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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the present invention generally
relate to methods for processing semiconductor sub-
strates. Particularly, embodiments of the present inven-
tion relate to processing a substrate in a rapid thermal
processing chamber.

Description of the Related Art

[0002] Rapid thermal processing (RTP) is a process
for annealing substrates during semiconductor process-
ing. During RTP, a substrate is generally supported by a
supporting device near the edge region and rotated as
the substrate is heated by one or more heat sources.
During RTP, thermal radiation is generally used to rapidly
heat a substrate in a controlled environment to a maxi-
mum 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 process. The substrate is then cooled
to room temperature for further processing. High intensity
tungsten halogen lamps are commonly used as the
source of heat radiation. The substrate may be provided
additional heat by a heated susceptor conductively cou-
pled to the substrate.
[0003] The semiconductor fabrication process has
several applications of RTP. Such applications include
thermal oxidation, high temperature soak anneal, low
temperature soak anneal, and spike anneal. In thermal
oxidation, a substrate is heated in oxygen, ozone, or a
combination of oxygen and hydrogen which causes sili-
con substrate to oxidize to form silicon oxide. In high tem-
perature soak anneal, a substrate is exposed to different
gas mixtures such as nitrogen, ammonia, or oxygen. Low
temperature soak anneal is generally used to anneal sub-
strate deposited with metal. Spike anneal is used when
the substrate needs to be exposed to high temperature
for a very short time. During a spike anneal, the substrate
is rapidly heated to a maximum temperature sufficient to
activate dopant and cooled rapidly to end the activation
process prior to substantial diffusion of the dopant.
[0004] RTP usually requires a substantially uniform
temperature profile across the substrate. In the state of
the art process, the temperature uniformity may be im-
proved by controlling heat sources, such as a laser, an
array of lamps, configured to heat the substrate on the
front side while a reflective surface on the back side re-
flects heat back to the substrate. Emissivity measure-
ment and compensation methodology have been used
to improve the temperature gradient across the sub-
strate. For example, US 2008/0090309 A1 describes a
method for rapid thermal annealing by controlling a plu-
rality of arrays and/or lamps within a processing chamber

based upon real-time temperature measurement to uni-
formly anneal a substrate.
[0005] As the semiconductor industry develops, the re-
quirement for temperature uniformity during a RTP also
increases. In some processes, it is important to have sub-
stantially small temperature gradient from about 2 mm
inside the edge of the substrate. Particularly, it may be
necessary to heat a substrate at a temperature between
about 200°C to about 1350°C with a temperature devia-
tion of about 1°C to 1.5°C. The state of the art RTP sys-
tems incorporate radially controllable zones to improve
uniformity along a radius of the substrate being proc-
essed. However, non-uniformities are caused by variety
of reasons and appear in variety of patterns. The non-
uniformity is more likely a non-radial non-uniformity, in
which temperatures on different locations have the same
radius varies. A non-radial non-uniformity cannot be re-
solved by adjusting heating sources according to their
radial locations.
[0006] Figures 1A-1D schematically illustrates exem-
plary non-radial non-uniformities. In a RTP system, an
edge ring is usually used to support a substrate near the
periphery. The edge ring and the substrate overlap pro-
ducing a complicated heating situation near the edge of
the substrate. In one aspect, the substrate may have dif-
ferent thermal properties near the edge. This is mostly
pronounced for a patterned substrate, or for a silicon-on
isulator- (SOI) substrate. In another aspect, the substrate
and the edge ring overlap near the edge, it is difficult to
achieve uniform temperature profile near the edge by
measuring and adjusting the temperature of the substrate
alone. Depending on the edge ring’s thermal properties
relative to the substrate’s thermal and optical properties,
the temperature profile of a substrate is generally either
edge high or edge low.
[0007] Figure 1A schematically illustrates two types of
common temperature profiles of a substrate processed
in a RTP chamber. The vertical axis denotes measured
temperatures on a substrate. The horizontal axis denotes
the distance from the edge of the substrate. Profile 1 is
an edge high profile where the edge of the substrate has
the highest temperature measurement. Profile 1 is an
edge low profile where the edge of the substrate has the
lowest temperature measurement. It is difficult to remove
temperature deviation near the edge of the substrate in
the state of the art RTP systems.
[0008] Figure 1A is a schematic top view of a substrate
102 disposed on supporting ring 101. The supporting ring
101 rotates about a center, which generally coincides
with a center of the whole system. It is desired that a
center of the substrate 102 is aligned with the center of
the supporting ring 101. However, the substrate 102 is
likely to misaligned with the supporting ring 101 during
to different reasons. As the requirements for thermal
processing increase, a small misalignment between the
substrate 102 and the supporting ring 101 may cause
non-uniformity as shown in Figure 1B. During a spike
process, a misplacement of 1mm may cause tempera-
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ture variation of about 30°C. The state of the art thermal
processing systems have a substrate placement accu-
racy of about 0.18mm, thus have a temperature variation
of about 5°C due to alignment limitation.
[0009] Figure 1B is a schematic temperature map of
the substrate 102 during thermal processing where the
substrate 102 is misaligned with the supporting ring 101.
The substrate 102 generally has both a high temperature
zone 103 and a low temperature zone 104 along an edge
region 105.
[0010] Figure 1C is a schematic temperature map of a
substrate 107 during rapid thermal processing. The sub-
strate 107 has a temperature gradient along a horizontal
direction 106. The temperature gradient of Figure 1C may
be caused by various reasons, such as ion implantation,
chamber asymmetry, intrinsic substrate properties, and
process kit variability.
[0011] Figure 1D is a schematic temperature map of a
patterned substrate 108 which has surface structures
109 formed from materials different than the substrate
108. Line 111 is a temperature profile across a diameter
of the substrate 108. The temperature varies because
the properties of the surface structures 109 are different
from the substrate 108. Since most substrates in thermal
processing have structures formed thereon, temperature
variation caused by local pattern is a common phenom-
ena.
[0012] Therefore, there is a need for methods used in
RTP for reducing non-radial temperature non-uniformity.

