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RADIATION SEPARATION SYSTEM

BACKGROUND
Field

{0001} Embodiments of the present disclosure generally relate {o a lamp-
heated apparatus for thermally processing a substrate. In particular,
embodiments of the present disclosure relate (o using a substrate and shisld

part to separate heating zones in a rapid thermal processing (RTP) chamber.

Description of the Related Art

10002} During rapid thermal processing of subsirates, substrates are
transferred into and out of the RTP chamber. Temperatures differences
between the substirate entering the RTP chamber, and the RTP chamber itself,

can result in thermai stress and uneven hesating of the substrate.

[0003] Therefore, what is needed in the art is improved rapid thermal

processing.

SUMMARY

10004} The present disclosurg generally relates to a lamp-heated apparatus
for thermally processing a substrate. In particular, embodiments of the present
disclosure relate to using a substrate and shield part to separate heating zones

in a rapid thermal processing (RTP) chamber.

[0005] In one implementation, a method of processing substrates includes
placing a substrate info a processing chamber on a plurality of lift pins, lifting
the subsirate with the plurality of lift pins to a pre-heat position coplanar with a
flange of a radiation shield, preheating the substrate in the pre-heat position
with heat from a plurality of lamps, the plurality of lamps positioned abovea the
substrate, lowering the substrate down to a substrate support with the lift pins
after the preheating, processing the substrate on the substrate support, and

removing the substrate from the processing chamber.
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§0008] In one implementation, a processing chamber applicable for use in
semiconductor manufacturing includes a chamber body, a window disposed
over the chamber body, a substrate support disposed in the chamber body, a
plurality of lamps disposed above the window for directing thermal energy
towards the substrate support, and a radigtion shiald disposad batween the
window and the substrate support, the radiation shield including a cylindrical
main body comprising an opaque material, and a flange comprises an optically

transparent material, the flange coupled to the cylindrical main body.

{0007] In one implementation, a radiation shield applicable for disposition in
a processing chamber includes a cylindrical main body comprising an opaque
material and a flange extending from a distal end of the cylindrical main body,
the flange comprises a transparent material, the flange positon in a plane

orthogonal to a central axis of the cylindrical main body.

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 {o
embodiments, some of which are illustrated in the appendead drawings. ftis to
be noted, however, that the appended drawings illustrate only exemplary
embodiments and are therefore not {o be considered limiting of scopse, as the

disclosure may admit to othar squally effective embodiments.

[0009) Figure 1A is a schematic, cross-sectional view of a processing
chamber with the subsirate in a pre-heating position, according to embodiments

of the disclosure.

0010} Figure 1B is a schematic, cross-sectional view of the processing
chamber with the substrate in a processing position, according to embodiments

of the disclosure.

10041] Figure 1C is a schematic, cross-sactional view of the processing
chamber with the substrate in a processing position, according to a different

embodiment of the disclosure.
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f0812] Figure 2A is a schematic, isometric view of a radiation shield,

according to embodiments of the disclosure.

§0013] Figure 2B is a cross-sectional view of the radiation shield along

section line 2B-2B shown in Figure 2A.

[0014] Figure 3 is a schematic block diagram of a method of procassing

substrates, according {0 one embodiment.

[0015] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements and features of one embodiment may

be beneficially incorporated in other embodiments without further reciiation.

DETAILED DESCRIPTION

{0016} Embodiments of the present disclosure generally relate to rapid
thermal processing (RTP) chambers or other lamp heated thermal processing
chambers, and more particularly, to shields used therein. It is {0 be understood
that the term "about” used herein refers {0 a range of plus or minus 5% of the

stated valus.

{00173 Figure 1A and Figure 1B are schematic, cross-sectional views of a
processing chamber 100 according to embodiments of the disclosure. In some
embodiments, the processing chamber 100 is an RTP chamber. in other
embodiments, the processing chamber is any chamber applicable for use in
semiconductor manufacturing.  Figure 1A illustrates the processing chamber
100 with a substrate 110 positioned in a pre-heating position, while Figure 1B
fliustratas the processing chamber 100 with the substrate 110 positioned in a
processing position.  The processing chamber 100 includes sidewalls 102, a
chamber bottom 104 coupled to the sidewalls 102, and a window 1086 disposed
over the sidewalis 102, In some embodiments, the window 106 is made of
quartz. The sidewalis 102 and the chamber bottom 104 form a chamber body.
The sidewalls 102, the chamber bottom 104, and the window 106 define an

upper volume 108 for processing a substrate 110 therein and & lower volume
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109, The upper volume 108 is fluidly coupled to the lower volume 109, and is
generally delineated from the lower volume 109 by a plane defined by a iower

or bottom edge of a radiation shield 160.

