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Evaluation of Labor Similar Exposure Group of GaAs Epitaxy for LED
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Abstract

As compound distributes evenly in the natural word. It might enter
into living environment via the industrial manufacture process.
Nevertheless, As is one kind of accumulative toxic element. The toxicity
of As compound varies substantially with the chemical pattern, absorption
path to human body, dose and exposure duration. Gaseous AsHj; can
cause hemolysis, even worse, the destruction of tubulogenesis cell, leading

to renal failure probably.

Light Emitting Diode (LED) is one kind of compound semiconductors,
constituted by the elements of Group IIl and V. LED has the advantages
of small size, long duration, Jow"driving potential and quick response
(~10” sec.). It is generally:used in-the traffic signal, outdoor display plate.
In the manufacture process of Epitaxy, AsH; is one of the primary raw

materials.

The idea of risk management becomes popular in the working places
and processing environments worldwide. The committee of exposure
evaluation strategy of AIHA (American Industrial Hygiene Association) has
issued the reports concerning on professional exposure and management
strategy. They focus on the various load evaluations around the facility
areas and introduce the idea of Labor Similar Exposure Group. The
hazardous evaluation of working place is based on the two health risk ratings,
such as HER (health effect rating) and ER (exposure rating), and the UR
(uncertainty rating). It 1s intended to select the high-risk group as the

control target to lower down the labor exposure risk effectively.

The research intends to apply the exposure evaluation and management

strategy of AIHA as the fundamentals to assess the labor As exposure risk
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during LED Epitaxy Manufacture process. Such evaluation
includes the investigations of working pattern, workstation,
physical and chemical properties of HPM, and also bases on the
manufacture process, working item and characteristics, and
exposure of HPM to establish the exposure analysis and similar
exposure group. The analyses also need the input data from the
environmental measurements and physical examinations of workers.
From the research analyses, it is found that the distribution of As
concentration ranges from N.D. to 0.134 mg/m’ in the working
environment, whose value is much less 0.5 mg/m’ regulated by law. In the
pipe cleaning area, its As concentration is a little higher than that in Epitaxy
workstation area. For the evaluation of healthy influence, the
most workers’ Hemoglobin test resultsimeet the standards, and only one

set of data show the existence of correspondence.

Key words: LED, Epitaxy, Exposure
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Local scrubber

AsH; ~ PH3 ~ Si;Hg ~ DeTe ~ SiH, ~ TMAI ~ TMIn ~ TMGa -

CPZMg N N2 N H2

HoSO4,; NaOH ~ NaBrO; ~ H3PO,4 ~ NaOCI

HCl~-HNO3 ~ H,O, ~ NH,OH ~ HF

Wd4:®cztFoHEH
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£3: M ERAETTR

Bk BIER (ppm) DLH AR
CASNo. |? 2 &L B2 L M A L g ¥4 ¢ OSHA ACGIH (opm) (mmHg
(TWA) (PEL) (TLV) @25C)
1310-73-2 |& § 14 Sodium Hydroxide |- NaOH 2mg/m’ Pmg/m’ PRmgm’ |10 1.8X10!
1590-87-0 |¢ ¥ = Disilane - SirHg - - - - -
7440-38-2  [F Arsenic - As 0.5 mg/m’ (0.01 mg/m’ |- 5mg/m3  2.5X107
7664-38-2  [BEEL Phosphoric Acid - H3;PO, Img/m’ |Img/m’ [Img/m’ [1000 mg/m3R.1X10™"
7664-93-9  |Frfk Sulfuric Acid BOU H,SOq I mg/m’ |Img/m’ [1mgm® |- 5.9X107
7681-52-9 |% & fhdh Sodium Hypochlorite |- CINaO L - - - 1.0x107"
7697-37-2 s Nitric Acid - O; 2 2 2 25 63.1
7722-84-1 [EF & Hydrogen peroxide |- H>0, 1 1 1 75 2.0
7784-42-1 it & Arsine -- sH; 0.05 0.05 0.05 3 --
7803-51-2 AT & Phosphine - PH; 0.3 0.3 0.3 50 2.9X10™
7803-62-5 | 7 = Silicon Tetrahydride |- SiHy 5 --
13404809 1 1 &4 (Telluriumand N Te 0.l mgm® (0.1 mg/m® 0.Imgm’ P53 N
A ) compounds(asTe)
7647-15-6  [i5:Fk4p Sodium Bromide -- NaBr -- -- -- -- --
7664-39-3 |& & fk Hydrofluoric Acid - HF 3 C3 3 30 917.2
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DL g A~ 3 &
90.12  [<1/100 PEL : # Bl IE P A
<1/2 PEL : #upk RlEIE R
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23




