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L RER 15 9 #0% R

1% i
WX A IE 3k 24588 ¥ ¥ (Light Emitting Diode * LED) A ;| 5 24 (Auto
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AR 547 B8E 0 IR EE 48 AR 3 4 8k R T 48 4% 42 (Fan Filter Units, FFU) % &
1% 6 5 » FEU 15445 5 %138 8 AR 4635316 0.6 m/s & 0.1 m/s L & R ZER(Om/s)e
BT » 2Rl 8L 10 948 ~ 15 548 B 20 7548 » £ 9 15 Sutise 36 M H) AL & @ B 7
RARIRIZ T -
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Auto Spin Coater Peculiar Smell Leak Investigation

Student: Fu-Kang Chang Advisor: Wu-Shung Fu

Degree Program of Industrial Safety and Risk Management College of Engineering
National Chiao Tung University

ABSTRACT

The light-emitting diode manufacturing (Light Emitting Diode, LED) Auto spin
coater, and analysis and simulate the cabinets situational in developing process is
studied numerically. The chemicals used in the photoresist program area is divided
into, whose main component is propylene glycol monomethyl ether acetate
(PGMEA), propylene glycol monomethyl ether (PGME), and the above compounds
are the volatile organic gas and has a very low odor threshold value. If we not
controlled well, the employees inbreathe the organic gas will produce discomfort.
Additionally, long exposure in this environment may also lead to the occurrence of
other occupational diseases and increase the health hazard of operators. In this paper,
we use the CFD as the simulation software for this machine, to discover the analog
fan filter unit (FFU) working in various gas field environment. FFU conditions were
set at 0.6 m of the original design and to 0.1 m / s of not blowing (0 m / s),
respectively. We research the fugitive source diffusion by observed for 10 minutes,
15 minutes and 20 minutes, the total of 9 kinds scenario to simulation the 36 kinds
dynamic cross-sectional view. Summary graphics simulation results, the condition of
the FFU without the air supply(0 m / s), exhaust the cabinets by local exhaust
equipment will make the box present a negative pressure state, which can reach the,

peculiar smell diffuse get good improvement.
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1878 > A AFREREE ¢ LR BB A E B4 EE > Fdag
HE BRI AL R ABRERN T Be K0 QBB GRS P ) 00% 1L K &
Raskat HERBILERERNZAFEA G X1 £ 1955 F55> £ B &4 E 2 5 (Radio
Corporation of America) # Rubin Braunstein #3, 7 ##1t45 (GaAs) SR e ¥ 3§
A RASHER - M 1962 £ £ BEBAE R3] (GE) 4 Nick Holonyak Jr
A B2 T B, Je ey %8 & =452 (Light Emitting Diode » 22 F f§ 4§ LED) -

LED % Rfl - £ 84 - it BT at 54825 54 £t - FHUR
BREFTEEAATENEARE -BEE LEDERAGEMBAHZEARA > LEDEZ T
RE|ARARL B2 E » LED TS 464 T 1R 5 J& A 483K - 4o » LED & F-J& A = 45
R CBEAREREEN RERT AR FABMARETRE EREMBBRN L
B4E T 0 TR M - BAMREIE S L Va5 E AR 2 A LED M E A o

AR LED ey hs5 694 R » A ~ BA B FAERRWALE LT EHY

Mok M LED B - 2 &T iR - AR EREE T AT A FREMATE LR

FAGLARR R 2RO TR S LR S A o R AT A F - LED 2 3548 R R
1% AR FNGARIGER > TABRAZOTAGE RELBRTAER 1~
DB (o 25 B0 ~ HE R E VA LED bR - LED & s — Rt ARSI BA &
H4F ~ b 5 G R b By 1R 3 -

HEREZWB SR LHAENARLMBRBEHE AT AERARAMEL &
A E23%8 - LED AFREER DR TEREY > RELA—LZRENHGEAR
EF o O BATEAE AR R B A FAERE A AR L L R4 6 LED B3R AR
BREF By aBEaLL 0 LED # ey RIERERAMRS » M EAERM A
ERBBEFEALT W3 EA—BRHEZNTREAQDTABY—F -FARLBA
B tF LT > LED BE R B QA KRB B & AEKE > (2B BN ARE 2 ERYHAEED
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[1] -
12 ¥R

