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(57) ABSTRACT 

A test Wafer for use in Wafer temperature prediction is 
prepared. The test Wafer includes: ?rst semiconductor layer 
formed in a crystalline state; second semiconductor layer 
formed in an amorphous state on the ?rst semiconductor 
layer; and light absorption ?lm formed over the second 
semiconductor layer. Next, the test Wafer is loaded into a 
lamp heating system and then irradiating the test Wafer With 
a light emitted from the lamp, thereby heating the second 
semiconductor layer through the light absorption ?lm. 
Thereafter, a recovery rate, at Which a part of the second 
semiconductor layer recovers from the amorphous state to 
the crystalline state at the interface With the ?rst semicon 
ductor layer, is calculated. Then, a temperature of the test 
Wafer that has been irradiated With the light is measured 
according to a relationship betWeen the recovery rate and a 
temperature corresponding to the recovery rate. 
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METHOD FOR PREDICTING TEMPERATURE, 
TEST WAFER FOR USE IN TEMPERATURE 

PREDICTION, AND METHOD FOR EVALUATING 
LAMP HEATING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method for 
predicting temperature, a test Wafer for use in temperature 
prediction, and a method for evaluating a lamp heating 
system using the test Wafer. More particularly, this invention 
provides measures to predict more accurately the actual 
temperature or temperature distribution of a Wafer to be 
loaded into the lamp heating system. 

[0002] A method for predicting the actual temperature of 
a Wafer to be loaded into a thermal system, in Which the 
Wafer should be subjected to intense heat in a semiconductor 
device fabrication process, Was disclosed in PCT Interna 
tional Publication No. WO 98/57146. 

[0003] In the Publication, an amorphous layer is formed in 
the uppermost part of a silicon Wafer by implanting ions. 
Then, the silicon Wafer including the amorphous layer is 
loaded into a thermal processing system and heated therein. 
In this manner, the actual temperature of the silicon Wafer is 
predicted. 
[0004] The present inventors carried out various experi 
ments on the knoWn method for predicting temperature. As 
a result of these experiments, it Was found that the actual 
Wafer temperature could not be predicted accurately enough 
by the known method When the method Was applied to a 
lamp heating system as described later. 

SUMMARY OF THE INVENTION 

[0005] It is therefore a ?rst object of the present invention 
to predict accurately the actual temperature or temperature 
distribution of a Wafer to be loaded into a lamp heating 
system. 

[0006] It is a second object to evaluate Whether or not the 
lamp heating system including a lamp is affected by light 
emitted from the lamp and transmitted through the Wafer. 

[0007] In order to achieve the ?rst object, according to the 
present invention, a method is used for predicting, using a 
test Wafer, a temperature of a Wafer to be loaded into a lamp 
heating system including a lamp. The method includes the 
steps of: a) preparing the test Wafer, Which includes a ?rst 
semiconductor layer formed in a crystalline state, a second 
semiconductor layer formed in an amorphous state on the 
?rst semiconductor layer, and a light absorption ?lm formed 
over the second semiconductor layer; b) loading the test 
Wafer into the lamp heating system and then irradiating the 
test Wafer With a light emitted from the lamp, thereby 
heating the second semiconductor layer through the light 
absorption ?lm; c) calculating a recovery rate at Which a part 
of the second semiconductor layer that has been heated 
recovers from the amorphous state to the crystalline state at 
the interface With the ?rst semiconductor layer; and d) 
measuring a temperature of the test Wafer that has been 
irradiated With the light, according to a relationship betWeen 
the recovery rate and a temperature corresponding to the 
recovery rate. 

[0008] According to the inventive method, a test Wafer for 
use in temperature prediction includes a light absorption ?lm 
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formed over an amorphous second semiconductor layer. The 
light absorption ?lm absorbs light that has been emitted 
from a lamp and transmitted through a ?rst and the second 
semiconductor layers not to contribute a thermal process 
performed on the semiconductor layers. Thus, a recovery 
rate for obtaining the actual Wafer temperature can be 
calculated much more accurately by the thickness of the 
second semiconductor layer subjected to heat. As a result, 
the actual temperature of the Wafer loaded into a lamp 
heating system can be predicted accurately. 

[0009] In one embodiment, at least a part of the light may 
have a Wavelength at Which the ?rst semiconductor layer 
transmits the light. Then, the effects of the present invention 
can be obtained as intended. 

[0010] In this particular embodiment, the light preferably 
has a Wavelength at Which the ?rst semiconductor layer has 
a transmittance to the light and the transmittance increases 
at a temperature range. Then, the effects of the present 
invention can be obtained as intended. 

[0011] In another embodiment, the light may have a Wave 
length from about 1.0 pm to about 3.0 pm, both inclusive. 

[0012] In still another embodiment, the ?rst semiconduc 
tor layer and the second semiconductor layer may be made 
of silicon and the light absorption ?lm may be made of a 
conductive ?lm containing a metal. 

