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APPARATUS FOR THE THERMAL TREATMENT
OF SUBSTRATES
The present invention relates to an apparatus for the thermal treatment
of substrates, and includes a reaction chamber, at least one elongated
heat source, and at least one reflection wall having at least one rib for

reflecting at least a portion of the radiation given off by the heat source.

An apparatus of this type is known, for example, from JP 5-190558 A.
The reflection walls have grooves that extend paraliel to the heating
lamps and in which the heating lamps are at least partially disposed and
which form the at least one rib. With this type of reflection wall, a
reflected radiation results that is parallel to the lamps. Such devices with
contours in a reflection wall that extend parallel to the heating lamps are

furthermore known from JP 61-125021 A, as well as JP 60-193343 A.

An apparatus for the thermal treatment of substrates is disclosed in the
not prepublished DE 197 37 802 that belongs to the applicant of the
present application. With this apparatus, a reaction chamber of quartz
glass is disposed within a second, larger chamber having reflection walls.
Disposed above and below the reaction chamber are heating sources in
the form of rod lamps in order to heat up a substrate, especially a
semiconductor wafer, that is disposed in the reaction chamber. The
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reflection walls of the apparatus are flat, so that again a reflected
radiation parallel to the lamps results.

Due to this parallel reflection at the reflection wall there results within the
reaction chamber a certain, periodic intensity distribution of the incident
light for heating the substrate. In so doing, parts of the substrate can be
heated more than other parts, which, however, is a drawback since the

substrate must be heated as uniformly as possibie.

It is therefore an object of the invention to provide an apparatus for the
thermal treatment of substrates of the aforementioned general type,

according to which a uniform heating of the substrates is possible.

This objective of the invention is realized in that the heating source or
sources are disposed at an angle to the longitudinal direction of the at
least one rib. As a result of this arrangement, the reflective image of the
heating sources is rotated by an amount that depends upon the angle
between the tubes and the ribs, so that a more uniformly directed

distribution of the radiation intensity in the reaction chamber resulits.

Pursuant to one preferred specific embodiment of the invention, the

reflection wall has a plurality of ribs that are disposed parallel to one

another. Due to this plurality of ribs, there results a simple possibility of
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distributing the radiation intensity more uniformly within the entire reaction

chamber. In this connection, the ribs are preferably formed by grooves.

Pursuant to a particularly preferred specific embodiment of the invention,
the heating sources are rod lamps that provide a simple heating source

that is simple to control.

The angle between the ribs and the heating sources is preferably 45° so
that the reflected image of the heating sources is rotated in an angie of
90°. There thus results a reflection radiation that extends perpendicular
to the direct radiation of the lamp tubes, as a result of which a particularly

uniform radiation intensity is produced within the reaction chamber.

Pursuant to one specific embodiment, the ribs extend uniformly over the
entire reflection wall in order to produce the aforementioned effect over

the entire reflection wall.

Pursuant to a further specific embodiment, the ribs extend at least over
portions of the reflection wall, especially in the outer regions of the
reflection wall, in order to enable a reflection of the thermal radiation in

the direction of the substrate that is to be heated.
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Pursuant to a particularly advantageous specific embodiment of the
invention, at least one turning mechanism is furthermore provided for
rotating the reflection wall that has at least one rib. Due to the rotation,
it is possible to adapt the intensity distribution of the radiation field in a
treatment chamber to the respective process conditions. In particular,
due to the rotation of the reflection wall the intensity distribution can be
homogenized over time, thereby enabling a more uniform heating of the
substrate. Furthermore, due to the rotation of the reflection wall the
intensity distribution of the radiation is modulated with the rotational
frequency of the reflection wall. A modulation can, for example, also be

advantageously utilized for measuring the temperature via pyrometry.

A control unit is advantageously provided for controlling the turning
mechanism in order to adapt the rotation, and hence the intensity
distribution of the radiation within a treatment chamber, to the respective

process conditions and process steps.

The term substrate in the present context includes semiconductor wafers,
masks, plates, and all objects which, or the surface of which, is to be

subjected to a thermal treatment.

The invention will subsequently be explained with the aid of one preferred
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specific embodiment with reference to the drawings, in which:

Figure 1 shows a schematic cross-sectional illustration of an
apparatus for the thermal treatment of substrates;

Figure 2 shows a perspective view of an inventive reflection
wall of the apparatus of Figure 1; and

Figure 3 shows a perspective view of the inventive reflection
wall illustrated in Figure 2 with rod lamps disposed

there above.

