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ABSTRACT

Objectives: This study aimed to elucidate the physicochemical properties of silica powder and airborne particles as by-products
generated from fabrication processes to reduce unknown risk factors in the semiconductor manufacturing work environment.

Materials and Methods: Sampling was conducted at 200 mm and 300 mm semiconductor wafer fabrication facilities. Thirty-two
powder and airborne by-product samples, diffusion(10), chemical vapor deposition(10), chemical mechanical polishing(5),
clean(5), etch process(2), were collected from inner chamber parts from process and 1st scrubber equipment during maintenance
and process operation. The chemical composition, size, shape, and crystal structure of silica by-product particles were determined
by using scanning electron microscopy and transmission electron microscopy techniques equipped with energy dispersive

spectroscopy, and x-ray diffractometry.

Results: All powder and airborne particle samples were composed of oxygen(O) and silicon(Si), which means silica particle. The
by-product particles were nearly spherical SiO; and the particle size ranged 25 nm to 50 pum, and most of the particles were usually
agglomerated within a particle size range from approximately 25 nm to 500 nm. In addition, the crystal structure of the silica powder

particles was found to be an amorphous silica.

Conclusions: The silica by-product particles generated from the semiconductor manufacturing processes are amorphous SiO,, which is
considered a less toxic form. These results should provide useful information for alternative strategies to improve the work environment

and workers* health.
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2 Polypropylene FUZ YPA1THConical centrifuge
tube, 352098, Falcon, USA)S AM&-3lo] A1 %5}

Fqom, F7] = Al&E= Polycarbonate membrane filter
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(12 mm diameter, 0.1 pm pore size, Advantec MFS
Inc, CA, USA) ¥ Copper grid(Carbon holey grid ultra
400 mesh, 01824G, Ted Pella, Inc. Redding, CA,
USA)E A3t A|&AF X (MP-30, SHIBATA,
Tokyo, Japan) ¥ NPC 4650 Electro-static collector
(HCT Co. Ltd., Gyeonggi, Korea)= Z}Z+ 30-60%-7+
1.7 L/'min®] o2 ZA 3k

2) &4
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7] 4 g A4S 98l olvA EAREE7](Energy
dispersive spectroscopy; EDS: INCA 200, Oxford
instruments, Abingdon, Oxfordshire, UK) A2} SEAFZ
A& 1) 7 (Scanning  electron microscopy; SEM: JSM
7001F, JEOL, Tokyo, Japan) E E3-dx}&u]7
(Transmission electron microscopy; TEM: CM30,
Philips, CA, USA)& ARE-3lo] EA(7I&EAY: 20kV,
B A8 x1,000-300,000, & Field 4= 5)3}ich

TR oo AEY AT ZEle fs) XA
S|AE A 7|(X-ray diffraction; XRD: MI8XHF22,
Bruker AXS GmbH, Karlsruhe, Germany)S A}-8-3}4
. A(2Theta: 10-60°, Step size: 0.02°, 7} 40kV)
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200 mm HF=3A| DIFF, CVD, CMP, CLEAN % 4
A BA AN GARS 2 A AHT el
7} 39U Uzl SEMEDS UAHE BRI
Table 10] LFehfgch DIFF ol 4% SIHCLS
Agatel glola) o) Si0; e A AujolA
0% sio® FHE Hejrh gt selEgion, 5
A WE AR F 249 ARNA Cl YRo] EF
o] 9lgleh. CVD FFoIAE 349 BB 3
ARgtel 4 R AP-CVD AuloAgt 427t <)
A7} g Siet.
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Table 1. Element composition of silica powder by-products
collected from major semiconductor process equipments
during maintenance by SEM-EDS

Process Process chemicals Element compositions
DIFF SiHCl, N,O 0, Si, (C))
CVD Si(OC;Hs)4, O3, O O, Si

Si0,, Ce0,, NH40OH, .
CMP H,0. KOH 0, Si, (K)
CLEAN NH.F, HF, H,0 0, Si, (F), (S)

* Elements in parentheses are minor components with low
intensity from SEM-EDS

* CVD process is operated under atmospheric pressure
conditions

¥ Carbon among element compositions was omitted because
carbon tape as a background was used for SEM-EDS analysis

Table 2. Element composition of silica powder by-products collected
from first scrubber equipment during maintenance by

SEM-EDS
Process Process chemicals Element composition
DIFF Si>Clg, NH3, H,0, O, Si
SiHs, Si(OC:Hs)s, Oo, :
CVD NHy, NoO. Na, NFs 0, Si, (F)
ETCH SiCly, HBr, C4Fs, CFy, NF; O, Si, (Cl), (Fe)

* Elements in parentheses are minor components with low
intensity from SEM-EDS

% Carbon among element compositions was omitted because
carbon tape as a background was used for SEM-EDS analysis

2831 CMP Ao A= Si0, 2 W 9HE du}
st 3AA A7t ohed AR FRIENL
K AZol 47)9] HlE A& F 270°l4 SEM-EDS
image 4} W2 2 2QlE it ghE, CLEAN ¥
gollde 19 Al $80= 29 Si 29 280 &
Aol AFEE A kAL Si09F 2 Abstul A|A 1)
ol A F8 Aol 029 Sidl A7t YA A=
© Aoz FRAEU.

