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A system for detecting a plasma reaction and a method for
using the same are provided. When the plasma reaction
changes its reaction power, a lightness variation accompanies
the power change. The system comprises a sensing device
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SYSTEM FOR DETECTING PLASMA
REACTION AND METHOD FOR USING THE
SAME

[0001] This application claims the benefit of priority based
on Taiwan Patent Application No. 096109099 filed on Mar.
16, 2007, and the disclosures of which are incorporated
herein by reference in their entirety.

CROSS-REFERENCES TO RELATED

APPLICATIONS
[0002] Not applicable.
BACKGROUND OF THE INVENTION
[0003] 1. Field of the Invention
[0004] The subject invention relates to a monitoring device

and a monitoring method for a manufacturing process; the
invention especially relates to a monitoring system and a
monitoring method for detecting a plasma reaction.

[0005] 2. Descriptions of the Related Art

[0006] Plasma is one of the greatest discoveries in modern
physical chemistry. When gas molecules are ionized into
particles, such as ions with positive or negative charges, elec-
trons, and radicals, in an electric field, the mixture of these
particles is so called plasma.

[0007] Plasma is in widespread use in the semiconductor
manufacturing process, such as in the manufacturing process
of'thin film deposition, dry etching, and ion implantation. It is
essential to monitor the plasma reaction in the manufacturing
process precisely and instantaneously.

[0008] In a plasma reaction, a plurality of particles are
excited and thus are in the excited status. After energies of
secondary electrons are captured by these particles in the
electric field, these energies can be released in manners of
light waves and accompany a unique glow phenomenon. The
frequency of the light wave spreads between zones of visible
light and ultraviolet.

[0009] According to the abovementioned, two prior meth-
ods of monitoring the plasma reaction are used. The first one
method uses a mechanism of monitoring parameters gener-
ated by equipment. The other uses an optic emission spectrum
sensor. In more details, the former uses parameters generated
by built-in plasma glow equipment as monitoring references.
For example, a forward voltage and a reverse voltage are
usually used to confirm whether the plasma reaction glows or
not. In some real applications, however, the plasma does not
react and glow while the forward voltage and the reverse
voltage indicate the reaction is conducted normally. There-
fore, a monitoring error is occurred and the yield of the
manufacturing process degrades.

[0010] On the other hand, the optic emission spectrum sen-
sor is used to detect the status and the features of the plasma
reaction by detecting the variation of compositions of plasma.
Though the accuracy of this method is very high, this optic
emission spectrum sensor is hard to be adopted because it
costs several millions. It is too expensive to be in widespread
use in semiconductor manufacturing processes. Moreover,
optical fibers must be used to transmit light wave when the
optic emission spectrum sensor operates. The optical fiber is
fragile and easily damaged. It is necessary to replace the
damaged optical fiber as it was bent by external force. The
maintenance of the whole monitoring equipment is not easy.
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Furthermore, the optic emission spectrum sensor is an exter-
nal sensor. It is hard to integrate the sensor into the original
manufacturing equipment for reaction data collection.
[0011] Therefore, itis essential to improve the conventional
system and method for monitoring plasma reaction effec-
tively and be easily adopted in all kinds of plasma manufac-
turing processes.

SUMMARY OF THE INVENTION

[0012] One objective of the subject invention is to provide
a system for detecting a plasma reaction. When the plasma
reaction has a power variation, a lightness variation accom-
panies the power variation. The system comprises a sensing
device, which comprises a resistance, wherein the resistance
will be changed in response to the lightness variation; thereby
the system can detect the status of the plasma reaction.
[0013] Another objective of the subject invention is to pro-
vide a method for detecting a plasma reaction. When the
plasma reaction has a power variation, a lightness variation
accompanies the power variation. The method comprises:
providing a sensing device, the sensing device comprising a
resistance; changing the resistance in response to the light-
ness variation; measuring the resistance of the sensing device;
and generating a signal in response to the resistance.

