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(57) Abstract: A system and a method are described for forming features at the bottom of a cavity in a substrate. Embodiments
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LID STRUCTURE FOR MICRODEVICE AND METHOD OF
MANUFACTURE

CROSS REFERENCE TO RELATED APPLICATIONS

Not applicable.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

Not applicable.

STATEMENT REGARDING MICROFICHE APPENDIX
Not applicable. _
BACKGROUND

[0001] This invention relates to a system and method for creating features at the
bottom of a cavity. Embodiments of this invention relate to a method for making an
infrared transmitting lid for an infrared-emitting or infrared detecting device using sub-
wavelength structures.

[0002] Microelectromechanical systems (MEMS) are very small, often moveable
structures made on a substrate using surface or bulk lithographic processing techniques, such
as those used to manufacture semiconductor devices. MEMS devices may be moveable
actuators, sensors, valves, pistons, or switches, for example, with characteristic dimensions
of a few microns to hundreds of microns. A moveable MEMS switch, for example, may be
used to connect one or more input terminals to one or more output terminals, all
microfabricated on a substrate. The actuation means for the moveable switch may be
thermal, piezoelectric, electrostatic, or magnetic, for example.

[0003] MEMS may also be non-moving devices, such as photonic devices,
fabricated using surface or bulk lithographic processing techniques. In such cases, small
features required for the device to emit radiation in a narrow spectrum, for example, may
be formed using MEMS techniques. Such a photonic device is a photonic crystal, formed
from two metal films separated by a dielectric, with small holes formed in the metal films
which determine the radiation output pattern and spectrum of the device. The device may
be heated to an operating temperature of about 350 degrees centigrade, by driving a
current through the device, and heating it by Joule heating. When the operating

temperature is achieved, the photonic device may emit the desired spectrum of radiation,
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often in the infrared portion of the electromagnetic spectrum.

[0004]) Because the device may emit radiation in the infrared portion of the
spectrum, for example, at a wavelength of between about 8 um and about 12 um, it is
often desirable to encapsulate the photonic device in a vacuum cavity of a lid wafer that
transmits the infrared radiation. Providing the vacuum cavity may reduce the absorption
losses of the radiation that might otherwise occur if a gaseous environment, such as air,
surrounds the infrared device. However, in order to also reduce reflective losses from the
surfaces of the vacuum cavity, it may be desirable to provide antireflective structures,
such as thin optical coatings on the cavity surfaces. One option for providing such a low
reflectivity vacuum cavity is to deposit an antireflective coating on the lid wafer with a
lift off method. However, the lift off method may require a thick photoresist, which is
hard to remove after the antireflective coating is deposited on the lid wafer, because of
the very high temperatures which must be used to deposit the antireflective coating.

[0005]{ Another option for providing the infrared-transmitting lid is to pattern
sub-wavelength' structures on one or both surfaces of the lid wafer, as described in, for
example, U.S. Patent No. 6,897,469, incorporated by reference in its entirety. The
subwavelength features effectively reduce the dielectric constant of the lid wafer material
and thereby reduce its reflection coefficient, as described in the incorporated 469 patent.
However, in order to make the subwavelength features within the device cavity of the lid
wafer, a relatively deep cavity may first be formed, sufficient to clear the infrared device,
and the sub-wavelength features may be formed at the bottom of this cavity. The high
resolution lithography required to form these small features is difficult to accomplish
when the features are located at the bottom of a cavity, because the lithography cannot be
focused easily on the surface on which the features are to be formed. In addition it is
very difficult to obtain a uniformly thick layer of photosensiﬁve material when using
standard coating methods in the presence of such extreme topography, and significant
variations in thickness of the photosensitive material can make patterning of small
features very difficult or impossible. _

SUMMARY
[0006] A system and method are described for forming features at the bottom of

a cavity, which avoid the above-described difficulties. The systems and methods may
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include forming the subwavelength features on a top surface of a first wafer, covering the
subwavelength features with an etch stop material, then bonding a second, spacer wafer
to the first wafer to form a lid wafer subassembly. The cavity is then formed in the
spacer wafer by etching a hole through to the etch stop material, which is located on the
top surface of the first wafer. The etch stop material may then be removed from the
bottom of the cavity by, for example, wet etching. The lid wafer subassembly may then
be used as a lid for an infrared detector or emitter, because the subwavelength. features
reduce the reflective losses of the lid surface to infrared radiation. -

