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TARGETS AND PROCESSES FOR FABRICATING SAME

[1]  CROSS REFERENCE TO RELATED APPLICATIONS

2] This application claims the benefit of, and incorporates by reference, U.S.
Provisional Patent Application Nos. 60/716,540 filed September 12, 2005, and
60/776,268, filed February 24, 2006.

[3] TECHNICAL FIELD
[4] The present disclosure relates to targets and their methods of fabrication. In
particular examples, the present disclosure provide methods of fabricating metal

targets useable as laser targets in high-energy laser-physics.

[5] BACKGROUND

[6] Metal covered targets are typically used in high energy physics applications.
For examples, such targets may be shot with a laser in order to generate plasmas or
high energy radiation. Such targets may be used in applications such as inertial
confinement fusion. T

(7] Targets for lasers used to produce plasma and radiation typically have
disadvantages. For example, conventional targets are often produced by micro-
machining processes that typically produce targets having a tip sharpness, or apex
dimensions, of 25 pm or larger. For example, a current process involves micro-
machining a mandrel, electroplating the mandrel with a desired metal, and then
etching away the mandrel. Other processes involve depositing a metal layer on a
plastic mold and then melting away the plastic mold. The tips of targets produced
by such processes can be significantly larger than the wavelength of the laser light
that will be used with the target and therefore may not produce optimal energy.
Similarly, the apexes, or tips, of the targets can be larger than the focal size (or spot
size) of the laser, which can minimize any enhancements that might otherwise be
conferred by the target shape.

(8] In addition, such targets are typically manufactured individually and thus can
be comparativély expensive. The expense of the targets may limit the number of
targets available for use, thus potentially limiting how the targets can be used. For
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example, a limited number of targets available for a series of experiments may limit
the quality or quantity of data obtained during the experiments.

[9] The amount of material available on such targets or irregularities in the target
surface may interfere with full characterization of the produced plasma. Insufficient
target material may also interfere with optimal energy production.

[10] Some prior experiments have used metal coated silicon targets. However,
the silicon included in such targets typically interferes with energy focusing and
radiation enhancement.

[11] While hemispherical laser targets have been tested, such targets typically
suffer from disadvantages in addition to those noted above. For example,
irregularities in the surface of the target, or variations in the targets resulting from
their method of manufacture, may make it difficult to properly position the target

and position other objects with respect to the target.

[12] SUMMARY
[13]  The present disclosure provides hollow targets having a metal la}yerA and any
combination of straight or curved surfaces and an internal apeﬁ; of less than about 15
pm, such as less than about 10 pm. In specific examples, the internal apex is less
than about 1 um. In particular embodiments, the metal targets are free-standing. In
further embodiments, the targets are arranged in arrays. Some disclosed targets are
surrounded by a protective frame or a structure that aids in manipulating the targets.

[14]  The present disclosure also provides methods of lithographically fabricating
targets, including the above-mentioned targets having an internal apex of less than
about 15 pm. A particular method of the present disclosure provides for forming a
free-standing pyramid-shaped target. An aperture is formed in a front side of a
masked silicon wafer. The front side of the silicon wafer is etched along diagonal
planes to form a pyramidal void. A layer of a target material, such as a metal, is
then formed on the surface of the pyramidal void. In particular examples, the target
material is selected from Au, Pt, Cr, Cu, Pd, Ta, Ag, Ti, W, silicon nitride, and poly-
silicon. In some instances, an adhesion layer is formed prior to forming the target
material layer. A back side of the silicon wafer is etched to expose a surface of the

target material.
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[15] In a particular implementation, a thin layer, such as less than 2pum, of a first
target material is formed on the pyramidal void and then a second target material is
deposited on the target, such as on the back side of the first target material once the
back surface has been exposed as described above.

[16] In another embodiment, the present disclosure provides a method of forming
a conical target. A thin film, such as about 1000 A of SiO, is deposited on a silicon
wafer, such as double polished silicon. A thin layer of silicon nitride, such as about
1000 A, is then deposited on the SiO, layer. Standard photolithography techniques
are used to form an opening, such as an opening of at least about 400 um, on one
surface of the wafer. The surface is etched to form a conical void under the opening.
[17] An opening, such as an opening of at least about 400 pm formed in the
opposing surface of the wafer. An etch is performed in the opening in the opposing
surface of the wafer until all sides converge at the tip of the pyramid formed in the
surface of the wafer, making an outer pyramid-shaped silicon mold. In certain
examples, standard oxide sharpening techniques are used to create a sharper tip. A
metal coating, such as a coating of at least about 1.5 pum, is deposited on the B
pyramidal void fo create a pyfarﬁidal metal structure. In particular ekalﬁpleé, a
second metal is deposited on top of the first metal. The silicon mold is then etched
away from the back surface of the silicon wafer to create a hollow free-standing
metal pyramid or hollow pointed metal target. In specific examples, the target has
an internal apex of less than 1 pm. Other shapes may be formed using the disclosed
methods, such as cones.

[18] Further embodiments provide methods of forming hemispherical targets. A
backside of a silicon wafer is coated with photoresist. At least one aperture is
formed in the backside and the backside is etched. The backside photoresist is then
removed and the front side of the wafer is coated with photoresist. Apertures are
then formed in the front side of the wafer using standard techniques and the
remaining photoresist formed into domes using acetone reflow. The front side is
then etched to remove both silicon and photoresist and transfer the dome shaped to
the silicon wafer. A metal layer is then formed on the front side of the wafer.

[19] The presently disclosed hemispherical targets can provide advantages over
previous targets. For example, the disclosed fabrication techniques can allow the
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surface, such as the lens diameter and radius of curvature, of the target to be
controlled and tailored for a particular application. Knowing the curvature and other
dimensions of the target can aid both in positioning the target and positioning other
objects with respect to the target.

[20]  Yet further embodiments of the present disclosure provide capped or topped
targets, such as conical or pyramidal targets having a top extending horizontally
from the apex of the conical or pyramidal target. The tops can have various shapes,
including square, circular, rectangular, parallelogram, hexagonal, pentagonal,
elliptical, cross shaped, or an arbitrary shape. In some implementations, the cap is
made of a single metal. In further embodiments, the cap includes multiple metals.
The metals can have the same or different shapes or thicknesses. In one particular
example, the cap includes concentric circles of various metals. In a further example,
the cap includes a first metal layer covered with a polka dot pattern of a second
metal. In some configurations the cap is hollow while in other configurations the
cap is solid.

[21] In some implementations, the target is attached to a base piece by a support
structure. In a particular ‘example, the support sfrucfure isa ilc;rizontal extension of a
cap portion. In more particular examples, openings are formed in the support arm.
Attachment to a base piece can allow for easier manipulation of the target.