[0013] In this particular embodiment, the light absorption 
?lm is preferably made of a metal that is usable for forming 
a silicide and the lamp heating system is preferably used for 
a silicidation process. Then, the light absorption ?lm acts as 
a metal ?lm to be used for the silicidation process. Thus, 
Wafer temperature prediction can be performed under the 
same conditions as in the silicidation process. 

[0014] In this particular embodiment, the temperature 
range is preferably from about 450° C. to about 600° C., 
both inclusive. 

[0015] In this particular embodiment, the test Wafer pref 
erably includes a barrier ?lm that prevents the second 
semiconductor layer and the light absorption ?lm from 
reacting together. This barrier ?lm is preferably formed 
betWeen the second semiconductor layer and the light 
absorption ?lm. 

[0016] In yet another embodiment, the test Wafer may 
have a diameter of about 30.5 cm (12 inches) or more. 

[0017] An inventive test Wafer is used for predicting a 
temperature of a Wafer to be loaded into a lamp heating 
system. The test Wafer includes: a ?rst semiconductor layer 
formed in a crystalline state; a second semiconductor layer 
formed in an amorphous state on the ?rst semiconductor 
layer; and a light absorption ?lm formed over the second 
semiconductor layer. 

[0018] In one embodiment, the test Wafer may further 
include a barrier ?lm that prevents the second semiconduc 
tor layer and the light absorption ?lm from reacting together. 
This barrier ?lm may be formed betWeen the second semi 
conductor layer and the light absorption ?lm. 

[0019] In another embodiment, the test Wafer may have a 
diameter of about 30.5 cm (12 inches) or more. 
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[0020] In order to achieve the second object, an inventive 
method is used for evaluating a lamp heating system includ 
ing a lamp. Speci?cally, this method, Which utiliZes a 
transmittance to a light emitted from the lamp, is used for 
evaluating Whether or not respective temperatures of a ?rst 
test Wafer and a second test Wafer loaded in the lamp heating 
system are affected by the light. The method includes the 
step of a) preparing: the ?rst test Wafer including a ?rst 
semiconductor layer formed in a crystalline state and a 
second semiconductor layer formed in an amorphous state 
on the ?rst semiconductor layer; and the second test Wafer 
including a third semiconductor layer formed in a crystalline 
state, a fourth semiconductor layer formed in an amorphous 
state on the third semiconductor layer, and a light absorption 
?lm formed over the fourth semiconductor layer. The 
method also includes the step of b) loading the ?rst test 
Wafer and the second test Wafer into the lamp heating system 
and then irradiating the ?rst test Wafer and the second test 
Wafer With the light, thereby heating the second semicon 
ductor layer and heating the fourth semiconductor layer 
through the light absorption ?lm. The method further 
includes the step of c) obtaining a ?rst rate of variation in 
thickness of the second semiconductor layer With respect to 
a period of time in Which the second semiconductor layer is 
subjected to heat, and obtaining a second rate of variation in 
thickness of the fourth semiconductor layer With respect to 
a period of time in Which the fourth semiconductor layer is 
subjected to heat. The method further includes the step of d) 
comparing the ?rst rate With the second rate, thereby judging 
that the temperature of the ?rst test Wafer is not easily 
affected by the light transmitted through the ?rst test Wafer 
if the ?rst rate is equal to the second rate, While judging that 
the temperature of the ?rst test Wafer is easily affected by the 
light transmitted through the ?rst test Wafer if the ?rst rate 
is smaller than the second rate. 

[0021] According to an inventive method for evaluating a 
lamp heating system, variation in thickness of a second 
semiconductor layer (amorphous layer) in a ?rst test Wafer 
including no light absorption ?lm and that of a fourth 
semiconductor layer (amorphous layer) in a second test 
Wafer including a light absorption ?lm are compared With 
each other. Then, Whether or not the lamp heating system is 
easily affected by light emitted from the lamp and transmit 
ted through the semiconductor layers. 

[0022] In this case, the system that is easily affected by the 
light is a system in Which the ?rst test Wafer transmits a 
relatively large amount of the light and thus has its real 
temperature differ greatly from a temperature indicated by a 
thermometer made up of, for eXample, a thermocouple 
provided in the system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a cross-sectional vieW illustrating the 
structure of a knoWn test Wafer for use in temperature 
prediction. 
[0024] FIGS. 2A and 2B are cross-sectional vieWs sche 
matically shoWing Wafer temperature prediction using the 
knoWn test Wafer. FIG. 2A illustrates the structure of a lamp 
heating system and FIG. 2B illustrates the structure of a 
heater heating system. 

[0025] FIG. 3 shoWs a result of the prediction shoWn in 
FIGS. 2A and 2B, and is a graph shoWing relationships 

Mar. 11, 2004 

betWeen the heating time of the test Wafer and the thickness 
of a second semiconductor layer. (an amorphous layer). 

