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(57) ABSTRACT 

A single-substrate-heat-processing method performs a ref 
orrnation process for a tantalum oxide ?lrn on a Wafer and 
a crystallization process for this ?lrn in this order. In the 
reformation process and crystallization process, a heater is 
set at preset ternperatures substantially equal to each other, 
and a pressure in a process chamber is set at ?rst and second 
process pressures different from each other. A density of a 
gas present betWeen a support surface and the Wafer is 
changed by using the pressure in the process chamber as a 
parameter, and thus a heat transfer rate betWeen the support 
surface and Wafer is changed, thereby setting a Wafer 
temperature at ?rst and second process ternperatures differ 
ent from each other. 
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SINGLE-SUBSTRATE-HEAT-PROCESSING 
APPARATUS AND METHOD FOR 
SEMICONDUCTOR PROCESS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 2000-219822, ?led Jul. 19, 2000, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a single-substrate 
heat-processing apparatus and method for a semiconductor 
process, Which perform a process such as annealing, ?lm 
formation, etching, oxidation, or diffusion. The term “semi 
conductor process” used herein includes various kinds of 
processes Which are performed to manufacture a semicon 
ductor device or a structure having Wiring layers, electrodes, 
and the like to be connected to a semiconductor device, on 
a target substrate, such as a semiconductor Wafer or an LCD 
substrate, by forming semiconductor layers, insulating lay 
ers, and conductive layers in predetermined patterns on the 
target substrate. 

[0004] 2. Description of the Related Art 

[0005] In the process of manufacturing semiconductor 
devices, several types of heat-processing apparatuses are 
used for subjecting target substrates, such as semiconductor 
Wafers, to a semiconductor process, such as annealing, ?lm 
formation, etching, oxidation, or diffusion. A single-sub 
strate-heat-processing apparatus, Which handles Wafers one 
by one, is knoWn as one of these heat-processing appara 
tuses. The single-substrate-heat-processing apparatus alloWs 
a heat process to be relatively easily performed With a high 
planer uniformity on a Wafer, even When the heat process 
requires the process temperature to be raised and loWered 
quickly. For this reason, the single-substrate-heat-processing 
apparatus has become popular, as the siZe of Wafers has been 
larger, and the siZe of semiconductor devices has been 
smaller. 

[0006] The process conditions, e.g., a process gas, a pro 
cess temperature, and a process pressure, employed in the 
single-substrate-heat-processing apparatus largely change 
depending on the processing steps. For eXample, When a 
tantalum oXide ?lm (TaZOS), Which recently attracts atten 
tion as a ?lm With good insulating characteristics, is to be 
formed, heat-processing is performed in deposition, refor 
mation, and crystalliZation of the ?lm, and different process 
conditions are respectively employed in these processing 
steps. 

[0007] In the manufacture of semiconductor devices, an 
increase in throughput is an important object in order to 
increase the mass productivity. As the cost necessary for 
maintaining the heat-processing apparatus is very high, it is 
required to reduce the number of units to be installed as 
small as possible. Under these circumstances, it has been 
proposed to perform similar processing steps, e.g., reforma 
tion and crystalliZation described above, continuously in a 
single heat-processing apparatus. Sometimes, hoWever, the 
tWo processing steps have largely different process tempera 
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tures, like the processing steps of reformation and crystal 
liZation do. In this case, it takes time to change, particularly 
to increase, the temperature of the Wafer. This decreases the 
throughput. 

[0008] As a single-substrate-heat-processing apparatus, 
one With a structure that uses a heating lamp disposed under 
the Worktable as a Wafer heating source is knoWn. This 
structure is advantageous in that it can increase the Wafer 
temperature increase speed, While it is disadvantageous in 
that the WindoW for transmitting light from the lamp there 
through is fogged from inside to likely decrease the heat 
ef?ciency and planar uniformity of heating. Therefore, 
depending on the contents of the process, an apparatus of 
this type is not appropriate as a mass-production apparatus. 

[0009] In the most general single-substrate-heat-process 
ing apparatus, a resistance heater disposed in the Worktable 
is used as a Wafer heating source. This structure is advan 
tageous in that it can perform stable heating, While it is 
disadvantageous in that the Wafer temperature increase rate 
decreases. In other Words, it takes a comparatively long 
period of time since the amount of poWer to be supplied to 
the resistance heater is increased until the Worktable and 
Wafer reach a desired temperature. 

BRIEF SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide a 
single-substrate-heat-processing apparatus and method for a 
semiconductor process, Which can perform a plurality of, 
e.g., tWo, processes With different process temperatures 
continuously and quickly. 