[0007] The systems and methods may be practiced using subwavelength
features of about 1 pm to 2 um in diameter, spaced about 3 pm apart in a close-packed
hexélgonal array. The subwavelength features may be about 2 pm deep, and formed on a
~ surface of an infrared-transmissive, low oxygen, float zone silicon substrate. The
subwavelength features may then be coated with a silicon dioxide thermal layer, or any
other material that can provide an etch stop for the subsequent etch process. In other
exemplary embodiments, the etch stop material may be gold (Au), nickel (Ni), chromium
(Cr) or silicon nitride (SisNj) tungsten, titanium or titanium-tungsten alloy. The spacer
wafer may be any material in which a device cavity may be formed, such as silicon,
metal, glass or pyrex. The device cavity may be made by removing the material of the
spacer wafer to the etch stop material on the surface of the subwavelength features
formed in the infrared-transmissive substrate.

[0008] These and other features and advantages are described in, or are
apparent from, the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various exemplary details are described with reference to the following
figures, wherein: )

[0010] Fig. 1is across sectional view of an exemplary substrate coated with
patterned photoresist;

[0011] Fig. 2 is a cross sectional view of the exemplary substrate with the
subwavelength features formed in the top surface of the substrate;

[0012] Fig. 3 is a cross sectional view of the exemplary substrate with etch stop

material formed over the subwavelength features in the top surface of the substrate;
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[0013] Fig. 4 is a cross sectional view of the exemplary substrate bonded to a
spacer wafer to form an exemplary lid wafer subassembly;

[0014] Fig. S is a cross sectional view of the exemplary lid wafer subassembly
with a patterned hard mask before formation of the device cavity;

[0015] Fig. 6 is a cross sectional view of the exemplary lid wafer subassembly
after formation of the device cavity;

[0016] Fig. 7 is a cross sectional view of the exemplary lid wafer subassembly
after removal of the etch stop material at the bottom of the device cavity;

[0017] Fig. 8 is a cross sectional view of the exemplary lid wafer subassembly
with adhesive applied for bonding the device wafer;

[0018] Fig. 9 is a cross sectional view of the exemplary lid wafer subassembly
after bonding with the device wafer;

[0019] Fig.10is é cross sectional view of the exemplary substrate after
formation of the subwavelength features on the exterior surface of the lid wafer
subassembly;

[0020] Fig. 11 is a cross sectional view of the exemplary infrared device with
additional detail of the interior corner of the device cavity; and

[0021] Fig. 12 is a cross sectional view of the exemplary completed device'.

DETAILED DESCRIPTION

[0022] In the systems and methods described herein, features are formed at the
bottom of a cavity by first forming the features on the surface of a wafer, and then
forming the cavity through a spacer wafer bonded to the first wafer. By using the spacer
wafer approach, the features may be formed on the surface of a wafer that will eventually
be located at the bottom of a device cavity. However, because the features are first
formed on a wafer surface, high resolution lithography may be used to create the features.

[0023] The systems and methods are described with respect to an infrared
transmitting lid embodiment, intended to enclose an infrared emitting or infrared
detecting microdevice. The systems and methods may include forming subwavelength
features on a first wafer, covering the subwavelength features with an etch stop material,
then bonding a second, spacer wafer to the first wafer to form a lid wafer subassembly.

The cavity is then formed in the spacer wafer by etching a hole through the spacef wafer
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to the etch stop material, which is located on the top of the first wafer. The etch stop
material may then be removed from the bottom of the cavity by, for example, wet
etching. The lid wafer subassembly may then be used as a lid wafer for an infrared
detector or emitter, because the subwavelength features reduce the reflective losses of the
wafer surface to infrared radiation.