[22] Capped targets can provide a number of advantages, including a larger or
more regular surface area, which may allow resulting plasma or other emissions to
be characterized or allow more energy to be produced. The ability to use different
metals, in the base and cap or either the base or cap, can aid in tailoring the type of
energy emitted from the target.

[23] The present disclosure provides methods for fabricating capped targets.
According to a disclosed method, a film of mask material, such as silicon dioxide, is
deposited on both sides of a silicon wafer. An aperture is etched into the backside of
the wafer. Standard photolithography techniques are used to create a target opening
of a suitable size and shape for the cap of the target. One or more metal layers, or
other target material, are then deposited in the target opening. Extraneous metal can

be removed, such as by using standard lift-off techniques.
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[24] Apertures flanking the metal layers are created wusing standard
photolithography techniques. The etch process is stopped short such that a target
base, such as a conical or pyramidal target, is left supporting the metal cap. A layer
of metal, or mask material, is then deposited on the front side of the wafer and the
rear side of the wafer etched to remove silicon from the inside of the target base. If
desired, the front side mask material can then be removed.

[25] The disclosed methods can allow targets to be fabricated more cheaply,
easily, consistently, or controllably than prior methods. Particular methods can
allow targets to be mass fabricated. In a particular example, arrays of targets can be
fabricated. The availability of greater numbers of targets, or greater varieties of
targets, can allow the targets to be used in new applications, as well as potentially
increasing the quality or quantity of data obtainable from experiments using the
targets.

[26] The sharp, often submicron, dimensions of the inside apex or tip of the
conical, pyramid, hemispherical, or otherwise hollow metal targets can significantly
enhance the brightness for emitted radiation, such as x-rays, and» the amount of
particles p'roduéed.“ When the laser light geté 'focused, aftér ;the fdcusing optic, it can
be further focused by the inner surface of the disclosed targets. In some cases, such
focusing produces more energy or may allow pointing requirements for the laser to
be relaxed.

[27] There are additional features and advantages of the subject matter described
herein. They will become apparent as this specification proceeds.

[28] In this regard, it is to be understood that this is a brief summary of varying
aspects of the subject matter described herein. The various features described in this
section and below for various embodiments may be used in combination or
separately. Any particular embodiment need not provide all features noted above,

nor solve all problems or address all issues in the prior art noted above.
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[29] BRIEF DESCRIPTION OF THE DRAWINGS

[30] Various embodiments are shown and described in connection with the
following drawings in which:

[31] FIGS. 1A through 1I are cross sectional diagrams illustrating a process for
forming targets according to variations of a first aspect of the present disclosure.

[32] FIGS. 2A through 2H are cross sectional diagrams depicting a process for
forming targets according to variations of a second aspect of the present disclosure.
[33] FIG. 3 is an illustrative mask layout for a photomask that may be used in
etching the front side of the wafer in the process of FIGS. 2A through 2H.

[34] FIG. 4 is an illustrative mask layout for a photomask that may be used in
etching the back side of the wafer in the process of FIGS. 2A through 2H.

[35] FIGS. 5A through 5D are schematic representations of an etching progress
that can be used to create a pyramidal void.

[36] FIGS. 6A through 6F are cross sectional diagrams illustrating a process for
forming targets according to another aspect of the present disclosure.

[371 FIG. 7 is an illustrative mask layout for a photomask that may be used in
etching the back side of the wafer in the process of FIGS. 6A through 6F.

[38] FIGS. 8A through 8I are cross sectional diagrams illustrating a process for
forming hemispherical targets according to the present disclosure.

[39] FIGS. 9A and 9B are, respectively, front side and backside masks that can be
used in the process of FIGS. 8A through 8I.

[40] FIG. 10 is an electron micrograph of a flat topped target according to the
present disclosure.

[41] FIGS. 11A through 11G are cross sectional diagrams illustrating a process
for forming the flat topped target of FIG. 10.

[42]  FIGS. 12A through 12D illustrate various types of caps or tops that may be
used in capped targets according to the present disclosure.

[43] FIG. 13 is a top plan view of an embodiment of a capped target according to

the present disclosure that is linked by a structural connection to a base piece.
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[44] DETAILED DESCRIPTION

[45] Unless otherwise explained, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art
to which this disclosure belongs. In case of conflict, the present specification,
including explanations of terms, will control. The singular terms “a,” “an,” and
“the” include plural referents unless context clearly indicates otherwise. Similarly,

3

the word “or” is intended to include “and” unless the context clearly indicates
otherwise. The term “comprising” means “including;” hence, “comprising A or B”
means including A or B, as well as A and B together. Although methods and
materials similar or equivalent to those described herein can be used in the practice
or testing of the present disclosure, suitable methods and materials are described
herein. The disclosed materials, methods, and examples are illustrative only and not

intended to be limiting.

[46] Conical and Pyramidal Targets

[47] Referring first to FIGS. 1A thfoﬁgh 1L,A cross sectional diagrafns éhow the
progressive processing for forming targets according to variations of a first aspect of
the present disclosure.

[48] Referring now to FIG. 1A, the submicron-tip pyramid-shaped target is
formed on a silicon wafer 10, such as a wafer 10 having a <100> crystal orientation.
In a particular example, the wafer 10 is about 525 um thick. First, both the front
side 12 and back side 14 of the wafer 10 are blanket coated with about 1000
angstroms of silicon nitride 16 and 18, respectively, using standard semiconductor
processing techniques. The silicon nitride layer is double polished and then about
1.6 um of photoresist 19, such as Shipley 3612, is deposited on the front side silicon
nitride layer 16. In a particular example, the wafer 10 is primed with
Hexamethyldisilazane (HMDS) before applying the photoresist. The wafer 10 is
then soft baked at 90°C. Although a silicon nitride mask material is described, other
mask materials, such as silicon dioxide, may be used if desired.

[49] Referring now to FIG. 1B, the front side 12 of the wafer 10 is patterned
using conventional photolithography techniques, such as by exposing the wafer 10