[0018] A siit valve door 116 is formed through the sidewalls 102 for
transferring a substrate 110 thersthrough. The processing chamber 100 is
coupled to a gas source 118 by a conduit 119, The gas source 118 is
configuraed to provide one or more processing gases (o the upper volume 108
during processing. A vacuum pump 120 is coupled to the processing chamber

100 for pumping out the upper volume 108

0019} A substrate positioning assembly 122 is disposed in the lower volume
102 and configured (o support, position, and/or rotate the substrate 110 during
processing.  The subsirate positioning assembly 122 includes a subsirate
support 155, which may be a contact support such as a pedestal, or a non-
contact substrate supporting device using flows of fluid {o support, position,
and/or rotate the substrate 110. The substrate positioning assembly 122 further
includes edge supporis 124 that support the edge of the substrate 110 when
the substrate 110 is in the processing position. The substrate positioning
assembly 122 facilitates support of the substrate 110 on the substrate support
155 and the edge supports 124 that are located in the lower volume 109 before
processing (e.g., rapid thermal annealing) begins. The substrate positioning
assembly 122 includes a plurality of lift pins 150 (two are shown) disposed in
lift pin supports 151a. The lift pins 150 lifts the substrate 110 off the substrate
support 155 to facilitate ingress san egress of the substrate 110 through the slit
valve door 118, as well as o facilitate transition of the subsirate 110 from the
pra-heating position {raised from the substrate support 135) to the processing

position (supported by the subsirate support 155).

0020} A heating assembly 112 is disposed above the window 106 and

configurad to direct thermal energy towards the upper volume 108 through the

window 108. The heating assembly 112 includes a plurality of lamps 114, such

as high voltage tungsten halogen lamps disposead in a hexagonal pattern and

controliable in zones to provide controlled heating to different zones of the
4
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upper volume 108. Each of the plurality of lamps 114 is inserted into a heating

assembly base 117 for electrical connection {0 a powsr supply (not shown).

£0021] A radigtion shield 160 is coupled to the sidewsils 102 of the
processing chamber 100 and securad thereto via one or more optional mounts
161. The radiation shield 160 includes a cylindrical main body 162 defining a
central opening, and a flange 163 extending radially outward from a bottom
adge of the cvlindrical main body 162, The cylindrical main body 162 has an
internal diamster greater than the substrate 110, such as that the subsirate 110
can be received within the central opening defined by the main body, as
fllustrated in Figure 1A, In some embodiments, the lateral clearance between
the subsirate 110 and the internal diameter of the cylindrical main body 162 is
between 0.1 mm and 2 mm such as 0.3 mm and 1.1 mm such as about 1 mm.
When the substrate 110 is flush with a bottom of radiation shisld 160 (s.q.,
coplanar with the flange 163) the upper volume 108 is separated from the lower
volume 109, In one example, the cylindrical main body 162 is in contact with

the window 100,

{00223 Figure 1A illustrates the substrate 110 in the pre-heat (e.¢. upper)
position in the processing chamber 100, In the pre-heat position, the substrate
110 is raised from and disposed above the substrate support 155 by the lift pins
150 off of the substrate support 155, The pre-heat position is above (e.g. at a
greater elevation) both the processing positon of Figure 1B and above a
transfer position (i.e., the vertical height at which a substrate 110 is transferred
into the processing chamber 100). The transfer height is denctad by plans 167,
In the pre-heat position, the substrate 110 is coplanar with the flange 163 of the
radiation shield 160, In this position, the lamps 114 of the heaating assembiy
112 pre-heat the substrate 110 while radiation from the lamps is blocked from
directly heating the subsirate support 155, For examplg, the flange 163 may
be composed of a material which absorbs radiation from the lamps 114
Similarly, the substrate 110 may also be configured to absorb radiation from the
famps 114, Thus, when the substrate 110 is coplanar with the flange 163,

radiation from the lamps 114 is substantially prohibited from directly radisting
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the substraie positioning assembly 122, and in particular, the substrate support
155 of the substrate positioning assembly 122. Thus, the temperature of the
substrate 110 can be elevated with a reduced thermal effect on the substrate
support 155, In some examples, the substrate 110 in the pre-heat position is
located about 3 mm o about 50 mm from the window 106, such as about 5

mm to about 20 mm, such as about 5 mim to about 10 mm.

