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(57) ABSTRACT 

In a plasma processing apparatus Which includes a chamber 
(1) equipped With a Wafer stage (3) for mounting thereon a 
substrate (2) to be processed, and Which processes the 
substrate (2) by exposure to a plasma (4), a photon detection 
sensor (5) for measuring an ultraviolet-light-induced current 
is placed on a circumferential portion of a substrate mount 
ing surface (3a) of the Wafer stage (3) so that the occurrence 
of an abnormal discharge can be detected, in real time, from 
a change in the output of the photon detection sensor 
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FIG.1 
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PLASMA PROCESSING APPARATUS AND 
PLASMA PROCESSING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority of Japanese Patent 
Application No. 2004-159531, ?led on May 28, 2004. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a plasma process 
ing apparatus, and to a plasma processing method, for 
processing a semiconductor Wafer or the like and, more 
particularly, to a plasma processing apparatus and to a 
plasma processing method capable of monitoring, in real 
time, an abnormal discharge phenomenon that can occur 
during plasma processing. 

BACKGROUND OF THE INVENTION 

[0003] Plasma processes such as etching, thin-?lm depo 
sition, etc. are indispensable for achieving high-quality, 
high-functionality semiconductor devices. HoWever, one 
problem involved With such plasma processes is that an 
abnormal discharge can occur abruptly during processing in 
a plasma processing apparatus. If an abnormal discharge 
occurs, etching and thin-?lm deposition conditions change 
and, as a result, the characteristics of the produced semi 
conductor device substantially change. In the Worst case, the 
processing-apparatus may be damaged. Accordingly, in 
order to produce high-reliability semiconductor devices 
While ensuring high productivity, it is essential to monitor 
the occurrence of an abnormal discharge, in real time, during 
plasma processing and to take quick and appropriate action 
to deal With the abnormality. 

[0004] An abnormal discharge occurs When the large 
electric charge accumulated on the inside Wall of the plasma 
chamber, etc. either eXceeds a limit or is discharged for some 
reason during plasma processing. As such discharge occurs 
in an unpredictable manner, and as there are no effective 
sensing methods for detecting the occurrence, With a prior 
knoWn plasma processing apparatus, it has not been possible 
to take appropriate action by detecting the occurrence of 
such an abnormal discharge in real time, and this has led to 
the degradation of the productivity, as Well as the reliability, 
of the produced semiconductor device. 

[0005] An on-Wafer monitoring system has already been 
proposed that measures the plasma processing state by a 
sensor build into a semiconductor Wafer (Japanese Unex 
amined Patent Publication 2003-282546). This system is one 
that monitors the energy distribution, ion current, etc., for 
eXample, of the ions, electrons, and other particles generated 
by the plasma, but, as these changes manifest themselves 
relatively sloWly on the semiconductor Wafer in contrast 
With an instantaneous change in the plasma state such as an 
abnormal discharge, the proposed system is not suitable for 
real-time monitoring of an abnormal discharge. 

SUMMARY OF THE INVENTION 

[0006] In vieW of the above situation, it is an object of the 
present invention to provide a plasma processing apparatus 
and plasma processing method that can monitor the plasma 
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state in real time during processing and, more particularly, 
can monitor in real time the occurrence of an abnormal 
discharge. 
[0007] To achieve the above object, in a plasma processing 
apparatus according to the present invention Which includes 
a chamber equipped With a Wafer stage for mounting thereon 
a substrate, for eXample, a semiconductor Wafer, to be 
processed, and Which processes the substrate by eXposure to 
a plasma, a photon detection sensor for measuring an 
ultraviolet-light-induced current is placed on a circumfer 
ential portion of a substrate mounting surface of the Wafer 
stage. 

[0008] The photon detection sensor comprises a semicon 
ductor substrate, an insulating ?lm formed over the semi 
conductor substrate, an electrode layer embedded in the 
insulating ?lm, a means for applying a bias voltage to the 
electrode layer, and a means for detecting a current ?oWing 
in the electrode layer. 