[0026] FIG. 4 is a graph shoWing variations of light 
absorption of a silicon Wafer depending on the Wavelength 
and temperatures. 

[0027] FIG. 5 is a cross-sectional vieW illustrating the 
structure of a test Wafer for use in temperature prediction 
according to a ?rst embodiment of the present invention. 

[0028] FIGS. 6A through 6C are cross-sectional vieWs 
shoWing structures of the test Wafer corresponding to respec 
tive process steps for forming the test Wafer of the ?rst 
embodiment. 

[0029] FIG. 7 is a cross-sectional vieW schematically 
shoWing the structure of a lamp heating system for use in 
Wafer temperature prediction using the test Wafer of the ?rst 
embodiment. 

[0030] FIGS. 8A and 8B are cross-sectional vieWs shoW 
ing structures of the test Wafer corresponding to respective 
process steps in the temperature prediction of the ?rst 
embodiment. 

[0031] FIG. 9 is a diagram illustrating the distribution of 
temperatures in a Wafer plane obtained by the temperature 
prediction of the ?rst embodiment. 

[0032] FIG. 10 is a ?oWchart shoWing the procedures of 
evaluating a lamp heating system in accordance With a 
second embodiment of the present invention. 

[0033] FIG. 11 are cross-sectional vieWs schematically 
shoWing tWo types of lamp heating systems for a thermal 
treatment in a method for evaluating the lamp heating 
systems in accordance With the second embodiment. 

[0034] FIGS. 12A and 12B shoW respective rates of 
decrease in thickness of amorphous layers formed in test 
Wafers for use in the evaluating method of the second 
embodiment. FIG. 12A is a graph for a heating system that 
is affected by the structure of the Wafer. FIG. 12B is a graph 
for a heating system that is not affected by the structure of 
the Wafer. 

[0035] FIG. 13 is a graph shoWing a relationship betWeen 
a recovery rate of an amorphous layer and a temperature. 

DETAILED DESCRIPTION 

[0036] Hereinafter, the temperature predicting method 
using a knoWn test Wafer, disclosed in PCT International 
Publication No. WO 98/57146, Will be described. The 
knoWn test Wafer includes a ?rst semiconductor layer 
formed in a crystalline state and a second semiconductor 
layer formed in an amorphous state on the ?rst semicon 
ductor layer. 

[0037] First, the second semiconductor layer of the test 
Wafer is measured beforehand With a spectroscopic ellip 
someter. At this time, the second semiconductor layer is 
supposed to have a thickness t0. Then, the test Wafer is 
loaded into a thermal system, e.g., a thermal processing 
system, and subjected to heat for a period of time a After 
being subjected to heat, the second semiconductor layer is 
supposed to have a thickness t1. Then, the thickness t1 is 
measured With a spectroscopic ellipsometer. In this case, the 
second semiconductor layer in the amorphous state has its 
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thickness decreased from t0 to t1. This is because crystals 
start to grow epitaxially from the interface betWeen the ?rst 
and second semiconductor layers, thereby crystalliZing the 
loWermost part of the second semiconductor layer. 

[0038] Next, using the initial thickness t0 and the thick 
ness t1 of the second semiconductor layer, the decrease in 
thickness of the second semiconductor layer per unit time, 
i.e., the rate R at Which that part of the second semiconductor 
layer recovers from the amorphous state to crystalline state, 
is calculated by 

R=|t1—tO|/a 
[0039] Where 0§t1§t0 

[0040] If the recovery rate R given by this equation is 
applied to the graph shoWn in FIG. 13, the actual tempera 
ture of a silicon Wafer 101 to be processed can be predicted. 
The graph shoWn in FIG. 13 illustrates a relationship 
betWeen the recovery rate R and the temperature T and Was 
draWn after J. Appl. Phys. Vol. 48, No. 10 (1997), p. 4234. 
It should be noted that the amorphous second semiconductor 
layer may be formed by implanting arsenic ions into the 
Wafer 101. 

[0041] The present inventors carried out an experiment of 
measuring the actual Wafer temperatures, using a knoWn test 
Wafer 10A shoWn in FIG. 1, in a lamp heating system 1 as 
shoWn in FIG. 2A and a heater heating system 2 as shoWn 
in FIG. 2B. 

[0042] As shoWn in FIG. 1, the test Wafer 10A includes a 
?rst semiconductor layer 11a of crystalline silicon and a 
second semiconductor layer 11b of amorphous silicon 
formed on the ?rst semiconductor layer 11a. 

[0043] As shoWn in FIG. 2A, the lamp heating system 1 
includes halogen lamps 4, Which have been provided on the 
ceiling of a chamber 3 and emit light having a Wavelength 
of 1 pm or more. On the other hand, the heater heating 
system 2 includes a heater 5 over a chamber 3. Although not 
shoWn, after the test Wafer 10A has been loaded into each of 
the heating systems 1 and 2, a thermocouple is placed so as 
to be in contact With the bottom of the test Wafer 10A. 