{0023} Figure 1B shows the substrate 110 in the processing (e.g., lower)
position in the processing chamber 100, In the processing position, the lift pins
150 are lowered and recessed info the lift pin supports 1513 so that the
substrate 110 is supported by the substrate support 155 and the edge supports
124. The processing positon is generally below the transfer height of the
substrate 110 when transferred through the siit valve door 116, In the
processing position, the substrate 110 is subject to g thermal treatment
process, such as a rapid thermal anneal. During thermal treatment, radiant
energy from the lamps 114 heats the substrate o a predeterminad tamperature.
A controlier 130, operably coupled to the processing chamber 100, controls one
or more aspects of the thermal treatment process, as wsll movement of the
substrate, including between transfer, pre-heat, and processing positions, in

additional to other aspects of the processing chamber 100,

{0024} The controller 130 includes a central processing unit (CPU), a
memaory containing  instructions, and support circuits for the CPU. The
controlier 130 controls various items directly, or via other computers and/or
controliers. In one or more embodiments, the controller 130 is communicatively
coupled to dedicated controllers, and the controlier 130 funclions as a central

controlier.

0025] The controller 130 is of any form of a general-purpose computer

processor that is used in an industrial setting for controlling various subsirate

processing chambers and equipment, and sub-processors thereon or therain.

The memory, or non-transitory computer readable medium, is one or more of a

readily available memory such as random access memory (RAM), dynamic

random access memory (DRAM), static RAM (SRAM), and synchronous
8
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dynamic RAM (SDRAM (e.g., DDR1, DDR2, DDR3, DDR3L, LPDDR3, DDR4,
LPDDR4, and the like}}, read only memory (ROM), floppy disk, hard disk, flash
drive, or any other form of digital storage, local or remate.  The support
circuits of the controller 130 are coupled to the CPU for supporting the CPU (a
processor). The support circuits include cache, power supplies, clock circuits,
inputfoutput circuitry and subsystems, and the like. Operational parameters
{such as a temperature of the substrate 110 and power applied to lamps 114)
are stored in the memory as a software routing that is executed or invoked {o
turn the controller 130 into a specific purpose controller {0 control the operations
of the various chambers/imodules described hergin.  The controlier 130 is
configurad to conduct any of the operations described herein. The instructions
stored on the memory, when executed, cause one or more of operations of

method 300 (described below) to be conducted.

{0026} Figure 1C is a schematic, cross-sectional view of the processing
chamber with the substrate in a processing position, according to a different
embodiment of the disclosure. Figure 1C is similar to Figure 18, however, the
substrate support 155 and the substrate positioning assembly 122 are replacead
with an edge support 124. The edge support 124 is rotated by a rotation system
125, A reflector plate 156 is positioned beneath the substrate 110 The
reflector plate 156 is attached to both 1ift pin supports 181¢. The reflector plate

156 reflects radiation from the lamps 114

{0027} Figurs 2A Is an isometric view of the radiation shield 160, according
to embodimants of the disclosure. Figure 2B is a cross-sactional view of the
radiation shield 160 along section line 2B-2B shown in Figure 2A. The radiation
shield 160 includes the cylindrical main body 182 and the flange 163 disposed
in a plane orthogonal 1o a central axis 280 of the cylindrical main body 162, The
cyiindrical main body 162 is made of opaque material, such as opague quariz,
black quartz, poly silicon, tungsten, titanium, or silicon carbide. The opacity of
the cylindrical main body 162 reduces transmission of thermal radiation from
famps 114 {shown in Figures 1A and 18B) therethrough. The cylindrical main

body 162 has an outer radius of between 180 mm and 200 mm such as betwean

=~
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185 mm and 195 mm such as about 180 mm to accommodaie the plurality of
lamps. The cylindrical main body 162 has an inner radius of between 140 mm
and 160 mm such as between 145 mm and 155 mm such as about 150 mm {o
accommuodate the substrate 110, The flange 163 is made of an opticaily
transparent material, such as quartz, sapphire, and fused silica, and permits a
majority or radiation from lamps 114 therethrough. The flange 163 has
thicknass between 1 mm and 5 mm such as between 2 mm and 4 mm such as
about 3 mm. The cylindrical main body 162 is coupled io the flange 163. The

flange 162 extends from a distal end of the cvilindrical main body 162,

{0028} Figure 3 is a schematic block diagram of a method 300 of processing
substrates, according o one implementation.  Figure 3 is explained with
reference to Figure 1A and Figure 1B to facilitate understanding, but it is
contemplated that methods hergin are applicable {o other processing chambers
besides processing chamber 100. Al operation 301, the substrate 110 is placed
into the processing chamber 100 on {ift pins 150, The substrate is brought in
to the chamber cold {e.g., al a temperature less than the internal volume of the

processing chamber, including the substrate support 155).

