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SELF-EXPANDABLE AND COLLAPSIBLE THREE-DIMENSIONAL
DEVICES AND METHODS

Cross -Reference to Prior Application
This application claims the benefit under 35 USC §119(e) of United States
provisional application serial no. 60/577,774 filed June 8, 2004.

Background of the Invention
1. Field of the Invention
This invention relates to three-dimensional thin film devices and methods of
fabricating the same, and more particularly to such devices and fabrication methods
in the medical field that are adaptable for applications such as implantable
‘endoluminal stents and stent-coverings and occlusion devices for neurovascular
applications, as well as three-dimension thin film shapes, such as tubular, which

can be expanded and collapsed. in radial directions.

2. Description of the Related Art

In recent years many medical devices have been introduced that incorporate shape
memory and superelastic materials, especially titanium nickel alléys, often referred
to as TiNi or Nitinol. Two principal prior art products are guidewires for catheters
and stents used in the treatment of vascular disease. Use of Nitinol in stents

fabricated from small diameter Nitinol tubing has grown rapidly. However, stents

made from tubing are generally lacking inthe degree of flexibility required to treat
small blood vessels in the brain that must be accessed intralumenally - through

tortuous distal paths in the carotid artery.

Accordingly there is a need for improved devices to be used in the intracranial
vasculature. Thin film TiNi has desirable characteristics for fabricating these
devices, especially because it can be rolled, folded, or otherwise compressed for

insertion through micro-catheters.
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Production of complete systems for minimally invasive vascular treatment
involves joining of components by welding, brazing, soldering, and adhesives.
~Superior performance can be achieved if the number of such attachments is
minimized. Additionally, welding of thin film (micrometers thick) presents novel
problems. It is desirable to make the device all in one piece to achieve maximum

flexibility, strength, and minimal thrombo-genicity.

The most common method of producing thin metal films is by vacuum sputtering,
generally onto a planar substrate. Sputtering onto three-dimensional substrates can
be accomplished by rotation of the substrate in or near the plasma, and by cylindrical
sputtering. While it has been shown that it is possible to sputter three-dimensional
shapes, it is also known that the material thus produced by this method is not of the
highest quality, and the methods do not lend themselves to production of large

numbers of devices at low cost.

In cylindrical sputtering it is difficult to achieve the correct chemical composition.
For intravascular use, the transition temperature should be below body

temperature, 36.6°C, to take advantage of superelasticity.

In three-dimensional deposition it is difficult to achieve good crystal structure of the
deposited thin film alloy. This requires shielding to produce line-of-sight normal
deposition, otherwise columnar structure appears with poor intra-crystalline and

inter-crystalline adhesion. Brittleness results.

It is also difficult to remove the three-dimensional structure from the substrate.
Etchants must be extremely selective, and must not interact with the thin film

material, generally TiNi or TiNi-based.

Miniature devices made of free-standing thin film shape memory alloys such as
Nitinol have potential applications in medicine, particularly in minimally invasive
surgery of the vasculature. For a majority of endolumenal applications it is essential

that these devices have three-dimensional shapes, i.e. cones, cylinders, and
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hemispheres, to take advantage of superelastic and shape memory properties. In
applications relating to tissue engineering, these three-dimensional shapes of
Nitinol thin film can be used as a base structural material or scaffold on which to
grow artificial tissue cells. For example, tissue grown on a thin film cylinder will

produce an artificial blood vessel in a tubular shape.

The need has therefore been recognized for thin film devices that obviate the
foregoing and other limitations and disadvantages of prior art devices of the type
described. Despite the various devices of the type in the prior art, there has

heretofore not been provided a suitable and attractive solution to these problems.

_ Objects And Summary of the Invention
A general object of this invention is to provide new and improved three-

dimensional thin film devices and methods of fabricating the same.

A further object is to provide devices and methods of the type described which are

self-expandable and self-collapsible.

A further object is to provide devices and methods of the type described which are
adaptable for use as implantable endoluminal stents and stent-coverings and
occlusion devices for neurovascular applications, as well as three-dimension thin
film shapes, such as tubular, which can be expanded and collapsed in radial

directions:

The invention in its broadest aspect provides methods for fabricating three-
dimensional thin film devices formed of shape memory alloy materials which have
self-expandable and self-collapsible properties. The self-expandable and self-
collapsible properties enable use of the devices in medical applications such as
implantable endoluminal stents and stent-coverings as well as occlusion devices for
neurovascular applications. Further uses include devices of three-dimension thin

film shapes, such as tubular, which can be expanded and collapsed in radial
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directions.
Brief Description of The Drawings
Fig. 1 is a flow chart showing the method steps of fabricating devices in accordance

with the invention.

