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ADAPTER FOR REPLACEABLE LAMP

BACKGROUND
Field

[0001] Embodiments of the present disclosure generally relate to an apparatus
for thermally processing a substrate. In particular, embodiments of the present
disclosure relate to an adapter for lamps used as a source of heat radiation in a
rapid thermal processing (RTP) chamber.

Description of the Related Art

[0002] During RTP of substrates, thermal radiation is generally used to rapidly
heat a substrate in a controlled environment to a maximum temperature of up to
about 1350°C. This maximum temperature is maintained for a specific amount of
time ranging from less than one second to several minutes depending on the
particular process. The substrate is then cooled to room temperature for further

processing.

[0003] High voltage, e.g., about 40 volts to about 130 volts, tungsten halogen
lamps are commonly used as the source of heat radiation in RTP chambers.
Current lamp assembly designs include a lamp body, a bulb and a base coupling to
the lamp body. The lamp base mates to a receptacle on a printed circuit board
(PCB) structure, facilitating easy removal and replacement of the lamp assembly.
When the bulb fails, the entire lamp assembly including the base coupling to the
lamp body is replaced even though the base itself is functioning properly.
Replacement of a functional base due to a faulty bulb causes unnecessary waste

and expense.

[0004] Therefore, it is desirable to provide an improved lamp design to reduce
cost and provide ability to adjust height of the lamps as needed.

SUMMARY OF THE DISCLOSURE

[0005] Embodiments of the disclosure generally relate to an improved adapter for

lamps used as a source of heat radiation in a rapid thermal processing (RTP)
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chamber. In one embodiment of the present disclosure, a lamp assembly is
provided. The lamp assembly includes a capsule having a filament disposed
therein, a press seal coupling to the capsule, and an adapter having a receptacle
contoured to receive at least a portion of the press seal, wherein the press seal is
removably engaged with the adapter.

[0006] In another embodiment, a lamp assembly for use in a thermal processing
chamber is provided. The lamp assembly includes a lamp element comprising a
capsule having a filament disposed therein, a press seal extending from the capsule,
a first filament lead and a second filament lead, the first and second filament leads
extend from the filament to a first metal foil and a second metal foil disposed within
the press seal, respectively, and a first electrically conductive lead and a second
electrically conductive lead, the first and second electrically conductive leads
electrically connect the first and second metal foils to respective electrically
conductive receptacles formed in a printed circuit board (PCB) structure positioned
external to the lamp assembly, and an adapter having an opening at first and
second ends thereof, wherein the opening at the first end has a receptacle
contoured to receive at least a portion of the press seal, and the receptacle is
configured to removably engage with the press seal.

[0007] In yet another embodiment, an adapter for a lamp element is provided.
The adapter includes an elongate body having a first end and a second end
opposing the first end, wherein an opening at the first end has a receptacle
contoured to receive at least a seal portion of a lamp element to be removably
engaged with the elongate body, wherein the seal portion encapsulates and creates

a hermetic seal about a metal foil connected to a filament of the lamp element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is to be noted, however,

that the appended drawings illustrate only typical embodiments of this disclosure
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and are therefore not to be considered limiting of its scope, for the disclosure may
admit to other equally effective embodiments.

[0009] Figure 1 is a schematic, cross-sectional view of a thermal processing

chamber having an array of lamp assemblies.

[0010] Figure 2 is a schematic, top view of the array of the lamp assemblies in a
cooling chamber of the thermal processing chamber.

[0011] Figure 3 is a schematic, cross-sectional view of a lamp assembly

according to embodiments of the disclosure.

[0012] Figures 4A-4F are schematic depictions of exemplary lamp element
designs that may be used to engage with an adapter according to embodiments of
the disclosure.

[0013] Figure 5 is a front schematic, cross-sectional view of an exemplary lamp
assembly according to embodiments of the disclosure.

[0014] Figure 6A is a schematic sectional view of an exemplary lamp assembly
according to embodiments the disclosure.

[0015] Figure 6B is a schematic perspective view of Figure 6A.

DETAILED DESCRIPTION

[0016] Embodiments of the disclosure generally relate to an improved adapter for
lamps used as a source of heat radiation in a rapid thermal processing (RTP)
chamber. The improved adapter allows an easy, fast replacement of a lamp
element by making the lamp element removably engaged with the adapter so that
the lamp element and/or the adapter can be individually replaced. In some aspects
of various embodiments of this disclosure, the adapter may be permanently affixed
(brazed, welded, interference fit, or glued etc.) in the lamphead assembly. The lamp
element is configured to provide sufficient rigidity to handle compressive forces of
inserting the lamp assembly into a PCB structure. The adapter may optionally
provide a fuse (and/or electrical receptacles for the lamp element) which can be

3
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replaced from the side, top, or bottom of the adapter. The adapter provides a
receptacle for receiving a portion of the lamp element. The receptacle is contoured
and may be coated to aid in directing thermal radiation to the target in a controlled
manner. The adapter may provide thermal conductive features and a cooling path
to facilitate heat transfer from the lamp element to the outside world. As a result, the
lamp can be operated so that critical parts are at a temperature low enough to
permit long lamp life. Details of various embodiments are discussed below.

Exemplary Chamber Hardware

[0017] Figure 1 is a schematic, cross-sectional view of an RTP chamber 100 in
which embodiments of the present disclosure are used. The RTP chamber 100 is
capable of providing a controlled thermal cycle that heats the substrate 164 for
processes such as, for example, thermal annealing, thermal cleaning, thermal
chemical vapor deposition, thermal oxidation and thermal nitridation. It is
contemplated that embodiments of the present disclosure may also be used in
epitaxial deposition chambers which are heated from the bottom, the top, or both,
and also other RTP chambers where bottom heating is used. The RTP
chamber 100 includes chamber walls 136 enclosing a process zone 138. For
example, the chamber walls 136 enclosing the process zone 138 can comprise
sidewalls 140 and bottom walls 144 formed by a main body 152 and a top
wall 148 formed by a window 156 resting on the main body 152. The main
body 152 may be made of stainless steel, although aluminum and other suitable
materials may also be used. The window 156 is made of a material that is
transparent to infrared light, such as clear fused silica quartz.