B LED ) BB E KRG B OB > FR¥M B A Mk 2008 F A6 FEET
#2) 1423 £ 70 > 1B 2KLE 21.6%([2] » K F# - ERAEMLERNRSGAER T
BB R 0 kR LED t9 R B RBAR T LED SRABAKL LR TIHAOREEN 3%
4# 8 1-1 2011-2015 4 LED 735 & fa[2]

B4 LEDinside AR4ZHAFTHE H > 2011 4 3 5% & LED 7 % &£
migmE A AR ERREBE LED AER T Ly A2 148 £ T > Ak
0 18%° 2B 7 B 7 T R H b 6 - A4 LED 7> EARL 3 & 6945 A FAB K18 k) o
LA 42 ik S BAL A 5] 02009 £ = 23t i o5 LED TV 852 LED % k4% A #2 &% 360 #2 -
12 2011 FAR B MAB LR T HEE 130 AL > S0t H THINERSGIBRFAREEET S
£/ 100 %8 LED » 53 p LED F AT S TR ER EX 285 Bt 786 2011 44
K Rt ik 12% - wigias 2011 £ TF 4% LED R A e9BRARKTHE N -
WS ORBEAER > vl ZEARELHAHE 2011 F£ LED RETRELLEFiHE
2] 70% o W R % Br R 69 A 0 B ATE S B AR BARAMKE 50% Me o B R KA
A ERGBERE A LA 6) £ RIS LED by & R 56 B0 stk @agm LED ey $2 -
Bk P 184F LED SR 8 40 F £ [3] -

2013 5% LED XR488) — 4 » £ 48 2011 & 2012 69 LED & X536 5% » % B BTk

FRBHEHS érgrR W LED & %0 ffe 2013 £ LED TV X4 # X A TFTA LEDTV &

BAERILERTEHT > kR LED 9B F B0 —F iRt -



I 2011-2015FLEDH5 A E
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16,000
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2,000 -

1-12011-2015 4 LED Z {78 /&
%4 R + LEDinside 2011.08
1-2 et s B 49
fE % LED ey B 3% R » ABEEERRATFEE LU LEP IRACTE » 24
ERNBAAERNFRL T RAFZETAEBNACE DR Z K E B E R K BERANEBX
BROBEANZRE T ERREBERS » Um A& LMK £ - &4 48R KA
B (VOCs)» A ey 2 & A KME » REZ RS AEAE > HHIPA-A_BEFTA
Bt 0 f§4% PGME -~ & =82 % ¥ A kA5 - fi#% PGMEA... % » B8 E FIB L F &b Ak %
FRKEBEERMEAER LR T RRE > B8 VOCs Ak AL BE EEEERE 51
REMEFTREMAERIBT A W E BFRE® A= 8% F &t 8 8% 85 (PGME) TWA
100ppm ~ STEL : 150ppm » 4+ % PGME #44F % 32 358 & #4743 0.02~0.03ppm[3] -
RH 8 924 B ¥ & (Material Safety Data Sheet » 4% MSDS)#7 & % 2 “ & B > T
5% & -1 R RAR ¥ A RIB B B IR AR R B & 4] - By R R H A2 ek
BB EXRESRO AR MBEREFGAMELZE  MIREESFH G T4 34
RAZF- o M R A AT AL A 09 AL 5 b A S B 7 A 5 & L PGME & PGMEA 24 %
B K BN %% % 1-2PGME & PGMEA #%4 &% & » 58 20k 3k ok € A
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B EAR[5] -

HARAA G LAMEENRINRER RS BT HEEREM4  RARES LAEE
A B4 - ZHEE - ERBRRXARL - BBRRE ~ HERILER > /F
M ER..F) RAMBRERGMEINAETREEHEBRTHEERRIELN > m—
BREBBETRAGHEXBRFEIEERKMAESTER R LT 2 MERES
PR M FBOR BT AE > S B B AR B X ROR B BE R A AR PR
2R -

