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DNTRERETE7. ABEOBME LTASABERER (LSI) YreAlBT5 kY r ABRY 7 ABRH
DB, F5 42w F v /Loy Y avEiRho Ni, R0 &BRILY¥EK LSI 0 ) 77V &
BHROEIC, ¥ — BLER~BALL Mo 2EBLA. RKDETHYPOENRT, SIMS TEK
SR 2 EENEL CTAATHPOBIFMOKRS F VERESHEZREL, BRI ORI FMDOIRE

SR ITNEFREALLIC T LR TSR,
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SAEOMBAHBHBEERY 8 LS 2RERLT54EH
74 ADHEHFCHE, FORETERCE T SHMES
ek, 3% TEREL, BREL, RELAERSh
T\ 5b. SIMS 2 ZDERCIN I BDTHHH, EES
Fre oW TR ERER D D, Ex ORISR IR T
w5, BfED LA, BREEENRVWEELDN, ZH
ThTwb0ik, BERETHS. LiL, ZONKT
b EERERB O ER, FHAOREA, FEAGERICED
RIELELET H. ChHOEERBOMELY BT 5 —
SOFHEE LT, SRR ELEITL TR
TEROERHEY KD, BNTROKRA 4 VHBEORS
FEaS i HET 5 HENEL bhb. LIhp, X
OALZEAFETIE, TRECY > TRBRENITRET L
DRED D oTc. FTT, EHELIX, BRE TRDH5
2%, KRR IEND - 1o SIMS WIS IR OHE
PERL, hREFRELAAEGbeRAR

* QAREESE M) BLOREWEM : 243-01 #H)
BEEATHOBET 3-1
ok QABEESE G BLOREVE : 180 WEHBRE

2t fR AT 3-9-11

Rk A A v BESHEE (ID-SIMS) 28E L. B,
Ni, Mo @ 3 TR¥IY bF TEEHEZ BRI LR,
AENTARBEYE O LA BB TELDT, Thi
LSI 7 » & A5 EABOSH~IGRA L.

2 % B

2.1 B XK

(1) R4 7#%# : B, Ni, Mo TR 1 7%
#%1x, Oak Ridge National Laboratory %o %25 [ AL
HRAEILSFENU LA, FYBORO B RAE (RLEEF
EH 92.41%) BKIZEMRL T 1mg/ml OF#EE L.
&BoOW D ®Ni RE (99.08%) wx BER (BRR 3 &+
WEE 2 B) ML, KTHRL T 100pg/ml o FH
Ll &BRoOEO Mo RE (97.42%) 2 ER (&
BRI+ 2%A) CTiERL, KCeHFR L T 40pg/ml
DR} E L I

(2) RATEFREHRR  THRERORVEE "B R
A4 /BREFARICEAN L. SHE Ni (99.99%) %
ONi 231 7Bk EFARICIEML, 168.8pg/ml o [RH
L L7, EME Mo (99.99%) % '®Mo R34 7 {BHK
LFERRICIE®RL, 203.8pg/ml OFREEZHAML .

(3) ZOMhOREH: THEHEXZ ELEotoz
v iz,
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Table 1 Relative isotopic abundance of spikes and natural elements (atomic %)
Boron Nickel Molybdenum

108 118 58N 60N *8Mo 100Mo

Spike { This method 92.4 7.58 0.78 99.2 1.27 95.8

P Certified valuet 92.41+0.05 7.5940.05  0.811+0.02 99.08+£0.02  0.96+0.05 97.42%0.05

Natural { This method 20.2 79.7 69.8 25.9 23.3 9.50
Literature value?) 19.61 80.39 67.9 26.2 23.78 9.63

t Oak Ridge National Laboratory’s data sheet

2.2 SIMS

(1) ID-SIMS : %Eixa> IMA-2 ®2REL,
—WA AV — Al Art, MEBE 10KV, 2y -
A, ¥—Af% lmmg, B 0.7pA °THb, KA+
vImEBE X 3kV ¢d 3. XEE DI OL-D=V 2
try R v—FreERALE. RHEEHEEIX 6.6X
10-5Pa ¢ 5.

