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(57) Abstract: A lamphead for thermal processing of a substrate is provided. The lamphead includes a housing having a first edge
surrounding a first plane. The lamphead further includes a plurality of segmented lamps disposed within the housing, each segmen -
ted lamp aligned substantially parallel to the first plane. Fach segmented lamp includes a first end connected to a location on the
housing; a first wire segment connected to the first end; a first filament connected to the first wire segment; an intermediate wire seg -
ment connected to the first filament; a second filament connected to intermediate wire segment; a second wire segment connected to
the second filament; and a second end connected to the second wire segment; where the second end is connected to an opposing loc-
ation on the housing.
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RAPID THERMAL PROCESSING CHAMBER WITH LINEAR CONTROL
LAMPS

BACKGROUND
Field

[0001] Embodiments disclosed herein generally relate to thermal
processing of semiconductor substrates. More specifically, embodiments
disclosed herein are related to rapid thermal processing lamps for thermal

processing of semiconductor substrates.

Description of the Related Art

[0002] Rapid thermal processing (RTP) is one thermal processing
technique that allows rapid heating and cooling of a substrate, such as a
silicon wafer. RTP substrate processing applications include annealing,
dopant activation, rapid thermal oxidation, and silicidation among others.
Typical peak processing temperatures can range from about 450°C to
1100°C. The heating is typically done in a RTP chamber with numerous

lamps disposed in a lamphead above or below the substrate being processed.

[0003] These numerous individual lamps are often arranged in a matrix or
honeycomb formation in the RTP lamphead of the RTP chamber. This matrix
arrangement allows for individual adjustment of the power provided to the
different lamps in order to control the temperature over the regions of the
substrate, such as radial regions of a surface of the substrate being annealed.
Although this matrix arrangement of RTP lamps can be effectively used for
thermal processing of substrates, each individual lamp incrementally adds
material costs as well as maintenance costs for the end user of the RTP

chamber.

[0004] Therefore, there is a need for an improved and more efficient RTP

lamp arrangement.
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SUMMARY

[0005] Embodiments of the disclosure are generally related to rapid
thermal processing lamps for thermal processing of semiconductor
substrates. In one embodiment, a lamphead for thermal processing of a
substrate is provided. The lamphead includes a housing having a first edge
surrounding a first plane. The lamphead further includes a plurality of
segmented lamps disposed within the housing, and each segmented lamp is
aligned substantially parallel to the first plane. Each segmented lamp
includes a first end connected to a location on the housing; a first wire
segment connected to the first end; a first filament connected to the first wire
segment; an intermediate wire segment connected to the first filament, a
second filament connected to intermediate wire segment; a second wire
segment connected to the second filament; and a second end connected to
the second wire segment, wherein the second end is connected to an

opposing location on the housing.

[0006] In another embodiment, a lamphead for thermal processing of a
substrate is provided. The lamphead includes a housing having a first edge
surrounding a first plane. The lamphead further includes an arrangement of
lamps located within the housing and disposed across an area facing the first
plane and at least substantially as large as the first plane, the area defined by
a boundary, wherein the arrangement includes a plurality of segmented
lamps, each segmented lamp extending from a location on the boundary to an
opposing location on the boundary, wherein each segmented lamp includes a
midpoint, a first filament on a first side of the midpoint, and a second filament

on a second side of the midpoint.

[0007] In another embodiment, a thermal processing chamber for
processing a substrate is provided. The thermal processing chamber includes
one or more side walls surrounding a processing region; a substrate support
within the processing region; a transparent window disposed above the one or
more side walls; and a lamphead disposed above the transparent window.

The lamphead includes a housing having a first edge surrounding a first
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plane. The lamphead further includes a plurality of segmented lamps
disposed within the housing, each segmented lamp aligned substantially
parallel to the first plane. Each segmented lamp includes a first end
connected to a location on the housing; a first wire segment connected to the
first end; a first filament connected to the first wire segment; an intermediate
wire segment connected to the first filament; a second filament connected to
intermediate wire segment; a second wire segment connected to the second
filament; and a second end connected to the second wire segment; wherein

the second end is connected to an opposing location on the housing.

