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converting unit for applying a periodic voltage signal applied from the signal supplying unit to the probe unit, detecting the magnitude
a receiving the voltage output from the current detecting/voltage converting unit as an input.
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Description

PLLASMA DIAGNOSTIC APPARATUS AND METHOD
Technical Field

The present invention relates to a plasma diagnostic apparatus, and more par-
ticularly, to apparatus and method that enables a rapid and precise measurement of
plasma parameters including a plasma density, an electron temperature, a plasma
potential, a floating potential, and the like by measuring an AC current generated from
plasma in a plasma apparatus.

Also, the present invention relates to a plasma diagnostic apparatus that enables a
precise separation of a frequency component using, for example, Fast Fourier
Transform (FFT) or Phase Sensitive Detection (PSD), by a by-frequency measurement

unit, which may be implemented using a hardware or software.

Background Art

Among equipments used to manufacture semiconductor devices, a plasma apparatus
is widely used for forming plasma in a closed chamber of vacuum state, depositing a
thin film on a wafer by injecting a reaction gas, and etching a thin film formed on a
wafer.

The plasma apparatus has various advantages in that when the deposition process is
performed using the plasma, the deposition process can be performed in a low
temperature which does not allow impurities formed in the wafer to further diffuse, and
the thickness uniformity of the thin film formed on a large-sized wafer is excellent, and
that when the etch process is performed, the etch uniformity of the thin film across the
walfer is excellent. Accordingly, the plasma apparatus is widely used.

A Langmuir probe is most widely used to measure plasma parameters in the plasma
of a plasma apparatus and determine plasma characteristics and ion and electron dis-
tribution.

There are a single Langmuir probe, a double Langmuir probe and a triple Langmuir
probe in such a Langmuir probe. The Langmuir probe may be used to obtain a current-
voltage characteristic curve of the plasma by inserting the probe made from metal in
the plasma, applying a voltage to the probe, and measuring a current flowing through
the probe.

For example, in the single probe, the current-voltage curve is expressed as Equation

(1):
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where I *, I, VB, VP are an ion saturation current, an electron saturation current, a
probe potential and a plasma potential respectively. That is, as the probe potential
increases, the current flowing through the probe increases exponentially.

Also, in the double probe, the current-voltage curve is expressed as Equation (2):

IP=]+tanh(2—;)

e

Informations such as an ion saturation current, an electron saturation current, an
electron temperature, a plasma potential, and the like can be obtained from each of the
current-voltage characteristic curves. Such a method is simple, but it has an in-
convenience in that the current-voltage curve must be obtained, and that a separate
signal processing is required for obtaining these informations.

Also, when an insulator layer is formed on the probe surface through the deposition
in the plasma, the biggest problem is that the probes cannot operate correctly, whereby
the current-voltage curve cannot be obtained. Further, it is the most important re-
quirement that a measurement object in the plasma diagnostic not be influenced at all.
However, since many charges in the plasma are extracted, the object is influenced by
perturbation. Furthermore, real-time plasma analysis is also difficult.

Meanwhile, while there have been various attempts to diagnose the plasma using
the nonlinearity of a plasma sheath, such attempts have failed to obtain satisfactory
results. There is a method for measuring an electron temperature approximately using
the nonlinearity in a nuclear fusion plasma such as Tokamak.

The method is more specifically explained in below.

After floating the probe inserted into the plasma in a plasma chamber using a DC
current blocking capacitor, if a sine-wave voltage is applied, the current flowing

through the probe is expressed as Equation (3):
. .-
i, =i -iexp|l(Vy-V )T,

..... (3) where I is a current flowing through the probe, / “and i " are an ion
pr

saturation current and an electron saturation current respectively, and V' 4 VP ,and T

e

are a probe potential, a plasma potential and an electron temperature respectively.
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[21] i, i are expressed as Equation (4) and Equation (5) respectively:
[22]
.+
i =06len, u, A
23] ... 4)
[24] where nn is anion density, u 5 is a Bohm velocity, and A is a probe area.
[25]
|
i=jen,v, A
[26] ... (5)
[27] where n is an ion density, and v is an electron velocity.
[28] Accordingly, if the probe potential(V B) is
Viy=V+T1,coswt
, the current flowing through the probe is expressed as Equation (6):
[29]
=it V-V )T Yo
i,=1 -1 exp[(V-V,)/ T, Jexp [T coswi|
4
[30] ... (6)
[31] where
1%
is a floating potential.
[32] If the probe current(i ) is expanded by a modified Bessel function. The result is
pr
expressed as Equation (7):
[33]

