wo 2010/081795 A1 I 10K 0 RO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

o STy
1 rld Intellectual Property Organization /& -
(19 Wortd ntellctual Poperty Organizacon /G552 I ONIN N0 O M AR
International Bureau Wi )
3\ ) 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10
22 July 2010 (22.07.2010) PCT WO 2010/081795 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HOIL 23/13 (2006.01) HOIL 23/498 (2006.01) kind of national protection available): AE, AG, AL, AM,
HOIL 23/14 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

. .. CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(21) International Application Number: DZ. EC. EE. EG. ES. FL. GB. GD. GE. GH. GM. GT

PCT/EP2010/050265 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
12 January 2010 (12.01.2010) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

- . NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(25) Filing Language: BEnglish SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: 84) Designateq States (unle.ss othemise indicated, for every
61/144,525 14 January 2009 (14.01.2009) Us kind ofregzonal protection avazlable): ARIPO (BW, GH,
12/430,591 27 April 2009 (27.04.2009) Us GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI,

(71) Applicant (for all designated States except US): TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
HYMITE A/S [DK/DK]; Gydevang 39-41, Bldg. EO, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
DK-3450 Alleroed (DK). MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

(72) Tnventors; and TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(75) Inventors/Applicants (for US orly): SHIV, Lior ML, MR, NE, SN, TD, TG).
[IL/DK]; Kildedalen 53, DK-3400 Hilleroed (DK). Published:
SHEPHERD, John, Nicholas [GB/AT]; Moos 30,
A-6091 Gotzens (AT).

(74) Agent: PETERREINS, Frank; Fish & Richardson P.C.,
HighLight Business Towers, Mies-van-der-Rohe-Str. 8,
80807 Munich (DE).

—  with international search report (Art. 21(3))

(54) Title: SEMICONDUCTOR-BASED SUBMOUNT WITH ELECTRICALLY CONDUCTIVE FEED-THROUGHS

100

106

104 107
112 101;8
~110
113
o0 = ~ N ?é ~ 118
105 114
FIG. 1

(57) Abstract: A submount for a micro-component includes a semiconductor substrate having a cavity defined in a front-side of
the substrate in which to mount the micro-component. The submount also includes a thin silicon membrane portion at a bottom of
the cavity and thicker frame portions adjacent to sidewalls of the cavity. The substrate includes an electrically conductive teed-
through connection extending from a back-side of the substrate at least partially through the thicker silicon frame portion. Electri-
cal contact between the feed- through connection and a conductive layer on a surface of the cavity is made at least partially
through a sidewall of the cavity.



10

15

20

25

30

WO 2010/081795 PCT/EP2010/050265

SEMICONDUCTOR-BASED SUBMOUNT WITH
ELECTRICALLY CONDUCTIVE FEED-THROUGHS

TECHNICAL FIELD
This disclosure relates to semiconductor-based submounts with electrically

conductive feed-throughs.

BACKGROUND

The operation of some semiconductor devices is relatively inefficient and
generates heat during normal operation. This places limitations on the packaging
materials that can be used. Preferably, the material should have high thermal
conductivity and comparable thermal expansion properties to the semiconductor device
itself. In recent developments, silicon has been used as a packaging material because of
its thermal properties and mature silicon processing capabilities. The overall size of the
package should be as small as possible to avoid high costs relative to the costs of the
semiconductor device itself. Unfortunately, for situations in which the electrical feed-
throughs are present in the planar and parallel surfaces of the package, additional area is
needed. The result is that the overall package is much larger and costs significantly more
than the semiconductor device.

As features and capabilities of consumer electronic products grow, there is an
increasing need to fit more micro-components (¢.g., electrical circuit components,
integrated circuit dies, light emitting diodes (LEDs), thermistors, diodes, rectifiers,
temperature sensors, and LED drivers) in a smaller space. Typically, the dimensions of a
printed circuit board (PCB) are dictated by the size of the consumer electronic product
and the available space within the product. For example, in some consumer electronics
such as mobile phones or other handheld products, the height of an assembled micro-
component on a PCB (e.g., the micro-components mounted on both sides of the PCB) is
limited to be about one millimeter (mm), whereas the typical height of the assembled
PCB is 1.5 mm (a typical height of a PCB is 500 microns (um) and a typical height of
micro-components is 500 um). Therefore, either the size of the assembled PCB must be
reduced or features and capabilities must be reduced to fit the assembled micro-

components into the limited available space. In addition, thermal performance of the
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micro-components is also a consideration.