[0014] The detailed technology and preferred embodi-
ments implemented for the subject invention are described in
the following paragraphs accompanying the appended figures
forpeople skilled in this field to well appreciate the features of
the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 depicts an exemplary embodiment of a sys-
tem for detecting a plasma reaction of the subject invention;
[0016] FIG. 2A depicts an exemplary embodiment of
power variations in plasma reactions;

[0017] FIG. 2B depicts an exemplary embodiment of resis-
tance variations of the sensing device corresponding to FIG.
2A; and

[0018] FIG. 2C depicts one of the curves shown in FIG. 2B.
DESCRIPTION OF THE PREFERRED
EMBODIMENT
[0019] According to the abovementioned disadvantages of

the prior plasma reaction detecting system, the subject inven-
tion develops a new system for detecting a plasma reaction for
accurately and precisely detecting the variation of a plasma
reaction. The cost of manufacturing the detecting system can
be significantly reduced. It would be beneficial for wide-
spread use in all kinds of plasma manufacturing processes.
[0020] Please refer to FIG. 1, which schematically illus-
trates a system 100 for detecting a plasma reaction in one
embodiment of the subject invention. The detection system of
the subject invention can be easily adopted in many reactions,
such as thin film deposition, dry etching, ion implantation,
and so forth, which are conducted in a plasma reaction cham-
ber (not shown). According to the above-mention, in a plasma
reaction, a power variation accompanies a lightness variation.
The detection system 100 disclosed by the subject invention
utilizes the feature of the lightness variation to instanta-
neously and precisely detect the variation of the plasma reac-
tion as further described hereinafter.

[0021] The system 100 for detecting a plasma reaction
mainly comprises a sensing device 110 which comprises a
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resistance. The sensing device 110 would change its resis-
tance in response to the lightness variation of a plasma reac-
tion in a visible light zone. The purpose of instantaneously
monitoring the plasma reaction can be made by measuring the
resistance variation of the sensing device 110. In a preferred
embodiment, the sensing device 110 can be, for example, but
not limited to a photoconductive resistance. One of the fea-
tures of the photoconductive resistance is that the resistance
thereof will increase or decrease in response to the lightness
variation. Specifically, the photoconductive resistance is
CdS. The cost of CdS is very cheap so that the total cost for
constructing the whole detection system of the subject inven-
tion can be significantly reduced. Compared with the optic
emission spectrum sensor of the prior art, it is much easier to
adopt the detection system of the subject invention to semi-
conductor manufacturing processes.

[0022] Ina preferred embodiment, the detection system for
a plasma reaction of the subject invention can be integrated
into the present manufacturing equipment to facilitate users
to monitor the whole plasma reaction by using the detecting
signals. Specifically, referring to FIG. 1, the detection system
100 for a plasma reaction of the subject invention further
comprises a signal processing device 120, a signal transmis-
sion module 130, a database 140 and an error detection device
150.

[0023] The signal processing device 120 electrically con-
nects to the sensing device 110. The signal processing device
120 is used to generate a signal in response to the resistance of
the sensing device 110 and to process the signal after mea-
suring the resistance. In a real application, common cables
can be used to connect the signal processing device 120 and
the sensing device 110 rather than using optical fibers as
connection means. In view of the material cost and the main-
tenance, the cables adopted by the subject invention provide
advantages of curving randomly, hard to be damaged and low
costs.

