w 202
5 . FEILAR S R, RTS8 SCHE AN 202 AL SR 2K R £ R SR e B
FTE), BIATM YL AR®JIL o 76 HAh S v, USG9 S 4340 202 40 & R ABIR BT AED) o
[0057] 85— SEitir 2 rh, 32t T-4F ELO T & 8 1) & s e s b} 1) 77 32, LA G 7 e
B TR 200 5 15 208 ERIHEHE S 206 2 BB E O EANER RE 204, %7 Rk
AR W RSP TISEES i SCERA R A TS A SRR 202 B G B 2 A ER R
204 2z BB BTy, Ho RS B TISEES SRR 202 38 ST il SCERM R R BUE
ST S ) SN 202 2K S25K ), T AMERRL 204 52 B4 75Tl T 20 A B BRrariat:
JZ 206 5 S WEE KR B AN ER RL 204, [R] B 7E TR0 i 21 24 4% 5 B A FR T B TS 25 il 9 52
FER 202 25 it LR K 3.
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[0058]  7E—4U5L 7y &2, 4k = 206 W] AR ELO hz) T 20018 2 B TR rh 2. 76—
Lo o VR AR R B SRR, AT B AR IS PRI/ BRG] 4= 206 W LLi%
270, 3 =K/ /N B ORI E R TR A1, PLik b 2 20 1 =K/ /NN B R, HO SRk s 2 4
52K/ /NI EE K.

[0059]  E— NI B SEHE 7 Z, #54E )2 206 W AE ELO phZ) T 28 [n) 22 85 T Mk 22 1)
HLAL 22 2] Al 12 (biased process) B{HHE T2 (galvanic process) . [FIFEHE, 76
AL BT IR 1R 5 — ST 77 7, 54 J2 206 RTAE ELO T ) T 2 [A) B e T2 VA% . 789K
ARV Z) R4 )2 200 255 T WAL S 7875 BLO BhZ) 2] A et 2 ) s i %)
S B RIS N ) B s AT AR E LA A

[o060] R Wit (Eimdis )

[0061] & 3A 2 3D 7 HA Gt b A ) — S8 St U7 B2 T ik (I AE ELO T2 AN [R] 1 B[R] B 7E
ELO 785 5 M Fe A 508 140385 08 m] WA SCIE A BB « 18] 3A 7 HE RS G 300, HiAS 7 Bl B 7E s f 308
2 bEE EJ7 I ELO S HERR 350, WAk I — AN SEJi T R TP Tl i) . ELO S R HERK 350 1] £
& LR 306, HBCE ARG 308 2 B ETT SAMER K 304, HELEAERHER 306 2 Fuk
7 RO SE AT Wi S PERR 302, HECEAEAMEM KL 304 2 BBk BT7. B 3B R T /N
320 7Tt 223 8 W] W i SCPERR 302 IR R AR EEAN LI 300 [-F 1 b s i@ 4 322
[0062]  WTUR S HERR 302 A n i A A KL, BN mS  BRE L6 TR ER RGBT AR
R O BRI AR AT A S A & 72— S, TR a O8N 302 B & s . 7E
— LB b AT SN 302 A0 5 BN 2K R & R BR HATAED, I M YLAR®,
JBLo A0 FLA S A, W SRR 302 A B SRR IR B AT AR . A HA S R, mT 4 S
PERY 302 W )R LR KR R JLRA RS (PN, RO PR L —BRER
Bs ), HBEAE —Z 7.

[0063] 18R] U 4 SCHEAR 302 WAL E =R EE 2 5. 280Kk U, WIISCAR SCPERR 302 18]
HAHE=F, AR EY, ST EASR —Z L7 B=Er s R RS dHATED.
[0064]  WIWL S H#AR 302 AL AR AN TR [, KR M EEA 2 /MM B 304 BLA7 T-4b
WERPEL 304 2 b AEZ T 28], WA AR 302 FATER s il 755 — Lty =,
Sl P da PR S T e TR BLAECAE T A, T e T B ] 45 i, CLER D i R R 4
/N I P AE R TR B 2 D — R R R AW R AT A s A S . R
AN E SR, T8 P e A A L SR MR AT AR o AR AR SR WA ARG A AR
A 8 T C 4 SCPERR 302,