[0029] At operation 303, the substrate 110 is raised by lift pins 150, The lift
pins 150 {ift the substrate 110 1o a pre-heat position coplanar with the flange
163 of the radiation shield 160, This separates the processing chamber 100
into an upper volume 108 and a lower volume 109, The substrate is pre-healed

prior to coming in contact with the substrate support 155.

§0:030] At operation 305, the substrate 110 is pre-heated. During pre-
heating, the lamps 114 irradiate the substrate 110 to raise the temperature of
the substrate 110 to a pre-heat temperature. The pre-heat temperature is
betwean 290 °C and 310 °C such as batween 285 *C and 305 °C such as about
300 °C. The pre-heating takes between 10 s and 20 s. The subsirate 110 is
heated at a rate of about 30 °C/s. The radiation emitted by the lamps is
prevented from reaching the substrate support 155 due o the substraie and
radiation shield 1680 blocking the radiation from reaching the lower volume and
the substrate support 155, Thus, a temperature increase of the subsirate
8
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support is minimized. The substrate support 155 is substantially prevented

from heating during the pre-heating.

§0031] The radiation shield 160 includes the cylindrical main body 162
formed from an opague material.  The opague material reduces thermal
radiation from lamps located within the internal diameter of the radiation shisld
from traveling through the cyvlindrical main body to a location radially cutward
of the cylindrical main body (and inic a lower part of the processing chamber).
Thus, heat from the lamps 114 is directed io the subsirate 110 rather than
components of the processing chamber 100, A reduction in thermal radiation
to chamber components during the pre-heat operation improves subsequent
thermal processing due to improved temperature control and uniformity, as
undesired or unintended temperature increases are reduced. In such an
axampie, i is easier to maintain the processing temperature at a predsterminad
desired temperature, improving substrate-to-substrate uniformity. I such
exampies, i is contemplated that a controller may power off lamps located
outside of the outer diameter of the cylindrical main body 162, to further reduce

inadvertent haating of processing chamber componeants.

10032 At operation 307, the substrate is lowered from the pre-haat position
after pre-heating. The lift pins 150 lower the substrate down to the substrate
support 155 to the processing position. Because of the pre-heat operation, the
substrate 110 and the subsirate support 155 have a reduced temperature
differential therebetween. The temperature differential between the subsirate
110 and the substrate support 155 is less than 50 °C. The reduced temperature
differential between the substrate 110 and the substrate support 155 reduces
thermal shock to the substrate 110, and reduces undesired heat transfer
between the substrate 110 {(which is at an slevated temperature due to pre-
heating) and the subsirate support 155 {which is at an elevaled temperature
due to previous thermal processes which occurred in the processing chamber
100)

s

100333 Al operation 309, the substrate 110 is processed, for example, in a
rapid thermal annealing operation. One or more process gases may be
8
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provided to the interior of the processing chamber, and one or more lamps 114
may be powered on {0 deliver thermal radiation to the substrate 110 to facilitate
processing thereof The substrate 110 is processed on tha substrate support
185,

0034} The presence of the radiation shield 160 does not substantially
intarfere with uniform processing of the substrate 110, Due to the relative height
and thickness of the cylindrical main body 162, as well as the relative spacing
of the substrate 110 from the lamps 114 andfor window 108, minimal radiation
is blocked by the cylindrical main body 162, If any portion of the window 106 is
blocked by the cylindrical main body 162, the field of illumination of adjacent
{uncovered) lamps 114 compensates for blocked radiation. Moreover, since
the flange 163 is generally fransmissive o radiation from the lamps 114, the
flange 163 does not substantially interfers with the thermal radiation from the

lamps 114,

0035} Al operation 311, afier processing of operation 309 is complete, the
substrate 110 is removed off the substrate support 185 and out of the
processing chamber 100, Due to the thermal process that occurred during
operation 208, the substrate support 155 remains at an elevated temperature
relative to an incoming substrate 110, The process above can be repeated on
the incoming substrate 110 to reducs thermal shock to the incoming substrate
110

{0036} Benefits of the present disclosure include creating a separation
between radiation reaching the substrate support 155 to avoid the subsirate
support getting too hot.  The substrate 110 is brought into the processing
chamber 100 cold so if it comes info direct contact with a hot substirate support
the substrate will be subject o heat stress and woop. If the substrate 110 is
pre-heated, the subsirate will be heated faster and with better uniformity
including betler edge uniformity. The radiation shisld can also be ussd in
different embodiments with the subsirate 110 on the subsirate support 155 {o

achieve different optical properties. The disclosure is retrofittable in existing
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RTP chambers and other chambaers. The simple design allows for inexpensive

implementation.