[0018] A substrate support 160 holds the substrate 164 during processing in the
process zone 138. The substrate support 160 may include a rotatable structure that
rotates the substrate 164 during processing. For example, the support 160 may
include a magnetically levitated rotor 168 positioned within a channel 172 in the
main body 152. The magnetically levitated rotor 168 supports a quartz support
cylinder 176, on top of which is a support ring 180 to hold the substrate 164. A
magnetic stator 184 located externally to the channel 172 containing the rotor 168 is

used to magnetically induce rotation of the rotor 168 in the channel 172, which in
4
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turn causes rotation of the substrate 164 on the support ring 180. The substrate 164

may be rotated, for example, at about 100 to about 250 revolutions per minute.

[0019] A radiation source 188 directs radiation onto the substrate 164, and can
be positioned above the substrate 164, such as in a ceiling 192 of the RTP
chamber 100 above the radiation permeable window 156 at the top of the process
zone 138. The radiation source 188 generates radiation at wavelengths that heat
the substrate 164, such as radiation having wavelengths of from about 200 nm to
about 4500 nm. In one embodiment, the radiation source 188 may include a
honeycomb array 196 of lamp assemblies 20. The array 196 may include one or
more approximately radial heating zones that can be independently modulated to
control temperatures across the substrate 164. For example, in one aspect, the
radiation source 188 may include 409 lamps divided into 15 radially symmetric
zones. Each zone can be independently controlled to provide fine control of the
radial profile of heat delivered to the substrate 164. The radiation source 188 is
capable of rapidly heating the substrate 164 for thermal processing, for example at a
rate of from about 50°C/s to about 280°C/s.

[0020] Each lamp assembly 20in the array 196 of lamp assemblies 20 is
enclosed in a tubular lamp assembly housing 204. One end of the lamp assembly
housing 204 is adjacent to the transmission window 156. The lamp assembly
housing 204 may have a reflective inner surface 208 to increase the efficiency of
light and heat transfer from the lamp assemblies 20 to the substrate164. The lamp
assembly housing 204 may be enclosed in a fluid cooling chamber 212 defined by
upper and lower fluid chamber walls 216, 220 and a cylindrical fluid chamber side
wall 224, Clamps 256 secure the main body 152, window 156, and cooling
chamber 212 together. O-rings 260 are located between the window 156 and the
cooling chamber 212 and between the window 156 and the main body 152 to
provide a vacuum seal at those interfaces. A cooling fluid, such as, for example,
water, can be introduced into the cooling chamber 212 through a cooling fluid inlet
228 and removed from the cooling chamber 212 through a cooling fluid outlet 232.
Figure 2 illustrates a top view of the array 196 of lamp assemblies 20 in lamp
assembly housings 204 in the cooling chamber 212. Cooling fluid travels in the
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space 236 between the lamp assembly housings 204, and may be directed by
baffles 240 to ensure an effective fluid flow to transfer heat from the lamp
assemblies 20 in the lamp assembly housings 204. A vacuum pump 248 is provided
to reduce the pressure in the lamp assembly housings 204. The vacuum
pump 248 is coupled to the lamp assembly housings 204 by a conduit 252 in the
cylindrical sidewall 224 and grooves in the bottom wall 220 of the cooling
chamber 212.

[0021] In some embodiments, a pressurized source (not shown) of a thermally
conductive gas, such as helium, may be provided and configured to cool the lamp
assembly housing 204 with the thermally conductive gas, thereby facilitating thermal
transfer between the lamps assemblies 20 and the cooling chamber 212. The
pressurized source may be connected to the lamp assembly housing 204 through a
port and a valve. The thermally conductive gas may be introduced in a manner so
that the lamp assembly housing 204 (and therefore the lamp assembly 20 disposed
therein) is operated under reduced pressure of the thermal conductive gas.

[0022] The bottom wall 144 of the main body 152 may include a reflective
plate 264 positioned below the substrate 164. One or more temperature
sensors 268, such as pyrometers having fiber optic probes, may also be provided to
detect the temperature of the substrate 164 during processing. The sensors 268 are
connected to a chamber controller 272, which can use their output to determine a
power level to supply to individual lamp assemblies 20 and to groups of lamp
assemblies 20 in a zone. Each group of lamp assemblies 20 can be separately
powered and controlled by a multi-zone lamp driver 276, which is in turn controlled

by the controller 272.

[0023] A gas supply 280 can provide a process gas into the process
zone 138 and control the atmosphere in the RTP chamber 100. The gas
supply 280 includes a source 284 of process gas and a conduit 288 having a flow
control valve 292 that connects the source 284 to a gas inlet (not shown) in the RTP
chamber 100 to provide gas in the RTP chamber 100. An exhaust 202 controls the
pressure of gas in the RTP chamber 100 and exhausts process gas from the RTP

chambher 100. The exhaust 202 may include one or more exhaust ports 206 that
6
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receive spent process gas and pass the spent gas to an exhaust conduit 210 that
feeds one or more exhaust pumps 211. A throttle valve 213 in the exhaust
conduit 210 controls the pressure of the gas in the RTP chamber 100.

[0024] The RTP chamber 100 may further include a printed circuit board (PCB)
structure 297 on top of the upper cooling fluid chamber wall 216. The PCB structure
297 may include receptacles 299 configured to receive electrical connectors of the
lamp assembly 20. The PCB structure 297 may also include electrical traces and
other electrical elements to deliver power and signals to the Ilamp
assemblies 20 from the multi-zone lamp driver 276 and controller 272. Each of the
plurality of lamp assemblies 20 is inserted into the PCB structure 297 for electrical

connection through the driver 276 to a power supply source (not shown).

Exemplary Lamp Assembly

[0025] Figure 3 is a schematic, cross-sectional view of a lamp assembly 300
according to embodiments of the disclosure for use in an RTP chamber, such as the
RTP chamber 100. The lamp assembly 300 may be used in place of the lamp
assembly 20 shown in Figure 1. It should be noted that the concept and features
described in Figure 3 are equally applicable to various embodiments discussed in
this disclosure. In general, the lamp assembly 300 includes a lamp element 302 and
an adapter 306. The adapter 306 is configured to removably engage with the lamp
element 302. The lamp element 302 and the adapter 306 in each lamp assembly 20
in the array 196 of lamp assemblies 20 (Figure 1) are individually replaceable.
When the bulb fails, rather than replacing an entire lamp assembly, only the lamp
element of the lamp assembly that contains the faulty bulb is replaced. Therefore,
the adapter can be reused. Making the adapter and the lamp element removable
from each other and interchangeable in the lamp assembly reduces lamp

replacement cost once the adapter is purchased.

