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ABSTRACT

Objective: The aim of this study is to control residual chemicals or by—products generated in chambers during
preventive maintenance (PM) in the semiconductor manufacturing industry. We designed local exhaust

ventilation using computational fluid dynamics (CFD).

Methods: The air flow characteristics and capture efficiency between rectangular and slot hoods were
compared numerically. The software Fluent 18.1 was used to estimate uniform velocity distribution and
capture efficiency for contaminants. A metal from group 15 in the periodic table was released at the bottom

of the chamber to simulate emissions.

Results: The slot hood had a higher capture efficiency than a rectangular hood under the same conditions
because the slot hood provided uniform air flow and higher face velocity. Also, there was no rotating swirl in
the plenum for slot, that is why slot had better efficiency than rectangular even though they had similar face
velocity. With less than 10 slots, the capture efficiencies for contaminants were nearly 95%. The optimum
conditions for a hood to achieve high efficiency was 8 to 10 slots and a face velocity over 1 m/s.

Conclusions: Well-designed ventilation systems must consider both efficiency and convenience. For this
study, a slot hood that had high capture efficiency and no work disturbance was designed. This will contribute
to protection of the worker's health in a PM area and other areas as well. Also, this study confirms the
possibility of the application CFD in the semiconductor fabrication industry.

Key words: capture efficiency, computational fluid dynamics, hood, preventive maintenance, semiconductor

industry
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A 292 ol "vtEA] 223 A F9] sttt A
HEA © 2| B4 (Preventative Maintenance, PM)°|c}.
17 BA] 9 {1, BHeE Q) F7|H0E XY
5tH, PMA] HHE @Esto] 52 wAsh A |
FE & E= e 4l gojH=E gof Y= 52
24 2t o] wff Aw Yof 7ot vhS=oly &
S| vhgo] ofs RAkEo] BA8E AS AAAt
L-Zo] dE 4 QIti(Park et al., 2011; Choi et
al., 2015a; 2015b; Choi 2018). =& IS 4
357 s PM 2 Aof] ¥IEA] purgeE &9 ZH+
=4 9 B4 FAEE AAT & WHE &S
stal glom, PM AJA= HS G (HHE mpAI,
Hatehy, 23 A3 5) e & APS AggRict g
H A7 AFoA= A A A Fofl EAR 7hA
7t 2 3HLE FitE o] B 34 AGAMA] =Ed
T U= AFES Barskal R101(Gu, 2003), =47
FAZHX PM A8 FEF HX|oto] QFEE ¥ &
ARZ WHAISEL Sl
SaHZIAR] AAs wSAG AR QB
(American Conference of Governmental Industrial
Hygienists, ACGIH)olA &{te= 4t vl
(Industrial Ventilation Manual, IV manual)¥} 43
AIE vigoz AdA 7|Fo] AAE A= (Burgess
1989, Burton, 19945 &3l T A4 7S F T
= Ut} SEA|TE o] XpmEof AAE A WL vl
St Zol digh dutAel ARt # &4 34, Aule
gk et A4 71eZ AAISHA] ok ASE Aot
(Goodfellow, 2001). ZrAFE, FalQAt 54 2 &
A F7HE Elste] AAsk= Aol YRolX|gk, ohFst
o] HE 2Z TEA77] A gong 9% o]
o] 7h53t o524 AdFE(arm hood)E HA|5te] A
Stal S}, SEA|TE WA o] FEHT B AU &Y
SI= Qo] QAWM F2A[A ARES = gl A=
AA| = Aloja-E(capture efficiency)> 7|t &
ltHKulmala, 2000). Dalla(1952)+ 7754 9
E AA@E "ozl XoA AT TE9 &Gk =
YE W §49 7.5%490 =A] gol 2d=4d Aoja
€2 A9 Qitta Histolon, QAU Hojdes
FToTt A FH ARTE F717HA] Fdste] &gol
23] A5k 4 AHCao et al., 2017). E3+ 29K
I EZFEY ATt 28] EolUH 882 1/5 =
o7 FAFLE SuE QAU i /A AA
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oto] Hjj7|5k= o] F23HIV manual 27th, 2010).

