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QUARTZ WINDOW HAVING REINFORCING RIBS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a WindoW attached 
to a process chamber and, more particularly, to a quartz 
WindoW attached to a process chamber for applying a 
thermal process to a substrate placed inside the process 
chamber by applying a heat through the quartZ WindoW. 

[0003] The present invention is especially suitable for a 
WindoW provided to a rapid thermal processing (RTP) 
apparatus, Which is preferably used for a manufacturing 
process of semiconductor devices such as a memory device 
or an integrated circuit (IC). The RTP includes a rapid 
thermal annealing (RTA), a rapid thermal cleaning (RTC), a 
rapid thermal chemical vapor deposition (RTCVD), a rapid 
thermal oxidation (RTO), a rapid thermal nitriding (RTN), 
etc. 

[0004] 2. Description of the Related Art 

[0005] Generally, in a manufacturing process of a semi 
conductor integrated circuit, a semiconductor substrate such 
as a silicon Wafer is repeatedly subject to various thermal 
processes or heat treatment processes. The thermal pro 
cesses may include a ?lm deposition process, an annealing 
process, an oxidation diffusion process, a sputtering process, 
an etching process, a nitriding process, etc. 

[0006] In order to improve a yield rate and a quality of 
semiconductor products, the RTP technique, Which rapidly 
increases and decreases a temperature of an object to be 
processed, has attracted a great attention. A conventional 
RTP apparatus generally comprises: a single-Wafer process 
chamber in Which an object to be processed, such as a 
semiconductor Wafer, a glass substrate for photo-masking, a 
glass substrate for liquid-crystal display or a substrate for an 
optical disk, is placed; a quartZ-glass WindoW attached to the 
process chamber; a heating lamp such as a halogen lamp; 
and a re?ector provided on an opposite side of the object to 
be processed With respect to the heating lamp. Hereinafter, 
the object to be processed may be referred to as a target 
object. 

[0007] The quartZ-glass WindoW is formed in a plate-like 
shape or in a tubular shape in Which the target object can be 
accommodated. When gasses inside the process chamber is 
evacuated by a vacuum pump and a negative pressure 
environment is maintained in the process chamber, the 
quartZ WindoW has a thickness of about 30 mm to 40 mm so 
as to Withstand With a pressure difference betWeen inside the 
process chamber and an atmospheric pressure. The quartZ 
glass WindoW may have a concave shape so that the center 
thereof is apart from the process space inside the process 
chamber since the quartZ WindoW tends to be bent toWard the 
processing space due to a temperature increase. 

[0008] Aplurality of halogen lamps are arranged so as to 
evenly heat the target object, and the re?ector uniformly 
re?ects an infrared light toWard the target object. The 
process chamber is typically provided With a gate valve on 
a sideWall thereof so as to let the target object transported 
therethrough. Additionally, a gas supply noZZle is connected 
to the sideWall of the process chamber so as to introduce a 
process gas used for a thermal processing. 
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[0009] Since the temperature of the target object in?u 
ences a quality of the process (for eXample, a thickness of a 
deposited ?lm in a ?lm deposition process), the temperature 
must be accurately detected. In order to achieve a rapid 
temperature increase or decrease, a temperature-measuring 
device is provided in the process chamber so as to measure 
the temperature of the target object. The temperature-mea 
suring device may be comprised of a thermocouple. HoW 
ever, the thermocouple may contaminate the target object 
due to a metal constituting the thermocouple since the 
thermocouple must be brought into contact With the target 
object. 

[0010] Accordingly, a pyrometer has been suggested, such 
as disclosed in Japanese Laid-Open Patent Application No. 
11-258051, as a temperature-measuring device for measur 
ing a temperature of the target object. The pyrometer cal 
culates a temperature of the target object by converting an 
emissivity e into a temperature, the emissivity 6 being 
calculated by the folloWing equation (1) based on an inten 
sity of radiation of infrared light radiated from a back 
surface of the target object. 

[0011] In equation (1), EBB(T) represents an intensity of 
radiation from a black body having a temperature T, Em(T) 
represents an intensity of radiation from a target object, and 
6 represents an emissivity of the target object. 

[0012] In operation, the target object is introduced into the 
process chamber through the gate valve, and supported by a 
holder on its periphery. During a thermal process, a process 
gas such as nitrogen or oXygen is introduced into the process 
chamber through gas supply noZZles. On the other hand, the 
target object absorbs an infrared light radiated by the halo 
gen lamp, thereby increasing the temperature of the target 
object. An output of the halogen lamp is feedback-controlled 
in accordance With a result of measurement of the tempera 
ture-measuring device. 

