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Abstract: Hexachlorodisilane was widely used as an appropriate precursor of fabricating high quality silicon
nitride and silicon oxide thin films for DRAM, NAND Flash memory and logic chips at 28 nm technology node
and below. At present, the breakthrough of hexachlorodisilane production for integrated circuit has been achieved
in China. However, the detection method of trace metal impurities with parts per billion(ppb) level was still one of
the key technical blockade projects. In this work, the adsorption and solidification mechanism of metal impurities
with the particles formed in the hydrolysis of hexachlorodisilane were studied. The strong volatilization of SiF,
produced by hydrofluoric acid digestion eliminates the matrix interference caused by silicon-based effect. 18 metal
impurities in hexachlorodisilane such as Li, Na, Mg, Al, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As and Pb
were detected by the inductively coupled plasma mass spectrometry(ICP-MS) based on the present method. The
mass spectrometry excitation mode and optimal instrument parameters were also determined. The acid mist
digestion technique was proved to be a safer, cleaner, more accurate and efficient pre-treatment method compared
with direct digestion method. The optimal detection results show that the linear correlation coefficient of the
standard curve is larger than 0.999 and the detection limit of each element is lower than 0.10 ng/g. The recovery
rate of the standard addition ranges from 80% to 110%, and the relative standard deviation is less than 10%. The
precision and accuracy of the method can meet the detection and reproducibility requirements of trace metal

impurities. Accordingly, it should be suitable for the detection of metal impurities for hexachlorodisilane and other

51 %

high purity chlorosilanes.

Key words: hexachlorodisilane; ICP-MS; metal impurities; acid mist digestion
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B ) S5 = SE R, e LA FH 4 s e S B IR (PFA)
WIRMAS R R &R, MR A B
PHZKT 18.2 MQ-om.  FALI 4 J& 2% o o S Ik FEAIC T
10 ng/L B AEK, 1004 8 2% 44K T 10 ng/L 1)
FRAAE TR A R . IR N | /L bR A7 i
W, W E L85 Li, Na, Mg, Al K,
Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
Ga, AsFIPbICEK.
1.2 XEREBHML

HIF 724 FH A 28 4 Agilent %5y 7700 (1) H J8%
MG S B TR, RENESHRENR L.

R EIRE N1 g/LIILi, STURY brifEiE
WAER VA HIRAE R T, s RIS K FasE
PEHEAT IS BERE 200 Yk, 3 A AR AT EL T
FAE 10% HI 50% U6 5 AL 1) 73 e ] 1 T

K2R AR S EOTAT . R 2 0T
W 3800 2 4T 2T BB (CPS) iz i T 3 v ME
5 VR 95 B (RSDYIR T 5%, g 5K T 0.6, #
B, PRV 3 R T EL Y RS . FasE thdF .
FETFHA, EZSEOEH B SEL.

1.3 R

NRACHEREF R E T ALEER. 5%
R Gy K Al R0 sk e e ) SRR e T A, R Tt U

—— o . N
R R AL B A IR 057, JE ST REE I SR
Table 1 Operating conditions for the ICP-MS Pt DL A, vhsE 7 LR e, 3
LAV B S ¥ g Z S, . ; \
- BB s A R SRS R 46
ey FANTH /W 1500 650 s . . s g
R o > LB 925 5 2 K L 2 Si—i %
1ZEBE N . .
_‘—[8]; & VH P ;EE\ o ’ 1
(L2 oC 5 5 .\%/z i‘mtﬂjﬁ’aﬂ(ﬁ%’:ﬁ/ﬁﬁ# E’iuﬁ% E:’ﬁ HMH
AL S 8L min) 0.9 0.7 FIH Si—Cl, JHFRH SRR )5, kst
I Zh A $ T HE/(mL - min™) 1.5 1.5 S A R e, I B LA R e B 7S SR ST R
B /(L min ) 0.75 0.85 (4R 2R fJm. FIF HE 7 5 Si—OH J S 1)
BN TIRAL min”) 025 075 B, TS BURE L BRI H I, 2 R A
100 - (@) \ 100 |- (b) 100  (c)
80 - 80 - 80 -
£ 60t S 60} 2 60f
#* ¥ | | ¥
EN - £
R 40| R 40) R 40}
20 } 20 20 -
0 F-/I\ [ 1 1 0 1 J il 1 L
6 i 8 88 89 90 204 205 206
Bt be i b Bt ke
(a) 'Li; (b) ¥Y; (c) *Ti;
Bl AR e 5 E
Fig. 1 Resolution of typical mass-to-charge ratio
=2 BB LAHTITHIRM
Table 2 Feasibility evaluation of instrument parameters
JLR bl EET AU bR AU R /% 50% -6 58 10% -1 5§
Li 7 4000 13430 3.77 0.60 0.70
Y 89 1600 29419 2.89 0.55 0.65
TI 205 5000 11 890 3.16 0.56 0.67
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SN ILE(1)~(2) 2