7
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to the desired mask pattern for a suitable period of time, such as about 1.7 seconds.
In some examples, the wafer 10 is developed using LDD26W (available from
Shipley Co.) developer and a 110°C postbake. The silicon nitride is etched using
standard semiconductor processing techniques, such as using a RIE (reactive ion
etch) dry etch for 4 minutes, to clear the target window 20 and release-tab windows
22. In a particular example, the etch rate is about 300 A/m. In a particular example,
the RIE employs a mixture of SF¢ and O,. Remaining photoresist can be stripped by
a suitable process, such as a standard O, etch. FIG. 1B shows the structure resulting
after these processing steps have been performed.
[50] Referring now to FIG. 1C, the target window 20 and the release-tab windows
22 are etched to a depth of just over about 400 microns to form a pyramid-shaped
target depression 24 using silicon nitride layer 12 as a mask. For a square target
window measuring about 500 microns on a side, a nominal etch time of about 5
hours in KOH with a 1 hour over-etch time is used. In a particular example, the etch
is performed at about 90°C. The object is to etch until the crystal planes in the target
window 20 intersect or converge. The etch process is continued until substantially
" all of <100> plane has been etched aWay (see FIGS. 4A fﬁrough 4D, particularly
FIG. 4D), resulting in the intersection at a point of the planes comprising the
pyramidal surfaces of the completed etch pit in order to achieve submicron tip
resolution in the target window 20. With a 500 micron wide target window 20, the
completed etch depth will be about 400 microns. The angle of the pyramidal void
formed will be about 70.6° using this etch process. Slower etch rates typically yield
smoother sidewalls. Appropriate KOH decontamination procedures are performed
as is known in the art, such as treatment with 5:1:1 H,O:H,0,:HCI. Organics can be
stripped using suitable techniques, such as treatment with 9:1 H,SO4:H,0,. FIG. 1C
shows the structure resulting after these processing steps have been performed.
[51] Appropriate selection of etch conditions can be used to control the shape of
the target window 20. For example, while KOH produces pyramidal targets having
a target pyramidal angle of 70.6°, adding a nonionic surfactant to TMAH (Tetra
Methyl Ammonium Hydroxide) and using {110} silicon, conical windows 20, with

a cone angle of 90°, can be formed.
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[52] Referring now to FIG. 1D, the back side 14 of the wafer 10 is patterned using
conventional photolithography techniques, such as being spun with Shipley 3612 or
Shipley 220 photoresist and exposed and developed using a suitable backside mask.
In a particular example, the backside 14 is coated with about 4 pm of photoresist
after a HMDS prime and then the wafer is soft baked at 90°C. In a further example,
the backside 14 is exposed with the mask for about 4.5 seconds, developed with
LDD26W developer, and not postbaked. The silicon nitride layer 18 on the back
side of wafer 10 is etched using standard silicon nitride etching techniques, such as
the RIE process for 4 minutes, to clear the back side etch windows 26. In another
example, the nitride etching process is performed in about 2.5 minutes. FIG. 1D
shows the structure resulting after these processing steps have been performed.

[53] Referring now to FIG. 1E, the back side 18 of the silicon wafer 10 is etched
in an anisotropic dry etching process using silicon nitride layer 18 as a mask. In a
particuiar example, an STS dry etch is used (Surface Technology Systems, plc. of
Newport, UK). About 80-90 microns of material is removed. The etching process is
stopped short of exposing the tips of the target depressions. In a particular example,
‘the STS etch is performed over a period of about 25 minutes. Photoresist and
organics can then be stripped, such as by using 9:1 H,SO4:H,0,. FIG. 1E shows the
structure resulting after these processing steps have been performed.

[54] Next, depending on whether or not a submicron tip is needed, the processing
shown in either FIG. 1F or 1G is performed. If a submicron tip is not desired, the
processes of FIG. 1F are performed.

[55] Referring now to FIG. 1F, an adhesion layer 28 is blanket deposited on the
front side of the wafer 10 using, for example, e-beam evaporation and thermal
evaporation or sputtering. A metal such as Ti is satisfactory for use as the adhesion
layer. Other materials may be used depending on their compatibility with the metal
layer that is to be used to form the target. A thickness of about 100 angstroms has
been found to be satisfactory for the adhesion layer.

[56] Next, a layer of a target material 30 is blanket deposited over the adhesion
layer 28 using e-beam or thermal evaporation, sputtering or electroplating
techniques. This layer may be from about 8 to about 10 microns in thickness, in
particular examples. In further implementations, the layer is at least about 8 microns

9
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thick. A thickness of 1.7 microns has been found to be satisfactory. FIG. 1F shows
the structure resulting after the adhesion layer 28 and the 10-micron thick target-
material layer 30 have been deposited. If a 10-micron thick layer of target material
is deposited, the target material may form a meniscus at the bottom of the pyramid-
shaped target depression 24, which may cause the tip not to have submicron
dimensions, although the target formed may still be useful for certain applications.
[57]  The target material may be any material that is suitable for use as a target in
the procedure that will employ the target of the present disclosure. Materials
including metals such as Au are suitable materials, although other metals and other
known target materials may be employed. The target material may be deposited
using known methods suitable for forming such target materials such as CVD,
LPCVD, evaporation, sputtering, electroplating and other known materials
processing methods. Persons of ordinary skill in the art will appreciate that,
depending on the composition of the target material and the degree of its adhesion to
the substrate material, the adhesion layer 28 may not be necessary.

[58] Ifitis desired to form a submicron tip, the processing shown in FIG. 1G is
performed.” Referring now to FIG. 1G, an adhesion Alkéyer 28 is blanket cielgééited on
the front side of the wafer 10 using, for example, e-beam evaporation. This is the
same adhesion layer that would have been formed if the processing indicated in FIG.
1F had been performed. A thickness of about 100 angstroms has been found to be
satisfactory for this layer. Next, a layer of target material 32 is blanket deposited
over the adhesion layer 28 using e-beam and thermal evaporation or sputtering
techniques. However, unlike the processing illustrated with reference to FIG. 1F,
the thickness of the target-material layer 32 may be from about 1.5 microns to about
2 microns. A thickness of 1.7 microns has been found to be satisfactory. FIG. 1G
shows the structure resulting after the adhesion layer 28 and the 1.5 to 2 micron
target-material layer 32 have been deposited.

[59] Referring now to FIG. 1H, the back side 18 of wafer 10 is etched using a
suitable etchant (such as KOH at 90°C) to expose the target-material layer 30, now a
freestanding pyramid, and the wafer 10 is suitably decontaminated. The target-
material layer 30 acts as an etch stop and, depending on its composition, the
adhesion layer may be removed by the etchant. In the case of Ti adhesion layer and

10
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Au target material, KOH will perform well. Care should typically be taken to ensure
that the wafer 10 is not over-etched, as this can cause the target to release from the
wafer 10. In a particular example, the KOH etch is performed for about 100
minutes, such as to etch about 150 um. Similarly, care should be used in performing
KOH decontamination steps (such as using 5:1:1 H,O:H,0,:HC]) to avoid release of
the targets.

[60] Referring now to FIG. 11, a layer of target material 34 is deposited on the
back side of the wafer. This layer 34 may be about 8-10 microns thick, in particular
examples. An adhesion layer, such as a Ti adhesion layer, may be used if desired.
The processing steps referred to with respect to FIG. 11 are not performed if the
processing steps referred to with reference to FIG. 1F are performed, since a thicker
layer of target material that is capable of free standing by itself is already present in
the structure.