Fig. 1 schematically shows an apparatus 1 for the thermal treatment of
substrates 2. The apparatus 1 has a first, reflective chamber 5 having an
upper reflector or reflection wall 6, a lower reflector or reflection wall 7,
reflecting side walls 8, 9 and non-illustrated front and rear, reflective walls.
Disposed in the chamber 5 is a reaction chamber 10, which is preferably
made of quartz glass. The reaction chamber 10 is provided with a gas
supply conduit 12 for the introduction of a reaction gas, and a chamber
door frame 14 for the introduction and removal of the substrate 2, in the
present case a semiconductor wafer. The substrate 2 is disposed upon
a quartz substrate holder 17 and is spaced therefrom by spacers 18.
Provided concentrically relative to the substrate 2 is a compensation ring
22 with which a better thermal homogeneity can be achieved.
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Disposed between the reflection walls 6, 7 and the reaction chamber are
respective rod lamps 25 that extend between the non-illustrated front and
rear walls in a parallel orientation relative to the side walls 8, 9. The
construction of such an apparatus, as well as details relative to the
functioning thereof, are described in the aforementioned DE-A-44 37 361
and in the not prepublished DE-A-197 37 802, both of which belong to the
applicant of the present application. In orderto avoid repetition, reference
is hereby made to the content of these documents to the extent relevant

to the subject matter of the present application.

Whereas in Fig. 1 the contour of the reflection walls 6 and 7 cannot be
recognhized, Fig. 2 shows one example for the inventive contour of a
reflection wall, whereby the contour will be explained only with the aid of
the lower reflection wall 7. Formed on that surface of reflection wall 7 that
faces the reaction chamber 10 are grooves 32 that extend at an angle of
45° relative to a side face 30. The grooves 32 have a triangular shape
such that ribs 34 are formed that have a ridge 26 that tapers to a point at
the top. A lower groove edge 38 is respectively formed in the deepest
point of the grooves 32 between the side faces of the triangular grooves

32 that taper upwardly to a point.

As can be seen in Fig. 3, the rod lamps 25 extend above the reflector or
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reflection wall 7, and in particular parallel to the side face 30, so that the
ribs 34 extend at an angle of 45° to the rod lamps 25. As a result of this
arrangement, as mentioned above, a reflected image of the rod lamps 25

in an angle turned by 90° relative to the rod lamps 25 is produced.

Provided above the upper reflection wall 6 is a non-illustrated turning
mechanism that communicates with the reflection wall in order to rotate
the latter about an axis that extends perpendicular to the substrate 2.
The rotation is effected in a controllable manner by means of an
appropriate control apparatus, and is adapted to the respective process

conditions and process steps during the thermal treatment of a substrate.

Furthermore, due to the rotation of the reflection wall, the intensity
distribution in the chamber is modulated with the rotational frequency of
the reflection wall. This modulation can be utilized accompanied by a
temperature measurement via pyrometry. One method for measuring the
substrate temperature via active modulation of the lamp radiation is, for
example, described in the not prepublished DE-198 55 683.7, which

belongs to the applicant of the present application.

The invention was previously explained with the aid of one preferred
specific embodiment. However, to one having skill in the art
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embodiments and modifications are possible without thereby deviating
from the inventive concept. In particular, other contours of the inventive
reflection wall other than the illustrated ribs 34 are also possible. Itis also
not necessary that the contour extend uniformly over the entire reflection
wall, and regions can also be provided on the reflection wall where no

contour is provided.

Furthermore, the construction of the apparatus 1 need not be limited to
that described. For example, it is possible to shift the rod lamps that are
arranged above and below the reaction chamber by 90°, or to select the
angle between the ribs 34 and the rod lamps 25 to be greater or less than
45°. In addition, it is possible to provide a movement device, especially

a rotational device, in order to move the substrate within the reaction

chamber.
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Patent Claims:
Apparatus (1) for the thermal treatment of substrates (2), including
a reaction chamber (10), at least one elongated heat source (25),
and at least one reflection wall (6, 7) having at least one rib (34) for
the reflection of at least a portion of the radiation given off by the
heat source (25), characterized in that the heat sources (25) are
disposed at an angle to the longitudinal direction of the at least
one rib (34).
Apparatus according to claim 1, characterized by a plurality of ribs
(34) that are disposed parallel to one another on the reflection wall
(6, 7).
Apparatus according to one of the preceding claims, characterized
in that the ribs (34) are formed by grooves (32).
Apparatus according to one of the preceding claims, characterized
in that the heat sources (25) are rod lamps.
Apparatus according to one of the preceding claims, characterized
in that the angle is 45°.
Apparatus according to one of the preceding claims, characterized
in that the ribs (34) extend uniformly over the entire reflection wall
6, 7).
Apparatus according to one of the claims 1 to 5, characterized in

that the ribs (34) extend at least over portions of the reflection wall
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(6, 7).

Apparatus according to claim 7, characterized in that the ribs (34)
extend in the outer regions of the reflection wall (6, 7).
Apparatus according to one of the preceding claims, characterized
by an apparatus for moving, especially rotating, the substrate that
is to heated in the radiation range of the reflection wall.
Apparatus according to one of the preceding claims, characterized
by a turning mechanism for rotating at least one reflection wall (6,
7) that has at least one rib (34).

Apparatus according to claim 10, characterized by a control unit for

controlling the turning mechanism.
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