[0024]) The systems and methods are described with respect to subwavelength
features formed in an infrared transmitting lid, however, it should be understood that this
embodiment is exemplary only, and that the systems and methods may be used to form
any other features at the bottom of a cavity. For example, in one alternative embodiment,
corrugations may be formed in a device cavity for depbsition of a getter material, in order
to increase the surface area, and therefore the gettering capability of the gettering
material. Such an application is described in U.S. Patent Application Serial No.
11/433,435 (Attorney Docket No. IMT- Getter), incorporated by reference herein in its
entirety. '

[0025] Fig. 1 shows a cross sectional view of an exemplary substrate 100,
suitable for use as an infrared transmissive material. The substrate 100 may be, for
example, a 500 micron thick low-oxygen float zone silicon wafer, which is substantially
transmissive to radiation in the infrared portion of the electromagnetic spectrum. The
terms “substantially transmissive” should be understood to mean that at least about 50%
of the infrared radiation normally incident on the material is transmitted through the
material, rather than being absorbed. It should be understood that although the substrate
100 may initially by S00 pm thick, the substrate 100 and/or the spacer wafer may be
thinned after bonding to another wafer to any desired thickness using a grinding and/or
CMP procedure

[0026] In the first step of the process, illustrated in Fig. 1, the substrate 100 is
covered with photoresist 110, which is then patterned with a set of openings 112
corresponding to the size and location of the subwavelength features to be formed in the
substrate 100. The openings 112 may be, for example, about 1 um to about 2 um in
diameter, and may be separated by a distance of about 3 pm. The diameter of the
openings 120 is therefore substantially smaller than the wavelength of light that the
surface is designed to transmit, which is about 8 um to about 12 yum, and it should be



WO 2008/136930 PCT/US2008/005268
6

noted that the openings 112 are not necessarily drawn to scale. The openings 112 may be
arranged in a close-packed hexagonal array, although it should be understood that this
embodiment is exemplary only, and that the openings may be formed in any of a number
of other arrangements. The design and arrangement of such subwavelength features is
described in greater detail in the incorporated ‘469 patent. It should be understood that
the dimensions set forth above are exemplary only, and that other dimensions may be
chosen depending on the requirements of the application. Although the openings 112 are
described here as circular and havihg a characteristic diameter smaller than the
wavelength of the light they are intended to transmit, it should be understood that this is
only one exemplary embodiment, and that openings 112 may have any shape and size.

[0027] The silicon substrate 100 may fhen undergo an etching process, which
removes the substrate material at the openings 112 where it is exposed by the photoresist
110. The etching process may be any of a number of commonly used technicjues for the
removal of material, such as deep reactive ion etching (DRIE) or reactive ion etching
(RIE) to form subwavelength structures 120. The subwavelength features 120 may be
formed in a deep reactive ion etcher, such as that manufactured by Surface Technology
Systems (STS) of Newport, UK, for example. The subwavelength features 120 may be
substantially circular depressions with a depth of about 2 pm, which may require about 1
minute of deep reactive ion etching (DRIE) or about 20 minutes of reactive ion etching
(RIE). The photoresist 110 may then be stripped from the substrate 100. By forming an
array of such subwavelength features, wherein a diameter of the subwavelength features
is substantially smaller that the wavelength of the light it is desired to transmit, the
reflectivity of the surface may be substantially reduced, as set forth in the incorporated
‘469 patent. As before, it should be understood that other, non-circular features may be
formed using this procedure.

[0028] An etch stop material may then be formed over the subwavelength
features 120. In the exemplary embodiment described here, a silicon dioxide layer 130
will serve as the etch stop material for the subsequent etching of the device cavity.
However, it should be understood that this embodiment is exemplary only, and that other
etch stop materials, such as gold (Au), nickel (Ni), chromium (Cr), tungsten (W),
titanium (Ti), titanium-tungsten alloy (TiW), or silicon nitride (Si3N4) may be chosen,
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depending on the application and the technique which will be used to subsequently etch
the device cavity in the spacer wafer. The only requirement for the etch stop material is
that it is etched substantially less rapidly than the material which will be used in the
spacer wafer, and be of sufficient thickness to withstand the etch process applied to the
overlying spacer wafer, as described below. For example, using silicon dioxide as the
etch stop material, the etch stop layer may be etched at a rate of less than about 0.01 pm
per minute compared with the etch rate of the silicon spacer wafer, which is about 1.5 um
per minute. Accordingly, a 2 pm thick etch stop layer of silicon dioxide is sufficient to
protect an underlying silicon surface when exposed to deep reactive ion etching to etch
through a 500 um spacer wafer disposed above the etch stop material.