[0044] FIG. 3 shoWs relationships betWeen the heating 
time of the test Wafer 10A and the thickness of the second 
semiconductor layer (i.e., an amorphous layer) 11b. In FIG. 
3, the ordinate represents the thickness of the amorphous 
layer, While the abscissa represents the heating time of the 
Wafer. In this case, the test Wafer 10A loaded into each of the 
heating systems 1 and 2 is heated tWice at a temperature of 
550° C. for 30 seconds and 60 seconds, respectively. Then, 
the thickness of the second semiconductor layer (amorphous 
layer) 11b is measured. The temperature of the test Wafer 
10A is measured using the thermocouple placed in each of 
the heating systems 1 and 2. 

[0045] As shoWn in FIG. 3, if the decreases in thickness 
of the amorphous layers loaded into the lamp and heater 
heating systems 1 and 2 are compared With each other, the 
rate of decrease With respect to the heating time (i.e., the 
recovery rate) of the amorphous layer formed With the lamp 
heating system 1 is smaller than that formed With the heater 
heating system 2. 

[0046] From these recovery rates and the graph shoWn in 
FIG. 13, it Was found that the thermocouple provided in the 
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heater heating system 2 indicates the real temperature of the 
Wafer 10A, While the thermocouple provided in the lamp 
heating system 1 does not indicate the real temperature of 
the Wafer 10A. 

[0047] The present inventors carried out various experi 
ments to knoW Why the decreases in thickness of the second 
semiconductor layers 11b differ greatly betWeen the systems 
used for heating the test Wafer 10A. As a result of these 
experiments, the folloWing conclusion Was draWn. 

[0048] Speci?cally, as shoWn in FIG. 4, the silicon test 
Wafer 10A has its absorptance With respect to light emitted 
from the lamps decreased at a temperature (i.e., the real 
temperature) of about 450-600° C. in a Wavelength range 
from 1 pm to 3 pm. In other Words, the test Wafer 10A has 
its transmittance to light emitted from the lamps increased. 
Thus, even When the temperature indicated by the thermo 
couple increases due to the emission of light, the real 
temperature of the test Wafer 10A does not reach the 
temperature indicated by the thermocouple. As a result, the 
real temperature of the test Wafer 10A obtained by using the 
recovery rate is erroneous as compared With the temperature 
indicated by the thermocouple provided in the lamp heating 
system 1. 

[0049] As described above, the present inventors found 
that the actual Wafer temperature in a lamp heating system 
1 cannot be accurately predicted by using a test Wafer 10A, 
including a second semiconductor layer 11b of amorphous 
silicon formed on the ?rst semiconductor layer 11a, With a 
temperature to be predicted set in a range from about 450° 
C. to about 600° C. 

[0050] Based on this ?nding, a test Wafer including a light 
absorption ?lm formed in the uppermost part of the test 
Wafer Was invented for absorbing light emitted from the 
lamps. 

[0051] Moreover, Whether or not the actual Wafer tem 
perature in a lamp heating system is affected by light emitted 
from the lamps can be evaluated by comparing a decrease 
rate of an amorphous layer in a test Wafer including no light 
absorption ?lm With that of a test Wafer including a light 
absorption ?lm. 

[0052] If the second semiconductor layer 11b of the test 
Wafer 10A is formed by implanting, for example, arsenic 
ions, the temperature that can be predicted ranges from, for 
example, about 475° C. to about 575° C., depending on the 
conditions for the ion implantation. 

[0053] Preferred Embodiment 1 

[0054] Hereinafter, a ?rst embodiment of the present 
invention Will be described With reference to the draWings. 

[0055] FIG. 5 shoWs a cross-sectional structure of a test 
Wafer for use in temperature prediction according to the ?rst 
embodiment. 

[0056] As shoWn in FIG. 5, a test Wafer 10B according to 
the ?rst embodiment is made up of: a ?rst semiconductor 
layer 11a of single crystalline silicon; a second semicon 
ductor layer 11b of amorphous silicon; a barrier ?lm 12 of 
silicon dioxide; and a light absorption ?lm 13 of titanium 
nitride (TiN), for example. The second semiconductor layer 
11b is formed on the ?rst semiconductor layer 11a and has 
a thickness of 41 nm. The barrier ?lm 12 is formed on the 
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second semiconductor layer 11b and has a thickness of about 
3 nm. The light absorption ?lm 13 is formed on the barrier 
?lm 12 and has a thickness of about 20 nm. 

[0057] Hereinafter, process steps for forming the test 
Wafer 10B having such a structure Will be described With 
reference to FIGS. 6A through 6C. 

