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SILICON-BASED COOLING PACKAGE FOR LIGHT-EMITTING DEVICES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the priority benefit of U.S. Provisional Patent

Application No. 61/437,598, filed on January 29, 2011, the entirety of which is

hereby incorporated by reference and made a part of this specification.

BACKGROUND

Technical Field

[0002] The present disclosure generally relates to the field of transfer of

thermal energy and, more particularly, t o removal of thermal energy from a

light-emitting device.

Description of the Related Art

[0003] Light-emitting devices, such as vertical-cavity surface-emitting lasers

(VCSEL), light-emitting diodes (LED), laser diodes and the like, generate

thermal energy, or heat, when in operation. The heat generated by a light-

emitting device needs to be removed, or dissipated, from the light-emitting

device in order to allow the light-emitting device to achieve optimum

performance while keeping the light-emitting device within a safe operating

temperature range. With the form factor of light-emitting devices and the

applications they are implemented in becoming ever more compact, it is

imperative to effectively dissipate the high-density heat generated in an area



of small footprint t o ensure the safe operation and optimum performance of

light-emitting devices.

[0004] Many metal-based heat dissipation packages, whether water-cooled

or air-cooled, have been developed for use in compact packages t o dissipate

heat generated by light-emitting devices. For instance, heat exchangers and

heat pipes made of a material with high thermal conductivity, such as copper,

copper-tungsten alloy, aluminum or iron, for example, are commercially

available. However, most metal-based heat exchangers and heat pipes

experience oxidation, corrosion and/or crystallization after long periods of

operation. Such fouling factors significantly reduce the efficiency of heat

transfer of metal-based cooling packages. Other problems associated with

metal-based cooling packages include, for example, difficulty in precision

alignment in mounting laser diode bars, VCSELs or LEDs or chips in laser

diode/VCSEL/LED cooling applications, issues with overall compactness of the

package, corrosion of the metallic material in water-cooled applications,

difficulty in manufacturing, etc. Yet, increasing demand for higher power

density in small form factor motivates the production of a compact cooling

package with fewer or none of the aforementioned issues. Moreover,

conventional packages typically use wire bonding to provide electrical power

to the light-emitting device, but wire bonding may add cost and complexity in

manufacturing and may be prone to defects in addition to occupying space

unnecessarily.



SUMMARY

[0005] Various embodiments of a silicon-based thermal energy transfer

apparatus, or a cooling package, for light-emitting devices are described

herein. The novel and non-obvious silicon-based thermal energy transfer

apparatus provides a compact form factor, achieves better thermal

conductivity than conventional metal-based cooling packages, and is more

cost effective. The thermal energy transfer apparatus advantageously

removes thermal energy from a light-emitting device and allows electrical

power to be provided to the light-emitting device without using wire bonding.

[0006] According to one aspect, an apparatus may comprise a base plate

made of a silicon-based material or a ceramic material and a cover element

made of a silicon-based material or a ceramic material. The base plate may

include a recess configured to receive a light-emitting device therein. A first

area of the base plate may be coated with a first electrically-conductive

pattern that forms a first electrode for powering the light-emitting diode. A

second area of the base plate may be coated with a second electrically-

conductive pattern that is electrically isolated from the first electrically-

conductive pattern. The cover element may be configured to be disposed on

the base plate to hold the light-emitting device between the base plate and

the cover element with at least a portion of a light-emitting surface of the

light-emitting device exposed. An area of the cover element may be coated

with a third electrically-conductive pattern that is in contact with the second



electrically-conductive pattern to form a second electrode together with the

second electrically-conductive pattern for powering the light-emitting device

when the cover element is disposed on the base plate.

[0007] In at least one embodiment, the base plate may include a first

primary surface and a second primary surface opposite to the first primary

surface. The first primary surface may include a non-recessed area and the

recess to receive the light-emitting device in the recess. At least a portion of

the recess and a first portion of the non-recessed area may be contiguously

coated with the first electrically-conductive pattern. A second portion of the

non-recessed area may be coated with the second electrically-conductive

pattern. The cover element may include a first primary surface and a second

primary surface opposite to the first primary surface. The first primary surface

of the cover element may be coated with the third electrically-conductive

pattern that is configured to be in contact with the second electrically-

conductive pattern when the cover element is disposed on the base plate with

the first primary surface of the cover element facing the first primary surface

of the base plate.

