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Abstract - In the semiconductor manufacturing process, the Diffusion process generates various reactive
by-products. These by-products are deposited inside the pipes of post-processing and exhaust treatment sys-
tems, posing a potential risk of substantial dust explosions. In this study, three methods material verification,
selection of analysis samples, and risk analysis were employed to address the substances produced during the
Diffusion process. Among the materials handled in the Diffusion process, ZrO,, TEOD, and E-DEOS were
identified as raw material capable of generating by-product dust. Test for Minimum Ignition Energy and dust
explosion were conducted on the by-products collected from each processing facility. The results indicated
that, in the case of MIE, none of the by-products ignited. However, the dust explosion test revealed that ZrO,
exhibited a maximum pressure of 7.6 bar and K value of 73.3 bar-m/s, its explosive hazard. Consequently, to
mitigate such risks in semiconductor processes, it is excessive buildup.
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Table 1. Main feedstock chemicals in the Diffu-
sion process

Application for oxide film
formation, heat treatment,
impurity diffusion

Wafer cleaning applications

NH;(Ammonia)

CH;COOH(Acetic acid)
AsHj;(Arsine)

BBr3(Boron tribromide)

NH4(Ammonium fluoride)
H,SiCly(Dichloro silane)

Fo(Fluorine)

NH,OH(Ammonium hydroxide)
N (Nitrogen)

NO(Nitrogen monoxide)

HF(Hydrofluoric acid)
N,O(Nitrus oxide)

PH;(Phosphine)

H,0,(Hydrogen peroxide)
POCI;(Phosphorus oxychloride)

TEOS(Tetra Ethoxy Silane)

HNO;(Nitric acid)
TMA (Trimethylaluminium)

4MS(Tetra Methyl Silane)

M-DEOS(Methyl Di-ethoxy H,80,(Sulfuric acid)

silane)
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Fig. 2. Sedimentary dust in dry scrubber outlet pi-
ping.
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Table 2. Comparison of heat of combustion mag-
nitude of metal oxides

Material Heat of combustion
(-AHc at 298K)kJ/mol
Zirconium oxide(ZrO5) 1100.6
Silicon Oxide(SiO;) 910.9
Titanium Oxide(Ti205) 760.5
Boron oxide(B,0s) 636.4
Chromium oxide(CrO;) 569.9

Table 3. TDCZ Material properties

Category Contents
Product Cycg)anzng:;lt;llylg}uu‘czzjum
CAS Number 33271-88-4
color Light yellow
smell Ammonia flavor
Structural formula Zr(CsHs)(N(CHz)2)3

molecular weight 288.55(Zirconium composite

conditions)
molecule size 4.81 ym
melting point (C) -20
Boiling (C) 198
Explosion range (Vol%) 2.8~144
Vapor pressure (Pa) at 70C 60
specific gravity 1.163
viscosity (mPa-s) at 25C 8.17
402

Auto-ignition temperature (C)

(Amine complex conditions)




Diffusion &7 W 38w 54 FAE9] 984 Hr}

o= 2 Au W FAHZ72 300TC ol A4 &) 239 FA
o 3Ss Ao oadn) 23 TDCZY) FRkS-E
o] wl-$- 22 = F7] Tl 9§ gk nhEe 23
AA L3& 5 2doH15]. 2 TDCZY Zr A &-e
Mg Fo] HA e dHudzddME v 9
FAgol Yebd & l o, 23} iy Al Faf 71220l <
gt ds o 2 o] I8 7hsAd o] ok T3,
TDCZ2] F]¥kg-E©] 355 o] 2T o) - HThH
kg A 2379 Eo] T F 7ol Ao
o] oA shA) 2 Zd 918 A EVL E 838t

l. 2MAE 2 2

31, BMAE NE 2 2M FHRL

A B AA 7HEs F TEA LA
Diffusion g4 FAHE0] T 2 4 3= 3709
&3 (Zr0,, TEOS, D-DEOS)S tl2o. 2 319t 13}
AejAld o] AAFH = e F 7o FAE &
A AEE AN F 3] Table 49} Zo] A2 stATh

