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B LST OFHEILIC D, 2 ) 3y o — RO S REL,  § s A M O R OISR A
HEEINTOD, BEAMPIEL 16M € v b DRAM (dynamic random access memory) LLEEOD il
LSI Ci& 1 ppb L RAVELR X1 D. MK Fidy = — NEMICRE 5 &35 — o dE % ted
LD E 5 5. FHOHIL EPMA I & - TERWHPOMK ORI cHE 0L, s hiwEs2A
i O DIFHITE DI SR U 72, 2 OFER, SR FOMBOTHE LIS SioC, 2 0fthic Al, Mg, Fe,
Cr, Ti THolz. IMHUERERTHENTH O, MK FOREBEO-—~DICAKMIEZ HNSL. T4
BB OB Si OHPDO TN 1205, ZOMOCFEITI B R o N h - 1.

Dy TR BN D L. = OBEO SR RN 15
AT S5 ETHY, FOLOITIEHN ORI
HLST ORGSO, ) ayy o = /AIc Woricd 2 2 ENNETdHh 5.
W3 2 A DAL ok S N, R AMRIE MO ORI, ek, LA FEITEED (SEM) B
TR FOEBAK HN T D, BEAMPIEIT L, KW R T EDRBRMED KK T H - 1205, Fall, Tige
HXABMM T RIS E > THRA LD, 16M E v b ORERENAND 1 OMRL O E 5 ¢
DRAM (dynamic random access memory) Ll F§ o WD ST O OCF M X BT, 3
LSI 770 2T Lppb, BLWLEGITIE 0 ppb LE XK MUY KO X B~ A4 707+ 5 4 F—
WESR SR, FHOERMIC AR LS00 = (EPMA)Y'Y, 2V CIibR 4. & 2 CH & o 1bg
KIMAFTEE U T10" B/ em? DR & 550, (AHIBEA DKL % SEM-EDX % JHOCorir L, Fith
N, v avy o —nERWORET LIS, T o SNIICHEZ RIBMMID O DIRMAMPI T ZOW» S
AT DR 120 U e A P O BRL FRUC i L C WUl cliitEd 4.
B 20, WK XU 2 KIS 2 . i
LG — 2 DRFA A A FE L IE DI & s 229, 2 K #
BIZEE MR O RN R E B LST WS £ 0 & Of Fig. T ICHEAMGON (#0058 & X OREOC i H a0k
WM ST O, T = ANEKIO AR LR E ;rﬁlﬁz'\’d EHrik A R, RA (50~100ml) & L% 0.2
0 & TN A D FEERT & TR 25 ’)\’Iﬁ’r’{’fa“fﬂf‘:wﬁamt 0
K HnY, FhRy — IO 1/10 BLEO R PR

DOABE & 15 2, Semiconductor- grade chemicals
AER IS, A — B R, AU M ORI R .
mEORRAETD, B ﬁe,%\mmb%!f{ A8 ppb L ~LIC Filtering with 0.2um Nuclepore Filter

U7, L L, SR L SEAN e, & LSI MU s
AT ANDRI, 7o — BRI eT 2%, it

Particle cou‘nting using Elemental analysis
T, —H—HTHLHEE Y AT LD RIEE T 4 LY an optical microscope using SKM EDX
BB ORR) - 210 BN LR b iR DO E N - D Fig. 1 Diagram of sample preparation and analy-
1015 sis of particles
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pm D=2 27 YKRT =X Ty 74 Vv — (BEE 25
mm) 2HVTHRBEEHOY Y 75— CREIFAL,
B TFERHAEBRITESFTHD 2 BEEERL .
5B, BEOHAEIE 02um 7 4 V5 —CTIFAL @8
KT 2 AR Lz bORHA UL, BEZ 5 2 100
DRF77 M) =V RYFTHRBUIZ. ZOHRMIT
Bix7 721000 D7) —>v7T—ANTEHEL, —8&%E
#T SEM-EDX %2#{EUL7:. EHEPFALIL 74V
F—3MKICBU IR =P L CRBED s <55 F
TKEL, ZO®N—1N—FKETCERELI. 740
7 —DKBERVERIHE<HEH% LICLTITo 12,
BRFOERICIET 4 M —BBil L 5 BERBE Y
AV, MNTEROMEDEZGTRLU .. BN FRROM
AV SRMEBER O, RO THRL 1.
R3O REREZRL IR — = LI FBE
BT AN —EDETIT-12. FD%, Kk, BRE2T
ST 7TV F— FEERL, #) ¥/ 2 Model BH-2
EVEMECHELL. BREISEAX T, £
2000X THA. 2B, AHPBAMEMEIE 10.7 mmg, R
HEEMEL 0076 mmé TH 5.
MNTOBBITH X SEM-EDX IZ &> THr L1z,
SEM & FE-EAE FEHMHE (HIL S-800), B Ll LK
AT EE 2 T 4 L ¥— S8 X & H8E (HORIBA
EMAX-2700) 4 T&.%5. SHAILELS U TKE, %k
BiFol7 4 VI —LEich—KY (C) $BHVIEAE-
8T YL (P-Pd) ANy ¥ — T k> THBE L.
FOBTANI—LOEBEOKRL v bOKNTEZHHL
fz. IMEBEZBEEOHE 5~12kV, SHHDHFA 15
kV 27z,
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Table 1 \SEERFEIC & 25 EEKR A — h — BT
BeERT. METRE7 vyBrRLDEL, RESRDL
Ehotz. FHE—EMETH>THEA - —ITL5T
Rzt MEMI7 v (bKkER, VU BRUHED 3
b ST k- ¥ (A