AL RTAIEE P R — A2 8 F A sk (PGME) "% % B8R 2 & 1K (k 1-1 Rrair ¥
FEEAREER)  — RN EEENZEABAEEREAT EE AL -
K FRE] As P 89 PGME B PGMEA 4% 05 ) N & is s/ 2 A B 69 Rl o 05 R B B
TR GEMRAT - B o9 E o AFER B B L MR 69 32 BORIR AR BRI 4T kA
STAR-CD 4T A 8 L e FEARAF X a9 845 B3t o AR £ P G e Bk 0L - 4T3k &
NEGEFE AR BH A ERETILLIRBE IR E T FRABREZR
o R E XD -

SHEFRJEZ B BYF i LA AEESUA
1. THRNBSEAEROERAI L TRAEERNK A EAAKREERZ

AL Sh A8 8 BB 1 T RAE R AR LT 47 ©
2. LA B BidE B Bt e ek b ey FFU 4 RURHF RJBE SUKCE 2R R TR

Bk & P9 7R 357 30 AR R AR BRI
3. HHBRBXBEAEBTRARRBIBENT L FERRAERFEARRR..&F

REER



F 1-1 Seratk ¥4 # s m 24 Biqa & [4]

b4 o5 % B 8 (ppm) ok I8 4F IR
2 7% 85 (IPA) 0.442~610 T B Ao 7 8RR Ak
7 — 8 ¥ 7 # &t (PGME) 0.003~10 Tk
& —BF ¥ 7 A&t 85 (PGME R ZL ok il

R

\X 1896



% 1-2 PGME B PGMEA # 8 & % %[5]

A B R B B F AR EE R B § F A B G
Propylene Glycol
Propylene Glycol
ki A Monomethyl Ether
Methyl Ether
Acetate
(o220 CiH1002 CeHi1303
#2 (C) 120 146
152 (C) -95 -67
B 0.917 0.962
A RJR(25C) 11.8mmHg 3.8mmHg
ARER 3.11 4.6
s (%) IR AR K 18.5
Ei Bk 2ok ~ RlEE (BRI ek

RN E E AR P2 BBE LA
g F R CRIE ] ~ F kR
R ~ F B

G RRERES - B o pRE o S| eTI L  BEHRRR - SRENE
A B S RIAR 2 - B3 | BWFAR& A% AIE53ERK ~ 58 SR

ok o ELERERSME o J6 > B~ BB WA A i ko B o

TWA(ppm) 100 -

TLV(ppm) 100 -

BHRR REL TERBLRMFTHESM AR AR EFARAH _EBRT
BEF AR ERBSIER BRI IFEART ) > BXENRHBRALE AT HAILEMR

AR+ X 0 2002



F—F UK E AR
2-1LED # #2 f§ /M
LED ##kF v n A SR BRGMERZ  UELRAEZAG - AHLBILE A48

7L #% (Metal-organic Chemical Vapor Deposition, MOCVD) % ;& & LED 3% & &4 Bl 42
B G a8 N3 A (Recipe) B R R > BPiER G R A MK E L TR ELRE RS -3
PR LA T 4267 £ 42 4 Recipe A LT EM&EAAA  HBERARAKRTEFT B HMIREAN
MOCVD &)k &g M > & e 500 oAby @isiEsT — RN k&RZF  TRESEFRK

Fadi kiR B RSEANFRDES » 54 8 2-1LED #:e/nszE -
ERXRZBRAE T B RG  BAXBHEEZREMERRETE -

Gl

“i)» b

LT MOCVD RCd< A LEDZE

MH2 - HZ - N2 - TGa -
TEGa - ThdAl - THIn -

CP2LIg
Ty Aalr s
|
“ 3 ; 0 iy L
SR s YA LED, ik
ESERL ~ g | [ nases el earace: | 20 |
HNDS - S| 2200
ESRH. . ete. O2 - Ar - SFB - N20O