. A+ e Vo = Vo
i ,=i"-i"expl( V-VP)/Te][JO(T—)+2;1k(7)cos(kmt)]

.t .- o Vo \ = < Vo
=i exp[( V-VP)/Te](IO(T—))—z expl( V—VP)/Te][Zk;Ik(T—)cos(kmt)]

Sipctisc
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[34] .. (7)
[35] As shown by Equation (7), the probe current(i ) consists of a DC current and an
pr
AC current.
[36] As described later, if the probe is connected to the DC current blocking capacitor
according to this invention, the DC current cannot flow.
[37] Accordingly, the DC current(i DC) of the probe current(i ) is expressed as Equation
pr
(8):
[38]
R P VO .
ipe=1 -1 exp[(V-V )/ T 1(1o(——=)=0
[39] .. (8)
[40] Also, log is applied to Equation (8) and the result is obtained as Equation (9):
[41]
(V-7,) Vo I
———+log( [ =log(——
7 *loe(Lo(— N=log (=)
(421 ... 9
[43] The floating potential is the potential between capacitors, and the plasma potential
may be obtained from Equation (9) using the floating potential and the electron
temperature. Also, the floating potential varies with V 0 accordingly, after obtaining
the floating potential variation (
AV
) with V . changes, the electron temperature may be obtained using Equation (9). An
approximate calculation equation is expressed as Equation (10):
[44]
2
1 Vo
7 =
4 A
(451 .. (10)
[46] where
AV
is a floating potential variation.
[47] The AC current is expressed as Equation (11):
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_ o 1%
i =i exp( V-VP)/Te](Zk;Ik(TO Yeos (kaf)+ - )

T

e

- — Vs v v,
=-2i exp[(V-V )T ] [J 17 )eos (o) + y(=) cos2ot)+ (- IeosBat) + - ]

=-2i"exp[(V-V )T i iyt gt ]

Therefore, by comparing between the magnitudes of w and 2w frquency
components of the probe current, the result of the comparison is obtained as Equation
(12):

i, I,(Voy/T,) _ AT,
i2w I2(V0/Te) N VO

(whenV ,<T')

such that after measuring the magnitudes of w and 2w frquency components, the
electron temperature is obtained from Equation (12).

In such a method, in order to measure the electron temperature precisely, it is most
important to precisely measure the magnitudes of individual frequency components of
the probe current.

Conventionally, after converting a current signal into a voltage signal using a
current probe(transformer), two frequency components of the current are obtained

using w and 2w Notch filters.
Disclosure of Invention

Technical Problem

The method as described above is suitable for a large flowing current such as in
Tokamak. But the current flow in the plasma chamber used in a semiconductor process
and so on is less than one-hundredth that in Tokamak, such that there is a problem that
precise current measurement cannot be made.

Also, when the current is separated into frequency components, because w and 2w
are very contiguous, it is difficult to separate the current into w and 2w.

Specifically, in a nuclear fusion such as Tokamak, an electron temperature is above
than about 100eV, such that +5 error range is not a problem. But, in a process plasma,

an electron temperature is 5eV at most, such that the method cannot be applied.

Technical Solution
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[59] Accordingly, It is an object of the present invention is to provide a plasma
diagnostic apparatus for precisely detecting magnitudes of frequency components of
the small current flowing through a probe in order to measure an electron temperature
in a plasma.

[60] It is another object of the present invention is to provide a plasma diagnostic
apparatus for separating spurious signal components from individual frequency
components.

[61] It is a further object of the present invention is to provide a plasma diagnostic
apparatus for providing an ion density as plasma parameter for a plasma diagnostic.

[62] It is a further object of the present invention is to provide a plasma diagnostic
apparatus for compensating the effect of a sheath impedance and measuring an electron
temperature and an ion density precisely.