SUMMARY

Various aspects of the invention are set forth in the claims.

Different embodiments of a submount for micro-components are disclosed. In
one aspect, the submount includes a semiconductor substrate having a cavity defined in a
front-side of the substrate in which to mount the micro-component. The substrate
includes a thin silicon membrane portion at a bottom of the cavity and thicker frame
portions adjacent to sidewalls of the cavity. The submount also includes an electrically
conductive feed-through connection extending from a back-side of the substrate at least
partially through the thicker silicon frame portion. Electrical contact between the feed-
through connection and a conductive layer on a surface of the cavity is made at least
partially through a sidewall of the cavity.

The details of one or more embodiments are set forth in the accompanying
drawings and the description below. Methods of fabrication are disclosed as well.

Other features and advantages of the invention will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross-sectional view of an example semiconductor-based submount.

FIG. 2 is a partial view of an example semiconductor-based submount.

FIG. 3 is a partial view of an example semiconductor-based submount.

FIG. 4 is a partial view of an example semiconductor-based submount.

FIG. 5A is a top-view of an example semiconductor-based submount.

FIG. 5B is a cross-sectional view of the example semiconductor-based submount
shown in FIG. 5A.

FIG. 5C is an enlarged partial view of the example semiconductor-based
submount shown in FIG. 5B.

FIG. 5D is an enlarged partial view of the example semiconductor-based

submount shown in FIG. 5A.
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FIG. 6 is a flowchart illustrating an example process to fabricate a semiconductor-
based submount.

FIG. 7 is an illustration of a semiconductor wafer.

FIG. 8 is a partial view of an example semiconductor-based submount.

FIG. 9 is a partial view of an example semiconductor-based submount.

FIG. 10 is a partial view of an example semiconductor-based submount.

FIG. 11 is a partial view of an example semiconductor-based submount.

FIG. 12 is a partial view of an example semiconductor-based submount.

FIG. 13 is a flowchart illustrating an example process to fabricate a

semiconductor-based submount.

DETAILED DESCRIPTION

FIG. 1 illustrates a cross-sectional view of an example semiconductor-based
submount 100. The submount 100 includes a substrate that has a cavity 104, a thin
membrane portion 105, sidewalls 106, and a frame portion 107. The submount 100 also a
micro-component 108, a die attach pad 110, cavity metallization 112, vias 113, feed-
through metallization 114 and solder bumps 116 and wire bonds 118. The physical
dimensions (e.g., the height and width) of the submount 100 can be increased or
decreased to accommodate micro-components 108 having different sizes and/or shapes.
In a particular example, the submount 100 has a height of 650 um and a width of 2500
um.

The submount 100 can be formed from a silicon or other semiconductor wafer.
The cavity 104 is formed in the substrate, for example, by an etching process, such as a
wet etching process (e.g., potassium hydroxide (“KOH”) etching) or a dry ctching
process (¢.g., Bosch process etching). Other processes can be used to form the cavity
104. The cavity 104 is configured to house the micro-component 108. The physical
dimensions of the cavity 104 can be increased or decreased to accommodate different size
micro-components 108 or different applications. In addition, the size of the cavity 104
can be increased or decreased to accommodate multiple micro-components 108.

The thin membrane portion 105 is at the bottom of the cavity 104 and can be a

relatively thin layer of semiconductor material (e.g., silicon) that is integrated with the
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frame portion 107 which is thicker than the thin membrane portion 105. In a particular
example, the frame portion 107 is 650 um thick and the membrane portion 105 has a
thickness of 150 um. Both the membrane portion 105 and the frame portion 105 are
made of the same material.

The sidewalls 106 of the cavity 104 can be angled, substantially vertical, a
combination of angled and substantially vertical, or some other shape. In the illustrated
example, the sidewalls 106 are slanted and result in the cavity 104 having a cross-
sectional shape similar to a trapezoid. The shape of the sidewalls 106 can vary depending
on the intended use of the submount 100 or the micro-component 108 placed in the
cavity. For example, in some implementations, the sidewalls 106 are substantially
vertical and results in the cavity 104 having a cross-sectional shape similar to a rectangle.
See FIG. 3. In other implementations, the sidewalls 106 have a round parabolic shape.