Fig. 2 is a side view of a thin film expandable stent device fabricated by the method

of Fig. 1 and shown in its collapsed state.
Fig. 3 is an enlarged view of a portion of the device shown in Fig. 2.

Fig. 4 is a side view of the device fabricated by the method of Fig. 2 shown in its

expanded state.
Fig. 5 is an enlarged view of a portion of the device shown in Fig. 4.

Fig. 6 is a fragmentary view of a stent device of the invention shown placed around

an inner bulkier stent.

Description Of The Preferred Embodiments
Method Of Fabricating Devices

Deploying or implanting medical devices using micro-catheters through tortuous

small blood vessels, in the brain for example, requires the devices to be extremely

flexible and miniaturized. Such flexible and miniaturized devices can be made
using extremely thin films (usually about 2 to 50 microns thick). Thin film
deposition techniques are used to fabricate such devices. Although, thin film can be
fabricated using several deposition techniques, sputter deposition techniques are
mainly used for fabricating thin film stents. All thin film sputtering methods
comprise three basic steps: 1) generation of the atomic or ionic species from the
_ metal or alloy material target, 2) transport of these species from the target to a
substrate through a gas or a plasma medium, and 3) condensation of these species

on the substrate surface to form a solid thin film. In the context of this invention,
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the target can be of any metal or metal alloys, the substrate can be a polished silicon

or glass wafer and argon gas can be used to generate intense plasma.

To form the devices, thin film is sputtered in a process chamber which is kept‘in a
very high vacuum and contains the target material and a table to mount the
substrates. In the context of the invention, since the devices are fabricated using a
multi-layered thin film system, the process chamber is capable of accommodating
multiple sputtering targets. The chamber allows sputtering from one or all the
targets in both RF and DC sputtering mode. In the process chamber, vacuum in the
- range of low 10-7 torr is accomplished by the help of one or more vacuum pumps
such as mechanical pump, cryo pump and turbo molecular pump. Argon gas (or
other inert gas) at a low pressure (around few millitorr) is introduced into the
chamber. Upon applying a high voltage to the target material from a DC or an RF
power supply, a glow discharge is created which dissociates the argon atoms into
intense cloud of ions called plasma. These high energy ions in the plasma are
accelerated to the target material and are capable of dislodging atoms from the target
surface. These dislodged atoms from the target fall on the substrate surface which is

mounted on the table thereby depositing thin film on the substrate.

The flow chart of Fig. 1 shows the general method steps to fabricate three-
‘dimensional shapes of thin films. Multiple layers of thin film device material and

sacrificial material are sputter deposited sequentially on a surface of substrate 12 in a

——pr’ocess“chamber"(n“ot"sh'own’):"*Th‘e“d'evi'ce*ma‘te’ri‘al”i's“of“a”shape’mem'dry'31'107(513'6“

called SMA) such as TiNi (also called nitinol), or other derivative alloys of nitinol,
stainless steel, or the like. Nitinol can be sputtered from one TiNi target or can be
.sputtered from two separate Ti and Ni targets. TiNi thin film of different
composition can also be obtained by co-sputtering TiNi with another Ti or a Ni
target together. Sacrificial material can be chromium, aluminum, copper, TiCuSil
or any other metal or alloy. To accomplish such multiple layers, the process
chamber is equipped with two separate targets — one for the thin film device layer

and the other for the sacrificial layer. Although these layers can be sputter deposited
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in several ways, in most cases, the device layer is deposited using DC sputtering and
‘the sacrificial layer using RF sputtering. - Sputtered thin film alloy can also be
achieved by either sputtering from a single alloy target or by co-sputtering from
multiple targets. Polished and oxidized silicon wafers are used as substrates and are
loaded into the chamber which is pumped down.to achieve vacuum in a low 10-7

torr range. Highly polished and flat glass wafer can also be used as a substrate.