E35] 9 FGEHo] AR T5YPe] E0jA =

S5 YAAACF SRR AA| oA = ohFRt &

A FEHE 1HoHA] Yot LFEZE Ao] &&o| Astd
|

©

==

Al Al 27 Asketr] Yol oheket
7He AR & AR @40 HEsto] AP S E
Fofof T&XQA WS kAT 4= AR, 2
Aol gk A2 A9 E7FssttHHa, 1998). 23
A& B HAEE= AR} ZE7)F Wol E3L & ofd
Aeolls @9 EA4S ittt Ado] EVbsT ik
AUtk ol gt tite g AiRA e Computational
Fluid Dynamics, CFD)=& ©|-8%t AlEdo]Ad 7|%o]
Wo] o]&E1 Ity CFD+ Aoz Holz] ok=
FAY o= 7Skt A H 0 R FE o= HHO
2 1980¢diof| o278 7] 9A 9] 48 CFD =7}
S wet &, Asak YA Bokg F4leE
2.8 917} g = QI thRobert, 2017). 20008 o]
AFEH 4 AZE o] 7]&9 vl WHO=E 7|4,
ST Gol7HA] SEE SHAIA tFE9 Ao
A FHELsHA A= Stk dAjol= 714, g, A
71782 A, /01U A 5 oheFeh 2ol A+ A3t
E°] HHEE QQuKKavli et al., 2017; Rabehi et
al., 2017; Ceasar et al., 2018; Li et al.,, 2018;
Weerasuriya et al., 2018).
St QEUetol| A A2 A e] CFDE &85 A
19984 4tdet7|gsto] AAgA9ete] -8 7
A A7 (Ha et al., 1998)E AlZto g HFA= SloA 2}
ol= 22| S5k 9Z(Jung et al., 2000), @
o] A ot= AT W 717 ¢ 2% AZ(Jung et
al.,, 2001), AAg7] Wigddold &5 L vj7] 7
AH(Ha & Kim, 2002a; Ha et al., 2002b; Ha &
Kim, 2003) &+ 5ol AP= et 11 o]$= AsAt
A1 E719HKim, 2004), $4TE A5
oA 2] AAE7| A AR 7 (Lee et al.,, 2009), Efo]of
Az 349 2484 /HA(Lim & Kim, 2011), <14
2ol &7 &8 7HYoo et al, 2013) A4 5 o
et AFd@o]| CFD AlE#elAd 7]Ho] HEEH e
o, ZAAe] A% Ko 9 AP A0 585 E=
AMEE] DL Sl
SHARE BE=A] A 2AMGANA CFD 48 dA+te o+
2 38 S A .98 AA, HEFF N I+
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£ A ol et A7 cjREols, At
ofHje] CFD -8 Al uh$ 23t Agolct
Hogw RH=A 4042 CFDE 283t 4Hd
o A= tiwolA 38Rt A7 tiEE
o= S04 £E A7F IRE I AR S5
=35t AAo|tK(Chen et al., 2007; Chien, 2007;
Shih et al., 2008; Huang et al., 2009; Shih et al.,
2011; Li & Zhou., 2015).

weba] B Ao A= v Al RgA oA 23k
M R ARAR} AFESE /s PM A& T8 A4
stazk CFD AlEdolAd 71'HE o835t PM &
Jofl a7t =R FoHA BEo] =2 WS AAlS

24 s

o
-
L

CX[ollM 2H

A AAEE FAA]71AL o]&9] A5t AolA|
AA HEES o]&d AZ ddok= AAS HWE
(metallization)37golgt ok, WEa49 7h3 A
£ A4 mdl= ARESHITE ¥R W= 217 60
cm, %°] 100 cm@Ql ¥5FolH, AA ¥ 382 4
H F7o] 23l Zg/dH A XPEt. PMo|Y A
AT 42 QEst] AYE Xdsk=t] & o
AolA= PM &Y AlE 7HEsIeleEE A Tl
oEH PR AHsth

SAH]7| AR = A AT 22 60 cm] P2
2 A&ste] PM &Y Follt e glojA] AR 4=
AEF St HF Rl HFHE o] AH oA
LF=EHo] YA L 7| Fo&E FAET] Ho
Hi7| =25 Slith. SE 2ol e a8 F7HE Hdl
H7]95F, 9 WY & BT 5YsH 2AE F30e

o, $2]54 242 Table 10] UeERHRIch & Ao

Table 1. Conditions of numerical analysis

A ARESE Ao TRl Figure 13 &L, (a)=
¥ (rectangular) & EFJO&Z 20x80 mm (7}
2, Al2)9] 7i4tHo] 30781 F=0]H, (b)= 200x15
mm(7t2, A&) 3719] £X(sloFH Y FEo|t} &
FICE &F VIEE 6, 8, 10, 14712 ®HAsI a&
= B7lskt.