[0011] According to a ?rst aspect of the present invention, 
there is provided a processing method in a single-substrate 
heat-processing apparatus for a semiconductor process, the 
apparatus including a hermetic process chamber, a Work 
table With a support surface Where a target substrate is to be 
placed in the process chamber, and a heater disposed to heat 
the target substrate through the support surface, the method 
comprising the steps of: 

[0012] placing the target substrate on the support surface; 

[0013] subjecting the target substrate to a ?rst process at a 
?rst process temperature and a ?rst process pressure While 
heating the target substrate on the support surface With the 
heater; and 

[0014] subjecting the target substrate to a second process 
at a second process temperature and a second process 
pressure While heating the target substrate on the support 
surface With the heater, the ?rst and second process pres 
sures being different from each other and the ?rst and second 
process temperatures being different from each other, 

[0015] Wherein in the ?rst and second processes, the 
heater is set at preset temperatures substantially equal to 
each other, and a pressure in the process chamber is set at the 
?rst and second process pressures, such that a density of a 
gas present betWeen the support surface and the target 
substrate is changed by using the pressure in the process 
chamber as a parameter, and thus a heat transfer rate 
betWeen the support surface and the target substrate is 
changed, thereby setting the target substrate at the ?rst and 
second process temperatures. 
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[0016] According to a second aspect of the present inven 
tion, there is provided a processing method of performing a 
?rst process of reforming a metal oXide ?lm on a target 
substrate and a second process of crystalliZing the metal 
oXide in this order, in a single-substrate-heat-processing 
apparatus for a semiconductor process, the apparatus includ 
ing a hermetic process chamber, a Worktable With a support 
surface Where the target substrate is to be placed in the 
process chamber, and a heater disposed to heat the target 
substrate through the support surface, the method compris 
ing the steps of: 

[0017] placing the target substrate on the support surface; 

[0018] subjecting the target substrate to the ?rst process at 
a ?rst process temperature and a ?rst process pressure While 
heating the target substrate on the support surface With the 
heater; and 

[0019] subjecting the target substrate to the second process 
at a second process temperature and a second process 
pressure While heating the target substrate on the support 
surface With the heater, the second process pressure being 
higher than the ?rst process pressure, and the second process 
temperature being higher than the ?rst process temperature, 

[0020] Wherein in the ?rst and second processes, the 
heater is set at preset temperatures substantially equal to 
each other, and a pressure in the process chamber is set at the 
?rst and second process pressures, such that a density of a 
gas present betWeen the support surface and the target 
substrate is changed by using the pressure in the process 
chamber as a parameter, and thus a heat transfer rate 
betWeen the support surface and the target substrate is 
changed, thereby setting the target substrate at the ?rst and 
second process temperatures. 

[0021] According to a third aspect of the present inven 
tion, there is provided a single-substrate-heat-processing 
apparatus for a semiconductor process, comprising: 

[0022] a hermetic process chamber; 

[0023] a Worktable With a support surface Where a 
target substrate is to be placed in the process cham 
ber; 

[0024] a heater disposed to heat the target substrate 
through the support surface; 

[0025] a gas supply system for supplying a process 
gas into the process chamber; 

[0026] a gas eXhaust system for vacuum-exhausting 
an interior of the process chamber; and 

[0027] a controller for controlling the apparatus, the 
controller being adapted to set the heater at preset 
temperatures substantially equal to each other, and to 
set a pressure in the process chamber at ?rst and 
second process pressures different from each other, 
such that a density of a gas present betWeen the 
support surface and the target substrate is changed by 
using the pressure in the process chamber as a 
parameter, and thus a heat transfer rate betWeen the 
support surface and the target substrate is changed, 
thereby setting the target substrate on the Worktable 
at ?rst and second process temperatures different 
from each other. 
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[0028] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0029] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently embodiments of the invention, and together With 
the general description given above and the detailed descrip 
tion of the embodiments given beloW, serve to eXplain the 
principles of the invention. 

[0030] FIG. 1 is a sectional vieW shoWing a single 
substrate-heat-processing apparatus according to an embodi 
ment of the present invention; 

[0031] FIG. 2 is a graph shoWing the relationship betWeen 
the pressure in a process chamber and the temperature of a 
semiconductor Wafer itself in the apparatus shoWn in FIG. 
1; 

[0032] FIG. 3 is a graph shoWing the relationship among 
the pressure in a process chamber, the Wafer temperature, 
and the Worktable temperature (i.e., heater preset tempera 
ture) in a single-substrate-heat-processing method according 
to an embodiment of the present invention; 

[0033] FIG. 4 is a How chart shoWing this heat-processing 
method; and 

[0034] FIG. 5 is a sectional vieW of the apparatus, for 
explaining a single-substrate-heat-processing method 
according to another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] The preferred embodiments of the present inven 
tion Will be described With reference to the accompanying 
draWing. In the folloWing description, the constituent ele 
ments having substantially the same functions and arrange 
ments are denoted by the same reference numerals, and a 
repetitive explanation Will be made only When it is neces 
sary. 