As shown in Fig. 1, a thin sacrificial layer is sputter deposited on the oxidized silicon
wafer or substrate 12 using RF sputtering at argon pressure of about 2 millitorr (Fig.
1, step A). Thickness of deposited thin film can be 500A or more. A thin layer of
device material is sputter deposited on top of the sacrificial layer using DC
sputtering at an argon pressure of about 2 millitorr (Fig. 1, step B). Thickness of the
deposited device layer can be from 1 microns to 40 microns. A thin sacrificial layer
is then éputtér deposited on top of the device layer (Fig. 1, step C). Typical thickness
‘of this layer is about 1000A. This layer plays two roles: 1) it acts as a protective layer
~ for the underlying device layer during subsequént lithography steps, and 2) it acts as
a sacrificial layer which in the final steps of fabrication is dissolved away chemically

- in order to selectively create a pocket between the two device layers.

To make three-dimensional thin film shapes as shown in Figs. 2 to 5, two photo
masks (maskl and mask2) with appropriate pattern designs are required. A photo

mask is typically a high quality chrome coated glass plate with desired device

patterns etched on to the chrome layer which finally results in opaque and clear N

regions correspondingly on the mask plate. Designs on the maskl determine the
final three-dimentionality of the device — for example, solid triangular designs for
cones, rectangular for cylinders, semicircu_lar for hemispheres, etc. Mask2 contains
-designs for final definition of the device, fenestratioﬁ patterns or any other surface
pattern which may be needed for the flnal device. Maskl1 is used to pattern the top

sacrificial layer dep031ted on the wafer described above.

To pattern the above sputtered wafer with designs on mask]l, typical steps of micro-

photolithography technique are followed. A thin layer of positive photo resist
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liquid is spin-coated on the above wafer at about 4000 rpm and baked at 90°C in a
clean room convection oven. Using an ultraviolet light mask aligner, the wafer and
mask]1 are aligned and the photo resist layer is UV exposed though the mask plate
which transfers the patterns from maskl on to the photo resist layer. The wafer
with exposed photo resist is immersed in developer solution to selectively remove
the exposed sections of the photo resist thus creating windows in the photo resist
layer on the wafer. When immersed in a chemical etchant, these windows in the
photo resist allow for the selective etching of the sacrificial layer as shown in Fig. 1,
step D. After patterning the sacrificial layer,' the photb resist layer is chemically
dissolved away by immersing in a solvent (Fig. 1, step E) which also concludes the

photolithography process.

The wafer with the selectively etched sacrificial layer is loaded back into the
sputtering chamber which is pumped down to 10w_10-7 torr vacuum. A second
layer of device material and a sacrificial layer are sputter deposited on the substrate

(Fig. 1, step F). Thickness of these layers may remain same as in steps B and C.

In case of sputtered device material beirig nitinol or any other shape memory alloy,

the material is heat-treated at 500°C in vacuum for crystallization so that the

material exhibits the properties of shape memory alloy and superelasticity. To

achieve this, the sputtered wafer from above is mounted on a hot plate which is

situated in a vacuum chamber. In a reasonable vacuum, the power to the hot plate
_i'S‘"'turn’ed'“on”andﬂth'e*temperature‘“is—monitored“at*the“b'ottom—and*fop—end‘O’f“‘the‘*—'——"‘

~ wafer using thermocouples.

As illustrated in Fig. 1, step G, the photo resist is spun coated again to pattern the
layers with designs in mask2 using the photolithography steps described above. In
this step, after etching the top sacrificial layer, the underlying device layers are also
chemically etched with the same mask shape in order to define the device’s outer
features. This is followed by the complete removal of the photo resist layer (Fig. 1,

step H). To separate the devices from the surface of the substrate, the whole wafer
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with patterned layers is immersed into the chemical etchant to completely dissolve
the sacrificial layer (Fig. 1, step. I). The etchant for this purpose should be such that it
should etch the sacrificial materiaﬂ selective to the device layer. This etching not
only separates the devices from the substrate surface but also selectively creates an
empty pocket between the two device layers by etching away the sacrificial layer

from between.

Fenestration patterns can also be added in the device layer. To create fenestration
" patterns, the photo resist layer in Fig. 1, step G is pattérned using mask2 which
contains the necessary fenestration patterns. It is clear that the basic process
sequence to fabricate thin film devices with fenestration patterns is same as the one
described above except for the added designs on mask2. As described above, after
patterning the photo resist layer with fenestration patterns, sacrificial and device

layers are patterned by chemical etching (Fig. 1, step G).