[0008] In at least one embodiment, the recess may include a main portion

and a channel portion with the main portion dimensioned to receive the light-

emitting device therein. A first part of the first electrically-conductive pattern

may be disposed in the main portion and the channel portion of the recess. A

second part of the first electrically-conductive pattern that is contiguous with



the first part of the first electrically-conductive pattern may be disposed on

the first portion of the non-recessed area of the first primary surface of the

base plate. The cover element may not be in contact with the second part of

the first electrically-conductive pattern when the cover element is disposed

on the base plate.

[0009] In at least one embodiment, the apparatus may further comprise a

layer of thermally-conductive material disposed between at least a portion of

the recess and at least a portion of the first electrically-conductive pattern.

[0010] In at least one embodiment, the layer of thermally-conductive

material may comprise diamond, copper, or silver.

[0011] In at least one embodiment, the apparatus may further comprise a

layer of metallic material, disposed on at least a portion of the second primary

surface of the base plate, that bonds the base plate to an external object.

[0012] In at least one embodiment, the apparatus may further comprise a

collimating element disposed on the cover element. The collimating element

may include a lens portion that collimates light emitted from the light-

emitting device along a predefined direction. The collimating element may be

made of glass, polymer, or quartz.

[0013] In at least one embodiment, the apparatus may further comprise a

spacer element disposed on the collimating element with the collimating

element disposed between the spacer element and the cover element. The

spacer element may include an opening that accommodates at least the lens



portion of the collimating element and allows the light emitted from the light-

emitting device to propagate through the spacer element. The spacer

element may be made of silicon or ceramic.

[0014] In at least one embodiment, the apparatus may further comprise a

window element disposed on the spacer element with the spacer element

disposed between the window element and the collimating element. The

window element is substantially transparent.

[0015] In at least one embodiment, the apparatus may further comprise a

VCSEL that is received in the recess of the base plate and disposed between

the base plate and the cover element t o receive electrical power from the first

electrode and the second electrode.

[0016] In at least one embodiment, the apparatus may further comprise a

LED that is received in the recess of the base plate and disposed between the

base plate and the cover element to receive electrical power from the first

electrode and the second electrode.

[0017] According to another aspect, an apparatus may comprise a base plate

made of a silicon-based material or a ceramic material and a cover element

made of a silicon-based material or a ceramic material. The base plate may

include a first primary surface and a second primary surface opposite t o the

first primary surface. The first primary surface may include a non-recessed

area and a recess t o receive the light-emitting device in the recess. At least a

portion of the recess and a first portion of the non-recessed area may be



contiguously coated with a first electrically-conductive pattern that forms a

first electrode for powering the light-emitting diode. A second portion of the

non-recessed area may be coated with a second electrically-conductive

pattern that is electrically isolated from the first electrically-conductive

pattern. The cover element may be configured to be disposed on the base

plate to hold the light-emitting device between the base plate and the cover

element. The cover element may include a first primary surface and a second

primary surface that is opposite to the first primary surface. The first primary

surface of the cover element may be coated with a third electrically-

conductive pattern that is configured to be in contact with the second

electrically-conductive pattern to form a second electrode for powering the

light-emitting device when the cover element is disposed on the base plate

with the first primary surface of the cover element facing the first primary

surface of the base plate. The cover element may further include an opening

communicatively connecting the first primary surface of the cover element

and the second primary surface of the cover element. The opening may

expose at least a portion of a light-emitting surface of the light-emitting

device.