[0065]  AF oAt S 7 S b, vl e ds ST 3R 302 Al AE s L2 ) g B ] I 4E ST PEAR
302 WAL IR R BURG)  T e, RTISCAR SCHEARR 302 WE I AN T WA AR RS R ) i
e, PIWCHE SCEERN 302 TS, LLEAAZEMNZ) 10em 2227 100em [ FH A 1) 242,
[0066] LSy 2, A AR (RSB R ) AT B W ]I AE SRR 302 FIAMERS
K304 22 8] o Kl 55 AT A HeBORG 5 71 A ARG 5 70 284104 (V) [EALARS A7) TR AR 5 771
R AR AT A S L AL o AR S s g oh, WA A A B ERG SRI  AGR R R
AR SCHERR 302

[0067]  TE—4E5j 7 S b, AR ZEA R 304 PIAL S AL 8K AL B R AL R K LA 4
T A S SPEMEL 304 W EE — 2B, HEE RS2 )E. £S5 flh, S ek
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304 B 5 RSN — 2 s K ARSI 51— . 10—, SMER L 304 /5
TR 22 1 2 IR X Bl L TR T T2

[0068]  flAL K25 vk 2 ] B £E N2 100nm 522 500nm [ 75 Bl Y () 5 B2, 4510 41, 24 300nm ;
ML AR B Bk 27 B £E A2 10nm £ 44 50nm ()75 F] 4 10 8 BE, 501, £ 30nm ; H Atk B0
P JER] A 7E AL 500nm 2225 2000nm 1176 Bl 1 JE B, 450 01, 25 1000nm, £E—LE5241, 41
TER L 304 HE— B0 & 5 UL AR BIAL 2 o B R B b B AT HA AR AZT 100nm 4
500nm )7 Fl A 1R BE, 491 2, £ 300nm.

[0069]  {EILARHAh S 77 &, AR ERT L 304 0] HoA S s ), HE& 2 2. dingif
AL TALAR  n B2 L p BAILER L ERER  n BB 2RTIMLER K L p B 2R AR AR |
AR LA & AT AR s L A

[0070]  {E 5 —Siliy b, gk 2 306 A S LR A4 AT AE s LA A . fE—
A A, A 2 306 AL S LR R . A2 306 I A2 20nm SR /N R, (IR HLAE
MZ Inm 2 10nm FIEFE A EIJE R, EARIERE A 4nm B2 6nm (IS . & 308 1] 4
BRI, FLE AL S LR LR A S s LR A, FF AT A n B E p 4%, E—
SRR, i 308 A n B IML M B . 725 SEB R, SR 308 B E p B AL ER
g

[0071]  [&] 3C 7 HE T i 2114 4% 310, [RI Bk Ze4F544 2 306, 3 M i - 308 3 8 ml e e = 1
5 302 FNAMEATEL 304, 18] 3D 7 tH A S 308 A [k I I AT IS A4 SC P AR 302 RIS B4 K] 304
[0072]  {EH T7E ELO "L 2 8 1A1 1 RG M ISR L) 5 v — AN Sl g S8y, A4 KL 304 ]
TE B TRREA A 2 306 F 07, 414k )= 306 L& 7R 55 300 ) 4n i v 308 2 Bk BJ7 s R
RIS ST 302 B A EAMNEM R 304 2 ek By . AT SCEERRN 302 A Tl AT U 4 A
Ko 2R PR AL AR T2 R A B/ AT A SCPERR 302 1 RST, LT e mT i
Aa AN 302 IR AN ERRL 304 TR R 4E sTERRZ T Z RS Bramidt 2= 306 5 S AEE
JEE B B AR ER R 304, 7] A8 FL TR T B bk 20 4 6% 310 5 K AT W] 5048 S 30 302 725 i, LLHAT A1
PRI R . WIS 302 WS — B E R