Self-expandable and Self-collapsible Nitinol Superelastic stents

To make TiNi a thin film tubular structure 14 that can be self-expandable or self-
collapsible_, the multi-layered thin film devices are patterned with a device shape as
shown in Fig. 2. Though there are many variations to this shape that will allow the
self-expansion or self-collapsible of the thin film tubular device, the principle
features include long TiNi thin film struts 13 with long narrow openings 15
~ between the struts and struts connected at the end of the long openings. The long

openings between the struts provide the expandability in radial direction when

these are stretched from long narrow opening shape to an open diamond shape.
The length of the narrow opening determines the amount of expansion of shape.
Fig. 4 illustrates a TiNi thin film tubular device 22 after being radially expanded. In
~ fhis invention, the uniqueness comes from the way that the struts are bent and
stretched at the apex when stretched radially. As shown by the partially enlarged
view of device 22 in Fig. 5 the bending of struts 13 at various apexes is fairly complex
but very uniform. The magnified image from of Fig. 5 shows the complex bending
of struts in multiple directions after the thin film tubular device has been radially

expanded. This unique method of bending provides a significant amount of
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expandability without causing any plastic deformation to the TiNi thin film struts.
The partially enlarged view of the device shape at Fig. 3 illustrates a ratio of film
thickness T (Fig. 2) to strut width W (Fig. 3) in the range of 1:5 to 1:9, and preferably
1:7. This low T:W ratio allows a high degree of expandability. Typically, for any
other form of material, a 1:1 ratio between strut thickness to strut width is required
to obtain a significant amount of expandability. We also believe that the features
such as the bending of struts in different planes may be helpful in getting a better

anchoring of the stent in the blood vessel.

This device shape can be used in making either a self-expandable or a self-collapsible
thin film tubular device. In case of a self-expandable device, the thin film
superelastic device with the shape shown in Fig. 2 is expanded to final shape (using
a mandrel) and then is heated in vacuum to 500°C for Shape-setting at that final
shape. The shape-set device is then cooled in the vacuum and removed from the
mandrel. After shape-setting, a load can be applied to the device to collapse radially
to a smaller diameter (for the purpose of loading into the catheter). When the load
is released, the tubular device bounces back to its original dimensions at which it
was shap'e-.set. Fig. 6 shows a self expandable thin film superelastic tubular device.
A self-expandable nitinol thin film superelastic tubular device can be used as a stent.
A self-expandable stent is collapsed before loading into a catheter and inserted into
the blood vessel. Inside the blood vessel, when the stent is pushed out of the

catheter, it returns to its original larger diameter shape. A self-expandable stent that

ST

50 microns in order to achieve sufficient radial force from the stent. A self-
expandable thin film stent can be deployed in blood vessel as an occlusion device for

the treatment of an aneurysm or as a clot filtering device.

In case of a self-collapsible device, the thin film superelastic tubular device with the
shape, as shown in Fig. 2, is heated for shape-set in vacuum to 500°C with no radial
expansion. The shape-set device is cooled in vacuum and removed from mandrel.

After shape-setting, the device can be mounted onto a larger diameter mandrel and
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expanded radially to that diameter without causing any plastic deformation in the
thin film material. When the mandrel is removed, the tubular device collapses
back to its original diameter at which it was shape-set. A self-collapsible thin film
superelastic stent can be used as a stent-cover. A thin film stent cover can be placed
on an expanded stronger stent and then can be collapsed to a smaller diameter in
order to load them inside a catheter. Fig. 6 shows a thin film stent cover that has
been placed on top of an inner stent made from a bulk nitinol material. A self
collapsible thin film stent will collapse in a very controlled manner along with the
inner stent as the inner-stent is forced to collapse. When the thin film covered stent
is pushed out of the catheter, the inner stent, being stronger than thin film stent,
automatically expands forcing the thin film stent-cover to expand at the same time

for the final deployment in the blood vessel.

Fig. 2 shows a thin film expandable stent 14, fabricated by the method of Fig. 1, in a
collapsed state. The enlarged view in Fig. 3 of collapsed stent 14 exhibits no bending
of its struts 16.

Fig. 4 shows stent 14 after being expanded. The enlarged view in Fig. 5 of expanded
stent 14 shows the complex network of bending of struts at different planes; there is

no permanent deformation in the SMA material at the bending positions.