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. Itis to
be noted, however, that the appended drawings illustrate only typical
embodiments of this disclosure 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 side sectional view of a thermal processing chamber,

according to one embodiment.

[0010] Figure 2A is a side sectional view of a segmented lamp, according

to one embodiment.

[0011] Figure 2B is a side sectional view of a linear lamp, according to one

embodiment.

[0012] Figures 3A and 3B are top plan views of an arrangement of lamps,

according to one embodiment.

[0013] Figure 4A is a side sectional view of a lamphead, according to one

embodiment.
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[0014] Figure 4B is a side sectional view of a lamphead, according to

another embodiment.

[0015] To facilitate understanding, common words have been used, where
possible, to designate identical elements that are common to the figures. Itis
contemplated that elements disclosed in one embodiment may be beneficially

utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0016] The present disclosure relates generally to thermal processing of
semiconductor substrates. More specifically, embodiments disclosed herein
are related to rapid thermal processing lamps for thermal processing of

semiconductor substrates.

[0017] Figure 1 illustrates a cross-sectional view of a thermal processing
chamber 10. The thermal processing chamber 10 can be used for rapid
thermal processing (RTP) of substrates. As used herein, rapid thermal
processing or RTP refers to an apparatus or a process capable of uniformly
heating a substrate at rates of about 50°C/second and higher, for example, at
rates of about 100°C/second to 150°C/second, and about 200°C/second to
400°C/second. Typical ramp-down (cooling) rates in RTP chambers are in
the range of about 80°C/second to 150°C/second, but may also be outside

this range.

[0018] The thermal processing chamber 10 includes one or more side
walls 50 surrounding and/or enclosing a processing region 18 for thermally
treating a substrate 12, such as a silicon substrate. The thermal processing
chamber 10 includes a base 53 supporting the one or more side walls 50.
The thermal processing chamber 10 may further include a transparent window
20 disposed above the one or more side walls 50, a lamphead 55 disposed
above the transparent window 20, and a reflector 78 disposed above the
lamphead 55. “Transparent”, as used herein, means most radiation of a given
wavelength is transmitted. Thus, a “transparent” object, as used herein, is an

object that transmits most incident radiation of a given wavelength of interest.
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As used herein, if an object is “transparent” to visible light, that object
transmits most incident light of a visible wavelength. Likewise, if an object is
“transparent” to infrared light, that object transmits most incident light of an

infrared wavelength.

[0019] A substrate support 11 is located within the processing region 18.
The substrate support 11 may be rotatable. The substrate support 11
comprises an annular support ring 14 and a rotatable support cylinder 30. A
rotatable flange 32 may be positioned outside the processing region 18 and
magnetically coupled to the support cylinder 30. An actuator (not shown) can
be used to rotate the flange 32 about a centerline 34 of the thermal
processing chamber 10. In other embodiments, the bottom of the support
cylinder 30 may be magnetically levitated and rotated by a rotating magnetic

field in coils surrounding the support cylinder 30.

[0020] The substrate 12 is supported on its periphery by the annular
support ring 14 of the substrate support 11. An edge lip 15 of the annular
support ring 14 extends inward and contacts a portion of the backside of the
substrate 12 on a substrate supporting surface 17 of the edge lip 15. The
substrate 12 may be oriented such that features 16 already formed on a front

surface of the substrate 12 face towards the lamphead 55.

[0021] A port 13 to the processing region 18 of the thermal processing
chamber 10 can be used to transfer substrates to and from the thermal
processing chamber 10. A plurality of lift pins 22, such as three lift pins, may
be extended and retracted to support the back side of the substrate 12 when
the substrate 12 is disposed in, or removed from, the thermal processing
chamber 10. Alternately, the plurality of lift pins 22 may remain stationary
while the substrate support 11 is moved to effect extension and retraction of

the lift pins relative to the substrate support.

[0022] The processing region 18 is defined on its upper side by the

transparent window 20. In some embodiments, the transparent window 20 is
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a transparent quartz window. The transparent window 20 separates the

lamphead 55 from the processing region 18.