[0018] According to a further aspect, an apparatus may comprise a base

plate made of a silicon-based material or a ceramic material and a cover

element made of a silicon-based material or a ceramic material. The base

plate may include a first primary surface and a second primary surface



opposite to the first primary surface. The first primary surface may include a

non-recessed area and a recess to receive the light-emitting device in the

recess. At least a portion of the recess and a first portion of the non-recessed

area may be contiguously coated with a first electrically-conductive pattern

that forms a first electrode for powering the light-emitting diode. A layer of

thermally-conductive material may be disposed between at least a portion of

the recess and at least a portion of the first electrically-conductive pattern. A

second portion of the non-recessed area may be coated with a second

electrically-conductive pattern that is electrically isolated from the first

electrically-conductive pattern. The cover element may be configured to be

disposed on the base plate to hold the light-emitting device between the base

plate and the cover element with at least a portion of a light-emitting surface

of the light-emitting device exposed. The cover element may include a first

primary surface and a second primary surface opposite to the first primary

surface. The first primary surface of the cover element may be coated with a

third electrically-conductive pattern. The third electrically-conductive pattern

may be configured to be in contact with the second electrically-conductive

pattern to form a second electrode for powering the light-emitting device

when the cover element is disposed on the base plate with the first primary

surface of the cover element facing the first primary surface of the base plate.

[0019] These and other objectives of the present disclosure will be

appreciated by those of ordinary skill in the art after reading the following



detai led descri ption of the preferred embodi ments that are i l lustrated in the

various figu res and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] In the detai led description that fol lows, embodi ments are described

as i l lustrations since various changes and modifications wil l beco me appa rent

to those ski lled in the art from the following detai led descri ption . The use of

the same reference numbers in different indicates simi lar or identica l items. It

is appreciable that the figures are not necessa rily in scale as some

components may be shown as out of pro portion than the size in actua l

implementation in order to clea rly i l lustrate the concept of the present

disclosu re.

[0021] Figu re 1 illustrates a side view of a therma l energy tra nsfer apparatus

for a light-emitti ng device in accordance with one embodi ment of the present

disclosu re.

[0022] Figu re 2 illustrates an assem bly view of the thermal energy tra nsfer

appa ratus of Figure 1.

[0023] Figu re 3 illustrates an exploded side view of a therma l energy transfer

appa ratus for a light-emitting device in accordance with another embodiment

of the present disclosure.

[0024] Figu re 4 i l lustrates an exploded isometric view of the therma l energy

transfer apparatus of Figu re 3.



[0025] Figure 5 illustrates an isometric view of the thermal energy transfer

apparatus of Figure 3 .

[0026] Figure 6 illustrates a cross-sectional view of the thermal energy

transfer apparatus of Figure 5 .

[0027] Figure 7 illustrates an assembly view of a thermal energy transfer

apparatus for a light-emitting device in accordance with another embodiment

of the present disclosure.

[0028] Figure 8 illustrates another view of the thermal energy transfer

apparatus of Figure 7 .

[0029] Figure 9 illustrates an isometric view of the thermal energy transfer

apparatus of Figure 7 .

DETAILED DESCRIPTION

Overview

[0030] The present disclosure describes embodiments of a thermal energy

transfer apparatus that removes thermal energy from a light-emitting device

and allows electrical power to be provided to the light-emitting device

without using wire bonding. While aspects of described techniques relating to

a thermal energy transfer apparatus that removes thermal energy from a

light-emitting device can be implemented in any number of different

applications, the disclosed embodiments are described in context of the

following exemplary configurations.



Illustrative First Thermal Energy Transfer Apparatus

[0031] Figures 1 and 2 illustrate an embodiment of a thermal energy transfer

apparatus 100 that removes thermal energy from a light-emitting device 120

when the light-emitting device 120 is bonded to or otherwise attached to the

thermal energy transfer apparatus 100. The thermal energy transfer

apparatus 100 comprises a base plate 110 that has a first primary surface 110a

and a second primary surface 110b opposite to the first primary surface 110a.

[0032] In at least one embodiment, the base plate 110 may be made of a

silicon-based material. For example, the base plate 110 may be fabricated

from a silicon wafer, such as a single-crystal silicon wafer. Accordingly, batch

manufacturing of a plurality of base plates 110 from a single silicon wafer may

be achieved using known or to-be-developed semiconductor or micro-

electromechanical-system (MEMS) fabrication processes for high production

volume with high yield rate. Alternatively, the base plate 110 may be made of

a ceramic material such as, for example, aluminum nitride (AIN).