[0013] HoWever, the conventional quartZ WindoW has a 
thickness as large as several millimeters, there are folloWing 
problems. First, the light emitted by the lamp is absorbed by 
the quartZ, Which results in a decrease in an ef?ciency of 
irradiation of the target object. Second, The quartZ WindoW 
easily breaks due to a difference in thermal stress betWeen 
front and back surfaces of the quartZ WindoW When a rapid 
temperature increase is performed such as in the RTP 
apparatus since a temperature difference is generated 
betWeen the lamp facing surface and an opposite surface of 
the quartZ WindoW. Third, if the quartZ WindoW is bent, a 
distance betWeen the lamp and the target object is increased, 
Which deteriorates directivity of the irradiation by the lamp. 
Fourth, especially When a ?lm deposition process is per 
formed, a deposition ?lm or a reaction by-product may 
deposit on the surface of the quartZ WindoW due to an 
increase in the temperature of the quartZ WindoW, Which may 
deteriorate reproducibility of a process temperature and 
increase a frequency of cleaning operations of the process 
chamber. On the other hand, if the thickness of the process 
chamber is reduced, absorption of the light radiated from the 
lamp by the quartZ WindoW can be reduced. 

[0014] HoWever, there is a problem in that the quartZ 
WindoW is easily breaks due to a difference betWeen a 
negative pressure in the process chamber and an atmo 
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spheric pressure and, thereby, such a quarts WindoW cannot 
applied to the process chamber in Which a negative pressure 
environment is created. 

SUMMARY OF THE INVENTION 

[0015] It is a general object of the present invention to 
provide an improved and useful quartZ WindoW in Which the 
above-mentioned problems are eliminated. 

[0016] Amore speci?c object of the present invention is to 
provide a quartZ WindoW, Which can Withstand a pressure 
difference betWeen an atmospheric pressure and a negative 
pressure environment created in a thermal processing appa 
ratus that applies a thermal process to a target object under 
the negative pressure environment. 

[0017] Another object of the present invention is to pro 
vide a quartZ WindoW, Which absorbs a relatively small 
amount of heat radiated from a heat source. 

[0018] In order to achieve the above-mentioned objects, 
there is provided according to one aspect of the present 
invention a quartZ WindoW of a process chamber adapted to 
be positioned betWeen a radiation heat source and an object 
to be subjected to a heat treatment in the process chamber, 
the quartZ WindoW comprising: a plate made of quartZ; and 
a plurality of ribs formed on the plate so as to reinforce the 
plate. 

[0019] According to the above-mentioned invention, the 
plate of the quartZ WindoW has a reduced thickness since the 
ribs reinforce the plate. Thus, the overall thickness of the 
quartZ plate is reduced, Which improves the directivity of 
heat supply by the radiation heat source to the object to be 
processed. Additionally, an amount of heat absorbed by the 
quartZ WindoW is reduced. 

[0020] In the quartZ WindoW according to the present 
invention, the ribs may be made of quartZ, and the ribs may 
be integrally formed With the plate. In one embodiment, the 
ribs may include a plurality of radial ribs extending in radial 
directions of the plate. The radial ribs may be symmetrically 
arranged With respect to the center of the plate. Additionally, 
the ribs may include a plurality of circumferential ribs 
extending in circumferential directions of the plate. The 
circumferential ribs may be concentrically arranged. 

[0021] The plate of the quartZ WindoW preferably has a 
thickness equal to or smaller than 10 mm. Each of the ribs 
preferably has a thickness equal to or less than 10 mm and 
a height equal to or less than 15 mm. 

[0022] The ribs may have openings to let air pass there 
through. 

[0023] Additionally, there is provided according to 
another aspect of the present invention a thermal processing 
apparatus comprising: a process chamber in Which an object 
to be processed is placed; an exhaust part connected to the 
process chamber so as to evacuate gas inside the process 
chamber; radiation heat sources Which apply heat to the 
object placed in the process chamber; and a quartZ WindoW 
situated betWeen the radiation heat source and the object, 
Wherein the quartZ WindoW has a plurality of ribs formed on 
a quartZ plate so as to reinforce the quartZ plate. 

[0024] According to the above-mentioned invention, the 
plate of the quartZ WindoW has a reduced thickness since the 
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ribs reinforce the plate. Thus, the overall thickness of the 
quartZ plate is reduced, Which improves the directivity of 
heat supply by the radiation heat source to the object to be 
processed. Additionally, an amount of heat absorbed by the 
quartZ WindoW is reduced. 