[0023] The lamphead 55 is used to heat the substrate 12 during thermal
processing. The lamphead 55 includes a housing 60 and an arrangement of
lamps 70 disposed within the housing 60. The housing can be made of
stainless steel or other suitable material. The arrangement of lamps 70
includes a plurality of segmented lamps 80 and a plurality of linear lamps 90.
Examples of suitable lamps to be used as the segmented lamps 80 and the
linear lamps 90 can include tungsten-halogen lamps and mercury vapor
lamps. The linear lamps 90 can be used to provide a majority of the heat
used to raise the temperature of the substrate 12, such as between about
60% and about 95% of the heat, such as about 80% of the heat. The
segmented lamps 80 can be used to provide the remainder of heat to the

substrate 12, such as between about 5% and about 40%, such as about 20%.

[0024] Each segmented lamp 80 can be configured to direct most of its
heat to control the temperature of a particular zone on the substrate 12, such
as to a ring-shaped zone on the substrate 12 as the substrate 12 is rotated by
a rotatable substrate support. The segmented lamps 80 and linear lamps 90
can be arranged in any convenient pattern. For example, the segmented
lamps 80 and the linear lamps 90 may be arranged with one segmented lamp
80 adjacent to two linear lamps 90, one linear lamp 90 on each side of the
segmented lamp 80. Such an arrangement may have a segmented lamp 80
or a linear lamp 90 at either edge of the arrangement. Alternately, the
segmented lamps 80 and linear lamps 90 may be arranged with two adjacent
segmented lamps 80 in a pair of segmented lamps 80, with one linear lamp
90 adjacent to each side of the pair of segmented lamps 90. Other
arrangements may be easily envisioned. Moreover, in some embodiments, all

of the lamps in the lamphead 55 could be segmented lamps 80.

[0025] The radiation emitting elements, for example the filaments, of the

segmented lamps 80 can be arranged in to zones, for example radial zones,

corresponding to areas of a substrate 12 on the substrate support 11 to be
6
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heated. One or more sensors, such as pyrometers, may be used to monitor
the different zones allowing separate temperature control of different regions
of a substrate. For, example more heat may be provided to outer edges of a
substrate when heating due to the increased surface area around the edges
of a substrate. The segmented lamps 80, and/or the emitters of the
segmented lamps 90, may be arranged to provide any desired shape or
profile of zones, for example linear zones across the arrangement 70 from
one edge to the other edge of the arrangement 70, or square or rectangular
zones, which may be concentric or acentric. Further details on arrangements
of lamps 70, the segmented lamps 80, and the linear lamps 90, are discussed

below in reference to Figures 2A-4B.

[0026] A reflector 78 can be placed above the housing 60 of the lamphead
55 to reflect radiation back towards the substrate 12. The surface of the
reflector 78 can be plated with a reflective material, such as gold, aluminum,
or stainless steel, such as polished stainless steel. Each lamp 80, 90 can be
disposed in a reflective cavity 76. Each reflective cavity could be defined on
the top by a portion of the reflector 78 and on either side by a reflective
structure 75. The reflective structures 75 can direct, focus, and/or shape the

radiation of the lamps 80, 90 in any intended way.

[0027] The reflector 78 can further include cooling channels (not shown) to
help remove excess heat from the lamphead 55 and to assist in the cooling
rates of the substrate 12 after heating by use of a coolant, such as cooling
water. In some embodiments, these cooling channels or separate cooling
channels (not shown) can extend into the housing 60 of the lamphead 55 to
further assist in cooling the lamphead 55 and substrate 12 by use of a
coolant, such as cooling water. Although the reflector 78 is shown having a
substantially flat shape, in some embodiments the reflector 78 can have a
concave shape. Furthermore, in some embodiments, multiple concave

reflectors can be used.