[63] It is a further object of the present invention is to provide a plasma diagnostic
apparatus for enabling fast measurements of plasma parameters in a plasma apparatus
and monitoring a plasma in real-time.

[64] The above objects and other advantages of the present invention will become more
apparent by describing in detail preferred embodiments thereof with reference to the
attached drawings.

[65] To achieve these objects, the present invention provides a plasma diagnostic
apparatus including a probe unit, which is inserted into a plasma or disposed at
boundary of a plasma. The plasma diagnostic apparatus may include: (0) a signal
supplying unit having a signal supplying source, (U) a current detecting/voltage
converting unit for applying a periodic voltage signal applied from the signal supplying
unit to the probe unit, detecting the magnitude of the current flowing through the probe
unit, and converting the detected current into a voltage, and (0) a by-frequency
measurement unit for computing the magnitude and phase of individual frequency
components of the current flowing through the probe unit by receiving a voltage output
from the current detecting/voltage converting unit as an input.

[66] Preferably, The plasma diagnostic apparatus may further include another probe unit
connected to the signal supplying unit and inserted into the plasma.

[67] Also, the current detecting/voltage converting unit may further include a current
detecting resistor connected to the rear end of the probe unit in series, and a differential
amplifier for measuring a electric potential difference across the current detecting
resistor, and computing the magnitude of the current flowing through the probe unit.

[68] Preferably, the signal supplying unit may further include a signal amplifier having
one input terminal connected to the signal supplying source, the other input terminal
connected to the rear end or the front end of the current detecting resistor, and an

output terminal connected to the rear end of the current detecting resistor.
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[69] Preferably, the by-frequency measurement unit may use FFT.

[70] Preferably, the by-frequency measurement unit may include a operation circuit unit
for performing a predetermined operation by receiving a voltage output from the
current detecting/voltage converting unit and the periodic voltage signal as inputs, and
a low pass filter unit for computing magnitudes of individual frequency components of
the current flowing the probe by low pass filtering the operation result of the operation
circuit unit.

[71] Preferably, capacitive means for DC current blocking may be disposed at least one
of between the plasma and the probe unit, the probe unit and the current detecting/
voltage converting unit, or the current detecting/voltage converting unit and the signal
supplying unit.

[72] The magnitude of the periodic voltage signal applied from the signal supplying unit
to the probe unit is compensated by Equation (13), and applied to the plasma. Equation
(13) is expressed as follows:

[73]

Vsh: R 5k VEIf( R 5.'+ R sﬁz)

[74] ... (13)

[75] where R " sheath resistance, is a function of an ion density and an electron
temperature, V . is the magnitude of a periodic voltage signal applied to a probe unit,
and Rs is a resistance of the circuit and the device connected to a probe unit.

[76] Also, the electron temperature may be measured through a floating potential change
between whether or not the signal supplying unit applies an electric signal.

[77] Preferably, the ion density(n ) may be computed from the computed individual
frequency components by using lEquation (14). Equation (14) is expressed as follows:

[78]

17
2i,, IG( — )
F1 i z
stz
0.61¢u 4 I;{( = )
g

(791 .. (14)
[80] where T . is an electron temperature, V . is the magnitude of the sheath voltage

between a probe unit and a plasma, A is a probe area, and i kwis a magnitude of kth

harmonic frequency of the current flowing through a probe unit.
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To achieve these objects, there is provided a plasma diagnostic method, the method
may include the steps of: applying a periodic voltage signal from a signal supplying
unit to a probe unit inserted into a plasma, outputting a converted voltage after
detecting the magnitude of the current flowing through the probe unit and converting
the detected magnitude into a voltage, and computing the magnitude and phase of
individual frequency components of the current flowing through the probe unit by
receiving the output voltage as an input.

Preferably, computing the magnitude and phase of individual frequency

components may be performed using either FFT or PSD.

Advantageous Effects

According to the present invention, there are advantages as follows: even when the
current flowing through the probe is small, magnitudes of individual frequency
components of the current may be precisely measured; the frequency components of
the current flowing through the probe may be separated by detecting the frequency
components through the digital signal processing, and because of the digital signal
processing, the frequency components may be precisely separated even when the
difference of frequency components is very small, the ability to withstand noise is con-
siderably enhanced; because of the fast signal processing speed, the fast measurements
of plasma parameters and the real-time monitor of the plasma may be possible; even
when a gas is deposited on the probe surface, plasma parameters may be measured.
Brief Description of the Drawings

FIG. 1 is a schematic circuit diagram showing a plasma diagnostic apparatus
according to an embodiment of the present invention.