[0024] Specifically, the sensing device 110 of the invention
is directly affixed to the external surface of the observation
window of the plasma reaction chamber. Specially, the resis-
tance value of the photoconductive resistance made by CdS
would be affected by the contact condition between the pho-
toconductive resistance and the observation window. Accord-
ingly, when the photoconductive resistances of the subject
invention are used in a plurality of the monitoring systems of
plasma reaction equipment, it is hard to monitor a plurality of
plasma reactions with a standard if each photoconductive
resistance has a different output voltage. Therefore, it is
essential to adjust each of the output voltages of the signals
generated by sensing devices 110 in order to effectively moni-
tor each of the plasma reaction equipment to which the sens-
ing devices 110 are affixed. Specifically, the signal processing
device 120 comprises an offset circuit assembly 122 used for
adjusting the output voltage of the signal, generated by mea-
suring the resistance of the sensing device 110, so that the
output voltage of the signal would has an identical standard.
Consequently, the output voltages of a plurality of sensing
device 110 belonged to different plasma reaction equipment
would be controlled in a voltage range as a monitoring range
to facilitate the central monitoring system to control different
plasma reactions simultaneously. For example, a level of 5
volts will be set as the initial output voltage of the sensing
device 110 before the plasma does not begin to react. On the
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other hand, a level of zero volts will be set as the output
voltage of the sensing device 110 when the plasma has a
maximum power.

[0025] Next, in a real application, the voltage signal gener-
ated by the signal processing device 120 measuring the sens-
ing device 110 is an analog signal. The signal processing
device 120 further comprises a signal converter 124 used for
converting the analog signal to a digital signal to facilitate the
process of the signal. Moreover, the signal transmission mod-
ule 130 of the detection system 100 for plasma reaction of the
subject invention electrically connects with the signal pro-
cessing device 120 and the database 140. The signal trans-
mission module 130 is used to transmit the signal processed
by the signal processing device 120 to the database 140. In
real applications, depending on the type of the plasma reac-
tion equipment, a proper signal transmission module 130
would be selected, such as an RS232 module or a TCPIP
module.

[0026] In addition, the database 140 would store the signal
processed by the signal processing device 120 via the signal
transmission module 130. The database 140 further electri-
cally connects to an error detection device 150 to provide the
abovementioned monitoring range for a plasma reaction to
the error detection device 150. When the indicated parameters
of'the plasma reaction are over the monitoring range, a simul-
taneous warning alert would be provided to increase the yield
of the manufacturing processes.

[0027] An exemplary plasma reaction will be shown to
describe the features of the detection system for a plasma
reaction of the invention. Please refer to FIG. 2A, which
schematically illustrates power variations of plasma reactions
in one embodiment. The horizontal axis represents time and
the vertical axis represents plasma power. A plurality of
curves is shown in the drawing and each of the curves repre-
sents a power variation of a plasma reaction.

[0028] Please refer to FIG. 2B together with FIG. 2A. FIG.
2B shows a corresponding variation of the resistance value of
the sensing device 110. In real applications, a proper circuit
would be connected with the sensing device 110 to output a
signal in relative to the resistance value of the sensing device
110. FIG. 2A and FIG. 2B show that the resistance variation
of the sensing device 110 has an opposite relationship with
the power variation of a plasma reaction. That is, when the
power of a plasma reaction becomes large, the light thereof
would become strong as well and the resistance value of the
CdS photoconductive resistance would become small corre-
spondingly. On the contrary, when the power of a plasma
reaction decrease, the light thereof would become dark and
the resistance value of the CdS photoconductive resistance
would reversely become large.

[0029] Please refer to FIG. 2C together with FIG. 2A,
wherein FIG. 2C shows one of the curves selected from FIG.
2B. The curves shown in FIG. 2A and FIG. 2C can be respec-
tively divided into 5 portions, including “m”, “n”, “0”, “p”,
“q” along the horizontal axis. The “m” portion of FIG. 2A
represents the plasma does not begin to react. Therefore, the
photoconductive resistance in the detection system is in a
status with a high level as shown in the corresponding “m”
portion of FIG. 2C.

[0030] Next, as the plasma begins to react, the power of the
plasma increases as shown in the “n” portion of FIG. 2A. The
plasma glows increasingly so that the resistance value of the
photoconductive resistance of the detection system decreases
reversibly as shown in the “n” portion of FIG. 2C. As shown
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in the “o0” portion of FIG. 2A, the power of the plasma reac-
tion has been turn off so that the plasma stops glowing.
Correspondingly, the resistance value of the photoconductive
resistance of the detection system increases correspondingly
and quickly to a high level the same as the plasma begins to
react.