[0026] The adapter 306 may have a general tubular or cylindrical body, or
elongate body having some of its cross sectional periphery matching the cross
sectional periphery of the lamp head where the lamp is normally inserted. The
adapter 306 has a first end 304 and a second end 314 opposing the first end 304.

7
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The first end 304 of the adapter 306 has a receptacle 324 contoured to receive the
bottom portion of the lamp element 302, for example the press seal 312. The lamp
element 302 generally includes a light transmissive capsule 308 that contains a
filament 310, and a press seal 312 coupling to the light transmissive capsule 308.
The filament 310 electrically connects to metal foils 318a, 318b disposed within the
press seal 312 by filament leads 316a, 316b, respectively. The press seal 312
encapsulates and creates a hermetic seal about the metal foils 318a, 318b. The
metal foils 318a, 318b may extend out of the press seal 312. The metal foils 318a,
318b are in electrical communication with optional electrical connectors 320a, 320b
via electrically conductive wires or leads 322a, 322b extending through the adapter
306. The adapter 306 have channels 332a, 332b configured to allow the passage of
the electrically conductive wires or leads 322a, 322b. The channels 332a, 332b may
extend from the receptacle 324 in a direction along a longitudinal axis 303 of the
adapter. In some cases where the electrical conductors are sufficiently insulated
and do not require additional cooling, the channels 332a and 332b may be

connected to form one channel.

[0027] In some embodiments, the second end 314 of the adapter 306 may be
sealed with a plug 330. The electrical connectors 320a, 320b extend through and
out of the plug 330 to insert into respective electrically conductive receptacles 299
formed within the PCB structure 297 for distributing power to the filament 310. In
some cases, the electrically conductive wires or leads 322a, 322b may connect to
the electrical connectors 320a, 320b as shown in Figure 3. If desired, the at least
one of the electrically conductive wires or leads 322a, 322b of the lamp element 302
may have an engagement feature configured to be engaged with electrically
conductive receptacles 299 formed within the PCB structure 297. Alternatively, the
electrically conductive wires or leads 322a, 322b may include additional components
to provide sufficient rigidity to the electrically conductive wires or leads 322a, 322b,
as will be discussed in more detail below with respect to Figures 4A-4F. In such a
case, the electrical connectors 320a, 320b may be omitted and the electrically
conductive wires or leads with enhanced rigidity may be inserted into or engaged
with respective electrically conductive receptacles 299 formed within the PCB

structure 297.
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[0028] The adapter 306 may have a mating extension 326 formed in the interior
surface 317 of the receptacle 324. The lamp element 302, for example the press
seal 312, may have a corresponding groove 328 formed in the exterior surface of
the press seal 312. When the lamp element 302 engaged with the adapter 306, the
mating extension 326 snaps into the groove 328 and locks them into place. Upon
engagement of the adapter 306 and the lamp element 302, a portion or the entire
press seal 312 is received within the receptacle 324. While not discussed, it is
contemplated that the adapter 306 and the lamp element 302 may have any other
suitable engagement features to allow easy, fast replacement and attachment of the
adapter and/or the lamp element.

[0029] The height of the adapter 306 may vary depending upon the length of the
lamp element 302 (i.e., capsule 308 and/or the press seal 312) and the configuration
of thermal processing chamber. In certain types of thermal processing chamber, a
constant distance is required between the lamp assembly and a chamber dome of
the thermal processing chamber to provide uniform radiant heating of the substrate.
In such a case, the adapter 306 may be made at a uniform size and configured to
engage with the lamp element 302 at different heights. Alternatively, the adapter
306 may be made with different heights to engage with the lamp element 302 made
with the same height. In various embodiments, the adapter 306 may have a height
of about 5 mm to about 240 mm, such as about 8 mm to about 100 mm, for example
about 10 mm to about 20 mm, about 20 mm to about 30 mm, about 30 mm to about
40 mm, about 40 mm to about 50 mm, about 50 mm to about 60 mm, about 60 mm
to about 70 mm, about 70 mm to about 80 mm, about 80 mm to about 90 mm, about

90 mm to about 100 mm.

[0030] The adapter 306 may be made with a high thermal conductivity material
such as a metal (e.g., copper, aluminum or stainless steel) or ceramic (e.g.,
aluminum nitride, silicon carbide, alumina, silicon nitride) to facilitate heat transfer
between the lamp element 302 and the outside world. In one embodiment,
aluminum is utilized for the cylindrical body surrounding the press seal 312 to
increase the thermal conductivity of the adapter 306. In some embodiments, the top
surface and/or interior surface 317 of the receptacle 324 may be contoured and

9
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coated to aid in directing radiation to the target in a controlled manner or modify the
radiant heating of the adapter. For example, the interior surface 317 of the
receptacle 324 may be made conical, cylindrical, hemispherical or arcuate in shape
and coated with a light reflecting material such as aluminum, protected aluminum,
gold or gold-plated aluminum, or even a diffuse reflective material such as titania,
alumina, silica, zirconia, or hafnia. The top surface of the receptacle 324 described
herein refers to the surface facing the bulb while the interior surface 317 refers to the
surface in close proximity to the press seal 312. A gas gap 350 may be provided
between the press seal 312 and the interior surface 317 of the adapter 306. The
gas gap 350 serves as a cooling path to facilitate heat transfer from the lamp
element 302 to the outside world. In one example, the gas gap 350 is about 0.005
mm to about 1 mm. The wall thickness of the adapter 306, particularly the wall
surrounding the press seal 312, may be about 0.5 mm to about 30 mm. It should be
noted that the wall thickness may vary for rectangular cross section press seals in

circular cross section adapter.

[0031] To further increase the thermal conductivity of the cylindrical body
surrounding the press seal 312, a higher thermal conductivity compound may be
presented between the press seal 312 and the receptacle 324. In one embodiment,
the thermal conductivity compound may have a thermal conductivity of about 1-2
W/(K-m) to about 150 W/(m-k) or higher, for example exceeding 200 W/(m-K).
Some possible materials may include, but are not limited to MgPO.4, ZrSiO4, ZrO,,
MgO, AlsN4, and SiO2. The same thermal conductivity compound may also form on
the exposed surfaces of the channels 332a, 332b to help cooling of the electrically
conductive wires or leads 322a, 322b extending therethough. A combination of one
or more of these approaches greatly facilitates transfer of heat away from the lamp
bulb and lamp element to the cooling fluid flowing through the lamphead housing
surrounding the plurality of lamp assemblies. In most cases, the temperature of the
press seal 312 can be kept below about 350°C. As a result, bulb life of the lamp
assembly is improved.