FIG. 2 and FIG. 3 are graphs comparing electron temperatures and ion densities re-
spectively measured using a floating probe according to the present invention and the
well-known single Langmuir probe in an argon gas atmosphere at a pressure of
10mTorr.

FIG. 4 and FIG.5 are graphs comparing electron temperatures and ion densities re-
spectively measured using a floating probe according to the present invention and the
well-known single Langmuir probe in an argon gas atmosphere at a pressure of
20mTorr.

FIG. 6 and FIG.7 are graphs showing results measured using the well-known
Langmuir probe and a floating probe according to the present invention respectively
after mixing an argon gas and a CF4 gas used in actual semiconductor process in the
ratio of 8:2.

FIG. 8 is a graph showing results using and not using a voltage distribution

algorithm in order to enhance a measurement precision of an ion density and an
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electron temperature in the present invention.

FIG. 9 is a schematic circuit diagram showing a plasma diagnostic apparatus
according to another embodiment of the present invention.

FIG. 10 is a schematic circuit diagram showing a plasma diagnostic apparatus
according to a further embodiment of the present invention.

FIG. 11 is a schematic circuit diagram showing a plasma diagnostic apparatus

according to a still further embodiment of the present invention.

Best Mode for Carrying Out the Invention

Now, a plasma diagnostic apparatus according to one preferred embodiment of the
present invention will be described in detail with reference to the accompanying
drawings.

FIG. 1 is a schematic circuit diagram showing a plasma diagnostic apparatus
according to one preferred embodiment of the present invention.

(1) Probe unit 200 and DC current blocking capacitor

A choke box 210 may be selectively built-in in a probe unit 200. The choke box
210 is designed to include an LC resonant circuit having a capacitor and an inductor
connected in parallel, and function to increase an impedance, thus reducing a potential
difference between a probe and a plasma.

Thus, a probe potential is made to oscillate equally to a RF component of a plasma
potential, which reduces an RF component current flowing through the probe unit 200
and prevents a floating potential from changing due to the RF component. As a result,
the current signal flowing through the probe unit 200 can be prevented from being
distorted.

Referring to FIG. 1, a DC current blocking capacitor C is installed at a rear end of
the probe unit 200 to block a DC current. Unlike in the FIG. 1, the blocking capacitor
C may be disposed at between the probe unit 200 and the plasma, or a current detecting
resistor R and a signal supplying source V of a signal supplying unit 500. Also, as
described later, the diagnostic apparatus of FIG. 1 may be used without the DC current
blocking capacitor C, and a voltage source may be installed to adjust an applying
voltage and measure a DC current signal. The signal supplying unit 500 can comprise
the signal supplying sources more than two and a chopping wave, a square wave or a
saw tooth wave comprising harmonic frequencies components can be applied instead
of a sine wave V.

(2) Current detecting/voltage converting unit 300

Because the current flowing through the probe unit 200 has density and temperature

informations, the magnitude of the current is precisely measured and converted into a
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voltage signal of the same frequency.

In this embodiment, the current detecting resistor R having a given resistance is
connected to the rear end of the probe unit 200 in series to generate a potential
difference across the current detecting resistor R in proportion to the magnitude of the
current flowing through the probe unit 200. The magnitude of the current flowing
through the probe unit 200 may be known from a potential difference measured using a
differential amplifier 302.

Then, while the magnitude of the current flowing through the probe unit 200 is even
small, the magnitude may be precisely measured by choosing a differential amplifier
having an appropriate resistor and bandwidth.

Such the measured current magnitude is converted into a voltage Vout and output.

The current detecting resistor R and the differential amplifier 302 are used in this
embodiment, on the other hand a current probe measuring a current may be used.

(3) By-frequency measurement unit 400

A by-frequency measurement unit 400 serves to separate the voltage Vout output
from the current detecting/voltage converting unit 300 into frequency components. For
example, the by-frequency measurement unit 400 may use an FFT.

