10

15

20

25

30

35

WO 00134986 PCT/IB99/01946

1

RAPID THERMAL PROCESSING CEAMBER
FOR PROCESSING MULTIPLE WAFERS

The present invention is generally directed to
rapid thermal processing chambers for heating
semiconductor wafers using light energy. More
particularly, the present invention is directed to
rapid thermal processing chambers that are capable of
processing a plurality of wafers at the same time.

Background of the Invention

Various heating devices have been proposed in the
past for processing semiconductor wafers. These
heatii'\'g; devices can be classified into two basic
configurations. The first is a batch system in which
multiple wafers (25 wafers to about 200 wafers) are
loaded into a round tubular furnace and slowly heated
to the desired temperature. Batch systems can be
considered temperature equilibrium devices in that the
furnace walls are approximately at the same
temperature as the heating elements and the wafers
being heated. Batch systems are typically referred to
as “hot wall” systems since the furnace walls are at
an elevated temperature. The primary advantage of a
batch system is the ability to process many wafers at
the same time therefore reducing the processing cost
per wafer. The disadvantage of such a configuration,
however, is the speed in which the wafer temperature
can be elevated or cooled. The large thermal mass of
a batch furnace prevents quick temperature changes and
forces relatively long process times, ranging from
about fifteen minutes to about five hours.

A second and newer approach to wafer heating is
rapid thermal processing where a single wafer is
heated in a small compartment using radiant energy as
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the energy source. For inéi;ance, such systems
typically include a substra'f:_e holder for holding a
semiconductor wafer and a light source that emits
light energy for heating the wafer. During heat
treatment, the semiconductor wafer is heated under
controlled conditions according to a preset
temperature regime. For monitoring the temperature of
the semiconductor wafer during heat treatment, rapid
thermal processing chambers also typically include
temperature sensing devices, such as pyrometers, that
sense the radiation being emitted by a semiconductor
wafer at a selected band or wavelength. By sensing
the theimal radiation being emitted by the wafer, the
tempeitature of the wafer can be calculated with
reasonable accuracy.

In alternative embodiments, instead of or in
addition to using radiation sensing devices, rapid
thermal processing chambers can also contain
thermocouples for monitoring the temperature of the
wafers. Thermocouples measure the temperature of
objects by direct contact.

Many semiconductor heating processes require a
wafer to be heated to high temperatures so that
various chemical and physical reactions can take place
as the wafer is fabricated into a device. During
rapid thermal processing, semiconductor wafers are
typically heated by arrays of lights to temperatures,
for instance, from about 400°C to about 1,200°C, for
times which are typically less than a few minutes and
in most cases less than one minute.

Rapid therma]: processing chambers typically
operate in a non-equilibrium state. Specifically, the
walls surrounding the wafer are kept cool, with active
cooling, and thus are typically referred to as “cold
wall” systems. The non-equilibrium configuration
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refers to the fact that the filament temperature
inside the radiant source is at a much higher
temperature than the wafer. " The key advantage of‘"
using rapid thermal processing systems is the abiiity
to guickly change wafer temperature therefore enabling
very short heating cycles which can be between about
one second to about two minutes. The drawback of
rapid thermal processing systems, however, is the cost
per wafer processed, especially for cycles between 60
and 120 seconds long, since the systems are only
equipped to heat one wafer at a time.

In view of the above, a need currently exists for
a thermal processing chamber that is capable of
rapidl}} heat treating a plurality of wafers at the
same time. Specifically, a need exists for a thefmal
processing chamber capable of accommodating a
plurality of wafers as in a batch system, but yet also
capable of processing the wafers very rapidly, such as
in a rapid thermal processing system.

Summary of the Invention

The present invention recognizes and addresses
the foregoing disadvantages and others of prior art
constructions and methods.

Accordingly, it is an object of the present
invention to provide an improved thermal processing
chamber for heat treating semiconductor wafers.

Another object of the present invention is to
provide a thermal processing chamber that is capable
of heat treating a plurality of wafers at the same
time. -

Still another object of the present invention is
to provide a multiwafer thermal processing chamber
that heats the wafers using light energy. '

Another object of the present invention is to
provide a multiwafer thermal processing system that

PCT/IBS9/01946
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rapidly processes a plurality of semiconductor wafers
in a “cold wall” chamber.

These and other objects of the present invention
are achieved by providing a multiwafer thermal
processing sﬁrstem. The system includes a thermal
processing chamber adapted to receive a plurality of
stacked semiconductor wafers. A plurality of light
energy sources are placed in communication with the
thermal processing chamber for the heating
semiconductor wafers contained in the chamber.
Specifically, the plurality of light energy sources
are positioned so as to encircle the thermal
processing chamber. Light energy sources can also be
placed: at the top and at the bottom of the chamber if
desired.

A substrate holder is contained within the
thermal processing chamber. The substrate holder is
configured to hold the plurality of semiconductor
wafers. In particular, the wafers are held in a
stacked arrangement wherein adjacent wafers are spaced
a distance sufficient for light energy being emitted
by the light energy sources to contact the entire
bottom and top surfaces of the wafers.

In one embodiment, the system further includes at
least one temperature sensing device for monitoring
the temperature of the semiconductor wafers. For
instance, the temperature sensing devices can be
pyrometers, thermocouples or a combination of
pyrometers and thermocouples., A controller, such as a
microprocessor is ‘placed in communication with the
temperature sensing devices and the light energy
sources. The controller is configured to control the
amount of light energy being emitted by the light
energy sources in response to temperature information
received from the temperature sensing devices. In
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according to a preset temperature regime.

The system of the present invention is capable of
heating a plurality of semiconductor wafers (from 2 to
5 10 wafers) to a temperature range from 200°C to
1,200°C. The system is capable of heating vafers to
the above described temperatures in a very short
period of time, such as from about one minute to about
five minutes.

10 For most applications, the light energy sources
should be positioned outside of the thermal processing
chamber so the light energy sources do not contaminate
wafers contained in the chamber. In one embodiment,
the tﬁérmal processing chamber can include one or more

15 windovfs designed to allow light energy being emitted
by the light energy sources to pass into the chamber.

The light energy sources used in the system of
the present invention can have various shapes and can
be positioned around the thermal processing chamber at

20 various locations and according to various patterns.
In one embodiment, the light energy sources can
comprise lamps having an elongated housing. The lamps
can be positioned such that the elongated housing
faces the thermal processing chamber. The lamps can

25 be placed around the thermal processing chamber so
that the elongated housing is parallel to a vertical
axis of the chamber. Alternatively, the lamps can be
placed perpendicular to the vertical axis of the
chamber. Preferably, the system includes reflectors

30 positioned behind.-the light energy sources. The
reflectors can be used to direct light energy being
emitted by the light energy sources into the thermal
processing chamber.

In an alternative embodiment of tThe present

35 invention, instead of the light energy sources
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| appi ng threadse&@’d)ﬁ%og}%ers can be used 'to heat a thermally
conductive lining which in turn heats the wafers. For
instance, the thermal processing system of the present
S invention can contain a lining that is positioned so
as to surround semiconductor wafers held on the
substrate holder in the thermal processing chamber.
The lining can be in the shape of a cylindrical sleeve
that can have a top and a bottom for completely
10 enclosing the substrate holder and the wafers. The
thermally conductive lining can be made from various
materials including, for instance, silicon carbide.

In this embodiment, in order to monitor the

tempei'_’ature of the wafers during processing, one or
15 more témperature sensing devices can be used to sense
the temperature of the thermally conductive lining.
The system can be calibrated such that the temperature
of the wafers contained within the thermal processing
chamber can be determined by knowing the temperature
20 of the lining.

In a further alternative embodiment of the
present invention, the multiwafer thermal processing
system can include energy dispersing members located
within the thermal processing chamber for distributing

25 light energy being emitted by the light energy sources
onto the semiconductor wafers. For instance, in one
embodiment, the energy dispersing members can be in
the shape of plates spaced in between semiconductor
wafers held within the chamber. Light energy sources

30 can be positioned.to emit light energy directly into
the energy dispersing members. The energy dispersing
members can redirect the light energy onto the
adjacent wafers,

The energy dispersing members can be made from

35 variouﬁs materials and can have any shape sufficient to
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reference 10enelgy @¢spersing members can be quartz plates
containing areas having a different index of .
refraction than the quartz. For instance, the areas
s having a different index of refraction can be made
from glass particles, such as glass spheres.