Cavity metallization 112 can be provided on the inner surfaces of the cavity 104.
Metals such as chromium, titanium, gold, copper, nickel, aluminum, and silver are
deposited on predetermined portions of the inner surfaces of the cavity 104. For
example, metal can be deposited on predetermined portions of the surface of the
sidewalls 106 and portions of the upper surface of the membrane portion 105 (i.c., the
device-side of the membrane portion 105). In some implementations, metal is selectively
deposited on the membrane portion 105 to form contact pads (e.g., cathode and anode
pads electrically connected to the micro-component 108 or the cavity metallization 112)
and the die attach pad 110 on the upper surface of the membrane portion 105. As
illustrated in FIG. 1, the cavity metallization 112 covers portions of the sidewalls 106 and
portions of the upper surface of the membrane portion 105. The cavity metallization 112
forms an electrical connection with the feed-through metallization 114 through holes in
the sidewalls 106 and/or the upper surface of the membrane portion 105.

The micro-component 108 can be any type of micro-component. For example,
the micro-component 108 can be an electrical circuit component (e.g., a resistor or
capacitor), an integrated circuit die, a LED, a LED driver, an opto-electronic component
(c.g., an infrared transceiver), or a micro-electro-mechanical system circuit (MEMS).
The micro-component 108 is mounted to the die attach pad 110. The micro-component
108 can be mounted to the die attach pad 110 using an adhesive bonding process or some
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other mounting process such as a gold-tin (AuSn) bonding process. The micro-
component 108 is electrically connected to the cavity metallization 112, the die attach
pad 110 and/or the feed-through metallization 114 via the wire bonds 118 connected from
the micro-component 108. In some implementations, the dic attach pad 110 can act as an
electrical ground electrode or anode pad and be connected to the cavity metallization 112.
In other implementations, the micro-component 108 is clectrically connected to the cavity
metallization 112, the die attach pad 110 and/or the feed-through metallization 114 by
flip-chip bonding.

The submount 100 also contains one or more vias 113 with feed-through
metallization 114. The vias 113 can be formed using a wet etching process, a dry etching
process, a combination of wet and dry etching processes or some other etching technique.
The shape of the vias 113 depends on the type of etching used to form the vias 113. For
example, the vias 113 in the example of FIG. 1 are formed by a KOH ectching process
(i.e., a wet etching process). The vias 113 are formed such that they penctrate the
sidewalls 106. In some implementations, the vias 113 are formed such that they
penetrate the sidewalls 106 and entirely penctrate the membrane portion 105. The holes
formed through the sidewall 106 are connections between the feed-through metallization
114 and the micro-component 108 or the cavity metallization 112.

The feed-through metallization 114 extends at least partially through the frame
portion 107 to the surface-mount-device (SMD) side 120 of the submount 100. In some
cases, the feed-through metallization 114 only extends through the frame portion 107 (see
FIG. 12). As illustrated in the example of FIG. 1, the feed-through metallization 114 is
electrically connected to the cavity metallization 112 through a hole in the sidewall 106.
In some implementations, the feed-through metallization 114 is electrically connected to
the cavity metallization 112 through a hole in the sidewall 106 and the upper surface of
the membrane portion 105. In addition, in the illustrated example, the feed-through
metallization 114 extends along the SMD side 120 of the membrane portion 105 and
frame portion 107 and is electrically connected to solder bumps 116 attached to the SMD
side 120 of the submount 100. In some implementations, the feed-through metallization
114 extends only underneath the frame portion 107 and does not extend underneath the

membrane portion 105.
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FIG. 2 is a partial cross-sectional view of another example of a semiconductor-
based submount 200. The cavity 204 can be formed by using a wet etching process that
forms angled sidewalls 206 (e.g., KOH ctching). The membrane portion 205 and frame
portion 207 can be formed from silicon or another semiconductor. The jagged lines
shown at the right side of the membrane 205 indicate that only a portion of the membrane
205 and submount 200 is shown and that the submount extends further. The via 213 is
formed using a wet etching process and positioned such that the sidewalls of the via 213
and cavity 204 are offset from one another. For example, as illustrated in the cross-
sectional view of FIG. 2, the via 213 is formed such that the right-most sidewall of the
via213 is not aligned with the sidewall 206 and is positioned to the right of the sidewall
206. The via 213 penetrates both the sidewall 206 and the membrane 205. The feed-
through metallization 214 covers the surfaces of the via 213 and portions of the SMD
side 220 surfaces of the membrane 205 and the frame 207. The cavity metallization 212
covers a portion of the sidewall 206 and a portion of the membrane 205. The feed-
through metallization 214 is electrically connected to the cavity metallization 212
through the hole in the sidewall 206 and the membrane 205.