[0031] Inthe “p” portion of FIG. 2A, the plasma begins to
react again and the power of the plasma in the “p” portion is
smaller than the power indicated by the “n” portion of FIG.
2A. Correspondingly, the resistance value of the photocon-
ductive resistance in the “p” portion of FIG. 2C is larger than
that of the photoconductive resistance indicated by the “n”
portion of FIG. 2C. More particularly, when the reaction is
conducted into “q” portion, the plasma power changes
quickly along the time axis. The resistance value in the “q”
portion of FIG. 2C also changes reversibly and quickly.
According to the above, the sensing device 110 in the detec-
tion system for plasma reactions disclosed by the subject
invention can effectively, quickly, and precisely detect
plasma reactions with different powers. Therefore, the detec-
tion system for plasma reactions disclosed by the subject
invention is an effective monitoring tool to detect the status of
the plasma reactions.

[0032] It is noted that the photoconductive resistance is
configured outside an observation window of a plasma reac-
tion chamber. The observation window is a transparent mate-
rial so that the photoconductive resistance can directly detect
the light variation of the plasma reaction conducted in the
reaction chamber via the observation window. The sensing
device of the subject invention is unnecessary to invade the
reaction chamber for detecting reactions so that it can facili-
tate to integrate the detection system of the subject invention
into any kinds of present plasma reaction equipment. The
detection system of the subject invention can be in wide-
spread use for real applications.

[0033] Itis appreciated that the photoconductive resistance
used in the detection system of the subject invention is only
sensitive to the light variation rather than to the temperature
variation of plasma reactions. Accordingly, the temperature
variation would not impose any substantial influence on the
photoconductive resistance used in the subject invention. No
detection error would be resulted from the temperature varia-
tion.

[0034] It is appreciated that the subject invention further
provides a method for detecting a plasma reaction by apply-
ing the detection system as shown in FIG. 1. The method
comprises the following steps.

[0035] First, providing a sensing device 110 to a plasma
reaction chamber so that the sensing device 110 can change
its resistance value in response to a lightness variation during
the plasma reaction.

[0036] Second, providing a signal processing device 120 to
measure the resistance value of the sensing device 110 and
then generate an output voltage of a signal and process the
signal to indicate the status of the plasma reaction. It is noted
that the sensing device 110 and the signal processing device
120 comprise all features as disclosed above. The details
thereof are omitted.

[0037] Inapreferred embodiment, the step of providing the
signal processing device 120 to generate the signal further
comprises a step of providing an offset circuit assembly 122
used for adjusting the output voltage of the signal after receiv-
ing the signal. If the signal is an analog signal, the abovemen-
tioned step further comprises a step of providing a signal
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converter 124 used for converting the analog signal to a digital
signal. It is noted that the offset circuit assembly 122 and the
signal converter 124 comprise all features as disclosed above.
[0038] Moreover, the method for detecting a plasma reac-
tion of the subject invention further comprises the following
steps: providing a database 140 for storing the signal after the
signal being processed by the signal processing device. Then,
an error detection device 150 is provided to connect to the
database 140 for detecting the status of the plasma reaction.
[0039] In apreferred embodiment of the subject invention,
the method further comprises a step of providing a signal
transmission module 130, connected between the signal pro-
cessing device 120 and the database 140, used for transmit-
ting the signal from the signal processing device 120 to the
database 140. It is noted that the signal transmission module
130, the database 140, and the error detection device 150
comprise all features as disclosed above. The above disclo-
sures are incorporated herein by reference.

