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Precise control of temperature and humidity in semiconductor cleanrooms is
critical for maintaining product yield and reliability. Conventional semiconductor
fabrication facilities manage absolute and relative humidity levels using an

outdoor air conditioner and a dry cooling coil, respectively. However, differences
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in measurement units between supply air and in situ sensors limit direct comparison
and hinder quantitative evaluation. This study proposes a dew point-based method
as a unified index to assess cleanroom conditions. By converting measured
temperature and relative humidity values into dew-point values and comparing
them with the supply-air dew point, abnormal humidity levels, external-air
intrusion, and residual moisture effects can be effectively detected. Case studies
demonstrate that the dew-point method provides more sensitive and reliable

monitoring than conventional approaches, enabling early detection of humidity-
induced issues and supporting higher yields in advanced semiconductor

manufacturing.
1. Introduction LR WH=A] FABS] g2 AlAE2 91%7](outdoor air
conditioner, OAC)O A 97| 0]&4 7|2 0.2 Aojsto] YAt
HheA] 24k nAale HAETt HoldaE S9UF RS & AUFES 7] 35 37|(fresh air, FAYE A/dstaL, E5to] 3
2ot = AE 283 AREINES ek A I QAR 2R Y(dry cooling coil, DCC)oIA 2&=& 275+ & Fan Filter Unit
St} Table 12 5= HAol whe thE2Ql WA 374 £ AR (FFU)E 53 29808 Fgote 122 299 o] Ao
£ ARt 2o, 52 $EolME 34 FA, AEHA B4 5- A OACE ol&xTt 22 Al AZE AMEsto] Aoj=l& v,
BR| So] dAIsta, Y& &£of| A= Electrostatic Discharge Y2 YR 2x9 Atised= A TS 7uto g RUE
(ESD) &/, ZEHAAE 7z A}, TFEIE 29 371 5ol W FHIL qlo, 35 3719 Aeiet AA| 295 s 59 718l
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2E 23°C + 0.5°C, JTIKE 45% + 5%) UolH AUst 87 (Tyw,)T FFU ZsiRoM AZHE 5% SERH)E N2
Aol zafsta Qe T 99 AAE AgStRR, A e Aade dRAe
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Table 1 Representative defect cases caused by humidity
deviation in semiconductor processes

Category | Major issues Cases and impacts
. High humidity in organic BARC coatin,
Pattern bridge ¢h . v & . €
defect causes moisture defects, leading to gate
pattern bridging.
. Fluorine contamination on Al bond pads
High . . .
T Metal reacts with moisture under high
humidity . L1 . .
>50% corrosion | humidity, generating HF and causing
RH) corrosion and contact failure.
Elevated humidity in wafer-to-wafer
Stress . .
.. | bonding induces stress corrosion at the
corrosion in | . . .
.| interface, promoting crack propagation
wafer bonding .
and reducing bond strength.
Low humidity allows static charges to
accumulate, damaging semiconductor
ESD damage ) ’ .
¢ | devices through ESD stress and lowering
yield.
Dry lithography environments reduce
Low . moisture uptake in photoresist films,
L Photoresist . e
humidity sensitivity lowering photosensitivity and
(<40% deeradation development rate; DNQ resists show
RH) B sensitivity and contrast loss below 30%
RH, causing fine pattern defects.
Low humidity increases electrostatic
Increased . . .
article attraction of airborne particles to wafer
P .. surfaces, raising particle induced defects
contamination | . .
in circuit patterns.
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Fig. 1 Design of the outdoor air conditioner
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Fig. 2 Conditioned air supplied to the cleanroom via the OAC
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Water Vapor vs. Temperature and Humidity | DP  10°C 10°C 10°C 10c 6 i 10c 6
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Fig. 3 Overview of dew point
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[ Magnus Formula ]

RH bT
'r(T,RH)—ln( 100) + T
cv(T,RH)
Tay=——77";
b — ~(T,RH)

X b =17625and ¢ = 243.04 °C.

Xy(T,RH). auxiliary function of the Magnus formula,
computed from dry-bulb temperature T(°C) and relative humidity RH(%).

X Tdry : dew point temperature (°C) estimated by the Magnus approximation.

Fig. 4 Dew point conversion formula
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Fig. 5 Comparison between dew point converted values and
supply FA values
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Fig. 6 Supply air dew point
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Fig. 7 Cleanroom dew point due to leakage
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Fig. 8 Dew point change due to outdoor air infiltration

[ Temperature ] [ Dew Point Conversion ]
> Q)
m <00
[] W 00 - 20
W20 - 70
W70 - 80
80 - 85
85 - 90
.. . [ 9.0 - 95
95 - 100
' u ' 100+ 105
105 - 11.0
M11.0- 120
B 20

[ |[AT4] >0.3°C Points ] o,

Gl
a .