FIG. 3 is a partial cross-sectional view of another example of a semiconductor-
based submount 300. The cavity 304 in the submount 300 can be formed by a dry
ctching process that forms substantially vertical sidewalls 306. For example, a Bosch
process etch can be used to form the cavity 304. As illustrated in FIG. 3, the via 313 is
formed using a wet etching process and has a cross-sectional profile similar to a shark fin.
The via 313 is formed so as to penetrate the sidewall 306 and form a hole in the sidewall
306. The feed-through metallization 314 covers the surfaces of the via 313 and portions
of the SMD side 320 surfaces of the membrane 305 and the frame 307. The feed-through
metallization 314 is electrically connected to the cavity metallization 312 through the
hole in the sidewall 306. The cavity metallization 312 covers portions of the sidewall
306 and portions of the upper surface of the membrane 305. In some implementations,
the via 313 penetrates both the membrane 305 and the sidewall 306.

FIG. 4 is a partial cross-sectional view of yet another example of a semiconductor-
based submount 400. The cavity 404 of submount 400 can be formed by a dry etching

process that forms substantially vertical sidewalls 406. The via 413 is formed using a dry
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etching process similar to the dry etching process used to create the cavity 404 and has
substantially vertical sidewalls. The via 413 penetrates the sidewall 406 and the
membrane 405. The feed-through metallization 414 covers the surfaces of the via 413
and portions of the SMD side 420 surfaces of the membrane 405 and the frame 407. The
feed-through metallization 414 is electrically connected to the cavity metallization 412
through the hole in the sidewall 406 and the membrane 405.

In some implementations, the feed-through metallization extends entirely through
the frame portion. For example, the submount 1200 of FIG. 12 includes a via 1213 that
extends from the SMD side 1220 of the submount 1200 and through the frame portion
1207. The feed-through metallization 1214 is electrically connected to the cavity
metallization 1212.

FIG. 5A is a top-view of a silicon-based submount 500. As illustrated in FIG. 5A,
the sidewalls 506 of the cavity 504 are slanted. The sidewalls 506 begin at the top of the
frame 507 and ends at the upper surface of the membrane 505. The cavity 504 includes
cavity metallization 512 which is structured to cover the feed-through metallization 514,
a die attach pad 510, and wire bond pad 521. The submount 500 also includes non-
conductive isolation regions, such as Si02, to separate the dic attach pad 510 and the
wire bond pad 521.

Example dimensions of the submount 500 are shown in FIG. 5A. Different
dimensions may be appropriate for other implementations. As illustrated in FIG. 5A, the
submount 500 has a square shape with sides that are 2500 um in length. The membrane
505 also is square shaped and has sides of about 1473 um in length. The width at the top
of the cavity 504 is 2180 um.

FIG. 5B is an inverted cross-sectional view of the submount 500. As illustrated in
the example of FIG. 5B, the frame 507 has a thickness of 650 um. The sidewalls of the
vias 513 are not aligned with the sidewalls 506 of the cavity 504. The feed-through
metallization 514 covering the surfaces of the vias 513 extends from the SMD side 120 of
the submount 500 and penectrate the sidewalls 506 and a portion of the membrane 505.
The feed-through metallization 514 forms an electrical connection with the cavity

metallization 512.
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FIG. 5C is an enlarged partial view of FIG. 5B and shows the portion of the
submount 500 where the via 513 penetrates the sidewall 506 and the membrane 505. As
illustrated in the example of FIG. 5C, the membrane 505 has a thickness of approximately
150 um and the via 513 has a depth of approximately 190 um. In this example, via 513
has a maximum width of 359 um.

FIG. 5D is an enlarged partial top-view of the submount 500. In this example, the
feed-through metallization 514 has a width of 45 um and a length of 245 um. The cavity
metallization 512 has a width of 105 um and covers the feed-through metallization 514
and portions of the membrane 505 and sidewalls 506.

FIG. 6 is a flowchart illustrating a wafer-level process 600 to form a submount
similar to the submount 100. Processes similar to process 600 can be used to form the
other example submounts described above and below. The process 600 is typically
performed on a silicon or other semiconductor wafer to fabricate multiple discrete
submounts. An example of a semiconductor wafer 700 with areas defining multiple
submounts 100 is shown in FIG. 7. Although the fabrication process can be performed at
the wafer level, for ease of discussion, the individual steps of process 600 are described
below as being performed with respect to a section of the semiconductor wafer 700
defining a single submount 100.