[0032] The lamp element 302 may or may not have a fuse (not shown) in the light
transmissive capsule 308 or the press seal 312. The fuse is generally provided to

10
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limit arcing and potential explosion in the lamp during lamp failure. The fuse may be
provided external to the light transmissive capsule 308 and the press seal 312 to
prevent undesirable cracking or breaking of the capsule during lamp failure. In
cases where the lamp element 302 is a simple capsule/fuse style (i.e., the adapter
does not contain a fuse and the fuse is incorporated internal or external to the lamp
element 302), the fuse can be replaced along with the lamp element 302. In cases
where the lamp element 302 is a simple capsule style (i.e., the fuse is not used in
the lamp element 302 and may be provided by the adapter), the adapter 306 may
optionally provide a fuse to be connected to the electrically conductive wires or leads
322a, 322b. In this case, the lamp element may make electrical connection to
receptacles inside the adapter rather than directly to the PCB. Also in this case the
fuse can be made separated from the adapter 306 and be replaced through the side
or the second end 314 or even the top of the adapter 306, as will be discussed in
further detail below with respect to Figures 6A and 6B. In cases where the fuse is
provided external to the light transmissive capsule 308 and the press seal 312, the
lamp element 302 may include additional components to provide sufficient rigidity to
the electrically conductive wires or leads 322a, 322b to absorb the compressive
forces applied during insertion of the lamp assembly 300 into the PCB structure 297
(i.e., prevents the fuse from undergoing compression). Various components used to
enhance rigidity of the electrically conductive wires or leads are discussed below
with respect to Figures 4A-4F. In some embodiments, the fuse may be optionally
incorporated in other parts of the circuit, e.g., the PCB board, and not required in the
lamp element 302 or the adapter 306.

Exemplary Lamp Elements

[0033] Figures 4A-4F are schematic depictions of exemplary lamp element
designs that may be used to engage with the adapter 306 according to
embodiments of the disclosure. The lamp element 400 depicted in each of these
Figures generally includes a quartz capsule 402 housing a tungsten filament 404.
Tungsten leads 406a, 406b extend from the filament 404 and are each attached
(e.g., welded) to molybdenum foil 408a, 408b. Molybdenum leads 410a, 410b are
attached (e.g., welded) and extend from the molybdenum foil 408a, 408b. A quartz

11
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press seal 412 encapsulates and creates a hermetic seal about the molybdenum foil
408a, 408b. The molybdenum leads 410a, 410b extend out of the press seal 412.

[0034] In each of the Figures 4A-4C, a conductive pin 414 is attached (e.g.,
welded) to the lead 410b. In addition, an insulative sleeve 416 (e.g., ceramic or
plastic sleeve), a fuse 418, and a conductive pin 420 are attached to the lead 410a.
The fuse 418 composition may be from the same family of metals used for lamp
fuses, such as nickel, zinc, copper, silver, aluminum, and alloys thereof. Once the
lamp element 400 is engaged with the adapter 306 (or various adapter designs
shown in Figures 5 and 6A-6B), the conductive pin 414 and the conductive pin 420
extend through the channels 332a, 332b formed within the adapter 306 and are
inserted into or engaged with respective electrically conductive receptacles 299

formed within the PCB structure 297 for connection to a power supply.

[0035] In the embodiment shown in Figure 4A, the insulative sleeve 416 may
have a thin metallic layer 422 deposited over the inner surface 417 of the sleeve
416. The equivalent cross-section of the metallic layer 422 (normal to the current
flow) approximately corresponds to that of a fuse wire or ribbon designed for this
application. Likewise the metallic layer 422 composition may be from the same
family of metals used for lamp fuses, e.g., nickel, zinc, copper, silver, aluminum, and
alloys thereof. The lead 410a and the conductive pin 420 are electrically connected
to the metallic layer 422, e.g., soldered, brazed, interference fitted or compression
fitted. The thin metallic layer 422 is constructed to act as the fuse 418.

[0036] In the embodiment shown in Figure 4B, the insulative sleeve 416 may
have a thin metallic trace 424 deposited along one side of the inner surface 417 of
the sleeve 416. The lead 410a and the conductive pin 420 are fixed to the sleeve
416 in electrical contact with the trace 424, which acts as the fuse 418. The lead
410a and the conductive pin 420 may be attached to the sleeve 416 using a ceramic
compound, a high temperature epoxy, a high temperature phenolic resin, or shrink
tubing, for example. The trace 424 can be extended to cover the entire inner
diameter for a short axial extent at the top and bottom of the insulative sleeve 416 to
permit attachment of the sleeve 416 to the conductive pin 420 and the lead 410a by

solderina or brazing.
12
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[0037] In the embodiment shown in Figure 4C, a wire fuse 418 is attached (e.g.,
welded, soldered) to the lead 410a and extends through the insulative sleeve 416.
The fuse 418 is further attached (e.g., welded, soldered) to the conductive pin 420.
The lead 410a and the conductive pin 420 may be attached to the sleeve 416 using
a ceramic compound, a high temperature epoxy, a high temperature phenolic resin,
or shrink tubing, for example. For any of the designs shown in Figures 4A, 4B, and
4C, the insulative sleeve 416 may be filled with low melting point glass beads or

insulating particles to act as an arc quenching type fuse.

[0038] Therefore, each of the lamp elements 400 depicted in Figures 4A-4C
provides for connection between the leads 410a, 410b and the conductive pins 414,
420 to be inserted into or engaged with the PCB structure 297 shown in Figure 1,
without requiring the use of ceramic potting compound or any thermal conductivity
compound in the lamp elements 400 as opposed to prior art high voltage, tungsten
halogen lamps. In most cases, the ceramic potting compound or thermal
conductivity compound may be eliminated from the lamp assembly even after the
lamp element 400 is engaged with the inventive adapter as discussed in Figures 3, 5
and 6. Once the lamp element 400 is engaged with the adapter (e.g., adapter 306
or various adapter designs shown in Figures 5 and 6A-6B), the insulative tube
configuration can provide the rigidity to absorb the compressive forces applied

during insertion of the conductive pins 414, 420 into the PCB structure 297.