[0033] The base plate 110 has a recess 118 on the first primary surface 110a.

The recess 118 is dimensioned to receive the light-emitting device 120

substantially exactly such that the light-emitting device 120 cannot be moved

in a direction substantially parallel to the first primary surface 110a or the

second primary surface 110b when the light-emitting device 120 is received in

the recess. That is, one or more dimensions of the recess 118 are fabricated

to substantially match one or more dimensions of the light-emitting diode 120



in order to allow the light-emitting device 120 t o fit snuggly in the recess 118

when the light-emitting device 120 is bonded, or otherwise attached, to the

base plate 110 by being received in the recess 118.

[0034] For illustrative purpose, assuming the light-emitting device 120 has a

width dimension X2, as shown in Figure 1, preferably the bottom of the recess

118 has a dimension XI that is the same as or substantially the same as X2.

[0035] Moreover, the recess 118 has a depth Yl, as shown in Figure 1, such

that the top surface of the light emitting device 120 is higher than the first

primary surface 110a when the bottom surface of the light-emitting device

120, which is opposite the top surface, is received in the recess 118. In other

words, the depth Yl of the recess 118 is at least the same as or less than the

height Y2 of the light-emitting device 120.

[0036] In at least one embodiment, at least a portion of the first primary

surface 110a of the base plate 110 that is not recessed (hereinafter referred

to as the "non-recessed area") and at least a portion of the recess 118 may be

contiguously coated with a first electrically-conductive pattern 114a that

forms a first electrode for powering the light-emitting device 120. That is, the

portion of the first electrically-conductive pattern 114a that is disposed on the

recess 118 and the portion of the first electrically-conductive pattern 114a

that is disposed on the non-recessed area of the first primary surface 110a are

contiguous and hence electrically coupled together. When the light-emitting



device 120 is received in the recess 118, the light-emitting device 120 contacts,

and hence is electrically coupled to, the first electrically-conductive pattern

114a.

[0037] In at least one embodiment, at least a portion of the recess 118 that

is covered by the light-emitting device 120 when the light-emitting device 120

is received in the recess 118 may be coated with a layer of thermally-

conductive material 112. During operation, the layer of thermally-conductive

material 112 aids the transfer of thermal energy, or heat, from the light-

emitting device 120 to the base plate 110 by conduction to dissipate at least

some of the heat generated by the light-emitting device 120. This tends to

enhance the performance as well as longevity of the light-emitting device 120.

In at least one embodiment, the layer of thermally-conductive material 112

may comprise diamond. In another embodiment, the layer of thermally-

conductive material 112 may comprise copper. Alternatively, the layer of

thermally-conductive material 112 may comprise silver.

[0038] In at least one embodiment, the non-recessed area of the first

primary surface 110a of the base plate 110 and at least a portion of the layer

of thermally-conductive material 112 may be contiguously coated with the

first electrically-conductive pattern 114a such that the light-emitting device

120 contacts, and hence is electrically coupled to, the first electrically-

conductive pattern 114a when the light-emitting device 112 is received in the

recess 118 of the base plate 110.



[0039] Moreover, at least another portion of the first primary surface 110a

of the base plate 110 that is not recessed and not coated with the first

electrically-conductive pattern 114a is coated with a second electrically-

conductive pattern 114b. The first electrically-conductive pattern 114a and

the second electrically-conductive pattern 114b are electrically isolated from

each other.

[0040] With the bottom of the recess 118 coated with the layer of thermally-

conductive material 112 and the first electrically-conductive pattern 114a,

when the depth Yl of the recess 118 is the same as, or even slightly less than,

the height Y2 of the light-emitting device 120 the top surface of the light-

emitting device 120 will still be higher than the first primary surface 110a of

the base plate 110 when the light-emitting device 120 is received in the recess

118.