The process 600 begins with a silicon or other semiconductor wafer having a
thickness equal to, for example, 650 um. A diclectric layer is formed on predetermined
portions of the SMD side 120 of the submount 100 and on predetermined portions of the
device side of the submount 100 (block 602). The dielectric layer can be any type of
dielectric that acts as an etch resistant layer. For example, silicon dioxide (SiO,) can be
used as the dielectric layer.

One or more vias 113 then are etched into the SMD side 120 of the submount 100
(block 604). The vias 113 can be ctched using a wet etching technique such as potassium
hydroxide (KOH) etching or tetramethyl ammonium hydroxide (TMAH) etching.
Alternatively, the vias 113 can be etched using a dry etching technique, such as Bosch
process etching (i.c., time-multiplexed etching). In some implementations, other etching
techniques can be used or a combination of etching techniques can be used. As described
above, the choice of etching technique affects the shape of the vias 113. A wet etching
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technique can yield vias similar to the vias 113, 213 and 313, which are illustrated in
FIGS. 1-3 respectively. A dry etching technique can yield vias similar to via 414, which
is illustrated in FIG. 4. The vias 113 are etched to a predetermined depth that is greater
than the thickness of the membrane portion 105. For example, in some implementations,
the membrane portion 105 has a thickness equal to 150 um and the vias 113 are etched to
a depth of approximately 190 um.

The submount 100 is then processed to remove the dielectric layer from the SMD
side 120 of the submount 100 and from the device side of the submount 100 (block 606).
The diclectric layer can be removed using any known technique such as etching.

A dielectric layer is formed or deposited on the SMD side 120 of the submount
100 and the device side of the submount 100 (block 608). For example, a dielectric layer
can be formed to cover the surfaces of the vias 113. The dielectric layer also can be
formed on predetermined portions of the SMD side 120 of the submount 100. The
dielectric layer can be any type of diclectric that acts as an etch resistant layer. For
example, silicon dioxide (SiO2) can be used as the diclectric layer. In one example, the
dielectric layer is formed such that the diclectric layer has a thickness of approximately
400 nm.

The device side of the submount 100 is etched to form the cavity 104 (block 610).
A wet etching technique, a dry etching technique, a combination of wet and dry etching,
or any other etching technique can be used to form the cavity 104. The choice of etching
technique has an effect on the shape of the sidewalls 106. For example, cavity 104 has
sloping sidewalls 106 and was formed using a timed wet etching technique. The cavity
104 is etched to a depth such that the sum of the depths of the cavity 104 and the vias 113
is slightly greater than the thickness of the submount 100. For example, if the submount
100 has a thickness of 650 um, the cavity 104 can have a depth of 500 um and the vias
113 can have a depth of 190 um. After the cavity 104 is etched, the thin dielectric layer
that was deposited in the vias 113 in block 604 is exposed.

The submount 100 can be processed to partially remove the dielectric layer from
the SMD side 120 and the device side of the submount 100 (block 612). The dielectric

layer can be removed from the surfaces of the vias 113 as well as predetermined portions
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of the SMD side 120 of the submount 100. The dielectric layer can be removed using
any known technique, such as etching.

A dielectric/oxide layer is then thermally grown over the surfaces of the submount
100 (block 614). The dielectric layer can be grown over predetermined portions of the
cavity 104, including the sidewalls 106 and the upper surface of the membrane portion
105, and the device side of the submount 100. The dielectric layer can be any type of
dielectric that acts as an etch resistant layer, such as SiO,. The dielectric layer can be
grown to a thickness, for example, of about 1200 nm. The dielectric layer can be
thermally grown to any thickness as long as it is thicker than the dielectric layer
previously deposited in the vias 113 in block 604.

The SMD side 120 of the semiconductor 100 then is metallized to form the feed-
through metallization 114 (block 616). The feed-through metallization 114 can be
formed, for example, by the deposition of conductive metals in the vias 113. Metal can
also be deposited in predetermined portions of the SMD side 120 of the membrane
portion 105. Metals such as chromium, titanium, gold, copper, nickel, aluminum, and
silver can be deposited on the predetermined portions of the SMD side 120 of the
submount 100 and the vias 113. Different metallization techniques can be used. For
example, electroplating techniques or a thin film metallization process such as sputtering
deposition can be used.