[0028] The processing region 18 is defined on its lower side by the base
35 of the thermal processing chamber 10. The base 35 can include a
7
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reflector 28 that is beneath the edge lip 15 of the annular support ring 14. The
reflector 28 may extend parallel to and over an area greater than the surface
of the substrate 12 facing the reflector 28. The reflector 28 reflects radiation
emitted from the substrate 12 back toward the substrate 12 to enhance the
apparent emissivity of the substrate 12. The spacing between the substrate
12 and the reflector 28 may be between about 3mm to 9 mm, and the aspect
ratio of the width to the thickness of the cavity may be greater than 20. The
top surface of the reflector 28 may be made of aluminum and may have a
surface coating made of a different material, for example a highly reflective
material such as silver or gold, or a multi-layer dielectric mirror. The top
surface of the reflector 28 and the back side of the substrate 12 form a
reflecting cavity for enhancing the effective emissivity of the substrate 12,
thereby improving the accuracy of temperature measurements. In some
embodiments, the reflector 28 may have a more irregular or textured top
surface, or may have a black or other colored top surface to more closely
resemble a black-body wall. The reflector 28 may be disposed on the base
35. The base 35 can include cooling channels (not shown) to remove excess
heat from the substrate 12. These cooling channels can be used especially
during cool down of the substrate 12 by use of a coolant, such as cooling

water.

[0029] The base 35 further includes a plurality of temperature sensors 40,
shown as pyrometers, to measure the temperature across a radius of the
rotating substrate 12. Each sensor 40 is coupled through an optical light pipe
42 and an aperture in the reflector 28 to face the back side of the substrate
12. The light pipes 42 may be formed of various structures including

sapphire, metal, and silica fiber.

[0030] A controller 44 may be used to control the temperature of the
substrate 12 during processing. The controller 44 can be used to supply a
relatively constant amount of power to the linear lamps 90 during a particular
step of a thermal process. The controller 44 can change the amount of power

supplied to the linear lamps 90 for different substrates or different thermal

8
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processing steps performed on a same substrate. The controller 44 uses the
signals from the sensors 40 as input to control the temperature of different
radial zones on the substrate 12. The controller 44 adjusts the voltages
supplied to the different segmented lamps 80 to dynamically control the
radiant heating intensity and pattern during the processing. In some
embodiments, the segmented lamps 80 and the linear lamps 90 are powered
with a DC power supply while in other embodiments, the lamps 80, 90 can be
powered with an AC power supply and a rectifier, such as SCR can be used

to supply the power to the lamps 80, 90.

[0031] Pyrometers generally measure light intensity in a narrow
wavelength bandwidth of, for example, 40 nm in a range between about 700
to 1000 nm. The controller 44 or other instrumentation converts the light
intensity to a temperature through the well-known Planck distribution of the
spectral distribution of light intensity radiating from a black-body held at that
temperature. Pyrometry, however, is affected by the emissivity of the portion
of the substrate 12 being scanned. Emissivity € can vary between 1 for a
black body to 0 for a perfect reflector and thus is an inverse measure of the
reflectivity R=1-e of the substrate back side. While the back surface of a
substrate 12 is typically uniform so that uniform emissivity is expected, the
backside composition may vary depending upon prior processing. The
pyrometry can be improved by further including a emissometer (not shown) to
optically probe the substrate (12) to measure the emissivity or reflectance of
the portion of the substrate 12 facing the emissometer in the relevant
wavelength range and the control algorithm within the controller 44 to include

the measured emissivity.

[0032] While the thermal processing chamber 10 shows a top heating
configuration (i.e., lamps 80, 90 provided above the substrate 12), it is
contemplated that a bottom heating configuration (i.e., heating lamps provided
below the substrate) may also be utilized to benefit from the present

disclosure. Furthermore, in some embodiments, the front surface of the
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substrate 12 with the processed features 16 formed15 thereon may face away

from the lamphead 55, (i.e., facing towards the sensors 40) during processing.