[0073]  7E%—Szili7 &, 34 78 ELO T 2 810 i e s Rk 1) 7 v, FLA0 4% o A
N 300, HALSELCE THIHEZ 306 2 BB BT BIAMNER R 304, 4144 = 306 BLEAE & F 308
2 B BT s B TR ST I 302 Bh A R AMEM KL 304 2 Lo AR SRR 302 AL A
AT 27 VR DR AR T IR e 4 SRl T e ST PR 302 1 R
CLTE AT WA S A4 302 H K1k AAR S48 304 Fh Iy e s S ARk ) T 2 3 IR0 A% B dm gk
JZ 306, EpiERE P RE R T DA N R E SR 304 sTESNEM KL
304 FFLK 2 A E i 2124 4% 310 5 BAE mT e s 4340 302 25 i, DARAAAH S K 5,
[0074]  7EHAh S 77, SR AL B HE AR A L, AL A4 2 306, HECEEREKZ |
ANERT R 304, AL E ERIHEE 306 b5 5 S ] CGE SCEERR 302, LR E AEANEM L 304 F
Jio ATWCAR SCHEAR 302 A0 535 18 w4 A B, FEAE W48 I TR BT e 4 P 302 Hh sk
SN ER B} 304 I RAR . 76— rh, T AE A R B e e TEA R . AR T2,
T e Rb AT 2 i, LG T R AR G /N o nl Wit Bl n] A5 22 /b — PRl R A1) IR D)
HAT I A G 75— 2o, nTe e SCHE 302 A i R BUR 59

[0075]  7E—48Sjl 77 S, WA= 306 W] AR 2 T2 M R) 5 i TR R . TR ik 2
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AL SRR, FE TS SR VS R R/ BGR v FE— e S, At = 306 W DL 4
0.3 %K / /NI R K R iz, AR IR R 2 | =K / /T EkFE K, H R IEHLIE 4 5
=K/ I EGE R .
[0076]  {E—ANH] 3k SEiE T b, Wi 2 306 HIERhZ) T2 iR 2 8 T ek e ). sk
PR A R R T2 s E T2, [RIAEH, fECAL BT 6 ) — St 7 2 vh, 4 )2 306 W] 4
ThZ) T2 5 B T 287 Z) o 2873 i ) S R 4tk |2 306 287 T AL S 287 hiZl
T AR A A A ) TSGR k) L S5 B AR R Rk 2 N Rk 2 AT AR s A
[0077]  iFRWHikR (e )
[0078] 4A 22 AD 7 U AL 1 — N SE 5 S8 R BITIR B AE ELO T2 A [R] 7 T 3 1) 5 A
ELO 74 FEL MR PR 08 1 B 1) PO SZ A R B0 T 4A 78 RS 400, 24 & Bl B 7R i A 408
Z BB BT ELO EHERR 450, WAL ) —ANSEE 7 S iR ). ELO #EEHERE 450 W A
A Z 406, HoBCETE M 408 2 BER U7 AMEM KL 404, FEC B EAEJE 406 2 BB L
T3 s S BRI AT WRCHR S HEAR 402, L E ESMEM KL 404 2 BBk BT,
[0079]  FR ] H] S A0G SCHEAR 402 A B T g A4 L FIRM SR 2T 4, #1524 55 v S A B 28 T
TR}, A WCHR I IE D) TR SR £F 4 i 4a , LUE BT AR SC AR 402 H 1)k g FAR SE#4
KL 404 R4 B AB R ) / N ) 420 7802 w0 4a S A 402 IR R TR RN LR
400 FRF1H BB e A 422,
[0080]  WTWCHE S EAR 402 AL R A TR ], HIKR M EE A 2 AMEM KL 404 547 T4
JERPRL 404 2 b o AR Z T 2R, WTWCAR SCHEAR 402 FTEATIER IS il 76— A3, 5
) AT SR R L TE 2 TEA R, FE B e e T AR, T 8 TEAL B AT 4 5, LLER D v AR 4
N 25 Rt 27 R SN T by SRTTREIRES 2R SN /I 1P 7/ IS A S [ S R B i d e
ANSIEA) B ) T A R 1 SR MR B LA A
[0081]  FNBRETUET] Ky mink SR AW ET Y o AR HEnT A0 5 B SRR B . AE— 25K
b, RN AT HE WA AT AE K S U G MR IR R, — IR, AR AT 4 A E A
15GPa F2 £ 134GPa (13 [F P (1 hr ff A &
[0082]  fF—4bsizfy] b, & fi W] W4 S AR 402 W] AR 4 T TR B B TT 4 S HER
402 A AL & AR BRSBTS AT Y o E SLAl S vh, AT e S PR 402 T8 AT I
AR R RV T T e 4« RTCAE S HEAR 402 HES H, BLECELE AT 10em 245 100cem 56
P 42
[0083]  FE—HUsijfi 7 b, R A (RE RN ) AIHCE 7E 5 m) ]I Za SRR 402 RSN EEHS
KL 404 2Z 0] o R5-E 5 RT A R BORE A7 P TR A7 R 2k (UV) MRS & 75 RAR AL G551
R AR AT AR s A S
[0084]  FEULAL I —E Sl 77 S, AN ER RL 404 WAL S AL AR L AL R AR AL B L I
Ga LTS A G, SMEME 404 TTES — 2 HBEEAEZE. £—sfld, s
FERRL 404 5 RAEMALEN — 2 LR A MABEN T — 2 45— 604, ShEM kL 404
A E AL ZE P 2 LR R B E R LR T 1 2
[0085] ALK L% i 2 AT LA AE MZT 100nm 4225 500nm FI 78 Bl 3 SR, 49041, £ 400nm
ML B Bk 2 0] B 7E A2 10nm £ 50nm ()78 F] 4 1B BE, 1401, £ 30nm ; HAik 505
PEZ AT HATE A2 500nm 2224 2000nm [R5 [ P 15 BE , 61 40, £ 1000nme 76— 28524 i, A7)
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TERPEL 404 HE— 5005 5 b AR B BIAL 2 o 5B Rk B G b 2 AT B AR A2 100nm 4
500nm [¥13E [F N 1) JE B, 4910 4t 5 49 400nm,