42 T FREE
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% 5: 0k B EH(SEG) A, 5 £

SEG 55 |#® i Al |RPAVRBFOCER

Mol Bpdo L AZEF 11 AsH3 ~ PHs ~ SioHs - DeTe ~ SiHs ~ N» ~ H ~
CP,Mg ~ TMAI ~ TMGa ~ TMIn ~ # it 4 & %

M02 WAL AR ] AsHs ~ PH3 ~ Si,Hg ~ DeTe ~ SiHs ~ N> ~ H, ~
CP,Mg - TMAI ~ TMGa ~ TMIn - H,SOj -
NaOH - NaBrOs; ~ H3PO4 ~ NaOCI -~ HCI -
HNO3 - H,0, - NH,OH

Mo3 Feda iR 11 AsHg ~ PH3 ~ Si;Hg ~ DeTe - SiHg ~ N, ~ Hy ~
CP,Mg ~ TMAI ~ TMGa ~ TMIn ~ # it 4 & %

M04 sa R (6 B g

423 T LT FMEAE

X~ AR BAETEGVU S YT B A A u/f’;% EHITE
—‘l§?7lL§W‘IF;F_'}fF',t£F}‘FE;P— ;;F.ﬁﬁi,
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1ARE & 2. Local L @450 Ny Purge | [DETel Sl N, ~ H - 218 [ FE/AE 2,18 ] Y |BOR L £
scrubber L4540~ rlE CP:Mg » TMAL: TMGa ~ 312 B/ 30120 PEiE RSN G &
¥ 2. Local scrubber i x,&'—% ‘TMIna ~H,SO4 . NaOH -~
3. F BFik|  LEA S B N, Pirge. [NaBrOs & HiPO,
¥ IL #2403 Rl [NaOCI1 ~ HCI ~ HNO3 -
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434 B T 11
A B AT R e o
43.1 =B B T % % (Health Effect Rank ; HER)

BRI EBAF - PELTLIEERET E52

Moo BT HE i e T Enms ittty a5V 5

HER = (3B 2 2B +BfGF5+HE) /3o
4311 2B B T 2R

MR AN pER R T I0F R B R R 8 (PEL-TWA;
H (> ppm) 5 2| #7A % > PEL-TWA A% % > P53 dmti %3 o
¥i1% PEL @R 2 TLV % ko3 £ A %5 % & PEL & TLV &
Pl %% % Wk FFSHFIFRA P22 03 2 (40T £)i 735 F o

£ P 5% FIFRA 3 226 4 1

Hazard Indicators
A Oral LDs, Inhalation LCjs, Dermal LDs,
1 >5000 mg/kg >20 mg/L >20,000 mg/kg
2 500-5000 mg/kg 2-20 mg/L 2000-20,000 mg/kg
3 50-500 mg/kg 0.2-2 mg/L 200-2000 mg/kg
4 =50 mg/kg =0.2 mg/L =200 mg/kg

& ik : Code of Federal Regulations Title 40, Part 162.10(h)

4312 #7817

%&Wm% CAEREFTAL A ST FHFEIF M ES
£ ¥ RIL o RfPARE R s BARF -
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4313 7 #E L

PR Y RPEFIES o S S FEERT E S RF S

oo ¥ EFNG R REARMA S BARE o

= iﬁgggﬁ' RAHT  BESR

1 PEL-TWA > 100 Eg =yt Air mask

2 100=PEL-TWA > 10 L% o B e om ¥
3 10=PEL-TWA > 1 B EE EEr &

4 PEL-TWA<1 N 213 A2PHEE

432 % & T % % (Exposure-effect Rank ; ER)