SUMMARY OF THE INVENTION

[0013] Embodiments of the present invention provide
a method for reducing non-uniformity during thermal
processing. Particularly, embodiments of the present in-
vention provide a method for reducing non-radial non uni-
formity during thermal processing.
[0014] An apparatus for processing a substrate is de-
scribed comprising a chamber body defining a process-
ing volume, a substrate support disposed in the process-
ing volume, wherein the substrate support is configured
to rotate the substrate, a sensor assembly configured to
measure temperature of the substrate at a plurality of
locations, and one or more pulse heating elements con-
figured to provide pulsed energy towards the processing
volume.
[0015] An embodiment of the present invention pro-
vides a method for processing a substrate with the fea-
tures according to claim 1, comprising placing a substrate
on a substrate support disposed in a processing volume
of a processing chamber, rotating the substrate, and
heating the substrate by directing radiant energy towards
the processing volume, with a heating lamp assembly
comprising a plurality of zone groups and a plurality of
pulse groups, wherein each zone group comprises a plu-
rality of heating elements and each pulse group compris-
es one or more heating elements, wherein each pulse
group has a corresponding zone group of the same radial

coverage, wherein at least a portion of the radiant energy
is pulsed energy, the method comprising directing the
pulse energy towards the processing volume from the
heating elements of the pulse groups having a frequency
determined by a rotational speed of the substrate, while
directing constant energy level toward the processing
volume from the heating elements of the zone groups.
[0016] A thermal processing chamber is described
comprising a chamber body having a processing volume
defined by chamber walls, a quartz window, and a reflec-
tor plate, wherein the quartz window and the reflector
plate are disposed on opposite side of the processing
volume, a substrate support disposed in the processing
volume, wherein the substrate support is configured to
support and rotate a substrate, a heating source dis-
posed outside the quartz window and configured to direct
energy towards the processing volume through the
quartz window, wherein the heating source comprises a
plurality of heating elements, and at least a portion of the
heating elements are pulse heating elements configured
to provide pulsed energy towards the processing volume,
a sensor assembly disposed through the reflector plate
and configured to measure temperature along different
radius locations in the processing volume, and a system
controller configured to adjust one of frequency, phase,
and amplitude of the pulsed energy from the heating
source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] So that the manner in which the above recited
features of the present invention can be understood in
detail, a more particular description of the invention, brief-
ly summarized above, may be had by reference to em-
bodiments, 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 in-
vention and are therefore not to be considered limiting
of its scope, for the invention may admit to other equally
effective embodiments.

Figure 1A is a schematic top view of a substrate dis-
posed on a supporting ring during thermal process-
ing.

Figure 1B is a schematic temperature map of a sub-
strate during thermal processing, the temperature
map showing non-radial non-uniformity caused by
misalignment.

Figure 1C is a schematic temperature map of a sub-
strate during thermal processing, the temperature
map showing a temperature gradient across the sub-
strate.

Figure 1D is a schematic sectional side view of a
patterned substrate and a temperature profile across
a diameter showing variation caused by pattern.
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Figure 2 is a schematic sectional side view of a ther-
mal processing chamber for a method in accordance
with one embodiment of the present invention.

Figure 3 is a schematic top view of a substrate illus-
trating a method to obtain a temperature map in ac-
cordance with one embodiment of the present inven-
tion.

Figure 4 is a schematic drawing showing a heating
source having pulsed zones and pulsed heating
components in accordance with one embodiment of
the present invention.

Figure 5 is a schematic flow chart illustrating a meth-
od for processing a substrate in accordance with one
embodiment of the present invention.

Figure 6A is a schematic plot showing an effect of a
pulsed laser heating source at one phase.

Figure 6B is a schematic plot showing an effect of a
pulsed laser heating source at one phase.

Figure 6C is a schematic plot showing an effect of a
pulsed laser heating source at one phase.

Figure 6D is a schematic plot showing an effect of a
pulsed laser heating source at one phase.

Figures 6E-6F schematically illustrate uniformity im-
provement by adjusting phase and amplitude of a
laser heating source.