[0058] First, as shoWn in FIG. 6A, a silicon Wafer 11A is 
thermally oxidiZed in a dinitrogen oxide (N20) ambient, 
thereby forming a barrier ?lm 12 of silicon dioxide With a 
thickness of about 3 nm in the uppermost part of the silicon 
Wafer 11A. 

[0059] Next, as shoWn in FIG. 6B, arsenic ions are 
implanted into the silicon Wafer 11A through the barrier ?lm 
12 at a dose of about 3><1014 cm-2 With an accelerating 
voltage of about 30 keV, thereby forming a second semi 
conductor layer 11b of amorphous silicon in the silicon 
Wafer 11A. As a result, the part of the silicon Wafer 11Aother 
than the second semiconductor layer 11b noW becomes a 
?rst semiconductor layer 11a of single crystalline silicon. 

[0060] Then, as shoWn in FIG. 6C, a sputtering process is 
performed in a nitrogen ambient using a titanium target, for 
example, thereby depositing a light absorption ?lm 13 of 
titanium nitride over the barrier ?lm 12. 

[0061] If the test Wafer 10B of the ?rst embodiment is 
applied to a lamp heating system, the light absorption ?lm 
13 formed in the uppermost part of the test Wafer 10B 
absorbs light emitted from the lamps, even in a situation 
Where the real temperature of the test Wafer 10B ranges from 
about 450° C. to about 600° C. and a Wavelength of the light 
ranges from about 1.0 pm to about 3.0 pm. As a result, 
transmittance of the test Wafer 10B to the light does not 
change in such a situation. 

[0062] As described above, some lamp heating systems 
include lamps that emit light With a Wavelength range or a 
temperature range Where a silicon Wafer transmits a large 
percentage of the light. If the test Wafer 10A including only 
the second semiconductor layer 11b of amorphous silicon in 
the uppermost part thereof is applied to such systems, the 
actual Wafer temperature cannot be accurately predicted. 

[0063] In contrast, if the test Wafer 10B of the ?rst 
embodiment is applied, the light absorption ?lm 13 that has 
been formed in the uppermost part thereof and faces a light 
source absorbs light emitted from the lamps. As a result, the 
actual Wafer temperature can be accurately predicted. 

[0064] In the ?rst embodiment, the light absorption ?lm 
13 is made of titanium nitride (TiN). HoWever, the present 
invention is not limited to this embodiment. That is to say, 
even When the transmittance of the silicon Wafer to light 
emitted from the lamps varies according to the temperature 
of the Wafer, a material may be used so long as the material 
absorbs the light. For example, a metal of, e.g., cobalt (Co), 
nickel (Ni) or platinum (Pt) or a metal compound including 
such a metal may be used. 

[0065] If a metal such as titanium, cobalt, nickel or 
platinum, Which can be used for silicidation, is used for a 
light absorption ?lm 13 of a test Wafer 10B, temperature 
prediction using the test Wafer 10B is preferably performed 
on a process Where a metal ?lm is deposited over a silicon 
Wafer. The temperature prediction is more preferably 
applied to a heating system for silicidation process. This is 
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because a temperature of the test Wafer 10B can be measured 
in the same situation as that in an actual process. 

[0066] The test Wafer 10B of the ?rst embodiment 
includes a barrier ?lm 12 of silicon dioxide betWeen the light 
absorption ?lm 13 and second semiconductor layer 11b. The 
barrier ?lm 12 does not alWays have to be provided. HoW 
ever, in a situation Where the second semiconductor layer 
11b is silicided With the light absorption ?lm 13, the barrier 
?lm 12 is preferably provided because the barrier ?lm 12 
Will acts as a protective ?lm that prevents the second 
semiconductor layer 11b from being silicided. 

[0067] The barrier ?lm 12 is not necessarily made of 
silicon dioxide, but may be made of silicon nitride or silicon 
oxinitride. 

[0068] The ?rst and second semiconductor layers 11a and 
11b of the test Wafer 10B are not necessarily made of silicon, 
but may be made of gallium arsenide (GaAs), germanium 
(Ge) or indium phosphide (InP). 

[0069] Hereinafter, a method for predicting the actual 
temperature of a Wafer, using the test Wafer 10B of the ?rst 
embodiment Will be described. 

[0070] First, as shoWn in FIG. 7, the test Wafer 10B 
including a second semiconductor layer 11b With an initial 
thickness to of 41 nm is loaded into a chamber 3 of a rapid 
thermal annealing (RTA) system 2A for heating a Wafer. 
Halogen lamps 4 are provided on the ceiling of this chamber 
3. 

[0071] Next, the test Wafer 10B is subjected to heat at a 
temperature of 550° C. for 30 seconds. At this time, the 
temperature indicated by a thermometer, Which is made up 
of a thermocouple (not shoWn), for example, and provided 
in the RTA system 2A, is used for setting the temperature 
inside the chamber. 