The submount 100 is processed to partially remove the dielectric layer from the
device side of the submount 100, including the surfaces of the cavity 104 (block 618). As
described above, the dielectric layer can be removed using an etching technique. The
amount of the dielectric layer that is removed from the device side of the submount 100
can vary but should be enough to expose the feed-through metallization 114 in the vias
113. For example, if the dielectric layer is grown to a thickness of 1200 nm on the frame
portion 107 and to a thickness of 400 nm in the vias 113, then 400 nm of the dielectric
layer can be removed. In one example, the dielectric layer is completely removed from
the surfaces of the vias 113 and partially removed from the frame portion 107.

The device-side of the submount 100 (i.e., the side of the submount 100 opposite
the SMD side 120) then undergoes a metallization process (block 620). Metal can be

deposited in predetermined areas of the cavity 104 to form the cavity metallization 112
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which is electrically connected to the feed-through metallization 114. In addition, metal
can be deposited to form different structures such as the dic-attach pad 110. Different
metallization techniques can be used.

The micro-component 108 then is attached to the dic-attach pad 110 (block 622).
The micro-component 108 can be attached to the die-attach pad 110 using any form of
mounting technique such as adhesive bonding. The wirebonds 118 are then attached to
the micro-component 108 and connected to the cavity metallization 112 (i.c.,
wirebonding) (block 624). The wirebonds 118 provide for an electrical connection
between the micro-component 108 and the feed-through metallization 114. In some
implementations, the micro-component can be electrically connected to the cavity
metallization 112 by flip-chip bonding.

After wirebonding is completed, the submount 100 is encapsulated (block 626).
In some implementations, a protective cover is mounted on top of the submount 100 and
hermetically sealed to the submount 100. The protective cover can be applied to the
submount using any known technique. The protective cover can be made of a material
with an index of refraction that can minimize internal reflections of the micro-component
or can act as a filter. In other implementations, a resin is deposited in the cavity 104 and
acts as to seal the micro-component 108. Afier the submount 100 is sealed, the individual
submounts are separated by a dicing process (block 628).

Process 600 can be modified such that the cavity 104 is formed before the vias
113 are etched. In other words, in process 600 of FIG. 6, block 610 is performed in place
of block 604 and block 604 is performed in place of block 610. Process 600 can also be
modified such that the individual semiconductor submounts 100 are separated by a dicing
process before the micro-component 108 is attached to the die-attach pad 110 and the
submount 100 is sealed.

In addition, process 600 can also be modified such that the device side of the
submount 100 is metallized before the SMD side 120 is metallized. For example, the
process 650 is substantially the same as process 600 until block 666. In block 666, the
device side of the submount 100 undergoes a metallization process (block 666). Metal
can be deposited in predetermined areas of the cavity 104 to form the cavity metallization

112 which is electrically connected to the feed-through metallization 114. In addition,
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metal can be deposited to form different structures such as the die-attach pad 110.
Different metallization techniques can be used

The diclectric layer is then removed from predetermined portions of the SMD side
120 of the submount 100 (block 668). A predetermined amount of dielectric material is
removed from the SMD side 120 of the submount 100, including the surfaces of the vias
113 and the membrane 105. As described above, the diclectric layer can be removed
using an etching technique.

The SMD side 120 of the semiconductor 100 then is metallized to form the feed-
through metallization 114 (block 670). The feed-through metallization 114 can be
formed, for example, by the deposition of conductive metals in the vias 113. Metal can
also be deposited in predetermined portions of the SMD side 120 of the membrane
portion 105. Metals such as chromium, titanium, gold, copper, nickel, aluminum, and
silver can be deposited on the predetermined portions of the SMD side 120 of the
submount 100 and the vias 113. Different metallization techniques can be used. For
example, electroplating techniques or a thin film metallization process such as sputtering
deposition can be used.

The remaining steps of process 650 are the same as in process 600.