[0036] FIG. 1 is a sectional vieW shoWing a single 
substrate-heat-processing apparatus according to an embodi 
ment of the present invention. This heat-processing appara 
tus 2 is constituted to reform a metal oXide ?lm such as a 
tantalum oXide ?lm (Ta2O5) at a ?rst temperature and to 
consecutively crystalliZe it at a second temperature higher 
than the ?rst temperature. The operation of the heat-pro 
cessing apparatus 2 is controlled by a CPU 5. 

[0037] As shoWn in FIG. 1, for eXample, the heat-pro 
cessing apparatus 2 has a process chamber 4 made of 
aluminum and With a substantially circular inner section. A 
ring-like shoWerhead 6 made of quartZ is disposed at the 
ceiling in the process chamber 4 in order to introduce a 
necessary process gas. Anumber of gas spouting holes 8 are 
formed in the loWer surface of the shoWerhead 6, so that the 
process gas is spouted toWard a process space S. 
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[0038] The ceiling of the process chamber 4 has a large 
opening 10. For example, a transmission WindoW 12 made 
of a quartz plate transparent to ultraviolet rays is hermeti 
cally attached to the opening 10 through a seal member 14 
such as an O-ring. Alamp chamber 18 covered With a casing 
16 is disposed above the transmission WindoW 12. A plu 
rality of ultraviolet lamps 20 are disposed in the lamp 
chamber 18. Ultraviolet rays UV emitted from the ultraviolet 
lamps 20 are introduced into the process space S through the 
transmission WindoW 12. 

[0039] Aport 22, through Which a semiconductor Wafer W 
as a target substrate is to be loaded in/unloaded from the 
process chamber 4, is formed in a sideWall 4A of the process 
chamber 4. A gate valve 24, Which is hermetically openable/ 
closeable, is disposed in the port 22. The process chamber 4 
is temperature-controlled by a temperature control medium 
(not shoWn). 
[0040] A gas trap space 26 is formed in a bottom portion 
4B of the process chamber 4. More speci?cally, the bottom 
portion 4B has a large opening 28 at its central portion. A 
bottomed cylindrical Wall 30 is connected to the opening 28 
to extend doWnWard, and the space 26 is formed in it. A 
cylindrical column 32, for example, stands upright from a 
bottom portion 30Aof the cylindrical Wall 30 that de?nes the 
space 26. 

[0041] A disk-like Worktable 34 is ?xed to the upper end 
of the column 32, and the Wafer W is placed on a support 
surface 34a as the upper surface of the Worktable 34. The 
Worktable 34 is formed of a sintered ceramic table body 
made of, e.g., AlN. For example, the Worktable 34 has, as a 
heater for heating the Wafer W through the support surface 
34a, a resistance heater 36 With a predetermined pattern and 
buried in the table body. The resistance heater 36 is con 
nected to a feeder 37 disposed in the column 32, so a 
level-controlled poWer is supplied to the resistance heater 
36. 

[0042] The Worktable 34 has a plurality of holes 38 
vertically extending through it. Lifter pins 42 made of, e.g., 
quartZ are respectively loosely inserted in the holes 38, With 
loWer ends commonly connected to a connection ring 40. 
The lifter pins 42 serve as an assistant mechanism Which 
assists loading/unloading of the Wafer W on/from the Work 
table 34 With an external transfer arm. 

[0043] The connection ring 40 for supporting the lifter 
pins 42 is vertically driven by a lever 44. The lever 44 is 
connected to a piston rod 48 of an air cylinder 46 provided 
to the loWer surface of the bottom portion 4B. The lifter pins 
42 project upWard from the upper ends of the corresponding 
holes 38 When transferring the Wafer W. A belloWs 50 is 
interposed betWeen the air cylinder 46 and the loWer surface 
of the bottom portion 4B. The piston rod 48 is vertically 
moved While the hermeticity in the process chamber 4 is 
maintained by the belloWs 50. 

