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ABSTRACT

Objectives: The purpose of this study was to evaluate the exposure possibility of by-products during the semiconductor

manufacturing processes.

Methods: The authors investigated types of chemicals generated during semiconductor manufacturing processes by the
qualitative experiment on generation of by-products at the laboratory and a literature survey.

Results: By-products due to decomposition of photoresist by UV-light during the photo-lithography process, ionization of
arsine during the ion implant process, and inter-reactions of chemicals used at diffusion and deposition processes can be
generated in wafer fabrication line. Volatile organic compounds (VOCs) such as benzene and formaldehyde can be
generated during the mold process due to decomposition of epoxy molding compound and mold cleaner in semiconductor

chip assembly line.

Conclusions: Various types of by-products can be generated during the semiconductor manufacturing processes. Therefore,
by-products carcinogen such as benzene, formaldehyde, and arsenic as well as chemical substances used during the
semiconductor manufacturing processes should be controlled carefully.
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Table 1. Photoresist used for the experiment of thermal decom-
position conducted in the laboratory

Components Contents(%)
Methyl-3-methoxypropionate(MMP) 65~75
Cresol-formaldehyde resin 15~20
NQD ester 1~10
Phenol polymer 1~10
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oA HAE 5 2% ARl waE 4 9t
(ACGIH 2010, Bolmen RA, 1998; ILO, 1998; Misra A
5 2002; Williams ME 5, 1995; Wikipedia, 2012). &
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=
R 2Rl A et Ed S 7 wol AMg
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5= QUh). whebA] QR =R EH Y| Holu ¢F Y Fol 7}
qd A LY s|=rt HAE TheAdol At
T A EMCe FEAMPAE o2 258 =
Ao Fofl gt A = A Al s T

Table 2-3-> HE = A AFG Aol A FA| Wo] AFE-F] a1

& FAske &S A7t A sk vl &0l M
=okom TS 60-95% HEolrt el o
ZA A9 S 2-20%, HEFA Y] B eE 2-

15% Aol on 7|e 7HEES, AHASIQLE &2 5

At 3t Z& Al Al(mold cleaner) 2]
AL Wt SR (EE T4 )7t 55-75%, A
7}7F 15-41%, ME 2 QA 5-35% -85 o] Q19 o,
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Table 2. EMCs used for the experiment of by-product (VOCs)
generation conducted in the laboratory

Company | Materials Components
Epoxy resin, Phenolic resin,
EMC-A1| Phenol-Novolak resin, Silica, Carbon
black
Epoxy resin, Phenolic resin, Antimony
EMC-A2 trioxide, Carbon black
A . . . e
Epoxy resin, Phenolic resin, Silica,
EMC-A3 Carbon black
Epoxy resin, Phenolic resin, Silica,
EMC-A4 Carbon black
EMC-AS Epoxy resin, Phenolic resin, Silica
Epoxy resin, Phenolic resin, Silica,
B EMC-BI Carbon black

* EMC; Epoxy molding compound, VOCs; Volatile organic
compounds.

Table 3. EMCs and mold cleaners used for the experiment of
by-product (HCHO) generation conducted in the labo-
ratory

Company | Materials Components

Epoxy resin, Phenolic resin,
EMC-A1 | Phenol-Novolak resin, Silica, Carbon
black

A Cleaner-Al Melamine resin, Cellulose, Wax
Melamine resin, Cellulose, Silica,
Cleaner-A2 Wax, Hardener
EMC-B1 Epoxy resin, Phenolic resin, Silica,

Carbon black

Silica, Synthetic rubber, Cleaning

B Cleaner-B1 agent, Organic peroxide

Silica, Synthetic rubber, Wax,

Cleaner-B2 Organic peroxide

* EMC; Epoxy molding compound, HCHO; Formaldehyde.