[0029] The oxide etch stop layer 130 may be thermally grown over the surface
of the substrate 100 by heating the substrate 100 in a chamber purged and then filled with
oxygen. The chamber may then be heated to a temperature of between about 1000
degrees centigrade and 1200 degrees centigrade. The oxidation chamber environment
may be either wet, by the introduction of steam into the oxidation chamber, or dry. As
mentioned above, the oxide etch stop layer 130 may be grown to a thickness of about 2
pm, which may require about 15 hours to form in the oxidation chamber at 1000 degrees
centigrade using the wet process. This oxidation step may also form a layer of thermal
oxide 135 on the opposite surface 150 of substrate 100.

[0030] The patterned and oxidized substrate 100 may then be bonded to a
spacer wafer 200 as illustrated in Fig. 4. The spacer wafer may be any convenient
substrate which can be etched, such as a standard silicon wafer, or a metal, glass or pyrex
wafer. The silicon spacer wafer may be fusion bonded to the substrate 100 by placement
in an inert nitrogen atmosphere, and heating to a temperature of about 1100 degrees
centigrade for about 3 hours, under light pressure. If other materials are used for the
spacer wafer 200, other bonding processes may be required such as adhesives appropriate
for the materials.

[0031] To form the device cavity in spacer wafer 200, a hard mask approach
may be used, as shown in Fig. 5. The hard mask 220 may include a layer 210 of alumina
Al O3, about 500 Angstroms thick, which may be sputter-deposited using a standard
cluster tool such as that manufactured by Veeco Instruments, Inc., of Plainview, NY.
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Alternatively, a thermally-grown silicon dioxide SiO,, layer may form the hard mask for
the spacer wafer 200. The alumina layer 210 may then be covered with photoresist (not
shown) patterned according to the dimensions of the device cavity 240. The hard mask
may then be ion milled to form openings which will correspond to the size and location
of the device cavity 240. The patterned hard mask 220 is shown in cross section in Fig.
5.

[0032] In another alternative embodiment of the method, the hard mask layers
210 and 220 may be replaced with photoresist, which is patterned with an aperture
corresponding to the device cavity 240. The spacer wafer may then be etched as
described below. The use of photoresist may be simpler and quicker that using a hard
mask, however, care must be taken to assure adhesion of the photoresist to the spacer
wafer, to avoid etching unintended regions.

[0033] The device cavity 240 may be formed by deep reactive ion etching
(DRIE), for example, through the thickness of the spacer wafer 200. The etching may
again be performed on an STS deep reactive ion etcher, and may require, for example,
about 5 hours to etch through a 500 um thick spacer wafer 200. The etching process may
stop at the etch stop provided by the oxide etch stop layer 130. The 2 um thick oxide
layer 130 may be sufficient to provide the etch stop for the DRIE process, while still
protecting the underlying substrate 100. If thicker or thinner spacer wafers 200 are used,
the thickness of the oxide layer 130 may be adjusted appropriately, to provide a thinner or
a thicker barrier against the etching process. The condition of the lid wafer subassembly
after formation of the device cavity 240 is shown in cross section in Fig. 6. After
completion of the etching of the device cavity 240, the hard mask layers 210 and 220, as
and/or any remaining photoresist, may be removed by wet etching in an appropriate
solvent such as N-methylpyrrolidone (NMP) for the photoresist, or potassium hydroxide
(KOH) for alumina or buffered hydrofluoric (HF) acid for SiO,, if these materials are
used as a hard mask.