Figure 7A is a schematic top view of a lamp assembly
having three pulsed zones.

Figure 7B schematically illustrates effects of a pulsed
lamp zone near corresponding to a middle region of
a substrate.

Figure 7C schematically illustrates effects of a
pulsed lamp zone near corresponding to edge region
of a substrate.

Figure 7D schematically illustrates effects of a
pulsed lamp zone near corresponding to a region
outwards an edge of the substrate.

Figure 7E is a schematic plot showing a thermal proc-
ess that adjusts phase and amplitude of lamps in a
pulsed zone corresponding to a region outwards an
edge of a substrate.

Figure 8 is a schematic sectional side view of a ther-
mal processing chamber for a method in accordance
with one embodiment of the present invention.

Figure 9 is a schematic sectional side view of a ther-
mal processing chamber for a method in accordance
with one embodiment of the present invention.

Figure 10A is a schematic top view of a test substrate
having a checker board pattern.

Figure 10B is a schematic plot showing a thermal
process performed to the test substrate of Figure
10A.

Figure 10C is a schematic plot showing a tempera-
ture profile across a diameter of the test substrate
during thermal processing by heating the patterned
side of the substrate.

Figure 10D is a schematic plot showing a tempera-
ture profile across a diameter of the test substrate
during thermal processing by heating the non-pat-
terned side of the substrate.

[0018] 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 disclosed in one embodi-
ment may be beneficially utilized on other embodiments
without specific recitation.

DETAILED DESCRIPTION

[0019] Embodiments of the present invention provide
a method for reducing non-uniformity during thermal
processing. Particularly, embodiments of the present in-
vention provide a method for reducing non-radial non uni-
formity during thermal processing.
[0020] The present invention provides a method as de-
fined by the disclosure of claim 1.
[0021] Figure 2 schematically illustrates a sectional
view of a rapid thermal processing system 10. The rapid
thermal processing system 10 comprises a chamber
body 35 defining a processing volume 14 configured for
annealing a disk-shaped substrate 12 therein. The cham-
ber body 35 may be made of stainless steel and may be
lined with quartz. The processing volume 14 is configured
to be radiantly heated by a heating lamp assembly 16
disposed on a quartz window 18 of the rapid thermal
processing system 10. The quartz window 18 may be
water cooled.
[0022] A slit valve 30 may be formed on a side of the
chamber body 35 providing a passage for the substrate
12 to the processing volume 14. A gas inlet 44 may be
connected to a gas source 45 to provide processing gas-
es, purge gases and/or cleaning gases to the processing
volume 14. A vacuum pump 13 may be fluidly connected
to the processing volume 14 through an outlet 11 for
pumping out the processing volume 14.
[0023] A circular channel 27 is formed near the bottom
of the chamber body 35. A magnetic rotor 21 is disposed
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in the circular channel 27. A tubular riser 39 rests on or
otherwise coupled to the magnetic rotor 21. The sub-
strate 12 is supported by a peripheral edge by an edge
ring 20 disposed on the tubular riser 39. A magnetic stator
23 is located externally of the magnetic rotor 21 and is
magnetically coupled through the chamber body 35 to
induce rotation of the magnetic rotor 21 and hence of the
edge ring 20 and the substrate 12 supported thereon.
The magnetic stator 23 may be also configured to adjust
the elevations of the magnetic rotor 21, thus lifting the
substrate 12 being processed.
[0024] The chamber body 35 may include a reflector
plate 22 near the back side of the substrate 12. The re-
flector plate 22 has an optical reflective surface 28 facing
the back side of the substrate 12 to enhance the emis-
sivity of the substrate 12. In one embodiment, the reflec-
tor plate 22 may be water cooled. The reflective surface
28 and the back side of the substrate 12 define a reflective
cavity 15. In one embodiment, the reflector plate 22 has
a diameter slightly larger than the diameter of the sub-
strate 12 being processed. For example, if the rapid ther-
mal processing system 10 is configured to process 12
inch substrates, the diameter of the reflector plate 22 may
be about 13 inches.
[0025] A purge gas may be provided to the reflector
plate 22 through a purge gas inlet 48 connected to a
purge gas source 46. The purge gas ejected to the re-
flector plate 22 helps cooling of the reflector plate 22 es-
pecially near the apertures 25 where heat is not reflected
back to the substrate 12.
[0026] An outer ring 19 may be coupled between the
chamber body 35 and the edge ring 20 to separate the
reflective cavity 15 from the processing volume 14. The
reflective cavity 15 and the processing volume 14 may
have different environments.
[0027] The heating lamp assembly 16 may comprise
an array of heating elements 37. The array of heating
elements 37 may be UV lamps, halogen lamps, laser
diodes, resistive heaters, microwave powered heaters,
light emitting diodes (LEDs), or any other suitable heating
elements both singly or in combination. The array of heat-
ing elements 37 may be disposed in vertical holes formed
in a reflector body 43. In one embodiment, the heating
elements 37 may be arranged in a hexagon pattern. A
cooling channel 40 may be formed in the reflector body
43. A coolant, such as water, may enter the reflector body
43 from an inlet 41, travel adjacent the vertical holes cool-
ing the array of heating elements 37, and exit the reflector
body 43 from an exit 42.
[0028] The array of heating elements 37 are connected
to a controller 52 which are capable of adjusting heating
effects of the array of heating elements 37. The array of
heating elements 37 may be divided into a plurality of
heating groups to heat the substrate 12 by multiple con-
centric zones. Each heating group may be controlled in-
dependently to provide desired temperature profile
across a radius of the substrate 12.
[0029] The heating lamp assembly 16 comprises one