10 g Aol AlFutct 2po|7} )& ZebAal 20
mL Hpo] o]l grof 180°Coll A 107t 7F-23F §- hea-
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of wrek Zpol 7k Qo HE 128 Aotk & A+
o A= EMC7} 180°C7HA] 7h-2 &= A7k aL e sho]
7HEAIEE 102 e = Akl wheba] A2
A BEFA 223 2ol 7k 9lgieh. e 1 A}
P FEFHL 180°Coll A 7k &7 Qholl EMC
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%ﬂsg_xg of| A A-&-3F= EMC % S A G A =5
HO ZE5YH 5= Aol fo gt & 98 A
Abs} BAFo A ARSI Q1 EMC 2} 15} 2 4]
A 2 2380 sl A& A A3 Th(Table 3). EMC
S A A 2204 Shojalol 2 I80Cal A 3
27 hede o ALeTbA A8l g ZEU
=22 5 Z7(2,4-dinitrophenylhydrazine©] & %
Qe 7ha el Al 247 BEE A Aste] oF 80
mL/min®] {402 ZQI5}H A, gas tight A|HA| S
o gsto] AIRE7] S mLE FaHTo| FRIT T o] 2
22}5)o] HPLC(Water, Acquity UPLC system, USA)<}
ZtAa2ubE g8 u)-A S5 A 7| (LECO, Pegasus 4D
GCxGC-TOFMS, USA) & 141319 tHEPA, 1999; NIO
SH, 2003).
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1e+7

Solvent Cresol

8e+6 -
Benzene or phenol

based aromatic
compounds

6e+6 -

Abundance

Phenol
4e+6

2646 Benzene
e+6 -
Ll Toluene Xytene
o LM l Al T ‘J

T T T T

5 10 15 20 min

Fig. 1. GC/MS chromatogram for a sample collected during the
decomposition experiment.
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(fluorinated compounds), &3}7} 2 X d (carbonyl fluo-
ride) 50| 2HAE 4= Q) 37(Matheson Tri-Gas, 2008; Pra-
xair Inc, 2001), 2 5 3}<4=4(hydrogen bromide)2] 7
o1 Zagl ulgate] Ayl wAE 4 9tk
(ACGIH, 2010; INCHEM, 2012).

QRG-S

gyl 2HFHL 43 1oy 84 59
5l Whg 59 B3 golw Ee] ururg @A
A71E e m vhga g of Al thoFet FAbE o]
A EF 4= Q] T}, Table 4= SHAF 2l =23 A of| A] HFAY &
L BAMEE 0] Alg| o] tH(ILO, 1998; Misra A %, 2002;
Williams ME 5, 1995; Wikipedia, 2012). =45 H| &
sto] fatpa, E3bpa Fo]l HAstE A d
k.

0] &3] FA o A = o] &3¢ A H| of] o} 2 Al(arsine),
AFE-3H5- 4 (boron trifluoride), 32~ (phosphine) 5

T T o]2 o] 23FAI A A ] Z(arsenic), 52 (bo-
ron), l(phosphorus) ol2ThE AEH o= gt A 9
QST web ol 23k Yol A Thepat

Sefsl Sariol wAE 5 e, 54 o= A8l 4

S B3 =2 300°C7HA A H AL Wof =%
g 7 0of &= u] 4 2 H3|H THACGIH, 2010). o} 2 Al
o] o] &3¢l A ] Wl Al o Ui 2| 2 o o] 2Bkt &
AW ofZAl o] & HlE ko] H4 o] &, FA Y
H 4 5 chaka Aeje) Baol WA 4 gk,

Table 4. Chemical equations and by-products according to types
of diffusion and deposition

Types of diffusion

and deposition Chemical equations and by-products

SiH4 + O, — SiO; + 2H»

SiH4 + CO — SlOz + 2H,
SiH,Cl, + 2N,O — SiO; + 2N, + 2HCI
Si(OC,Hs)s — SiO; + by-products
3SiH; + 4NH; — SisNg + 12H;
3SiH,Cl, + 4NH3 — SisN4 + 6HCI + 6H»
2SiH4 + N, — 2SiNH + 3H,