[0039] Although each of the Figures 4A-4C depicts a conductive pin 414 attached
to the lead 410b, in embodiments shown in Figures 4D-4F, the lead 410b is attached
to an additional insulative sleeve 416 (e.g., ceramic or plastic sleeve), an additional
fuse 418, and an additional conductive pin 420 in the same manner as shown with
regard to lead 410a. Additionally, each of the pins 414 and 420 may be configured
to be compatible with mating receptacles 299 formed in the PCB structure 297.

[0040] Other suitable lamp elements that may be used to engage with the
adapter 306 (or various adapter designs shown in Figures 5 and 6A-6B) are further
described in U.S. Patent Application Serial No. 61/787,805, Attorney Docket No.
020542, filed on March 15, 2013, entitled “SIMPLIFIED LAMP DESIGN,” which is

incornorated herein by reference in its entirety and for all purposes.
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[0041] Figure 5 is a front schematic, cross-sectional view of an exemplary lamp
assembly 500 according to embodiments of the disclosure for use in an RTP
chamber, such as the RTP chamber 100. The lamp assembly 500 may be used in
place of the lamp assembly 20 shown in Figure 1. The lamp assembly 500
generally includes a lamp element 501 and an adapter 513. The lamp element 501
may be a simple capsule/fuse style, i.e., the adapter 513 does not contain a fuse
and the fuse is made external to the lamp element 501. The lamp element 501
includes a capsule 502 housing a filament 504, and a press seal 512 coupling to the
capsule 502. The capsule 502 may have a variety of shapes, including but not
limited to tubular, conical, spherical, and multi-arcuate shapes. The press seal 512
may have a shape corresponding to that of the capsule 502 or may be in any shape
to allow extension of filament leads 506a, 506b from the filament 504 to metal foils
508a, 508b. In one embodiment, the press seal 512 is of elongate substantially
rectangular shape. Metal leads 510a, 510b are attached to (e.g., welded) and
extended from the metal foil 508a, 508b through and outside of the press seal 512.
The press seal 512 encapsulates and creates a hermetic seal about the metal foils
508a, 508b.

[0042] The adapter 513 may have a general tubular or cylindrical body having a
first end 523 facing the press seal 512 and a second end 525 opposing the first end
523. The cylindrical body provides ease of manufacture, although other cross-
sectional shapes, such as square, rectangular, triangular and multi-arcuate shapes,
are possible. The adapter 513 may have channels 527, 529 configured to allow the
passage of the metal leads 510a, 510b. Similar to the adapter 306 (Figure 3), the
adapter 513 is configured to removably engage with the press seal 512. The
adapter 513 has a receptacle 509 contoured to receive at least a portion of the press
seal 512. The receptacle 509 of the adapter 513 may have a mating extension 517
formed in its inner circumferential surface 507. The press seal 512 may have a
corresponding groove 515 formed in its outer surface 519, such that when engaged,
the mating extension 517 snaps into the groove 515, and locks them into place.

[0043] The adapter 513 may be made of thermal conductive material, for

example a metallic material such as copper, aluminum, or stainless steel, to aid in
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conducting heat away from the lamp element 501. A gas gap 550 may be provided
between the press seal 512 and the inner circumferential surface 507 of the adapter
513 to facilitate heat transfer from the lamp element 501 to the outside world. In one
example, the gas gap 550 is about 0.005 mm to about 1 mm. Increasing the
thickness of the cylindrical body without increasing the overall outer diameter of the
adapter 513 may also improve transfer of heat away from the lamp element 501. In
a non-limiting example the adapter 513 may have an outer diameter of about 2 mm
to about 50 mm, for example about 10 mm to about 35 mm, and an inner diameter
of about 1 mm to about 49 mm, for example about 9 mm to about 34 mm. The wall
thickness of the adapter 513, particularly the wall surrounding the press seal 512,
may be about 0.5 mm to about 30 mm. A higher thermal conductivity compound
may be presented between the press seal 512 and the receptacle 509. In one
embodiment, the thermal conductivity compound may have a thermal conductivity of
about 1-2 W/(K-m) to about 150 W/(m-k) or higher, for example exceeding 200
W/(m-K). Some possible materials may include, but are not limited to MgPOQO.,
ZrSiOy, ZrO2, MgO, AlsN4, and SiO2. The same thermal conductivity compound may
also form on exposed surfaces of the channels 527, 529 to allow cooling of the
metal leads 510a, 510b extending therethrough.

[0044] During process, most of the thermal energy is conducted away from the
press seal 512 laterally (radially) through the gas gap 550, to the cylindrical body of
the adapter 513 and then laterally to the cooling fluid that travels in the space 236
(Figure 2) between the lamp assembly housings 204. In most cases, the
temperature of the press seal 512 can be kept below about 350°C. As a result, bulb

life of the lamp assembly is improved.

[0045] The lamp element 501 may or may not provide a fuse. Figure 5 illustrates
an embodiment where the fuse is provided external to the lamp capsule 502. In this
embodiment, the metal leads 510a, 510b may include additional components as
discussed above with respect to Figures 4A-4F to provide sufficient rigidity to the
metal leads 510a, 510b to absorb the compressive forces applied during insertion of
the lamp assembly 500 into the PCB structure 297 (i.e., prevents the fuse from

undergoing compression). For example, the metal lead 510b may be connected to a
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conductive pin 514, which extends through the adapter 513 to be inserted into or
engaged with the mating receptacle 299 formed in the PCB structure 297. In
addition, an insulative sleeve 516 (e.g., ceramic or plastic sleeve), a fuse 518, and a
conductive pin 520 may be attached to the metal lead 510a. The fuse 518 is
provided to limit arcing and potential explosion in the lamp during lamp failure, and
may be replaced along with the capsule 502 and the press seal 512. The fuse 518
composition may be from the same family of metals used for lamp fuses, e.g., nickel,
zinc, copper, silver, aluminum, and alloys thereof. Once the lamp element 501 is
engaged with the adapter 513, the conductive pin 514, the insulative sleeve 516, the
fuse 518, and the conductive pin 520 provide a rigid, conductive extension for
inserting the lamp assembly 500 into the printed circuit board (PCB) structure 297.