[0009] When an abnormal discharge occurs in the plasma 
chamber, the plasma density appreciably drops at that instant 
because of the discharge, and the generation of ions, neutral 
particles, electrons, and ultraviolet light by the plasma 
decreases. When the photon detection sensor is installed, 
during the generation of the plasma a certain amount of 
current induced by the ultraviolet light generated from the 
plasma is observed in a steady-state condition; hoWever, 
When the plasma density drops due to an abnormal dis 
charge, and the amount of ultraviolet light generation 
decreases, then a spike-like current drop is observed. 
Accordingly, by installing the photon detection sensor on the 
Wafer stage in the plasma processing apparatus, and by 
monitoring the sensor output in real time, the occurrence of 
an abnormal discharge manifesting itself as a spike-like 
current drop can be detected in real time. As a result, quick 
and appropriate action can be taken to deal With the abnor 
mal discharge. 

[0010] The photon detection sensor further comprises a 
second electrode formed on the insulating ?lm. With the 
provision of this electrode, the in?uence of only the ultra 
violet light can be observed by eliminating the in?uence of 
particles other than the vacuum ultraviolet light, such as ions 
and electrons. This serves to enhance the accuracy in detect 
ing the occurrence of an abnormal discharge. 

[0011] Further, a plurality of sensors, each identical to the 
above-described photon detection sensor, are arranged 
spaced apart from each other on the Wafer stage. With this 
arrangement, it becomes possible to knoW the spatial dis 
tribution indicating the eXtent to Which the effect of the 
abnormal discharge has spread, thus making it easier to 
determine, for eXample, Which devices on the semiconductor 
Wafer are affected. 

[0012] To achieve the above object, a plasma processing 
method according to the present invention comprises the 
steps of: placing a plurality of photon detection sensors, each 
for measuring an ultraviolet-light-induced current, on a 
Wafer stage provided Within a plasma chamber; placing the 
substrate to be processed on the Wafer stage; performing 
plasma processing in the plasma chamber in Which the 
photon detection sensors and the substrate to be processed 
are placed; and monitoring an output current from each of 
the photon detection sensors While the plasma processing is 
being performed. 
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[0013] The plasma processing method further comprises a 
step in Which, When a spike-like current drop different from 
a steady-state current is observed in the monitoring step of 
the photon detection sensors, the spike-like current drop is 
recognized as indicating the occurrence of an abnormal 
discharge. 

[0014] According to the above method, the current 
induced by the ultraviolet light generated from the plasma is 
detected by the photon detection sensor mounted on the 
Wafer stage While the plasma processing of the substrate is 
being performed; in this Way, any abnormal discharge occur 
ring in the plasma chamber can be detected in real time in 
the form of a change in current value. Accordingly, quick 
action can be taken to deal With the abnormality, offering the 
effect of enhancing the reliability and productivity of semi 
conductor devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a diagram shoWing in simpli?ed form the 
con?guration of a plasma processing apparatus according to 
one embodiment of the present invention; 

[0016] FIG. 2 is a plan vieW of a Wafer stage in the plasma 
processing apparatus shoWn in FIG. 1; 

[0017] FIG. 3 is a diagram shoWing the result of the 
measurement of an electric current value of a photon detec 
tion sensor; 

[0018] FIG. 4 is a diagram showing a ?rst embodiment of 
the photon detection sensor used in the plasma processing 
apparatus of the present invention; 

[0019] FIG. 5A is a diagram for explaining one fabrica 
tion step for the photon detection sensor shoWn in FIG. 4; 

[0020] FIG. 5B is a diagram for explaining another fab 
rication step for the photon detection sensor shoWn in FIG. 
4; 
[0021] FIG. 5C is a diagram for explaining a further 
fabrication step for the photon detection sensor shoWn in 
FIG. 4; 

[0022] FIG. 5D is a diagram for explaining a still further 
fabrication step for the photon detection sensor shoWn in 
FIG. 4; 