[0086]  {E ALK HAth St /7 2 b, AR ERF R 404 7] BAT MU, & 2 2. Mg
AL TALER  n B2 ER L p BAYILER AL ERER L n B2REIMLERER L p B AL LERER |
ML A& AT A s A 5.

[0087]  {E 5 —Sit 77 &b, 4id 2 406 nI AL F b ER LA 4 AT AE s LA A fE—
ANSEf R 4T 2 406 ALE IR E o W94 E 406 W] A 2 20nm B8R /N R B, DLEHLAE
M Inm 222 10nm [FI7EF P IR, B PLEH LT 4nm 22 6nm [ 5. & 408 7]
f T ERGEE, HUE R S L ML R A S s A AT, FERT O n B8 p B A%, fE—
A, f A 408 5 n BIRIIHALE M RL. fE 5 —S2Bh, i 408 8 p B L
B R

[0088] || 4C 7~ HL T R i 21124 4% 410, [R Bk ZL4F544 2 406, F M i 1 408 388 m] e e = 1
5 402 FOHMER B 404, 18] 4D 7 tH A i 7 408 B B I I T IS 48 SCPE AR 402 RIS GER KL 404
[0089]  7F 57— Siziti 7 Zerh, $EALH T-76 ELO T &30 1) B j i e ek 1y 7y v, HLAu 4 < 7r it
JIX 400 L R474E = 406 | T7 T AN ERT R 404 2R TR SCHERR 402 B A AN EM B 404 2
b, FEAR AT I SCEE AR 402 A8 B ) W] ISR BRI RN B 2T A, KD 5 £ A SR ) S i BT e R IR
AERTRL s AT 12 18], WA B/ 1E D) T M5 A7 4 1R T IS4 SCHERR 402, LUTE s nT i
GESZ PR 402 WK I RSN E R B 404 SR . 07 DA AR T2 R
BT 2 406 s NEE IR B A BB 404, [R5 FL TR i 2124 4 5 B A B0 1) mT WS4 S
5 402 25 i, LAEAAAH S R 2,