Like this, by using an FFT or a PSD instead of a conventional analog filter, a probe
vibration frequency can be precisely separated into individual frequency components
such as w, 2w and harmonic frequencies. Also, since the FET or PDS processes digital
signals, it has superior performance against noise environment.

On the other hand, according to the present invention, an ion density may be
computed from the magnitude of w component of the measured current, and provided
as a plasma parameter for plasma diagnostic additionally.

More specifically, when the DC current blocking capacitor C is inserted, the DC
current should be 0. Accordingly, Equation (15) is obtained from the Equation (8).

Equation (15) is expressed as follows:

Vo

7

e

i'=iexp[(V-V ) T 01y (—))

Representatively the current magnitude i of a first frequency component w is
w

expressed as Equation (16):
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i,=- 2i exp [(_V- VT (VST

I,(Vy/T,) + Vo Vo
=-2i" a7 —= )=-0.61en,u 44 —
L T (PolT) ’(T ) 06”muﬁ(f )

e e

Thus, the ion density n is approximately expressed as Equation (17):

i T
: 0.6leu AV

S

According to the present invention, it is necessary to know the potential difference
precisely across the probe sheath in order to enable precise measurements of the
electron temperature and ion density.

When the ion density is high, there is a problem in measurement precision; when
the signal supplying unit 500 applies an AC voltage having an amplitude V , asthe
voltage V' is distributed to the current detecting resistor or the choke box, aosmall
voltage th;n the voltage V is applied to across the sheath, such that the measured
electron temperature and i(;n density become inaccurate.

Therefore, in order to enable precise measurements of the electron temperature and
ion density, an compensation as much as the distributed voltage should be performed
after calculating a sheath resistance. The sheath resistance R is a function of the ion

sh

density and electron temperature, and thereby is expressed as Equation (18):
_ 2
R ,=T,/(06le" n,uzA)

Accordingly, when the voltage V , is applied from the signal supplying unit 500, the

voltage V across the sheath is expressed as follows:
Vsh: R sh VO/( R s+ R Sh)

The V . should be substituted to the equations which obtain the density and

temperature. Where, R is the impedance of equipments and circuit elements such as
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the current detecting resistor R and the choke box connected to the probe.

As described above, the measurement precision may be significantly improved by
compensating the effect of the voltage distribution (refer to FIG. 8).

Experimental example 1

FIG. 2 and FIG. 3 are graphs comparing electron temperatures and ion densities re-
spectively measured using a floating probe according to the present invention and the
well-known single Langmuir probe in an argon gas atmosphere at a pressure of
10mTorr.

As shown in the graphs, the results measured using the floating probe according to
the present invention correspond to the results measured using the Langmuir probe in
the input power region, accordingly this shows that the results measured using the
floating probe according to the present invention are very reliable.

Experimental example 2

Also, FIG. 4 and FIG.5 are graphs comparing electron temperatures and ion
densities respectively measured using the floating probe according to the present
invention and the well-known single Langmuir probe in an argon gas atmosphere at a
pressure of 20mTorr.

As shown in the graphs, the results measured using the floating probe according to
the present invention also correspond to the results measured using the Langmuir probe
in the input power region, accordingly this also shows that the results measured using
the floating probe according to the present invention are very reliable.

Experimental example 3

FIG. 6 and FIG.7 are graphs showing results measured using the well-known
Langmuir probe and the floating probe according to the present invention respectively
after mixing an argon gas and a CF4 gas used in actual semiconductor process in the
ratio of 8:2.

Referring to FIG. 6, as the Langmuir probe measures the conduction current of an
ion or an electron directly, when an insulation layer is deposited on the surface of the
Langmuir probe through the CF4 plasma, the Langmuir probe cannot measure.
Therefore, the Langmuir probe may not be used for plasma diagnostic in a substantial
mixture gas(refer to the red graph in FIG. 6).

On the other hand, Referring Flg. 7, as the floating probe accoring to the present
invention measures AC current, though the insulation layer is deposited to some degree
on the surface of the floating probe through the CF4 plasma, the insulation layer may
not significantly effect the measurement result of the ion density or electron
temperature.

Now referring FIG. 8, when a voltage distribution algorithm is added in the present

invention in order to enhance the precision of plasma diagnostic, the measurement
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precision is significantly improved.

