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Determination of ultratrace metallic impurities in silicon wafers
by acid vapor decomposition/electrothermal vapolization ICP-MS
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A method of acid vapor decomposition for determining ultratrace impurities in silicon
wafers was developed. Ultratrace concentrations of Cr, Fe, Ni and Cu in an etching
solution were determined by electrothermal vaporization ICP-MS (ETV/ICP-MS).
(NH4)2SiF¢ was formed on a silicon surface by the acid vapor decomposition of
HF/HNO;. After a decomposition process, (NHy)o SiFg was dissolved by 5ml of water.
Then, 0.1 ml of aqua regia was added to the solution to decompose (NH4)o SiFs. The
solution was then dried and dissolved in water and HySO4. The proposed method
showed good agreement with that obtained by a wet-etching method. The blank levels
were 10 pg/g for Cr and Fe, 5 pg/g for Ni and Cu. This method with a low blank level
can be applied for large-scale silicon wafers of 8~12inches in contrast to the former
method.

Keywords : silicon wafer; metallic impurity; acid vapor decomposition; electrothermal
vaporization/IC P-MS.
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ZEERE LD, UTHET 5.
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Fig. 1 A system for vapor phase etching

A: Si wafer; B: main cover made of PTFE; C:
HNO; solution (68%, 500ml); D: HF solution
(38%, 500 ml); E: main plate made of PTFE; F:
gas emission tube

2.3 BMRUBARKEICEI Iy F L JRMERVAERE
DIRRE

AELIOMAERR (Fig. ) w¥)avoan—%&
BLU, HERICHEE, 7 v {tkFEBEEZZF N FH 500 ml
ToMmAtz. BREEEBAL, YV vEREME, 7y
EREBERAFEET 1-2 BHBEERICSE, 7z
N—FEZT AT 9 LT vEZY ARSI E1214, #
Kosml CTHEBEL, BEMNLY—-h—-—~BLI. ZOE
WIZEKO01ml 2%, &y b7 L— b LEThEL,
TAFZEDE T AME U TERRE L. BH%K, ik
RUHBEHEENMATCLEZ 05ml @ 0.1% HBBE
RICHSIL, @BTRAEROEME L.
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RIGRAR (1), (2)) THEFTTHOVEEZ L AT
% (BBRRIS).

Si+4HNO;=Si0,+4NO,+2H,0 (1)
SiOy+6HF=H,SiFs+2H,0 (2)
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Fig. 2 X-ray diffraction pattern of the white pow-
der formed by this method
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Fig. 3 Change of NO3  and F~ concentrations on
the surface of silicon wafer with standing time
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RIETIEY 2 —REIC—RRICBERERPERS N1
ZOMEKE X REFETCHELZE S, Fig. 2 TR
ANB LD, TAT LT v LOKBEEEZT
Ltz. CORBERFT B, YVavyin—0Fk
EICHikZINZ, HBED 7 v bkFEEBEOELLEH
~fz. Fig. 3 TREND LT, [THERISTIE7 vk
FBEBESECHBBE L OEL< 20, HBOBLN X
ZELLFOVEDHERMINASB. —KIZ, HNO; X
NO;~ 3BVEBITHICE Y NH,", NH; 5 L4 D
HeAUsbr2 LY, NHERPAXREOSBVHEL
WEEICRTAES Ty EoTHEZRE TS EW

ENREINTVS. SHEORIEHN(3) KRT &
BRIGIZEY, 74 ZEWEBPRIGT 5BICHEESEIT
2N, TUVEZTHEELTWASEHERIINS.

4Si+ 10HNO3=48i (NOj3) s+ NO; ™~
+NH,* +3H,0 (3)
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LT, R(4) WRT EH>BERIGICEY, 74 7 v1bK
FEHATERT HEEZOND,

Si(NO;) o+ 6HF=H,SiFs+2NO,+2H,0 (4)

—%, R(3) CEBLETYyEZ L4304
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O, #7479 tT7 v EZILNBERENS EHEIZH
5.