[0033] Figure 2A shows a side sectional view of one of the segmented
lamps 80 in the housing 60 of the lamphead 55, according to one
embodiment. The housing 60 includes a first edge 62 surrounding a first
plane 61, where the first plane 61 can be an opening for directing heat
towards the substrate 12 (i.e., the arrangement of lamps 70 including the
segmented lamps 80 and the linear lamps 90 may be oriented to direct heat
towards a substrate 12 through the first plane 61). In Figure 2A, the substrate
would be facing the first plane 61. The first plane 61 can be covered by the
transparent window 20 of Figure 1. Each segmented lamp 80 can
substantially span a dimension across the first plane 61. For example, if the
first plane 61 is substantially rectangular, each segmented lamp 80 could
span the length or width of the first plane 61. As another example, if the first
plane 61 is substantially circular, then a central lamp could span a diameter of
the first plane 61 and other segmented lamps 80 could span various chords

across the first plane 61.

[0034] In some embodiments, each segmented lamp 80 has a length that
is slightly shorter, slightly longer, or about the same length as a dimension
across the first plane 61. Each segmented lamp 80 includes a first end 81
that may be connected to a location (e.g., location 63) on the housing 60, a
first wire segment 82 connected to the first end 81, a first filament 83
connected to the first wire segment 82, and an intermediate wire segment 85
connected to the first filament 83. Each segmented lamp 80 further includes a
second filament 86 connected to the intermediate wire segment 85, a second
wire segment 87 connected to the second filament 86, and a second end 88
connected to the second wire segment 87, wherein the second end 88 is
connected to an opposing location (e.g., location 64) on the housing 60.
Electrical connections can be provided to each segmented lamp 80 at the first
end 81 and the second end 88. A bulb 89 connected to the first end 81 and

10
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the second end 88 surrounds the wires and filaments of each segmented

lamp 80.

[0035] The lengths of the different wires 82, 85, 87 in the segmented
lamps 80 can be varied to adjust the positions of the filaments 83, 86 in the
segmented lamp 80, so that the filaments 83, 86 can be disposed over
different radials zones of the substrate 12. Each segmented lamp 80 further
includes a midpoint 84. The first filament 83 is on a first side 84A of the
midpoint 84, and the second filament 86 is on a second side 84B of the
midpoint 84. Although Figure 2A shows the segmented lamp 80 connected to
the housing 60, in other embodiments the segmented lamps 80 can be
attached to another support structure, such as a structure mounted above the

housing 60, such as a structure fixed to the top of the housing 60.

[0036] Figure 2B shows a side sectional view of one of the linear lamps 90
in the housing 60 of the lamphead 55, according to one embodiment. Each
linear lamp 90 can substantially span a dimension of the first plane 61 in a
similar way to the segmented lamps 80 described above. In some
embodiments, each segmented lamp has a length that is slightly shorter,
slightly longer or about the same length as a dimension of the first plane 61.
Each linear lamp 90 includes a filament 95 extending from a first end 91 to a
second end 92 of the linear lamp 90, wherein the first end 91 and the second
end 92 of each linear lamp 90 are each connected to the housing 60 at

opposing locations (e.g., locations 93, 94).

[0037] Electrical connections can be provided to each linear lamp 90 at the
first end 91 and the second end 92. A bulb 99 connected to the first end 91
and the second end 92 surrounds the wires and filaments of each linear lamp
90. Although Figure 2B shows the linear lamp 90 connected to the housing
60, in other embodiments the linear lamps 90 can be attached to another
support structure, such as a structure mounted above the housing 60, such as

a structure fixed to the top of the housing 60.

11
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[0038] Figures 3A is a top plan view of the arrangement of lamps 70,
according to one embodiment. Referring to Figure 3A, the arrangement of
lamps 70 is disposed across an area 73 facing the first plane 61 (see Figure
2A) and may be at least as large as the first plane 61. In some embodiments,
the area 73 can slightly smaller, slightly larger or the same size as the first
plane 61. The area 73 is defined by a boundary 74. Each segmented lamp
80 in the arrangement of lamps 70 can extend from a location (e.g., location
8044) on the boundary 74 to an opposing location (e.g., location 804g) on the
boundary 74. In some embodiments, the boundary 74 coincides with a
surface of the housing 60, so that the lamps 80, 90 can be mounted to the
housing 60. In other embodiments, the area 73 can be larger or smaller than
an area enclosed by the housing 60. For example, in some embodiments the
lamps can be mounted from a separate support structure above the housing
60 allowing the arrangement of lamps 70 to cover a different area than the
area enclosed by the housing 60. The area 73 is shown as a rectangular
area, but the area 73 can take different shapes, such as square or circular
area to match or more closely match the areas enclosed by the housing 60 or
the first plane 61. In a circular embodiment, the lamps 80, 90 can be different
lengths to accommodate the varying distances from one side of the housing
60 to an opposing side of the housing 60, and to similarly accommodate the
varying distances from one side of the first plane 61 to an opposing side of the

first plane 61.