FIG. 9 is a schematic circuit diagram showing a plasma diagnostic apparatus
according to another of the present invention.

According to the embodiment, a signal supplying unit 500a may further include a
signal amplifier 502 having an input terminal connected to the signal supplying source
V, a feedback terminal connected to the front end of the resistor R in the current
detecting/voltage converting unit 300, and an output terminal connected to the rear end
of the resistor R.

According to the embodiment, a voltage drop does not occur in the resistor R such
that an applied voltage may be almost equal to a sheath voltage. Accordingly, there is
an advantage that the voltage distribution problem may be solved without com-
pensating the effect of the sheath impedance.

While the feedback terminal in the embodiment is connected to the foregoing of the
resister R in the current detecting/voltage converting unit 300, the feedback terminal
may be connected to the latter of the resistor R.

FIG. 11 is a schematic circuit diagram showing a plasma diagnostic apparatus
according to a still further embodiment of the present invention, which may be
configured to have two probe units 200, 1200 inserted a plasma. Then, an plasma
density and an electron temperature may be obtained using the harmonic frequency
components of a current flowing between the probes by applying a periodic voltage
signal between the probes. There is a advantage that the DC current blocking capacitor
may be not required in such an embodiment.

The current flowing between the probes is expressed as above:

Ip =1" tanh(VB/Te).

When a periodic signal w27 <1 is applied to VB =y(t) in Equation (20), high

frequency components are obtained as follows:

N
I =1
W (2T€)
I V 3
D (2Te)
..... 21)

Accordingly, n and 7 may be obtained using Equation (21) as follows:
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In this embodiment, the current circulary flows between the probes, and thus a
floating is automatically achieved. Therefore, this embodiment has an advantage that
the DC current blocking capacitor is not required separately.

FIG. 10 is a schematic circuit diagram showing a plasma diagnostic apparatus
according to a further embodiment of the present invention.

Referring to FIG. 10, a by-frequency measurement unit 400a includes an operating
circuit unit 402 and a low pass filter unit 404, and use PSD method which is well-
known method.

An input signal of the operation circuit unit 402 is an output signal from the
amplifier 302 of the current detecting/voltage converting unit 300, or TTL signal
converted from the output signal.

When an input signal and a current signal are expressed as follows respectively:

Voa(D)=V,cos(wpt+05)

for example if the operation circuit unit 402 performs multiplication, the result is

expressed as follows:

I (O V(O=13Vcos(wat+0)cos(wi+0)+.....



15

WO 2007/052902 PCT/KR2006/003993

[163]
[164]

[165]

[166]

[167]

]lS VR

2

I,() V(0= (cos[(W =W )IH O g- O | +cos[(W W)+ O+ 0] )+

where w Requals tow i It S( t)VR (t) passes through a lowpass filter, only
] 18 VR
2

remains. Accordingly, the phase angle and amplitude of a reference signal are known,

CosS(D g- D)

a current of 1w frequency component may be measured. Similarly, a harmonic
frequency or frequency multiplication may be applied to the operation circuit unit 402
to measure the phase angle and amplitude of high frequency component such as 2w,
3w, and the like.

While the present invention has been described and illustrated herein with reference
to the preferred embodiments thereof, it will be apparent to those skilled in the art that
various modifications and variations can be made therein without departing from the
spirit and scope of the invention.

Thus, It is intended that the scope of the invention is defined not by the preferred

embodiments description of the invention but by the appended claims.

Industrial Applicability

The plasma diagnostic apparatus of the present invention can enable fast and
precise measurements of plasma parameters such as a plasma density, an electron
temperature, a plasma potential, a floating potential, and the like, thereby being able to

be applied to relation arts.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

16

WO 2007/052902 PCT/KR2006/003993

Claims

A plasma diagnostic apparatus including a probe unit, inserted into a plasma or
disposed at a boundary of a plasma, the apparatus comprising:

a signal supplying unit having a signal supplying source;

a current detecting/voltage converting unit for applying a periodic voltage signal
applied from the signal supplying unit to the probe unit, detecting the magnitude
of the current flowing through the probe unit, and converting the detected current
into a voltage; and

a by-frequency measurement unit for receiving the voltage output from the
current detecting/voltage converting unit as an input and computing the
magnitude and phase of individual frequency components of the current flowing
through the probe unit.

