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Some airborne organic contaminants in clean rooms for semiconductor manufacturing are
unstable with respect to heating, and are easily adsorbed by silicon wafers. Accordingly, in
order to measure their concentration, we developed a method that uses silicon powder adsor-
bent and solvent desorption-GC/MS analysis. Various methods of desorption were examined,
and it was found that the most efficient method was desorption by passing n-hexane through the
adsorbents. This method was compared with thermal desorption using standard solutions of
di(2-ethylhexyl) phthalate (DEHP) and 2,6-di-buthylhydroxyhydroxyphenol (BHT). Using
these solutions, which are unstable against heating, compounds could be detected without any
alteration by this method, although altered compounds from DEHP and BHT were detected by
thermal desorption. The detection limits of DEHP, dibuthylphthalate (DBP) and di(2-ethyl-
hexyl)adipate (DEHA) by this solvent desorption method were 2 ng/m’ 2 ng/m" and 0.6 ng/m’
respectively. By applying this method to the evaluation of clean-room air, DEHP, DBP and
DEHA were detected, ranging in concentration from 16 to 80 ng/m”.

Keywords : solvent extraction ; silicon powder adsorbent; clean room : airborne organic contami-
nant.
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Table 1 Operating conditions for solvent extraction-GC/MS analysis

GC: HP6890

Column HP-5ms, 30 m length X 0.25 mm i.d., 0.25 pm film thickness
Oven temperature 80T (8 min)~300C (5 min), 10C/min
Injection mode Pulsed splitless (purge off time: 1 min)
Injection volume 2ul
Carrier gas He, 1.2 ml/min
Interface temperature 250C
MS: HP5973
lonization mode El
Electron accelerating voltage 70 eV
Ion source temperature 230C
Scan monitoring range m/z 29~ 450
SIM monitoring ion (m/z) DBP: 149
DEHP: 149

DEHA: 129

BHT: 205

2-Ethylhexanol: 57

BHT quinone methide: 161
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Fig. 1 DBP blank in solvent (chloroform ratio) (n = 3)
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Table 2 Comparison of spike recovery by solvent drop extraction and ultrasonic wave extraction (n = 3) (%)
Solvent drop extraction Ultrasonic wave extraction
Components Hexane Acetone Acetonitrile Hexane Acetone Acetonitrile
AV. RSD AV. RSD AV. RSD AV. RSD AV. RSD AV. RSD
DBP 100 2.2 129 6.3 118 6.1 88 4.4 79 3.8 106 4.5
DEHP 98 2.6 105 9.5 135 12.7 86 3.4 67 4.9 106 5.8
DEHA 117 2.1 140 9.4 131 17.9 82 4.2 74 5.9 109 6.5
Table 8 Spike recovery by solvent drop extraction Table 4 Detection limit and quantitative limit
(Hexane, n = 3) (%) (ng/m‘l)
Am()unt 0.8 ml 1.2 ml 2 ml Components osm” ow” Det.eCFl:|);Il Ql“i,lltl,lf)ll\/(:
of solvent Limit limit
Recovery  RSD Recovery RSD Recovery RSD DBP 0.1 0.6 2 6
N . . 98 104 )’(’7 DEHP 0.6 0.6 2 6
DBI ol 4T 102 2. ¢ 0.9 DEHA 0.2 02 0.6 9
DEHP 92 6.9 103 2.7 104 2.2
DEHA 93 8.0 107 4.4 105 3.5 a) Deviation of recovery of 5 ppb standard solution (n = 5);
b) Deviation of blank through procedure (n = 5); ¢) Underline
shows o, bigger value between Gsip and o5 d) Estimated by
3 times of 0 ; €) Estimated by 10 times of ¢
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Fig. 2 Total ion chromatogram of standards by thermal desorption-GC/MS

20 ppm standards mix solution was spiked by 0.5 pl.
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Fig. 3 Total ion chromatogram of standards by solvent extraction-GC/MS

1% standards mix solution was spiked by 0.5 ul and extracted by 1.2 ml hexane. 1: BHT quinone methide;
2: BHT;3: DEHP

BOE+06 | - T SR -
4
6.0E+06 -
f
© |
Q
=i
<
g 4 0E+06
O
< 3
2.0E+06 |
' WJ
0.0E+00 ’, N ML A | i h L"\ e
5 10 15 20 25 30 35

Retention time / min

Fig. 4 Total ion chromatogram of clean room air by thermal desorption-GC/MS

1: 2-Ethylhexanol; 2: DBP; 3: DEHA:;4: DEHP
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Fig. 5
vent extraction-GC/MS

Jon chromatograms of clean room air by sol-

a): lon chromatogram of m/z 57; (b): lon chro-
matogram of m/z 205; (c): Ton chromatogram of m/z
129: (d): Ton chromatogram of m/z 149; 1: DEHA;
2: DBP; 3: DEHP
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