Si,Cl, + 6H,0 — Si,(OH), + 6HCl (1)
Si,(OH), + 8HF — 2SiF, + 6H,0 + H, T (2)
1.4 FEmblE
HHS5~10 mL BAGRRMERI /S E ORER IR A RE
dh, [6) PEA 0 oI ON 2~3 3 R 4l 7K B8 e Ath 2% 25 7]
NS ORERE RN, A B 1 B A RERURE, AE
30~40 °C NI AN OEHE R 2T TR AR
i T 75 1% 5% Bl S TR DR TR S 2 il b R A R, A%
5 [ 7 T B E S SR BRI, 3 R AR 23 HCh 2% F i
BRSO PR 0, 82 % 5~10 mL i

2 FHEZESREFHRL

2.1 EZLTIMRIRIE

RS T R 1)l s 7 VB 7 7N 3 W P
T, PRGN TG R 2k AN OR B S RAIE ICP-
MS 4 it B 55 FIORE 2 B 1) B 2L AT $2,  ICP-MS f7
TEMTHA LLUF LRk

D) 5T, Agilent 7700 % ICP-MS 1 Fl &
IR, 1% GB/T 4842—2017 G 1) [H X bRt
B SEHIGEA N 99.999 9%, SH H i —%
RESBIIH, O, CRINSSRIR, iXEe 4R
2> 5N AR . 8 25K I HE F1 HNO, 7E 45 55 TR 26
B ArOT, ArH', CO°, N, HIArCI'4 % 1,
TP 70 2 AL -

2) [ &AM R TP, ICP-MS T Z 2K
SRR HOHAT B A, 5 O (R Y R R A R
S e A M E T, WOTiI AT Cr, AT 52 W 508
ftE .

N EREETTI. EBRETFRRNTED S
X ot & A L, WYNi 5 CaO, NacCl,
“Cu, TiOFINaAr%.

4) BRI T . Ar 928 — H B R
1576 eV, MHEANTCRIE HERHKT 15.76 eV(H#
Mg I Ca 55 — HLESHE S )42 15.04 eV AT 11.87 eV)
B, EARE SR E 2T RO ST, Tk
i E S HMEERN TR, WUTY X *Na, “Fe*
XAl

IR AR R s AR R AT
Mg, HihEsTiMEEs Rl T Eg

DA S Ve B R RE 3 B Al A S It B
8 I TR EOR B AR R B, T3 o O 2
RIERE, RETZRMISEILER 3,

R3 HATHRAZAE L

Table 3 Mass line interference factors and excitation

mode selection

JCE Wkl FHHEE WORE
Li 7 — P
Na 23 Ti** Pl
Mg 24 Ca** AL
Al 27 CN, Fe** P
K 39 Ar PR
Ca 44 — A
Ti 48 ArC B
\Y 51 ArNH IR R
Cr 52 CIOH, ArO, AN AR
Mn 55 Pl
Fe 56 A
Co 59 Ca0O, ArOH P
Ni 60 Ca0, NaCl, SiO, IR B
Cu 63 TiO, NaAr TR
Zn 66 TiO, ArMg, Ba®* IEFARE
Ga 69 Clo,, Ba* IEH R
As 75 ArCl, CaO, TR
Pb 208 G IR