[0041] In at least one embodiment, at least a portion of the second primary

surface 110b is coated with a layer of metallic material 116. The layer of

metallic material 116 allows the bonding of the base plate 110 t o an external

object, such as a heat sink which may be, for example, a substrate, a printed

circuit board (PCB), a passive cooler, an active cooler, etc. In another

embodiment, the second primary surface 110b is configured t o allow the base

plate 110 t o be mounted on, bonded to, or otherwise attached t o a heat sink

which may be, for example, a substrate, a PCB, a passive cooler, an active

cooler, etc. This would allow heat transferred from the light-emitting device



120 to the base plate 110 to be further transferred to such a heat sink for

dissipation, thus further aiding heat removal from the light-emitting device

120.

Illustrative Second Thermal Energy Transfer Apparatus

[0042] Figures 3-6 illustrate another embodiment of the thermal energy

transfer apparatus 100, which comprises one or more additional components

than that shown in Figures 1 and 2, as described below.

[0043] In at least one embodiment, in addition to the base plate 110, the

thermal energy transfer apparatus 100 may further comprise a cover element

130. The cover element 130 has a second primary surface 130a and a first

primary surface 130b that is opposite to the second primary surface 130a.

The cover element 130 further has an opening 135 such that a portion of the

top surface, e.g., a light-emitting surface, of the light-emitting device 120 is

exposed and another portion of the top surface of the light-emitting device

120 is in contact with the first primary surface 130b of the cover element 130

when the light-emitting device 120 is received in the recess 118 of the base

plate 110 with the cover element 130 disposed on, mounted on, or otherwise

bonded to, the base plate 110 to hold the light-emitting device 120 between

the cover element 130 and the base plate 110.

[0044] In at least one embodiment, the cover element 130 may be made of a

silicon-based material. For example, the cover element 130 may be fabricated



from a silicon wafer, such as a single-crystal silicon wafer. Accordingly, batch

manufacturing of a plurality of cover elements 130 from a single silicon wafer

may be achieved using known or to-be-developed semiconductor or MEMS

fabrication processes for high production volume with high yield rate.

Alternatively, the cover element 130 may be made of a ceramic material such

as, for example, aluminum nitride.

[0045] In at least one embodiment, at least a portion of the first primary

surface 130b of the cover element 130 may be metalized with a metallization

layer 132 (hereinafter interchangeably referred to as the "third electrically-

conductive pattern"). The third electrically-conductive pattern 132, may be in

contact with the light-emitting device 120 and the second electrically-

conductive pattern 114b that is coated on the first primary surface 110a of the

base plate 110 when the cover element 130 is disposed on, mounted on, or

otherwise bonded to, the base plate 110 with the light-emitting device 120

between the cover element 130 and the base plate 110. The third electrically-

conductive pattern 132 and the second electrically-conductive pattern 114b

form a second electrode for powering the light-emitting device 120. The third

electrically-conductive pattern 132 is electrically isolated from the first

electrically-conductive pattern 114a. The cover element 130 may be

configured such that at least a portion of the first electrically-conductive

pattern 114a on the non-recessed area of the first primary surface 110a of the

base plate 110 and at least a portion of the second electrically-conductive



pattern 114b on the non-recessed area of the first primary surface 110a of the

base plate 110 are exposed when the cover element 130 is disposed on,

mounted on, or otherwise bonded to, the base plate 110 with the light-

emitting device 120 between the cover element 130 and the base plate 110.

This way, each of the exposed portions of the first and second electrodes, i.e.,

the exposed portion of the first electrically-conductive pattern 114a and the

exposed portion of the second electrically-conductive pattern 114b, may

receive electrical power from respective electrical contacts t o power the light-

emitting device 120. This is because the top surface of the light-emitting

device 120 is in contact with the third electrically-conductive pattern 132 on

the cover element 130, which is in contact with the second electrically-

conductive pattern 114b, while the bottom surface of the light-emitting

device 120 is in contact with the first electrically-conductive pattern 114a.

Such novel and non-obvious design avoids the need of wire bonding to power

the light-emitting device 120, thus eliminating the complexity and costs

associated with wire bonding.

