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ABSTRACT

Objectives: The purpose of this study was to examine clean room(C/R) structure, air conditioning and contamination control
systems and to provide basic information for identifying a correlation between the semiconductor work environment and workers'
disease.

Methods: This study was conducted at 200 mm and 300 mm semiconductor wafer fabrication facilities. The C/R structure and air
conditioning method were investigated using basic engineering data from documentation for C/R construction. Furthermore,
contamination parameters such as airborne particles, temperature, humidity, acids, ammonia, organic compounds, and vibration in
the C/R were based on the International Technology Roadmap for Semiconductors(ITRS). The properties of contamination control
systems and the current status of monitoring of various contaminants in the C/R were investigated.

Results: 200 mm and 300 mm wafer fabrication facilities were divided into fab(C/R) and sub fab(Plenum), and fab, clean sub fab
and facility sub fab, respectively. Fresh air(FA) is supplied in the plenum or clean sub fab by the outdoor air handling unit system
which purifies outdoor air. FA supply or contaminated indoor air ventilation rates in the 200 mm and 300 mm wafer fabrication
facilities are approximately 10-25%. Furthermore, semiconductor clean rooms strictly controlled airborne particles(< 1,000 #/ft%),
temperature(23+0.5 C), humidity(45+5%), air velocity(0.4 m/s), air change(60-80 cycles/hr), vibration(< 1 cm/s?), and differential
pressure(atmospheric pressure + 1.0-2.5 mmH,0) through air handling and contamination control systems. In addition, acids,
alkali and ozone are managed at less than internal criteria by chemical filters.

Conclusions: Semiconductor clean rooms can be a pleasant environment for workers as well as semiconductor devices. However, based
on the precautionary principle, it may be necessary to continuously improve semiconductor processes and the work environment.

Key words: air conditioning, clean room structure, contamination control system, semiconductor work environment
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al., 2011; Park et al., 2011; Chung et al., 2012; Park
et al.,, 2012; Park et al., 2011; 2012; 2014).

SHAEE Agagel e Betn W Belx f)
A e U Y skl Aol A
SHAL A e ARolAE =AY 2
o frafidoll dhall thefgt 2ol A&
ohA RE=A] 2pQed T Ao A
A et Ade 47) A veA
3| Q1A o] et 1Z(Park et al., 2011) Byl o}
2jgl7del ORol djat olejE Wesin @
UL

2 AFoMs H=AE AlzxEe SolHAE
AeiAre] 2rael CRA T2, 37123, 29
ofizg B4 W odne A 5o ol F,
WA Al CRE OISR, iz BTl A

112

f

)
o
82 ood o e

)

o2 _ILO_{‘,

=R A

pIAELIE S

psro 2 vk AFJ o A9 ZFdx} AR e}
2t mko] Awd qtel 2agt 7|2 AEE A
35FaLA; skl

=!
Q
o v
=
0
g
i
T

[=N—|

1. o1&t

£ ATE A7E 715 gAskn Qe Aad
LSI(Large Scale Integrated Circuit) A& AYAbsl=
200 mm % 300 mm SFEA] olm A I
?l) z+ 17H/V\L<_>_ EH/\]—OE g}el 9 C/R TZ, 7%
SHAAE, REEA 3AES WA od TR T
=, AlojAlad Bl HUE Y d%e Slsklnh

2. 0124k

CR Fx= 9 Fx=442 2kl A4 Al Al
BED(Basic engineering data)o] 7] %3}o] ZA}stSitt.
C/R WollA ol o] &8s FEAZ & e &4
A W FHBYF e FA WEA Je 2w
(International Technology Roadmap for Semiconductor,
ITRS) 9 44| helol A AT F0 FYRFS
2Aste] 71&atent. L @AolA 2T B4, CR ]
ogBE 24 % wEY AFE A el A
2/ 5 Q= A|AE 2 AR FTL ZASFY T
SR 54 9wl e A, S4%
7] 5ol ek AR-S Table 1] Lrekhsick

http://www.kiha.kr/



204 2O -O[X|2 - TG - LB

AS
. _7F_—'—o

i

=

Table 1. Principal parameters and measurement instruments in the semiconductor clean room