In an alternative embcdiment, the energy
dispersing members can be quartz plates having a shape
that is designed to refract light. For instance,

i0 sharp angles can be formed into the quartz plate which
cause light energy in the plate to be scattered in
various directions. Preferably, light energy sources
are positioned adjacent the side surfaces of each of
the energy dispersing members. In this manner, light

15 energy; .directly enters the dispersing members and is
distributed to adjacent wafers. In order to maximize
the amount of light energy that enters the light
dispersing members, reflectors can alsc be placed
around the light energy sources.

20 Other objects, features and aspects of the
present invention are discussed in greater detail
below.

i seripti o wi

A full and enabling disclosure of the present

25 invention, including the best mode thereof, directed
to one of ordinary skill in the art, is set forth more
particularly in the remainder of the specification,
which makes reference to the appended figures in
which:

30 Figure 1 is a cross-sectional, diagrammatical
view of one embodiment of a2 multiwafer thermal
processing system made in accordance with the present
invention;

Figure 2 is a perspective view of one embodiment

35 of a lamp configuration that can be used in the
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vi ew Figure 3 is a perspective view of an alternative
embodiment of a lamp configuration for use in thermal
processing systems of the present invention;

5 Figure 4 is a perspective view of an alternative
embodiment of a thermal processing system made in
accordance with the present invention;

Figure 5 is a cross-sectional view of a further
alternative embodiment of a thermal processing system

10 made in accordance with the present invention;

Figure 6 is a cross-sectional view of a lamp and
an ‘energy dispersing.member which may be used in the
thermal processing system illustrated in Figure 5; and

Ff;gure 7 is a top view of the lamp and energy

1s disperéing member illustrated in Figure 6.

Repeat use of references characters in the
present specification and drawings is intended to
represent same or analogous features or elements of
the invention.

20

in the art that the present discussion is a
description of exemplary embodiments only, and is not
intended as limiting the broader aspects of the
25 present invention, which broader aspects are embodied
in the exemplary construction.
In general, the present invention is directed to
a thermal processing system capable of heat treating a
plurality of semiconductor wafers at the same time.
30 The system can be-rdesigned to heat the semiconductor
wafers very quickly, at a controlled rate, and can
also heat the wafers substantially uniformly. The
system includes a thermal processing chamber in
communication with a heating device that is used to
35 heat treat the semiconductor wafers contained in the
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matically I||ustre¥gegg t%%e ea 1n§ dgMYCe contalns a plurality of
light energy sources, such a; lamps, that are
positioned so as to surround'the thermal processing
chamber for heating the wafers, According to the
5 present invention, the lamps can be used to directly
heat the semiconductor wafers or can be used to
indirectly heat the semiconductor wafers.
During heating, the semiconductor wafers are held
on a substrate holder. The substrate holder is
10 designed to hold the wafers in a stacked arrangement.
For most applications, the wafers should be positioned
so that a space is present in between adjacent wafers.
The system of the present invention can further
includé a method of monitoring the temperature of the
15 waferé‘during heat treating. For instance,
temperature sensing devices such as pyrometers and/or
thermocouples can be placed within the system at
various locations. The temperature sensing devices
can be used to monitor the temperature of the wafers
20 directly or can be used to monitor the temperature of
an object in the chamber which can be used to
determine the temperature of the wafers. 1In one
embodiment, based upon the temperature being sensed
during processing, the energy being emitted by the
25 lamps can be selectively controlled for maintaining
the wafers at a substantially constant temperature and
for heating the wafers according to a preset pattern.
Referring to Figure 1, a system generally 10 made
in accordance with the present invention for heat
30 treating a plurality of semiconductor wafers
simultaneously is illustrated. System 10 includes a
processing chamber 12 adapted to recsive a plurality
of wafers 14 for conducting various rrocesses. Wafers
14 can be made from various materials such as silicon.
35 Wafers 14 can be placed in chamber 12 in order to
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reacting the wafers with a 'gi:c\s being circulated
through the chamber. As shown, wafers 14 are
positioned on a substrate holder 15 made from a
thermal insuiating material such as quartz. Chamber
12 is designed to heat wafers 14 at very rapid rates
and under carefully controlled conditions. Chamber 12
can be made from various materials, including metals
and ceramics. For instance, chamber 12 can be made
from stainless steel or dquartz.

When chamber 12 is made from a heat conductive
material, preferably the chamber includes a cooling
system, - For instance, as shown in Figure 1, chamber
12 iné;.udes a cooling conduit 16 wrapped around the
perime;c:er of the chamber. Conduit 16 is adapted to
circulate a cooling fluid, such as water, which is
used to maintain the walls of chamber 12 at a constant
temperature.

Chamber 12 can also include a gas inlet 18 and a
gas outlet 20 for introducing a gas into the chamber
and/or for maintaining the chamber within a preset
pressure range. Aas shown, in this embodiment, gas
inlet 18 includes a spray nozzle 19 defining a
plurality of openings. Spray nozzle 19 is for evenly
distributing the gas across the surface of the wafers.
In one embodiment, a gas can be introduced into
chamber 12 through gas inlet 18 for reaction with
wafers 14. Once processed, the gas can then be
evacuated from the chamber using gas outlet 20.

Alternatively, an inert gas can be fed to chamber
12 through gas inlet 18 for preventing any unwanted or
undesirable side reactions from occurring within the
chamber. In a further embodiment, gas inlet 18 and
gas outlet 20 can be used to pressurize chamber 12. A
vacuum can also be created in chamber 12 when desired,
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positioned beneath the 1evé];. of the wafer.

As shown, substrate holder 15 is designed td hold
the wafers in a stacked arrangement. In the

5 embodiment illustrated in Figure 1, substrate holder

15 is designed to maintain a determined distance

between adjacent wafers. The wafers are spaced a

distance sufficient to allow light energy and gases

entering the chamber to distribute uniformly over the
10 wafers. Specifically, it is important that each of
the wafers be contacted with light energy across their
entire surface so that the wafers can be heated
quick],y' and uniformly. For most applications, the
wafers should be spaced between about % inch to about
15 1.0 inch apart. The actual distance between the
wafers, however, will depend upon the size of the
wafers and the amount of light energy entering the

chamber.

During processing, substrate holder 15, in one
20 embodiment, can be adapted to rotate wafers 14 using a
wafer rotation mechanism 21. Rotating the wafers
promotes greater temperature uniformity over the

surface of the. wafers and promotes enhanced contact
between wafers 14 and any gases introduced into the

25 chamber.

A heat source or heating device generally 22 is
included in communication with chamber 12 for heating
wafers 14 during processing. As described above,

heating device 22 is preferably made up of a plurality

30 of lamps 24, such as tungsten-halogen lamps.

As shown

in the embodiment illustrated in Figure 1, lamps 24

.completely encircle thermal processing chamber 12.

Lamps 24 are also positioned at the top of the chamber
and at the bottom of the chamber.. In general,

it is

35 preferred that the system of the present invention
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include many lamps in order to heat the plurality of
wafers 14 rapidly and in or&g—zr to provide controls for
heating the wafers uniformly.

The use of lamps 24 as a heat source is geriérally

5 preferred. For instance, lamps have much higher
heating and cooling rates than other heating devices,
such as electrical elements or conventional furnaces.
Lamps 24 create a rapid processing system that provide
instantaneous energy, typically requiring a very short

10 and well controlled start up period. The flow of
energy from lamps 24 can also be abruptly stopped at
any time. As shown in the figure, lamps 24 can be
connected to a gradual power controller 25 that can be
used éo increase or decrease the light energy being

15 emitted by any of the lamps or any group of lamps:.

In order to assist in directing the light energy
being emitted by lamps 24 into chamber 12 and onto
wafers 14, preferably the lamps are associated with
reflectors 36. For instance, as shown in Figure 1, a

20 set of reflectors 36 can be positioned behind the
lamps which reflect light energy being emitted by the
lamps towards the seniconductor wafers. Reflectors 36
can be in-the shape of reflective annular recesses
that surround a portion of lamps 24 or that are in the

25 shape of light pipes that completely surround the
lamps and extend beyond the length of the lamps.