4@ BT R 0L R AT 1 e T e A AR T 5K
BEMSEL M 1x10° mg/L R AT . AL
brfEY) AT B OE, I 45 S N 70/140(Ce*/Ce
U ) W26 /N T 3%, 156/140(CeO*/Ce BN
HRENT 1.5%, et RIT,

2.2 BRI R HEE

A OHERE SRR 2 Bl AR, SRS 1 K A
1M 5y Bk 2%, R SE (3 bR A R D ICP-MS 2
ALY R I R TR &, 1 ICP-MS R
SE AR SR8 H6F 5 ¥ T A 1 R R S 2 3 R K R
Wi, JU IR BT RS S S REE A5 T = A A
Bz —, RERRmMARI, % ELE
SEPL. EAEGI RS FA R, RN AR RN )
WA AR . BRAE I VEFIEAR T RE v, (H A
CHEGEN G R AS, TR B UTE ) k. 3
F b, (R BR S IH vk AT eSS R, BOR B
AR RIRFEVR, PR 5 R BB TR A TR A R A R 9
R, N AE I 0 P RE E AR 4 S A% T AT K
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Fig. 2 Schematic of acid mist digestion
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PRI, SR PH IR 25 R T B 0 3t 7 B /8 S LB e
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3 HR5WIR

3.1 fRET{EdZ
BTGRP, SIEARE A2, Bk
LR 5 R AR R R IR 4 PR . IR 4]
W BRMTTRANLHERRRE, &MEHXRE
BIAMET 0.999, FFE bRl 242K,
3.2 HHRMEE
HE 11 SRR AR, 2 AT,
A8 R 159 45 SRR B VR IR R . R i ek
KB BAS BN 99%, i i BR(D) i+ 0N
D=8 xt(n-1,099) 4)
b SHAMELREAMERZ: o RSN G n-1
NEBE: 099 NEFE. #n=11, WHMEEN
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PRIFEE LR S, MRS FriEfedhLi, v,
As, Ga, Co 1 Pb %54 & A Hh R 42 1T A A8 A th
R, b TRk H(NDYRE, RIIAEHESi . Na,
Mg, Al, K, Ca, Ti, Cr, Mn, Fe, Ni, Cuffl
Zn JCE WKL H R Y5 4 0.01~0.08 ng/g, KT
0.10 ng/g. SCHEA[171%F T T 1 ng/g i 15 53 A H

PR 25 VM fR i A SRR B R b e 4. 5T, BRARAVE R, BT & SURE e 2008 O VR A
40 200
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Fig.3 Comparison of direct digestion and acid mist digestion
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Table 4 Regression equation and linear correlation coefficient of standard curve
TR EVEpyis TR FH JLR EVEpiyEs R FH

Li »=87 707x+104.3 1.000 0 Mn »=86 966x+334.0 1.000 0

Na y=184 433x+4 642.4 1.000 0 Fe =58 093x+3 456.6 0.999 9

Mg »=100 167x+1 015.3 1.000 0 Co y=70370x+719.8 1.000 0

Al y=83 026x+4 233.6 0.999 9 Ni »=13 692x+537.1 0.999 8

K »=108 485x+4 649.7 0.999 9 Cu »=34027x+8 729.1 0.999 9

Ca y=963x+90.7 0.999 9 Zn =9 006x+551.2 0.999 8

Ti y=34787x+2 057.4 0.999 8 Ga y=46 595x+1 368.6 0.999 9

v y=52 760x+1 761.9 0.999 9 As =8 737x+383.3 0.999 9

Cr »=50551x+131.8 1.000 0 Pb y=27957x+1 733.9 0.999 9

RS AELBRGFH
Table 5 Determination of element detection limit
N frins N D
1 2 3 4 5 6 7 8 9 10 11