[0025] In the thermal processing apparatus according to 
the present invention, the ribs may be made of quartZ, and 
the ribs may be integrally formed With the plate. In one 
embodiment, the ribs may include a plurality of radial ribs 
extending in radial directions of the plate, and the radial ribs 
may be symmetrically arranged With respect to the center of 
the plate. Additionally, the ribs may include a plurality of 
circumferential ribs extending in circumferential directions 
of the plate, and the circumferential ribs may be concentri 
cally arranged. 
[0026] Additionally, the thermal processing apparatus 
according to the present invention may further comprise a 
re?ector Which re?ects a heat radiated from the radiation 
heat source toWard the object through the quarts WindoW, 
and the re?ector has accommodating parts accommodating 
the radiation heat source and a plurality of extending parts 
extending toWard the plate of the quartZ WindoW, the extend 
ing parts being engaged With the respective ribs of the quartZ 
WindoW. 

[0027] Since the re?ector has grooves that receive the 
respective ribs of the quartZ WindoW, the overall thickness of 
the structure including the quartZ WindoW and the re?ector 
is reduced, Which reduced a distance betWeen the radiation 
heat source and the object to be processed. Additionally, the 
ribs of the quartZ WindoW engage With the inner Walls of the 
grooves When the quartZ WindoW is bent due to a pressure 
difference caused by a vacuum created in the process cham 
ber. Thereby, the quartZ WindoW is prevented from being 
further deformed, Which further reduces the thickness of the 
quartZ WindoW. 

[0028] In one embodiment, each of the extending parts 
may have a groove Which receives a respective one of the 
ribs of the of the quartZ WindoW. Each of the ribs may 
protrude into a respective one of the accommodating parts so 
that each of the extending parts of the re?ector is positioned 
betWeen adjacent ones of the ribs. 

[0029] Other objects, features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description When read in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is an illustrative cross-sectional vieW of a 
thermal processing apparatus according to an embodiment 
of the present invention; 

[0031] 
FIG. 1; 

FIG. 2 is a plan vieW of a quartZ WindoW shoWn in 

[0032] FIG. 3 is an enlarged cross-sectional vieW of the 
quartZ WindoW; 

[0033] 
[0034] FIG. 5 is an illustrative cross-sectional vieW of a 
part of a re?ector With the quartZ WindoW and lamps for 
explaining an in?uence of the light projected from the 
lamps; 

FIG. 4 is an illustration of a double end type lamp; 
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[0035] FIG. 6 is an enlarged cross-sectional vieW of a part 
of a re?ector; 

[0036] FIG. 7 is an enlarged cross-sectional vieW of the 
re?ector shown in FIG. 6 With the quartz WindoW being 
deformed by a pressure exerted thereon; 

[0037] FIG. 8 is a plan vieW of the quartz WindoW With 
lamps 130 arranged betWeen ribs of the quartZ WindoW; 

[0038] FIG. 9 is an enlarged cross-sectional vieW of a part 
of the structure shoWn in FIG. 8; 

[0039] FIG. 10 is a cross-sectional vieW of a part of the 
re?ector With the double end type lamps being replaced by 
single end type lamps; 

[0040] FIG. 11 is a plan vieW of the re?ector With the 
double end type lamps being replaced by the single end type 
lamps; 

[0041] FIG. 12 is an enlarged cross-sectional vieW of a 
variation of the structure including a part of a quartZ WindoW 
and a part of a re?ector shoWn in FIG. 6; 

[0042] FIG. 13 is an enlarged cross-sectional vieW of a 
radiation thermometer shoWn in FIG. 1 and a part near the 
radiation thermometer; 

[0043] FIG. 14 is an illustrative plan vieW of a chopper of 
the radiation thermometer; 

[0044] FIG. 15 is a graph shoWing a relationship betWeen 
a temperature of the target object and a temperature of the 
center of the target object; 

[0045] FIG. 16 is a graph shoWing a relationship betWeen 
a temperature of the target object and a temperature of an 
edge of the target object; 

[0046] FIG. 17 is an illustrative cross-sectional vieW for 
explaining errors contained in the measurement of the 
temperature of the target object; 

[0047] FIG. 18 is a graph shoWing a relationship betWeen 
a real temperature of the target object and a temperature of 
the center of the target object obtained by the radiation 
thermometer shoWn in FIG. 1; 

[0048] FIG. 19 is a graph shoWing a relationship betWeen 
a real temperature of the target object and a temperature of 
an edge the target object obtained by the radiation thermom 
eter shoWn in FIG. 1; 

[0049] FIG. 20 is a graph shoWing a result of simulation 
With respect to a cooling rate of the target object; 

[0050] FIG. 21 is an illustrative cross-sectional vieW of a 
thermal processing apparatus having a bottom part that is 
movable relative to the target object; 

[0051] FIG. 22 is an illustrative cross-sectional vieW of 
the thermal processing apparatus shoWn in FIG. 21 for 
explaining a positional relationship betWeen the target object 
and the bottom part When the target object is subject to a 
heating process; 

[0052] FIG. 23 is an illustrative cross-sectional vieW of 
the thermal processing apparatus shoWn in FIG. 21 for 
explaining a positional relationship betWeen the target object 
and the bottom part When the target object is subject to a 
cooling process; and 
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[0053] FIG. 24 is an illustrative enlarged cross-sectional 
vieW of the bottom part shoWn in FIG. 23 for explaining the 
supply of helium gas. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0054] A description Will noW be given, With respect to 
FIG. 1, of a thermal processing apparatus 100 according to 
an embodiment of the present invention. FIG. 1 is an 
illustrative cross-sectional vieW of the thermal processing 
apparatus 100 according to an embodiment of the present 
invention. 