[61] According to one variation of the present disclosure illustrated with reference
to FIG. 1J, a multiple-metal target may be formed. According to this embodiment of
the disclosure, instead of depositing a single layer 34 of target material as shown in
FIG. 11, a thin film 36 (e.g., having a thickness in the fangé of between about 0.1 pm
up to 10pm, such as from 0.5um to 2pum) of a target material such as a metal is first
coated onto the exposed Ti surface 28. In particular examples, evaporation is used
as the deposition method since evaporation will line-of-sight deposit the material,
focusing the deposition at the apex. In further examples, the metal is coated using
sputtering or electroplating. Next, a layer 38 of Au is deposited on the back side of
the wafer over layer 34 to a thickness of about, for example, 10 microns. FIG. 1J
shows the structure resulting after the Au layer 38 has been deposited.

[62] According to another variation of the present disclosure, the submicron-tip
pyramid-shaped target of the present disclosure may be formed in a process that
employs a sacrificial layer for use in forming the target. This aspect of the present
disclosure employs the process as illustrated in FIGS. 1A through 1E to the point
where the back side 18 of the silicon wafer 10 has been etched, stopping short of
exposing the tips of the target depressions. Then, as illustrated in FIG. 1K, a
sacrificial layer 40 of a material such as silicon nitride, polysilicon, Mo, Ni, Pd, Pt,
Cu or Ag, or other material that will withstand the subsequent etch back step, is

11
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deposited on the front side of the wafer and into the target depressions. In a
particular example, the sacrificial layer is a 2 um layer of silicon nitride.
[63] The back side of the wafer is then further isotropically etched to expose the
lower surface of the sacrificial material serving as the freestanding pyramid mold.
In a particular example, a KOH wet etch is used and the wafer suitably
decontaminated after the etching step.
[64] FIG. 1K shows the structure resulting after the back side of the sacrificial
layer has been exposed by the etching step. The sacrificial layer can be
preferentially etched away thereby leaving layer 42 as the only freestanding metal
structure.
[65] A different metal than the desired device metal can be used to act as the
sacrificial freestanding mold and then later removed. Mo, Ni, Pd, Pt, Cu, Ag or
highly doped silicon will work, as they are all impervious to the KOH solution and
may be selectively etched away later on in the process. Once the sacrificial mold is
freestanding, the desired metal can be deposited to the backside of the sacrificial
freestanding mold. In the case of Ni as the sacrificial mold and Au as the desired
device material; the Ni will etch aw)ay‘ in a standard wet etch -kriown in the art as
Piranha etch and it will not affect the gold (all metals described above as the
sacrificial mold will etch in Piranha solution, but gold will not). What is left will be
a freestanding gold device that has even a sharper inside apex, as no apex resolution
is lost because all of the metal from the inside deposition that collected at the tip of
the silicon mold will be removed.
[66] In this process, the freestanding metal structure can be used as the temporary
freestanding mold and then later removed, allowing only ‘the metal that was
deposited to the backside remain as the freestanding device. This process can
provide a number of advantages. The process can allow sharper inside apexes to be
formed and can result in targets which are less expensive to manufacture.
[67] Next, as illustrated in FIG. 1L, a layer 42 of desired target material is then
deposited, such as by sputtering or evaporation. This material may be, for example,
a layer of Au having a thickness of about 10 microns, or a layer of another target
material. The sacrificial layer is then removed using an etching process that
differentiates between the target material layer 42 and the sacrificial layer 40. FIG.
12
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1L shows the structure resulting after the sacrificial layer has been removed, leaving
the free-standing pyramidal target.

[68] Referring now to FIGS. 2A through 21, another aspect of the present
disclosure is illustrated. Referring now to FIG. 2A, a silicon wafer 80 has its front
side 84 and back side 86 covered with deposited silicon nitride layers 86 and 88,
respectively. A layer of photoresist 90 is formed and patterned on the front side 82
of the wafer 80 to form an aperture 92. The portion of silicon nitride layer 86 in
aperture 92 is etched away to expose the front side 82 of wafer 80 as shown in FIG.
2A. The photoresist layer 90 is then stripped using conventional processing
techniques.

[69] Referring now to FIG. 2B, another layer of photoresist 94 is applied to the
front side 82 of wafer 80 and patterned to form aperture 96 within the region from
which the front side silicon nitride layer 86 has been removed. FIG. 2B shows the
structure resulting after these processing steps have been performed.

[70]  Referring now to FIG. 2C, a metal layer 98 is deposited on the front surface
of the wafer, both over photoresist layer 94 and over the exposed portion of the front
side 82 of wafer 80 in aperture 96. About 3,000 angstroms of | gold has been found
to be satisfactory for this purpose although persons of ordinary skill in the art will
appreciate that other metals and other thicknesses will also function for this layer.
FIG. 2C shows the structure resulting after metal layer 98 has been deposited.

[71]  Referring now to FIG. 2D, a standard metal liftoff procedure is performed to
remove the unnecessary metal above the photoresist layer 94 as well as the
photoresist layer 94, leaving the portion of gold layer 96 and silicon nitride layer 84
deposited on the front surface 82 of wafer 80. FIG. 2D shows the structure resulting
after the unnecessary portions of metal layer 98 and all of the photoresist layer 94
has been removed.

[72]  Referring now to FIG. 2E, a DRIE anisotropic silicon etch is performed,
using a process such as the Bosch process in an STS etcher. As will be appreciated
by persons of ordinary skill in the art, the Bosch process is a dry etch performed
with the sidewalls passivated with a polymer from the dry etch chemistry, which
allows deep, highly anisotropic etching (e.g., at ratios such as 150:1) into the surface
of the silicon. This etch may be performed to a depth of 150 um to 250 um, such as
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to about 200 pm, with a width of the metal layer 98 of 250 microns to 350 um, such
as to about 300 pm. FIG. 2E shows the structure resulting after the anisotropic
etching step has been performed, including the voids 100 formed by removing
portions of the wafer.
[73] Referring now to FIG. 2F, the tip 102 of the target to be formed is defined
using an anisotropic wet or dry isotropic silicon etching technique. The etching
process will undercut the region of the silicon wafer underlying metal layer 98,
causing the tops of the sidewall edges to form a submicron featured point 102 as
they meet from opposite sides as shown in FIG. 2F. Metal layer 98 will be removed
as a result of this etching process.
[74] Referring now to FIG. 2G, a metal layer 104 is formed over the exposed
front surface 82 of the wafer 80. In one embodiment of the disclosure, the metal
layer 104 is a layer of Au formed to a thickness of about 1.7 pm. Next a layer 106
of another metal, such as Ti, Cu, or Ag, is formed to a thickness from 100 nm to 8
pum. Finally, another Au layer 108 may be formed to a thickness of about 1um. The
thicknesses of layers 104, 106, and 108 are not critical. o
"[75]1 Referring now to FIG. 2H, a photomask layer 110 is formed over the back
side 84 of wafer 80 and exposed to form aperture 112 aligned with the tip of the
metal layer. An anisotropic silicon etching process is performed to remove all of the
silicon material disposed below metal layer 104 in the aperture 100. The masking
layer 110 is then removed.
[76] Referring now to FIG. 3, a typical mask 120 for use in processing the front
side 12 of the wafer 10 is shown. This mask is used in the process of FIG. 1B. This
mask has a central aperture 122 for the target and four release windows 124 at the
periphery. The central aperture 122 is used to form target window 20 shown in FIG.
1B. The release windows 124 allow individual ones of the freestanding pyramid-
shaped targets to be separated from each other after the completion of processing
and are used to form release-tab windows 22 shown in FIG. 1B.
[77] Referring now to FIG. 4, a typical mask 130 for use in processing the back
side 12 of the wafer 10 is shown. This mask is used in the etching process described
with reference to FIG. 1E. This mask has a first aperture 132 for the target and four
release windows 134 at the periphery. The first aperture 132 is used to define
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support members that will be formed in locations 134 to form a frame for the free-
standing target. The release windows 136 allow individual ones of the free-standing
pyramid-shaped targets to be separated from each other after the completion of
processing and are used to form etch windows that will join the etched voids defined
by release-tab windows 22 shown in FIG. 1B.