[0023] FIG. 6A is a cross-sectional vieW in one fabrica 
tion step for the photon detection sensor shoWn in FIG. 4; 

[0024] FIG. 6B is a plan vieW of the photon detection 
sensor shoWn in FIG. 6A; 

[0025] FIG. 7 is a diagram shoWing a second embodiment 
of the photon detection sensor used in the plasma processing 
apparatus of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] FIG. 1 is a diagram shoWing, in simpli?ed form, 
the con?guration of a plasma processing apparatus accord 
ing to one embodiment of the present invention. Reference 
numeral 1 is a chamber for performing a plasma process 
therein; the chamber 1 is equipped With a Wafer stage 3 for 
mounting thereon a substrate to be processed, i.e., a semi 
conductor Wafer 2. A gas excited into a plasma state (here 
inafter simply referred to as the plasma) 4 is introduced into 
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the chamber 1, and a plasma process such as etching or 
thin-?lm deposition is performed on the semiconductor 
Wafer 2. Here, the plasma 4 can also be formed Within the 
chamber 1 by applying high-frequency energy from outside 
the chamber to a gas introduced into the chamber 1. Usually, 
an insulating ?lm for preventing the discharge of the plasma 
4 is formed on the inside Wall of the chamber 1. 

[0027] FIG. 2 is a plan vieW of the Wafer stage 3. As 
shoWn, one or more photon detection sensors 5 are arranged 
on the surface 3a of the Wafer stage 3 on Which the 
semiconductor Wafer 2 is to be mounted. The structure of the 
photon detection sensor and its sensor mechanism Will be 
described later. As shoWn, the photon detection sensors 5 are 
arranged at equally spaced intervals around the circumfer 
ential portion of the surface 3a of the Wafer stage 3. A data 
processing apparatus 6, Which performs data processing by 
detecting a change in an electric current being output from 
each photon detection sensor 5, is connected to the photon 
detection sensors 5. 

[0028] The plasma processing apparatus shoWn in FIG. 1 
detects a change in the electric current value of each of the 
plurality of photon detection sensors 5 While performing 
processing of the semiconductor Wafer 2 by exposing it to 
the plasma. The present inventor has discovered that When 
an abnormal discharge occurs Within the chamber 1, the 
output, i.e., the electric current value, of the photon detection 
sensor 5 drops in a spike-like manner. Accordingly, by 
observing the output of each photon detection sensor 5 
during the processing of the semiconductor Wafer 2, any 
abnormal discharge occurring in the chamber 1 can be 
detected. Further, by simultaneously monitoring the outputs 
of the plurality of photon detection sensors 5, it becomes 
possible to detect the spatial distribution of the abnormal 
discharge, Which shoWs Which portions of the semiconduc 
tor Wafer 2 are affected by the abnormal discharge. 

[0029] FIG. 3 shoWs one example of hoW the output of the 
photon detection sensor 5 changes. In the ?gure, the ordinate 
represents the ultraviolet-light-induced current value of the 
photon detection sensor 5 measured in arbitrarily chosen 
units, and the abscissa represents the time. In the photon 
detection sensor 5, a current 8 induced by the ultraviolet 
light generated from the plasma is constantly observed in 
accordance With a mechanism to be described later and, 
during that process, a spike-like drop 7 in the electric current 
value is observed. The present inventor has discovered that 
the spike-like drop 7 is caused by an abnormal discharge 
occurring in the chamber 1. 

[0030] Accordingly, the time of occurrence, the magni 
tude, and the spatial distribution of the abnormal discharge 
in the chamber 1 can be deduced from the detected occur 
rence of the drop 7, its magnitude, and the position on the 
Wafer stage 3 of the photon detection sensor 5 Whose output 
exhibited the drop. 

[0031] Next, the structure of the photon detection sensor 5 
used in the present invention, its operating principle, and the 
mechanism by Which an abnormal discharge is detected 
using the photon detection sensor Will be described With 
reference to FIGS. 4 and 5. 