The lamps that are used in the system of the
present invention can have various shapes and can be
positioned in various different configurations

30 surrounding the thermal processing chamber. For
example, in one embodiment, the lamps surrounding the
sides of the chamber have an elongated tubular housing
that are positioned such that the elongated housing
faces the thermal processing chamber. For instance,

35 two different configurations illustrating lamps of
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this type are shown in Figures 2 and 3.
Referring to Figure 2, thermal processing chamber
12 is shown surrounded by a ﬁ:lurality of lamps 24. In
this embodiment, lamps 24 are vertically oriented with
5 respect to the chamber or, in other words, are
positioned parallel to the central axis of the
chamber.
In the embodiment shown in Figure 3, on the other
hand, lamps 24 are horizontally positioned with
10 respect to thermal processing chamber 12. More
particularly, lamps 24 as shown in Figure 3 are
assembled in an interlocking stacked arrangement that
forms the shape of a square. Thermal processing
chambeé: 12 containing wafers 14 is positioned within
15 the sqﬁare. )
It should be understcod, however, that besides
the arrangements illustrated in Figures 2 and 3, lamps
24 can also be positioned in various other
arrangements and configurations. For instance, in one
20 embodiment, annular lamps can be formed that encircle
thermal processing chamber 12.
Besides lamps having an elongated housing,
shorter upright lamps may also be used, especially for
being placed on the top and at the bottom of the
25 thermal processing chamber. An upright lamp refers to
a shorter lamp having a free open end opposite an end
that is adapted to be placed into a socket. When
incorporated into the system of the present invention,
such lamps can be positioned such that the open free
30 end faces the thermal processing chamber. Upright
lamps are better adapted to focusing high intensity
light onto a particular area. The elongated lamps
shown in Figures 2 and 3, however, are well suited to
exposing large areas to high intensity light.
35 Tn order to monitor the temperature of wafers 14
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during the heating process, in the embodiment shown in
Figure 1, thermal processing chamber 12 includes
plurality of radiation sensing devices generally 27.
Radiation sensing devices 27 include a plurality of
optical fibers or light pipes 28 which are, in turn,
in communication with a plurality of corresponding
light detectors 30. Optical fibers 28 are configured
to receive thermal energy being emitted by
corresponding wafers 14 at a particular wavelength.
The amount of sensed radiation is then communicated to
light detectors 30 which generate a usable voltage
signal for determining the temperature of the wafer
which"can be calculated based, in part, on Planck's
Law.

I;referably, optical fibers 28 can be positioned
so that they receive a direct measurement of the
amount of thermal energy being emitted by wafers 14.
Since the wafers are stacked in the system of the
present invention, however, it may be difficult to
position optical fibers 28 to receive a direct
measurement of the wafers. If this is the case,
however, the wafer temperature can be calculated from
a glancing angle measursment.

In one embodiment, each optical fiber 28 in
combination with a light detector 30 comprises a
pyrometer. In another embodiment, the optical fibers
28, are routed to a single but multiplexing radiation
sensing device.

In general, thermal processing chamber 12 can
contain one or a plurality of radiation sensing
devices. In a preferred embodiment, as shown in
Figure 1, thermal processing chamber 12 contains a
pPlurality of radiation sensing devices that measure
the temperature of each of the wafers. Knowing the
temperature of each of the wafers can then be used to

n the
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surfaces of 7&S w111 be described in more detall herelnafter.
In one preferred embodlment of the present
~ invention, system 10 should be designed such that
5 lamps 24 are separated from the interior of the
thermal processing chamber. 1In this regard, system 10
includes a top window 32, a bottom window 35, and a
cylindrical window 33, as particularly shown in
Figures 2 and 3. Windows 32, 35 and 33 are made from

1o a transparent material that allows light energy being
enitted by lamps 24 to heat wafers 14, while creating
a sealed chamber in order to prevent the wafers from
being /contaminated by the lamps or from any other
source.

15 In one embodiment, windows 32, 33 and 35 can also
act as a filter in preventing thermal radiation being
enitted by lamps 24 at the wavelength at which light
detectors 30 operate from entering thermal processing
chamber 12. For example, in one embodiment, windows

20 32, 33 and 35 can be made from fused silica or quartz.
Fused silica is known to absorb thermal radiation very
effectively at selected wavelengths. For instance,
synthetic fused silica with high concentration of OH
ions is very effective at absorbing light at a

25 wavelength of from approximately 2.7 micrometers to
about 2.8 micrometers. Thus, in one embodiment s When
windows 32, 33 and 35 are made from synthetic fused
silica, light detectors 30 can be configured to detect
thermal radiation being emitted by wafers 14 at a

30 wavelength of about 2.7 micrometers.

In other embodiments, however, the separation
between radiation arriving to the sensors from the
wafer and lamps is achieved by mechanical means of
isolation. 1In these embodiments, buffers and shields

35 are present to prevent a direct path from forming
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Besides' using radlatloﬁ sensing devices, other

temperature sensing devices may be used in the system
of the present invention. For instance, one or more
5 thermocoupleé may be incorporated into the system for
monitoring the temperature of the wafers at a single
location or at a plurality of locations. The
thermocouples can be placed in direct contact with the
wafers or can be placed adjacent the wafers from which
10 the temperature can be extrapolated. For example, in
one embodiment, thermocouples can be incorporated into
substrate holder 15 for monitoring the temperature of
the wifers.
é&stem 10 further includes a system controller 50
15 which can be, for instance, a microprocessor.
Controller 50 receives voltage signals from light
detectors 30 that represent the radiation amounts
being sampled at the various locations. Controller 50
can also be connected to any thermocouples contained
20 within the system for receiving temperature
information. Based on the signals received,
controller 50 is configured to calculate the
temperature of wafers 14 at one or more locations.
System controller 50 as shown in Figure 1 can
25 also be in communication with lamp power controller
25. In this arrangement, controller 50 can determine
the temperature of wafers 14, and, based on this
informétion, control the amount of thermal energy
being emitted by lamps 24. For instance, controller
30 50 can control all of the lamps together, can
individually control the lamps, or can control the
lamps in selected groups. In this manner,
instantaneous adjustments can be made regarding the
conditions within reactor 12 for processing wafers 14
35 within carefully controlled limits.
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to automatically control other elements within the
system. For instance, contréller 50 can be used to
control the flow rate of gases entering chamber 12
5 through gas inlet 18. As shown, controller 50 can
further be used to control the rate at which wafers 14
are rotated within the chamber.
Referring to Figure 4, an alternative embodiment
of a thermal processing chamber 12 for use in the

10 heating system of the present invention is
illustrated. In this embodiment, chamber 12 includes
a lining 62 made from an opague heat conductive
material. Lining 62 includes a top 64, a bottom 68,
and a ig;ylindrical sleeve 66 which serve to completely

15 surrouﬁd wafers 14 held on substrate holder 15. In
this embodiment, lamps 24 are used to heat lining 62
which in turn heats wafers 14. Thus, the wafers are
heated indirectly.

Lining 62 of thermal processing chamber 12 can be

20 made from various materials. In one preferred
embodiment for instance, lining 62 is made fronm
silicon carbide. In another preferred embodiment it
is made from a polysilicon material.

In order to monitor the temperatures of wafers 14

25 during heating the system illustrated in Figure 4 can
include temperature devices which directly measure the
temperature of the wafers 14 during processing,
similar to the temperature devices illustrated in
Figure 1.

30 Alternatively, the temperature of wafers 14 can
be determined and calculated by measuring the
temperature of lining 62 during processing.
Specifically, lining 62 can be calibrated such that by
knowing the temperature of the lining, the temperature

35 of the wafers inside the lining can be estimated. In



stitches are knitted by means of a double of tricot stitches 15a and

yarns for the knitting needl e arrangenent so that a first
second group of tricot stitches 15b. Again, 25 group of tricot
stitches 15awoaodepsstted in the the bottom npbst course is HFavismdios t he
90 lay of 2-0/4-6 and a seggnd group of front needle bar and
the next upper course tricot stitches 15b in the lay of
4-6/2-0. is fohisdesbotimenhackemmaditoréasens iie deorices are Thi s

kni tting desi gn-dgil/aberfigd LAnEENGR temPBAP&Irel BF S iH1RG" b2Pel ¥gEN the two

example, as shown in Figure 4, a radiation sensing
device 30 can be used to monitor the temperature of

5 lining 62 and/or a thermocouple 60 can also be built
into the lining for providing temperature information.
Radiation sensing device 30 and thermocouple 60 can be
connected toc a controller which can be designed to
then determine the temperature of wafers 14 based on

10 the temperature information that is received.