(2) BHRABoOBEBIF @M : EE 12 Cameca
ims-3f ZHEHL, —RAFvE—-a1x O, MEBE
15kV, ©— A% 50pmé, Eit 1.0pA, > = 2@
250250 pm? ¢ H b, WA A VIEBEER 4.5kV T
5. BEYSVFRICI=vZ ey A VY2 ERALE.
XEABE~BBEL BN (FAE 1.3x10-3Pa) L THl
EL .

2:3 HTIRIE

AR BUILCBRCA A 78K L EERBER >
F—EEmMZ 3. BT BHHLTHED BEICC

T RRERBREYAROERS LT 5D % b D
T, AFEBROSHHIL, KBEH Vv AITKEEF MY
v a0 100pg RV, RiZ, 27 bKERC
X% Si OEECCEERME S ORMBOBERIFICI - T
BRLEDADOERS, ERIETBRETS. COBK
7T7nvE—n—KAh, ko b v — 1+ ETERHM
WRAREETS. mESeK 20 2z,
Ry POF , TOETHERETHERLEND, TD 5
pl T 5. Zh% SIMS RPAoEMET L 1 =
v ARERKRE L~ETL, FARS v 7 CxRec iR
38, EEIVS. ZOREERBREMRTE VT,
HEILE L A A 7 BRAMEHFECEL TWRIE, ko
A(l) ORI S, BTRLXERETE 5.

{a—B (am/lsm)}X/M
+ {@p— Bsp (Am/Bm) } Y /Mg, =0

ZZT, a B RAMBRNTRDO ZOORNE i, ig
ThZhORRFEMEHTH S, asp Bsp 1X, A4 7
D iq, tp FRLHORMBELTHS. X, am Bm 13,
HBTLTE (RR) LAM 2708EWD ia, ig THT
hoRfkElThs. X, Y BHOTEK, A1 7Fh

N -

ZROERTHD, M, My, 13, ThZThORETETH
D, WIGERBRAWARY SIMS BIFEL, i, 15 O
KA VBEEND an/fm HERET S LKD) 1D
HWTROERE X 2RE 5.

ARBRTIX, ia/ip LT, '*B/UB, 8Ni/®Ni EKU*
8Mo /1Mo ZRIEW AV Tz, X, AL 2 DEEOHE
(Y) 1, RAGCHROBEREBRYEEL LICHFRONT
WIELic. ABETERLLS TEDO A1 2 ROKATL
FEoRMEFELEEDO— % Table 1 iRd. BRI,
ThbORAEZFEH L1z,

3 HREUEE

3.1 FERWME

KEOEBREFARNLIERLE LT, ThLhoXRAT
FEBEEE» GIRIL7: B, Ni, Mo ¥ AL TEER L
7. FOEE%SY Table 2~4 wiRd. BRECHT 2E

Table 2 Analytical results of natural boron
extracted from standard solutions

Natural B 4pn4 /11104 rror,
No.  extracted/ ARy i 5

1 2.0 4.35 2.06 +3.0
2 4.0 2.73 4.11 +2.8
3 6.0 2.04 6.12 +2.0
4 8.0 1.68 7.94 —-0.8
5 10.0 1.41 10.0 0
6 20.0 0.893 19.0 —-5.0
7 30.0 0.680 29.1 —-3.0

Spike 1*B added was 10.56 pg to each sample.

Table 3 Analytical results of natural nickel
extracted from standard solutions

atural Ni . . u
No. extracted) “TNI/WNI* Nifoumds Error
rg ]
1 1.35 0.198 1.31 -3.0
2 2.02 0.296 2.06 +2.0
3 2.70 0.378 2.74 +1.5
4 3.37 0.449 3.37 0

Spike ®®*Ni added was 4.58 pg to each sample.
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Table 4 Analytical results of natural molybdenum
extracted from standard solutions

Natural Mo 38Mot/ Natural Error
No.  extracted/ 100Mo+ Mo found/ %
ng (am/fBm) ng

1 50.9 ~0.20 51.7 +1.6
2 102 0.37 107 +4.9
3 153 0.48 148 —-3.3
4 204 0.60 198 —2.9
5 255 0.71 250 —2.0
6 306 0.83 314 +2.6

Spike 19%Mo added was 64.45ng to each sample.

BEOBMRIE, 51 OEKERE Lo, HXEE
it 5% LINTH 5.