Attachment of thin film stent-cover to an inner stent

The invention also comprises device shape 17 of Fig. 6 that enables attachment of a

thin film stent cover 19 about an inner bulky stent 21. The device shapes for
attachment are made on the thin film stent covers. Using the above described
mulﬁple layérA method of making three-dimensional structures, separate tubular
structures within each layer are fabricated at the two ends of the stent cover. These
separate tubular structures are patterned so that they can be self-collapsible. In order
for this attachment mechanism to work, the inner stent is fabricated with some
struts with extra length protruding at the ends. Often stents come with such
features because radio-opaque markers can be installed onto them. During the

placement of the thin film stent cover on to a inner stent, these protruding struts
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can be inserted through those separate self-collapsible tubular structures on the thin
film stent cover. Fig. 6 shows an attachment of the thin film stent cover 18 onto an
inner bulkier stent 20.

thin film stent shown as a stent cover and placed on top of stent.

Improving bond between SMA layers

During the process of fabricating devices where an imperfect bond is made between
TiNi layers due to impurities, the following steps will improve the bond by
reducing the level of impurities:
* during high-vacuum transfer from load lock to process chamber, reduce the
oxygen content sufficient to prevent formation of an oxide layer on the target.
The sputtering system has a separate chamber called a load lock that

communicates with the process chamber through a gate valve. In normal

operation, it is sufficient to pump this chamber to “rough” vacuum, e. g 1*10e
Torr, to ensure that contamination of the high  vacuum is not deleterious to the

processing. We have found that if the load-lock is. pumped to high vacuum, e.g.

1*1Oe-7 Torr, an improvement in bonding results. It is understood that the
improvement is the result of preventing oxide from forming on the target
during transfer of substrates from load lock to process chamber;

* pre-sputter on empty platen before sputteri:ng on the substrate. If any
contamination has formed or been deposited on the surface of the target, this
will remove it before it can deposit on the substrate. The final operation prior to

start of second layer deposition is deposition of Cr. It is possible for some Cr to

re-deposit onto the TiNi target, and thence be deposited onto the substrate when
the TiNi sputter run commences. Sputtering for a few seconds removes this
contaminating layer; |

* no sputter etch after photolithography on the first TiNi/Cr layer. It is possible
for some Cr to re-deposit unwanted material on surfaces of substrate, sample and
target. It is customary to sputter-etch the surface of the substrate to clean it by
removing the top-most layer of material. But operation in a plasma produces a
cloud contaihing small amounts of all materials in the chamber, including the

chamber walls. These re-deposit in very small amounts on the substrate, but
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enough to interfere with obtaining a good bond; . _

* heat treatment at 500°C before the second lithography (before removal of
sacrificial Cr layer). Lithography can damage the bond because chemical action is
enhanced at the seam, and can cause micro-cracks that will propagate under
stress; and

* heat treat the SMA layers at substantially 600°C after removal of the Cr. This
enhances crystal growth acrosé the boundary and/or causes any contamination in

the boundary to diffuse so that it does not cause weakness.

Device shapes to imprdve flexibility of the stent

The invention also encompasses advanced stent shapes which not only expand or
- collapse in radial direction but also stretch and compress in an axial direction. In the
conditions where a stent is inserted through tortuous bends in the blood vessel, the

stent must be flexible enough to-conform with the bending of the blood vessel.

The following comprise various applications for devices of the invention:
¢ medical device application of implantable endoluminal devices such as stents
- or stent-coverings made from superelastic thin film material. Particularly
suitable in the applications where thin film stent-cover is placed on top of a
thicker and stronger stent device for improved covering.
 the medical application of implantable endoluminal devices such as stand-

alone self-expandable stents made from sputtered s'uperelasﬁc material.

—‘““Pa‘rti‘_cul‘arly,‘imp‘l'antab‘l’e—sten't—form'eurovascu'l'ar“appli’ca‘ti‘on‘"in‘“wh'rch“a self
expandable stent made from sputtered shape memory alloy thin film can be
implanted as an-occlusion device |
* tubular shapes of shape memory alloy thin film with shapes that can be
expanded and collapsed in radial direction.

e tubular shapes of shape memory alloy thin film with shapeé that expands in
the axial direction to allow bending. |
e tubular shapes of shape fnemory alloy thin film with shapes that can be used

for attaching the thin film stent-covers with the underlying thicker stent structure
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as a means to securing the two structures together without using any crimping,
welding or suturing.