[0046] In at least one embodiment, the thermal energy transfer apparatus

100 may further comprise a collimating element 140 disposed on, mounted on,

or otherwise bonded to, the second primary surface 130a of the cover

element 130. The collimating element 140 has a lens portion 145. The lens

portion 145 of the collimating element 140 collimates light 125 emitted from

the light-emitting device 120 along a direction that is substantially



perpendicular to the first primary surface 110a of the base plate 110 as shown

in Figures 3-5. In at least one embodiment, the collimating element 140 is

made of glass. In another embodiment, the collimating element 140 is made

of polymer. Alternatively, the collimating element 140 is made of quartz.

[0047] In at least one embodiment, the thermal energy transfer apparatus

100 may further comprise a spacer element 150 disposed on, mounted on, or

otherwise bonded to, the collimating element 140 such that the collimating

element 140 is between the spacer element 150 and the cover element 130.

The spacer element 150 has an opening 155 that accommodates at least the

lens portion 145 of the collimating element 140 and allows the light 125

emitted from the light-emitting device 120 to propagate through the spacer

element 150. In at least one embodiment, the spacer element 150 is made of

silicon. In another embodiment, the spacer element 150 is made of ceramic.

[0048] In at least one embodiment, the thermal energy transfer apparatus

100 may further comprise a window element 160 disposed on, mounted on,

or otherwise bonded to, the spacer element 150 such that the spacer element

150 is between the window element 160 and the collimating element 140.

The window element 160 is substantially transparent.

[0049] In at least one embodiment, the thermal energy transfer apparatus

100 may further comprise the light-emitting device 120. The light-emitting



device 120 may be, for example, a VCSEL, a LED, or another type of

semiconductor-based laser or light source.

Illustrative Third Thermal Energy Transfer Apparatus

[0050] Figures 7-9 illustrate a thermal energy transfer apparatus 200 in

accordance of the present disclosure.

[0051] The apparatus 200 may comprise a base plate 210 and a cover

element 230. Similar t o the base plate 110 and the cover element 130, each

of the base plate 210 and the cover element 230 may be made of a silicon-

based material, e.g., single-crystal silicon, or alternatively, a ceramic material,

e.g., aluminum nitride. Many features and functionalities of the base plate

210 and cover element 230 are similar t o those of the base plate 110 and

cover element 130, respectively. Thus, in the interest of brevity, the following

detailed description will be directed t o features and functionalities of the base

plate 210 and cover element 230 that differ from those of the base plate 110

and cover element 130.

[0052] As shown in Figures 7-9, the base plate 210 includes a recess that is

configured t o receive a light-emitting device 220 therein for the light-emitting

device 220 t o emit a beam of photonic energy in a direction 225. The recess

includes a main portion that is dimensioned t o receive the light-emitting

device 220 therein snugly. The recess also includes a channel portion that is

connected t o the main portion. A first area of the base plate 210 is coated



with a first electrically-conductive pattern that forms a first electrode for

powering the light-emitting diode. In particular, the first electrically-

conductive pattern includes a first portion 214 disposed in the recess, a

second portion 216 disposed on the non-recessed area of the first primary

surface of the base plate 210, and a third portion 215 that connects the first

portion 214 and the second portion 216. In other words, the first electrically-

conductive pattern is contiguously coated on, deposited on, or otherwise

disposed on, the recess and the non-recessed area of the base plate 210 to

form a first electrode for powering the light-emitting device 220. A second

area of the base plate 210 is coated with a second electrically-conductive

pattern 226 that is electrically isolated from the first electrically-conductive

pattern.

[0053] The cover element 230 is configured to be disposed on the base plate

210 to hold the light-emitting device 220 between the base plate 210 and the

cover element 230 with at least a portion of a light-emitting surface of the

light-emitting device 220 exposed. An area of the cover element 230 is coated

with a third electrically-conductive pattern 232 that is in contact with the

second electrically-conductive pattern 226 to form a second electrode

together with the second electrically-conductive pattern 226 for powering the

light-emitting device 220 when the cover element 230 is disposed on the base

plate 210. The cover element 230 is not in contact with the first electrically-

conductive pattern, e.g., the second portion 216, when the cover element 230



is disposed on the base plate 210. More specifically, either or both of the

cover plate 230 and the channel portion of the recess on the base plate 210

may be dimensioned such that there exists a gap 217 between the cover

element 230 and the second portion 216 of the first electrically-conductive

pattern. This feature ensures that there is no contact between the third

electrically-conductive pattern 232 and the second portion 216 of the first

electrically-conductive pattern that would result in a short circuit.