or more zoned groups 57 and one or more of pulse groups
53. Each of the zone groups 57 is connected to a power
source 55 and may be individually controlled. In one em-
bodiment, the amplitude of power provided to each zone
groups 57 may be independently controlled to adjust ra-
diant energy directing to a corresponding zone. Each of
the pulse groups 53 comprise one or more heating ele-
ments 37 and connected to a power source 54 which
may be controlled by phase and/or amplitude. The phase
of the power source 54 may be adjusted to control radiant
energy directed towards a section of a radial zone.
[0030] Figure 4 is a schematic drawing showing one
example of grouping the heating lamp assembly 16 of
Figure 2. Heating elements of the heating lamp assembly
16 are grouped into a plurality of zone groups 57, which
are concentric to one another. Each zone group 57 com-
prises a plurality of heating elements. One or more pulse
groups 53 are also formed in the heating lamp assembly
16.
[0031] Each of the pulse groups 53 may comprise one
or more heating elements. In one example, the pulse
groups 53 may be formed corresponding to different ra-
dial locations. In the example of Figure 4, each pulse
group 53 has a corresponding zone group 57 of the same
radial coverage.
[0032] Heating elements in the pulse group 53 can be
powered at different phase from the heating elements in
the corresponding zone group 57, thus, capable of ad-
justing total radiant energy directed to different locations
of the radial coverage as the substrate being processed
is rotating.
[0033] Heating elements in zone group 57 provide con-
stant energy level towards an entire radius region of a
rotating substrate while the energy level of heating ele-
ments in the pulse group 53 is pulsed and various towards
areas in a radius region of a rotating substrate. By ad-
justing phase and amplitude of the energy level pulse of
the pulse group 53, non-uniformity within a radius region
of a rotating substrate can be adjusted.
[0034] The pulse groups 53 may be formed along the
same radius and aligned to form a section of a circle as
shown in Figure 4. The pulse groups 53 may also be
scattered at different azimuthal angles for more flexible
control.
[0035] Referring back to Figure 2, the power source
55 and the powers sources 54 are connected to the con-
troller 52, which may obtain a substrate temperature map
in-situ and adjusting the powers sources 55, 56 according
to the obtained temperature map.
[0036] The rapid thermal processing system 10 further
comprise a plurality of thermal probes 24 configured to
measure thermal properties of the substrate 12 at differ-
ent radial locations. The plurality of thermal probes 24
may be a plurality of pyrometers optically coupled to and
disposed in a plurality of apertures 25 formed in the re-
flector plate 22 to detect a temperature or other thermal
properties of a different radial portion of the substrate 12.
The plurality of apertures 25 may be positioned along
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one radius as shown in Figure 2, or at different radius as
illustrated in Figure 4.
[0037] The plurality of probes 24 may be used to obtain
a temperature map of the substrate 12 during processing
when sampling at a specific frequency so that the each
probe 24 can measure different locations of the substrate
12 at different times at the substrate 12 is rotating. The
specific frequency may be frequency higher than the fre-
quency of the substrate rotation by multiple times, so that
each probe 24 can measure locations evenly distributed
along a circle when the substrate 12 rotates a whole cir-
cle.
[0038] Figure 3 is a schematic top view of a substrate
illustrating a method to obtain a temperature map in ac-
cordance with one embodiment of the present invention.
Figure 5 is an exemplary map of the substrate 12 showing
locations on the substrate at which temperature data is
obtained when the substrate rotates at 4 Hz and the data
sampling is at 100 Hz. A temperature map across the
substrate 12 may be obtained.
[0039] Referring back to Figure 2, the thermal process-
ing system 10 may also comprise one or more auxiliary
heating sources 51 configured to heat the substrate 12
during processing. Similar to the pulse groups 53, the
auxiliary heating sources 51 are connected to power
sources 56 which may be controlled by adjusting phase
and/or amplitude. The auxiliary heating source 51 is con-
figured to reduce temperature non-uniformity by impos-
ing more radiant energy towards locations have lower
temperature than location have higher temperatures
along a corresponding circular region.
[0040] The auxiliary heating source 51 may be posi-
tioned on an opposite side of the heating lamp assembly
16. Each of the auxiliary heating source 51 and the pulse
groups 53 may be used independently or in combination.
[0041] The auxiliary heating source 51 may be a radi-
ation source which produces no radiation in the band-
width of the probes 24. In another embodiment, the ap-
ertures 25 may be shielded from the auxiliary heating
source so that the probes 24 are not affected by the ra-
diation from the auxiliary heating source 51. The auxiliary
heating source 51 may be lasers (such as diode lasers,
ruby lasers, CO2 lasers, or others) diodes, or line emit-
ters. In one embodiment, the auxiliary heating source 51
may be disposed outside the process chamber and en-
ergy from the auxiliary heating source 51 may be directed
to the processing volume via fibre optics, a light pipe,
mirror, or a total internal reflecting prism.
[0042] Figure 5 is a schematic flow chart illustrating a
method 200 for processing a substrate in accordance
with one embodiment of the present invention. The meth-
od 200 is configured to reduce non-uniformities including
radial non-uniformity and non-radial non-uniformity. In
one embodiment, the method 200 may be performed us-
ing thermal processing systems.
[0043] In box 210, a substrate being processed may
be placed in a thermal processing chamber, such as the
thermal processing system 10 of Figure 2. Placing the