[0044] The diameter of the opening at the inlet of the gas 
trap space 26 is smaller than that of the Worktable 34. Hence, 
the process gas ?oWing doWnWard outside the periphery of 
the Worktable 34 goes under the Worktable 34 to How into 
the space 26. An exhaust port 52 is formed in the loWer 
portion of the cylindrical Wall 30. The exhaust port 52 is 
connected to a vacuum pump (not shoWn) through an 
exhaust pipe 54 in order to evacuate the atmospheres in the 
process chamber 4 and space 26. 
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[0045] A pressure adjustment valve 56, Whose opening 
ratio is adjustable, is disposed midWay along the exhaust 
pipe 54. The opening ratio of the pressure adjustment valve 
56 is adjusted under the control of the CPU 5, so that the 
pressure in the process chamber 4 can be maintained at a 
constant value or can be quickly changed to a predetermined 
pressure. 

[0046] HoW to set the process temperature for the Wafer W 
in the apparatus 2 shoWn in FIG. 1 Will be described. 

[0047] Since a gap is present betWeen the support surface 
34a of the Worktable 34 and the Wafer W above it, a heat 
resistance exists betWeen them depending on the state of the 
gap. When the Wafer W is to be heated through the support 
surface 34a, the temperature (process temperature) for the 
Wafer W is alWays loWer than the temperature of the 
Worktable 34 (to be also referred to as the preset temperature 
of the resistance heater 36 in the folloWing description). 
Since the gas present betWeen the support surface 34a and 
Wafer W serves as a heat transfer medium, the heat transfer 
rate betWeen them changes depending on the density of the 
gas. When the density of the gas betWeen the support surface 
34a and Wafer W is increased, the heat transfer rate betWeen 
them increases, and When the density of the gas is decreased, 
the heat transfer rate decreases. In other Words, When the 
pressure in the process chamber 4 is high, the density of the 
gas and accordingly the heat transfer rate increase, and When 
the pressure in the process chamber 4 is loW, the density of 
the gas and accordingly the heat transfer rate decrease. 

[0048] In the apparatus 2 shoWn in FIG. 1, in setting the 
Wafer W on the Worktable 34 at the ?rst and second process 
temperatures different from each other by utiliZing this 
phenomenon, the CPU 5 sets the resistance heater 36 at 
temperatures substantially equal to each other, and the 
interior of the process chamber 4 at the ?rst and second 
process pressures different from each other. When the tem 
perature is to be directly shifted betWeen the ?rst and second 
process temperatures, the resistance heater 36 is maintained 
at substantially a constant preset temperature, While the 
pressure in the process chamber 4 is changed betWeen the 
?rst and second process pressures. More speci?cally, the 
density of the gas present betWeen the support surface 34a 
and Wafer W is changed by using the pressure in the process 
chamber 4 as a parameter, thereby changing the heat transfer 
rate betWeen the support surface 34a and Wafer W. Thus, the 
temperature of the Wafer W can be quickly changed betWeen 
the ?rst and second process temperatures. 

[0049] For example, in order to apply this temperature 
control to a heat-processing method of reforming and fur 
thermore crystalliZing the tantalum oxide ?lm (metal oxide 
?lm) formed on the semiconductor Wafer W, assume a case 
Wherein the temperature of the Wafer W is to be changed 
from about 720° C. to about 747° C., as Will be described 
later. In this case, When the temperature is increased by the 
resistance heater 36 in the Worktable 34 at 6° C./min, With 
Which the planar uniformity of the temperature of the Wafer 
W can be obtained, in accordance With the conventional 
speci?cation, it takes about 5 min for this temperature 
increase. In contrast to this, When the temperature of the 
Wafer W is changed by using the pressure in the process 
chamber 4 as the parameter, this temperature increase can be 
performed in several seconds. 

[0050] FIG. 2 is a graph shoWing the relationship betWeen 
the pressure in the process chamber 4 and the temperature of 
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the semiconductor Wafer W itself in the apparatus 2 shown 
in FIG. 1. The data in FIG. 2 Were obtained from an 
experiment With the following conditions. The temperature 
of the Worktable 34 (preset temperature of the resistance 
heater 36) Was ?xed to 898° C. As an inert gas, N2 gas Was 
supplied into the process chamber 4 at a How rate of 10 
L/min. As shoWn in FIG. 2, the pressure in the process 
chamber 4 Was changed from about 665 Pa (5 Torr) to about 
3,990 Pa (30 Torr). As a result, in spite that the temperature 
of the Worktable 34 Was constant, the temperature of the 
Wafer W changed from about 720° C. to about 747° C. 