{0037} it is contemplated that one or more aspects disclosed herein may be
combined.  As an example, one or more aspects, features, components,
operations andfor properties of the processing chamber 100, the substrate
support 155, the substrate 110, the upper volumea 108, the lower volume 109,
the lift pins 150, the heating assembly 112, the lamps 114, the radiation shield
160, the cylindrical main body 162, the flange 163, and/or the meathod 300 may
be combined. Moreover, it is contemplated that one or more aspects disclosed

herein may include some or all of the aforementioned benefits.

{0038} While the foregoing is directed o 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

determinead by the claims that follow.
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What is claimed is:

1. A method of processing substrates, comprising:

placing a subsirate into a processing chamber on a plurality of lift pins;

lifting the subsirate with the pluraiity of lift pins {0 a pre-heat position coplanar
with a flange of a radiation shield;

pre-heating the substrate in the pre-heat position with heat from a plurality of
lamps, the plurality of lamps positionad above the substrate;

lowering the substrate down {o a subsirate support with the lift pins after the
pre-heating;

processing the substrate on the substrate support; and

removing the substrate from the processing chamber.

2. The method of processing substrates of claim 1, wherein the pre-heat
position is about 5 mm to about 20 mm from a window defining a processing volume

of the processing chamber.

3. The method of processing substrates of claim 1, wherein the radiation shield
comprises:

a cylindrical main body comprising an opague material, the cylindrical main
body coupled to the flange, wherein

the flange comprises an optically transparent material.

4, The method of processing substrates of claim 3, wherein the opague
material includes opague guart, black guartz, poly silicon, fungsten, titanium, or
silicon carbide, and the optically ransparent material includes guartz, sapphire, and

fused silica.
5 The method of processing substrates of claim 1, wherein during lowering the

substrate down o the substrate suppeort, the substraie support and subsirate having

a temperature differantial of less than 50 °C.

12
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6. The method of processing substrates of claim 1, wherein the pre-heat
position is at an elevation greater than a loading or unioading height of the

subsirate.

7. The method of processing substrates of claim 1, wherein the substrate is pre-
heated prior t0 any contact with the substrate support within the processing

chamber.

8. A processing chamber applicable for use in semiconductor manufacturing,
comprising:

a chamber hody,

a window disposed over the chamber body;

a substrate support disposed in the chamber body;

a plurality of lamps disposed above the window for directing tharmal energy
towards the substrate support; and

a radiation shield disposed betwean the window and the substrate support,
the radiation shield including a cylindrical main body comprising an opague material,
and a flange comprises an optically transparent material, the flange coupled to the

cylindrical main body.

9. The processing chamber of claim 8, wherein the cylindrical main body

comprises biack quariz.

10.  The processing chamber of claim 8, wherein the cylindrical main body

comprises opaque quartz.

11.  The processing chamber of claim 8, wherein the flange comprises a

transparent quartz.

12.  The processing chamber of claim 8, further comprising a plurality of lift pins,
the lift pins configured to position a substrate in at least three positions, wherein the
at least three positions comprise:

a pre-heat position co-planer with the flange of the radiation shieid;
13
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a transfer position co-planer to a slit valve door formed in the chamber body;
and

a processing position atop the substrate support.

13, The processing chamber of claim 12, whersin the pre-haat position is above

the transfer position and the processing position.

14, The processing chamber of claim 8, wherein the cylindrical main body has an

outer radius of between 180 mm and 200 mm.

15, The processing chamber of claim 8, wherein the cylindrical main body has an

inner radius of between 140 mm and 160 mm.

16.  Thea processing chamber of claim 8, wheresin the flangs has a thickness of

between 1 mm and 5 mm.

17.  Aradiation shield applicabie for disposition in a processing chamber,
comprising:

a cylindrical main body comprising an opagque material, and

a flange extending from a distal end of the cylindrical main body, the flange
comprises an optically transparent material, the flange positioned in a plane

orthogonal to a central axis of the cylindrical main body.

18.  The radiation shield of claim 17, wherein the opaque material of the
cylindrical main body comprises opague quartz, black quartz, poly silicon, fungsten,

titanium, or silicon carbide.

189, The radiation shiskd of claim 17, wharein the optically transparent material of

the flange comprises transparent quariz, sapphire, or fused silica.

14



WO 2024/196525 PCT/US2024/016432

20,  The radiation shield of claim 17, wherein the cylindrical main body has an
outer radius of between 180 mm and 200 mm and an inner radius of betwaen 140

mm and 160 mm.
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