2-1LED # s m42E

REEhRFAFFRIATAHTARRTBAEEZRFZ— A TR LRY
MY E R L0 BATE AR R EAT o B 69 A M R FIR B 1 7 3 4 5 (Spinner) £ 7y
2 & h (Wafer) £ » #disedd S50k & A 9B AMER > EARRN G R LdEH F o
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ZHre MRS -

S8 LED 4 Bl 6 E AR F 8 LAY XA E - B 90 £
BRE LED EA @#FE KR > B A BB RAE S L AEGEA N o E LIRS D ER
1 -

FHREGEAMZEZRBLAY  FHEARZARAFEEAE AT ARET » »
EEATA A RRR S EN LB B BRLEZIESE AR AEEAHMBERETHIFE
(hood) M #% % L ErEx & h 2K Eache ¥ 3 4 (Spinner) k- #&47 L KA #)1F > 341t
RZAMEAEE A B R SR SR R E A (hot plate) b A7) B 4F % > hot plate H stk 4F
¥ 4% hood W 7T Ak °

M R Z ¥ 4 1t A 7t Spinner Z ##38 » H BRI A B 54 HIb 2 ik ik £
HREEMRE WA IR AR T8 LR E gy 4F 3 R BERAZ ST
1F & PBAT » 124 3K B B R PR 09482815 A S BOR IR 3 2 A1 2R3 -

MBS EAEFX FEARETRFALAGFTEEANA S L AEKA > HEE
‘AR LB ARERZ G EARTF T AR FATER A ~ 4~ Fok - B~ LR
HagrE o EEAFES20 h &R 0 ERBERZERUEREEFEEAR P BT R EMH
% -



2-2 kg R E

Bruckner JV & Peterson RG[5] st k45 i > A PGME %15 > # 2k PGME B &%
P H o ASE FIRE T @B AR e BRET & A RIB O 2 R IR T T T #AT
B RIBE  MSDS & & AR EHFEFZRER 100ppm » % 2B % 11.8mmHg - 5 % B
i 4 0.003~10ppm  Fi] » H ey RAEE HRARBRA » B RFEFRZEARE » Xdi
R E W ARG S B R ARG IR DU R R SN RUR A AT IR R G ENE
b S P @ 3k 2 AF ¥ Fl4=AE ABCAR i B 09 5 MR O B AE R Rk 0 IR B AP R B &
RBEHHARAREFHRZT FR AN ARBETFERERERS D BRANLEE

Ann M. Krake, M.S. ¥z Robert Malkin, Dr. H.&) X Bk + [6] » 4F¥ £ B A R #iE ey
B.O.E 2 3] t4 % 1 % 42 (Ciba-Geity™ Coating process)i&4T#t % F &£ 24 LFHE B T F
ARBRZNETZERGEHETHEER > 29% N8 S1EMERE  REAMNBROAE A
25%  21% eI N B BT ARl - 17% g A B ERefit» 35 54£ K 2-1BOE 524 £ 8T
EARAER °

%21 BOEZXZ 24 %8 TmikAs%[6]

JE AR B ate JE AR Bate
BAEMRE 29% SRR 13%
B B 1 3 25% R’ A 8%
BFRI% 21% R RS 4%
o R 17% o B 4%
58 BRI 13% R B 0%

A &R ¢ Ann M. Krake, M.S. Robert Malkin, Dr. P.H. HETA Bureau of Engraving,

Incorporated Minneapolis, Minnesota 1994
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3-1 FEH RERA