[0055] As shoWn in FIG. 1, the thermal processing appa 
ratus comprises a process chamber 110, a quartZ WindoW 
120, a heating lamp 130, a re?ector 140, a support ring 150, 
a bearing 160, a permanent magnet 170, a gas introducing 
part 180, an exhaust part 190, a radiation thermometer 200 
and a control unit 300. 

[0056] The process chamber 110 is formed of stainless 
steel or aluminum, and is connected With the quartZ WindoW 
120. A sideWall 112 of thee process chamber 110 and the 
quartZ WindoW 120 together de?ne a process space for 
applying a thermal process to a target object W. A support 
ring 150 and a support part connected to the support ring are 
situated in the process space. The target object W such as a 
semiconductor Wafer is placed on the support ring 150. The 
gas introducing part 180 and the exhaust part 190 are 
connected to the sideWall 112 of the process chamber 110. 
The process space is maintained at a negative pressure 
environment by being evacuated through the exhaust part 
190. It should be noted that a gate valve through Which the 
target object W is transported is omitted in FIG. 1. 

[0057] A bottom part 114 of the process chamber 110 is 
connected to cooling pipes 116a and 116b (hereinafter, 
simple referred as cooling pipe 116) so that eh bottom part 
114 can serve as a cooling plate. If necessary, a temperature 
control arrangement may be provided to the cooling plate 
114. The temperature control arrangement may comprise a 
control unit 300, a temperature sensor and a heater, and 
cooling Water is supplied thereto from a Water source such 
as a Water line. Instead of cooling Water, other kinds of 
coolant such as alcohol, gulden or chloro?uorocarbon may 
be used. As for the temperature, a knoWn sensor such as a 
PTC thermistor, an infrared sensor or a thermocouple can be 
used. The heater may be a heater Wire Wound on a periphery 
of the cooling pipe 116 so that a temperature of Water 
?oWing through the cooling pipe 116 is adjusted by con 
trolling a current supplied to the heater Wire. 

[0058] The quartZ WindoW 120 is mounted to the process 
chamber 110 in airtight manner so as to maintain the 
pressure difference betWeen the negative pressure in the 
process chamber 110 and an atmosphere While transmitting 
a heat radiation light projected from the lamp 130. As shoWn 
in FIGS. 2 and 3, the quartZ WindoW 120 comprises a 
circular quartZ plate 121 and ribs 122. The quartZ plate 121 
has a radius of about 400 mm and a thickness of about 2 mm 
to 6 mm. The thickness of the quartZ plate is preferably equal 
to or less than 10 mm so as to reduce the overall thickness 

of the quartZ WindoW 120. FIG. 2 is a plan vieW of the quartZ 
WindoW 120. FIG. 3 is an enlarged cross-sectional vieW of 
the quartZ WindoW 120 With the lamps 130 and the re?ector 
140. 



US 2001/0034004 A1 

[0059] The ribs 122 include circumferential ribs 124 and 
radial ribs 126. Each of the circumferential ribs 124 extends 
in a circumferential direction so as to reinforce the quartZ 
WindoW 120 in the circumferential direction. Each of the 
radial ribs 126 eXtends in a radial direction so as to reinforce 

the quartZ WindoW 120 in the radial direction. Air passages 
128 are formed at predetermined positions of the circum 
ferential ribs 124 so as to supply cooling air for cooling the 
quartZ WindoW 120 and the lamps 130. The thickness of each 
of the circumferential ribs 124 and the radial ribs 126 is 
preferably equal to or less than 10 mm, and more preferably 
2 mm to 6 mm. The height of each of the circumferential ribs 
124 and the radial ribs 126 is preferably equal to or greater 
than 15 mm. Although the ribs 124 and 126 face the lamps 
130 in the present embodiment, the ribs 124 and 126 may be 
provided on the side of quartZ WindoW 120 opposite to the 
lamps 130, or may be provided both sides of the quartZ 
WindoW 120. 