[0032] FIG. 4 shoWs a ?rst embodiment of the photon 
detection sensor 5. In FIG. 4, for convenience of explana 
tion, the photon detection sensor 5 is shoWn as being 
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mounted directly on the bottom of the chamber, but in 
practice, the sensor is mounted on the Wafer stage 3 on 
Which the semiconductor Wafer is to be held, as shoWn in 
FIG. 1. In the ?gures hereinafter given, the same reference 
numerals as those in FIGS. 1 and 2 designate the same or 
similar component elements, and the description of such 
elements Will not be repeated here. 

[0033] In the photon detection sensor 5 shoWn in FIG. 4, 
reference numeral 10 is a Si semiconductor substrate, 11 is 
a ?rst insulating ?lm formed from SiO2 or the like, 12 is an 
electrode formed from Al, and 13 is a second insulating ?lm 
formed from SiO2 or the like. A portion of the second 
insulating ?lm 13 is removed by suitable means such as 
etching to expose a portion of the electrode 12. AWiring line 
14 is connected to the exposed portion, and the current 
?oWing in the electrode 12 is measured by an ammeter 15. 
Reference numeral 16 is a poWer supply for applying a bias 
voltage to the electrode 12. 

[0034] Ions, neutral particles, electrons, and ultraviolet 
light are generated in the plasma. In this ultraviolet radia 
tion, there is radiation that has large energy and cannot pass 
through the insulating ?lms 12 and 13. Such ultraviolet 
radiation is absorbed by the insulating ?lms 12 and 13 and 
forms electron-hole pairs in the ?lms. The holes, Whose 
mobility is loWer than the electrons, are trapped by defects 
formed in the insulating ?lms 12 and 13, and thus form 
positive ?xed charges. Here, When a bias voltage is applied 
to the electrode 12, these charges can be detected as a hole 
current by the ammeter 15. 

[0035] At the interface betWeen the Si semiconductor 
substrate and the insulating ?lm, for example, the SiOZ/Si 
interface, there exist many defects formed by so-called 
dangling bonds of Si. The holes formed in the SiO2 ?lm by 
absorbing high-energy light such as vacuum ultraviolet light 
are trapped by such defects formed at the SiOZ/Si interface, 
and thus form positive ?xed charges. Accordingly, the 
electric current value measured by the ammeter 15 during 
plasma processing has correlation With the amount of ?xed 
charge at the SiOZ/Si interface. 

[0036] It is presumed that the steady-state current value 8 
shoWn in FIG. 3 has a relationship With the current gener 
ated based on the positive ?xed charges. In a MOS transistor 
or the like, the number of positive ?xed charges greatly 
affects the device characteristics. Accordingly, the charac 
teristics of the semiconductor device being produced can be 
predicted to a certain extent from the measured electric 
current value. 

[0037] It is knoWn that the energy of the plasma 4 ?uc 
tuates in cyclic fashion based on its generation process. This 
?uctuation of the plasma is observed as a ?uctuation in the 
steady-state current value, as shoWn by reference numeral 9 
in FIG. 3, When measuring the electric current value of the 
photon detection sensor 5. Accordingly, by detecting the 
?uctuation of the electric current value of the sensor 5, the 
?uctuation of the plasma can be observed, Which has not 
been possible With the prior art. 

[0038] Usually, the inside surface of the plasma chamber 
1 is treated With an insulating ?lm to prevent contact With 
the high-energy plasma 4 and thereby prevent discharge of 
the plasma energy. Accordingly, as the plasma process 
progresses, a large electric charge is accumulated on the 
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insulating ?lm. When the charge accumulation exceeds a 
limit, or When the accumulated charge is discharged for 
some reason, an abnormal discharge occurs in the chamber 
1. 

[0039] When an abnormal discharge occurs, the energy of 
the plasma 4 is released, and the plasma density thus drops. 
As a result, the ultraviolet light generated by the plasma 4 
substantially decreases, and the number of electron-hole 
pairs to be formed in the insulating layers 12 and 13 
substantially decreases in a corresponding manner. This 
decrease is observed by the ammeter 15 as a spike-like drop 
in the current value, as shoWn in FIG. 3. 