[0090]  {E—ANSEHti g &b, 3R T4E ELO T2 3 18] B e s e (0 5 1%, FLA0 46 A0
T2 406 2 BB EJTUTARANER B 404, 41544 2 406 LB 7EREIK 400 i 7 408 2 b 5 &
ASCAE SRR 402 B A BANEM R 404 2 b o ATCSE SCEERR 402 A5 5 ) w] WCHE A RERT R
SR ETAE, AN ET Y B [ SE AR B 2 AT UM R o 127 VERE— B R AN T2 T e 4 R
N IE YNGR AT 4 ()R] AR S HEAR 402, LU B nT O S 4340 402 ik RIS E R KL 404
R4 3 S AR b % T2 B IR SR 2 406, D) T 245  NFE B 4R 2K 404 5
PEANER B} 404 FUFE R 2 [0 T i 234 8% 5 AT B 1) ] ISCHA SZ P4 402 725 i, DLEAA AR K
[ %

[0091]  7E—485jt 77 S, 4tk )2 406 W AE R Z) T2 0 1R) 2 i TR 20 YR i 2%
AL SRR, AL & SRS PRI/ Bk ph ). #E—Lesi ), Afidt 2 406 W LA 2
0.3 22K / /NI B K FE i )], AR IE 220 1 =K / /I ek K, HERIE 2 4 5
=K/ T EGE K.

[0092]  {E—ANHJESEHE T 2, Mg 2 406 Rl {Eh ) T2 MR 2 8 T ek e ). sk
PP AR T2 sk B AE T2, R, fECAL BTl 16 ) — St 7 2 p, 434 )2 406 W] 4
P T A 5 2 T 287 AR Z) . 287 iz SRR 4 2 406 282 T RALE 2RV Al
BBt Ak (AU 2 et 1| NS R e N N A B I = W 7/ 51 e e

[0093]  HEIAIIEAN

[0094]  [&] 5A & 5B 7 HHFEJIK 500, HoAL 5 B B AR i v 508 2 F 8k F 77 1) ELO Wi HEFE 550,
WAL B —AN S 7 S b i i) o ELO SEIEHMEAL 550 I HA Af4E )2 506, HELEAE i v 508
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2 B8 BT ANEM R 504, FECE R Z 506 2 FEE T s M AR A SRR 502, HFRLE
TEAMEM KL 504 2 BB BTy o AE— ANy 2, A5 S 502 A8 ARG E Y
WL, T A P — RSt R R TR K o AE— N SE R, HEX S SCEERA 502 [ARAL S FEAE
LIS SCHEAR 502 [y rh o 510a W BT 5T, W1 5A Fras IR o 78 55— SEBHh, B S 3
PERN 502 AL J5 R AR AR ) SCHERN 502 K F g 510b A sl B30 e v, 2K 5B BT HE T
[0095]  {E % —SZifi /7 %7, BLO MR HERR 550 45 itk Z 506, Hld BERE Y b AME
ML 504, HECEAEE)ZE 506 5 5 AR S 3P 502, HECEESNEM KL 504 |77,
W AR S SCPERR 502 AL, H B AR R R B AR S R .
[0096]  7rHiAth St 75 22y, 34 T-48 ELO T2 3 18] B i e st ek 1 7 v, SLA0 4 (et
Ji B JZE 506 E 7 T RAMER BE 504 K S SRR 502 R A AN EM B 504 2
o R3S A5) SO HER 502 5 B AR AL B RS (R AR s 72 1k ) T 2 M Bt /2 506 5 J2 NI
JES R B AR ERA AL 504, [7] i 76 T (B T e ik 212448 s S AE T 2 T 230 IR 2 50 3P 502 25
itt, LATE A A4 KL 504 7 [ Hs 4 o
[0097]  7E 57— Sty Zerh, 324 T-76 ELO T & 30 18] % e i Fsidd e 1) v, HLA0 4 <2 for
FEIR, HA B L E ALK L2 506 5 (MAMNMEM L 504 B IR 502 B A &
HNFERTRL 504 2 I, HAr AR AT SN 502 40 8 HA AL ST R RIS I s R AE 2] 1T AR B
FR4FiAE 2 506, JL R k) T 23— DA RE N IK R B AN EM K] 504 sTESMEM KL 504 FIEEK
Z AT 3 5E 5 AR T2 A 4R34 50 SCHEAR 502 25 i, LA YT A4 K} 504 H
[0098]  fF—&b sz 5 Z2 h, AR A SCHRAN 502 A, il I 1K) TS 2 10 RN 32 P A A 1) T 2% 1
HIER B A EAMEM KL 504, LX) SO 502 n] s TR 23 i . JE395) 3R 502 725
ittr, AR TE LY 10em 222 100em 130 F A 1 22400 RO a3 38k R A9 K
ZWy AT A S, a0, SR ER e ERRT Y RV B 7E L) 50. 8 um (£ 20
BEEE (gauge)) 2229 127. 0w m( £y 500 BERH ) MG Py I 2R, Lkt 229 23. 4um (&
92 BEFE ) o
[0099] 71 HAth s g vy, i 40, 25 iy, e BLAT 7R A2 65°C 224 95 °C I3 [l Y ) 3 AL i
FE, st i e 2 80°C 44 90°C AR, BN 85°C o 7E— NS b, i i it 2010 )T FE A
i S o B BRI A (P BA) 5 BRPE I IS o B BRI A (] BB) o FEAN [ I S Ty
o, R AL S TTE AT Lo m 240 100 wm [SEE N . E—AS2iis &, il g
BB, HEAAENL Lum 249 25 um FFEHE N RE, - BERENEL L AHENY
25 um 47 100 um K56 FH AN ) JE
[0100]  {EPLAL I —2E 52l 77 S, SN ERR) 504 WAL AL R b AR B L AL A ER L 1L
Ga LTS A G, SMEME 504 TTAS — 2 HBEHAEZE. £—Lsfld, s
FERRL 504 A5 HA LR — 2 LA MABEN T — 2 425 —5%60 4, ShEM kL 504
A E AL P 2 LR B B E R LR T R 2
[o101]  TALERZE v 2] B AE N2 100nm 422 500nm f 78 Bl ) 5 BE, 4510 41, 29 500nm ;
ML AR B Bk 2 0] B 7R A2 10nm Z244 50nm ()78 5 4 1B BE, 11, £ 30nm ; ik B0
PEZ W] BAE L) 500nm 2225 2000nm (178 F] P 17 B, 491 41, £ 1000nm. 7E—L8si 4w, A
FEM L 504 HE— 205 5 ML AR ER B 2 o BB ML B R E T A AE AL 100nm 24
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500nm )t [l Y 1R JE 8, 4914, 29 500nm.,