BT R PR BER R REF A RS

Ew 3f A #iehT iaE o BN E

ER=(F IRk ii+h BT R R & F HRBEIT) /4

4321 312 % i

A 2 AR R B A

w5 T EARARS R

+

T~

AR T AR RAR TS T s AR TR
SiCE SLTI

4322 k G pERE

R ATk BER GhN AR TER R AT AR

B R kSRR E R ] PR S

BE AT
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4323 3 b

mmHg)

AT IEER 4] 2 T F i B 2403 47 Bk
AR R S A
4324 BB+
AEFITER > BT EAP I B L ARRE > Vit I 4p5 40
ARARE RIS A AR -
L (PR FBER PR FEF B+l
Solid, s 1y
R A0 e i
1 volatile liquid (VP <1| 0~10 ] P&/ | R B iT ¥ fjf ,,.i .
mmHg)
latil .. N By SR F IR B =
5 volatile liquid (VP 1 1010~20/J~E%/ﬁ i ;}’T;F - ’ ER ! s
mmHg) B <3 0.5m/s [ g R
Non-respirable particulate, .
Ay g i
3 volatile liquid (VP 10~10020~30 -|- F#/i¥ ks 35%,. ) lL -
l?*}‘fig _‘7:[‘;3 N Lk A
mmHg)
Gas, 'respir.abl'e particulate; e N aig A D
4 volatile liquid (VP 1001 >30 [/ | & 35243 4oy
ERE I

4.3.3 7 F& T_& (uncertainty rating ; UR)

FET R » BTG }Jr;’/;IE 'F"i%?’%ﬁ‘ﬂ/?ﬁ;mﬁiﬁ )
\:L)i”g,_,ﬂrr;]%ﬁi_

SRR AT R

;E‘;}g{mliﬂ_ﬁ;ogl? ;}}\ & -

-t

B e R e,

v

ER = (B Rl3= 2+t B 4 32) /2

4.3.3.1 Bipl7=T

R E FEERE
his B2k 0 175

LR A BoAR X o

A iR YR

P R Nk S EdR A
B TR AR > ¥ 5P %
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4332 B F

W LRt AR LR e YRR
%‘i ’ E]'Jl‘{:,;i ﬁjé}ﬁi,ﬁ fﬁ o

A RPN EHFR

BHEAHL T2 XRBIFTHRYE )

1 PR SRR
5+ 1/100PEL_TWA 17 & Wi

5 MHF RS N RRRTHY )RR LRI PHA iR
++ 1/100PEL_TWA R P o R EERAF TS
MHEAHL T 1 ZRBIFTRY )

3 it L RETHFRR
% PEL_ TWA » iz % B % i%%%z%i' ’ TRERER A

4 WHRL 0 BAIPMIRRIFTHE ARGTEER S

434 B0

A8 5t h AR SEHER) Ok 5 £ 3 R A(BR) T T
B (UR)= 78 17 & 4p 85 t8 3 cagkfg © 34 5 AN

bl .
a. .

)

4,4 = HER xER xUR

ZRA T AT (ST 0T & - BAR I & B R
Shia e d 2 Apsp IR A > Pk BRE R T AL
d x 3 AuEE o

4354 % B F #H17]%
A AT AL A T
43.6 4% & F 2 F7EER

- T

DRESLS A D o RREE AT £ 5
F 3210 £ 8o

s R P RS S 2 RS 4
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4.4 3tk 2R

FRLCEFRE AT RS D HP LS T 3RS R
EERR wREHY S RGBSR e
FhHETAFEANES,  RALEBHEHEIPE BRI
Fi o IR EDRRE T ERRE HHH LA RRECE R
B EHE R LS B kB RREFRE Tk
B B E 0 TS

4.5 H A 5

ASI A ESAED T TR FMEBIRES EHELB S
FToo B EFER M 03 £ 95 EamkplEdp kg 0 FER
B¢ kR A 2 N.D.~0.134 mg/m’ —T-ia@i% 0.013
mg/m’ s (¥ 5B T F BB E R FFER 0.5 mg/m’ .