[0040] Therefore, When a spike-like drop is detected in the 
current value, it can be determined that an abnormal dis 
charge has occurred in the chamber 1. Here, When an 
abnormal discharge occurs, the density of the plasma 4 
appreciably drops at that instant, and this greatly affects the 
plasma process in progress such as insulating ?lm etching or 
thin-?lm deposition. This can signi?cantly degrade or dam 
age the characteristics of the semiconductor device being 
produced. Therefore, in order to improve the reliability and 
productivity of semiconductor devices, it is extremely 
important to detect the occurrence of an abnormal discharge 
during plasma processing, the magnitude of the abnormal 
discharge, and the spatial distribution of the abnormal dis 
charge that occurred. 

[0041] FIGS. 5 and 6 are diagrams shoWing a fabrication 
process for the ultraviolet-light-induced current measuring 
photon detection sensor 5 having the structure shoWn in 
FIG. 4. As shoWn in FIG. 5A, ?rst the Si substrate 10 is 
subjected to Wet thermal oxidation for 30 minutes at 1000° 
C., to form the SiO2 ?lm 11. The thickness of the ?lm 11 is 
3 pm. Next, as shoWn in FIG. 5B, Al as the electrode 
material is deposited (Al ?lm thickness of 100 nm) to form 
an electrode layer 12‘. Then, the electrode layer 12‘ is etched 
by phosphoric acid (H3PO4), to form the electrode 12 of the 
desired shape as shoWn in FIG. SC. 

[0042] Next, plasma TEOS (tetraethoxysilane, 
Si(OC2H5)4) is deposited to a thickness of 200 nm to form 
the oxide ?lm 13, as shoWn in FIG. 5D, after Which a 
portion of the oxide ?lm 13 is etched off by hydro?uoric acid 
(HF:H2O=1:50) to expose a portion 12“ of the electrode 12, 
as shoWn in FIG. 6A. Finally, a current measuring lead Wire 
(not shoWn) is connected to the exposed portion 12“ of the 
electrode 12. After the lead Wire is connected, the device is 
covered With an insulating ?lm (not shoWn) to prevent 
charged particles from entering the device through the 
periphery of the lead Wire. 

[0043] FIG. 6B is a plan vieW shoWing the device shoWn 
in FIG. 6A as vieWed from the top; here, the electrode 12 is 
shoWn through the overlying SiO2 ?lm 13, With the portion 
12“ of the electrode exposed through the opening formed in 
the SiO2 ?lm 13. 

[0044] When the photon detection sensor 5 is formed as 
described above, the sensor is mounted on the Wafer stage 3 
in the plasma chamber 1, and connected to the poWer supply 
16 and the ammeter 15 outside the chamber 1 via a current 
lead terminal (not shoWn) connected to the electrode 12, and 
the ammeter 15 measures the electric current value When a 
bias voltage of 0 to 30 V is applied from the poWer supply 
16. The electric current value When the plasma is not applied 
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is about 10 to 20 pA, Which means that virtually no current 
is ?owing. The measured sensor output is processed by the 
data processing apparatus 6 and monitored by the user. 

[0045] FIG. 7 is a diagram shoWing a second embodiment 
of the photon detection sensor used in the plasma processing 
apparatus of the present invention. The photon detection 
sensor 50 of this embodiment differs from the photon 
detection sensor 5 of the structure shoWn in FIG. 4 in that 
the SiO2 ?lm 13 is covered With anAl ?lm 17 about 100 nm 
in thickness. Reference numeral 12a indicates the lead 
terminal of the electrode 12. 

