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Abstract: In the Plasma Dry Etching process used in semiconductor manufacturing, trace amounts of moisture
in process gases can cause equipment corrosion, and interference with surface reactions, becoming a major
factor in reducing device yield. However, spectroscopic methods such as Fourier-Transform Infrared
Spectroscopy (FTIR), Non-Dispersive Infrared Spectroscopy (NDIR) have the limitation that accurate
quantification of moisture becomes difficult when complex spectral overlaps occur among gas components. In
this study for etching gases in which moisture detection is difficult using spectroscopic analysis methods, a
technique was developed to quantitatively analyze trace amounts of moisture by applying the Karl Fischer
Coulometric method. 10 pmol/mol moisture standard gas certified by the Korea Research Institute of Standards
and Science was mixed and injected with semiconductor etching gases, after which the moisture content was
measured under various flow rate conditions to derive a calibration curve. Subsequently, the detection limit
(D.L.) was determined based on the intercept variation of the straight line obtained from injecting only standard
gas. As a result, moisture at the umol/mol level was detected in CHF; and C,Fg gases, and it was observed
that the measurement precision and reproducibility tended to improve as the gas flow rate increased. This
suggests that the Karl Fischer Coulometric method can complement the limitations of conventional spectroscopic
techniques and serve as an effective alternative for measuring trace moisture in high-purity semiconductor gases
applications. This study is expected to contribute to improving process stability and yield by enhancing the
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accuracy of moisture control in etching gases.
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Fig. 1. FTIR spectra of (a) 10 pmol/mol H,O, (b) high purity CHF;, and (c) high purity C,Fg gases, highlighting water
absorption bands, measured by 10 m-path cell FTIR (I-series, Midac) at 100 °C, 1 atm.

Vol. 38, No. 6, 2025



3

o] AEHUTE 7 7RRS i S FY ol
F71EE Erp obg A o R S, ol =2
FHOE FUEFE A9 AP S o B2
7t27b FEE] AT thH] ol= H] 4 whE
AEE A 237 et Ee s AdEr)
T 2doA AlE 7FES EEVFEE EFEHS
FY3he A9 FE BT TR O R Fdhe
A9E MaARen, T 25N Al Hols}
AgFe] Aol FAEE gRlste] 712 ujde]
Bl ZIA Aol HAH O o] RojRA = RS
Selatct. s, Y3 B4 =AM A
10 pmol/mol S ¥ =710 A2 HE 13 o] 23

=

A2 A+ 0.5 pmol/mol ©|3+E =

2 AE 2T 2 SV " FEAE 7
9]

APoR ZHT + U

ot
X
3

4
dr 4
off o w

2 A+E &3 CHF:9F CiFs 5 %
2 9327 A8 EA] G9dE Thse]
A AP HSZ | pmol/mol ©]3} FE7FX
ATE FAIEAT F 7t BF
3%k AFEe QA4
H, ol ZA HAHe]
1% 2 4 o] =&

o)

M
o o
o

_!
O:lo

8

o
W

[oX
ofl i o\ Mz MY ¥

g
i
S et Xl

8
o

+

H
__)‘l_r’(

A3
b

S

N
L~

R
=

i

e

i - tlo
a0
=

ol
o
N,
i

2 o N oM et ot
b

Me o
1%
e
rlo
N

N o
o o
=
z >
£
o Sk
ol i)
ot
o rhr H

0

O

oo re

].

2 K
o
-~ FEA
o
4
o X -
e
)
IN
=
>
nT
o
ol
o
N
>
5
(o3 r_{m
i)

@ |
+
x

2N

jar

h gl
X FE R A AF 75 FY
o°
=

Mass Flow
Controller

o olg

X

64 Jaeho Kim, Sunwoo Kim, Byeongmoon Kim, Sanghyub Oh, Keon Ho, and Jae Hwan Yang

H} B4

2 Alsl Hibd

=21
21. 7|17 ¥ M=
2 A= A4 o3 -8 CHF;(Kanto Denka,
99.99 cmol/mol)2} C,Fg(Kanto Denka, 99.99 cmol/mol)
TES SAsI9E 2N dF i 573871831
KF Coulometer, Metrohm)$} W €Hg- 7|Hke] Z+u] A &
7 -8 ¥ (Hydranal-Coulomat AG, Honeywell)2 Al-83}
At #lF A2 T e 89 =(1)9) ol4tst
H(SOy), 771 E71 Tol 2F Holdld, 2 (1) 2ol
Aegolx A71ElE 53 8 2=5 A5t A&
5 R} BEgER o 2 WSSl E A EJTES

H;0 + L, + [RNHJSO;CH; + 2 RN &
[RNH]SO,CH; + 2 [RNH]I 1)