[0034] After formation of the device cavity 240, the oxide layer etch stop
material 130 may be removed from the surface of the subwavelength features 120 on
substrate 100. To remove the etch stop material, the lid wafer subassembly 10 may be
submerged in a liquid etchant such as a 6:1 buffered oxide etch (BOE), which is a volume
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ratio of six parts ammonium fluoride NH4F to one part hydrofluoric acid (HF). The
etching may proceed for about 30 minutes to remove the 2 pum thick layer of SiO,. This
etching step may also remove the silicon dioxide layer 135 which was formed on the
opposite surface 150 of substrate 100. The condition of the lid wafer subassembly 10
after removal of the etch stop material 130 is shown in Fig. 7. As shown in Fig. 7, the
subwavelength features 120 are now located at the bottom of the device cavity 240. After
the oxide etch stop material 130 has been removed, the lid wafer subassembly 10 may be
cleaned in a Piranha bath containing H,SO4 and H,0O; to remove any remaining etchant
liquid or other debris. The lid wafer subassembly 10 is then ready for bonding to a
device wafer carrying the infrared emitting or infrared detecting microdevice, for
example.

[0035] In an alternative embodiment, the etch stop material, such as SiO,, may
be applied to a surface of the spacer wafer, rather than the first substrate. The spacer
wafer is then bonded to the first substrate with the subwavelength features formed
therein. The rest of the process proceeds as before, with the etching of the device cavity
in the spacer wafer down to the etch stop material which was applied to the surface of the
spacer wafer. The etch stop material is then removed using, for example, the 6:1 buffered
oxide etch (BOE), to remove a layer of SiO, which served as the etch stop material. The
removal of the etch stop material then reveals the subwavelength features below it on the
first substrate.

[0036] To bond the lid wafer subassembly 10 to the device wa_fer 300, an
adhesive 210 may be deposited on the bonding surfaces of the lid wafer subassembly 10,
and/or on the corresponding surfaces of the device wafer 300, as shown in Fig. 8. In
various exemplary embodiments, the adhesive may be a glass frit adhesive, which may
form a hermetic seal upon heating the adhesive to a temperature of about 450 degrees
centigrade, which may be sufficient to melt the glass frit. The adhesive 210 may be
applied using, for example, silk screening techniques which force the adhesive through
carefully placed openings in a screen or stencil, and onto the bonding surfaces of the lid
wafer subassembly 10. It should be understood that glass frit adhesive is only one
exemplary embodiment, and that other adhesive techniques may be used, including epoxy

bonding or alloy bonding, depending on the requirements of the application and the
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materials used. Additional details regarding the use of alternative bonding techniques are
set forth in U.S. Patent Application Serial No. 11/211,611 (Attorney Docket No. IMT-
Preform) and U.S. Patent Application Serial No. 11/390,085 (Attorney Docket No. IMT-
Standoff), incorpbrated by reference herein in their entireties.

[0037] The lid wafer subassembly 10 may then be assembled with a device
wafer 300, to form an infrared device 1000. The device wafer 300 may have infrared
photonic devices 310 previously formed on its surface. The infrared photonic device 310
may be, for example, an infrared photonic crystal which emits infrared radiation in about
the 3 um to about the 5 um region of the spectrum. The details of the fabrication of such
a photonic crystal are set forth in greater detail in U.S. Patent Application Serial No.
xx/xxx,xxx (Attorney Docket No. IMT- NiMn IR). The wafer assembly may then be
loaded into a wafer bonding chamber, in which the device wafer 300 and lid wafer
subassembly 10 are pressed against one another, while the wafer bonding chamber is
evacuated and the wafer assembly is heated to a temperature of about 450 degrees
centigrade. At this temperature, the glass frit adhesive 210 may melt, forming a hermetic
bond which may seal the vacuum environment in the device cavity 240. Fig. 9 is a cross
sectional diagram illustrating the infrared device 1000 after sealing with the glass frit
adhesive 210. |

