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— Abstract —

Review on Potential Risk Factorsin Wafer
Fabrication Process of Semiconductor Industry

Dong-Uk Park, Hyae-Jeong Byun®, Sang-Jun Choi?, Jee-Yeon Jeong®
Chung-Sik Yoon®, Chi-Nyon Kim®, Kwon-Chul Ha”, Doo-Yong Park®

Korea National Open University, Graduate School of Public Health, Seoul National University”,
Catholic University of Daegu?, Yongin University?, Graduate School of Public Health, Yonsei University?,
Changwon National University”?, Hansung University®

Objectives: To associate work in the semiconductor industry, including silicon wafer fabrication, with
cancer risks or mortality and other adverse health effects, the operation of wafer fabrication should ini-
tialy be understood. A detailed study on the fabrication operation allows retrospective exposure to be
assessed and wafer fabrication workers to be classified into similar exposure groups. Therefore, the
objective of this study was to comprehensively review silicon wafer fabrication operations and related
hazardous materials and agents.

Methods: The literatures related to semiconductor industry processes were reviewed from an occupa
tional health viewpoint based on wafer manufacturing, wafer fabrication and packaging. The focus was
especialy related to the hazardous materials used in wafer fabrication industries.

Results: During the fabrication of silicon wafers, many toxic chemicals, a strong electric field and haz-
ardous equipment are used. The process alows the integration of a three-dimensiona array of electric
circuits onto a silicon wafer substrate. Wafers are sliced from single crystal silicon and subject to a series
of steps during the fabrication process, which alternatively adds and then selectively removes materialsin
layers from the surface of the wafer to create different parts of the completed integrated circuit. There are
four major stepsin this process; patterning, junction formation, thin film and metallization.

Conclusions: In order to associate exposure to the hazard agents generated during wafer fabrication
operations with adverse health effects the details of the operation should be completely studied, which
will be helpful in both exposure assessments and epidemiological studies.

Key words: Semiconductor, Fabrication, Photolithography, Etching, lon implantation, Silicon wafer
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Fig. 1. Individual process flow in semiconductor manufactur-
ing (cited from Wald et a, 1987°).
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Fig. 2. Process to transfer an image of mask into silicon wafer.
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Fig. 3. A comparison of positive (A) and negative (B) photoresists.

N

- ely ®9 %ﬂqi A A B4 A #its)
Fa, oAZRIGZ([PA), oHAE, 1.1.1-E8F

221,11, l—trlchloroethane), EZ2=2dE
@ (trichloroethylene) &

- PR zH: 34 (xylene), dEdZFTE ZwoE
olHl 2 ol o] E(ethylene glycol monoethyl
ether acetate), 54 (toluene), gAlrEtto]d
2}z (hexamethyldisilazane, HMDS) %

- g4 n-FEolEo] E(n-butylacetate), HE=Zt
HEGEE 3Slo] =EA| = (tetramethylammonium
hydroxide, TMAH), Z4& & (xylene) &

mﬁj

2E BN AV 389 w2ARL slols AF,
PR 3%, Az 3gelA Lolue)’. Fa fellate 9
o131 AN A Bk $718. PR} Aelel

Solke 7184, =Bl AHSEE A Foldt,
PRE ¥¥ HULALA GPA TPA. TEAIA,
A el BEAL S0l 1—5—& e fAE

AT, PR AR AA ] IR R F
£d PR 94 A2 fAse % A (solvent) 9+ =
L= wre] 7IAIA AAE A% ske tAl (polymer),
ag]a dof o3 Fepehts-S dodle 1Al (pho-
toactive compound)® /=] Ut PR e H
et ek slEtEdde A Absieta A2 golH
NBS A4 FEEARREH BHisle 9ES 3, 9
2oy &0l EoA S {7184

M %O m

r e

2 w7ls 2 PREXY 9=t Z8A (primer)?l A
drjo] A2tz (hexamethyldisilazane, HMDS)< ¢l©]
ol vlg] =¥ste] PR dlol HAHE wo|7|= g
o F2 AMHHE 4 PRE @492 HEIHESR
F Slo]=ZA| = (tetramethylammonium hydrox-
1de) S ES (M4, sodium hydroxide), &
23l (potassium hydroxide), °&AZ2H L
(IPA), dgd#dZe] 2 Z(ethylene glycol ether) &
oli 34 PRE d4de n-FEolAdEC]E(n-buty-
lacetate), Az (xylene), ABHAIYZ Hiod of
H 2 o}AlElo]|E(ethylene glycol monoethyl ether
acetate, EGMEA) So]tH.
PR ol EoilE AR FollE SAo] & AEo] %3
2 7 JofA ol dig =EF5 Aldef st 579,
el Ze] ZolH 2 (ethylene glycol ether)¢t ©]E¢]
oA O] EFQl 2-ul| SA] ol & o} Al | o] E(2-methoxye-
thyl acetate, EGMEA), 2-W&EA]gt&(2-methox-
yethanol, EGME), 2-9&A|&&(2-ethoxye-
thanol, EGEE), 2-cl&A]c&o}lAE] o] E(2-ethoxy-
ethylacetate, EGEEA) 5& f4F AeEs 59 A
A543 AdAdo] vka wal e wak 1990t -4
FH n=mdA e AR FAY 540 v Z2gdl
=218 FedEddH 2 (propylene glycol monomethyl
ethers, PGME)Z2 tiAl= A5 2-v| Sl et&-S
23t dg el 22 Z(ethylene glycol, EG) & W5
oyt S FAHE g 7] Wi g7 w=Fo| 7t