[0102]  FEpLALRYILAh S 7y S, SMERT R 504 7] BA Mg, KA S 2 5. migii
AL EHALER  n BAHLER S p B4R IR ER K n BAYIHILEREX . p B AL R ER
WAL e A AT AE s AL 5

[0103] 755 — L7y &, 44k /= 506 mf A& hfv s oA 6 AT A s A &, 75—
AN A 2 506 AL S AL AR 2 o 442 506 T B ALY 20nm B /N R, ALIEHLAE
M) Inm 222 10nm [F150 [ PR RS, HEARIEHE A2 4nm 222 6nm ()2 FE . & 508 1] 4
bm Fr B R, HLE AL S AL R L R A S sl AT AR, IE TN n B2k p B, fE—
A, 5 508 BLE n BRI IHIL A Bl 75—, 5 R 508 BLE p Bk
B EL

[0104]  7E—S85Jt 7 S, 4 /2 506 W AR Z T2 0 1R 2 i TR 20 . TR i 210
WAL S SRR, FE T AL S R v A/ BRG] AR — S s , 44 2 506 T AR
0.3 Z&2K / /NI B KR BE AR i), AR e 2 2 1 =K / /N BlsE oK, HOS AR k22 5
= VAN =T N

[0105]  FE— DRI LE sl 77 &b, 44 )2 506 I AR % T2 R 2 85 T Ak =ik z). itk
] A T B T2 [FIFEHL, 7R AL BT iR 16 55— S 7 S8 b, 44 J= 506 W] 7
PhZ T2 MR 2 5 T2 A2 o 28R 2 58 M 4t 2 506 28k T AL = 2675 1
BBt Ak (AU 2 et 1| NS e R e N N A B AN W 7/ 51 e e
[0106] % ST