[78] Referring now to FIGS. 5A through 5D, schematic representations of the
etching progress to form a pyramidal void through target aperture 20 are shown.
First, at FIG. 5A, an under-etch condition is shown in which a portion of the <100>
plane 140 can still be seen. Next at FIGS. 5B, and 5C the portion 140 of the <100>
that remains becomes progressively smaller. Figure 5B has utility in that by
purposely extending the plane of 140 more of a trough shaped target is obtained
which may be of interest. Finally, FIG. 5D shows an ideal etch-progress condition
in which the etch has proceeded to such an extent that the <100> plane has been
etched away, resulting in the perfect intersection at a point of the planes comprising
the pyramidal surfaces of the completed etch pit.

[79] Referring now to FIGS. 6A through 6F, cross sectional diagrams show the
progressive processing for forming targets acédrdiﬁg to another .aspect of ;[he present
disclosure.

[80]  First, as shown in FIG. 6A, the process begins with a double polished <100>
silicon substrate 150. A substrate of <110> silicon will work as well. A film 152 of
Si0,, then, optionally, a film of silicon nitride 154 is formed on the substrate 150
using standard LPCVD (Low Pressure Chemical Vapor Deposition) techniques. A
thickness of about 1,000 angstroms has been found to be suitable for these layers
152 and 154, although other thicknesses could be employed. For example, an
alternative embodiment employs a silicon dioxide mask of at least about 4 pm. FIG.
6A shows the structure resulting after these processing steps have been performed.
[81] Referring now to FIG. 6B, a cross-shaped opening with a circular plug in the
center (see FIG. 7) is patterned on the surface of the silicon nitride layer 154 using
standard photolithography techniques. A dimension of about 1 mm on all sides has
been found to work well for a 5 mm x 5 mm die size with a circular feature having a
diameter of about 400 um. Standard etching techniques such as a nitride/oxide dry
etch techniques are then performed to clear the SiO, and silicon nitride layers 152
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and 154 from the large cross-shaped window 156 down to the silicon substrate 150,
leaving the circular plug 158 in the center. FIG. 6B shows the structure resulting
after these processing steps have been performed.

[82] Referring now to FIG. 6C, a square opening 160 (having, for example, a
dimension of about 400 pm per side) is patterned on the backside of the silicon
wafer 150 using standard photolithography techniques. Then standard etching
techniques, such as nitride/oxide dry etch techniques, may be performed to remove
the SiO, and silicon nitride layers 152 and 154 to clear the window. This window
provides the opening when etching back the remaining silicon mold to create a free-
standing device. FIG. 6C shows the structure resulting after these processing steps
have been performed.

[83] Referring now to FIG. 6D, an etching process such as an isotropic dry etch is
performed until all sides converge at the tip making an outer cone or pointed silicon
mold. The isotropic etch will allow undercutting along all sides of the circle,
eventually forcing all sides to converge to a point 162 and forming a cone or pointed
mold 164. A depth of greater than about 400 um is typically used. A perfect
isotropic etch will have the same etch rate in the vertical direction as the horizontal
direction (ratio: 1:1). One suitable dry etch chemistry is XeF,. A suitable etcher
with etch rates of up to 10 um/min is available from Xactix, Inc., of Pittsburgh, PA.
In further embodiments, the etch is performed using an STS etcher and eliminating
the passivation step. FIG. 6D shows the structure resulting after these processing
steps have been performed.

[84] After the cone or pointed mold is defined, standard oxide sharpening
techniques such as oxide enhanced sharpening may be performed to create a sharper
tip. In a particular example, the tip sharpening technique involves dry thermal
oxidation (for example, at about 1000°C for about an hour), such as to add about
1500 A of silicon dioxide, followed by a HF etch. This process can be repeated, as
desired, to achieve a particular tip sharpness or sidewall roughness.

[85]  Referring now to FIG. 6E, a layer 166 of the desired target metal is deposited
to a desired thickness on top of the silicon cone or pointed mold 164. The thickness
of metal layer 166 is typically greater than about 1.5 pm if a freestanding metal
target is desired. In particular examples, 10 um of a metal such as gold or the other
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materials disclosed herein are deposited. FIG. 6E shows the structure resulting after
these processing steps have been performed.

[86] Referring now to FIG. 6F an etch back process is performed on the back side
of the substrate 150 to eliminate the silicon mold 164 to create a free-standing metal
structure 168. This can be done using a wet or dry etch. The SiO, layer is used as
the preferred masking layer for the XeF, dry etch and the Silicon Nitride layer is the
preferred masking layer when performing the wet etch. If a wet etch is not used for
the etch back step, then silicon nitride layer 164 is not necessary and may be skipped
during the steps shown in FIGS. 6A-C.

[87] In further embodiments, the backside of the silicon wafer is etched prior to
applying the front side mask.

[88] FIG. 7 is an illustrative mask layout for a photomask 170 that may be used in
etching the back side of the wafer to form the target shown in FIGS. 6A through 6F.
Circular portion 172 is used to form circular plug 158. A cross-shaped aperture 174

is defined by four corner features 176.