337



istxidetdolsts|x| w23 # H 3= 20114

AR
o ol Yme A9e PPl P Fue)
@ A7) Ggo] eFo] WAT FE Ut E@, 5L

qu oA ' ¥ e 0F

g By AP BE =2 FEE Bud bt gld
szl duQl e AYAEd AFe =X
F d2AdE aeA Hed o] FFE PR 2W, =%,
6174 % %"e‘ 340l o7k glot ofd| tig FafdAt

(3) 217+ (Etching)

Agvtoz 3R A2 flolde ve 4L 59
SAG FHe] Slste] Bag wEw Addgow A
e AAstelor G, olsh 2ol flols] Ewe] B4
WA EE SAYAE AASE $HE 47 2Holan
A A7 3R A A% A (Fehart Aoz
Hed. 64 39 920dp tanlgd] Eelle 8

JEje] sEtEA S o] &dte] EAE AlAStE Aol
T2 AMEEE geEde g’&(hydrof]uomc acid,
HF), Y94t hydrochloric acid, HCl), #H(sulfuric
acid, HsSO,), B2H(nitric acid, HNOQ;), AHtsla=
(chromium trioxide, CrOs), Z}ita}4=2x(hydrogen
peroxide, HxOp) &< ZH4teltt”. #Ad =
o flelHE "Hau Ave 4 Zglo] FEoR o] Fo
F7] wizol o]& gEtEAd =
oz FHHEY, i AMgste A5l
HAE o gty g 214 A7k A
ElollA Wke-Al o] &(reactive ion etching, RIE)SZ
ol el AksterE A ASE Wlolt}t. Fefant 27
AN AMEEE WA 7tae T2 Ji‘d Aa BA
BE &2 Ai(chlorine, Cly), 44322 (boron
trichloride, BCls), 38k (hydrogen chlorlde,
HC), EglZF22r ek (trifluoromethane, CHF3),
BZ(bromine, Bry), HEZHZFo2me (tetrafluo-
romethane, CFy), AF93}e2(carbon tetrachloride,
CCly) Sl

Eopnte ‘?_%}\o o] £ o2, #HZ& 2t 3
o]x £1¢] 7} Eaves ‘O] nE 7}"5—?'{L PR = AolA &
o o H7EEAE WAt
2 %"3%7}& b 22 24 °1H A EE FE g
ot FHIZde Ui SekantE o] &3 Fug 114 4
7h g AMShe Ao GEA A, Zekan) 4
Zte] faRAEe Eehavts fEsh] fd gt et
(radio frequency)®t 2|7t A= 7hs Fepant

o o3 FalitE B A4He dE & 5 den, o

F2 g

338

(4) ~E8)3 (Stripping &< Ashing)
~EBE A3 o] ol gl PRES AATHE
o o

’—6'“764 oz /‘}\] 1;1 74/\1 bﬂ-z\]o] oh;]. %: hﬂé,‘: ?:_]gl—@‘#
2 714 #HE(phenol), d3tetslsa s15tE, S22
Al (chlorobenzene) 5 E§ES A&, glo]¥
2 F718A7F BoUE F2MA0-T0°C Ax)o] ¥

PR 59 2% A|A%. PR AAE Y8iA Aleste
123 fr71eAe gE= iﬂﬂE}(dichloromethane)o]r/}.
HzH7184e vehE (methanol) & ARES A5