[0072] Then, as shoWn in FIG. 8A, the test Wafer 10B is 
unloaded from the chamber 3. Thereafter, as shoWn in FIG. 
8B, the light absorption ?lm 13 of the test Wafer 10B is 
etched aWay using a chlorine gas, for example. The interface 
betWeen the non-processed ?rst and second semiconductor 
layers 11a and 11b is indicated as the broken line draWn in 
the ?rst semiconductor layer 11a shoWn in FIGS. 8A and 
8B. 

[0073] The light absorption ?lm 13 is removed so as to 
measure a thickness t1 of the processed second semicon 
ductor layer 11b With a spectroscopic ellipsometer. Subse 
quently, the thicknesses t1 of the processed second semi 
conductor layer 11b are measured through the barrier ?lm 12 
With a spectroscopic ellipsometer at points all over the 
surface of the test Wafer 10B. 

[0074] Thereafter, the difference betWeen the initial thick 
ness t0 of the non-processed second semiconductor layer 
(amorphous layer) 11b and the thickness t1 of the processed 
second semiconductor layer 11b is calculated, thereby 
obtaining a recovery rate R per unit time by 

[0076] If the recovery rate R given by this equation is 
applied to the graph shoWn in FIG. 13, the actual tempera 
ture is predicted. 



US 2004/0047394 A1 

[0077] Since the test Wafer 10B has the same structure as 
a silicon Wafer to be loaded into a heating system and made 
into semiconductor chips, the actual temperature of the 
Wafer to be loaded can be predicted accurately. In addition, 
as shoWn in FIG. 9, the in-Wafer-plane distribution of 
temperatures can also be predicted more accurately at points 
all over the Wafer, including the periphery as Well as the 
center thereof. As a result, even for a Wafer that has a 
diameter of 30.5 cm (12 inches) or more and thus is likely 
to lack in-Wafer-plane uniformity of temperatures, the Wafer 
temperature can be easily controlled as intended. 

[0078] Moreover, it is also possible to detect the difference 
betWeen the actual Wafer temperature and a temperature that 
has been set using the temperature indicated by the ther 
mometer provided in the RTA system 2A. 

[0079] In this embodiment, the RTA system using halogen 
lamps as the light source thereof has been described. Alter 
natively, any other heating system With a lamp that emits 
light as the heat source thereof may be used. Even if the test 
Wafer 10B of the ?rst embodiment is applied to a system 
Where a Wafer transmits light emitted from the lamp in a 
temperature range, and thus having a temperature thereof 
loWer than a temperature that has been set, the actual Wafer 
temperature can still be accurately predicted using no ther 
mocouple. 
[0080] Preferred Embodiment 2 

[0081] Hereinafter, a second embodiment of the present 
invention Will be described With reference to the draWings. 

[0082] FIG. 10 shoWs a ?oWchart illustrating the proce 
dure for evaluating a lamp heating system in accordance 
With the second embodiment. 

[0083] According to the second embodiment, temperature 
predictions are preformed under the same conditions using 
tWo types of test Wafers With mutually different structures, 
thereby evaluating Whether or not a temperature indicated by 
a thermometer provided in a lamp heating system is affected 
by a transmittance of a Wafer With respect to light emitted 
from the lamps, i.e., by the structure of the Wafer. 

[0084] Speci?cally, if a Wafer including an insulating or a 
conductive ?lm and a Wafer including neither insulating nor 
conductive ?lm are used, it is possible to determine Whether 
or not temperatures of the Wafers indicated by thermometers 
provided in the lamp heating system are different from each 
other. The light irradiated onto the Wafers is used for not 
only heating the Wafers but also measuring temperatures of 
the Wafers during the heat treatment. 

[0085] In the second embodiment, the test Wafer 10A 
shoWn in FIG. 1 having the eXposed second semiconductor 
layer 11b is used as a ?rst Wafer for the tWo types of the test 
Wafers. On the other hand, the test Wafer 10B shoWn in FIG. 
5 in Which the second semiconductor layer 11b is covered 
With the barrier ?lm 12 and light absorption ?lm 13 is used 
as a second Wafer for the tWo types of the test Wafers. 

[0086] Hereinafter, a method for evaluating a lamp heating 
system Will be described in detail. 