"[89] Hemispherical Targets

[90] Certain embodiments of the present disclosure provide hemispherical laser
targets. The following discussion provides an example of how such targets may be
fabricated. Additional construction details, including parameters for varying the
diameter and radius of curvature of the target, can be found in Fletcher et al.,
“Microfabricated Silicon Solid Immersion Lens,” J. Microelectromechanical Sys.
10(3), 450-459 (September, 2001), and Strzelecka, “Monolithic Integration of
VCSELs and Detector with Refractive Microlenses for Optical Interconnects™
(1997) (Ph.D. Dissertation on file with the UC Santa Barbara Library), both
expressly incorporated by reference herein. As shown in FIG 8A, a silicon wafer
210 is coated on both front side 206 and the backside 208 with a layer of silicon
nitride 216. The silicon wafer 210 is spun, exposed, and developed with a coating,
such as a 7 pm or 1.6 um thick coating, of photoresist 218, such as Shipley 3612 or
220 photoresist. In particular examples, the silicon wafer 210 is first primed with
HMDS and softbaked at 90°C after the photoresist has been applied.
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[91] A suitable backside mask is created and standard photolithographic
techniques are used to create a central aperture 220 and two flanking alignment
marker apertures 222, shown in FIG. 8B. For example, wafer 210 can be exposed to
the mask twice for about 3.75 seconds for each exposure. In some examples, the
wafer 210 is developed with LDD26W and then postbaked at about 110°C. The
apertures 220, 222 are created, in some examples, by etching the nitride layer using
a RIE process, such as for about 9 minutes, followed by an STS etch for about 2
hours at an etch rate of about 1.8 pm/minute, such as about 1 um/minute or less. In
at least certain examples, the entire wafer 210 is exposed, such as for about 15
minutes, prior to the STS etch. In a particular example, the apertures 220, 222 are
etched to a depth of about 420 pm.

[92] With reference now to FIG. 8C, the backside photoresist 218 and any
organics are stripped, such as using 9:1 H;SO4:H,0, for about 20 minutes, and the
front side 206 of the silicon wafer 210 is spun and exposed with photoresist 226,
such as a 10 pm coating of PMGI photoresist (available from MicroChem, Corp. of
Newton, MA) or a 7 um coating of Shipley 3612 (which may be preceded by a
HMDS prime and followed by a postbake at 90°C). In a particﬁlar e>-<ample, the
silicon nitride on the front side 206 is first removed, such as by using a RIE etch for
about 20 minutes. The front side 206 of the wafer 210 is exposed with a suitable
front side mask to create a central target 228, flanking apertures 230, and frame
sides 234. For example, the front side mask may be exposed twice at about 3.6
seconds per exposure. In a particular example, each target 222 is surrounded by four
frame sides 226. The frame sides 226 have a relatively large surface area compared
to the target 222 and can be used to protect the target 222.

[93] The front side 206 of the wafer 210 is developed, as illustrated in FIG. 8D,
and etched, illustrated in FIG. 8E. In a particular example, the front side 206 is
etched using a dry etch process, such as a RIE reactive ion etching (REI) process, to
etch approximately 1 pm of the wafer 210. An example of suitable etching
conditions is a 20 minute etch at an etch rate of about 3000 A/minute for silicon and
about 300 A/minute for photoresist.

[94] Next, the wafer 210 is treated with an acetone reflow step, creating
hemispherical domes 240 over the target 228 and the frame sides 234, shown in FIG.
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8F. The front side 206 is then dry etched, such as with a 1:1 Si:photoresist etch ratio
until the photoresist has been removed. In a particular example, an etch of about 20
pm is sufficient to remove the photoresist. As shown in FIG. 8G, both the frames
234 and the target 228 are left with hemispherical domes 244. The target dome 228
is shorter than the frame domes 234, due to the greater surface area of the frames
234. Thus, the target dome 228 is protected by the taller frame domes 234. In some
examples, the wafer 210 is then hardbaked, such as at about 90°C for about one
hour. In a further method, the front side 206 is not etched following the acetone
reflow, and instead the remaining resist is hardened and metal is formed on the
domes 240 using any suitable technique.

[951 Now that the target mold 228 has been formed, one or more metal layers 250
can be formed on the front side 206 using any suitable technique, such as E-beam
evaporation or sputter coating. An adhesion layer, such as a Ti adhesion layer, can
be used if desired. In a particular example, 10 um of Au is deposited onto the front
side 206. In a more particular example, about 2 pm of Au/Ti is first applied using
E-beam evaporation and then an additional 8 um of Au is applied by sputtering. The
fesulting metal coated structure is shown in FIG. 8H. - -
[96] As shown in FIG. 81, the silicon underlying the target 222 can then be
removed by etching, such as using a KOH wet etch (such as 33% KOH for about
90°C for about 40 minutes), to create a freestanding target 222 defining a cavity 256.
[97] FIGS. 9A and 9B illustrate front side 310 and backside 320 masks that can
be used in the above described process. The front side mask 310 includes square
frame masks 312, rectangular alignment masks 314 vertically and horizontally
disposed between each of the square frame masks 312, and a central circular target
mask 316. The backside mask 320 includes rectangular frame masks 324 and a

central circular target mask 328.

[98] Flat-Top Targets

[99] In some embodiments, it may be useful to provide a relatively large surface
area to which a laser is directed. The surface area can act as a proton or ion source.
In addition, the larger surface can be more uniform than a narrow point, which can

allow a generated plasma to be more fully characterized.
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[100] FIG. 10 illustrates a disclosed laser target 400 having a conical section 410
and a circular flat top 420. The dimensions of the conical section 410 and flat top
420 can be varied as desired. In some examples, the conical section 410 has a
diameter of at least about 150 um. The conical section 410 has a diameter of about
300 um in a specific example. The flat top 420, in particular examples, has
dimensions that are proportional to the base of the conical section 410. The flat top
420 can be of various shapes, including square, rectangular, triangular, trapezoidal,
parallelogram, pentagon, hexagon, cross, circular, elliptical, or free form or arbitrary
shapes and can be hollow or solid. Although section 410 is shown as conical, other
shapes can also be used.

[101] The conical section 410 and the flat top 420 can be made of the same or
different materials, including metals such as Au, Al, Cu, Mo. The flat top 420, in
some examples, is made of a single material. In further examples, the flat top 420 is
made of multiple materials. For example, in a specific example, the flat top includes
amiddle Al layer sandwiched by Au layers.

[102] FIGS. 11A-11G illustrate a process for creating a capped target, such as";he’ i
target 400 of FIG. 10. As shown in FIG. 11A, standard deﬁoéiﬁdﬁ »feéhnici-ﬁ»es,r such
as thermal oxide deposition or low pressure chemical vapor deposition (LPCVD) are
used to deposit a film of silicon dioxide 510 on the front side 514 and backside 516
of a double polished silicon substrate 508. In a particular example, at least about 3
um, such as at least about 4 um, of silicon dioxide 510 is deposited. The silicon
wafer substrate 508 can be of any desired crystallography, such as a <100> wafer.
In further implementations, the mask material is changed from silicon dioxide to
other materials, such as nitrides or metals.