[0039] The arrangement of lamps 70 includes 6 segmented lamps 801-80¢,
8 linear lamps 90, and a central lamp 79. Other embodiments may contain
more or less segmented lamps 80 or linear lamps 90. Furthermore in some
embodiments, the central lamp 79 can be a segmented lamp 80 or a linear

lamp 90.

[0040] Each segmented lamp 80 can be aligned parallel to the other
segmented lamps 80 as well as parallel to the linear lamps 90 and the central
lamp 79. The arrangement of lamps 70 shows the linear lamps 90 and the

segmented lamps 80 mostly in an alternating order, but other arrangements

12
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can be used. For example, in some embodiments, the segmented lamps 80
can be aligned perpendicular to each linear lamp 90, where the segmented
lamps 80 are disposed at a different distance from the first plane 61 of the
housing 60 than the linear lamps 90 are from the first plane 61. A
perpendicular configuration can provide additional room to cool the sides of

the housing 60 as well as to connect wiring for each of the lamps 80, 90.

[0041] The filaments 83, 86 of the segmented lamps 80 can be arranged in
zones, such as zones 310-312. The zones 310-312 can correspond to areas
of the substrate 12 to be placed on the on the annular support ring 14 (see
Figure 1) or to the first plane 61 (see Figure 2A). For example, the zones
310-312 can correspond to different temperature control regions of the
substrate 12. A separate sensor 40, for example a pyrometer (see Figure 1),
can be placed beneath each zone 310-312 to be an input for a temperature
control loop of each zone 310-312. Each zone 310-312 can further include at
least one central lamp 79 or segmented lamp 80 having at least one filament
only in that zone to be the output that the controller 44 (see Figure 1) can

adjust to control the temperature of the substrate in that zone 310-312.

[0042] The zones 310-312 include a central zone 310 surrounded by a first
ring-shaped zone 311, which is surrounded by a second ring-shaped zone
312. The central zone 310 can include only one filament 77 in some
embodiments to control the temperature of the center of the substrate 12. In
other embodiments the central zone 310 can include two or more filaments
from one or more lamps, such as segmented lamps 80. The first ring-shaped
zone 311 includes four filaments 83, 86 from two segmented lamps 80, 80..
The four filaments 83, 86 include two filaments from the first segmented lamp
804 and two filaments from the second segmented lamp 80,. The second
ring-shaped zone 312 includes eight filaments 83, 86 from four segmented
lamps 805-80s. The eight filaments 83, 86 include two filaments from each of
the segmented lamps 803-806. The extra filaments in zone 312 can provide
increased heat to control the temperature of outer zones (e.g., zone 312) that

have more surface area and mass than inner zones (e.g., zones 310, 311). In

13
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some embodiments, the length of the filaments 83, 86 in the segmented
lamps 80 in the outer zones can be increased relative to the lengths of the
filaments 83, 86 in the inner zones, so that additional heat can be provided
from each segmented lamps 80 in the outer zones. Although Figure 3A
shows the arrangement of lamps 70 including three zones, more or less
zones can be used to arrange the filaments 83, 86 of the segmented lamps 80

over the substrate 12 to be thermally processed.

[0043] The housing 60 includes a center 65 and there are segmented
lamps 80 and linear lamps 90 on either side of the center 65. For example, a
first segmented lamp 80, is on a first side 65A of the center 65 and a second
segmented lamp 80, is on a second side 65B of the center 65. The center 65

can also correspond to the center of the arrangement of lamps 70.

