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ABSTRACT

This study aims to talk about the necessity of solving the PFC gas emission problem raised by the recent

development of the semiconductor industry and the remote plasma source method monitoring system used in the

semiconductor industry. The 'monitoring system' means that the researchers applied machine learning to the existing

monitoring technology and modeled it. In the process of this study, Residual Gas Analyzer monitoring technology

and linear regression model were used. Through this model, the researchers identified emissions of at least 12700mg

CO2 to 75800mg CO2 with values ranging from ion current 0.6A to 1.7A, and expect that the 'monitoring system'

will contribute to the effective calculation of greenhouse gas emissions in the semiconductor industry in the future.
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Table 1. 28 PFC 7}29] t7] 22 X7+ 2 GWP100 [4]

Greenhouse gases l{?f:: rgrcféo(l;ee;irc) GWP100
CO: - 1
CHs 12 25
N20 109 298
CF4 50000 6500
CsFs 2600 8830

C4F10 2600 8860
CoFs 10000 12200
CHF; 270 14800
NF;3 740 17200
SFs 3200 22800

fu

7= H4) vhed] 9 azele] 349 49 F
=2 2ol a8 Ut el g4 9ol CFR 97 3
2}220} (Remote plasma source, RPS)7} AR8-E| 1L It ofaf,
CFs 917 Zafzuls whed] Az 34 7 A2k 3}
golA] CRy 7kAE BASHAIA AREH[S], & 2He] 2
2 geojsizivt fste HES Byeis o Yo

2 Ae 2 vheA A AT A A7 EH e
CFs 97 Zefznks o] &3F A ZH(Ech) 2 W PFCs7hA
of thet muE s W siEF A Basdo] disf
olop]staLA} gt} &L, WA =75 oA A= 7+
AFE FHAOR BT 7)o Hshe A7)
ullgE S Tejs) geke EY A 9E A
sk YAl ETe sekshua st

2 =EolA dgd ‘RUEY Al2EPelgh 7]E RGA
AAZE B 7ldo] plAl B e Heslel, muws)
A AL ejujaty

oluf, %E7hA 547191 Residual Gas Analyzer (RGA)6]
o) g #4712 A7} ks FIRS F5k 4417 2
UE ™ A4 7]<3} A% 3] F(Linear Regression) R 7
of 5+ Argofl A ARG .
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()2 274871919 FIRS 3k olF 63 IPCC
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CO01 A4 75.800mg CO7HA] &4 =] 1Tk
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2.1 FTIR S5(ppm) XX 2| 1A

A AT Il A« 3etg A A 9] 24
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o) webd AP xAL ol 2] Table29} Zth.

[ HF =25 mTor, “Zet2n} Al71=1 kW, <37}
7H(Ar) - 5=500scem’, ‘S A 73]

Table 2. Experimental conditions.

EXP 24 02,0448 %7
IS
Y T L - 23w %
N A = = L E:
or A7) 7k
HA
90
35
Bhing s i prst0 130 :gg 24
(Azhy miomr KW 150 , =
CF. 180 200 /
) 210 e
240 F4

Table 3. Quantitative value between FTIR(ppm) and flow rate

Flow Rate FTIR(ppm)
90 2214.50
120 3132.53
150 4046.87
180 4861.84
210 5653.91
240 6573.20
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Fig. 1. Comparison of emission concentrations during plasma
on off.
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Fig. 2. Peak compared to ion current in February and April.
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Table 4. Quantitative emission compared to CO2 (24/02, 24/04)

Ton Emission estimate
Currents (x107) February April
0.8 12900 14800
1.0 23900 23900
1.2 33200 35500
14 44500 50200
1.6 - 79300
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Fig. 3. Quantitative calculation of semiconductor emissions
through the calculation formula for February and
April.
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Table 5. Performance Evaluation Metrics for Linear Regre-

ssion.
Experimental Measurements
Models MSE R?
1) Random 6423446 0.985
forest
Results T
) Linear 23836524 0.946
Regression
CO2 Conversion Emissions from lon Current(extended)
100000 { —— y = kXZ

----- Linear fit: R? = 0.95
Random Forest fit: R? = 0.99
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k = conversion coefficient (0.0616005), X = Inflow flow rate of CF4 (sccm),
Z = CF4 concentration in exhaust gas (ppm)

Fig. 4. Comparison of model fit between random forest and
linear regression.
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Table 6. Quantitative emission compared to CO2

Ton Emission estimate
Currents Hz 74k Ay s|H
(x10%) o Sk 25
0.8 13900 14100
1.0 23900 26300
1.2 34400 38400
1.4 47300 50500
1.6 66800 62600
1.8 - 74800
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Fig. 5. Expression of emission relative to ion current in
linear regression(y=0.06XZ).
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