* device shapes enabling a significant radial expansion of the thin film tubular
structures that are the results of a complex but very uniform bending of the thin
film structures in multiple dimensions. Some portions of the thin film bend out-
of-plane and some stay on-plane. When load is released, the self-collapsible
structure returns to its original size with no presence of any bending. This
complex bending of a fully expanded thin film stent-cover improves anchoring of

stent in the blood vessel by providing extra friction.
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Claims
1. A method of fabricating a self-expandable three-dimensional thin film device
comprising the steps of forming a thin film device layer of a material comprising a
shape memory alloy, and shaping the device layer into a pattern comprising a
plurality of struts each of which have their opposite ends interconnected with
opposite ends of adjacent strﬁts, and the struts having middle portions between
their opposite ends with openings between the middle portions of adjacent struts,
the pattern further being shaped so that the openings have a length longitudinally
of one axis of the device and a width orthogonal with the one axis with the length
being longer that the width by an amount which is sufficient to enable the struts to
bend at their ends sufficient to expand the layer in a direction orthogonal to the one

axis.
2. A method as in claim 1 in which the layer is in the shape of a tube.

3. A method as in claim 1 in which the layer has a given thickness T and the struts

each have a given width W with the ratio T:W being in the range of 1:5 to 1:9.

4. A method of improving the bond between layers of thin film SMA being sputter
deposited on a substrate in a process chamber from a target of SMA material and in
which a load lock communicates with the chamber through a gate vale, the method
comprising the steps selected from the group consisting of 1) pumping the load lock
—to—a—vawum—leve—l—wh-iehis—suf—ﬁc—ient—to—preventoxide-fermation—en~the—tar—ge~t,—2—)—
pre-sputter the SMA on an empty platen prior to sputtering the SMA on the
substrate, 3) obviate any step of sputter etching after photolitho'grlaphy on a first
SMA layer, 4) heat treat the SMA layers to a temperature of substantially 500°C
before any step of second lithography and 5) heat treat the SMA layers at
substéntially 600°C after removal of the Cr.

5. A self-expandable three-dimensional thin film device comprising a thin film

device layer of a shape ' memory alloy, the device layer héving a pattern comprising
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a plurality of struts each of which have their opposite ends interconnected with
opposite ends of adjacent struts, and the struts having middle portions between
their opposite ends with openings between the middle portions of adjacent struts,
the pattern further comprising openings have a length longitudinally of one axis of
the device and a width orthogonal with the one axis with the length being longer
that the width by an amount which is sufficient to enable the struts to bend at their

-ends sufficient to expand the layer in a direction orthogonal to the one axis.
5. A device as in claim 5 in which the layer is in the shape of a tube.

6. A device as in claim 5 in which the layer has a given thickness T and the struts

each have a given width W with the ratio T:W being in the range of 1:5 to 1:9.

7. A device as in claim 5 and futher comprising an inner stent, and the layer is in

the shape of a hollow tube which encloses about the outside of the inner stent.

-15-



WO 2005/122714

1/4

S—

L L T T L 77T

"7,

77777
/‘7/// 7.
(LS

/7/:’E // |

Z.

oy

/

0

- (AL LA AL )
I —1
L |
X
/'L PRI
W7 vrrrridtridts
Ly
LA

77777777,

PCT/US2005/019078

SUBSTRATE

DEPOSIT
RELEASE LAYER

DEPOSIT THIN
FILM LAYER

DEPOSIT INTERMEDIATE
RELEASE LAYER

PATTERN INTERMEDIATE
RELEASE LAYER WITH
PHOTO RESIST

DISSOLVE
PHOTO RESIST

SPUTTER ETCH THIN FIUM,
DEPOSIT SECOND LAYER OF
THIN FILM AND TOP RELEASE
LAYER

. PATTERN TOP LAYERS OFRELEASE

LAYER AND THIN FILM LAYERS
WITH-RHOTO-RESIST-

DISSOLVE PHOTO RESIST

DISSOLVE ALL RELEASE
LAYERS FOR FINAL
RELEASE OF THIN FILM
DEVICES



WO 2005/122714 PCT/US2005/019078
2/4




WO 2005/122714 PCT/US2005/019078
3/4




WO 2005/122714 PCT/US2005/019078
4/4




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