H,SiFe+9NH, " = (NH,),SiFs+2H™" (5)
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Table 1 Etching depth of p- and n- type Si wafers 3
produced by acid vapor etching
Etching time/ Etching depth/ —
min pm o
.80 2
6-inch wafer 45 7.310.4 @
(p-type) 60 10.1£0.3 ks
90 15.3+1.2 = \
120 18.0+1.5 € 14
6-inch wafer 45 7.210.6 é’ |
(n-type) 60 9.7+0.5
90 15.1£0.8
120 18.4£1.2 0 1 . .
8-inch wafer 45 53105
90 10.6£0.9 H,SO, concentration , %
120 15.2£1.1
8-inch wafer 45 5.1+04 Fig. 5 Effect of HySO; on the intensity of
(n-type) 60 8.6%0.7 ETV/ICP-MS
90 10.240.7 A: Cr;®:Fc;Hl: Cu; ®: Ni
120 156+1.3

The number of samples analyzed was 5, + values
correspond to a single standard deviation.

Etching condition: temperature, 25°C; HF solution:
38%, 500 ml; HNOj3 solution: 68%, 500 ml
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Fig. 4 Effect of Si matrix on the intensity of
ETV/ICP-MS

A: Cr;®:Fe;: Cu; @: Ni

MS IZEBBIETE, ZOBNINRTT M) v T REL
THHETSHE Fig. 4 TRT LD ICKIBIIBENEST
5. COWEERETHLD, TyELYLMEEYDO—
BELEZ OGNS TA 7 9{bT v L 2EAKIZEY
DRV, v M) v I RATHBTAKEERET AR
RERAT. ZOHR, 0.1ml OTKZRMT S 2 &Ik

O, A7 LT v 22D ARBRET B ENTRETH
217z,
ETV/ICP-MS ORBE % L5 HFE0—>o& LT, &
HRADRD T ELLOMEFEITLOBERL ATV S
N, KT REHR D 5 DFEREZBEL, BHHIOR
MfTH S, MBEICLIE(LOAZBRETU . BEUERE
Wz ZhENMAK, 0.1% Fs, 0.1% WHEE, 0.1% Ek
BRCERUTY 7P VRER B U2, 2 OREE, i
KO TrNgER 1 & UEEE, Blxid Fe TR, T
FRYAHK - 1.9, WERBVAYR : 0.58, HERIAK : 0.74 LHiEELL
NOBTRELUSBEMNMETRLTCVS I EXGD 1.
X, WiMEREIX Fig. 5 CRT LI 01% TY 7T N
BEPRRKEL DI, BIEIETNT0.1% OFRBIARK
ICHRBL 7.

3.4 KREEADEHR

FYEE T ATCHEBAINTVS 6, 84V F Y
N—DREP S I0pum O v F ¥ 7 %fT0, KREFL1
#EER % Table 2 TRUTZ.

WRE ERKETHBLEERELB TS E, 6 4
Foxn— (REE 10ml) OFEMETCIEHAEI EL
—HU, AOMEOERI RSN, UL, 84
Foxn— (HEE 30ml) DBE, ERKEDTIEIREK
PHDEROBAICEY, ERELENEONLL 5.
RETCRIBERZIyF Yy VREB IS v F
N—T30ml, BIZ 12 4 »F T3 50ml & KIEIciEx
B0, AVSHEL SOBERMPIERICKEnB L
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Table 2 Cr, Fe, Ni and Cu concentrations in sur-
face 10 pm layer of different Si wafers
(pg/g)

Cr Fe Ni Cu

6-inch Si wafer A™*

Vapor reaction® <10 535 9%x3 19%3

Wet reaction® <10 49x4 8x2 15%4
6-inch Si wafer B*

Vapor reaction® <10 <10 <5 <5

Wet reaction® <10 <10 <5 <5
8-inch Si wafer C*

Vapor reaction® <10 <10 <5 <5

Wet reaction®” 262 31+3 9t1 16%2
8-inch Si wafer D™

Vapor reaction® <10 25*%4 <5 <5

Wet reaction” 33+2 472 12%1 17%4

The number of samples analyzed was 3, * values
correspond to a single standard deviation.

* Several wafers were supplied by four manufactur-
ers. a) Etching condition: reaction time, 60 min; HF
solution, 38% , 500 ml; HNO; solution, 68% , 500
ml; b) Etching condition: etching time, 5 min;
etching solution 10 ml {(HF (38%) : HNO3(68% )=
1:4/; c) Etching condition: reaction time, 90
min; HF solution, 38% , 500 ml; HNOs solution,
68% , 500 ml; d) Etching condition: etching time, 5
min; etching solution 30ml {HF (38%) : HNOs
(68%)=1:4}.
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