The plasma diagnostic apparatus of claim 1, further comprising:

another probe unit connected to the signal supplying unit and inserted into the
plasma.

The plasma diagnostic apparatus of claim 1, wherein the current detecting/
voltage converting unit comprises a current detecting resistor connected to a rear
end of the probe unit in series, and a differential amplifier for measuring a
electric potential difference between both ends of the current detecting resistor,
and computing the magnitude of the current flowing through the probe unit.

The plasma diagnostic apparatus of claim 1, wherein the signal supplying unit
further comprises a signal amplifier having one input terminal connected to the
signal supplying source, the other input terminal connected to a front end or a
rear end of the current detecting resistor, and an output terminal connected to the
rear end of the current detecting resistor.

The plasma diagnostic apparatus of claim 1, wherein the by-frequency
measurement unit uses FFT.

The plasma diagnostic apparatus of claim 1, wherein the by-frequency
measurement unit comprises an operation circuit unit for receiving a voltage
output from the current detecting/voltage converting unit and the periodic
voltage signal as inputs and performing a preset operation; and

a low pass filter unit for low pass filtering the operation result of the operation
circuit unit and computing magnitudes of individual frequency components of
the current flowing the probe.

The plasma diagnostic apparatus of claim 1, wherein capacitive means for DC
current blocking is disposed at least one of between the plasma and the probe

unit, between the probe unit and the current detecting/voltage converting unit,
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[8]

[9]

[10]

[11]

[12]

[13]

and between the current detecting/voltage converting unit and the signal
supplying unit.

The plasma diagnostic apparatus of claim 1, wherein the magnitude of the
periodic voltage signal applied from the signal supplying unit to the probe unit is

corrected by following Equation, and applied to the plasma.
Vsh: R sh VO/( R s+ R Sh)

where R " is a sheath resistance as a function of an ion density and an electron
temperature, V . is a magnitude of the periodic voltage signal applied to a probe
unit, and R 1is a resistance of the circuit and the device connected to the probe
unit. S

The plasma diagnostic apparatus of claim 1, wherein an electron temperature is
measured through a floating potential change between whether or not the signal
supplying unit applies an electric signal.

The plasma diagnostic apparatus of claim 1, wherein an ion density(n ) of the
plasma is computed from the computed individual frequency componénts of the

current by following Equation.

Vsh

T

e

270, 14( )

n .=

1 Vsh

T

e

0.6leuy A7 ( )

where Teis an electron temperature, Vsh is the magnitude of the sheath voltage
between a probe unit and a plasma, A is a probe area, and i o is a magnitude of kth
harmonic frequency of the current flowing through a probe unit.

A method of diagnosing a plasma, comprising:

applying a periodic voltage signal from a signal supplying unit to a probe unit
inserted into a plasma;

detecting the magnitude of a current flowing through the probe unit, converting
the detected current into a voltage and outputting the converted voltage; and
receiving the output voltage as an input and computing the magnitudes and
phases of individual frequency components of the current flowing through the
probe unit.

The method of claim 10, wherein the computing of the magnitudes and phases of
individual frequency components is performed using either FFT or PSD.

The method of claim 10, wherein the magnitude of a periodic voltage signal
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[14]

applied to the probe unit is corrected by following Equation, and applied to the

plasma.
Vsh: Rsh VO/(RS+ Rsh)

where R " is a sheath resistance as a function of an ion density and an electron
temperature, V . is a magnitude of the periodic voltage signal applied to a probe
unit, and R 1is a resistance of a circuit and devices connected to the probe unit.
The methoci of claim 10, further comprising:

obtaining an electron temperature at a high speed and in real-time using the ratio
of the computed individual frequency components; and

computing an ion density of a plasma from the computed individual frequency

components of the current using following Equation:

Vsh

T

e

20, 14( )

n .=

1 Vsh

T

e

0.6leuy A7 ( )

where T is an electron temperature, V . is the magnitude of the sheath voltage
between a probe unit and a plasma, A is a probe area, and i o is a magnitude of kth

harmonic frequency of the current flowing through a probe unit.
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