452 R EHROEETaE Bk R o ERG 3 E LSS
F 0 4B 6 o

453 (TR Ak ol 2 B A B A RS g 0 B
FEGERGE N HREREER D UREBRFLERANF A AP
BEA G doBl 7o IR SRR AL 9% £ 10

FlArsine(AsHz) f 7 51422 » RPN A BEL ER ®
Btz bR R e BApe T Ao B R T EE g Fick 110
46.1 = 94 &R MOL(HdhLAfF)fEAF 7 B0 5 od A%

13.5~15.8g/dl s MO2(X # 1 AR FF )t &3 12 B > & i F A3

14.8~163g/dl s MO3(HAFE 1)ehfh 2 F 14 B > i bk A%

11.7~172g/dl » * = & SEG ' % 74 » @ MO4(HIFR 2)

Pl s~ HiEAG 6B 5 ok 40 11.8~13.6g/dl > 4 47

% SEG Bz =% ch% P #cZ be 54 o MO2(K % 1 A257)
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2 MOL(f do 1 AZFF) B F M4 TehiE % 5 0.004 > 225 K ¥ AP
Bl st HASEGR EZRFAIMIE T & 4B 8~F 15-
462 & 93 R MOI(FHd L ARFF)chfc A3 6 B > w loF A3
13.8~17.7g/dl s MOIGGK &% T A2FF)¥e A F 12 B > o & 43
14.7~17.1g/dl ; MO3(H s f Derte &2 12 B > o o & 450
11.9~16.5g/dl » + it = % SEG % 52 § 1 @ MO4HITE 2)
Bl 54 M BkAd 78 2% 43 11.9~13.7g/dl > » 47
L SEG Rz i cd B2 hrHh  FRMEMMES
Ao 4B O~F 14 -
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481 4% T A A

SEG  #8 || %35 P HER T35 ER T35 [UR T3 |4
MO03 i 3.0 2.75 2.5 20.6
MO02 i 3.0 2.5 2.5 18.8
MO04 i 3.0 2.5 2.5 18.8
MO1 i 3.0 2.25 2.5 16.9
MO02 Fip 2 B £ (U FFRH)3.0 2.25 2.5 16.9
MO02 (LY 3.0 3 1.5 13.5
MO02 B & 3.0 3 1.5 13.5
MO02 L WA 2.7 3 1.5 12.0
MO02 i 2.7 2.75 1.5 11.0
MO1 g 3.0 2.25 1.5 10.1
MO1 A & 3.0 2.25 1.5 10.1
MO02 P ik 3.0 2.25 1.5 10.1
MO03 i g 3.0 2.25 1.5 10.1
MO03 BEit & 3.0 2.25 1.5 10.1
MO02 p2 i 2.7 2.5 1.5 10.0
MO02 N 2.7 2.5 1.5 10.0
MO1 L WA % 2.7 0.25 1.5 9.0
MO02 o B 2.0 3 1.5 9.0
MO02 Rk e 3.0 2 1.5 9.0
MO02 Fiva 2.7 2.25 1.5 9.0
MO02 HZERRL 2.7 2.25 1.5 9.0
MO02 iy i-a 2.7 2.25 1.5 9.0
MO03 L WA 2.7 2.25 1.5 9.0
MO02 LN 2.3 2.25 1.5 7.9
MO02 w A ek 2.0 2.5 1.5 7.5
MO1 A2 B g (UAF)B.0 1.5 1.5 6.8
MO1 L Bz 2.0 2.25 1.5 6.8
MO3 Fir 2 B & (1 EF)BO0 1.5 1.5 6.8
MO03 o B 2.0 2.25 1.5 6.8
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%9 & B A Fikildy