[0051] In FIG. 2, 730° C. is the crystallization tempera 
ture of the tantalum oxide ?lm (TaZOS). The tantalum oxide 
?lm can be almost crystallized by annealing it at 730° C. for 
at least about 2 min. As described above, While the Wafer 
temperature changes from about 720° C. to about 747° C., 
the tantalum oxide ?lm experiences 730° C., Which is its 
crystallization temperature. Therefore, if the reformation 
process is performed under a process pressure of, e.g., about 
665 Pa and then the pressure in the process chamber is 
increased so the crystallization process is performed under a 
process pressure of, e.g., about 3,990 Pa, tWo heat-process 
ing processes at different process temperatures can be per 
formed While maintaining a constant preset temperature of 
the resistance heater 36. 

[0052] A single-substrate-heat-processing method per 
formed in the apparatus 2 shoWn in FIG. 1 Will be described. 
This heat-processing method is performed under the control 
of the CPU 5 that controls the operation of the apparatus 2 
shoWn in FIG. 1. In this heat-processing method, the process 
of reforming (oxidizing) the tantalum oxide ?lm (metal 
oxide ?lm) formed on the semiconductor Wafer W at the ?rst 
process temperature, e.g., about 720° C., and the process of 
crystallizing this ?lm at the second process temperature, 
e.g., about 747° C., are performed continuously as Will be 
described hereinafter. FIG. 3 is a graph shoWing the rela 
tionship among the pressure in the process chamber, the 
Wafer temperature, and the Worktable temperature (i.e., 
heater preset temperature) of this heat-processing method. 
FIG. 4 is a How chart shoWing this heat-processing method. 

[0053] A tantalum oxide ?lm has already been deposited 
on a Wafer W to be processed to a predetermined thickness 
in a previous step. Prior to loading of the Wafer W, the 
interior of the process chamber 4 is evacuated. The Work 
table 34 Where the Wafer W is to be placed is heated in 
advance by the resistance heater 36 serving as a heating 
means to a preset temperature (the preset temperature of the 
resistance heater 36), e.g., about 898° C., higher than the 
second process temperature, and is stably maintained at this 
temperature (step S1). 
[0054] In this state, ?rst, the Wafer W to be processed is 
held by the external transfer arm (not shoWn) and loaded 
from a load-lock chamber (not shoWn) connected to the 
process chamber 4 into the process chamber 4 through the 
open gate valve 24 and port 22. The Wafer W is transferred 
to the lifter pins 42 elevated to the uppermost position. Then, 
the lifter pins 42 move doWnWard to place the Wafer W on 
the support surface 34a of the Worktable 34 (step S2). At this 
time, the pressure in the process chamber 4 is set to almost 
the same pressure as the ?rst process pressure for the 
reformation process. 

[0055] Subsequently, for example, ozone is spouted and 
supplied as a process gas from the shoWerhead 6 to the 
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process space S. The vacuum pump (not shoWn) provided to 
the exhaust pipe 54 is continuously driven While adjusting 
the opening ratio of the pressure adjustment valve 56, to 
evacuate the atmospheres in the process chamber 4 and 
space 26. Thus, the atmosphere in the process space S is set 
to the ?rst process pressure of about 665 Pa for the refor 
mation process, and the Wafer W is set to the ?rst process 
temperature of about 720° C. MeanWhile, the preset tem 
perature of the resistance heater 36 (temperature of the 
Worktable 34) is maintained at a constant value (step S3). 

[0056] Simultaneously, the ultraviolet lamps 20 are 
driven, and the ultraviolet rays UV emitted from them are 
transmitted through the transmission WindoW 12 in the 
ceiling to radiate the surface of the Wafer W. Thus, the 
tantalum oxide ?lm on the surface of the Wafer W is 
reformed (oxidized) by ozone activated by the ultraviolet 
rays UV, and is annealed simultaneously. MeanWhile, the 
interior of the process chamber 4 is maintained at the ?rst 
process pressure, and the Wafer W is maintained at the ?rst 
process temperature. In this manner, the reformation process 
is performed for a predetermined period of time, e.g., 2 min 
(step S4). 
[0057] When the reformation process is ended, irradiation 
of the ultraviolet rays UV and supply of ozone are stopped. 
Aprocess gas for the crystallization process, e.g., 02 gas, is 
supplied from the shoWerhead 6 to replace the ozone gas. At 
the same time, the opening ratio of the pressure adjustment 
valve 56 is adjusted, and the atmosphere in the process space 
S is pressurized from the ?rst process pressure of about 665 
Pa to the second process pressure of about 3,990 Pa for the 
crystallization process. By this pressure increase, in spite 
that the preset temperature of the resistance heater 36 
(temperature of the Worktable 34) stays constant, the tem 
perature of the Wafer W increases from the ?rst process 
temperature of about 720° C. to the second process tem 
perature of about 747° C. for the crystallization process. The 
time necessary for this pressure increase and temperature 
increase is as very short as about 5 seconds (step S5). 