[0060] Since the quartZ plate 121 is reinforced by the ribs 
122, the quarts plate 121 is not required to be bent in a 
direction aWay from the process chamber 110. That is, the 
quartZ plate 121 can be a ?at shape. As a result, the quartZ 
plate 121 can be more easily produced than a conventional 
quarts plate. In the present embodiment, the ribs 122 are 
integrally formed With the quartZ plate 121. HoWever, the 
ribs 122 may be Welded to the quartZ plate 121. 

[0061] As mentioned above, since the thickness of the 
quartZ plate 121 is equal to or less than 10 mm and the height 
of the ribs 122 are also equal to or less than 10 mm, 
preferably 2 mm to 6 mm, the overall thickness of the quartZ 
WindoW 120 is less than the thickness of a conventional 
quartZ WindoW Which is about several ten millimeters (about 
30 mm to 40 As a result, the quartZ WindoW 120 has 
an advantage over the conventional quartZ WindoW in that an 
amount of light projected by the lamps 130 absorbed by the 
quartZ WindoW 120 is small. Thus, the quartZ WindoW 120 
has the folloWing advantages. 

[0062] First, the a rapid temperature increase can be 
achieved With a reduced poWer consumption since the 
irradiation ef?ciency of the light projected from the lamps 13 
to the target object is improved. Second, the quartZ WindoW 
120 is hardly broken since the temperature difference (that 
is, a difference in thermal stress) betWeen the top and bottom 
surfaces thereof can be maintained less than that of the 
conventional quartZ plate. This effect is also provided to the 
ribs 122. Third, a ?lm or a by-product material is prevented 
from being deposited on the quartZ WindoW 120 since the 
temperature of the quartZ WindoW 120 is loWer than the 
conventional quartZ WindoW. Accordingly, the temperature 
repeatability is maintained, and a frequency of cleaning 
operations for the process chamber 110 can be reduced. 

[0063] Each of the lamps 130 can be a double end type a 
single end type. The lamps 130 may be replaced by electric 
Wire heaters or other heat radiating sources. FIG. 4 is an 
illustration of the double end type lamp 130 Which has tWo 
opposite end electrodes 132. The single end type lamp has 
a shape similar to a light bulb having a single end electrode. 
The lamps 130 serve as a heat source for heating the target 
object. The lamps 130 can be halogen lamps in the present 
embodiment, but not limited to the halogen lamps. The 
output of each of the lamps 130 is determined by a lamp 
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driver 310, Which is controlled by the control unit 300, as 
described later, so as to supply an appropriate poWer to each 
of the lamps 130. 

[0064] As shoWn in FIG. 4, each of the lamps 130 has the 
tWo opposite end electrodes 132 and a lamp house 134. The 
lamp house 134 has a ?lament connected to the tWo elec 
trodes 132. The poWer supplied to the electrodes 132 is 
determined by the lamp driver 310 Which is controlled by the 
control unit 300. A part betWeen the each of the electrodes 
132 and the lamp driver 310 is sealed by a seal part 136 as 
described later. 

[0065] As shoWn in FIG. 4, the lamp house 134 comprises 
an arc-like horiZontal part 134b and tWo vertical part 134a 
extending from opposite ends of the horiZontal part 134b in 
a direction perpendicular to the horiZontal part 134b. The 
length of the horiZontal part 134b is determined so that the 
horiZontal part 134b can be accommodated betWeen the 
adjacent circumferential ribs 124 forming concentric circles 
and betWeen the radial ribs 126. HoWever, each of the lamps 
130 does not alWays completely cover the space betWeen the 
adjacent radial ribs 126, and the lamps 130 can be arranged 
With a predetermined interval. 

[0066] Accordingly, in the present embodiment, the lamps 
130 are concentrically arranged in response to the circular 
target object W. When vieWed along a circumferential 
direction of the quartZ WindoW 120, a plurality of lamps 130 
each having an ark-like shape and having the same radius 
With respect to the center of the quartZ WindoW 120 are 
arranged. On the other hand, When vieWed along a radial 
direction, a plurality of lamps 130 having different radiuses 
are arranged. 

[0067] The present invention doe not eXcludes the use of 
a double end type lamp having a straight horiZontal part. 
When such a double end type lamp having a straight 
horiZontal part is used, the shapes of the ribs 122 may be 
changed so that the lamps can be accommodated. HoWever, 
the lamps 130 according to the present embodiment is 
superior to the double end type lamp having a straight 
horiZontal part since the double end type lamp having a 
straight horiZontal part covers a Wide area of the target 
object W and is positioned to traverse the surface of the 
target object W. That is, the double end type lamp having a 
straight horiZontal part has a loWer directivity, and is difficult 
to perform a control on an individual area basis. On the other 
hand, since the lamps 130 according to the present embodi 
ment are arranged substantially in a concentric manner, the 
temperature control on an individual area basis can be easily 
achieved, thereby providing a good directivity. Thus, a direct 
projection onto the target object W can be ef?ciently per 
formed. 