300 mm ®F=A| DIFF, CVD, ETCH 5 37] &4 ¢]
12} 232 du] fAES 29 A] 3% A
¢ IAe] SEM-EDS YaAE BEAZAd=
Table 2] WER itk DIFF &7 9] 12} ~32w A
vl o A= Si0; AFshd; F2h SiN, st F2h Poly
Si $2F 5 57 ARl WS GasE A28t
© WA LA A7t o8 AR B E
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oxy-nitride(SiON) ¥ Tungsten silicide(WSix) 2] =
& FaskE Thel AN U YR
M3 % 9 TheT RAbgo] SHelEigen], 09
Si 9]o] B4A 2] wek Na, F, Fe 59| 4o
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Table 3. Element composition of silica aerosol by-products
collected from major semiconductor processes
equipments during maintenance and process operation
by TEM-EDS and SEM-EDS

Process Process chemicals Element compositions
CVD WFs, SiH, O, Si, (Cuw)
ETCH CF4,N»,0,,H>-N» O, Si

CLEAN  NH4OH, H.SOs, H,0, 0, Si, (P), (Ti)
CMP NH,OH, HF, 0. si

SiOx(Slurry), N2

* Elements in parentheses are minor components with low
intensity from SEM-EDS

2. Ml2|7h Al Rte] 37| U B4

Figure 12 DIFF, AP-CVD, CMP, CLEAN 3734
u] e el SR At when lxe
SEM imageS LiEbdl Zlolch. iAol Ak o
FHoIY, BFHA S0l 3] 24FS ey
YAbE ek 2 B E T RAE A%
o YAREE e 2

=

ko)

CVD (0.1-0.3 pm) < CLEAN (0.2-5 um) < CMP
(0.2-20 pm) < DIFF (10-50 pm)

CVD 34< A 93t DIFF, CMP 2 CLEAN =9

Figure 1. SEM images of the silica powder particles collected from the process equipments during maintenance: (a) DIFF, (b) AP-CVD,

(c) CMP, (d) CLEAN
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Figure 2. SEM images of the silica powders collected from the primary scrubbers during maintenance: (a) DIFF, (b) LP-CVD, (c) ETCH

Figure 3. TEM images of the airborne silica identified in the (a) CVD, (b) ETCH and (c) CLEAN process during maintenance, and SEM
image of the airborne silica identified in the (d) CMP process during process operation.

A EelE uher dAbe] A9 FHUA #H # 9] SEM image o] oJ3t QzlA 7= BHelslA]
o 12} YRFEA ¢F 100 nm F7]|9] w|A3F =7} o¥oFt}. Figure 2= DIFF, LP-CVD, ETCH Z#A9] 1
st Aom SRIEUARE £ AFoA= 7 A} 3 es AdujelA Zeld Ayt gt YgAte]

http://www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(1): 36-44



SEM imageS Urebdl Zlolch. dlzbe] @ARS g
B e o0, 2 34 W she
el YAREL ke 2ok

DIFF (0.1-0.5 pm) < LP-CVD (0.1-1 pum)
=ETCH (0.1-1 pm)

Figure 3-2 CVD, CLEAN, ETCH ¥ CMP 2% 2]
Abdu] e 2 37 S Azt dAke] [k
7= el Aoltt CVD, ETCH, CLEAN
SR K= 2kl Alof|, 18] CMP F
Y Al 22 A2z A7 ElE 9L
o] A5 A7t AAY] B TR
} 9]z} Z7]= <F 80-100 nmo|™, YAF S
£ et 99ith. ETCH ¥ CLEAN 339
o] o] A7l AR} SHFEHE Kol
ouq 12} QIA}e] A7) 7z} 20-40 nm 2
nmE UYERYIL gl Ao R ERIEgr &
, CMP 349 9= &4 ZPAofvt JA7} &
°1E4M#‘11, T2 12} 4A7E 25-80 nm o] Y=
= Uetfislth

S
>
i)
*%

o o
o Lo
o
o
ox I‘IF

‘ﬂﬁﬁ%g
ol of
o_>tl
Intensity (a.u.)

rh%lzloﬁmﬁl—fﬂglo?iol:loﬁoé

¢

3. 427t oo AR AY P

DIFF, CVD %W CMP 5% 2] AAHdH] Yof A
QEl Alejz} wpe HAbZel ARTx 8IS
3] XRD E-A4& 43§35} chFigure 4). DIFF, CVD
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Figure 4. XRD patterns of (a) the SiO, powder collected in
diffusion process equipment, (b) the SiO, powder
collected in atmospheric pressure chemical vapor
deposition process equipment, (c¢) the SiO, powder
collected in chemical mechanical polishing process
equipment, (d) pure amorphous SiO, as a comparison
sample, and (e) pure crystalline SiO, as a comparison
sample
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54 GasZx SiH.Ch ¥ N,ORHS: ARg-3l7| wj&
of FAbERE WA 7Hsd 2482 SiO,, HCL Na(eq.1)
2 Si0, , Cly, , H20(eq.2)°]™, T+ SiH.Cl, ©] 4
£(H, O)° ==%%& tl= SiO,, HCL, Hy 7} A
2 4 tieq.3, Wolf & Tauber, 1986; Nishi &
Doering, 2000).