[0058] Since the Wafer W is maintained at the second 
process temperature higher than 730° C. as the crystalliza 
tion temperature of the tantalum oxide ?lm, the tantalum 
oxide ?lm on the surface of the Wafer W is crystallized. 
During this crystallization, the interior of the process cham 
ber 4 is maintained at the second process pressure, and the 
Wafer W is maintained at the second process temperature. In 
this manner, the crystallization process is performed for a 
predetermined period of time, e.g., 2 min (step S6). As the 
process gas for the crystallization process, an inert gas such 
as N2 gas, or N20 gas can be used in place of 02 gas. 

[0059] After the crystallization process is ended, the pro 
cessed Wafer W is unloaded. A neW unprocessed Wafer is 
loaded in the process chamber 4, and the operation described 
above is repeatedly performed. 

[0060] In this manner, the process temperature for the 
Wafer W itself can be quickly changed by only changing the 
pressure in the process chamber 4 While the temperature of 
the Worktable 34 (preset temperature of the resistance heater 
36) is maintained at the constant value. Therefore, tWo 
processes With different process temperatures, i.e., the ref 
ormation process and crystallization process in this case, can 
be performed quickly in one process chamber 4 Without 
decreasing the throughput. 
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[0061] Furthermore, unlike the prior art, the tWo processes 
need not be performed separately by different heat-process 
ing apparatuses. Since the time required for transfer of the 
Wafer becomes unnecessary, the throughput can be further 
increased accordingly. Since one heat-processing apparatus 
suffices, the facility cost can be reduced accordingly. 

[0062] In the above embodiment, the reformation process 
for the tantalum oXide ?lm is performed in the ?rst process, 
and the crystalliZation process for the tantalum oXide ?lm is 
performed in the second process. Therefore, the ?rst and 
second process temperatures necessary for the reformation 
process and crystalliZation process may be set to interpose a 
certain temperature at Which the tantalum oXide ?lm can 
start being crystalliZed. For eXample, in the case of the 
tantalum oXide ?lm, the ?rst process temperature is set 
betWeen 200° C. and 730° C., and preferably betWeen 700° 
C. and 730° C. The second process temperature is set 
betWeen 600° C. and 750° C., and preferably betWeen 730° 
C. and 750° C. The ?rst process temperature is set loWer 
than the second process temperature. The upper limit of the 
second process temperature depends on the heat resistant 
temperatures of various types of deposition ?lms formed 
under the tantalum oXide ?lm, and generally falls Within a 
range of, e.g., about 600° C. to 750° C. 

[0063] The ?rst and second process pressures for the 
reformation process and crystalliZation process are selected 
such that they are appropriate for the respective processes 
and that the ?rst and second process temperatures described 
above can be obtained With the temperature of the Worktable 
34 (preset temperature of the resistance heater 36) being 
maintained at substantially the same value. More speci? 
cally, in light of the process temperatures of the tantalum 
oXide ?lm described above, Where the preset temperature of 
the resistance heater falls Within a range of 800° C. to 900° 
C., the ?rst and second process pressures are set as folloWs. 
The ?rst process pressure is set betWeen 13.3 Pa to 1064 Pa, 
and preferably betWeen 133 Pa and 931 Pa. The second 
process pressure is set betWeen 1330 Pa and 6650 Pa, and 
preferably betWeen 1339 Pa and 3990 Pa. 

[0064] Note that the preset temperature of the resistance 
heater, process temperatures, process pressures described 
above relate only to the reformation process and the crys 
talliZation process of the tantalum oXide ?lm. Where a 
reformation process and a crystalliZation process of another 
metal oXide ?lm are performed, or other tWo heat processes 
are performed, conditions different from those described 
above are used. In other Words, the present invention is not 
at all limited by the preset temperature of the resistance 
heater, process temperatures, process pressures described 
above. 

[0065] In the above embodiment, the temperature change 
amount is about 27° C. (=747° C. -720° C.). This tempera 
ture change amount can be increased by increasing the 
pressure difference betWeen the ?rst and second process 
pressures. To further increase this temperature change 
amount, the ?rst process may be performed With the Wafer 
W being lifted from the Worktable 34. For eXample, as 
shoWn in FIG. 5, the reformation process is performed With 
the Wafer W being lifted from the support surface 34a With 
the lifter pins 42 by a predetermined distance L1, e.g., about 
3 mm. When the crystalliZation process is to be performed, 
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the process pressure is increased, as described above, and 
the lifter pins 42 are moved doWn to place the Wafer W on 
the Worktable 34. 