[0054] In at least one embodiment, the thermal energy transfer apparatus

200 may further comprise a collimating element 140 as described above with

respect t o the apparatus 100.

[0055] In at least one embodiment, the thermal energy transfer apparatus

200 may further comprise a spacer element 150 as described above with

respect t o the apparatus 100.

[0056] In at least one embodiment, the thermal energy transfer apparatus

200 may further comprise a window element 160 as described above with

respect t o the apparatus 100.

[0057] In at least one embodiment, the thermal energy transfer apparatus

200 may further comprise the light-emitting device 220. The light-emitting

device 220 may be, for example, a VCSEL, a LED, or another type of

semiconductor-based laser or light source.



Additional Notes

[0058] The above-described techniques pertain t o silicon-based thermal

energy transfer for light-emitting devices. The novel thermal energy transfer

apparatus advantageously removes thermal energy from a light-emitting

device and allows electrical power to be provided to the light-emitting device

without using wire bonding.

[0059] Although the techniques have been described in language specific t o

structural features and/or methodological acts, it is t o be understood that the

appended claims are not necessarily limited to the specific features or acts

described. Rather, the specific features and acts are disclosed as exemplary

forms of implementing such techniques. Furthermore, although the

techniques have been illustrated in the context of cooling package for a VCSEL,

the techniques may be applied in any other suitable context such as, for

example, cooling package for LED.



CLAI M S

What is claimed is:

1 . An apparatus, comprising:

a silicon-based base plate, the base plate including a recess configured

to receive a light-emitting device therein, a first area of the base plate coated

with a first electrically-conductive pattern that forms a first electrode for

powering the light-emitting diode, a second area of the base plate coated with

a second electrically-conductive pattern that is electrically isolated from the

first electrically-conductive pattern; and

a silicon-based cover element, the cover element configured to be

disposed on the base plate to hold the light-emitting device between the base

plate and the cover element with at least a portion of a light-emitting surface

of the light-emitting device exposed, an area of the cover element coated with

a third electrically-conductive pattern that is in contact with the second

electrically-conductive pattern to form a second electrode together with the

second electrically-conductive pattern for powering the light-emitting device

when the cover element is disposed on the base plate.

2 . An apparatus as recited in Claim 1, wherein:

the base plate includes a first primary surface and a second primary

surface opposite to the first primary surface, the first primary surface

including:

a non-recessed area and the recess to receive the light-emitting

device in the recess,



at least a portion of the recess and a first portion of the non-

recessed area contiguously coated with the first electrically-conductive

pattern, and

a second portion of the non-recessed area coated with the

second electrically-conductive pattern; and

the cover element includes a first primary surface and a second primary

surface opposite to the first primary surface, the first primary surface of the

cover element coated with the third electrically-conductive pattern that is

configured t o be in contact with the second electrically-conductive pattern

when the cover element is disposed on the base plate with the first primary

surface of the cover element facing the first primary surface of the base plate.

3. An apparatus as recited in Claim 2, wherein:

the recess includes a main portion and a channel portion with the main

portion dimensioned t o receive the light-emitting device therein;

a first part of the first electrically-conductive pattern is disposed in the

main portion and the channel portion of the recess;

a second part of the first electrically-conductive pattern that is

contiguous with the first part of the first electrically-conductive pattern is

disposed on the first portion of the non-recessed area of the first primary

surface of the base plate; and

the cover element is not in contact with the second part of the first

electrically-conductive pattern when the cover element is disposed on the

base plate.

4. An apparatus as recited in Claim 1, further comprising:



a layer of thermally-conductive material disposed between at least a

portion of the recess and at least a portion of the first electrically-conductive

pattern.