29 A 7w 58 247 2 A AE W
v Fw S Sl
A AT, SHAIRE & AFNAME Fig 23 72o]
AEE 2N HAgdo] F7 VesselZ 24 FYsto]
W FEol ZuA Agge
sttt ME79F EE7EE
J(MFC, Mass Flow Controller
Yol 7FsatH, A84=]
13 SjBars yiE

)

4
:(I>L_"
S
= >’ =
i fr =

of
=

i, ol
o ¥ o

dr oo ox
QL
2
o
oft
ot
RN
N

tlo
2
aY)
[0
ol
N
4o

T oo Rl oo X
o 30, o
N
(TN
(',
L o),
il
i)
B R
Lo

-
=t

=

lo
il
L
N,
>
Y
N
fas
T

Sample in

Mass Flow
Controller

[l

Vent
>
L~

Sample Gas

(Pure CHF,, Pure C,Fy) 4-way valve

Mass Flow
Controller

Standard Gas
(10 pmol/mol H,0 in Ny)

831 KF
Coulometer

703 Ti Stand

Fig. 2. Schematic diagram of the Karl Fischer Coulometer analysis system.
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Table 1. Analytical conditions of Karl Fischer Coulometer

Metrohm 831 KF
Coulometer

Flow rate of C4,Fg and CHF; 95, 200, 300 mL/min
Flow of Std H,O 10 pmol/mol in N, 100, 200, 300 mL/min
Sample injection time

Drift setting

Vessel moisture purge N, flow

Instrument

10 min
Fixed at 0.0 pg/min
20 mL/min

oA A ZE 10 pumol/mol UFEF7H~(CRM, Certified
Reference Material) 255 7 gkom, 243 2o
Aol A 32 25 A9 @9(au., arbitrary unit)E
E7]8HAT

22. 58 = H WY
7R S A 9
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Z3)H gL A

FYsh= 7tE 4-way ‘i’a
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HA A RS 242 20 m
NAFEA 2o A A o] F2 cam IR
WS AT 2 APNE SeZE By A7)
0.0 a.u./min7} 2 7R 9 A4S & EH T SA 9
0}11} o} 7}%(E 7t 5o 377}/\

93l¥ 4way WEHE =¥ 10870 5
Vessel W2 T3 5 A4S 13t
b R =R S b e
CFy 7k F 4395 mL/min, 200 mL/min,
300 mL/min)oll t3A] 10 pmol/mol T8 ZF712E
Z+7} 100 mL/min, 200 mL/min, 300 mL/minE &
& FYste] 83 7153A T ©]F 10 umolmol
T ﬁ%—7 225 100 mL/rmn 200 mL/min, 300 mL/

FQse] 247%ke 273
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Table 2. Standard uncertainties of parameters in Eq. (5) evaluated by expert judgement (Type B, Rectangular distribution)

Assumed value Distribution Relative standard uncertainty, %
P (Pa)
Atmospheric pressure 101,325 Rectangular 2.00
3. 0.95 x 107

SVg[r’Sni(mr:g]mt) - oas flow rat 2.00 x 107 Rectangular 0.67

emiconductor gas flo e 3.00 % 10
T (&) 293.15 Rectangular 0.67
Temperature
t (min) 10 Rectangular 0.167
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Fig. 3. HyO intensity and calibration curves for the STD gas
and the mixture of the STD gas with CHF; at
different CHF; flow rates: (a) 95 mL/min, (b) 200
mL/min, and (c) 300 mL/min.
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Table 3. Estimated coefficients and their standard errors for the calibration curves used in the analysis of H,O in CHF; (unit : a.u.)

CHF; 95 mL/min

CHF; 200 mL/min

CHF; 300 mL/min

Value Standa.rd Value Standgrd Value Standgrd
uncertainty uncertainty uncertainty
bo,crFs + sTp 3.61 0.39 3.77 1.00 4.76 0.60
bostp 2.49 0.02 1.90 0.44 1.12 0.04
bicurs + sTD 23.6 0.4 26.7 1.1 24.8 0.7
by, st 24.0 0.2 26.4 0.5 23.8 0.0

Table 4. Estimated coefficients and their standard errors for the calibration curves used in the analysis of H,O in C4Fg (unit : a.u.)

C4F3 95 mL/min

C4Fg 200 mL/min

C4F5 300 mL/min

Value Standard Value Standard Value Standard
uncertainty uncertainty uncertainty
bo,cars+sTD 3.61 0.89 2.57 0.56 3.61 0.08
bo,stp 2.46 0.35 1.46 0.04 1.72 0.35
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bistp 23.7 0.4 22.8 0.0 232 0.4
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