substrate may be performed by a robot on an edge ring.
[0044] In box 220, the substrate is rotated within the
thermal processing chamber.
[0045] In box 230, the substrate is heated by a heating
source having one or more pulse components which can
be adjusted by one of phase or amplitude. Exemplary
pulse components may be the auxiliary heating source
51 and the pulse group 53 of Figure 2.
[0046] In box 240, a temperature of the substrate may
be measured using a plurality of sensors, such as the
probes 24 of thermal processing system 10. As the sub-
strate rotates, a plurality of locations may be measured
by using a specific sampling rate.
[0047] In box 250, a temperature map of the substrate
may be generated from the measurement of box 240.
The temperature map may generated by software in a
controller, such as the controller 52 of Figure 2.
[0048] In box 260, characteristics of temperature non-
uniformities may be determined from the temperature
map obtained in box 250. The characteristics may be
overall variations, variations among zones correspond-
ence to heating zones, variations within a heating zone,
such as angles with high and low temperatures, etc.
[0049] In box 270, phase and/or amplitude of the one
or more pulse components may be adjusted to reduce
temperature variations. Detailed adjustment is described
in Figures 6A-6E and Figures 7A-7E below.
[0050] The boxes 230, 240, 250, 260 and 270 may be
performed repeatedly until the processing is complete.
[0051] Figure 6A is a schematic plot showing an effect
of a pulsed laser heating source 303 configured to direct
radiant energy towards an edge region of a substrate
304a. The substrate 304a is heated by a main heating
source, such as the heating lamp assembly 16 of Figure
2, and the pulsed laser heating source 303. The heating
source 303 may be similar to the auxiliary heating source
51 of Figure 2. Line 301 illustrates a rotation angle of the
substrate 304a relative to the heating source 303. Curve
302a illustrates power supplied to the heating source
303.
[0052] The power supplied to the heating source 303
has the same frequency as rotation frequency of the sub-
strate 304a. Therefore, as the substrate rotates, the high-
est power level is repeatedly directed toward a location
307a which is about 90 degrees from the heating source
303 before rotating begins. Similarly, the lowest power
level is repeatedly directed at a location 305a which is
270 degrees from the heating source 303.
[0053] As a result, the power supplied to the heating
source 303 may be adjusted so that its peak strikes when
a low temperature location passes the heating source
303 to provide additional heating to the low temperature
location.
[0054] Even though, the power supplied to the heating
source 303 is illustrated as sinusoidal pulses here, any
suitable pulses may be applied.
[0055] Additionally, the frequency of the power sup-
plied to the heating source 303 may be different from the

9 10 



EP 2 289 095 B1

7

5

10

15

20

25

30

35

40

45

50

55

rotation frequency. For example, the power frequency
may be a fraction of the rotation frequency, such as a
half, a third, or a fourth, to achieve desired purposes.
[0056] Figure 6B is a schematic plot showing an effect
of the pulsed laser heating source 303 configured to di-
rect radiant energy towards the substrate 304b at when
the heating source is powered at a power 302b. The high-
est power level is repeatedly directed toward a location
307b which is about 180 degrees from the heating source
303 before rotating begins. Similarly, the lowest power
level is repeatedly directed at a location 305b which is 0
degrees from the heating source 303.
[0057] Figure 6C is a schematic plot showing an effect
of the pulsed laser heating source 303 configured to di-
rect radiant energy towards the substrate 304c at when
the heating source is powered at a power 302c. The high-
est power level is repeatedly directed toward a location
307c which is about 270 degrees from the heating source
303 before rotating begins. Similarly, the lowest power
level is repeatedly directed at a location 305c which is
90 degrees from the heating source 303.
[0058] Figure 6D is a schematic plot showing an effect
of the pulsed laser heating source 303 configured to di-
rect radiant energy towards the substrate 304d at when
the heating source is powered at a power 302d. The high-
est power level is repeatedly directed toward a location
307d which is about 0 degrees from the heating source
303 before rotating begins. Similarly, the lowest power
level is repeatedly directed at a location 305d which is
180 degrees from the heating source 303.
[0059] Figures 6E-6F schematically illustrate uniform-
ity improvement by adjusting phase and amplitude of a
laser heating source. As shown in Figure 6E, there is a
non-radial non-uniformity along an edge of the substrate
being processed without adjusting phase and amplitude
of the laser heating source. Figure 6F schematically
shows a temperature map of a substrate being processed
with phase and amplitude adjustment. The non-radial
non-uniformity is substantially reduced by adjusting
phase of a laser heating source.
[0060] Figure 7A is a schematic top view of a heating
lamp assembly 16a having three pulsed zones 51a, 51b,
51c. The pulsed zone 51a comprises a plurality of heating
elements 37a disposed on a region corresponding to a
region outside an edge of the substrate. The heating el-
ements in each pulsed zone 51a, 51b, 51c may be inde-
pendently controlled from other heating elements in the
heating lamp assembly 16a by adjusting phase and am-
plitude of the corresponding power source. The pulsed
zone 51b comprises a plurality of heating elements 37a
disposed in a region corresponding to a region near the
edge of the substrate. The pulsed zone 51c comprises
a plurality of heating elements disposed in a region cor-
responding to region near a middle section of the sub-
strate. The lamp assemblies 16a may be used in the ther-
mal processing system 10 of Figure 2.
[0061] Figure 7B schematically illustrates effects of a
pulsed zone 51c. As illustrated in Figure 7B, adjusting