Referring to Figure 5, Figure 6 and Figure 7, a
further alternative embodiment of a heating system
made in -accordance with the present invention is
illustx:éated. In this embodiment, energy dispersing

15 members 70 are placed within the thermal processing
chamber adjacent to wafers 14. In particular, energy
dispersing members 70 are placed in between adjacent
wafers. Energy dispersing members 70 are designed to

' receive light energy from lamps 24 and to refract and

20 disperse the light energy onto the wafers in order to
heat the wafers uniformly.

As described above, one of the objectives of the
present invention is. to ensure that light energy
reaches and contacts each of the wafers contained on

25 substrate holder 15. Thus, in Figure 1, the wafers
are spaced a determined distance apart. 1In this
embodiment, on the other hand, energy dispersing
members 70 are specifically included to ensure that
the entire top surface and bottom surface of the

30 wafers are being contacted by light energy and being
heated during the process.

As shown in Fiqure 5, preferably one or more
lamps 24 are positioned around the perimeter or
periphery of energy dispersing members 70 for shining

35 light energy into the sides of the energy dispersing



t he margi nal edge portion 12 bul ky and groups of tricot stitches by
anot her gui de 30 strong, with the result that the portion 12 bar
whi ch effects no shoggi ng novenent 95 has substantially
circular croswosmecidsen as Figure 3 illustrate a nodificati gerapfonidle

seen in Figures 2 and 3. To this end, thgre warp-knitted fastener tape
10 whi ch has maybe used a reinforcing core nenber 16 been
described with meheeesce kerkikgubes 136 can also be igsSFiR@d gertral |y between

adj acent wal es 4;,3088; 4 TS IREL AL AREOT dife SRR $d 1589 e teeq
by lamps 24 directly into en;argy dispersing members
70. As particularly shown in Figures 6 and 7, light
[t energy entering energy dispersing members 70 is then
refractéd and dispersed in multiple directions.

Energy dispersing members 70 can be made from
various materials and can have various shapes. In one
embodiment, for example, energy dispersing members 70

10 comprise quartz plates containing areas having a
different index of refraction 72 than the quartz
material itself as shown in Figure €. Areas 72 having
a diffgrent index of refraction can be, for instance,
glass barticles, such as glass spheres, or air

15 bubbles.

Alternatively, energy dispersing members 70 can
be made from a substantially transparent material,
such as quartz, that is shaped to refract and reflect
the light energy as desired. For instance, sharp

20 angles can be formed into the guartz plate that cause
light energy entering the plate be directed towards
the semiéonductor wafers 14.

In still another alternative embodiment, energy
dispersing members 70 can embody glass spheres in-

25 paste using screen printing and high temperature
fusing. For instance, a transparent substrate made
from a material such as gquartz can be screen printed
with a paste that contains glass particles, such as
spheres, and a glass frit material. The paste can be

30 screen printed on the substrate. Once the paste is
applied to the substrate, the substrate can then be
heated in order to drive off any organic binders and
in order to form a heat resistant coating on the
substrate capable of uniformly dispersing light energy

35 contacting the substrate. In this embodiment, the



35 Werr] and Werr] and extendi ng | engt hwi se of the the provision a
doubl e-l ayer knit tape 10 so as to cause the margi nal edge
structure only at a limted area 18 of the wgb portion 12 to
becone nore ¥Wéwdssand portion 11 i mredi ately adj acent tHoTAsywahidLN
projected unifornly on both sides of thg, nmarginal edge portion 12, while
t he t ape 10. remai ni ng web

area i s constr pais¢e whhhba screen pifinted Theto taRPisWPpstirAkgads 14c serving
to single-| a%@co‘i"&'ihgwgr ghi {ai&eu%&gé (¥\e/$irg% ojrogattern in order

to control the light scatter:i.ng properties of the

final product.

5 In any of the above embodiments, energy
dispersing members 70 can be made to disperse light
according to a desired and predetermined pattern. For
instance, in order to ensure that wafers 14 are being
heated uniformly, energy dispersing members 70 can be

10 designed so that more light energy is contacting the
wafers at the perimeter where typically more heat is
needed in order to comperfsate for energy losses at the
edges 'pf the wafer. It should be understood, however,
that é,ny desired or predetermined spectral pattern can

1s be credted in accordance with the present invention.
As shown in Figure 5, in this embodiment, the
system includes a radiation sensing device 30 for
determining the temperature of wafers 14 dﬁring
processing. 1In general, in order to determine the

20 temperature of wafers 14 during processing, the same
type of temperature measurement devices illustrated in
Figure 1 may be used.

Lamps 24 that can be used in the embodiment
illustrated in Figure 5 can vary depending upon the

25 particular application. For instance, elongated lamps
as shown in Figure 7 may be used or, alternatively,
instead of one elongated lamp, the system can include
a row of short upright lamps. Preferably, lamps are
positioned to completely surround energy dispersing

30 members 70. 1In géneral, lamps 24 surrounding energy
dispersing members 70 should emit enough light energy
so that each surface of the wafer is contacted with at
least ¢ watts/cm2 of pover.

Calculations thus far show that using 2 lamp
35 output of about 200 watts per linear inch results in




connect the mar gi nal edge portion 12 with fornmed only on one surface of

the tape 10. the web portion 11 are preferably stronger Wth
respect to the structure shown in and greater in denier than
the remainin Fi e 3, production of the portion 11 L. Appi ng
thread 14. “Wo otisédse 21 equires pair of 58F"e”’8¥3?§, of
which is 45 In order to facilitate the manufacture of for the

doubl e-faced |i rdrd efreda@d pBHethutfd) from a quartz Vaigpdeliiedibhast ener
tapes 10 according 40, ghigt BP9 st 195 dhecd SRl ndlSh, e WS,
If energy dispersing members 70 are plates having a
dimension of 10" x 10" x 0.6" and if four 10"
S elongated lamps are placed adjacent to the plate, the
plate and lamps will result in an output power density
on a wafer surface of from about 5 to about 8
watts/cm®.
The system of the present invention as shown in
10 Figure 5 can be used for various processes and is
particularly well suited for low temperature
applications. For instance, the system is well suited
for copper annealing, copper reflow, low K dielectric
annealing, aluminum sintering, besides various other
15 proces.ses. The system can also be used for deposition
processes using proper gases in combination with the
heating sources to deposit low and high K materials,
dielectric materials and the like.
These and other modifications and variations to
20 the present invention may be practiced by those of
ordinary skill in the art, without departing from the
spirit and scope of the present invention, which is
more particularly set forth in the appended claims.
In addition, it should be understood that aspects of
25 the various embodiments may be interchanged both in
whole or in part. Furthermore, those of ordinary
skill in the art will appreciate that the foregoing
description is by way of example only, and is not
intended to limit the invention so further described
30 in such appended tlaims.
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t he invention, portion. \Wen naking
this remai nder, nect i separably connecti ng

one of the t nee b ar is held*attrest.n s adj acent ones of a
plurality Pe?B Advant ageousl y, the wacpabkgioidsed

50 wi dthw se Thi s connecti ng thread 1§,nmay fastener tape 10 in either of
the two em be for exanple dissolvable in water so that

bodi nents di scmg;mgﬂm f ast ener the tapes 10 may
be separated to i ndﬁ_\./l dxa ul%ma Al schentngl beroceagr%_endg fs%sétt t hereon with

comprising:

a thermal processing chamber defining a
vertical axis, said thermal processing chamber being
5 adapted to receive a plurality of stacked
semiconductor wafers disposed about said vertical axis
of said chamber, each of said semiconductor wafers
having a top surface and a bottom surface;
a plurality of light energy sources in

10 communication with said thermal processing chamber for
'heating semiconductor wafers contained in said
chambeyr, said plurality of light energy sources
encirciing said vertical axis of said thermal
processing chamber;

15 a substrate holder contained within saiad
thermal processing chamber, said substrate holder
being configured to hold said plurality of
semiconductor wafers, said wafers being held in a
stacked arrangement wherein adjacent wafers are spaced

20 a distance sufficient for light energy being emitted
by said plurality of light energy sources to contact
the entire top and bottom surfaces of said wafers;

at least one temperature sensing device for
monitoring the temperature of said semiconductor

25 wvafers; and

a controller in communication with said at
least one temperature sensing device and said light
energy sources, said controller being configqured to
control the amount of light energy being emitted by

30 said light energy sources in response to temperature
information received from said at least one
temperature sensing device.