Classifications Unit Measurement interval Monitoring tool(Model, Maker, Nation)
Particle particles/ft3 1 sec Lsair110-2, PMS, USA
Temperature T 1 sec Vaisala, HMI70, Pinland
Humidity % 1 sec Vaisala, HMI70, Pinland
Air velocity m/s 1 sec Kanomax, A541, Japan
Differential pressure mmH,0 Off-line Furness Controls, FCO520, UK
Acid ppb 25 min HAM-A200, Withtech, Korea
Ammonia ppb 5 min HAM-F300, Withtech, Korea
Organics ppb 1 min THC, KIMODO, Japan
Ozone ppb 5 sec 0A683, KIMODO, Japan
ESC* V/inch Off-line 775, lon System, USA
Vibration cm/sec’ Off-line 3233A, Signallink, Koran

* ESC: Electro static discharge
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Figure 1. 200 mm and 300 mm clean room structure:(a) FAB
(C/R) + Sub FAB(Plenum), (b) FAB + Clean Sub
FAB(CSF) + Facility Sub FAB(FSF)
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Figure 2. OAHU(Out air handling unit) system
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Table 2. Principal control parameters and their management criteria of 200 mm and 300 mm semiconductor wafer clean room

Classifications Unit - 200 mm CR : 300 mm OR
Bay S/A Bay S/A
Temperature (¢ 23+0.5 23+0.5
Relative humidity % 45+5 45+5
Air velocity m/s 0.32-0.48 0.32-0.48
Differential pressure mmH,O atmospheric pressure + >0.5 atmospheric pressure + >0.5
Cleaness particles/ft’ 1 1,000 1,000 1,000
FA flow ratio % 8-10 20-25
Number of air changes cycles/hr 60-80 60-80

* . .
particle size
technicians and engineers perform maintenance
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> 0.1 pm. *Bay is working area, where workers operate tool and transport wafers.
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S/A is service area, where
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Table 3. Main contaminants affecting the yield of semiconductor wafer and their process effects

Contaminant Process Main process defect
Particle Photolithography, Etch etc. Bridge and open defect, Etch defect
Temperature Photolithography Thermal expansion, PR property variation

Air velocity, humidity,
Differential pressure

Acid(F, Cl, SOxNOy)

All processes
Metallization
Alkali(NHs) Photolithography

Organics(> BP 1507C)
Ozone(O3)

CVD Photolithography

Diffusion

Electro static discharge Metallization

Vibration Metrology inspection

Surface contamination, Film property change

Metal corrosion, Lens haze

PR sensitivity T-top,
Critical dimension(CD)-variation, Lens haze

Film growth obstruction Lens haze
Oxide film depth default

Metal connection defect(by spark),
Particle deposition on wafer surface

Pattern default(by miss-align)
Inspection quality(data reliability |)
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Table 4. Management concentrations of various contaminants in 200 mm and 300 mm semiconductor wafer manufacturing workplace*

Classifications Management Criteria 200 mm C/R 300 mm C/R
(unit) Min Max Avg.+SD Min Max Avg.+SD
Particles" 1-1000 particlt:s/ft3 0 110 0.0+0.3 0 6967 0.3+12.9
Temperatureb 23+0.5 C 23.1 233 23.1+0.0 22.9 23.2 23.14£0.0
Humidity® 45+5% 43.0 43.8 43.5+0.1 43.3 46.4 44.2+0.5
Air velocityd 0.32-0.48 m/s 0.36 0.44 0.40+0.02 0.36 0.44 0.40+0.02
Differential pressure® AP + >0.5 mmH,O 1.0 2.5 ND 1.0 2.5 ND
F 3 ppb 0.2 1.0 0.4+0.1 0.4 2.1 0.7+0.3
Cl 1 ppb 0.1 0.2 0.2+0.0 0.1 0.1 0.14+0.0
Acid® Br 105 ppb 0.1 0.2 0.10.1 0.1 0.1 0.140.0
SO4 50 ppb 0.1 0.1 0.1£0.0 0.1 0.1 0.1£0.0
NO: 112 ppb 0.1 1.2 0.4+0.2 0.8 3.2 1.7+0.4
NH& 10 ppb 0.1 13 0.820.1 0.0 2.8 0.80.6
o5 5 ppb 0.0 13 0.4+0.1 0.0 1.7 0.4+0.1
Vibration' <1 cm/sz(zero-peak value) 0.01 0.12 - 0.01 0.15 -

*Momtormg period is January 1 to December 31, 2014; Momtormg for acid components is performed in metallization process
areas; Momtorlng for ammonium ion is performed in photolithography process areas; AP means atmospheric pressure
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