phase of the pulsed zone 51c can change temperature
variations within the middle region of the substrate.
[0062] Figure 7C schematically illustrates effects of a
pulsed zone 51b. As illustrated in Figure 7C, adjusting
phase of the pulsed zone 51b can change temperature
variations within an edge region of the substrate.
[0063] Figure 7D schematically illustrates effects of a
pulsed zone 51a. As illustrated in Figure 7D, adjusting
phase of the pulsed zone 51a can change temperature
variations within the bevel edge region of the substrate.
[0064] Figure 7E is a schematic plot showing a thermal
process that adjusts phase and amplitude of the pulsed
zone 51a of Figure 7A. During the process the substrate
is rotating at a frequency of 4Hz. The temperature is
measured at a sampling frequency of 100Hz with 7 py-
rometers corresponding substrate center to the edge.
The thermal processing resembles a spike anneal, which
high ramping up and ramping down rates.
[0065] Curve 321 reflects rotation cycle of the sub-
strate. Curve 322 reflects phase and amplitude of power
supplied to the pulsed zone 51a. Curve 323 reflects pow-
er supplied to heating elements 37a that are not in the
pulsed zones 51a. Curves 325 indicate temperatures
measured by different sensors at different locations.
Curve 324 indicates temperatures of an edge ring sup-
porting the substrate during process.
[0066] The amplitude of pulsed power is synchronized
with the main power. This configuration allows the main
heating assembly and the pulsed zone to use the same
power supply.
[0067] Figure 8 is a schematic sectional side view of a
thermal processing system 10b in accordance with one
embodiment of the present invention. The thermal
processing system 10b
[0068] is similar to the thermal processing system 10
except that heating lamp assembly 16 is positioned on a
bottom side of the chamber body 35 while the reflector
plate 27 is positioned on the top of the chamber.
[0069] The arrangement of the thermal processing
system 10b allows the substrate to be heated by the heat-
ing lamp assembly 16 from the back side. The substrate
12 needs to face up to expose the patterned side to
processing gases delivered to the processing volume 14.
The back side heating using the thermal processing sys-
tem 10b reduced temperature variations due to pattern
on the device side. Figures 10A-10D illustrate the advan-
tage of backside heating.
[0070] Figure 10A is a schematic top view of a test
substrate 401 having a checker board pattern. Blocks
402 are covered by 1700 angstroms of silicon oxide.
Blocks 403 are covered by 570 angstroms of polycrys-
talline silicon.
[0071] Figure 10B is a schematic plot showing a ther-
mal process performed to the test substrate of Figure
10A. Line 404 illustrates an average temperature of the
heating elements. Line 405 illustrates an average tem-
perature of the substrate. Oxygen is flown during the ther-
mal processing so that silicon oxide is formed on back-
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side of the substrate. The thickness of the silicon oxide
generated on the backside of the substrate reflects the
temperature of the substrate.
[0072] Figure 10C is a schematic plot of a curve 406
showing thickness of backside silicon oxide of the test
substrate when the test substrate is heated from the pat-
terned side. The variation of silicon oxide thickness re-
flects the variation of substrate temperature. The varia-
tion of temperature is strongly effect by the pattern.
[0073] Figure 10D is a schematic plot of a curve 407
showing silicon oxide thickness across a diameter of the
test substrate during thermal processing by heating the
non-patterned side of the substrate, for example using a
thermal processing system similar to the thermal
processing system 10b of Figure 8.
[0074] Temperature control methods in accordance
with embodiments of the present invention can also be
extended to control temperatures of an edge ring config-
ured to support a substrate during processing.
[0075] Figure 9 is a schematic sectional side view of a
thermal processing chamber 10c. The thermal process-
ing chamber 10c is similar to the thermal processing sys-
tem 10b except that the thermal processing system 10c
further comprises sensors, heating and cooling assem-
blies for the edge ring 20.
[0076] The edge ring 20 may be designed to have ther-
mal properties, such as thermal mass, emissivity and ab-
sorptivity, according to the thermal properties of the sub-
strate 12 being processed to improve substrate temper-
ature profile. The thermal properties of the edge ring 20
may be altered by choosing different materials, different
thicknesses and different coatings.
[0077] An edge ring heating assembly 61 configured
primarily to heat the edge ring 20 may be disposed out-
side the array of heating elements 37 of the heating lamp
assembly 16. The edge ring heating assembly 61 is con-
nected to the controller 52 which may adjust a heating
power 62 of the edge ring heating assembly 61. The edge
ring heating assembly 61 is independently controllable
from the array of heating elements 37, hence controlling
the temperature of the edge ring 20 independently from
the temperature of the substrate 12.
[0078] The thermal processing system 10c further
comprises an edge ring thermal probe 63 coupled to and
disposed in an aperture 32 on the reflector plate 22 near
the edge ring 20. The edge ring thermal probe 63 may
be a pyrometer configured to measure a temperature or
other thermal properties of the edge ring 20. The edge
ring thermal probe 63 is connected with the controller 52
which is connected to the edge ring heating assembly 61.
[0079] The thermal processing system 10c may further
comprises an auxiliary heating source 67 configured to
adjust non-radial temperature variations to the edge ring
20.
[0080] A gas jet 65 may be disposed near the edge
ring 20 for cooling the edge ring 20. In one embodiment,
the gas jet 65 may share the same purge gas source 66.
The gas jet 65 may be directed to the edge ring 20 and