SiH4 + NH; — SiNH + 3H,

4PH; + 50, — 2P205 + 6H»
SiHs + Heat — Si + 2H,

2MCls + 5H, — 2M + 10HCI
Metal WFs — W + 3F,
WFs + 3H, > W + 6HF

Silicon dioxide

Silicon nitride

Phosphorus

Polysilicon
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BEgge MEd Yo JuuPenty By
517] 915}0] 7L olH EMCE o] §510] B8
Sk, BAYO A AR§3HE o B A] 27 (CAS 5
29690-82-2)+= @ 2 E-IH Z(o-cresol), AT FZ 2T
Z P(epichlorohydrin), ZEYH|3| =2 o] Fo]% 11
wArero] Zejuo] glck. 2] 3 Blo] ojshu ki
-2 70-75°Co] t(Sigma-Aldrich, 2010). wz}A £ A
22l 180°C AR A 44 Hoe B2 Ao o
3|ubA A Bo] v E 7h o] glolt), 1] o 89
A1} BAFO A ALg-3F= 9 E=4%](CAS W15 9003-
354 33 EERTY S E S (m R 4ol 9Lk
o E-EE Y E £AE Aok @ Bt AR
o o5hul of H A E-L 7o) 70-85°Col L, oW
A &L ==7o] o}y softening point(F = 2] 9 A =
2 %)7} 97°C-110°Co] 2 th(Polyol & polymers, 2012).
AlFoll & 2ol & ekt st gte =57 9
S22 Ql 180°CH oA = Hlm4A 9 A& 4
A =AY FEHYAA = i d o] daE
7Hsdol A

L
[~ i O

Table 5. Components generated from EMCs

Company | Materials Detected components

EMC-A1 Benzene, MIBK, Phenol, etc.
EMC-A2 Benzene, MIBK, Phenol, etc.

A EMC-A3 Benzene, MIBK, Toluene, Methyl acetate, etc.

EMC-A4 | Benzene, MIBK, Ethyl benzene, Xylene, etc.

EMC-AS Benzene, MIBK, Ethyl benzene, etc.
B EMC-B1 Benzene, MIBK, Hexane, Phenol, etc
3e+6 1 Benzene
8 2e+6
=4
3
[—
K] Phenol
<
1e+6
MIBK
0 Ma A R\__L_.
65 10.0 135 165 20.0 min
Fig. 2. GC-MS chromatogram for VOCs generated from EMC-
Al.
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Table 5= AA}2} BAFO| A] A}&-31= EMCE X ¥] g
AE A R7ISEE EA Aotk AAY] B9
A4 EMC 5% 2ol A Wi, wd o] i e A
E(MIBK) 59| g f71atg=Eo] &9t 1
2] 31 BAL9] 7 $-1= EMCoj| A #lAl, MIBK 5-<] 33
713k Eo] A& 5 %) Fig 2= AA} EMC-Al9]
A Y E = Bl E Ao g3t TtAT R utE T 0]-
AGFEA7|(GC-MS) A2utEIH o7 AEH AE
7hed AR o 2o AEUS FASHT
2ol A & 4= Ql5o] GC- Msoﬂ/@] Azd JERZE 7}
w2 RE AR sk S Aol e 7 e
MIBK, #|= 5°] H&5 Ut BAY] 9= fAFSE
ARE dglon Wrg F2uEIWS A A8
eien )