[0066] In this case, in the ?rst heat process, the process 
pressure is set loW, as described above. In addition, since the 
Wafer W is separated from the Worktable 34 incorporating 
the resistance heater 36, the ?rst process temperature can be 
further decreased. Furthermore, When the distance L1 
betWeen the Wafer W and support surface 34a is arbitrarily 
changed, the ?rst process temperature can be changed. 

[0067] In the embodiments described With reference to 
FIGS. 1 to 5, the preset temperature of the resistance heater 
36 (temperature of the Worktable 34) is maintained at a 
constant value through the reformation process to the crys 
talliZation process. Alternatively, the temperature of the 
Worktable 34 may be changed Within a range not adversely 
affecting the throughput. The ?rst and second processes 
requiring different process temperatures can be performed in 
any order. More speci?cally, depending on the types of the 
target ?lm or the types of the heat process, the ?rst process 
may be performed after the second process requiring a 
higher process temperature. As the heating means, a heat 
lamp may be used in place of the resistance heater. 

[0068] In the above embodiments, the tantalum oXide ?lm 
exemplifying a metal oXide ?lm is continuously subjected to 
the reformation process and the crystalliZation process. Note 
that the present invention can be applied to any case Wherein 
tWo types of processes requiring different process tempera 
tures are performed continuously. Furthermore, for eXample, 
a metal oXide ?lm other than the tantalum oXide ?lm can be 
a ?lm made of PZT (an oXide of Pb, Zr, and Ti), or BSTO 
(an oXide of Ba, Sr, and Ti). The present invention can also 
be applied to processes other than reformation and crystal 
liZation, e.g., ?lm formation such as CVD, etching, oXida 
tion, and diffusion. The present invention can also be applied 
to a target substrate other than a semiconductor Wafer, e.g., 
an LCD substrate or glass substrate. 

[0069] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 
1. Aprocessing method in a single-substrate-heat-process 

ing apparatus for a semiconductor process, the apparatus 
including a hermetic process chamber, a Worktable With a 
support surface Where a target substrate is to be placed in the 
process chamber, and a heater disposed to heat the target 
substrate through the support surface, the method compris 
ing the steps of: 

placing the target substrate on the support surface; 

subjecting the target substrate to a ?rst process at a ?rst 
process temperature and a ?rst process pressure While 
heating the target substrate on the support surface With 
the heater; and 

subjecting the target substrate to a second process at a 
second process temperature and a second process pres 
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sure While heating the target substrate on the support 
surface With the heater, the ?rst and second process 
pressures being different from each other and the ?rst 
and second process temperatures being different from 
each other, 

Wherein in the ?rst and second processes, the heater is set 
at preset temperatures substantially equal to each other, 
and a pressure in the process chamber is set at the ?rst 
and second process pressures, such that a density of a 
gas present betWeen the support surface and the target 
substrate is changed by using the pressure in the 
process chamber as a parameter, and thus a heat transfer 
rate betWeen the support surface and the target sub 
strate is changed, thereby setting the target substrate at 
the ?rst and second process temperatures. 

2. The method according to claim 1, Wherein the second 
process pressure is higher than the ?rst process pressure, and 
the second process temperature is higher than the ?rst 
process temperature. 

3. The method according to claim 1, further comprising a 
step of shifting the temperature of the target substrate 
betWeen the ?rst and second process temperatures, Wherein 
the temperature of the target substrate is shifted by changing 
the pressure in the process chamber betWeen the ?rst and 
second process pressures While maintaining the heater at 
substantially a constant preset temperature. 

4. The method according to claim 2, Wherein the ?rst 
process is a process of reforming a metal oXide ?lm on the 
target substrate, the second process is a process of crystal 
liZing the metal oxide ?lm, and the ?rst process is performed 
prior to the second process. 

5. The method according to claim 4, Wherein the preset 
temperature of the heater is not less than a crystalliZation 
temperature of the metal oXide ?lm. 

6. The method according to claim 4, Wherein the metal 
oXide ?lm is a tantalum oXide ?lm, and the preset tempera 
ture of the heater is betWeen 800° C. and 900° C. 

7. The method according to claim 6, Wherein the ?rst and 
second process pressures are respectively betWeen 13.3 Pa to 
1064 Pa, and betWeen 1330 Pa and 6650 Pa. 