ejecting a cooling gas, such as helium, to cool the edge
ring 20. The gas jet 65 may be connected to the gas
source 66 through a valve 68 which may be controlled
by the controller 52. The controller 52, therefore, may
include the cooling effect of the gas jet 66 in the closed
looped temperature control of the edge ring 20.
[0081] The measurement from the sensor 63 may be
to generate a temperature map for the edge ring 20 in a
similar way as using the probes 24 to generate a tem-
perature map for the substrate 12. Methods, such as
method 200, may be used to adjust phase and/or ampli-
tude of the edge ring heating assembly 61, and/or the
auxiliary heating source 67 to reduce non-uniformity in
the edge ring 20. Additionally, the flow rate of cooling gas
from the gas jet 65 may be adjusted during according to
the rotation angle of the edge ring 20 to allow adjustable
cooling.
[0082] Even though, processing of semiconductor sub-
strates are described in this application, embodiments of
the present invention may be used in any suitable situa-
tion to control temperature of objects being heated. Em-
bodiments of the present invention may also be applied
to a cooling process in controlling cooling apparatus.
[0083] While the foregoing is directed to embodiments
of the present invention, other and further embodiments
of the invention may be devised without departing from
the basic scope thereof, and the scope thereof is deter-
mined by the claims that follow.

Claims

1. A method for processing a substrate (12), compris-
ing:

placing a substrate (12) on a substrate support
disposed in a processing volume (14) of a
processing chamber;
rotating the substrate (12); and
heating the substrate by directing radiant energy
towards the processing volume (14), with a heat-
ing lamp assembly (16) comprising a plurality of
zone groups (57) and a plurality of pulse groups
(53), wherein each zone group (57) comprises
a plurality of heating elements and each pulse
group comprises one or more heating elements,
wherein each pulse group (53) has a corre-
sponding zone group (57) of the same radial
coverage, the method being characterized in
that it further comprises
directing pulsed energy towards the processing
volume from the heating elements of the pulse
groups having a frequency determined by a ro-
tational speed of the substrate (12), while direct-
ing constant energy level towards the process-
ing volume from the heating elements of the
zone groups.
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2. The method of claim 1, wherein the zone groups are
concentric to one another and are each independ-
ently controllable, and the plurality of heating ele-
ments of the pulse zones are grouped in one or more
azimuthally controlled zones.

3. The method of any of claims 1 to 2, further compris-
ing:

measuring the temperature of the substrate (12)
at a plurality of locations; and
adjusting at least one of frequency, phase and
amplitude of the heating elements of the pulse
zones according to temperature measure-
ments.

4. The method of any of claims 1 to 3, further compris-
ing:

heating an edge ring (20) supporting an edge
region of the substrate (12) from an auxiliary
heating source (51, 67) while heating the sub-
strate (12), wherein the auxiliary heating source
(51, 67) is configured to provide pulsed energy
towards the processing volume (14);
measuring temperatures of different locations
on the edge ring (20) while the edge ring (20) is
rotating; and
adjusting at least one of frequency, phase and
amplitude of the auxiliary heating source (51,
67) according to the measured edge ring tem-
perature.

