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1 ( GD-MS) NBS461  RSF
Table 1  Relative sensitivity factors ( RSF) values of steel NBS461 detected by VG9000 glow discharge mass spectrometry
( GD-MS)
Elements RSF Elements RSF Elements RSF Elements RSF
B 0.77 Ti 0.24 Sn 1.43 Ag 0.94
P 1.32 v 0.43 Co 0.80 Ta 0.59
Al 0.45 Cr 1.25 Cu 2.9 Ge 2.14
Si 0.78 Mn 1.03 As 2.15
s 1.38 Ni 1.23 Pb 1.15
; GD-MS
RSF . 10 20 GD-MS N
RSF
GD-MS RSF
1~30 pg/g ( SIMS)
5 GD-MS
RSF
2
2.1
GD-MS VG9000 ( de-GD-MS Thermo Elemental )
Software Issue 5.71; (-180 C) :
Flat Cell 1.5kV 1.0 mA 8 kV;
(107" ~107"A) Daly ; (107" ~107°A) Faraday
4000 4F ( SIMS CAMECA
) o
2.2
(BP ) : HNO,(
) ; HE( )i ( TEDIA );
Millipore o
2.3
100 g 1 ~30 pg/g
( B P o
o (20 mm x20 mm x
2 mm) . 1~5* 5 HNO,-HF(6: 1 V/V)
3
de-GD-MS o
: 60 min :
5 OArt 107°A Si 107" A;
1.5 kV 1.0 mA; 8 kV; 2.0 x10°Pa
0.02 Pa; Faraday ( Integration time) 20 ms; Daly ( Integration time)

100 ms.
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2.4
° K-
RSF (Ky) (€Y
Cy =RSFy x Ky (1)
Ky =aCy +b (2)
(1) (2) RSF a 1020,
3
3.1
VG9000 GD-MS Ar C H O N
2 GD-MS
2t 2 GD-MS Table 2 Interference of different elements in polysilicon
detected by GD-MS
. VG9000  GD-
MS -180 C Elements to be analyzed lons of interference
38 AI'Z + 195+ /AR
+ + + + + 3ip+ 305i1 +
W+ 16 02 g+ N0 52 0y 32; 160}}
2
o 37 Ccl+ 36 Arl H*
48Ti + 28 Silﬁ 01 H2+
0 4 ( 99 6% ) IOB+( 19.9%) 200+ 364060+ p20H
56 e * WAL6Q WG
BAr(0.34%) "H*(99.9%) 7 Cl* (24. 2%) e g
"B(80.1%) FCl(75.8%) 9ot 0GP+
3.2 GD-MS
B P Mg Al 20 5 .

60 min ;

o

1 (a) (b)
Fig. 1  Area detected by GD-MS ( a) and secondary ion mass spectrometry ( SI-MS) ( b)

3.3 SI-MS
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GD-MS 5 SI-MS GD-MS
3 (300 um x300 pm) Ib . GDMS SIMS
o SIMS 3
5 o SIMS B p
0.001  0.002 pg/g. Fe Co Ni
0 3 B p GD-MS SIMS o
3 GD-MS SIMS B P
Table 3 Concentration of B and P in standard poly-silicon detected by GD-MS and SI-MS
Content ( pg/g)
Sample B ominal Benws Bsins nominal Popas Psivs
1" 3.10 3.46 +8% 2.42+0.2% 4.50 2.77 £5% 3.98 £3%
2# 25.0 26.0 +4% 19.8 1% 5.0 2.94 £7% 4.35 3%
3* 10.0 10.6 +7% 8.49 +3% 30.0 29.9 £7% 31.6 £0.5%
4* 3.0 3.42 £5% 1.33 £1% 6.10 3.34 +8% 5.25+1%
5% 5.50 6.60 £8% 4.09 £1% 20.0 14.6 £+9% 19.5 £3%
3.4 RSF
(2) B P ( 2)
v, =0.799x —0.776 v, =1.030x + 1. 900 RSF 1.20
0.97. B P NBS461 RSF  ( RSFg =1 ) 1.0 1.7,
RSF B P ; GD-
MS RSF B P °
m o9s a 35
2 |y = b
p ¢ S 30t
5 20t R=0.993 5 R=0.985
° 0 25
2 15} = 20}
2 =
£ 10f £15
g 3 10t
g 5 5
£ 0 —— — € 0 : -
0 5 10 15 20 25 30 0 10 20 30 40
Ka(nele) Kp(mg/g)
Apparent concentration of element B Apparent concentration of element P
2 B(a)  P(b) ( )
Fig.2 Calibration curve for detcting RSF values of elements B (a) and P (b) by multipoint-method
3.5 RSF
RSF N N (
N ~ ) N ( N ) o
RSF °
RSF o RSFy =1 p
Al Fe Zr Cu RSF 1.6 1.1 1.3 2.0". GD-MS
RSF
3.6
GhMs 3 18 ( 4. 4
SIMS RSF
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ICP-MS XRF
RSF RSF
107°
4 de-GD-MS 3
Table 4 Apparent concentrations of 18 elements in the third poly-silicon detected by GD-MS
Elements Isotopes Content Elements Isotopes Content Elements Isotopes Content
(ne/s) (ne/e) (ne/s)
F 19 175 Ti 48 314 Cu 63 1.59
Na 23 3.21 A% 51 15.0 Ga 69 71 0.32
Mg 24 0.45 Cr 52 6.65 As 75 0.27
Al 27 129 Mn 55 2.49 Rb 85 3.30
S 32 0.74 Fe 54 56 144 Sr 88 0.60
Cl 35 8.02 Co 59 0.41 Zr 90 6.32
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Determination of Relative Sensitivity Factors of
Impurities in Poly-Silicon by Derect Current Glow
Discharge Mass Spectrometry

LIU Jie' > QIAN Rong" > SIQIN Bilige' ZHUO ShangJun® HE Pin-Gang'
"( Department of Chemistry East China Normal University Shanghai 200062)
*( Shanghai Mass Spectrometry Center Shanghai Institute of Ceramics
Chinese Academy of Sciences Shanghai 200050)
*( Shanghai Institute of Optics and Fine Mechanics Chinese Academy of Sciences Shanghai 201800)

Abstract This paper mainly describes the determination of relative sensitivity factors( RSF) of the key impu—
rities in poly-silicon by direct current glow discharge mass spectrometry( de-GD-MS) . Appropriate content of
non-standard poly-silicon samples was molten in furnace under argon atmosphere and cast to ingot. Prior to
casting the B and P key impurities were added to the silicon melt in the range of 1 =30 pg/g. Then a series
of standard samples were made for the flat cell analysis( 20 mm x20 mm x2 mm) . The accurate concentra—
tions of the key impurity in these standard samples were determined by secondary ion mass spectrometry( SI-
MS) analysis. The key impurities of standard samples were also detected by GD-MS to get the ion intensity
and the uncorrected concentration under optimized conditions. The relative sensitivity factors( RSF) of key im—
purities were calculated by the experimental formula and standard curve method.

Keywords Glow discharge-mass spectrometry; Poly-silicon; Impurities; Relative sensitivity factor
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