a—zi(PU,) =0 Q)
i( u_u_):_ai+ﬂ+5 (2)
ox; pujty ox; ox; u
9 2]
E(Ph) + 3—%(0%’1) (3)
2] otT 2] =y a -
oz, ( oz, ) — o, (; (hJJ)ﬂL ., (rv) + 8,

A (D2 AgPAHAoR 9 A5 Yehte W o
£ fAY BEke/md), e S 4R(m/s), TE 2%
K), ri= SHEA(Pa), hE ALT(/ke), S B3}
hgo] o3t gy F7Hkg/(m/s)E SRt

3. X151
£ ATl ASY SXN 4§ mEId

Case Hood type Open face number Face size (mm) Flow rate (CMM’, m®/min)
Case 1 rectangular 30 20 x 80 2.41
Case 2 slot 14 200 x 15 2.41
Case 3 slot 10 200 x 15 2.41
Case 4 slot 8 200 x 15 2.41
Case b slot 6 200 x 15 2.41

"CMM : Cubic meter per minute
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Figure 1. Schematic diagram of hood for PM process

L=oHAE A5t ol4keHIH(discretization)
o 72X o5t AH(finite volume method)S 835
Fom, ALRPHAl Navier-Stokes B4 9 k-¢ /W
A& SIMPLE(Semi-Implicit Method Pressure-
linked Equations) ¥alz|&o] H-8sto] Aklsiaint.
SR Ao A dle] f=Ho] QstuE 10003 o) wt
B A4, dHEALe] ot SEHSES SHE
£ Az golste] 107 ol Tgshd $8d Ao
2 sk

4. BA=A

AL A%t AAZRAL ¥F T HE(]|
velocity inlet 27& 0] 2.41 CMM(cubic meter
per minute)?] FHOE HI7|EEE StHL, ZH7te
AL FEAte] Qg 7177t ol = A=E AF
sttt &9 Aolag JUEE ] Y4 FeRA
9] 155 ALY F%0] g oA YAol= A=
7Hgstom, A SHEESL A7 T X379
ol 0.1 kg/m*-s9] AUAE FUct. F4ui71HA]
9 45 Wk 2 58 HAEE B9 371 o+ 2
O m(Madsen et al.,, 1994) §& H7} WL 23}
2t}

CE= (1—%) x 100(%)
mg
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Hood face
20x80(mm)x30 holes

Hood face
200x15(mm), 6, 8, 10, 14 slots

RAHYeE 018¢t HeX| HESFE PM HE 2L 24 g7 211

Case 1: Rectangular type

- 20(w)x80(L)mmx30 holes
- face velocity : 0.84m/s

Duct

= Exhaust flow rate
(241 CMM)

Case 2: slot type

- 200(w)x15(L)mmx6, 8, 10, 14 slots
/.~ - Face velocity : 0.96~2.89/m/s
_l‘,/ \Duct

ot Exha'u§t flow rate
(241 CMM)

o714, CE= 2A=4 Aol8E, my= FHoA LA
ke QAEA WA, mo TEE Hj7|HA] X5k
QR E B U= 2 UEhd Aol AR E9F
= top down W4]9] 7|7 S&50] AN £
TollA Aot 7157 L oF 7|Fo] et FFE FA

Aot HEES A2t YA HE Aol o7t A5
28 §50] BT 4 JE= pressure outlet TAS
Fom, 7177t §Y=EE FE JiFHel R Hgrid)E
2gsHA st 4R 9 717 S5 HHetol o)
HAE £ Qe QRS FHAS) ofYith ARE =9
AA= oF 3009, €2FE9] A= 300~3505HH
o] v3E AxE Aok, AH9E FA= Figure 2

off Wep it

. Z&a % &
E B0 M2 &8 7t 2
9 SE Bt (Case 1)
14 0 &2 30702] E(hole)S AA5IS o, JEQ}
TR 29 Y] B RE52 ) 2.56 m/s 714
1£9] 7|7 S5o] GAIEAN, HE HijH &9 X4
8202 038 m/sZ /NTH YA = &5 Hap 2
Ao g SRIErt YES}F ¥ & o] A4 7|57 550]
A9l glo] dead zone©] HAE L7} gloH, QIAEH
AlojE&2 86.6%E &= UHTable 2, Figure 3).