[0087] First, in the ?rst step ST1 shoWn in FIG. 10, a ?rst 
set of ?rst and second Wafers 10A and 10B is loaded into 
each chamber 3 of a ?rst or a second lamp heating system 
21 or 22 as shoWn in FIG. 11. At this time, the second 
semiconductor layers 11b of the ?rst and second Wafers 10A 
and 10B for the ?rst set are supposed to have thicknesses of 
44 nm and 41 nm, respectively. 
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[0088] Next, in the second step ST2 shoWn in FIG. 10, the 
?rst set of Wafers 10A and 10B loaded into the ?rst lamp 
heating system 21 is heated at a temperature of 550° C. for 
30 seconds. Subsequently, the ?rst set of Wafers 10A and 
10B is replaced by a second set of ?rst and second Wafers 
10A and 10B. Then, the second set of Wafers 10A and 10B 
is heated at a temperature of 550° C. for 60 seconds. In the 
same manner, in the second lamp heating system 22, the ?rst 
set of Wafers 10A and 10B is heated at a temperature of 550° 
C. for 30 seconds, and then a second set of Wafers 10A and 
10B is heated at a temperature of 550° C. for 60 seconds. 

[0089] Thereafter, in the third step ST3, the second set of 
Wafers 10A and 10B is unloaded from each of the systems 
21 and 22, and then the ?rst and second sets of Wafers 10A 
and 10B, both of Which have been unloaded from the 
chamber, are cooled doWn to room temperature. Subse 
quently, in the fourth step ST4, the thickness of each of the 
second semiconductor layers (amorphous layers) 11b is 
measured With a spectroscopic ellipsometer. As described 
above, for the second Wafer 10B With the light absorption 
?lm 13, after the light absorption ?lm 13 has been removed, 
the thickness of the amorphous layer is measured. 

[0090] Then, in the ?fth step ST5, a decrease rate (a ?rst 
decrease rate) of the amorphous layer in the ?rst Wafer 10A 
and a decrease rate (a second decrease-rate) of the amor 
phous layer in the second Wafer 10B are calculated, for 
eXample. In this case, the decrease rate is, a rate of decrease 
in thickness of the amorphous layer per unit time. 

[0091] FIG. 12A shoWs the respective ?rst and second 
decrease rates of the ?rst and second Wafers 10A and 10B 
that have been loaded into the ?rst lamp heating system 21. 
FIG. 12B shoWs the respective ?rst and second decrease 
rates of the ?rst and second Wafers 10A and 10B that have 
been loaded into the second lamp heating system 22. In the 
second embodiment, the variations in thickness of the amor 
phous layers in the ?rst and second Wafers 10A and 10B are 
compared With each other by using the decrease rates. 
HoWever, the present invention is not limited to a speci?c 
embodiment, but may be modi?ed so as to determine hoW 
the thicknesses t1 of the amorphous layers vary in the test 
Wafers 10A and 10B. 

[0092] Next, in the siXth step ST6, Whether or not the 
temperatures indicated by the thermometers provided in the 
heating systems 21 and 22 are affected by the structures of 
the Wafer is determined based on the data shoWn in FIGS. 
12A and 12B. 

[0093] Speci?cally, as shoWn in FIG. 12A, the ?rst 
decrease rate in the ?rst Wafer 10A including no light 
absorption ?lm 13 is smaller than that in the second Wafer 
10B including the light absorption ?lm 13. This shoWs that 
the second semiconductor layer 11b in the ?rst Wafer 10A is 
not heated to the same temperature as the second semicon 
ductor layer 11b in the second Wafer 10B. In other Words, the 
?rst Wafer 10A in the ?rst lamp heating system 21 uninten 
tionally transmits at least part of the light emitted from the 
lamps, and hence does not have its real temperature 
increased to the same eXtent as that of the second Wafer 10B. 
Thus, the ?rst lamp heating system 21 is affected by the 
structure of a Wafer. 

[0094] On the other hand, as shoWn in FIG. 12B, the ?rst 
decrease rate in the ?rst Wafer 10A is equal to that in the 
second Wafer 10B. That is to say, the ?rst Wafer 10A in the 
second lamp heating system 22 hardly transmits light emit 
ted from the lamps, and hence has its real temperature 
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increased to the same extent as that of the second Wafer 10B. 
Thus, the second lamp heating system 22 is not affected by 
the structure of a Wafer. 

[0095] In this manner, Whether or not a temperature indi 
cated by a thermometer provided in a lamp heating system 
is affected by the structure of a Wafer can be determined. 

[0096] In addition, if this evaluation is applied to a system 
such as the ?rst lamp heating system 21 that is affected by 
the structure of a Wafer, the second Wafer 10B having a 
constant transmittance to light emitted from the lamps is 
effective in predicting the actual Wafer temperature accu 
rately. 
[0097] On the other hand, to predict, the actual Wafer 
temperature in a system such as the second lamp heating 
system 22 that is not affected by the structure of a Wafer, 
either of the ?rst and second Wafer 10A and 10B may be 
used. HoWever, With respect to the cost of fabricating a test 
Wafer, the ?rst Wafer 10A having no light absorption ?lm is 
preferably used. 

[0098] In the second embodiment, a recovery rate at Which 
part of the second semiconductor layer 11b recovers to a 
crystalline layer is not calculated. This is because it is 
sufficient to determine Whether or not a lamp heating system 
itself is affected by the structure of a Wafer, even Without 
predicting the actual Wafer temperature by calculating the 
recovery rate. 