2. A system as defined in claim 1, when said
semiconductor wafers held on said substrate holder are
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Wi dt.hs when they are treated wt heir upper and lower |egs Ea
and Eb I n dyei ng pro H Qm hi ng stage of the

nounted astride of the margin ”"Imm”” sliding clasp fastener
manuf act ur e. wo ¢o/34986 portion 12 in the properl y al i ghed posSirPCTARY9/01546

Figure 1 does not show actual |apping ang,in parallel to the plane of the
t ape web. novenment but a devel oped imaginary Bei ng t hus

firmy anchor edpbsitigesd tétﬂﬁ‘s@éhtlally parallel to each BEheFlUre which has
been used for clarity ofy st}‘etem & I&efmeecpeirpocr tall%nll,zwg];rélg st:fde 10,
system contains a plurality of light energy sources
sufficient to heat said plurality of semiconductor
wafers to a temperature of at least 800°C in less than
5 about five minutes.

4. A system as defined in claim 1, wherein said
light energy sources are located outside said thermal
processing chamber, said light energy sources being
separated from said chamber by at least one window.

5. A system as defined in claim 1, wherein said
thermal processing chamber includes a toé and a bottom
and whérein light energy sources are disposed at the
top an‘cjl the bottom of said chamber.

6. A system as defined in claim 1, wherein said
at least one temperature sensing device comprises a
pyrometer.

7. A system as defined in claim 1, wherein said
at least one temperature sensing device comprises a
thermocouple.

8. A system as defined in claim 1, wherein said
light energy sources comprise lamps having an
elongated housing, said lamps being positioned such
that said elongated housing faces said thermal

5 processing chamber.

9. A system as defined in claim 8, wherein said
light energy sources are positioned parallel to said
vertical axis of said thermal processing chamber.

10. A system as defined in claim 8, wherein said
light energy sources are positioned substantially
perpendicular to said vertical axis of said thermal
processing chamber.

11. A system as defined in claim 1, further
comprising a gas inlet and a gas outlet in
communication with said thermal processing chamber for

’I‘hlls Sheet Has Been Replaced THIS SHEET HAS BEEN
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illustration. The warp knit fabr| ci fastener elenents E can
maintain their m ﬂ\m] mj ﬁ two needl e bars, or
proper operative posture over exten‘ ed ¢ doubl e

knitting neeWP@W349@ngenent. Thus, Iengt h of t| rre agai nsPCIARBOP81t r esses
ap- if the bottom nobst coursé%in Figure 1 is plied to the

sliding clasp faste I.n_use. ornmed on a front needl e bar,
t hen t he next W\:@@t F) fases therethroung upper one is forned on a

back needl e bar. 2. AWétRHﬁﬁﬁéthﬁﬁ}Bélaﬂéﬁ?éﬂsiw sites
comprising: .

a thermal processing chamber adapted to
receive semiconductor wafers;

5 a substrate holder contained within said
thermal processing chanber, said substrate holder
being configured to hold a plurality of semiconductor
wafers, said wafers being held in a stacked
arrangement wherein adjacent wafers are spaced apart a

10 determined distance:

a lining being positioned so as to surround
said semiconductor wafers held on said substrate
holder, said lining being made from a thermally
conductive material; and

is a plurality of light energy sources
surrounding said thermal ;irocessing chamber, said
light energy sources being positioned so as to heat
said lining, wherein by heating said lining, said
lining in turn heats said plurality of semiconductor

20 wafers held on said substrate holder.
13. A system as defined in claim 12, further
comprising:

at least one temperature sensing device for
monitoring the temperature of said lining; and
5 a controller in communication with said at
least one temperature sensing device and said light
energy sources, said controller being configured to
control the amount of light energy being emitted by
the light energy sources in response to temperature
10 information received from said at least one
temperature sensing device.
14. A system as defined in claim 12, wherein
said lining is made from a material comprising silicon
carbide or a polysilicen material.
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15.° A system as defined in claim 12, wherein
said lining comprises a cyl'i'pdrical sleeve.

16. A systenm as definer.:l in claim 15, wherein
said lining further includes a top and a bottom
associated with said cylindrical sleeve for completely
enclosing said substrate holder.

17. A system as defined in claim 16, wherein
said plurality of light energy sources encircle said
cylindrical sleeve.

18. A system as defined in claim 17, wherein
said light energy sources comprise lamps having an
elongated housing, said lamps being positioned such
that s'gid elongated housing faces said cylindrical

5 sleevé;.

1§. A system as defined in claim 18, wherein
said elongated housing of each of said lamps is
positioned parallel to said cylindrical sleeve.

20. A system as defined in claim 18, wherein
said elongated housing of each of said lamps is
positioned perpendicular to said cylindrical sleeve.

21. A system as defined in claim 17, wherein
said light energy sources are associated with
reflectors that direct light being emitted by saiad
light energy sources onto said cylindrical sleeve.

22. A system as defined in claim 12, further
comprising a gas inlet and a gas outlet in
communication with said thermal processing chamber for
circulating gases therethrough.

, 23. A multiwafer thermal processing system
comprising:
a thermal processing chamber adapted to
receive semiconductor wafers;
5 a substrate holder contained within said
thermal processing chamber, said substrate holder
being configured to hold a plurality of semiconductor
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wafers, said wafers being held in a stacked
arrangement wherein adjacenﬁ "_wafers are spaced apart a
determined distance; :

a plurality of energy dispersing members
.positioned w;i.thin said thermal processing chamber so
as to be placed in between adjacent semiconductor
wafers held on said substrate holder, said energy
dispersing members being designed to refract light
energy; and

a plurality of light energy sources
surrounding said thermal processing chamber for
heating semiconductor wafers held on said substrate
holder,, dt least certain of said light energy sources
being p'_.ositioned to enit light energy directly into
said eneérgy dispersing members, wherein said energy
dispersing inembers redirect said light energy onto
adjacent wafers.

24. A system as defined in claim 23, further
comprising:

at least one temperature sensing device for
monitoring the temperature of said semiconductor
wafers held on said substrate holder; and

a controller in communication with said at
least one temperature sensing device and said light
energy sources, said controller being configured to
control the amount of light energy being emitted by
said light energy sources in response to temperature
information received from said at least one
temperature sensing device.

25. A system as defined in claim 23, wherein
said energy dispersing members are made from a
material comprising quartz containing areas having a
different index of refraction than said quartz.

26. A system as defined in claim 25, wherein
said areas having a different index of refraction are

—_—
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2 1,472,614

2 the chain stitch 13 has a. Hmﬁﬂmnﬁuuﬂﬂlﬂt again on the front
needl e bar. Threads for an o ! ch course of the the
chai n stitchwsookdsssre carried by & sindi knitted strusttmsesmnd t hat
the |l apping guide bar. A second gui dg7bar carries the threads 14

consist of two different groups of laid-in yarns 14a, shown in solid
| ines, and i snade from a .glass.

27. A systenm as define:’:l‘\ in claim 23, wherein
said energy dispersing members comprise quartz plates
having a physical shape designed to refract light.

28. A system as defined in claim 23, wherein
said light energy sources comprise lamps having an
elongated housing, said‘ lamps being positioned such
that said elongated housing faces said thermal

5 processing chamber.

29. A system as defined in claim 23, wherein
said light energy sources positioned to emit light
energy dii'ectly into said energy dispersing members
compris'g light energy sources disposed about the

5 periphe:;'y of said energy dispersing members.

30.° A system as defined in claim 23, further
comprising reflectors for reflecting light energy
being emitted by said light energy sources, said
reflectors: being designed to direct light energy into

5 said thermal processing chamber. '

31. A system as defined in claim 23, wherein
said substrate holder is configured to hold from about
3 to about 10 semiconductor wafers.

32. A system as defined in claim 23, wherein
said energy dispersing members comprise plates spaced
in between adjacent semiconductor wafers, each of said
plates having-a top surface, a bottom surface, and a

8 side surface, wherein said light energy sources are
positioned adjacent to said side surface for emitting
light energy into said plate, said system further
including reflectors being positioned next to said
light energy sources for directing light energy into

10 said energy dispersing members.