¥, SIMS HECRITH am/bm HiL, FHEREICH
LC—ETH-tc. BOEE, 60 3T 38 BREL
L % o MRS R 2 1.5% T - Te. DLEDRERD S,
K IECORBFBL RO SIMS FIEC I VT, K& e
R BIZ e - Ted D & TS h, 1ID-SIMS
HRTXAERRELFOL LD o1,

3.2 LSI 7O RICHEITEIREEOFT

3¢2:.1 KI5 1EBH SR (BSG) BN B OF#H
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BEABELNCL, BECHEIHRAOBREI ML RDI. 7
WAoo BSG ik, SiH, # 2% Huicf{bERdiiEs
B kb, 34vFRO YY) 2 vER B 265nm OE
X HEL, ohhbd, BEEE 9cm? 24)h L T
$HE Lic. 2o Lo BSG e melAT 10% ©
7 o {bkKE 1ml THEMEL, EBIBRELC. BH
Wi B Z.iq 7 10p8 EEIEROKRLY VY A%
10018 Mz, &y P 7 v— b ECEBRELT Si 5%
Bz, CEWIVBOKTERL, 77rvE—7
—~BLAR, 23 - TBEXERLL. 3B
CHOPE, 2.4, 2.4, 2.6 Wty HBi.. —J, BSG &
RO EB R B, SIMS oL, UBr/Sit
MEELOEIFADMAERDI. ZDOEETDOKRAF Y
HMEROSAOBEMEE, EiLoSPiE L HEBERC S
5. Thbb,

0=k 3.y
ji=1
o P PP (3)
T, Q BEDERSVETH Y, BMERLLD O

TR TR TEIRS. ARER T, BETFHS.02x
106 {1 /om? ©AHMT 5. k (LREREK (E/om?), [
WLERRED P 5 ESMBR IS T HRMBDO KA AV
BREH (ARIETIE UBY/MSiY), Ay MEROBUNERL
X (cm), Ciddh5EIMBITHAMRE (E/
cm®) ThHH. K2 »bEkAREH, RO »1LERE
DUEINBECOREYMDZ ENTES. TOXSKL
ke B OB S H MKy Ak Fig. 1 i3 Fig. 1
D BBERERTIRE—ELE > TWDH I EHHLR
Wi o fc.
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Fig. 1 In-depth concentration profile of boron in
borosilicate glass (BSG) film on a silicon
substrate

2.8% 102! boron-atoms/cm? corresponds to 2.4
wt% of BSG.

3.2:2 LY aUEEJICHFRLIC Ni OFH

LSI o2 AD FIA =5V I/ TRTE 747214
LOBAREDFER L HBELBHRIME L > T
. FoT, HYHI L RS REETE L DB HD Y,
o) 2 vERPOHEYR Ni OBESMEREC X - TK
Bic. AR, FoA = F v I7EBOs -5,
FTHBH VY o vEROEI M NI R Y BE LT,
CF, ROHFATOIREOFS5 A=, F v 7 &, &
e, FEwe Ni ofFfed ey 2 vER {3
{vF, P, 3~5Qcm (100) [} TH5. ZDHEIK
b, SIMS CHEHBEASHT B DO LRI D
BHREHE 10.2om® 0% ID-SIMS FIERtE Lic.
COEEREY =, F v I BB+ 7 o KRR+ FE
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) 100ml i@ L, 300nm DI FCo Y = v E@e
=y 5 7 Ui, BRI B R0k “Ni
Aq 7 1.8pg ROKEREF + U & 4 100 08 % kI
KeLThz, sy b Fr—t ECERZEELT Si 4
EEEBRELL. R, =5 v 7B, B S
D Fe i EhTeh, TORME #Fe 3 Ni /g
BHEZHET A4S, 20 Fe 24V etz —
TAUMHECOBERE L 220, CoBfET, NIt Mg
KiED % ®Fet MEOHIAL, 0.4% LERTELET
VAL Ni &t KE BREEL, 23 ©ft-T
Ni & L. RS h o Ni o FEME 12 11.2
18, 2 LRABMIX 0.0118 THote. TORKEEND, H
W Ni FHE, L1x10%FH/cm?2 L R Hhte.
COMEER(), 3 DPEBREAWCT, FSAf=,+v
YHEEOEERE Y SIMS CEENH L CEi “Ni+/
0Sit MEHROWIFASMHEKIEL, Fig. 2 xRt
5% Ni OBESF%EBI. Ni OBESMIZ, EET
1x10%2 fg/cm?® LIRECH B, BEHL D ELABE
o TRAWL, 70nm DFEIcix 1x1018 fF/cm?® =%
TRAOTLREERL TS, ZOKEELD, vYayv
ERERETITEIBED Ni BRBRE T L2 BET
&, VoAM=, Fv 7 EBERMBONEDIE LTS
ZENTEI.
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Fig. 2 In-depth concentration profile of nickel
contaminated intentionally in a silicon
substrate through the dry etching process