[0044] Figure 3B shows the arrangement of lamps 70 with some of the
lamps omitted so that some of the features of the lamps 80,-804 can be
explained in greater detail. For example, Figure 3B shows the distances
between the center 65 of the housing 60 and the filaments 83, 86 of the
different segmented lamps 804-804. The filaments 83, 86 in the first
segmented lamp 80¢ and the filaments 83, 86 in the second segmented lamp
80, are located at a first distance 67 from the center 65 (i.e., all four flaments
83, 86 are equidistant from the center 65). The filaments 83, 86 in a third
segmented lamp 80; and the filaments 83, 86 in the fourth segmented lamp
80,4 are located at a second distance 68 from the center 65. The second

distance 68 is longer than the first distance 67.

[0045] Figure 4A is a side sectional view of the lamphead 55, according to
the embodiment of Figure 1. In lamphead 55, each segmented lamp 80 and
each linear lamp 90 are a third distance 71 from the first plane 61 of the
housing 60. Placing the lamps 80, 90 at a same distance from the first plane

61 of the housing 60 can simplify the design of the arrangement of lamps 70.

[0046] Figure 4B is a side sectional view of a lamphead 455, according to

another embodiment. In lamphead 455, each linear lamp 90 is a third
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distance 71 from the first plane 61 and each segmented lamp 80 is a fourth
distance 72 from the first plane 61. The third distance 71 is longer than the
fourth distance 72. Placing the segmented lamps 80 closer to the first plane
61 and thus closer to the substrate 12 being processed allows for each
adjustment of a segmented lamp 80 to have a greater effect on the
temperature of the substrate 12. This closer position of the segmented lamps
80 to the substrate 12 can improve the temperature control of the substrate 12
during processing. Although not shown, reflective structures 75 (see Figure
1) could be placed between the lamps 80, 90, so that the radiation from each
lamp 80, 90 does not interfere with another lamp 80, 90. The reflective
structures 75 may extend down past the segmented lamps 80 from above the

linear lamps 90 to prevent the interference.

[0047] The embodiments described herein illustrate a lamphead for use in
a thermal processing chamber that can substantially reduce manufacturing
costs as well as maintenance costs for the lamphead. The cost savings is
achieved by reducing the number of lamps needed in the lamphead. Less
lamps require less wiring and less time to mount in the lamphead.
Furthermore, less lamps will result in less frequent replacement of lamps
resulting in less downtime and maintenance. For example, some thermal
processing lampheads include hundreds of lamps, such as over 400 lamps.
Lamps eventually fail, so operating a thermal processing chamber with
hundreds of lamps will require replacing hundreds if not thousands of lamps.
In the embodiments disclosed herein, there can be as few as around 15
lamps, so it is likely that the amount of lamps that need replacement will be
reduced by a factor of 10 or more when compared to conventional thermal

processing lampheads.

[0048] Despite the cost savings, the lamp arrangements disclosed here
can provide precise temperature control of different areas of the substrate
during processing. For example, the segmented lamps can be arranged so
that each segmented lamp only heats a particular radial zone of a rotating

substrate. Furthermore, the segmented lamps can be shielded from the linear
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lamps using reflective structures, so that each segmented lamp can
accurately control the temperature of the radial zone that the segmented lamp
is heating. Moreover, as shown in Figure 4B, the segmented lamps can be
placed closer to the substrate further enhancing the ability of the segmented

lamps to control the temperature across the different areas of the substrate.

[0049] 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 lamphead for thermal processing of a substrate comprising:
a housing having a first edge surrounding a first plane; and
a plurality of segmented lamps disposed within the housing, each segmented
lamp aligned substantially parallel to the first plane, wherein each segmented lamp
comprises:
a first end connected to a first location on the housing;
a first wire segment connected to the first end;
a first filament connected to the first wire segment;
an intermediate wire segment connected to the first filament;
a second filament connected to the intermediate wire segment;
a second wire segment connected to the second filament; and
a second end connected to the second wire segment; wherein the
second end is connected to a second location on the housing; and wherein
each segmented lamp is connected to a separate first location and a separate

second location on the housing.