1.
1)

o 02 4o
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(a) Rectangular hood
Figure 2. Configuration of hood with the grid pattern

Table 2. Face velocity by location

Point Face velocity(m/s) Point Face velocity(m/s)

1 2.5764 16 0.3798
2 1.9709 17 0.3852
3 2.2031 18 0.3975
4 1.8022 19 0.4225
5 1.4777 20 0.4555
6 1.2186 21 0.5076
7 1.0033 22 0.5731
8 0.8362 23 0.6552
9 0.7077 24 0.7705
10 0.6100 25 0.9109
11 0.5336 26 1.1054
12 0.4797 27 1.3365
13 0.4353 28 1.6321
14 0.4083 29 1.9716
15 0.3941 30 2.3143
0.86 m/s
(0.48~1.48 m/s)
7 ~,

5
Air flow . 4

2.41CMM . 3

2.07 m/s ‘ 29

(1.80~2.58 m/s) ' 2827

.26 21
\\25\24 23 2

0.79 m/s
(0.46~1.34 m/s)

Figure 3. Distribution of velocity

www. kiha.kr

(b) Slot hood

53] A (plenum)9] 5 7157l 93k f-5°] 7+
H AR HEA FAEE 7R 75 SHE &%
EHA 224 f-5o] YA SR R 23 RE
2 AgEo] gAY 9 (rotating swirl)E BAAIDL
2N ST F 7|7 UTY 252 AaAPA, 371
552 AofietH, LAEHo] A= S %*35}
AHFigure 4). o] FA| F2 BE T+ FGolA &
JIEgleH, 9ES} VISR VIR FUSET det
723t 57 AE Y. HES fe&Ert Wbl
o wo wlELT AHo| wAIsH] I, o] mHEl
A2 FEY HHoA Wt BAS HEE F 4
AFo] E3t=o] s A8 Fol AXA Hrt
(Lim et al., 1997) o]=|gt o|{=E QIsf| dFAX|7}
AR F719] 70| 45 Hj7] &2 HolX|A E]‘:}
Chen et al.(2007)2] AolAE 7179 A ¥
o] ¥t YE 79| dE4 st ¥g%t VIR
5E50] JE HE FHEt 108 o4 94ty st
1 Rt} Joung et al.(2000)2 Z+ 7|HEY =& <
F7F @Astal 5ol A5 o] Alojago| AstE
1 5ttt =9 0 HEA Alo] 7|5E 2 (B
A= HE R okF S 315\—5}5}1 S 4
52 dY9sHA FAHES AASH= Aol S8t
(Kulmala, 2000).

O

C E}2! (Case 2)

&% ZT 712 /A28 (ratio)7} 0.2 °A¢1 T&
£ TotH(Dalla, 1952), 3719 522 ¢UsHA shx
Aolaes S7H1717] sl AHgE|o] Ztk(Fletcher
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H 7.706e+000

5.779e+000

3.853e+000

1.926e+000. e 1 o

A
0.000e+000 =2
[m s™1] - 3

Figure 4. Velocity vector and contour of rectangular hood

Velocif
Vector

' 7.498e+000

5.624e+000

1 3.749e+000

| 187504000
' .
0.000e+000

[m s*1)

o] "agt AAH”l] H8F 4 9tHBetta et al,

2 0 FUs 9Y &
T geo] AFHT &30 HAsI(ER N5 14
M) 44 BEX 9 Aojgee HrIst Aotk it Hg
o] Ay Frof H|slo] X < #elet A+
&9 A, 24 v]Eo] FARE 0]t vhd, @
FEA Aojage AW IJIrHoh 65% S7RE
93.1%% &% EfQlo] AgHry =3t Aoz Hr}
E9lt} o= Aty FToA TEEJE MRdEAo]
&% oA WAskA] ol A8st 717 58] §
A=y giroz wE)