KAGAKU Vol. 36 (1987)

BHEHVHOR TV %Y. CORA Mo DBENT% B 5
DT B0, R X BT -, REHERIT,
EFIAVvFBED Y 2 vERE R 750m o € X ic
SiO, FEEHE L, o ki, MK 400 °C © Mo
Z 300m DEICEFE - 2EE L. 20, Wik
+HBMIEARFEKRC LD Mo =y v 7 BRELE. 4
PralkhL, Mo BREHD ) = vEK EoB{LIEsE©
BB, ZORKET 7 e vHIIKAR, BEE2 10%
D7 bKFERKBE Sml T HME L, iRy Bk
Wie, COBFRCBE WE2A5+ER1A) 3ml &
1Mo =2 7 63.8ng *mmx, Mk, »ZEEL.
BRET7rvE—p—-RBLAR, &y P 7 L—t F
THRRBEBME, LELT Si 9%BRELE. SEWEY
v {LARER 5pl RO 1M 358 0.5 ml CHsfRek, KEg
b7tV v 2 100eg Zinx, RFEEELL. 2-3 it
W Mo ZEEL, HMEL LT 172ng %8BL. —h
ERABOEB 45cm? 25, A Mo Hux 2.4x10
fE/cm? LRDBhI. ZOERUELERE S SIMS
TE&ESHT L TE ®Mo* /3Si+ DEIFEHAH 5
Mo DRES X ERILL. FOEY Fig. 3 5
T, BMEBERABA L1 Mo i3, BMULIEERE (G835 Mo
BEDRE T 2.4x10% ff/cm? LBETHDH, B
7R >TEAL, FERED RE Tz #y 2x10
fEl/cm® L7 BRENMEFHFDO & 25D - T,

AR EITIICY 72y, TEHEWEEWE NTT &
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Fig. 3 In-depth concentration profile of molyb-
denum penetrated into silicon dioxide on
a silicon substrate during the molybdenum
film deposition
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A

Determination of B, Ni and Mo in semicon-
ductor materials by isotope dilution SIMS. Izumi
Kawasuma, Kiyohisa Fujinaca* and Nakahachiro
Honma** (NTT Electrical Communication Laboratories,
*3-1, Morinosato, Wakamiya, Atsugi-shi, Kanagawa
243-01; **3-9-11, Midori-cho, Musashino-shi, Tokyo
180)

N, fEik, AR : AREEBRIKA A VEBAWIKRC X 58 EARG B,Ni,Mo oz & 227

Isotope dilution SIMS(ID-SIMS) which is a com-
bined technique of a liquid drop evaporation and
ID-MS has been studied. A sample solution
was diluted with a known amount of the enriched

isotope solution and . concentrated to about 20 pl,

of which 5pl was dropped on a plate of the
SIMS’s sample holder and evaporated to dryness.

“The isotopic abundances-of the residue were measured

by SIMS and the elements B, Ni and Mo at the level
of 10-%~10-¢ g were determined. The accuracy of
this method was within 5% for these elements. The
method for the determination of trace elements has
been applied to materials used in LSI fabrication
processes; B in borosilicate glass formed by chemical
vapor deposition, Ni contaminated in a silicon substrate
through the dry etching process, and Mo penetrated
into silicon dioxide during the Mo film deposition.
Using the amount of the elements found here, the
secondary ion’s intensity -profiles were converted into

elemental concentration profiles.
(Received October 7, 1986)
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