[0046] Optionally, the second end 525 of the adapter 513 may be sealed with a
plug 526. The plug 526 is configured so that the conductive pins 514, 520 can pass
therethough and engage with the mating receptacle 299 formed in the PCB structure
297. The plug 526 may be made of rigid or elastomeric material. The plug 526 may
be fixed or flexibly positioned to allow movement relative to the second end 525 of
the adapter 513 in a direction along a longitudinal axis 503 of the adapter 513,
thereby accommodating any misalignment between the lamp assembly and
electrical connectors formed in the PCB structure 297. The material of the plug 526

should withstand high temperatures, for example about 150°C.

[0047] Figure 6A depicts a schematic sectional view of an exemplary lamp
assembly 600 according to another embodiment of the disclosure. Figure 6B is a
schematic perspective view of Figure 6A. Figure 6A is generally similar in concept
to Figures 3 and 5 except that the adapter 613 is configured to provide with a fuse
that can be replaced from the side or bottom of the adapter 613. The lamp
assembly 600 generally includes a lamp element 601 and an adapter 613. The
lamp element 601 may be a simple capsule style, i.e., the lamp element 601 does
not contain a fuse and the fuse is provided by the adapter 613. The lamp element
601 includes a capsule 602 housing a filament 604, and a press seal 612 coupling to
the capsule 602. The press seal 612 may be in any shape to allow extension of
filament leads 606a, 606b from the filament 604 to metal foils 608a, 608b. In one
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embodiment, the press seal 612 is of elongate substantially rectangular shape
(better seen in Figure 6B). Metal leads 610a, 610b are attached to (e.g., welded)
and extended from the metal foil 608a, 608b through and outside of the press seal
612. The press seal 612 encapsulates and creates a hermetic seal about the metal
foils 608a, 608b.

[0048] The adapter 613 may have a general tubular or cylindrical body, or
elongate body having some of its cross sectional periphery matching the cross
sectional periphery of the lamp head where the lamp is normally inserted. The
adapter 613 has a first end 623 facing the press seal 612 and a second end 625
opposing the first end 623. Similar to the adapter 306 (Figure 3), the adapter 613 is
configured to removably engage with the press seal 612. The adapter 613 may
have a receptacle 609 contoured to receive at least a portion of the press seal 612.
The adapter 613 may have sockets 627, 629 extending within the adapter 613 in a
direction along a longitudinal axis 603 of the adapter 613. The sockets 627, 629 are
configured to allow for the insertion of the metal leads 610a, 610b. In some
embodiments, the sockets 627, 629 may incorporate retention feature to be
engaged or disengaged with corresponding retention features provided on the metal
leads 610a, 610b. The retention features disclosed in this disclosure may include
laterally operative elements such as a contact spring, a spring-loaded member, a
slider, a notch or groove, etc. The sockets 627, 629 may be in electrical connection
with respective conductive pins 620, 614 formed through the adapter 613. The
receptacle 609 of the adapter 613 may have a mating extension 617 formed in its
inner circumferential surface 607. The press seal 612 may have a corresponding
groove 615 formed in its outer surface 619, such that when engaged, the mating
extension 617 snaps into the groove 615, and locks them into place.

[0049] To improve heat dissipation away from the lamp element 601, the adapter
613 may be made of thermal conductive material similar to the adapter 513. A gas
gap 650 may be formed between the press seal 612 and the inner circumferential
surface 607 of the adapter 613 to facilitate heat transfer from the lamp element 601
to the outside world. In one example, the gas gap 650 is about 0.005 mm to about 1
mm. Similarly, increasing the thickness of the cylindrical body without increasing the
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overall outer diameter of the adapter 613 may further improve transfer of heat away
from the lamp element 601. In a non-limiting example the adapter 613 may have an
outer diameter of about 2 mm to about 50 mm, for example about 10 mm to about
35 mm, and an inner diameter of about 1 mm to about 49 mm, for example about 9
mm to about 34 mm. The wall thickness of the adapter 613, particularly the wall
surrounding the press seal 612, may be about 0.5 mm to about 30 mm. A higher
thermal conductivity compound may be presented between the press seal 612 and
the receptacle 609. In one embodiment, the thermal conductivity compound may
have a thermal conductivity of about 1-2 W/(K-m) to about 150 W/(m-k) or higher, for
example exceeding 200 W/(m-K). Some possible materials may include, but are not
limited to MgPOy, ZrSiO4, ZrO;, MgO, AlsNy4, and SiO,. In some cases for example
in an electrical socket connection, the same or a different thermal conductivity
compound may be formed on exposed surfaces of the sockets 627, 629 to allow
cooling of the metal leads 610a, 610b extending therethrough.

[0050] During process, most of the thermal energy is conducted away from the
press seal 612 laterally (radially) through the gas gap 650, to the cylindrical body of
the adapter 613 and then laterally to the cooling fluid that travels in the space 236
(Figure 2) between the lamp assembly housings 204. In most cases, the
temperature of the press seal 612 can be kept below about 350°C. As a result, bulb

life of the lamp assembly is improved.

[0051] In one embodiment, fuses 618a, 618b are electrically attached (e.g.,
welded) between the conductive pins 620, 614 and electrical connectors 620, 622.
In another embodiment, either one of the fuses 618a, 618b may be replaced with a
conductive wire or lead. The adapter 613 may provide one or more cut-outs 652
sized enough to allow access to fuses 618a, 618b for service through the cut-out
652 of the adapter 613. The cut-out 652 may be formed in the sidewall 633 of the
cylindrical body of the adapter 613. Alternatively, the fuses 618a, 618b can be
replaced through the second end 625 of the adapter 613. In certain embodiments
where the lamp element 601 is operated at low voltage (e.g., 12 V), both fuses 618a,
618b may be replaced with conductive wire or lead, or the metal leads 610a, 610b
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can be simply extended through an optional plug 626 that seals the second end 625
of the adapter 613.

[0052] Once the lamp element 601 is engaged with the adapter 613, the
conductive pin 620, 614 (or electrical connectors 620, 622 if used) of the lamp
assembly 600 are then inserted into or engaged with respective electrically
conductive receptacles 299 formed within the PCB structure 297 for connection to a
power supply. It should be noted that in various embodiments of this disclosure, the
lamp assembly 300 and 500 may directly connect the lamp element with the PCB
structure while the lamp assembly 600 may include two sets of electrical
connections: (1) PCB structure 297 to the lamp adapter, and (2) the lamp adapter to
the lamp element. Alternatively, the lamp assembly may be configured to connect

the lamp element directly with the PCB structure 297.