[0046] Ions, neutral particles, electrons, and ultraviolet 
light are generated in the plasma. Therefore, in the photon 
detection sensor 5 of FIG. 4, the SiO2 ?lm 13 is affected by 
charged particles such as ions and electrons, causing a 
variation in the measured current value. In the photon 
detection sensor 50 shoWn in FIG. 7, the ?lm 13 is covered 
With the Al thin ?lm 17 to prevent such particles from 
penetrating into the ?lm 13. It is knoWn that ultraviolet light 
With Wavelengths of about 17 nm to 90 nm passes through 
the Al ?lm. Therefore, by depositing the Al ?lm 17 over the 
SiO2 ?lm 13, the in?uence only of vacuum ultraviolet light 
of 90 nm and shorter Wavelengths that pass through can be 
observed by eliminating the in?uence of ions and electrons. 
The Al ?lm 17 is grounded during plasma exposure. 

[0047] In the photon detection sensors 5 and 50 described 
With reference to FIGS. 4 and 7, the insulating ?lm has been 
formed from SiO2, but the present invention is not limited to 
this particular material; for eXample, the insulating ?lm can 
be equally achieved by using, for example, a nitride ?lm or 
the like. The insulating ?lm need only be formed using the 
same material as the insulating ?lm formed on the semicon 
ductor Wafer or to be formed thereon and processed by 
etching. 

[0048] As described above With reference to the various 
embodiments, in the plasma processing apparatus of the 
present invention, With the ultraviolet-light-induced current 
measuring photon detection sensor mounted on the Wafer 
stage, any abnormal discharge phenomenon occurring in the 
plasma chamber can be detected in real time during the 
processing of the semiconductor Wafer. Accordingly, When 
an abnormal discharge occurs, corrective action can be taken 
quickly, and as a result, semiconductor devices having high 
reliability can be produced While ensuring high productivity. 
Further, by arranging a plurality of photon detection sensors 
on the Wafer stage, it becomes possible to knoW the spatial 
distribution of the abnormal discharge, so that more appro 
priate action can be taken to deal With the abnormal dis 
charge. 
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What is claimed is: 
1. A plasma processing apparatus comprising: 
a chamber equipped With a Wafer stage for mounting 

thereon a substrate to be processed; 

a means for providing plasma on said substrate mounted 
on said Wafer stage; and 

a photon detection sensor for measuring an ultraviolet 
light-induced current placed on a circumferential por 
tion of a substrate mounting surface of said Wafer stage. 

2. A plasma processing apparatus as claimed in claim 1, 
Wherein said photon detection sensor comprises a semicon 
ductor substrate, an insulating ?lm formed over said semi 
conductor substrate, an electrode layer embedded in said 
insulating ?lm, a means for applying a bias voltage to said 
electrode layer, and a means for detecting a current ?oWing 
in said electrode layer. 

3. A plasma processing apparatus as claimed in claim 2, 
Wherein said photon detection sensor further comprises a 
second electrode formed on said insulating ?lm. 

4. A plasma processing apparatus as claimed in claim 1, 
Wherein a plurality of said photon detection sensors are 
arranged around the circumferential portion of said substrate 
mounting surface of said Wafer stage. 

5. Aplasma processing method for processing a substrate, 
comprising: 

providing a plurality of photon detection sensors, each for 
measuring an ultraviolet-light-induced current, on a 
Wafer stage provided Within a plasma chamber; 

providing said substrate to be processed on said Wafer 
stage, 

performing plasma processing in said plasma chamber in 
Which said photon detection sensors and said substrate 
to be processed are placed, and 

monitoring an output current from each of said photon 
detection sensors While said plasma processing is being 
performed. 

6. A plasma processing method as claimed in claim 5, 
Wherein When a spike-like current drop different from a 
steady-state current is observed during the monitoring of 
said photon detection sensors, said spike-like current drop is 
recogniZed as indicating the occurrence of an abnormal 
discharge. 

7. A plasma processing apparatus as claimed in claim 2, 
Wherein a plurality of said photon detection sensors are 
arranged around the circumferential portion of said substrate 
mounting surface of said Wafer stage. 

8. A plasma processing apparatus as claimed in claim 3, 
Wherein a plurality of said photon detection sensors are 
arranged around the circumferential portion of said substrate 
mounting surface of said Wafer stage. 

* * * * * 