Fig. 9 Vulnerable areas identified by dew point conversion

3.4.2 27| 7eloll E BT HE AR
WA AlEle Bay I 299 718 A= ]lsh 97)7t
UM 29F 37171 35 37150 Fe=sh Axs) B¢

oltt. %/ AEiclA Bay<Q] AT, & T BaySt "EIZIAIR -
0.5°C~+0.6°C W floll £2Flout, £4 7|17t & AT, 71 -1°C
oJste] o] Wgroz IA Hlojuh= Fdo] RiEAo® et
o]+ OACIIM 33 B} AR oz Axst 9 7]7} =1
HUEoRE FHo, Wiéy} a5 37] 7IEET Yol
AJAFZHY.

229t AtigERto 2 AA WMl Al Aojd
97] §doll 3t JFS FE] ojEgley, 37 ol&
ApolQl AT/ ol &3shH “AUAA 7123 Jei7t HU=AE B
o] Wi 4= Slrh 734 oH” 717t Bt "‘%
o] Ij7] &AkFF 2 A9 B
o] 5o Aoz FRIE}] E} 501 7]“1 B g A9F Az of%
Bayo| AT, B3z thA] -0.5°C~+0.6°C H 9ol $-estgiom,
Fig. 8ol et ZIAd F717F A1&EE 59 A J17to] 27%]

T

a7y 24 B BEE

o

E

LT
jako)

29l 84

o]
M

3.4.3 B2 ot 7 Al AR
npako 2, ASE &4 HolH S olgdoR WA H 3
4 FoPHE AT,R) 37 BRE AYI, 4, A7) 49, 22
0] WEHOE WASH: A AHS AE Fe2 TIY 5
itk Fig. 9% 2959] 7,2 B9 Aol vhgatar, 7,9 vlst



Seongjae Rim, Kwiyoung Cho, Bumsuk Jung

o] AT/Z AtEsto] Uehd Sailzolrt.
1 9)(-0.5°C~+0.6°C) 2] Aut | A
=g 7lgeg AAsta, olg
Yoz ZAsIH. o=
T HAEL FEAQ

ofg s © v

ol
=0
o o
)\
rlo
i ox
Ho
()

v
(0%)
O
o
o i o
)
[

ol

Ay <3
4oy oex

ox
)
U EHE

2
)
> orlo oy
2 Koo
N
el
T

>
o
M
)

(0]
98

s
i

i
2
>
rir
=
bl
2,
P o
p
o
lo
rlo

o 4
bas
N

N
v

Ho
()
o,

BN
=<

fu ot 2
>

ofo

o

ofL

N

N

rE

o

2
>
X,
A
rk
ox.
i)
ol
ft
X,
2

rE
ok
L
M
@)
2
ofl
ol
ol
N
el
o2l
<]
)
=
T&“
g
My d
rit
o
w1

1

S
=
il

r
i}
fu
=<1
-
ot
rk
d0 off &

o
Lol
>
¢
s B
E
hu

ox,
10
rt
o,
il
o
Mo
[
1:1‘1

1
© 1o

M
insh
.l
N
r=y
jm
4 &
48 4 ozl ofy

oo
o

o2
ol
o,
oz

ool P &
M
1z
lo

L rfm ol

o
i

o

@ 2

I‘JE':L
N,

N
i

.
rr

A2g gel miol ol &g At o
H 2N AUgE 7202 HHd o]
B 9 Wt AuE g,
|20 A Hla-sjAlSt 2 gl

o}

N
MU o
N

iy x9

rd
R

rot oX
I
i

B
o
TR CY
offt e
i)
N

o
i)

3

I
s}

N me

A
i
94

rek
2

39

)
it

N,
i
O)"
)
1
oL

o

I

i
p
ol
&5
b3 rx
X
ot fo

BN
N
r\l
)
ins)

_]

™

2

O
o
)

ol
Ir
fny

of
ol
o
N
BN ok
(R
o

v
I
i
ol
ol
rir
)
N
N

i
LN o
r "‘\'j
=

30

MN 3
lo
fru
>
r—o

o)
[
ak)
N
r
o,
v
N
rE

i
fu)
o>

l.n
oﬁ
i
off

315

by

o r
fr
=oll_«“
1%
wt rlo
=oll_«“
N
_:

2 X

d

Ho
2]

> PN
>

ox =
O ro!l
oL

fd
AW
o o

o

>
QN
b ok

b1 ot o

iu:
4
i
H

S
ot x
0.