33. A system as defined in claim 23, further
comprising a gas inlet and a gas outlet in
communication with said thermal processing chamber for

T
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5 lapping threads 14a and 14b having their shogged to lay the yarns 14a
i-n | oops formed 70 respective |l apping points or U-turns 14a' by the
back needl e bar. Likew se, the laid-in and 14b"' disposed alternately in
successive YR#W84%B4h, in dotted lines are laid by a third PcTasgmuseses, the
arrangenent being that the guide bar “A 1 oops formed by the front needle
resulting web ort on s 11 has a oublt-fgg d bar. Wth this arrangenent,
the wal es W1 it -sPPugRrErE e R Ehe wales Ware in _proj ect
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back-to-back pairs projecting symmetrically the fabric. from both
surfaces of the tape. This is better The term "doubl e-faced" fabric is
depicted in Figure 2, and this double-layer conmmonly used in the art. It
means a doublVO00/3498ni t system renders the tape 10 physi cal parambetohs Whi ch
I's reversible, either side being 15 rugged and dinensionally stable as

required enployable as the face. It #5 made on a 80 in the art of
sliding clasp fasteners. Another nachine having two beds of needl es, each
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I mportant feature of the tape 10 resides in part knitting independently of
t he ot her. the provision of the margi nal edge portion The fabric has

t wo interconnqgéﬁﬂglayers, 12 to which the fastener elenments E are to
whi ch are back:T0"Batk. 20 be secured and which is formed byciiHesmioss The
mar gi nal edge portion 12 is made by 85 stitches 15 extendi ng across
and inter- the front and back needl e bpass, and a pair of knitted with
wal es Werr] to Werr]. These tricot guide bars carrying yarns for the

first group

12




stitches are knitted by nmeans of a double of tricot stitches 15a and yarns

for the knitting needl e arrangenent so that a first second group of
tricot stitches 15b. Again, 25 group of tricot stitches 15a are knitted in
the the bot t\Yho##986 course is formed on the 90 | ay ofpcvifdeibndasand a
second group of front needle bar and the next upper course tricot
stitches 15b in the lay of 4-6/2-0. is forned on the back needl e bar. The
core This knitting design is integggd to render nenber 16 is inserted
bet ween the two

FIG. 4




t he margi nal edge portion 12 bulky and groups of tricot stitches by

anot her guide 30 strong, with the result that the portion 12 bar which
ef fects no shaggigueggovenent. 95 has substantially circular
cross-section as  Figure 3 illustrates a nodification of thecrasesnsaen in
Figures 2 and 3. To this end, there warp-knitted fastener tape 10 which
has , may be used a reinforcing core nenber 16 been described with
reference to Figures 1 i nserted cenysal |y between adjacent wales and
2. This nodification is characterised by

FIG. 5




the provision of

35 Werr] and Werr] and extending | engthw se of the
doubl e-l ayer knit 100 tape 10 so as to cause the margi nal edge
a limted area 18 of the web portion 12 to becone

structure onlé as
R4 "3"35“rt ion 11 immedi ately adjacent the swol | g

nore swol | en
projected uniformy on both sides of the marginal

t he t ape 10.
constructed with a 40 The Iapmlnggzgeads 1l4c serving to
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connect the marginal edge portion 12 with forned only on one surfacleB 0(? 9901948

tthe tape 10. t he web portion 11 are preferably stronger Wth
respect to the structure shown in and greater in_denier thanthe

remai ni ng Figure 3, production of the web portion 11 eads
14. requires a pair of guide b ME “Em‘ﬂmn

45 In order to facilitate the manufacture of for th

limted area 18 and the 110 war p-knitted fastener tapes 10 according

to other being used for the remminder of the

We claim:

1. A muitiwafer thermal processing system (10) comprising: a cold wall thermal
processing chamber (12) including a cooling system (18) for actively cooling the
5 chamber (12) to malintain it at a constant temperature, the chamber (12) defining a

vertical axis and being adapted to receive a plurality of stacked semicondtctor wa-
fers (14) disposed about said vertical axis of said chamber(12), each of said semi-
conductor wafers (14) having a top surface and a boftom surface; a p!ura!fty of light
energy sources (24), pteferably tungsten-halogen lamps, in communication with said

10 thermal processing chamber {(12) for heating semiconductor wafers (14) contalned in
sald chamber (12), said plurality of light energy sourcas (24) encircling said vertical
axis of said thermal processing chamber (12); & substrate holder (15) contained
within said thermal processing chamber (12}, said substrate holder (15) being con-
figured to hold said plurality of semicenductor wafers (14), said wafers (14) baing

(s held in a stacked arrangement wherein adjacent wafers (14) are spaced a distance
sufficient for light anergy being emitted by said plurality of light energy sources (24)
to contact the entire top and bottom surfaces of said wafers (14).

2. The system as defined in claim 1, comprising at least one temperature sensing
20 device (27) for monitoring the temperature of said semiconductor wafers (14); and a
controller (50, 25) in communication with said at least one temperature sensing de-
vice (27) and said light energy sources (24) , said controller (50, 25) being configured
to control the amount of light energy being emitted by said light energy sources (24)
in response to temperature information received from said at least one temperature
25 sensing d_evice (27).
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thgsfnven I.on, there may be used a con- web portion. \Wen making t hild 009901946
r emai nder, necting thread 17 for separably connecting —one—of—thke two

needl e bars is held at rest. adj acent ones of ?”m es 10
Advant ageously, the warp-knitted 50 widthwise. T "Hm,m”m IMFead 16
may fastener tape 10 in either of the two em 115 * ¢‘betfo

di ssolvable in water so that bodinents disclosed can all ow the f ast ener
the tapes 10 may be separated to individual elenents E to be clanped fast

thereon with

3. The system ae defined in claim 2, when said semiconductor wafers (14) hald on
said substrate holder (15) are positioned substantially paralie! to each other.

4. The system as defined in claim 2, whereln said system (10) contains a plurality of
s light energy sources (24) to heat said plurality of semiconductor wafers (14) to a
temperature of at least 800°C In less than about five minutes.

5. The system as defined in claim 2, wherein said light energy sources (24) are lo- {
cated outside said thermal processing chamber (12), said light energy sources (24)
10 belng separated from sald chamber by at least one window (32, 33, 35).

8. The system as defined in claim 2, wherein said thermal processing chamber (12) ]
includes a top and a bottom and wherein light energy sources (24) are disposed at
the top and bottom of said chamber.

7. The system as defined in claim 2, whereln said at least one temperature sensing
device (27) comprises a pyrometer,

8. The system as defined In claim 2, whersin said at least one temperature sensing
2 device (27) comprises a thermocouple.

8. The system as defined in claim 2, wherein sald light energy sources (24) comprise
lamps having an elongated housing, said lamps being positioned such that said -
efongated housing faces said thermal processing chamber (12).

25
10. The system as defined in claim 9, wherein said fight energy sources (24) are po-
sitioned parallel to said vertical axis of said thermal processing chamber (12),

————
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11. The system as defined [n claim 9, wherein sald light energy sources (24) are po-
sitioned substantially perpendicuiar to said vertical axis of sald thermal processing
chamber (12).

12. The system as defined in claim 2, further comprising a gas inlet (18) and a gas
outlet (20) in communication with said thermal processing chamber (12) for circulat-
ing gases therethrough.

o 13. A multiwafer thermal processing system (10) comprising:
a cold wall thermal processing chamber (12) including a cooling system (16) for ac-
fively cooling (2:33-34) the chamber (12) to maintain it at a constant temperature, the
chamber (12) adapted to receive semiconductor wafers (14); a substrate holder {15)
contained within said thermal processing chamber (12), sald substrate holder (15)

15 being configured to held a plurality of semiconductor wafers (14), said wafers being L
held in a stacked arrangement whereln adjacent wafers (14) are spaced apart a de-
termined distance; a lining (62) included in said chamber (12) and being positioned
s0 as ta surround said semiconductar wafers (14) held on said substrate holder (15),
sald lining (62) being made from a thermally conductive materigl; and a plurality of

20 light energy sources (24), preferably tungsten-halogen lamps, surreunding sald
thermal processing chamber (12), said light energy sources (24) being positioned so
as to heat said lining (62), wherein by heating said lining (62), said lining in turn
heats said plurality of semiconductor wafers (14) heid on said substrate holder (15).