Figure 5+ &% 39 vector ¥ &% EX contour
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olt}. Twasaki & Ojima(1997)9] AFollA
o] ¥ EXFEE AT W, AY F
Aol 77184 2 JAFE©] TLV(Threshold Limit
Value) 7|& oJslz 4=, £35] 200 ppme 215}
S methyl ethyl ketone2 &% EIYQ 93 3t
(circular slot hood) 4] A] 10.12 ppm &2 &=
7t AT B 22 EXT AT o Hgol
Y o A FHES FAEAAS(entry loss
fraction)7} FolA Ao && ¢ LA &-& HoA
FHojutia Balskal Qlck(Iwasaki & Ojima, 1997, IV
manual 27th, 2010).

&% BQ9] ¥F i 3 HheR, 3, A
S & Al Be F7IH0E JE FHE Aol A
Pu= FHY AE=4d Aojo A H¥olth

i
K
I

www.kiha.kr



214 B3 - TS - WE - 2T

Table 3. Face velocity and capture efficiency by slot number

Slot hood_6 faces

Slot hood_8 faces

Slot hood_10 faces  Slot hood_14 faces

Velocity contour

Velocity vector

Mean velocity(range) 2.22 1.62 1.356 0.88
(m/s) (1.82~2.89) (1.15~2.37) (0.81~2.18) (0.30~1.89)
Velocity ratio 1.59 2.06 2.69 6.30
Capture efficiency(%) 941 94.2 94.7 93.1

(Iwasaki & Ojima, 1997). W&tA & L:rLoﬂjﬂL =t
H 75 7R 4957 B40] 7heotal, w2 Alojag
2 71T & A= €F HYS PME FEE HEo1al,
&1 g WAL Bol HH9 A4S ZuA F71 A
E7°]d(Case 3~5)& FHstUrt

2. &2 40 2 §8 L7t A1} (Case 2~5)
w7] 52 5L AHolA &F /R4 §F6k

= Uﬂ =X 7H‘l“7]' XA‘Q‘—/I\E 7H:r7-1:!1X4 %],'./J\_E e —ﬁ—
&2 F7reklon, A/ A fFEFHE EojEs A
RISkt Table 32 &% 7H—M1 o2 BE G,
/A f54H € AojaE&E vehd Aot &3
A7 670 W, HaRE2 2.22 m/s(l 82~2.89
m/s), /A F5H= 15992 /% uﬂx}ﬂ 71
otk &%0] 870, 107MY = B 1.62 m/s

(1.15~2.37 m/s), 1.35 m/s(0.81~2.18 m/s), ]!
= ZZF 2.06, 2.698= ST, &0l 14712 &
of A off, AP (Case 1) 7+ HHo] H|RTI] E
H &0 ] e ‘_nLO]E FAdol HA| Atk dA /F

oA &% 0] F4A 0.8 m/s oS FAEE
= AA 13}04"]: JJW/JJ/‘ F5H7E 3HE 9A Lot
Aolgg oA EXFE7t 107H d (FiES
0.03 m%) 94.7%Z% 7V &2 §82 Ueon, 84,
6L o 2+ 94.2%, 94.1%= %7}5424&}. =% e
7} 107 olstd o &% 7igol W Ao} a&oll= &
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—7}1?4L &48 oy, &% £%E 3.3 m/sollA 33
m/s2 HIAAE W7HA] 2pol= A gt} &3 F&=
A £ EEEE9] AlFo vEslER SHE &
ol7] #8l 7Fs¥ &% &TE WFolof gV
manual 27th, 2010). W=tA PM A-E& F= A oA
£ 9hS o] &2 5 e 98 T &% B9
N7HE 8~10702 stof HAsk= Zo] uizg 2o
2 ok

V.28 2
£ AFolAE PM A Al A8 & Qs 3= A
AZE 95] CFDE o|gstion, 2] Fejo] wet &

= ool Aa gl Aol ol P W
e & 4 2 WHe] TES ARSI T
2 &%05 RS W FUF FYol T Hylow], 3
1A okl S oo} QHEY Aol EEE ¥
Stk 6% £ E0hN R0l %2 AL opnz
S At B R0l 1.0 m/s o fAERA B
80| 2 8~10712 ARSI Aol MRS,
BoY BelE B2 LYV AL A Ao]
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