[0038] It may be desirable to form additional subwavelength features 170 on an
exterior surface 150 of the silicon substrate 100, to reduce the reflectivity of the exterior
surface 150. To form the subwavelength features 170, the exterior surface 150 of silicon
substrate 100 may be coated with photoresist 140, and the photoresist 140 may be
patterned with the subwavelength feature openings 160. Corresponding features 170 may
then be formed in the substrate surface 150 through openings 160 in the photoresist 140
by, for example, deep reactive ion etching, in a manner similar to the formation of
subwavelength features 120 on the interior surface of the silicon substrate 100. Fig. 10 is
a cross sectional diagram illustrating the condition of the infrared device 1000 after
formation of the subwavelength features 170 on the exterior surface 150 of the lid wafer
subassembly 10. The formation of the subwavelength features 170 on the exterior
surface 150 may be the last step in the fabrication of infrared device 1000, and each of

the infrared devices 1000 may now be separated from the adjacent devices.



WO 2008/136930 PCT/US2008/005268
11

[0039] The above described method for manufacturing a lid wafer subassembly
may form a structure that has at least one unique feature that may be a result of the
method used to make the structure. This feature is illustrated in the cross sectional
diagram of Fig. 11. The etching technique used to form the device cavity in the lid wafer
subassembly may not form perfectly square corners at the bottom of the device cavity.
Instead, the etching process may slightly over-etch regions 250 in the silicon dioxide etch
stop material 130 that is in contact with the spacer wafer 200. Such “footing” or
sideways etching may occur as a result of charge buildup in the insulating etch stop
material, which deflects incoming electrons to the side. As a result, after removal of the
etch stop material 130, the corner of the device cavity may have a recessed region, which
is recessed from the device cavity wall 240 by an amount which depends on the depth of
the device cavity. For example, for a device cavity formed through a 500 pm thick
spacer wafer, the recessed region 170 is recessed by at least about 20 pm from the device
cavity wall. More generally, the recessed region may be at least about 5 pm from the
device cavity wall.

[0040] Fig. 12 is a cross sectional view of the lid wafer subassembly installed
on an infrared device wafer 300, to form the infrared device 1000. This cross sectional
view shows the recessed area 170 resulting from the etching process used to form the
device cavity 240.

[0041] The following description sets forth an exemplary method for forming
the lid for the infrared device begins with step S100 and continues to step S200, wherein
the subwavelength features are formed on a surface of an infrared transmissive substrate.
In various exemplary embodiments, the infrared transmissive substrate may be low-
oxygen, float zone silicon, and the subwavelength features my be holes of 1 pm to 2 um
diaméter, about 2 um deep, and separated by about 3 pm, and arranged in a close-packed
hexagonal array. In step S300, an etch stop material is formed or deposited over the
subwavelength features. In various exemplary embodiments, the etch stop material may
be thermally grown silicon dioxide. In step S400, a spacer wafer is bonded to the
infrared transmissive substrate to form a lid wafer éubassembly. In step S500, a-device
cavity may be formed in the spacer wafer. In various exemplary embodiments, the

device cavity may be formed by deep reactive ion etching through the thickness of the
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spacer wafer to the etch stop formed or deposited over the subwavelength features. In
step S600, the lid wafer subassembly is bonded to a device wafer, which may have the
infrared devices previously formed thereon. In step S700, subwavelength features may
be formed on the exterior surface of the lid wafer subassembly. The devices may be
singulated by sawing the wafer assembly, for example, in step S800. The process ends in
step S900.

[0042] It should be understood that not all of the steps described above may be
required to perform the process, and that the steps need not be performed in the order
shown. For example, the subwavelength features formed on the exterior surface of the
infrared transmissive substrate in step S700 may be formed before the device wafer is
bonded to the lid wafer subassembly in step S600, or this step may be omitted entirely if
not needed. It should also be understood that this exemplary method pertains to the
formation of an infrared transmitting lid for an infrared emitting or infrared detecting
microdevice, and that the method may be adapted to form other features at the bottom of
a device cavity, for example, corrugation features for the deposition of a getter material.