[0068] The re?ector 140 has a function to re?ect the heart 
radiation light of the lamps 130. The re?ector 140 has a 
plurality of vertical holes 142 into Which the vertical parts 
134 of the lamps 130 are inserted. Additionally, the re?ector 
140 has a plurality of concentrically arranged horiZontal 
grooves 144 on the bottom thereof so as to accommodate the 
horiZontal parts 134b of the lamps 130. A cooling pipe (not 
shoWn in the ?gure) is provided on or in the top portion of 
the re?ector 140. As shoWn in FIG. 3, the re?ector 140 has 
horiZontal parts 145 that face the respective ribs 122 of the 
quartZ WindoW 120. 

[0069] FIG. 5 is an illustrative cross-sectional vieW of a 
part of the re?ector 140 With the quartZ WindoW 120 and the 
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lamps 130 for explaining an in?uence of the light projected 
from the lamps 130. According to the re?ector 140, the 
length of an optical path 2 Within the rib 122 is longer than 
the length of an optical path 1 Within the quartz plate 121. 
Accordingly, the rib 122 absorbs more heat than the quartz 
plate 121. Thus, there is a difference in temperature betWeen 
the quartZ plate 121 and the ribs 122, and a crack may occur 
in a connecting portion 123 betWeen the quartZ plate 121 and 
the ribs 122 due to a difference in thermal expansion 
betWeen the quartZ plate 121 and the ribs 122. Such a 
problem may be solved by adjusting the thickness of the ribs 
122. Alternatively, such a problem can be solved by using a 
re?ector 140A shoWn in FIG. 6. 

[0070] FIG. 6 is an enlarged cross-sectional vieW of a part 
of the re?ector 140A. The re?ector 140A is different from 
the re?ector 140 in that the re?ector 140A has grooves 
144A, Which are deeper than the grooves 144, thereby 
forming extending parts 147 that extend toWard the quartZ 
plate 121. A slit or groove 146 is formed in each of the 
extending parts 147 so as to accommodate a respective one 
of the ribs 122. According to the re?ector 140A, the light 
projected from the lamps 130 is prevented from being 
directly incident on the ribs 122 since the ribs 122 are 
inserted into the respective grooves 146. Additionally, the 
structure of the re?ector 140A has an advantage that the 
quartZ WindoW 120 is prevented from being deformed and 
broken due to an atmospheric pressure When a vacuum is 
formed in the process chamber 110 since the ribs 122 of the 
quartZ WindoW 120 are brought into contact With inner Walls 
of grooves 146 When the quartZ WindoW 120 is deformed as 
shoWn in FIG. 7. FIG. 7 is an enlarged cross-sectional vieW 
of the re?ector With the quartZ WindoW 120 being deformed 
by a pressure exerted on the quartZ WindoW 120. It should 
be noted that the re?ector may have protrusions to support 
the ribs 122 so as to strengthen the quartZ WindoW 120. 

[0071] A description Will noW be given, With reference to 
FIGS. 8 and 9, of a relationship betWeen the air passages 
128 and the sealing parts 136. FIG. 8 is a plan vieW of the 
quartZ WindoW 120 With lamps 130 arranged betWeen the 
ribs 122. FIG. 9 is an enlarged cross-sectional vieW of a part 
of the structure shoWn in FIG. 8. 

[0072] Cooling air passes through the air passages 128 as 
shoWn in FIG. 8. Circles shoWn in FIG. 8 indicate positions 
of the sealing parts 136 of the lamps 130. An electric poWer 
is supplied to each of the lamps 130 through the electrode 
132 and the sealing part 136 provided in the vertical part 
134a of the lamp house 134. The electrode 132 and the 
sealing part 136 are positioned Within a through hole 142 
formed in the re?ector 140A. The cooling air passes through 
the through hole 142 so as to effectively cool the sealing part 
136. It should be noted that a cooling air introducing means 
is not indicated in FIG. 1. 

[0073] In the present embodiment, the double end type 
lamps 130 may be replaced by single end type lamps as 
shoWn in FIGS. 10 and 11. FIG. 10 is a cross-sectional vieW 
of a part of the re?ector 140A With the double end type 
lamps 130 being replaced by single end type lamps 130A. 
FIG. 11 is a plan vieW of the re?ector 140A With the double 
end type lamps 130 being replaced by the single end type 
lamps 130A. The single end type lamps 130A provide a good 
directivity and controllability of the heat radiation light. 