[103] As shown in FIG. 11B, standard photolithography techniques are used to
pattern a desired shape, such as a circle or square, in the backside 516 of the wafer
508. In a particular example, 4 pm of Shipley 220 photoresist is applied after a
HMDS prime. The wafer 508 is then softbaked at 90°C, exposed with the mask for
about 4.4 seconds, developed with LDD26W developer, and postbaked at about
110°C.

[104] A deep anisotropic etch is performed to create an opening 520 approximately
halfway into the wafer 508, such as by using a plasma etch at about 3000 A/minute
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and then an STS etch at about 2 pm/minute. This deeply etched aperture 520 can
help the release of the final target.

[105] Standard photolithography techniques are used, as shown in FIG. 11C, to
create the desired size and shape of the flat foil, or flat top 420 (FIG. 10). For
example, the front side 514 can be coated with a layer of photoresist 524, developed,
and etched to create an opening 526. For example, about 12 pm of SPR 220
photoresist can be applied after an HMDS prime, and then the wafer postbaked at
90°C, cured for 4 hours, and then exposed to the mask for 4 iterations of 3.3 seconds
each. The wafer 508 can then be developed using LDD26W developer and then
postbaked at about 110°C.

[106] The opening 526 is created, in some examples, using a plasma etch, such as a
4 pm etch at about 3000 A/minute. In at least certain examples, the outer mask is
proportional to the base of the material that will become the conical section 410.
The outer mask allows the dimensions of the conical section 410 to be controlled

independently from the dimensions of the flat foil 320.

[107] One or more metals layers 530, such as layers Au or Al, can be deposited

into the flat. * The layers 530 may have the same or different shapes, size, or
thickness. In a particular example, the flat top is a circular plug of Al. Standard lift
off techniques are then used to remove extraneous metal. FIG. 11D illustrates the
wafer 508 after the lift off technique has been applied and a layer of photoresist 536
has been applied and exposed to create apertures 538 flanking the metal layer 540.
[108] FIG. 11E shows the wafer after a deep isotropic dry etch has been performed,
such as by disabling the passivation step of a standard Bosch process (using little to
no CHF3), such as at about 2 pm/minute. The etch process is stopped short to avoid
completely etching away the end cap and creates cavities 544 flanking a cone
structure 548 supporting a flat surface 550 on which the metal layer 540, silicon
dioxide layer 510, and photoresist layer 536 rest.

[109] The remaining photoresist 536 is removed, such as with acetone or 9:1
H>804:H;0;. The remaining mask material 510 is then removed, such as with a dry
etch, such as an O, dry etch. As shown in FIG. 11F, an hour-glass mold 548 of
silicon is left with a metal top 540. A layer 558 of one or more desired target
metals, or other target materials, such as Au, is then deposited, such as by sputtering.
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In a particular example, 10 pm of Au is sputtered onto the mold 548. An adhesion
layer, such as Ti, may be used if desired.
[110] Finally, as illustrated in FIG. 11G, the silicon is etched out of the cone
structure 560, such as by using a KOH etch (for example, 33% KOH at about 100°C
for about 3 to 4 hours) through the opening 520 in the backside 516 of the wafer
508. In at least certain examples, the wafer 508 is over-etched to completely remove
silicon from the cone structure 560. The wafer 508 can then be KOH
decontaminated and stripped of organics, such as by treatment with 5:1:1
H,0:H;0.:HC1 and 9:1 H,SO4:H>0, for about 20 minutes each at about 70°C and
about 120°C, respectively.
[1111 Although FIG. 10 illustrates a flat foil 420 that encapsulates mask material,
other types of top structures can be implemented using the disclosed techniques. A
number of such structures are shown in FIGS. 12A — 12D. FIG. 12A illustrates a
top according the procedure described with respect to FIGS. 11A-G having an
encapsulated material. The top shown in FIG. 12B includes a hollow top, the mask
material having been removed, such as through a backside etch process. FIG. 12C
“illustrates a top formed by etching a pdrﬁoh of the mask -nia{ei‘iai Aplzior 4tlo
encapsulating the target. This process results in a smaller top since a smaller amount
of material is capsulated. This smaller top can be hollowed in a manner similar to
that for FIG. 12B. FIG. 12D illustrates an embodiment where multiple materials are
encapsulated. In some embodiments, the additional material serves as an etch mask.
In further embodiments, the additional material is left after the etch mask is
removed.
[112] FIG. 13 illustrates a top plan view of a further embodiment of a target 600
having a top 610. The top 610 has a horizontal structural connection 620 that
connects the target 600 to a base piece 630. The base piece 630 may aid in handling
and positioning the target 600. Holes 640 can be etched into the structural
connection 620 in order to minimize changes in the target 600 shape due to the
structural connection 620.
[113] The disclosed targets can provide a number of advantageous. For example,
the lithographic techniques used to produce the target may allow many targets to be

fabricated and fabricated with consistent properties. Accordingly, the present
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disclosure may allow targets to be constructed less expensively than using prior
techniques. Because of the potentially lower cost, or greater numbers of targets that
can be made, such methods may allow the targets to be used in more applications, as
well as potentially increasing the quality or quantity of data available from target
experiments. In further implementations, the targets can be fabricated with a
surrounding support that can help protect the target from damage and aid in handling
and positioning the target.

[114] In particular implementations, the disclosed targets can be manufactured
with a sharp or narrow tip, such as a tip of approximately the same width as the
wavelength of a laser to be used with the target. In particular examples, the width of
the target tip is about 1 pm or smaller. Such tips can result in enhanced energy
production. Similarly, the present disclosure can provide targets, and methods of
forming such targets, having approximately the same size as the spot size of a laser
used to shoot the target. Because of the closer size match between the laser and the
target, the target shape may be used to affect the results of the target-laser
interaction.

[115] Some aspects of the present.disciosure prox}ide free sténdingr targets. Free
standing targets may produce greater energy and allow for more accurate
characterization of resulting plasmas if a substrate does not interfere with the
interaction of the laser and target.

[116] Further aspects of the present disclosure provide hemispherical targets. The
hemispherical targets can be produced with known lens diameters and radius of
curvatures, which can aid in positing the targets and objects with respect to the
target. Control of the fabrication conditions allows the target characteristics to be
tailored to a particular application.

[117] Capped targets, such as cones capped with a flat top, are provided by some
embodiments of the present disclosure. The cap of such targets can provide a larger
surface for the laser to contact after being guided by the remainder of the target. The
larger surface may be used to produce more energy, or more or different types of
radiation. Adjusting the composition of the target or cap can allow a desired energy
profile to be obtained from the target. For example, the cap can be created with

multiple metals, which may have the same or different shape, size, or thickness. In
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some examples, the cap has concentrically arranged metal layers. In further
examples, the cap has a layer of metal on which another metal is patterned, such as
in a polka-dot pattern.