AR RS B — B & Lk (Auto Spin Coater) » #| 1 CFD Sk TR A &)
LRTEAZ SN A IR ] 3 AT AR B SR s AR E A — HARSKL
FHAK Z - HAZHRAE RSB RAALIRZS BH LMK E A L
7 B A wéa HFPA e B B E NG EAG MBI RITR > 8 FELSXRENFFU LR
TH o hEAEET  BEZRATHFEFRRERL B LEEKARNNERE AR
BRFE AR BR AL HERAWT
Fade
% F M o3kt E 4 A 100 Class > 1R 4% * B Bt #1 Bus 28 1 69 4% % [ Federal Standard (FS)
209E, 1992) » “TH§ & B % o Ao o 432 14 ~ 10 & ~ 100 #& ~ 1000 % ~ 10000 # -~
100000 #& » 4o R 8 B2 2 &9 55 4% 2 A R #L B R il > R AT RGR AL 89 R~F 4 0.5pum > 7]
ho 0 T4 ~10 % ~ 100 &2 B E A BB 231/ ARE7N 18 10 %8 - 100 #2 © 4o
RBRRFARA 0.5um o &% F B IE e — 45 & R R~ 09 BB R FoR ° fildo © 10
% 4e 0.2um(B sk R ~H 72 0.2um K B R T FBEAR AW 75 %/ 3 7 3 R)° 1 4 4 0.1um (B
RR T4 0Ium KERF * BERRH 35 FA/LF 3 R) °
AT
BRAKERBREER  REVPRE L  HAEH[HHILE BRFERERRARTHRE
FE XA — 48 M ARE ARBRE SR TRA -
4
MBI ER LZ A AL AR ETSREFEEL LAY I RBAERE LR

LE R AARIERILERRFI AT X AZENRE T b EGKR VR ILAATEGR 4

45m/s > T A B E AR EBREILE » Lo A3 9/esr  ERBZ LM
AHBER
WAAEIERTHZIENRET F > AR AL BMH ZR TRV EITIR  #
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M2 BRI BEATEE -
3-2 #% REBLIR AT

BERIUE AT R XX BRI B AR RAFEERN - 25 F 3-1
A LAk TEE - B 3-2 a8 L AMAKRARTEAER 33 a8 LLmEMKkTE
BATHR N HHBRFADEZUNE A BRBE TaEwBaehammr-EF A4
BBRER PR3 BRC ARBBERIIEXIE D ABEPEZ XY F&@ -

1% %0 B B b S a4k B4 -k 48 4% 48 (Fan Filter Units, FFU)& 8 &£ &3k & 0.6m/s > &
Bt st ZARR T 64 AR B 4.5m/s > B R Z & 780CMM - s s 7 A FFU m3%
PaAa A X R o B IRARBR T A R4 EH6Y 0.6m/s A s 0.0m/s AR FFU R i &
Om/s) £ =FIHHE 47 F5F R B-1 FHRBEE L

ARBEZ A G LK B E A E AT ok AR -8 49 4% 42 (Fan Filter
Units, FFU) » FFU AIETF R K E e RikRBEF 2 £ 5 o N3P & Al g 3kt
S, PR AR Ak 2 %% 4% %5 (Spinner) » A A M F A E S R K B e B L BTSRRI AZ
Fr o 5238 25 F O Rk B b R0 W AEL > B dh BUAT 3 R RE R IR 2 AF A Sh 0 SR BLE R R AR
FFRR G EICAE A o B E A2 T A R ML BB B Z AT PTG B e B R
FRAFMETAF o ARMER AR TTEEE 0 MM IRITRAORIAZ Bk A AN R B
ZRPRAERE  MARMZ KA S A HRERKERBAEFR MR - AELMRE
& BIEEBERRIR B BB L IFI I 0 LB R BET E BT R RE ke iE
AT o Ak b A B R R B IR L B o
3-3 B AR AL BE AT

RSN RAT > ABAETHMPES LERBONHERAALETETE BE
FRARKEFE - FEFENABRTTHRALEGIRA NHEFEAFRE —LHE
NHRAEEFTRA MEEFTRAARAN P FH — TF - RKF B LB L35 A Navier-Stokes

Equation » £:@ X 4 :
a —_
5. (@) +D(p Vo ~T,V8) = s, (3-1)

11



R pARMERE > OAFRRMR2Z%H V ARERS [T ATHIGY  So&T

kB X -BEFTLKX - SEEFT LK - BEIEIA Species Transport
Equation %3] # il 4o F
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Species Transport Equation:
Z(PY) +V(pVY:) = -V (3-6)
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