8. The method according to claim 4, Wherein in the ?rst 
process, an oXidiZing gas is supplied into the process cham 
ber. 

9. The method according to claim 4, Wherein in the second 
process, a gas selected from the group consisting of 02, N2, 
and N20 is supplied into the process chamber. 

10. The method according to claim 1, Wherein the heater 
comprises a resistance heater disposed in the Worktable. 

11. Aprocessing method of performing a ?rst process of 
reforming a metal oXide ?lm on a target substrate and a 
second process of crystalliZing the metal oXide in this order, 
in a single-substrate-heat-processing apparatus for a semi 
conductor process, the apparatus including a hermetic pro 
cess chamber, a Worktable With a support surface Where the 
target substrate is to be placed in the process chamber, and 
a heater disposed to heat the target substrate through the 
support surface, the method comprising the steps of: 

placing the target substrate on the support surface; 

subjecting the target substrate to the ?rst process at a ?rst 
process temperature and a ?rst process pressure While 
heating the target substrate on the support surface With 
the heater; and 
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subjecting the target substrate to the second process at a 
second process temperature and a second process pres 
sure While heating the target substrate on the support 
surface With the heater, the second process pressure 
being higher than the ?rst process pressure, and the 
second process temperature being higher than the ?rst 
process temperature, 

Wherein in the ?rst and second processes, the heater is set 
at preset temperatures substantially equal to each other, 
and a pressure in the process chamber is set at the ?rst 
and second process pressures, such that a density of a 
gas present betWeen the support surface and the target 
substrate is changed by using the pressure in the 
process chamber as a parameter, and thus a heat transfer 
rate betWeen the support surface and the target sub 
strate is changed, thereby setting the target substrate at 
the ?rst and second process temperatures. 

12. The method according to claim 11, further comprising 
a step of shifting the temperature of the target substrate 
betWeen the ?rst and second process temperatures, Wherein 
the temperature of the target substrate is shifted by changing 
the pressure in the process chamber betWeen the ?rst and 
second process pressures While maintaining the heater at 
substantially a constant preset temperature. 

13. The method according to claim 11, Wherein the preset 
temperature of the heater is not less than a crystalliZation 
temperature of the metal oXide ?lm. 

14. The method according to claim 11, Wherein in the ?rst 
process, an oXidiZing gas is supplied into the process cham 
ber. 

15. The method according to claim 11, Wherein in the 
second process, a gas selected from the group consisting of 
02, N2, and N20 is supplied into the process chamber. 

16. A single-substrate-heat-processing apparatus for a 
semiconductor process, comprising: 

a hermetic process chamber; 

a Worktable With a support surface Where a target sub 
strate is to be placed in the process chamber; 

a heater disposed to heat the target substrate through the 
support surface; 

a gas supply system for supplying a process gas into the 
process chamber; 

a gas eXhaust system for vacuum-exhausting an interior of 
the process chamber; and 

a controller for controlling the apparatus, the controller 
being adapted to set the heater at preset temperatures 
substantially equal to each other, and to set a pressure 
in the process chamber at ?rst and second process 
pressures different from each other, such that a density 
of a gas present betWeen the support surface and the 
target substrate is changed by using the pressure in the 
process chamber as a parameter, and thus a heat transfer 
rate betWeen the support surface and the target sub 
strate is changed, thereby setting the target substrate on 
the Worktable at ?rst and second process temperatures 
different from each other. 

17. The apparatus according to claim 16, Wherein the 
second process pressure is higher than the ?rst process 
pressure, and the second process temperature is higher than 
the ?rst process temperature. 
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18. The apparatus according to claim 16, wherein the 
controller changes the pressure in the process chamber 
betWeen the ?rst and second process pressures different from 
each other, While maintaining the heater at a substantially 
constant preset temperature, such that the temperature of the 
target substrate on the Worktable is shifted betWeen the ?rst 
and second process temperatures different from each other. 

19. The apparatus according to claim 17, Wherein the 
apparatus performs a process of reforming a metal oXide 
?lm on the target substrate, and a process of crystalliZing the 
metal oXide ?lm, and further comprises a WindoW formed in 
a casing of the process chamber to face the Worktable, and 
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an ultraviolet lamp disposed outside the process chamber to 
face the WindoW, the ultraviolet lamp being adapted to 
irradiate an oXidiZing gas contained in the process gas With 
ultraviolet rays above the Worktable, thereby activating the 
oXidiZing gas. 

20. The apparatus according to claim 19, Wherein the 
Worktable comprises a table body substantially made of a 
ceramic material, and the heater comprises a resistance 
heater disposed in the table body. 