[118] It is to be understood that the above discussion provides a detailed
description of various embodiments. The above descriptions will enable those
skilled in the art to make many departures from the particular examples described
above to provide apparatuses constructed in accordance with the present disclosure.
The embodiments are illustrative, and not intended to limit the scope of the present
disclosure. The scope of the present disclosure is rather to be determined by the

scope of the claims as issued and equivalents thereto.
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What is claimed is:
1. A target comprising a metal layer and defining a hollow inner
surface, the hollow inner surface having an internal apex and a distance of less than

about 15 um between two opposing points of the internal apex.

2. The target of claim 1, wherein the distance is less than 10 pm.

3. The target of claim 1, wherein the distance is less than 5 pm.

4. The target of claim 1, wherein the distance is less than 1pm.

5. The target of claim 4, wherein the target is operatively connected to a

silicon support structure.

6. The target of claim 1, wherein the metal layer has a thicknessV of

between about 1 pm and about 20um.

7. The target of claim 1, wherein the metal layer has a thickness of at

least about 8 pm.

8. The target of claim 1, wherein the metal is selected from the group
consisting of Au, Ti, Cu, Mo, Ni, Pd, Pt, and Ag.

9. The target of claim 1, wherein the metal layer comprises a first metal
layer and a second metal layer.

10.  The target of claim 9, wherein the first metal layer comprises Au the
second metal layer comprises at least one metal selected from the group consisting

of Ti, Cu, Mo, Ni, Ta, W, Pd, Pt, and Ag.

11.  The target of claim 9, wherein the first and second metal layers are

adjacent.
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12. The target of claim 9, wherein the first and second metal layers are

separated by another layer.
13.  The target of claim 1, wherein the target is pyramid shaped.
14.  The target of claim 1, wherein the target is cone shaped.
15.  The target of claim 1, wherein the target is hemispherical.

16.  The target of claim 1, further comprising a cap coupled to an outer

surface opposite the apex.

17. The target of claim 16, wherein the cap is substantially planar and is

perpendicular to the apex.
18.  The target of claim 16, wherein the cap coinpfiéés a first metal.

19.  The target of claim 18, wherein the cap comprises a second metal, the

second metal being different than the first metal.

20.  The target of claim 16, wherein at least a portion of the cap is

operatively connected to a base piece.

21.  The target of claim 20, wherein the cap is operatively connected to

the base piece by a support arm.

22.  The target of claim 21, wherein an aperture is formed in the support

23.  The target of claim 1, wherein the target is operatively connected to a

silicon support structure.
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24.  The target of claim 1, wherein the target is formed by etching a

silicon wafer.
25.  An array comprising a plurality of the targets of claim 1.

26.  The array of claim 25, wherein the plurality of targets are operatively

connected to one another.

27.  The target of claim 1, wherein the target is at least substantially

freestanding.

28. A method for forming a free-standing hollow pointed metal laser
focusing target comprising:
forming an aperture in a front side of a masked silicon wafer;
etching the front side of the silicon wafer exposed in the aperture
" until the silicon crystal planes intersect to form a pyramidal void;
forming an adhesion layer on the surface of the pyramidal void;
forming a layer of the target material on the surface of the adhesion
layer;
etching the back side of the silicon wafer to expose a back surface of

the layer of the target material.
29.  The method of claim 28 wherein the target material is Au.

30.  The method of claim 29 wherein the target material is formed to a

thickness of at least 1.5 um.

31.  The method of claim 30 further comprising forming a second layer of

a target material over the back surface of the first layer of the target material.
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32.  The method of claim 31 wherein the second layer of target material is

selected from the group consisting of Au, Ti, Cu, Mo, Ni, Ta, W, Pd, Pt, and Ag.

33.  The method of claim 32 wherein the thickness of the two layers of

target material is greater than 8 pim.

34.  The method of Claim 33 wherein the internal apex of the hollow

pointed metal laser focusing target is less than 7 pm.

35.  The method of Claim 33 wherein the internal apex of the hollow

pointed metal laser focusing target is less than 5 pm.

36.  The method of Claim 33 wherein the internal apex of the hollow

pointed metal laser focusing target is less than 1 pm.

37.  The method of claim 35 further comprising forming a third layer of a

target material over the surface of the second layer of the target material.

38.  The method of claim 37 wherein the third layer of target material is
selected from the group consisting of Au, Ti, Cu, Mo, Ni, Ta, W, Pd, Pt, and Ag.

39.  The method of claim 38 wherein the thickness of the three layers of

target material is greater than 8 um.

40. A method for forming a free-standing cone or hollow pointed shaped

laser focusing target comprising:

forming an aperture in the front side of a masked silicon wafer, the
aperture having a central plug;

etching the front side of the silicon wafer exposed in the aperture
until a cone or pointed mold is formed under the plug;

forming a layer of a target material on the surface of the cone or
pointed mold;
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forming an aperture in the back side of the masked silicon wafer that
is concentric with the central plug and is larger than the central plug; and
etching the back side of the silicon wafer to expose a back surface of

the target material.

41.  The method of claim 40, wherein forming a layer of a target material

comprises forming a metal cone or hollow pointed metal structure.

42.  The method of claim 41, wherein the target metal is selected from the

group consisting of Au, Ti, Cu, Mo, Ni, Pd, Pt, and Ag.

43.  The method of claim 42, wherein the metal cone-shaped or hollow

pointed laser focusing target has an internal apex of less than 7 um.

44.  The method of claim 42, wheréin the metal cone-shaped or hollow

pointed laser focusing target has an internal apex of less than 5 pm.

45.  The method of claim 42, wherein the metal cone-shaped or hollow

pointed laser focusing target has an internal apex of less than 1 um.

46.  The method of claim 42, wherein the metal cone-shaped or hollow

pointed laser focusing target is formed to a thickness of from 1 pum to 20 pm.

47.  The method of claim 42, the metal cone-shaped or hollow pointed

laser focusing target is formed to a thickness of about 8 pm.

48. The method of claim 41, wherein the metal is Au and further
comprising forming at least one additional layer of metal on the surface of the Au

layer selected from the group consisting of Ti, Cu, Mo, Ni, Pt, Ta, W, Pd, and Ag.

49.  The method of claim 41, wherein the metal cone-shaped or hollow

pointed laser focusing target has an internal apex of less than 7 um.
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50.  The method of claim 41, wherein the metal cone-shaped or hollow

pointed laser focusing target has an internal apex of less than 5 pm.

51.  The method of claim 48, wherein the metal cone-shaped or hollow

pointed laser focusing target has an internal apex of less than 1 pm.

52.  The method of claim 48, wherein the metal cone-shaped or hollow

pointed laser focusing target is formed to a thickness of from 1.5 pm to 20 pm.

53.  The method of claim 48, wherein the metal cone-shaped or hollow

pointed laser focusing target is formed to a thickness of about 8 pm.
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