5. An apparatus as recited in Claim 4, wherein the layer of

thermally-conductive material comprises diamond, copper, or silver.

6. The apparatus of claim 1, further comprising:

a layer of metallic material, disposed on at least a portion of the second

primary surface of the base plate, that bonds the base plate to an external

object.

7. An apparatus as recited in Claim 1, further comprising:

a collimating element disposed on the cover element, the collimating

element having a lens portion that collimates light emitted from the light-

emitting device along a predefined direction.

8. An apparatus as recited in Claim 7, wherein the collimating

element is made of glass, polymer, or quartz.

9. An apparatus as recited in Claim 7, further comprising:

a spacer element disposed on the collimating element with the

collimating element disposed between the spacer element and the cover

element, the spacer element having an opening that accommodates at least

the lens portion of the collimating element and allows the light emitted from

the light-emitting device to propagate through the spacer element.



10. An apparatus as recited in Claim 9, wherein the spacer element

is made of silicon or ceramic.

11. An apparatus as recited in Claim 9, further comprising:

a window element disposed on the spacer element with the spacer

element disposed between the window element and the collimating element,

the window element being substantially transparent.

12. An apparatus as recited in Claim 1, further comprising:

a vertical-cavity surface-emitting laser (VCSEL) that is received in the

recess of the base plate and disposed between the base plate and the cover

element t o receive electrical power from the first electrode and the second

electrode.

13. An apparatus as recited in Claim 1, further comprising:

a light-emitting diode (LED) that is received in the recess of the base

plate and disposed between the base plate and the cover element t o receive

electrical power from the first electrode and the second electrode.

14. An apparatus, comprising:

a base plate made of a silicon-based material or a ceramic material, the

base plate including a first primary surface and a second primary surface

opposite to the first primary surface, the first primary surface including:

a non-recessed area and a recess t o receive the light-emitting

device in the recess,



at least a portion of the recess and a first portion of the non-

recessed area contiguously coated with a first electrically-conductive

pattern that forms a first electrode for powering the light-emitting

diode, and

a second portion of the non-recessed area coated with a second

electrically-conductive pattern that is electrically isolated from the first

electrically-conductive pattern; and

a cover element made of a silicon-based material or a ceramic material,

the cover element configured to be disposed on the base plate to hold the

light-emitting device between the base plate and the cover element, the cover

element including:

a first primary surface that is coated with a third electrically-

conductive pattern, the third electrically-conductive pattern configured

to be in contact with the second electrically-conductive pattern to form

a second electrode for powering the light-emitting device when the

cover element is disposed on the base plate with the first primary

surface of the cover element facing the first primary surface of the base

plate,

a second primary surface opposite to the first primary surface,

and

an opening communicatively connecting the first primary

surface of the cover element and the second primary surface of the

cover element, the opening exposing at least a portion of a light-

emitting surface of the light-emitting device.

15. An apparatus, comprising:



a base plate made of a silicon-based material or a ceramic material, the

base plate including a first primary surface and a second primary surface

opposite to the first primary surface, the first primary surface including:

a non-recessed area and a recess to receive the light-emitting

device in the recess,

at least a portion of the recess and a first portion of the non-

recessed area contiguously coated with a first electrically-conductive

pattern that forms a first electrode for powering the light-emitting

diode,

a layer of thermally-conductive material disposed between at

least a portion of the recess and at least a portion of the first

electrically-conductive pattern, and

a second portion of the non-recessed area coated with a second

electrically-conductive pattern that is electrically isolated from the first

electrically-conductive pattern; and

a cover element made of a silicon-based material or a ceramic material,

the cover element configured to be disposed on the base plate to hold the

light-emitting device between the base plate and the cover element with at

least a portion of a light-emitting surface of the light-emitting device exposed,

the cover element including:

a first primary surface that is coated with a third electrically-

conductive pattern, the third electrically-conductive pattern configured

to be in contact with the second electrically-conductive pattern to form

a second electrode for powering the light-emitting device when the

cover element is disposed on the base plate with the first primary



surface of the cover element facing the first primary surface of the base

plate, and

a second primary surface opposite to the first primary surface.
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