ﬂ

2SIH,Cl, + 4N,0 2292 750, + 4HCI + 4N, (eq.1)

eat

SiH,Cl, + 20, ‘%. Si0, + 2H,0 + 2CL,  (eq.2)
eat
. Hydrolysis .
SIH,ClL, + 2H,0 % §j0, + 2HCl + 2H,  (eq.3)

YiL 12} ~3 e Adujofae] A7) FakEel
2 SiH,Cl, ARg-of oJst Ag]7} JAFe] A ‘o% A}
7l eql 33 FYH, SkhClE AMESHE 9 HO,,
0, 9 H,09}9] uh-gof 23t Algz} HAL % 9] 2}¢]
MRS eqi-602 APE0jF 4 Q) Qld}7|
Z Bum-wet type AT HH AH]o A= HES Fhod
o AkAl7)7) wRe] Sig Eghel o pie] AT
£ AlskElo] At 44Ee &

L

Oxidaticn

Si,Clg + 2H,0, R 28i0, + 3Cl, (eq.4)
eat
. Oxidation .
Si,Clg + 20, e 28i0, + 3Cl, (eq.5)
eat
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Hydrolysis

Si,Cl, + 41L,0 28i0, + 6HCI + H, (cq.6)

CVDE HeEAS Sepxnl @ A ojgato] 9
ol el Hhukg PAJsto], Metal Line 52 71 €]
9] o+E Isolationd {02 dh= FA oIt drvky
o2 "Hkgox|of g} Thermal CVD E Plasma
CVDFo & ERHrh CVD 3 AuoA = A4 =
7—]01]/\1 TEOS(Si(OC Hs)) & 0]-&31o] Si0, 23S

S2Fst= AP-CVD AuoAnt Aej7t A7t =<l
51 HHH, S USHA TEOSE AHESi® Azl A
FAo] AW LP-CVD 24 Aulol At A2}
ghor] A} HAER Shelwx) ekotrh.

weba] LP-CVD= 57] 5 Ak 9 R J3F
27| "z okony, MW oA Aol Uz
in-situ A7) A E7] wizof vha-Ed7ke] 7
of olg Aelvh YAt B AAEY
£ AL ¢ 4 Yotk B, LP-CVD B4
o i 2Helo] Hx 9A|Ek LP-CVD 84 % SiO,
SiON, WSi\9td 59 F2bo]| AMg-E= SiHs, Si
(OCyHs)s 59 AFAE 23T W Gasg 2|5}
= 12 23y dejoAs Azt At Ak
2 AAEE Aoz Folg]gjon, 1 H-SAlL 57
o} o] AT 4~ Qltheq. 7-10, Wolf & Tauber,
1986; Nishi & Doering, 2000).

O_|_4 N

Oxidation

SiH, + 30, ——%' Si0, + 2H,0 (eq.)
t

Hydrolysis
_—

SiH, + 2H,0 Si0, + 4H, (eq.8)

Oxidation

Si(OC,Hj), + 120, Si0, + 10H,0 + 8CO, (eq.9)

Hydrolysis
e —

Si(OC,Hy), + 2H,0

Si0, + 4C,H;OH (eq.10)

ETCH 3742 2|=dd& 4417 71 9l o
st=dolu e GasE ARgate], 28 gle Wi
= AFH R AAANT = $EE W 2 A
A= A4 Az ETCH $780leh FEsh=tl(54
A7te] 9= dubH o2 CLEAN 3402 d%
th, ¥-3-7]0] Gas(ell; CFy, CHF;, Ar5)E F9letn

Z7](RF Power)E& Yo]5™ Radical(CF;, CHF,, CF,,
F, H)3} o] &(Ar')e] 47|17 Hr}. o] o Radical5->

Hlofjuo FAEIL o]F o] &5o] FE3H, T&
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YAE dggromn ER 9ol Qoiuf Target 9t
A& A7iTik ETCH 349 4%, Ao 4
Mel7t A7t SRIE A ghgroLt, szelw Aulo]
Ae A A FT = dd=dl, HolH
S 42 Al Sio] e Aol o
(Aksh =HHA AR 2 3 E dhg-A4
2 tfS 3} Zrheq.11,12, Wolf & Tauber, 1986; Nishi
& Doering, 2000).
Si + 0, ‘%. Si0, (eq.11)

Hydrolysis
—_—

Si+ 2H,0 Si0, + 2H, (eq.12)
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