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention. For example, the shape of the cavity can be modified.
FIGS. 8-11 are partial views of semiconductor-based submounts in which the conductive
feed-throughs extend at least partially through the thicker silicon frame portion but have
cavity designs different from those described above. For example, the silicon-based
submount 800 shown in FIG. § has two cavity regions 804a and 804b. In the illustrated
example, the first cavity region 804a is formed by a wet etching process and has angled
sidewalls 806a. The first cavity region 804a has a depth of approximately 300 um and is
wider than the second cavity region 804b. Due to the difference in cavity widths, a
landing plan 825 is formed. The second cavity region 804b is formed by a dry etching
process and has substantially vertical sidewalls 806b. The second cavity region 804b has
a depth of approximately 100-150 um. The via 813 is formed to penctrate the sidewall
806b and the membrane 805 and allows the feed-through metallization 814 to form an
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electrical connection with the cavity metallization §12. The cavity metallization 812
covers a portion of the substantially vertical sidewall 806b and portions of the upper
surface of the membrane 805. In some implementations, the cavity metallization 8§12
extends from the angled sidewall 806a and covers portions of the angled sidewall 806a,
the landing 825, portions of the substantially vertical sidewall 806b and portions of the
upper surface of the membrane 805.

FIG. 9 is a partial cross-sectional view of a semiconductor-based submount 900
having two cavity regions 904a and 904b. The first cavity region 904a is formed by a dry
etching process and has substantially vertical sidewalls 906a. The first cavity region
904a has a depth of approximately 350 um. The second cavity region 904b is also
formed by a dry etching process and has substantially vertical sidewalls 906b. The width
of the second cavity region 904b is less than the width of the first cavity region 904a.
The difference in widths creates a landing plan 925. In the illustrated example, the
second cavity region 904b has a depth of approximately 100 um. The via 913 penetrates
the sidewall 906a and the landing plan 925 and allows the feed-through metallization 914
to form an electrical connection with the cavity metallization 912. The cavity
metallization 912 extends over portions of the angled sidewall 906a, the landing plan
925, the sidewall 906b and the membrane 905.

FIG. 10 is a partial cross-sectional view of a semiconductor-based submount 1000
having two cavity regions 1004a and 1004b. The first cavity region 1004a is formed by a
wet etching process and has angled sidewalls 1006a. The first cavity region 1004a has a
depth of approximately 350 um. In the illustrated example, the second cavity region
1004b is formed by a dry etching process and has substantially vertical sidewalls 1006b.
The second cavity region 1004b has a depth of approximately 100 um. The first cavity
region 1004a is wider than the second cavity region 1004b and is positioned such that a
landing plan 1025 is formed between the first sidewalls 1006a and the second sidewalls
1006b. The via 1013 penetrates the first sidewall 1006a and the landing plan 1025 and
allows the feed-through metallization 1014 to form an electrical connection with the
cavity metallization 1012. The cavity metallization 1012 extends over portions of the
first sidewall 1006a, the landing plan 1025 the second sidewall 1006b, and/or the upper

surface of the membrane 1005.
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FIG. 11 is a partial cross-sectional view of a semiconductor-based submount 1100
configured to accommodate multiple micro-components. The submount 1100 has three
cavity regions 1104a, 1104b and 1104c. The first cavity region 1104a is formed by a wet
etching process and has angled sidewalls 1106a. The first cavity region 1104a is etched
to a first predetermined depth. The second cavity region 1104b is formed by a wet
etching process and has angled sidewalls 1106b. The second cavity region 1104b is
etched to a second predetermined depth. The width of the first cavity region 1104a is
larger than the width of the second cavity region 1104b. A third cavity region 1104c is
formed by a wet etching process and has angled sidewalls 1106¢. The third cavity region
1104c¢ is etched to a third predetermined depth. In some implementations, the second
predetermined depth can be equal to the third predetermined depth. In other
implementations, the third predetermined depth can be greater than the second
predetermined depth. The third cavity region 1104c is formed to the right of the second
cavity region 1104b and a landing plan 1125 is created. In some implementations, a
micro-component can be placed on the landing plan 1125 or on the bottom of the second
cavity 1104b. The via 1113 is formed to penetrate the second sidewalls 1106b and allows
the feed-through metallization 1114 to form an electrical connection with the cavity
metallization 1112. The cavity metallization 1112 can be formed to extend over portions
of the first sidewall 1106a, portions of the second sidewall 1106b, portions of the landing
plan 1125, portions of the third sidewall 1106¢ and/or portions of the upper surface of the

membrane 1105.

Various advantages can be obtained using the design and techniques ofthe present
invention. Among the advantages that are obtained in some implementations are the
following:

(1) The electrical feed-throughs are moved further away from critical optical
surfaces of a LED (or other light emitting device) to improve device efficiency.