[0040] To sum up, the detecting system and the method for
plasma reactions disclosed by the subject invention not only
detect the reaction quickly, but also sensitively and precisely.
Moreover, the whole detecting system only costs several
thousands. Compared the cost with the optic emission spec-
trum sensor of the prior art, the detecting system and the
method disclosed the subject invention is more cheap and can
be in widespread use. Furthermore, the non-invasion feature
of'the detecting system of the subject invention facilitates the
detecting system can be easily integrated with any present
plasma reaction equipment to provide a reliable and cheap
solution to the prior art.

[0041] The above examples are only intended to illustrate
the principle and efficacy of the subject invention, not to limit
the subject invention. Any people skilled in this field may
proceed with modifications and changes to the above
examples without departing from the technical principle and
spirit of the subject invention. Therefore, the scope of protec-
tion of the subject invention is covered in the following claims
as appended.

What is claimed is:

1. A system for detecting a plasma reaction, when the
plasma reaction has a power variation, a lightness variation
accompanies the power variation, the system comprising:

a sensing device, comprising a resistance, wherein the
resistance will be changed in response to the lightness
variation, thereby the system can detect the status of the
plasma reaction.

2. The system of claim 1, wherein the sensing device is a

photoconductive resistance.

3. The system of claim 2, wherein the plasma reaction is
conducted in a plasma reaction chamber and the photocon-
ductive resistance is configured outside an observation win-
dow of the plasma reaction chamber used for sensing the
lightness variation.

4. The system of claim 2, wherein the photoconductive
resistance is CdS.

5. The system of claim 1, further comprising a signal pro-
cessing device used for generating a signal after measuring
the resistance of the sensing device and processing the signal.

6. The system of claim 5, wherein the signal processing
device comprises an offset circuit assembly used for adjusting
an output voltage of the signal after receiving the signal.
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7. The system of claim 5, wherein the signal is an analog
signal and the signal processing device comprises a signal
converter used for converting the analog signal to a digital
signal.

8. The system of claim 5, further comprising a database
used for storing the signal after the signal being processed by
the signal processing device.

9. The system of claim 8, further comprising a signal trans-
mission module, connected between the signal processing
device and the database, used for transmitting the signal from
the signal processing device to the database.

10. The system of claim 9, wherein the signal transmission
module is an RS232 module or a TCPIP module.

11. The system of claim 8, further comprising an error
detection device, connected to the database, used for detect-
ing a status of the plasma reaction.

12. A method for detecting a plasma reaction, when the
plasma reaction has a power variation, a lightness variation
accompanies the power variation, the method comprising:

providing a sensing device, the sensing device comprising

a resistance;

changing the resistance in response to the lightness varia-

tion;

measuring the resistance of the sensing device; and

generating a signal in response to the resistance.

13. The method of claim 12, wherein the sensing device is
a photoconductive resistance.

14. The method of claim 13, wherein the plasma reaction is
conducted in a plasma reaction chamber and the photocon-
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ductive resistance is configured outside an observation win-
dow of the plasma reaction chamber used for sensing the
lightness variation.

15. The method of claim 13, wherein the photoconductive
resistance is CdS.

16. The method of claim 12, wherein the step of measuring
uses a signal processing device to generate a signal and pro-
cess the signal after measuring the resistance of the sensing
device.

17. The method of claim 16, wherein the step of processing
the signal uses an offset circuit assembly to adjust an output
voltage of the signal after receiving the signal.

18. The method of claim 16, wherein the signal is an analog
signal and the method further comprises a step of providing a
signal converter for converting the analog signal to a digital
signal.

19. The method of claim 16, further comprising a step of
providing a database for storing the signal after the signal
being processed by a signal processing device.

20. The method of claim 19, further comprising a step of
providing a signal transmission module, connected between
the signal processing device and the database, used for trans-
mitting the signal from the signal processing device to the
database.

21. The method of claim 20, wherein the signal transmis-
sion module is an RS232 module or a TCPIP module.

22. The method of claim 19, further comprising a step of
providing an error detection device, connected to the data-
base, used for detecting the status of the plasma reaction.
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