AAE dAx/bdEdZE2dd (phenol/tetra—
chloroethylene), o-HZ&Z WAl (o-dichloroben-
3= (phenol), p—EF<(p-toluene), =EAF
(sulfonic acid), #4Fst4(hydrogen peroxide,
H:02)-# 4k (sulfuric acid, HsSO4), At3a &
(IID) (chromium(III) oxide, Cr,0s)-84F(sulfuric
acid, HaSO.),
= AHEETH 4] ~EREe 12 A4 vseitt, A
A5 FYsta HresE AR Ak g Zo] A7
Zto] PR¥} wHg3te 24 PRe& A7 ste e
otk ~EZY Fole FEAS AA H8 f718
A2 AA g
L R (*JilHEEH*17‘H*Eﬂ%)% —’F §1] W —’F

zene),

olryol &M (ammonia solution) 5

e o A}%s}—t— Horg
o] Table 1ot

= 3 7401@ =3
N7 ez tol e
£)9} B AE|(

stel) S2E w=E Bt 7Y gel *P%—?F ‘: %—’F%
=]
=

& (hole)o] 4713 AF7F 524 do}. o] PY wh
‘:iﬂa} gith olgb WHiR 5% Pa(QA, H]A, SHEE

)5 ¥olFH OPUH H’% A7 o =M HA77F &
f—_ﬂl Hr}. o]& NE ¥teAlgta gttt EeES TY3
7] 9t AR FH A9l AL H|A(arsine, ArH3,
7141, 4atshi] & (arsenic trioxide, 2A]), ¥23A
4+4d 8kl (phosphorus trichloride,

—1—‘

(phosphine, 714)),



aA)), S48kl (phosphorus oxychloride,
d3t8-4(boron trichloride) && AEZF2 23154

A, A

(boron trifluoride, 714, YlE & (diborane, 714, 4+ A=

2FelolE] # (antimony trioxide, IA),

AQA) Sl 3

(antimony trichloride, ©

Table 1. Chemicals used in patterning

2 & utxA dojy 73 =
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TETE=E
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L
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A
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259 Whao] AlgE 3 gl &
A gkote] = A 7<d71§ #oﬂﬁ ESES oy Uiz
2THTable 2)™. FUst= Waolth deolHrt Mg FH(do] 1.8~2.4

Chemicals

Chemical classes

Process steps

Hydrofluoric acid
Sulfuric acid
Hydrochloric acid
Nitric acid

Chromic acid
Hydrogen peroxide
Sodium hydroxide
Potassium hydroxide
Ammonium hydroxide
Isopropy! alcohol
Ethanol

Acetone
1,1,1-Trichloroethane
Trichloroethylene
Freons
Hexamethyldisilazane
2-Ethoxyethanol
2-Ethoxyethanol acetate
N-butyl acetate

Minera acid

Minera acid

Minera acid

Minera acid

Minera acid

Caustic

Caustic

Caustic

Caustic

Organic solvent

Organic solvent

Organic solvent
Chlorinated organic solvent
Chlorinated organic solvent
Chlorinated organic solvent
Organo-silicon compound
Glycol solvent

Glycol solvent

Organic solvent

Wafer surface cleaning

Wafer cleaning photoresist stripping

Wafer cleaning

Wafer cleaning
Photoresist stripping
Weafer cleaning
Developers
Developers

Wafer cleaning

Wafer cleaning

Wafer cleaning

Wafer cleaning

Wafer cleaning

Wafer cleaning

Wafer cleaning
Photoresist application
Photoresist application
Photoresist application
Photoresist devel oping

*Source: Correaet a., 1996°.

Table 2. Chemicals used in junction formation

Chemicals Processes Health hazards

Antimony trioxide Diffusion Irritant, Gl tract upset, Nervous disorders, Sleeplessness,
Fatigue, Muscle pain

Antimony trichloride Diffusion Irritant

Arsenic trioxide Diffusion Suspected carcinogen, Liver damage

Arsine

Arsenic pentafluoride
Phosphorous pentoxide
Phosphorous tribromide
Phosphorous trichloride
Phosphorous oxychloride
Phosphine

Phosphorous pentafluoride
Boron trioxide

Boron nitride

Boron tribromide
Triethylborate

Silicon tetrabromide
Boron trichloride

Boron trifluoride
Diborane

Diffusion, lon implantation
lon implantation
Diffusion-spin on
Diffusion

Diffusion

Diffusion

Diffusion, lon implantation
lon implantation

Diffusion

Diffusion

Diffusion

Diffusion-spin on
Diffusion

Diffusion, lon implantation
lon implantation

Diffusion, lon implantation

Kidney, Blood, Cell damage, Suspected carcinogen

Suspected carcinogen, Liver damage

Low toxicity

Low toxicity

Low toxicity

Very intense irritant

Dizziness, Nausea, Lung damage

Violently irritating to skin, eyes, and lungs

Low toxicity

Unknown

Unknown

Mild eyeirritant

Irritant

Irritant

Lung damage, Irritant

Highly irritating to skin, eyes, and lungs, Pulmonary edema,
Injuriousto liver, kidney and CNS

*Source: Ungers and Jones, 1986%.
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Analyzing
magnet

Acceleration tube

Beam trap and
gate plate

scanner X -axis I
scanner

W afer in wafer
processchamber

Fig. 4. Typical ion implantation equipment (cited from Cox, 1984%).
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