N
=D

H
fin)
=
0.
3
>
N
o

e
%
N
N
2
7}
Oﬂ

References

[1] Choi, K.-M,, Lee, J.-E., Cho, K.-Y., Kim, K.-S., Cho, S.-H., 2015,
Clean Room Structure, Air Conditioning and Contamination

Control Systems in the Semiconductor Fabrication Process, J.

204

Korean Soc. Occup. Environ. Hyg., 25:2 202-210,
https://doi.org/10.15269/JKSOEH.2015.25.2.202.

[2] Zhuang, C., Wang, S., 2020, Uncertainty-Based Robust Optimal
Design of Cleanroom Air-Conditioning Systems Considering
Life-Cycle Performance, Indoor Built Environ., 29:9 1214-1226,
https://doi.org/10.1177/1420326X19899442.

[3] Song, G. S., Jung, J. S.,Kim, C. S., Yang, J. S., Lee, K. H., Yoo,
K. H., 2023, Assessment of Transient Response of Indoor
Temperature and Energy Consumption in a Semiconductor
Manufacturing Cleanroom Using Various Feedback Control
Schemes, Trans. Korean Soc. Mech. Eng. B, 47:5 281-287,
https://doi.org/10.3795/KSME-B.2023.47.5.281.

[4] Magnus, G., 1844, Versuche iiber die Spannkrifte des
Wasserdampfs, Annalen der Physik, 137:2 225-247,
https://doi.org/10.1002/andp.18441370202.

[5] Buck, A. L., 1981, New Equations for Computing Vapor Pressure
and Enhancement Factor, J. Appl. Meteorol., 20:12 1527-1532,
https://doi.org/10.1175/1520-0450(1981)020<1527:NEFCVP
>2.0.CO;2.

[6] Sonntag, D., 1990, Important New Values of the Physical
Constants of 1986, Vapour Pressure Formulations based on the
ITS-90 and Psychrometer Formulae, Z. Meteorol., 40:5 340-344.

[7] Parish, O. O., Putnam, T. W., 1977, viewed 29 May 2026,
Equations for the Determination of Humidity from Dew-Point
and Psychrometric Data, NASA Technical Note
NASA-TN-D-8401,  <https://mathscinotes.com/wp-content/
uploads/2016/03/87878main_H-937.pdf>.

[8] Yin, J., Liu, X., Guan, B., Zhang, T., 2020, Performance and
Improvement of Cleanroom Environment Control System
Related to Cold-Heat Offset in Clean Semiconductor Fabs,
Energy and Buildings, 224 110294, https://doi.org/10.1016/
j-enbuild.2020.110294.

[9] Vaisala, 2019, viewed 29 May 2026, Humidity Measurement in
Cleanrooms, <https://www.vaisala.com/sites/default/files/
documents/vn180 Humidity measurement in_cleanrooms.pdf>.

[10]ISO, 2019, Cleanrooms

Environments - Part 3: Test Methods, ISO 14644-3:2019,

International Organization for Standardization, Geneva.

and Associated Controlled



Journal of the Korean Society of Manufacturing Technology Engineers 35:3 (2026) 199~205

Seongjae Rim
Ph.D. Course in the Department of
-~ f Semiconductor Engineering, Myongji

o University. His research interests include FAB
v cleanroom environments and the control of

) airborne molecular contaminants (AMCs) in

HVAC systems.
E-mail: rsj1211@gmail.com

Kwiyoung Cho

Ph.D. Coursework Completed in the
Department of Semiconductor Engineering,
Myongji University. His research interests
include equipment fan filter unit (EFU)

vibration analysis, ultra-low penetration air
(ULPA) filter outgassing evaluation, and
moisture/humidity control in semiconductor
equipment.

E-mail: myhope04@naver.com

Bumsuk Jung

Professor in Department of Semiconductor
@3 @1 Engineering, Myongji University. His research
St interests focus on sustainable semiconductor
: “\:‘"’ h manufacturing and environmental

- technologies for emission reduction and energy
efficiency.

E-mail: bjung@mju.ac kr

205



	이슬점 기반 반도체 클린룸 온습도 관리 상태 평가 기법
	ABSTRACT
	1. Introduction
	2. Phenomenon and Analysis
	3. Experiment and Improvement
	4. Conclusion
	References