[0043] While various details have been described in conjunction with the
exemplary implementations outlined above, various alternatives, modifications,
variations, improvements, and/or substantial equivalents, whether known or that are or
may be presently unforeseen, may become apparent upon reviewing the foregoing
disclosure. For example, an exemplary lid is described which may be used in conjunction
with an infrared emitting or infrared detecting microdevice. However, it should be
understood that this lid is exemplary only, and that the lid technology may be applied to
any of a wide variety of other microdevices. Furthermore, many of the process details
may be substituted by similar or equivalent processes to form the same or similar
structures. Accordingly, the exemplary implementations set forth above, are intended to

be illustrative, not limiting.
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WHAT IS CLAIMED IS:

1. A structure for a microdevice, comprising:

a first substrate with a first plurality of features formed on a surface of the
first substrate;

a spacer wafer bonded to the first substrate with a cavity formed in the
spacer wafer to expose at least some of the plurality of features; and

an etch stop material disposed between the first substrate and the spacer
wafer.

2. The structure of claim 1, further comprising:

a second plurality of features formed on an opposite surface of the first
substrate, external to the cavity formed in the spacer wafer.

3. The structure of claim 1, wherein the first plurality of features are
substantially circular depressions between about 1 um and about 2 um wide and about 2
pum deep, arranged in a hexagonal, close-packed array.

4. The structure of claim 1, wherein the spacer wafer is about 500 um thick,
~ and the etch stop material is éilicon dioxide about 2 um thick.

5. The structure of claim 1, wherein the etch stop material is recessed by
about 5 um from a wall of the cavity formed in the spacer wafer.

6. A microdevice formed on a second substrate, the second substrate being
bonded to the structure of claim 1, with the microdevice being disposed in the cavity of
the spacer wafer. A |

7. The microdevice of claim 6, wherein the microdevice is at least one of an
infrared emitting device and an infrared detecting device, and the first substrate
comprises a material which is substantially transmitting to infrared radiation.

8.  The microdevice of claim 6, wherein the second substrate is bonded to the
structure with an adhesive that forms a hermetic seal that seals a vacuum environment
within the cavity.

9. The microdevice of claim 1, wherein the etch stop material comprises at
least one of silicon dioxide (Si0;), gold (Au), nickel (Ni), chromium (Cr), titanium (Ti),
tungsten (W), titanium-tungsten alloy (TiW) and silicon nitride (SizNg).
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10.  The microdevice of claim 7, wherein the first substrate comprises float-
zone silicon.

11. A method for forming a structure for a microdevice, comprising:

forming a plurality of features on a first surface of a first substrate;

forming a layer of etch stop material over the plurality of features;

bonding a spacer wafer to the etch stop material on the first substrate to
form a wafer subassembly; and

forming a cavity through the spacer wafer over at least a portion of the
plurality of features to the etch stop material.

12.  The method of claim 11, further comprising:

removing the etch stop material from over the plurality of features within
the cavity.

13.  The method of claim 11, wherein forming the cavity in the spacer wafer
over at least the portion of the plurality of features comprises forming the cavity using
deep reactive ion etching through a thickness of the spacer wafer.

14.  The method of claim 12, further comprising:

bonding the wafer subassembly to a device wafer upon which at least one
microdevice has been formed, such that the microdevice is disposed inside the cavity; and

forming a second plurality of features on a second surface of the first
substrate exterior to the cavity; and

singulating the microdevices from adjacent microdevices on the device
wafer.

15.  The method of claim 14, wherein bonding the wafer subassembly to the
device wafer comprises bonding with a glass frit hermetic adhesive to form a hermetic
seal.

16.  The method of claim 11, wherein forming the plurality of features
comprises forming a close-packed hexagonal array of depressions about 2 pum deep and
between about 1 um and about 2 um wide and separated by about 3 um using deep
reactive ion etching.

17.  The method of claim 11, wherein forming the layer of etch stop material

comprises forming a layer of silicon dioxide by thermal oxidation.
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18.  The method of claim 14, further comprising evacuating the cavity prior to
bonding the wafer subassembly to the device wafer.

19.  The method of claim 14, wherein forming the second plurality of features
on the second surface of the first substrate exterior to the cavity comprises forming the
second plurality of features by deep reactive ion etching into the second surface exterior
to the cavity.