25 14. The system as defined in claim 13, further comprising: at least one temperature

sensing device (30) for monitoring the temperature of said fining (62); and a control-
ler (50, 25) In communication with said at least one temperature sensing device (30)

1
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and said light energy sourcas (24), said controller (80, 25) being configured to control
the amount of light enérgy being eniltted by the light energy sources (24) in response
to temperature information received from said at least one temperature sensing de-
vice (30).

15. The system as defined in claim 13, wherein said fining (62) is made from a mate-
rial comprising silicon carbide or & polysilicon material.

18. The system as defined in claim 13, wherein said lining (62) comprises a cylindri-
10 cal sleeve (66).

17. The system as defined in claim 16, wherein said lining (62) further includes a top
(64) and a bottom (68) associated with said cylindrical sleeve (66) for completely en-
closing said substrate holder (15).

1§
18. The system as defined in claim 17, wherein said plurality of light energy sources
(24) encircle said cylindricat slesve (66).

19, The system as defined in claim 18, wherein said fight energy sources (24) com-
20 prise lamps having an elongated housing, said lamps being positioned such that said
elongated housing faces said cylindrical sleeve (66).

20, The system as defined in claim 19, wherein said elongated housing of each of
said famps (24) is positioned parallel to sald cylindrical sleeve (68).

25
21. The system as defined in claim 19, wherein said elongated housing of each of
said lamps (24) is positioned perpendicular to the axis of said cylindrical sleeve (66).
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22. The system as defined in claim 18, whereln sald light energy sources (24) are
associated with reflectors (35) that direct light being emitted by said light energy
sources (66) onto said cylindrical sieeve (66).

23. The system as defined in claim 13, further comprising & pas iﬁlet (18} and a gas
outlet (20) in communication with said thermal processing chamber (12) for circulat-
ing gases therethrough.

10 24. A muitiwafer thermal processing system (10) comprising: a cold wall thermal
processing chamber (12) including a cooling system (16) for actively cooling the
chamber (12) to maintain it at a constant temperature, the chamber (12) adapted to
receive semiconductor wafers (14); a substrate holder (15) contained within said
thermal processing chamber (12), said substrate holder (15) being configured to hold

15  a plurality of semiconductor wafers (14), said wafers (14) being held in a stacked .
arrangement wherein adjacent wafers (14) are spaced apart a determined distance; 3
a plurality of energy dispersing members (70) positioned within said thermal proc- {
essing chamber (12) so as fo be placed In between adjacent semiconductor wafers
(14) held on said substrate holder (15), said energy dispersing members (70) being f

20 designed to refract light energy; and a plurality of light energy sources (24), prefera- ‘
bly tungsten-halogen lamps, surrounding said thermal processing chamber (12) for :
heating semiconductor wafers (14) held on said substrate holder (15), at least certain
of said light energy sources (24) being positioned to emit light energy directly into
said energy dispersing members (70), wherein said energy dispersing membetrs (70)

25- redirect said light energy onto adjacent wafers (14).
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25. The system as defined in clalm 24, further comprising: at least one temperature
sensifg device (30) for monitoring the temperature of said semiconductor wafers
(14) held on said substrate holder (15); and a controlier {50, 25) in communication
with said at least one temperature sensing device (30) and said light energy sources
(24), said controller (50, 25) being configured to control the amount of light energy
being emitted by sald light energy sources (24) in response {o {emperature informa-
tion received form sald at least one temperature sensing device (30).

26. The system as defined in claim 24, wherein said energy dispersing members (70}
are made from a material comprising quartz containing areas (72) having a different
index of refraction than said quartz.

27. The system as defined in claim 26, whereln said areas (72) having different index
of refraction are made from a glass.

28, The system as defined in claim 24, wherein said energy dispersing members (70)
comprise quartz plates having a physical shape designed to refract fight.

29. The system as defined Iin claim 24, wherein said light energy sources (24) com-
prise lamps having an elongated housing, said lamps being positioned such that szid
elongated housing faces sald thermal processing chamber (12).

30. The system as defined in claim 24, wherein sald light energy sources (24) posi-
tioned to emit light energy directly into said energy dispersing members (70) com-
prise light energy sources (24) disposed about the periphery of said energy dispers-
ing members (70).
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31. The system as defined in claim 24, further comprising reflectors (36) for reflecting
light energy being emiitséd by said light energy sources (24), sald reflectors (36) be-
ing designed to direct light energy into sajd thermal processing chamber (12).

5 32. The system as defined in claim 24, wherein said substrate holder (15) is config-
ured to hold from about 3 o about 10 semiconductor wafers (14).

33. The systemn as defined in claim 24, wherein said energy dispersing members (70)
comprise plates spaced in between adjacent semiconductor wafers, each of said

e plates (70) having s top surface, a boltom surface, and a side surface, wherein said
light energy sources (24) are positioned adjacent to said side surface for emitting
light energy into said plate (70), said system further including reflectors (38) being
positioned next to said light energy sources (24) for directing light energy into said
energy dispersing members (70).

15
34. The system as defined in claim 24, further comprising a gas inlet (18) and a gas
outiet (20) in commurication with said thermal processing chamber (12) for circulat-
Ing gases therethrough. #

20 35. A multiwafer thermal processing system (10) comprising: a coid wall thermal
processing chamber (12) including a cooling system (18) for actively cooling the
chamber (12) to maintain it at a constant temperature, the chamber (12) adapted to
receive semiconductor wafers (14); a substrate holder (15) contained within said
thermal processing chamber (12), said substrate holder (15) being configured to hold

25 a pluraiity of semiconductor wafers (14), said wafers (14) being held in a stacked
arrangement wherein adjacent wafers (14) are spaced apart a determined distance;
a plurality of energy dispersing members (70) positioned within said thermal proc-
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35 10 coursew se, the two groups of t H'HKUMEMA vvarp knltted t ape
substantial ly as ext endi ng | appi ng heir descri bed

with reference to and as respective Iapp| ng pbints or U-turns

di sposed illustrated in Figures 1 and 2 of the ac- alternately in
successi ve courses, said- conpanyi ng draw ngs. mar gi nal edge portion
conprising tricot 7. A warp-knitted tape substantially as 40

essing chiamber (12) so as to be placed in befween adjacent semiconductor wafers
(14) held on said substrate holder (15), said energy dispersing members (70) being
dasigned to refract light energy; a pluraltty of light energy sources (24), preferably
tungsten-halogen lamps, surrounding said thermal processing chamber (12) for

5 heating semiconductor wafers (14) held on sald substrate holder (15), and a lining
(62) included In said chamber (12) and being positioned so as to surround sald
semiconductor wafers (14) held on sald substrate holder (15), sald lining, (62) being
made from a thermally conductive material,

FIORCRTLY

10 38. The system as defined in claim 35, wherein said light energy sources (24) being
positioned o as to heat said lining (62}, wherein by heating said lining (62), said lin-
ing in turm heats said plurality of semiconductor wafers (14) held on sald subsirate
holder (15).

15 37. The system as defined In claim 35 or 36, wherein at least cerfain of said light
energy sources (24) being positioned to emit light energy directly into said energy
dispersing members (70), wherein sald energy dispersing members (70) redirect said
light energy onto adjacent wafers (14).
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What is claimed is:

1. A multiwafer thermal processing system (10) comprising:

a thermal processing chamber (12) adapted to receive semiconductor
5 wafers (14);
a substrate holder (15) contained within said thermal processing chamber
(12), said substrate holder (15) being configured to hold a plurality of semicon-
ductor wafers (14), said wafers (14) being held in a stacked arrangement wherein
adjacent wafers (14) are spaced apart a determined distance;

10 a plurality of energy dispersing members (70) positioned within said ther-
mal processing chamber (12) so as to be placed in between adjacent semicon-
ductor wafers (14) held on said substrate holder (15), said energy dispersing
members (70) being designed to refract light energy; and

a plurality of light energy sources (24) surrounding said thermal process-

15 ing chamber (12) for heating semiconductor wafers (14) held on said substrate
holder (15), at least certain of said light energy sources (24) being positioned to
emit light energy directly into said energy dispersing members (70), wherein said
energy dispersing members (70) red|rect said light energy onto adjacent wafers
(14).