2. The lamphead of claim 1, wherein the plurality of segmented lamps
comprises a first segmented lamp and a second segmented lamp, wherein the first
segmented lamp is aligned parallel to the second segmented lamp, and the plurality
of segmented lamps are oriented to direct heat towards the substrate through the

first plane.

3. The lamphead of claim 2, wherein the housing comprises a center and the
first segmented lamp is on a first side of the center and the second segmented lamp

is on a second side of the center.
4, The lamphead of claim 2, wherein the housing comprises a center and the

filaments in the first segmented lamp and the filaments in the second segmented

lamp are located at a first distance from the center.
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5. The lamphead of claim 4, wherein the plurality of segmented lamps further
comprises a third segmented lamp and a fourth segmented lamp, wherein the
filaments in the third segmented lamp and the filaments in the fourth segmented
lamp are located at a second distance from the center, wherein the second distance

is longer than the first distance.

6. The lamphead of claim 2, further comprising a plurality of linear lamps parallel
to the first segmented lamp, wherein each linear lamp includes a filament extending
from a first end to a second end of the linear lamp, wherein the first end and the

second end of each linear lamp are each connected to the housing.

7. The lamphead of claim 6, wherein each linear lamp is located at a third
distance from the first plane and the first segmented lamp is located at a fourth
distance from the first plane, wherein the third distance is longer than the fourth

distance.

8. A lamphead for thermal processing of a substrate comprising:

a housing having a first edge surrounding a first plane; and

an arrangement of lamps located within the housing and disposed across an
area facing the first plane and substantially as large as the first plane, the area
defined by a boundary, wherein the arrangement comprises a plurality of segmented
lamps, each segmented lamp extending from a location on the boundary to an
opposing location on the boundary, wherein each segmented lamp includes a
midpoint, a first filament on a first side of the midpoint, and a second filament on a

second side of the midpoint.

9. The lamphead of claim 8, wherein the plurality of segmented lamps are
aligned parallel to each other, and the arrangement of lamps is oriented to direct

heat towards the substrate through the first plane.

10. The lamphead of claim 9, wherein each segmented lamp includes an

intermediate wire connecting the first filament to the second filament.
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11.  The lamphead of claim 10, wherein the filaments of the segmented lamps are
arranged in a plurality of zones including a central zone surrounded by a first ring-
shaped zone, wherein the first ring-shaped zone includes four filaments from two
segmented lamps, wherein the four filaments include two filaments from a first
segmented lamp of the plurality of segmented lamps and two filaments from a

second segmented lamp of the plurality of segmented lamps.

12.  The lamphead of claim 11, wherein the four filaments are equidistant from a

center of the arrangement of lamps.

13. A thermal processing chamber for processing a substrate comprising:
one or more side walls surrounding a processing region;
a substrate support within the processing region, the substrate support having
a substrate supporting surface;
a transparent window disposed above the one or more side walls; and
a lamphead disposed above the transparent window; the lamphead
comprising
a housing; and
a plurality of segmented lamps disposed within the housing, each
segmented lamp aligned substantially parallel to the substrate supporting
surface of the substrate support, wherein each segmented lamp comprises:
a first end connected to a first location on the housing;
a first wire segment connected to the first end;
a first filament connected to the first wire segment;
an intermediate wire segment connected to the first filament;
a second filament connected to the intermediate wire segment;
a second wire segment connected to the second filament; and
a second end connected to the second wire segment; wherein
the second end is connected to a second location on the housing; and
wherein each segmented lamp is connected to a separate first location

and a separate second location on the housing.
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14.  The thermal processing chamber of claim 13, wherein the filaments of the
segmented lamps are arranged in a plurality of zones including a central zone
surrounded by a first ring-shaped zone, wherein the first ring-shaped zone includes
four filaments from two segmented lamps, wherein the four filaments include two
filaments from a first segmented lamp and two filaments from a second segmented

lamp of the plurality of segmented lamps.

15.  The thermal processing chamber of claim 14, wherein the lamphead further
comprises a plurality of linear lamps, wherein each linear lamp is parallel to each
segmented lamp and includes a filament extending from a first end to a second end
of the linear lamp, wherein the first end and second end of each linear lamp are

each connected to the housing.
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