(2) Reduction in the overall package size and overall manufacturing costs can be
achieved.

(3) Increased size of the contact area close to the LED chip to improve thermal
performance.
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(4) The design can exploit the fabrication technologies potential of producing
sloping sidewalls of precise and repeatable geometries.

(5) The design can create a three-dimensional structure capable of metallization
on each sidewall of the recess.

(6) Improved mechanical stability of the package by moving the via(s) for the
feed-through metallization to a stronger region of the submount structure. Where the
packaging design includes a thin membrane, the feed-through contact need not extend
through the thin membrane. The mechanical integrity can thus be improved.

(7) Allows independent design of the membrane thickness and the through-
contact fabrication requirements.

(8) Allows a reduction in the membrane thickness to enhance the thermal

performance of the package.

Other implementations are within the scope of the claims.
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WHAT IS CLAIMED IS:

l. A submount for a micro-component, the submount comprising:

a semiconductor substrate having a cavity defined in a front-side of the substrate
in which to mount the micro-component, a thin silicon membrane portion at a bottom of
the cavity and thicker frame portions adjacent to sidewalls of the cavity; and

an electrically conductive feed-through connection extending from a back-side of
the substrate at least partially through the thicker silicon frame portion, with electrical
contact between the feed-through connection and a conductive layer on a surface of the

cavity being made at least partially through a sidewall of the cavity.

2. The submount of claim 1 wherein the electrical contact is formed at least partially

through the thin membrane as well as the sidewall of the cavity.

3. The submount of claim 1 or 2 wherein the substrate is a silicon substrate.

4. The submount of one of the preceding claims further comprising a via in the back-
side of the substrate, wherein the via has sidewalls and the electrically conductive feed-

through connection extends at least along the sidewalls of the via.

5. The submount of claim 4 wherein the sidewalls of the via are not aligned with the

sidewall of the cavity.

6. The submount of claim 4 wherein the sidewalls of the via are offset from the

sidewall of the cavity.

7. The submount of claim 4 wherein the via completely penctrates the thin

membrane portion.

8. The semiconductor submount of one of the preceding claims wherein the cavity

comprises a plurality of cavity regions, wherein cach of the cavity regions are separated
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by a landing plan.

9. The semiconductor submount of one of the preceding claims wherein the

sidewalls of the cavity are angled.

10. The semiconductor submount of one of claims 1 to 8 wherein the sidewalls of the

cavity are substantially vertical.

11. The semiconductor submount of one of claims 1 to 8 wherein the sidewalls of the

cavity comprise an angled sidewall and a substantially vertical sidewall.

12. A wafer-level method of fabricating a submount for a micro-component, the
method comprising:

ctching a via in a back-side of a silicon wafer, and etching a cavity in a front-side
of the silicon wafer to define a thin membrane portion at the bottom of the cavity, the
wafer having thicker frame portions adjacent sidewalls of the cavity, and the via extends
at least partially through the thicker frame portions;

etching a cavity in a front-side of the wafer to form a thin membrane at the bottom
of the cavity and the thicker frame portions adjacent sidewalls of the cavity;

providing metallization in the via to form clectrically conductive feed-through
connection that extends from the back-side of the substrate at least partially through the
thicker silicon frame portion; and

providing metallization on a surface the cavity, wherein electrical connection
between the electrically conductive feed-through connection and the metal on the surface

of the cavity is made at least partially through a particular sidewall of the cavity.

13. The method of claim 12 wherein the via is etched such that sidewalls of the via

are not aligned with the particular sidewall of the cavity.
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14. The method of claim 12 wherein the via is etched such that the sidewalls of the

via are offset from the particular sidewall of the cavity.

15. The method of one of claims 12 to 14 wherein the cavity is etched using a wet

etching process.

16. The method of one of claims 12 to 14 wherein the cavity is etched using a dry

etching process.

17.  The method of one of claims 12 to 16 wherein the cavity is etched to form a
plurality of cavity regions, wherein each of the cavity regions are separated by a landing

plan.
18.  The method of claim 17 wherein etching a cavity in the front-side of the wafer
comprises etching a first cavity region using a first etching process and etching a second

cavity region using a second etching process.

19. The method of claim 17 wherein etching the plurality of cavity regions comprises

using at least one wet etching process and at least one dry etching process.

20.  The method of one of claims 12 to 19 wherein etching the via comprises etching

the via to a depth greater than a thickness of the thin membrane.
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