20 2. A system as defined in claim 1, further comprising:

at least one temperature sensing device (30) for monitoring the tempera-
ture of said semiconductor wafers (14) held on said substrate holder (15); and
a controller (25, 50) in communication with said at least one temperature
sensing device (30) and said light energy sources (24), said controller (25, 50)
25 being configured to control the amount of light energy being emitted by said light
energy sources (24) in response to temperature information received from said at

least one temperature sensing device (30).
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3. The system as defined in claim 1, wherein said energy dispersing members (70)
are made from a material comprising quartz containing areas (72) having a differ-

ent index of refraction than said quartz.

4. The system as defined in claim 3, wherein said areas (72) having a different in-

5 dex of refraction are made from a glass.

5. The system as defined in claim 1, wherein said energy dispersing members (70)

comprise quartz plates having a physical.shape designed to refract light.

6. The system as defined in claim 1, wherein said light energy sources (24) com-
prise lamps having an elongated housing, said lamps being positioned such that

10 said elongated housing faces said thermal processing chamber (12).

7. The system as defined in claim 1, wherein said light energy sources (24) posi-
tioned to emit light energy .directly into said energy dispersing (70) members
comprise light energy sources (24) disposed about the periphery of said energy

dispersing members (70).

15 8. The system as defined in claim 1, further comprising reflectors (36) for reflecting
light energy being emitted by said light energy sources (24), said reflectors (36)

being designed to direct light energy into said thermal processing chamber (12).

9. The system as defined in claim 1, wherein said substrate holder (15) is config-

ured to hold from about 3 to about 10 semiconductor wafers (14).

20 10.The system as defined in claim 1, wherein said energy dispersing members (70)
comprise plates spaced in between adjacent semiconductor wafers (14), each of
said plates (70) having a top surface, a bottom surface, and a side surface,
wherein said light energy sources (24) are positioned adjacent to said side sur-

face for emitting light energy into said plate (70), said system further including re-
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24 .
flectors (36) being positioned next to said light energy sources (24) for directing

light energy into said energy dispersing members (70).

11.The system as defined in claim 1, further comprising a gas inlet (18) and a gas
outlet (20) in communication with said thermal processing chamber (12) for cir-

5 culating gases therethrough.
12.A multiwafer thermal processing system (10) comprising:

a thermal processing chamber (12) defining a vertical axis, said thermal
processing chamber (12) being adapted to receive a plurality of stacked semicon-
ductor wafers (14) disposed about said vertical axis of said chamber (12), each of

10 said semiconductor wafers (14) having a top surface and a bottom surface;

a plurality of light energy sources (24) in communication with said thermal
processing chamber (12) for heating semiconductor wafers (14) contained in said
chamber (12), said plurality of light energy sources (24) encircling said vertical
axis of said thermal processing chamber (12);

15 - asubstrate holder (15) contained within said thermal processing chamber
(12), said substrate holder (15) being configured to hold said plurality of semicon-
| ductor wafers (14), said wafers (14) being held in a stacked arrangement wherein
adjacent wafers (14) are spaced a distance sufficient for light energy being emit-
ted by said plurality of light energy sources (24) to contact the entire top and bot-
20 tom surfaces of said wafers (14); ‘
at least one temperature sensing device (27) for monitoring the tempera-

ture of said semiconductor wafers (14); and

a controller (25, 50) in communication with said at least one temperature
sensing device (27) and said light energy sources (24), said controller (25, 50)

25 being configured to control the amount of light energy being emitted by said light
_energy sources (24) in response to temperature information received from said at

least one temperature sensing device (27).
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13. The system as defined in claim 12, when said semiconductor wafers (14) held on

said substrate holder (15) are positioned substantially parallel to each other.

14.The system as defined in claim 12, wherein said system (10) contains a plurality
of light energy sources (24) sufficient to heat said plurality of semiconductor wa-

5 fers (14) to a temperature of at least 800°C in less than about five minutes.

15.The system as defined in claim 12, wherein said light energy sources (24) are
located outside said thermal processing chamber (12), said light energy sources

(24) being separated from said chamber (12) by at least one window (32, 33, 35).

16.The system as defined in claim 12, wherein said thermal processing chamber
10 (12) includes a top and a bottom and wherein light energy sources (24) are dis-

posed at the top and the bottom of said chamber (12).

17.The system as defined in claim 12, wherein said at least one temperature sensing

device (27) comprises a pyrometer.

18.The system as defined in claim 12, wherein said at least one temperature sensing

15 device (27) comprises a thermocouple.

19.The system as defined in claim 12, wherein said light energy sources (24) com-
prise lamps having an elongated housing, said lamps being positioned such that

said elongated housing faces said thermal processing chamber (12).

20.The system as defined in claim 19, wherein said light energy sources (24) are

20 positioned parallel to said vertical axis of said thermal processing chamber (12).

21.The system as defined in claim 19, wherein said light energy sources (24) are
positioned substantially perpendicular to said vertical axis of said thermal proc-

essing chamber (12).
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22.The system as defined in claim 12, further comprising a gas inlet (18) and a gas

outlet (20) in communication with said thermal processing chamber (12) for cir-

culating gases therethrough.
23.A multiwafer thermal processing system (10) comprising :

5 a thermal p}ocessing chamber (12) adapted to receive semiconductor
wafers (14);
a substrate holder (15) contained within said thermal processing chamber
(12), said substrate holder (15) being configured to hold a plurality of semicon-
ductor wafers (14), said wafers (14) being held in a stacked arrangement wherein
10 adjacent wafers (14) are spaced apart a determined distance; _
a lining (62) being positioned so as to surround said semiconductor wafers
(14) held on said substrate holder (15), said lining (62) being made from a ther-
mally conductive material; and
a plurality of light energy sources (24) surrounding said thermal process-
15 ing chamber (12), said light energy sources (24) being positioned so as to heat
said fining (62), wherein by heating said lining (62), said lining (62) in turn heats

said plurality of semiconductor wafers (14) held on said su_bstrate holder (15).
24.The system as defined in claim 23, further comprising:

at least one temperature sensing device (30) for monitoring the temperaQ
20 ture of said lining (62); and
a controller (25, 50) in communication with said at least one temperature
sensing device (30) and said light energy sources (24), said controller (25, 50)
being configured to control the amount of light energy being emitted by the light
energy sources (24) in response to temperature information received from said

25 at least one temperature sensing device (30).

25.The system as defined in claim 23, wherein said lining (62) is made from a mate-

rial comprising silicon carbide or a polysilicon material.
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26.The system as defined in claim 23, wherein said lining (62) comprises a cylindri-

cal sleeve.

27.The system as defined in claim 26, wherein said lining (62) further includes a top
(64) and a bottom (68) associated with said cylindrical sleeve (66) for completely

5 enclosing said substrate holder (15).

28.The system as defined in claim 27, wherein said plurality of light energy sources

(24) encircle said cylindrical sleeve (66).

29.The system as defined in claim 28, wherein said light energy sources (24) com-
prise lamps having an elongated housing, said lamps being positioned such that

10 said elongated housing faces said cylindrical sleeve (66).

30.The system as defined in claim 29, wherein said elongated housing of each of

said lamps (24) is positioned parallel to said cylindrical sleeve (66).

31.The system as defined in claim 29, wherein said elongated housing of each of

said lamps (24) is positioned perpendicular to said cylindrical sieeve (66).

15 32.The system as defined in claim 28, wherein said light energy sources (24) are
associated with reflectors (36) that direct light being emitted by said light energy

sources (24) onto said cylindrical sleeve (66).

33.The system as defined in claim 23, further comprising a gas inlet (18) and a gas
outlet (20) in communication with said thermal processing chamber (12) for cir-

20 culating gases therethrough.
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(57) Abstract

A system for heating a plurality of semiconductor wafers at the same time is disclosed. ‘The apparatus includes a therma! processing
chamber containing a substrate holder designed to hold from about threc to about ten wafers. The thermal processing chamber is surrounded
by light energy sources which heat the wafers contained in the chamber, The light energy sources can heat the wafers directly or indirectly.
In one embodiment, the thermal processing ¢hamber includes a liner made from a hear conductive material. The light energy sources are
used to heat the liner which, in turn, heats the wafers. In an alternative embodiment, energy dispersing plates are placed in between adjacent
wafers. Light energy being emitted by the light energy sources enters the energy dispersing memberss and gets distributed across the surface
of adjacent wafers for heating the wafers uniformly.