Patentansprüche

1. Verfahren zur Bearbeitung eines Substrats (12), um-
fassend:

Anordnen eines Substrats (12) auf einem Sub-
stratträger, der in einem Bearbeitungsvolumen
(14) einer Bearbeitungskammer angeordnet ist;
Rotieren des Substrats (12); und
Erwärmen des Substrats durch das Richten von
Strahlungsenergie auf das Bearbeitungsvolu-
men (14), mit einer Wärmelampenanordnung
(16), die mehrere Zonengruppen (57) und meh-
rere Pulsgruppen (53) umfasst, wobei jede Zo-
nengruppe (57) mehrere Heizelemente umfasst
und jede Pulsgruppe eines oder mehrere Heiz-
elemente umfasst, wobei jede Pulsgruppe (53)
eine entsprechende Zonengruppe (57) mit der-
selben Radialabdeckung hat,
wobei das Verfahren dadurch gekennzeichnet
ist, dass es ferner das Richten von gepulster
Energie in Richtung des Bearbeitungsvolumens
von den Heizelementen der Pulsgruppen mit ei-
ner Frequenz aufweist, die durch eine Rotati-

onsgeschwindigkeit des Substrats (12) be-
stimmt wird, während ein konstantes Energieni-
veau von den Heizelementen der Zonengrup-
pen in Richtung des Bearbeitungsvolumens ge-
richtet wird.

2. Verfahren nach Anspruch 1, wobei die Zonengrup-
pen konzentrisch zueinander und jeweils unabhän-
gig steuerbar sind, und die mehreren Heizelemente
der Pulsgruppen in einer oder mehreren azimutal
gesteuerten Zonen gruppiert sind.

3. Verfahren nach einem der Ansprüche 1 bis 2, ferner
umfassend:

Messen der Temperatur des Substrats (12) an
mehreren Stellen; und
Anpassen der Frequenz, Phase und/oder Am-
plitude der Heizelemente der Pulsgruppen ge-
mäß den Temperaturmessungen.

4. Verfahren nach einem der Ansprüche 1 bis 3, ferner
umfassend:

Erwärmen eines Randrings (20), der einen
Randbereich des Substrats (12) trägt, von einer
Hilfswärmequelle (51, 67), während das Subst-
rat (12) erwärmt wird, wobei die Hilfswärmequel-
le (51, 67) dafür konfiguriert ist, gepulste Energie
in Richtung des Bearbeitungsvolumens (14) be-
reitzustellen;
Messen der Temperaturen verschiedener Stel-
len auf dem Randring (20), während der Rand-
ring (20) rotiert; und
Anpassen der Frequenz, Phase und/oder Am-
plitude der Hilfswärmequelle (51, 67) gemäß der
gemessenen Randringtemperatur.

Revendications

1. Procédé destiné au traitement d’un substrat (12),
comprenant :

le positionnement d’un substrat (12) sur un sup-
port de substrat disposé dans un volume de trai-
tement (14) d’une chambre de traitement ;
la mise en rotation du substrat (12) ;
le chauffage du substrat en dirigeant une éner-
gie radiante en direction du volume de traite-
ment (14), avec un ensemble de lampe de
chauffage (16) comprenant une pluralité de
groupes de zones (57) et une pluralité de grou-
pes d’impulsions (53), sachant que chaque
groupe de zones (57) comprend une pluralité
d’éléments de chauffage et chaque groupe d’im-
pulsions comprend au moins un élément de
chauffage, sachant que chaque groupe d’impul-
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sions (53) comporte un groupe de zones (57)
correspondant de la même couverture radiale,
le procédé étant caractérisé en ce qu’il com-
prend en outre
l’orientation d’une énergie d’impulsions en di-
rection du volume de traitement provenant des
éléments de chauffage des groupes d’impul-
sions ayant une fréquence déterminée par une
vitesse de rotation du substrat (12), tout en di-
rigeant un niveau constant d’énergie en direc-
tion du volume de traitement provenant des élé-
ments de chauffage des groupes de zones.

2. Procédé selon la revendication 1, sachant que les
groupes de zones sont concentriques les uns par
rapport aux autres et sont chacun indépendamment
contrôlables, et la pluralité d’éléments de chauffage
des zones d’impulsions sont groupés en au moins
une zone contrôlée de manière azimutale.

3. Procédé selon l’une quelconque des revendications
1 à 2, comprenant en outre :

la mesure de la température du substrat (12) au
niveau d’une pluralité d’emplacements ; et
le réglage de l’au moins une parmi la fréquence,
la phase et l’amplitude des éléments de chauf-
fage des zones d’impulsions conformément aux
mesures de température.

4. Procédé selon l’une quelconque des revendications
1 à 3, comprenant en outre :

le chauffage d’un anneau de bordure (20) sup-
portant une région de bordure du substrat (12)
provenant d’une source de chauffage auxiliaire
(51, 67) tout en chauffant le substrat (12), sa-
chant que la source de chauffage auxiliaire (51,
67) est configurée pour fournir une énergie d’im-
pulsions en direction du volume de traitement
(14) ;
la mesure des températures des différents em-
placements sur l’anneau de bordure (20) pen-
dant que l’anneau de bordure (20) est mis en
rotation ; et
le réglage de l’au moins une parmi la fréquence,
la phase et l’amplitude de la source de chauffage
auxiliaire (51, 67) conformément à la tempéra-
ture mesurée de l’anneau de bordure.
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