R TR FRpER SN
fi)i “.'A‘I‘ ﬁ ;-' E/_"_'_ = e 7 o N _’512
¥ I BITIEP (P () kR i % BB iR " = 2
- NIOSH7300&EPA
AR FEFER P 93.10.05 420 0.003 mg/m3 - 10ng/sample T¥ R
Method 200.8
- NIOSH7300&EPA
A R Hhiow  |M 93.10.05 (80 0.011 mg/m3 - 10ng/sample T¥ R
Method 200.8
AR i o ® |M 94.05.17 |23 <0,005 mg/m3 2 0.2ug/sample T¥ R NIOSH7300
AR BREFER P 94.05.17 (410 0.001 mg/m3. |- 0.2ug/sample T¥ R NIOSH7300
AR BFEFAER P 94.10.28 113 <0.0005 """ |mg/m3 2 0.1ug/sample T¥ R ¥ 3002
A R FEFER P 94.11.25 |45 <0.0013" " |mg/m3 2 0.1ug/sample TR 3 3002
AR et o ® M 95.05.04 |60 <0.001 mg/m3 2 0.lug/sample T¥ R ¥ 3002
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410 & R HHER

FRPEFR , (G
RIEIF P |PH kR Hix LRh A L0 R
(») W pHE
: NIOSH7300&EPA
FEFER P 93.10.05 |510 0.002 mg/m3 - 10ng/sample
Method 200.8
NIOSH7300&EPA
Fh 93.10.05 (80 0.134 mg/m3 - 10ng/sample
Method 200.8
i 94.05.17 (396 0.002 mg/m3 - 0.2ug/sample NIOSH7300
Fih 94.05.17 |410 0.001 mg/m3 - 0.2ug/sample NIOSH7300
Fh 95.05.10 |15 <0.0001 mg/m3 2 0.0001
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11 fr i SR R R

R TR . . . » (B o o
T 3 P T R TIE P p g kR A id 7R 1R " O IS
8 P& FR
. _ | NIOSH7300&EPA
= BRFER Eal i 93.10.05 |0.166 mg - 10ng/sample
Method 200.8
. - NIOSH7300&EPA
= BRFER Eaull i e 93.10.05 |0.14 mg - 10ng/sample
Method 200.8
. ) - NIOSH7300&EPA
R Fietd o ¥ WomP R b 93.10.05%.1{0.006 mg - 10ng/sample
Method 200.8
\ " N NIOSH7300&EPA
B Bt o ® WoLERE b 93.10.05 = 0:002 mg - 10ng/sample
Method 200.8
= BT oo i 94.05.177|388 mg - 0.2ug/sample  [NIOSH7300
B ot ® Fde s o R Fh 94.05.17° 1 |1 mg - 0.2ug/sample  [NIOSH7300
= BRFER Bl Fh 94.10.28  |<0.1 ug A 0.lug/sample % 3002
= BRFER Wotm e 94.10.28 |<0.1 ug H_ 0.lug/sample ¥ 3002
B BREGER Weda e 94.11.25 [0.1125 ug - 0.lug/sample  |[NIOSH6001
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211 e EPHEHEERGED)

Bl 23R . . LA
T B e B EIE P p i kR b (7R U R I
08| ="
= BEGRER ¥ i 94.11.25 |0.1082 ug - 0.lug/sample  |[NIOSH6001
B Fedodh o PEVFER B 95.05.04 [0.162 ug -
B FA % b2l 95.05.04 [0.1536 ug -
g F A e Fh 95.05.04 101273 . |ug -
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T
1:SEG1,2:SEG2 I e EPa fEavEy i
1.00 12.5333 6 .8641 47
2.00 12.9750 12 8069 051
AEA! 12.8278 18 8288 687
ANOVA 12
I A FIETE T A Fhe Sig.
T 3 * ISEGL2SEG2 ac ] Gi= ) 7780 1 780 1.146 .300
A 10.896 16 681
AR 11.676 17

a pIfs Pl = 35 PRI B EE BT RT3k ¢ 1:.SEG1,2:SEG2fuA6sH i B

R R AR
@ﬁ:’%’(ﬁ'%’}f Levene A5 »
& TGRS R
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	Evaluation of Labor Similar Exposure Group of GaAs Epitaxy for LED 
	4.2.3作業危害特性調查 
	以作業觀察、人員訪談的方式，收集各相似暴露族群作業區域、作業流程、使用之化學品、作業頻率及防護措施等資料，調查的結果彙整如表6。 