[0053] Embodiments of the lamp assembly discussed in Figures 3, 5 and 6A-6B
may be beneficial to certain thermal processing chambers having an improved PCB
structure configured to allow an easy, fast replacement of the lamp assembly,
without moving the entire lamphead assembly or the PCB structure. For example,
the PCB structure 297 may be provided with a plurality of openings (corresponding
to the locations of the lamp assemblies) sized to allow the passage of the lamp
assembly, such as lamp assemblies 300, 500, and 600, therethrough for fast lamp
replacement and ease of service of the lamphead assembly. In such a case, the
electrical connectors of the lamp assemblies 300, 500, and 600 may have electrical
connection features configured in electrical communication with electrical contact
terminals provided within or around the openings to securely position and power the

lamps in the lamp assembly from a power source.

[0054] The PCB structure may be a single flat circuitry board, or consisted of
multiple concentric ring-type circuitry boards configured in a stepped staircase
fashion in accordance with the angle of the chamber dome so that a distance
between the lamps and the chamber dome is kept constant. In either case, the lamp
element may have the same general size and the height of the adapters may be
gradually increased in a radially outward direction from the center of the PCB

structure to the peripheral of the PCB structure, or vice versa (i.e., adapters made at
19



WO 2015/094542 PCT/US2014/066192

same general size and lamp elements made at different heights). Exemplary PCB
structure with openings and adapters with various electrical connection features are
further described in U.S. Patent Application Serial No. 61/907,847, Attorney Docket
No. 020555, filed on November 22, 2013, entitled “EASY ACCESS LAMPHEAD,”
which is incorporated herein by reference in its entirety and for all purposes.

[0055] Benefits of the present disclosure include an easy, fast replacement of a
lamp element by making the lamp element removably engaged with the adapter so
that the lamp element and/or the adapter can be individually replaced. Making the
adapter and the lamp element removable from each other and interchangeable in
the lamp assembly reduces lamp replacement cost once the adapter is purchased.
Depending upon the style of the lamp element, the adapter may provide an optional
fuse which can be replaced from the side or bottom of the adapter. The adapter
may provide a receptacle contoured and may be coated to aid in directing thermal
radiation to the target in a controlled manner. The adapter may provide features and
a cooling path to facilitate heat transfer from the lamp element to the outside world.
As a result, the lamp can be operated with press seal temperature low enough to

permit long lamp life.

[0056] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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Claims:

1. A lamp assembly, comprising:
a lamp element comprising:
a capsule having a filament disposed therein; and
a press seal coupling to the capsule; and
an adapter having a receptacle contoured to receive at least a portion of the
press seal, wherein the press seal is removably engaged with the adapter.

2. The lamp assembly of claim 1, wherein the press seal has an engagement
feature formed in an exterior surface of the press seal.

3. The lamp assembly of claim 2, wherein the adapter has an engagement
feature formed in an interior surface of the receptacle to snap fit into the
engagement feature of the press seal.

4. The lamp assembly of claim 3, wherein the interior surface of the receptacle
is coated with a light reflecting material.

5. The lamp assembly of claim 1, wherein a gas gap is provided between the

press seal and the interior surface of the receptacle.

6. The lamp assembly of claim 1, further comprising:
a thermal conductivity compound layer provided between the press seal and

the receptacle.

7. The lamp assembly of claim 1, wherein the lamp element further comprising:
a first lead and a second lead, wherein each of the first and second leads is
electrically coupled to the filament and extends from the press seal;
an insulative sleeve coupled to the first lead external to the press seal; and
a third lead coupled to the insulative sleeve.
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8. The lamp assembly of claim 7, wherein the adapter has a first channel and a
second channel sized to allow the passage of the first lead and the second lead,
respectively.

9. The lamp assembly of claim 7, wherein the lamp element further comprising:
a fuse electrically coupling the first lead to the third lead, and the fuse

comprises a wire extending through the insulative sleeve.

10.  The lamp assembly of claim 7, wherein the adapter further comprises:

a fuse electrically coupling the first lead to the third lead; and

a cut-out formed in a sidewall or top or bottom of the adapter to allow access
to the fuse.

11.  Alamp assembly for use in a thermal processing chamber, comprising:
a lamp element comprising:

a capsule having a filament disposed therein;

a press seal extending from the capsule;

a first filament lead and a second filament lead, the first and second
filament leads extend from the filament to a first metal foil and a second
metal foil disposed within the press seal, respectively; and

a first electrically conductive lead and a second electrically
conductive lead, the first and second electrically conductive leads
electrically connect the first and second metal foils to respective
electrically conductive receptacles formed in a printed circuit board (PCB)
structure positioned external to the lamp assembly;

a fuse electrically coupling to at least one of the first and second
electrically conductive lead; and

an adapter having an opening at first and second ends thereof, wherein the
opening at the first end has a receptacle contoured to receive at least a portion of
the press seal, and the receptacle is configured to removably engage with the press
seal.
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12.  The lamp assembly of claim 11, wherein the adapter further comprises:
a first channel and a second channel, wherein the first and second channels
extend within the adapter in a direction along a longitudinal axis of the adapter, and
wherein the first and second channels allow the position of the first and

second electrically conductive leads passing through.

13. The lamp assembly of claim 12, wherein the receptacle has an interior

surface coated with a light reflecting material.

14.  The lamp assembly of claim 11, further comprising:
a thermal conductivity compound layer provided between the press seal and

the receptacle.

15.  An adapter for a lamp element, comprising:

an elongate body having a first end and a second end opposing the first end,
wherein an opening at the first end has a receptacle contoured to receive at least a
seal portion of a lamp element to be removably engaged with the elongate body,
wherein the seal portion encapsulates and creates a hermetic seal about a metal foil

connected to a filament of the lamp element.