[0074] A description Will noW be given, With reference to 
FIG. 12, of a variation of the structure including the quartZ 
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WindoW 120 and the re?ector 140. FIG. 12 is an enlarged 
cross-sectional vieW of a structure including a part of a 
quartZ WindoW 120A and a part of a re?ector 140B. 

[0075] Similar to the re?ector 140A, the re?ector 140B 
has grooves 144A, Which accommodate the respective 
lamps 130. The re?ector 140A also has the extending parts 
147 that extend toWard the quartZ plate 121 of the quartZ 
WindoW 120A. 

[0076] Different from the ribs 122 of the quartZ WindoW 
120, ribs 122A of the quartZ WindoW 120A protrude into the 
respective grooves 144A. Accordingly, each of the extend 
ing parts 147 of the re?ector 140B is positioned betWeen the 
adjacent ones of the ribs 122A. 

[0077] A description Will noW be given, With reference to 
FIGS. 13 and 14, of the radiation thermometer 200 shoWn 
in FIG. 1. FIG. 13 is an enlarged cross-sectional vieW of the 
radiation thermometer 200 and a part near the radiation 
thermometer 200. FIG. 14 is an illustrative plan vieW of a 
chopper 230 of the radiation thermometer 200. The radiation 
thermometer 200 is provided on the side opposite to the 
lamps 130 With respect to the target object W. The present 
invention does not exclude a structure in Which the radiation 
thermometer 200 and the lamps 130 are provided on the 
same side With respect to the target object W. HoWever, it is 
preferable that the light projected from the lamps 130 is 
prevented from being incident on the radiation thermometer 
200. 

[0078] The radiation thermometer 200 is mounted on a 
bottom part 114 of the process chamber 110. A surface 114a 
of the bottom part 114 of the process chamber 110 is 
provided With gold plating or the like so that the surface 
114a serves as a re?ecting surface (high-re?ectance sur 
face). If the surface 114a is a loW-re?ectance surface such as 
a black surface, the surface 144a absorbs heat radiated by 
the target object W, Which renders an output of the lamps 
130 being undesirably increased. The radiation thermometer 
200 comprises a rod 210, a casing 220, a chopper or sector 
230, a motor 240, a lens 250, an optical ?ber 260 and a 
radiation detector 270. The rod 210 is inserted into a 
cylindrical through hole 115 formed in the bottom part 114 
of the process chamber 110. 

[0079] In the present embodiment, the rod 210 is made of 
sapphire or quartZ. Sapphire or QuartZ is used because of its 
good heat resistance and good optical characteristic as 
described later. HoWever, the rod 210 is not limited to the 
sapphire or quartZ. Since the rod 210 has a good heat 
resistance, there is no need to provide a cooling arrangement 
to cool the rod 210, Which contributes miniaturiZation of the 
apparatus 100. 

[0080] The rod 210 may be projected by a predetermined 
distance toWard an interior of the process chamber 110, if 
necessary. Rod 210 is inserted into the through hole 115 
provided in the bottom part 114 of the process chamber 110, 
and sealed by an O-ring 190. Thereby, the process chamber 
110 can be maintained at a negative pressure although the 
through hole 115 is formed in the bottom part 114 of the 
process chamber 110. 

[0081] The rod 210 can contain the heat radiation light 
incident thereon, and guides the heat radiation light to the 
casing 230 With less attenuation. Accordingly, the rod 210 
has a superior light gathering efficiency. Additionally, the 
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rod 210 enables a multiple re?ection of the radiation light 
betWeen a high-re?ectance surface 232 of the chopper 230 
and the target object W. The temperature of the target object 
W can be accurately measured by positioning the rod 210 
close to the target object W. 

[0082] The rod 210 enables separation of the casing 220 
from the target object W. Thus, the rod 210 can omit a 
cooling arrangement to cool the casing 220, and contributes 
to miniaturiZation of the apparatus 100. If the cooling 
arrangement to cool the casing 220 is provided, the rod 210 
can minimize a poWer supplied to the cooling arrangement 
of the rod 210. 

[0083] The rod 210 according to the present embodiment 
can be made of quartZ or sapphire With a multi-core optical 
?ber. In such a case, the multi-core optical ?ber is provided 
betWeen the quartZ or sapphire rod and the chopper 230. 
Thereby, the rod 210 is provided With ?exibility, Which 
increases a freedom in positioning the radiation thermometer 
200. Additionally, since a main body or the casing 220 of the 
radiation thermometer 200 can be separated from the target 
object W, each part of the radiation thermometer 200 is 
prevented from being deformed sue to in?uence of the 
temperature of the target object W, thereby maintaining an 
accurate measurement of the temperature of the target object 
W. 

[0084] The casing 220 has a substantially cylindrical 
shape, and is provided on the bottom part 114 so as to cover 
the through hole 115. 