What is claimed is: 
1. A method for predicting, using a test Wafer, a tempera 

ture of a Wafer to be loaded into a lamp heating system 
including a lamp, the method comprising the steps of: 

a) preparing the test Wafer, Which includes a ?rst semi 
conductor layer formed in a crystalline state, a second 
semiconductor layer formed in an amorphous state on 
the ?rst semiconductor layer, and a light absorption 
?lm formed over the second semiconductor layer; 

b) loading the test Wafer into the lamp heating system and 
then irradiating the test Wafer With a light emitted from 
the lamp, thereby heating the second semiconductor 
layer through the light absorption ?lm; 

c) calculating a recovery rate at Which a part of the second 
semiconductor layer that has been heated recovers from 
the amorphous state to the crystalline state at the 
interface With the ?rst semiconductor layer; and 

d) measuring a temperature of the test Wafer that has been 
irradiated With the light, according to a relationship 
betWeen the recovery rate and a temperature corre 
sponding to the recovery rate. 

2. The method of claim 1, Wherein at least a part of the 
light has a Wavelength at Which the ?rst semiconductor layer 
transmits the light. 

3. The method of claim 2, Wherein the light has a 
Wavelength at Which the ?rst semiconductor layer has a 
transmittance to the light, the transmittance increasing at a 
temperature range. 

4. The method of claim 1, Wherein the light has a 
Wavelength from about 1.0 pm to about 3.0 pm, both 
inclusive. 

5. The method of claim 1, Wherein the ?rst semiconductor 
layer and the second semiconductor layer are made of 
silicon and the light absorption ?lm is made of a conductive 
?lm containing a metal. 
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6. The method of claim 5, Wherein the light absorption 
?lm is made of a metal that is usable for forming a silicide 
and the lamp heating system is used for a silicidation 
process. 

7. The method of claim 3, Wherein the temperature range 
is from about 450° C. to about 600° C., both inclusive. 

8. The method of claim 5, Wherein the test Wafer includes 
a barrier ?lm that prevents the second semiconductor layer 
and the light absorption ?lm from reacting together, the 
barrier ?lm being formed betWeen the second semiconductor 
layer and the light absorption ?lm. 

9. The method of claim 1, Wherein the test Wafer has a 
diameter of about 30.5 cm or more. 

10. Atest Wafer for predicting a temperature of a Wafer to 
be loaded into a lamp heating system, the test Wafer com 
prising: 

a ?rst semiconductor layer formed in a crystalline state; 

a second semiconductor layer formed in an amorphous 
state on the ?rst semiconductor layer; and 

a light absorption ?lm formed over the second semicon 
ductor layer. 

11. The test Wafer of claim 10 further comprising a barrier 
?lm that prevents the second semiconductor layer and the 
light absorption ?lm from reacting together, the barrier ?lm 
being formed betWeen the second semiconductor layer and 
the light absorption ?lm. 

12. The test Wafer of claim 10, Wherein the test Wafer has 
a diameter of about 30.5 cm or more. 

13. A method for evaluating a lamp heating system 
including a lamp, the method, Which utiliZes a transmittance 
to a light emitted from the lamp, is used for evaluating 
Whether or not respective temperatures of a ?rst test Wafer 
and a second test Wafer loaded in the lamp heating system 
are affected by the light, the method comprising the steps of: 

a) preparing the ?rst test Wafer, Which includes a ?rst 
semiconductor layer formed in a crystalline state and a 
second semiconductor layer formed in an amorphous 
state on the ?rst semiconductor layer, and the second 
test Wafer, Which includes a third semiconductor layer 
formed in a crystalline state, a fourth semiconductor 
layer formed in an amorphous state on the third semi 
conductor layer, and a light absorption ?lm formed 
over the fourth semiconductor layer; 

b) loading the ?rst test Wafer and the second test Wafer 
into the lamp heating system and then irradiating the 
?rst test Wafer and the second test Wafer With the light, 
thereby heating the second semiconductor layer and 
heating the fourth semiconductor layer through the 
light absorption ?lm; 

c) obtaining a ?rst rate of variation in thickness of the 
second semiconductor layer With respect to a period of 
time in Which the second semiconductor layer is sub 
jected to heat, and obtaining a second rate of variation 
in thickness of the fourth semiconductor layer With 
respect to a period of time in Which the fourth semi 
conductor layer is subjected to heat; and 

d) comparing the ?rst rate With the second rate, thereby 
judging that the temperature of the ?rst test Wafer is not 
easily affected by the light transmitted through the ?rst 
test Wafer if the ?rst rate is equal to the second rate, 
While judging that the temperature of the ?rst test Wafer 
is easily affected by the light transmitted through the 
?rst test Wafer if the ?rst rate is smaller than the second 
rate. 