23



l 'Ol

Y

PCT/US2014/066192

1/8

WO 2015/094542

181
HIAINA NV ¥ITIOHLNOD ~— Z.Z
ANOZ-ILINW I
oz~
oel A N_Y\ & 88z z67 V8T
e oz 7 892 vae EFKJ Y )
™ [— (| S 30HN0S
- \// \ m<O
dnd 007 091 8EL
Oce 95 802 0z A/Nﬁ ﬂ
SN ) ] AN 09z 082
202 — ,
NNE NENANAR ff/m
N 962
NMN , ,
L . Z€T
dind — , TN
LN , N ~_— 26
w NN (L m I j N
8vC - % % . =
Sl L=l Amr = = =
R R R

~{_|
r 71
v
/]




WO 2015/094542

240

PCT/US2014/066192

2/8

g <t
N
\| N
O O

O OO O O\O O
O O O O O\O O
O O 00000 0,0 0O0
oONO O OO O O O O O OO0
)0 O OO O OO0 0w
oo OO0 O OO0 O0O0O0
O OO OO OO0 OO0 000 o
O O O0OO0OO0OO0OO0OO0O OO0 O0\0
O OO 00O\ OO0O0o0O0o
OO O0O0O0O0O0OO00O0O0OO0
O OO O0OO0OO0O\W0 OO0 O0O0
O O OO0 00 OO0
O o OO0 O O

SECTION A-A

236

N

232

204
208

FIG. 2



WO 2015/094542 PCT/US2014/066192

3/8
- 300
a
310 /TN e 308
L
S— |
302 A
—
316a —
AN 3160
312
e

322

320h




PCT/US2014/066192

WO 2015/094542

4/8

N — 0¥
WV
N
Nl
1424 // N\N—"8L¥
N ol
W N
QoL —4 _—eQLp
- )
e
h
807 ——— 7
A vl N_egoy
AR \/\\I\ N
9907 — [\ egop
o
zov —"_ / y,

dv 9l4
N N
— 02y
R
NN
N N
pLy \NRE: 1%
DL~ —
A tﬁ I
N_—9lv
N
Wl N
QLY —F _—eoLy
" ™\
7
IR ~h
a80y ——
[ M\//mmo,q
v )
q90¥ — [\ egop
20— / y,
. )

V¥ Ol
N —0zv
R
Py 8w
N tﬁ 22y
N N _—9lp
ol —Y  L—eor
o )
|“V ‘|l|
4807 ——— %
A N-\//mwov
2 — —
q90% — [\ egoyp
o
zov —"_ / y,




PCT/US2014/066192

WO 2015/094542

5/8

4% "Ol4

AN/

N [ N n
N
A N \
oLy N N8l ¥
N N
N N
w—\.V\l/\X”|/ | :I\,m_‘.v
NAY N
QoL —4 _—eQLp
- )
e
h
q80% ——| 7
A vl N_egoy
ANy \/\\I\ N
qo0y — N\ 290
0
zov —"_ / y,

47 9Old
0Zy — 02y
N M “
d NN
N N
oLy '\ 8LYy
LIy IN\/E
sy~ | N
I N
(444 N N_—9lv
NN -wr
QLY —4 _—eQL
" ™\
\
IR sdy
a80y
& M\//mmo,q
o ~—
N_‘.V \|\ / )
qooy — N\ g0t
20— / y,
A4 )
voP

dy 9l4
0zy —0zv
N [ M “
oLy \\RI
E\Ilv\ ﬂl N
(444 \ N _—9lp
NN M\
QLY —H _—eoLp
o I
IRV ~
q480% ——| 7
A 7l N_egoy
2 — —
q90% — [\ egoyp
0
zov —"_ / y,




WO 2015/094542 PCT/US2014/066192

6/8

5(33; /—/HW\M 502

5064 _,__\\
. - 506b

519 |

o 512

e

A T 550

5083.,-\\\?3 . 508b
T 517
- 515
~—_ - 507

P 508

o

o 510b

~—— 528

514

- 526

T 503
FIG. 5



WO 2015/094542 PCT/US2014/066192

7/8

801




PCT/US2014/066192

WO 2015/094542

8/8

egl9



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/066192

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 21/324(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 21/324; F26B 3/30; HO1L 21/02; HO1K 1/26; F27B 5/14; HO1R 25/00; HO1K 1/30

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: lamp, capsule, filament, press seal, adapter and removably

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2004-0156625 A1 (CHRISTOPHER J. GARMER et al.) 12 August 2004 1-6,15
See abstract, paragraphs [0056]-[0067] and figures 1A-10D.
A 7-14
Y KR 10-2005-0067835 A (SAMSUNG ELECTRONICS CO., LTD.) 05 July 2005 1-6,15

See abstract, page 2, line 25 - page 3, line 12 and figures 2-3.

A US 2006-0066193 A1 (JOSEPH M. RANISH et al.) 30 March 2006 1-15
See abstract, paragraphs [0035]-[0050] and figures 1-4.

A US 6350964 Bl (RYAN C. BOAS et al.) 26 February 2002 1-15
See column 7, line 42 - column 10, line 45 and figures 4-10.

A US 6582253 Bl (KENNETH LAU) 24 June 2003 1-15
See column 3, line 60 - column 5, line 67 and figures 1-24.

. . . . N .
|:| Further documents are listed in the contination of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination

means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

25 February 2015 (25.02.2015) 25 February 2015 (25.02.2015)
Name and mailing address of the ISA/KR Authorized officer
International Application Division
+ Korean Intellectual Property Office
g
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701, CHOL Sang Won
= Republic of Korea

Facsimile No. ++82 42 472 3473 Telephone No. +82-42-481-8291

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/066192

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2004-0156625 Al 12/08/2004 CN 1771582 A 10/05/2006
DE 602004027602 D1 22/07/2010
EP 1593146 Al 09/11/2005
EP 1593146 B1 09/06/2010
JP 2006-518552 A 10/08/2006
JP 4953123 B2 13/06/2012
KR 10-1052126 Bl 26/07/2011
KR 10-2005-0094482 A 27/09/2005
TW 1325044 B 21/05/2010
US 2004-0254022 Al 16/12/2004
US 2005-0282642 Al 22/12/2005
US 6947665 B2 20/09/2005
US 7448952 B2 11/11/2008
WO 2004-073050 Al 26/08/2004

KR 10-2005-0067835 A 05/07/2005 None

US 2006-0066193 Al 30/03/2006 US 7509035 B2 24/03/2009
WO 2006-036644 A2 06/04/2006
WO 2006-036644 A3 24/08/2006

US 6350964 Bl 26/02/2002 CN 1531740 A 22/09/2004
KR 10-0820608 Bl 08/04/2008
KR 10-2004-0011431 A 05/02/2004
TW 526524 A 01/04/2003
TW 526524 B 01/04/2003
WO 02-039490 A3 24/04/2003
WO 02-39490 A2 16/05/2002

US 6582253 Bl 24/06/2003 None

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