20. A method for forming a structure for a microdevice, comprising:

forming a plurality of features on a first surface of a first substrate;

forming a layer of etch stop material over a first surface of a spacer wafer;

bonding the spacer wafer and etch stop material to the first substrate to
form a wafer subassembly; and

forming a cavity through the spacer wafer over at least a portion of the

plurality of features to the etch stop material.















\

"wmmmmmmmmmmmmmmmmmmmmmmmmmmmmm.mmmmmmmmmmmmmmmmmmmmmmxmmmmmmmmmmmmmmmmmmmmmmmmmmmmmummmmmmmmmmmmmmmmmmmmmmmmm.mmmm“.mm.“mm BRI H
nbiiinbuoiihhiinn s e e e s g i
G R R i
e R R
CLIIIIIIIIIIIIIIIIIIII L st e b sttt Rt
”wwwm”wwwwxm”wm"m_wm”m”m“m.m“m“m“m“wm“wwm_wm“m"m"m“m“m“m“m“wm“mum“wm“m“m“wwm“wwwwwwm"m“mum“m“m“wm“wmn_”wwwwm“w snniniviiiniaiaia
nnnnnngnn i e i e e
RHIHHIE mﬁi“m”mﬁz.m”m"m“m“m“mﬁ#miam"m“m“m“5“m”m“m“m“m“m“mﬁ#w#aam"m"mi"m“m“m“mn_“miumﬁ“.ﬁa“mﬁ“mii
BRI I.u.”._.“._.".”."...__.“.“.“.“.“.”.”.”.".”.".”.“.“.“.“.“.n.“.“.“.“.“.“.”.“.“.“.".”.".”.I.”.“.“.”.”.“.“.“.“.“ B S e







_ \\\\\\\\\\\\\\\\

\ 0¢l
0ve
00¢




8 ‘31

, \ /
2 00T 0¥T | |
: 0€1
c 012 |



\ \ \ 19Jem 9d1Aap m__/ / |
002 / ,
0€1
01
01¢







~~~~~




\\\&\\\\\\\




INTERNATIONAL SEARCH REPORT

PCT/US2008/005268 07.08.2008

International application No.
PCT/US 08/05268

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO1L 23/02 (2008.04)
USPC - 257/678

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢
USPC: 257/678

lassification symbols)

USPC: 257/678, 257/678, 698, 701, 704, 709, 714 (text search - see

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

terms below)

Electronic data base consulted during the international search (name of

PubWEST(USPT,PGPB,EPAB,JPAB); DialogPRO(Engineering); Google Scholar
Search Terms: Substrate depressions, spacer wafer, circular depressions, semiconductor lid, infrared transceiver, infrared wafer, etch
stop, infrared device, microdevice lid, substrate features, 1-2 micron wide depressions, hermetic. 22 July 2008 21.07.2008

data base and, where practicable, search tems used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

In 10-20, claim 1.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 6,838,306 B2 (Cole) 4 January 2005 (04.01.2005), entire document especially col. 2 In 55- 1-20.

65; col. 3 In 15-25, 45-55, 60-67; col. 4 In 1-5, 20-25, 25-40; col. § In 5-15.

1-20.

Y US 4,604,304 A (Faraone et al.) 5 August 1986 (05.08.1986), entire document especially

abstract;
Y US 6,897,469 B2 (Syllaios et al.) 24 May 2005 (24.05.2005), entire document especially cot. 3, | 2, 6-8, 10-20.

In 15-40; col. 4, in 25-40.
Y US 6,359,333 B1 (Wood et al.) 19 March 2002 (19.03.2002), entire document especially col. 3, | 10, 15, 18.

I:] Further documents are listed in the continuation of Box C.

[

*

Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E" ecarlicr application or patent but published on or afier the international
filing date

“L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P"  document published prior to the international filing date but later than

the priority date claimed

“T"  later document published afier the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

21 July 2008 (21.07.2008)

Date of mailing of the international search report

07 AUG 2008

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: §71-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report