Na 0.07 006 006 005 005 007 008 0.01 0.00  0.01 0.05 0.026  0.08
Mg 0.02  0.01 0.03 0.04 0.01 0.05 004 002 0.03 0.05 004 0014 0.04
Al 0.01 0 0 0.01 0.01 0.01 0.01 0.01 0 0 0.01  0.004 0.01
K 0.02 0.02 004 004 0.01 0.05  0.01 0.01 0 0.02 0.03 0015 0.05
Ca 0.01 0.01 0.02 005 003 002 003 0.02 002 002 002 0010 0.03
Ti 0.01 0.01 0.01 0.01 0.01 0.02 002 002 004 001 0.02  0.010 0.03
Cr 0.01 0.01 0 0 0.02 0 0 0.03 0 0 0.01  0.009 0.03
Mn 0.01 0 0 0 0.02 0 0 0.01 0 0.02  0.01 0.008 0.02
Fe 0.02  0.01 0.02 002 002 003 005 0.01 0.01 0.01 0.02 0013 0.04
Ni 0 0.01 0 0.03  0.02 0 0.01 0 0 0.01 0.01  0.009  0.03
Cu 0.01 0 0 0 0.01 0 0.02 0 0 0 0.01  0.006  0.02
Zn 0 0 0 0 0 0.01 0 0 0 0 0 0.002  0.01

TEVIND HRASAS H PR A E 4 0.5~1.0 ng/g, 1 HoAth
] 2% 0y X A ) Je 7o 1 P 7 SR ek e DU AR
A, RIEGE X N 0.5~1.0 ng/g, i E N 0.01~
0.14ng/g, F=[E40.005~0.050 ng/g, iF W% J7 % 1)
AR H PR L [ P AH DG AR
33 FHEERREREIE

Al B 1) 7S S SRk R AE T 5SS B N 3 e bR
HEVD BT, A% SR BN B0 SO B G 7 32 1 4 1
P o 5 SRR AT A B K AR B R T R B B
&8 R TG AR, CERE T A BT [ 2 4
IMNEE A 1 ng/g (K22 70 3R bR HEVE WEAT I AR 258,
TR TS s 22 (L AN [T R an B 4 Bs o fE AR HEBR B
JR B BTN R AN B BE R AT N, B4 B iZ
J7VETINER 5 B 25 7E4+0.10~0.15 ng/g 2 18], ks

5] I % 85%~110%, FF & PR B 58 T+ |l Wi & 72
80%~120% {1 23K .
3.4 FIEAEEEROIE

IR B A AT, A A BRI AR 1 T R
i 25 P 23 il S ICP-MS 23 A7 Jo &2 428 Wil B o e SCHR
(171 € , 5T R Tt R 1000 ng/g )40 T, Hh
B RERI<10%, AHXF T/ TR R 1000 ng/g (1) 53
B, RG2S LT, Tokgh Vel i E I
SEIG PP S8 J7VE IS B RE, S P AH [ (R AL B U i
AR IS 13 AN PATRE L, 7E 95% BAS X P
(RIRE 2253 AT W1 L 5 BT s o

B S AT AT & o0 3 R % B2 (RSD) 43 1 1
3%~7%, ¥J/NT10%, FF6 SCHR[17]90 06 Tk % B2
MR .
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Fig. 4 Deviation and efficiency of standard material recovery
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i, HAAIRR R R S HEIME R AW
4 ZHiR A, A 7 R R S 0 2 I R 7T 2
(U
1) #5727 ICP-MSWE ¥k Gk M s

P 55 D et 20 B ) P RN SR LA e R I T i
WEFE 7O R A Ty 2, W T B A AT
PR S R IE R S, R T BT R

2) WHFE T 7N S L AE T K AN 5 18 S B O HLEE,
RS I AL B T . RS TH

=

B € 1 AT A A AR
ke R A, WA RN, B
YRR DRI o AR i ) 6 T s

3) JE i S U0 IE AR ST HH ) VA H BRAK T
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