12} 238 W = b ol A A Fral w77k
25 FEBAY A4 418l T o2 A st =
AT HEEA] 2h ol A M8 o2 AE-SFaL 9= 1
2} 2232 ¥ = Dry 2232 ¥ 9} Burn Wet 221217}
AT Dry 2388 = = B spehgEto = {3
717k E HEshe Yo HeHEr)t Erbsd
Ao A F2 AHE-STE Burn Wet 22321 H = LNG
£ A5z w7I7tEE AR Atstete] Ak W
o2 AZ(Brch)sHoNA F2 Hgdt) mepa &
ATl E 12k 2388 AE] F 2y ° Files
A= ke o e

Table 4. Dust sample materials inside the piping
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Table 5. Minimum ignition energy test conditions

Case By-product Sample Tocation Temperature 20C~25TC
name
Humidity 50 £+ 5 % RH.
1 Scrubber Untreated By-products
Pressure 101.3 kPa
2 Dry By-products after scrubber treatment
210, Dispersion Pressure 7 bar
3 Burn Wet By-products after scrubber
treatment
4 Scrubber Untreated By-products Table 6. Dust explosion test conditions
TEOS
5 Dry By-products after scrubber treatment Temperature 20C~25C
6 Scrubber Untreated By-products Pressure 0.8~1.0 bar
M-DEOS
7 Dry By-products after scrubber treatment Dispersion pressure 7 bar
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Table 8. Domestic semiconductor company C
factory dry scrubber rear pipe constant

ride(PVC) ] A 832 200~300 pFelti{19]. T+ No, | Voltage | | Voltage | | Voltage | | Voltage
2 24 23}l A (Woin) & 1000mI = 7HE 8k A48 ™ Y Y ()
1 | -1875 | 16 | -186.6 | 31 61.2 46 | -1472
Table 7. Evaluation results of Minimum ignition 2 _164.4 17 | 2062 | 32 76.4 47 | -1482
energy
3 -48.6 18 | -159.4 | 33 108 48 | -150.2
Case By;];iz:uct Sample location MIE 4 -135.4 19 | -160.8 | 34 118.4 49 | -152.2
5 -119.4 20 | -1444 | 35 83.4 50 | -151.2
1 Scrubber Untreated By-products 6 222 | 21 | 1546 | 36 834 51| -1442
2 Dry By-products after scrubber 7 -13025| 22 | -1605 | 37 | 935 | 52 |-124.75
7rO, treatment
8 -170.2 23 | -161.6 | 38 109.8 53 -93.2
Burmn Wet By-product after
3 scrubber treatment 9 | -1688 | 24 | -1346| 39 | 2014 | 54 | -88.8
> 10 | -161.2 25 -0.8 40 153 55 -91.8
4 Scrubber Untreated By-products 1000 mJ
TEOS 11 | -1725 | 26 16.6 41 -85 56 42
s Dry By-products after scrubber
treatment 12 | -174.8 27 222 42 | -1402 | 57 149.4
6 Scrubber Untreated By-products 13 -177 28 30 43 | -1454 ) 58 118
8 14 | -178.6 | 29 372 44 | -1484 | 59 133
7 M-DEOS Dry By-products after scrubber
treatment 15 | -184.4 30 48.6 45 -149 60 140.4
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Fig. 3. Explosion pressure profile and explosion
index(Ks).

Table 9. Dust explosion parameters

Parameter | Units Description

Maximum explosion pressure at constant

Pmax baI .
volume explosion

Maximum explosion pressure rate at

(dP/dt)max | bar/s .
constant volume explosion

Increase in volume normalized maximum
explosion rate at constant volume
explosion

K bar-m/s

Table 10. Dust explosion classification

Table 11. Dust explosion results

By- Dust explosion (dP/dt) | Kst Dust
Case | product |explosion Wﬁleiher max | (bar |Explosion

name (bar/a) (bar/s) | ‘m/s) | Class

1 7 o 249 | 67.6 St-1

2 Zr0O, 7.6 (e} 270 | 733 St-1

3 0.9 X 147 | 40 St-1

4 1.0 X 164 | 45 St-1
TEOS

5 0.9 X 147 | 40 St-1

6 0.9 X 147 | 40 St-1
M-DEOS

7 0.8 X 13.1 3.6 St-1

Dust Explosion . ..

Class K (bar-m/s) Explosion Characteristics

St-0 0 No Explosion

St-1 1 ~ 200 Weak or Me(?lum—Scale
Explosion

St-2 201 ~300 Large-Scale Explosion

St3 > 300 Extremely La'rge Scale
Explosion
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