[0085] The chopper 230 has a disk-like shape, and is 
positioned vertically so that a part of the chopper 230 is 
positioned under the through hole 115 Within the casing 220. 
The chopper 230 is connected to a rotation axis of the motor 
240 at the center thereof so as to be rotated by the motor 240. 
The surface of the chopper 230 is divided into four equal 
parts including tWo high-re?ectance surfaces 232 and tWo 
loW-re?ectance surfaces 234. The surfaces 232 and 234 are 
alternatively arranged, and each of the surfaces 232 and 234 
has a slit 231. The high-re?ectance surfaces 232 are formed, 
for example, by aluminum or gold plating. The loW-re?ec 
tance surfaces 234 are formed, for example, by black paint 
ing. Each of the high-re?ectance surfaces 232 has a mea 
surement area 232a corresponding to the slit 231 and a 
measurement area 232b other than the slit 231. Similarly, 
each of the loW-re?ectance surfaces 234 has a measurement 
area 234a corresponding to the slit 231 and a measurement 
area 234b other than the slit 231. 

[0086] The chopper 230 may have a structure other than 
the structure shoWn in FIG. 14. For example, the chopper 
may have a semicircular high-re?ectance surface With the 
slit 231. Alternatively, the chopper may be divided into four 
or six equal parts With the high-re?ectance surface With the 
slits 231 and notch portions arranged alternately. The slit 
may 231 be provided only to the high-re?ectance surfaces. 

[0087] When the chopper 230 is rotated by the motor 240, 
the high-re?ectance surface 232 and the loW-re?ectance 
surface 234 alternately appear under the rod 210. When the 
high-re?ectance surface 232 is positioned under the rod 210, 
a large par of the light propagated through the rod 210 is 
re?ected by the high-re?ectance surface 232, and propagates 
again through the rod 210 and projected onto the target 
object W. On the other hand, When the loW-re?ectance 
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surface 234 is positioned under the rod 210, a large part of 
the light propagates through the rod 210 is absorbed by the 
loW-re?ectance surface 234. Thus, a very small amount of 
light is re?ected by the loW-re?ectance surface 234. The slits 
231 guide the radiation light from the target object W or 
multi-re?ected light to the detector 270. 

[0088] The detector 270 comprises an image forming lens 
(not shoWn in the ?gure), Si-photocell and ampli?cation 
circuit. The radiation light incident on the image forming 
lens is supplied to the control unit 300 after converting into 
an electric signal representing radiation intensities E1(T) and 
E2(T) as described later. The control unit 300 has a CPU and 
a memory so as to calculate the emissivity e and the 
temperature T of the target object W in accordance With the 
radiation intensities E1(T) and E2(T). It should be noted that 
the calculation can be performed by an arithmetic unit (not 
shoWn in the ?gure) of the radiation thermometer 200. 

[0089] More speci?cally, the light passed through the slit 
231 is gathered by the lens 250, and is transmitted to the 
detector 270 by the optical ?ber 260. The radiation inten 
sities at the high-re?ectance surface 232 and the loW 
re?ectance surface 234 are represented by the folloWing 
equations (2) and (4), respectively. 

[0090] Where, E1(T) is a radiation intensity of the 
high-re?ectance surface 232 at the temperature T 
obtained by the detector 270; R is an effective 
re?ectance of the high-re?ectance surface 232; e is a 
re?ectance of the target object W; and EBB(T) is a 
radiation intensity of a black body at the temperature 
T. The equation (2) is obtained by the folloWing 
equation It is assumed that the target object W 
had no heat radiation. 

[0091] Where, E2(T) is a radiation intensity of the 
loW-re?ectance surface 234 at the temperature T 
obtained by the detector 270. The equation (49 is 
obtained from the prank Planck’s laW. The emissivity 
e is represented by the folloWing equation 

e=[E2(7)/E1(7)+R-1]/R (5) 
[0092] Generally, spectral concentration of a radiant emit 
tance of an electromagnetic Wave radiated by a black body 
can be given by the prank Planck’s laW. When the radiation 
thermometer 200 measures a temperature of a black body, 
the relationship betWeen the temperature T of the black body 
and the radiation intensity EBB(T) can be represented by the 
folloWing equation (6) and (7) by using constants A, B and 
C Which are determined by an optical system of the radiation 
thermometer 200. 

T=C2/A[InC—1nEBB(T)]—R/A (7) 
[0093] Where, C2 is a second constant of radiation. 

[0094] The detector 270 or the control unit 300 can obtain 
the radiation intensity EBB(T), and thereby the temperature 
T can be obtained by entering the radiation intensity EBB(T) 
in the equation Thus, the control unit 300 can obtain the 
temperature T of the target object W. 