) BEFZA-ZELYI =
EE3AolA A l‘clh EMC®} Jf‘ﬂ*ﬂmﬂ(u“ﬂk‘{-
X

ol oatA] ¢ri A= Aol A= th & g gt
dolty. 28y F=FA ol A= EMCe 53 A1H
EsAY =
B AL Q7] WEoll SR frIgdEe 22
EEdH s Er WAyol 7hsstt) e A Wl
BN S BN Aol B
;]_*7 ol\— 7:1 07]. olo%;]. A/\]-
FAIGA Foll 2 174 A&
W ZEY 0157} 0.2-0-5% A& TrE ol AUTh
Z12] 31 Barnes Products Pty Ltdo]| 4] A &3t @l etyl-
EFYH S| = 42| 9] MSDSAM = O] o5+ A& Fofl
0-0.99%2] ZE=U 4 5| =7} E3HE o] 9%l th(Barnes
Products Pty Ltd, 2007). 2] 31 BA}2] S A A A| ol =
HZ=FA 7 gaEo] e AFE ddon o2 ¢l
o 22+ A o] WA T = Q1S
Table 6-> AALQ}F BALOJ Al AF8-3FaL Q= EMC Z} 1
< 5 9 A7 Al (mold cleaner) 2} 25-of] tfsff EZ 5
os] = WAyl S A9t Apolrh. A of A
EEgH s = HAE ok F2HEW 9] 2,4-dinitrop-
henylhydrazine®} A 3tslo] S =7} F A4t uaf
A §=A 3+gHE<l formaldehyde (2,4-dinitrophenyl)

OE]_
I
AZA -r11 °17] ﬂ%’:oﬂ o2 HE doluf oF
=

Xﬂa 180°Cofl A f5ofA] WA & 5=

fin}
ol
I
i
OE-
n°1'
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Table 6. Result of the experiment on generation of formaldehyde

Company Materials Peak Area
EMC-Al 9,761
A Cleaner-Al 124,539
Cleaner-A2 533,996
EMC-B1 34,306
B Cleaner-B1 5,334
Cleaner-B2 8,324
- Blank 4,880
3e+5 o
2e+5 4 Formaldehyde,

(2,4-dinitophenyl)hydrazone

Abundance

1e+5

S WWJW

28.2 30.0 31.4 33.2

35.0 min

Fig. 3. GC-MS chromatogram of derivative compound combined
with formaldehyde generated from mold cleaner-A2.

hydrazoneS HPLCE £ Al5lo] 2 s]= WAy
o] L5 7151 ¢ ). Table 69] 4] Blank+= 2,4-dinitrop-
henylhydrazine7} Z 8 & &2t A3 A F7]of =
2271 5 A Ro} A S AH BT Aol
AduiH o o7 Fol mEots =} EAetn
71 w0l o] 2|3k Blanko] gt A SHA] %=
o EAA T FFE E 4 Aok wEbA Al®e
Blank Z}Z}tof ojgt HPLCQ] 7]7] WhH-8-Fk(peak area)
= Hlasto] AlgoA 9] 5L = ““%404 1
WISIATE. WA Adkel BYAAA 25

- Blank Ht} €53 2 2 7]7] W %I*
gow, BALS EMC.—] 74 9= Blank Rt} 7] H =

Ee 29 717 vegE BTk wEbA AARY
S ANAA 2%} BAY] EMC 182 274 220f A
ZEYH S| =7 HAskE 2SS 4 Uit
a83 ZEAY =Y HEojRi Aol wet
Zpol 7k A=l o= A Aol whE Aol kil 517

Brhs S A A e EMCO F5o whE 2ol 2hal
o4 Utk S AXY] AEAAY S@AIEAE et
U-EZE5LYs =SR], AERE, 4A Fo] FiE
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o Wepnl-zgod s =] TRl Syl 7]
Q1% Aol e prebeich. el w Webyl-w S oke =
SA A GY IR FHE AR A
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Abe] B9 AP Al QAAEE Arkel ukzE7EA]
2 Wbyl EEA S £47 2FE FFAGA
£ AHg3IT Qglov], AdE etz ey 8=
57 ol9lo] FHNTI FHE FHAFAS A
st 9lgieh

A Fg 3S TEUT | IR Ho L

3t AAF S A A A cleaner-A29]| gt GC-MS =&
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