[0107] AR BH )5t 7 S8 5 W0 J ELO W BL AN S8 44, LU SR BG4 ) R 244
I ke E— S5t 7 &, 320 T4E ELO L 2 A0 T sl i A b iy Jy vk, HoA 4% A5t
Ji B RAEE = 7 OR B LA AR 77 O AN E R R W SRR G R AN EM B2 b e
Z T IR R JZ 5 DA AR %] T2 8], IR B AN e A AL, [R5 2 TR 1 e ib 1)
5%, RN YE RSN EM B R 4E . &7 iESE— D RE SRS SR, RS
RAMEM R RS, RS RO SR St KRG 2RS¥ = .

[0108] 1] 6A Froi ), 76— S 7 S, S0k ELO I HE bk 600A, FoA0 2 A7k |2
620, FLECEAEIL R B an ity 610 22 Bl BT7 ANER B} 630, HECE /AR 620 2 Lk b
77 R JE SR 670, LB AN EM K] 630 2 Fak by . fE— S, 2 231K 670
5 AEM IR 640, HECEFESNEM B 630 77 M2 650, B A B 122
640 77 5 MARbR 660, Hid B E M1 )Z 650 b7 . £ 23034 670 B & AE SN EA B 630
Z BRI 4

[0109]  7E—2Lsifilrp, VS EE S 640 WI AL H B AW ILEY ALEY AT AW s A
Bro LB ATy e, MRS AR 2 640 S IR RSl LRI L% / &
Mg Al (BVA) SR HAT A . FAEREE SO )E 640 (1) EVA ILERY)N v K% (WAFER
GRIP) #hf, HAE R _En] MAY T Santa Rosa, CA i Dynatex International W75 . A
SR AP SR 640 IS SRS ) A VM BLEBCE VIR ZE VM B A 5 .
[0110]  ZE—MSCili 5 &=, M S04 )2 640 S5 eHLM EL HBA 24 TS, Bl 48
EIHESHA S B S, S P 640 WA E B AR EE E 2 SR
Bl AL/ AR BEM RS 20— R U B 2D — R ORI B 285
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B, EA RIS &R E N Zs LA A . BAPRT TR gs R g, 1 an, 38
RETE R/ BT, T Sy, M SR S 640 WL IS B ILAT AR, 191
A,

01111 B9 —SZii 7 &b, St S 1% )2 650 ] A0 2 Btk 44, 461 A% e Yok B L A A2 40
Al IEHh, B SCEE)E 650 ISR Bl T IR IR FLECEAT A . ISP 650 T
A8 AR, B8R, BOME 2 650 AT L0 TG 0 SR sl AT B

[0112]  {E5)—SEii 7 &, S8 2 650 WAL S i R sl Ak, oA & ey . Tl ik
i, B S A 650 WAL E A, AL SRR Y . AT LS AR, 9 AR s LR R TR
IR FLE AT A o AE— A9, B A5 BRI LA K

[0113]  7E 5 —SEHE 7 S+, Wik 660 Rl L&A k], il an 3Rk R A9 ARERY) AT =Y )
HAE. £, Witk 660 AL SR FEEILATAY . AR 660 7] KA 7EMZ) 50. 8 um
229127, 0 um B PR, B0, 25 23,4 1 m.

[0114]  fE—ANSEili 5 S, o iEE— D AR R )2 620, Loy B AMEM K] 630 53
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Abstract

Embodiments of the invention generally relate to epitaxial lift off (ELO) thin films and
devices and methods used to form such films and devices. The ELO thin films
generally contain epitaxially grown layers which are formed on a sacrificial layer
disposed on or over a substrate, such as a wafer. A support handle may be disposed
on the opposite side of the epitaxial material than the substrate. The support handle
may be used to stabilize the epitaxial material, such as by providing compression to
the epitaxial material. Furthermore, the support handle may be used to grip and hold
the epitaxial material during the etching and removal steps of the ELO process. In
various embodiments, the support handle may include a pre-curved handle, a
multi-layered handle, a non-uniform wax handle, and two shrinkage-induced handles
which universally or unidirectional shrink to provide compression to the epitaxial

material.
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