3+2 WM TFOMB TR
Fig. 2 IC7 v E= T KH DMK FD SEM D 1 Hi

Fig. 2 SEM micrograph showing a particle col-
lected on a membrane filter from NH,OH

Table 1 Number of particles/ml( =0.2 pm) contained in liquid chemicals for semiconductor
Number of particles/ml Particle size/um
Chemical Supplier ~ Amount of sample
Total Microorganism  0.2~0.5 0.5~1.0 >1.0
H,SO, A 4 kg 580 2 250 150 178
H,S0, B 4 kg 220 <1 80 65 75
HNO; A 3 kg 50 <1 20 20 10
HNOQO; B 3 kg 35 <1 15 15 5
HNO, C 3 kg 25 <1 10 10 )
HF D 1 kg 15 2 8 3 2
HF E I kg 7 <1 2 3 2
NH,OH A 451 15 <1 <1 5 10
NH,OH F 4.51 55 <1 35 20 <1
H,0, G 4.51 4 <1 2 I 1
H,0, H 4.51 78 <1 62 15 1
H;PO, C 451 397 4 260 120 13

Bottle: shuttle bottle ; Elapsed time: max. 4 months
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Fig. 3 EDX analysis of the particle shown in Fig. Fig. 5 EDX analysis of the particle shown in Fig.

Fig. 4 SEM micrograph showing a particle col-
lected on a membrane filter from H,SO,

ZRYT. NRBIBERZT 174um TH 5. Fig. 3 &
Fig. 2 IR U 72K F @ energy dispersive X-ray spec-
trum T C, O, Mg, Si SRS LTRSSy ¥ —HE
Utz Pt SRR Stz

Fig. 4 XA OHNF D SEM D 1 HlTH 5.
WEIBRERT 104um 2/RUL72. ZOKT% EDX
THHY AL Fig. 5 £40, G, Na, Cl D 3 THEIR
Hant.

Table 2 I3 AR FHICRHB I WIZTRITOWD
T, N 27797 F(BG)EELBIWIE—7 %25
SMTRU 72, BERITRIGEKRE, ERA—-h -tk
TR25H, RHEhicELTHEIL Si, Al, Mg, Fe,
Cr, TiZ&ETH5. C, ODEDX ¥—27iZ>WT
W, 7405 =RV A-FEx—bD12%H, BG MK
ELBEENARONL 5T, XK TFICIE SEM BT
RAXTWaH, EDX AXRZ bVIZC, O DHDY—7

4

Table 2 The elemnts detected in the particles from
liquid chemicals for semiconductor

Chemical  Supplier Element

H,S0, A Si Al Ca Na Mg Fe K §

H,SO, B Si AlNa Ca S Fe Cr Cl Mn Zn
unknown

HNO, A Si Al Cr S Mg

HNO;, B T1 unknown

HNO, C Si Mg unknown

HF D CrFMgSiSCiCa

HF E Si Al unknown

NH,OH A Si S Ca Cr Fe Na unknown

NH,OH F SiMg K

H,0, G CrS

H,0, H SiAITiK

H4PO, C Si Fe Al Mg S CI Ni P Na Mn
unknown

Elements arranged in descending order of signal in-
tensity

DENZES (LBRERS ERT) bt
4 = ®

FEGITIE Table 1 ISR U &S ICERER A — 5 —
&2 T, MRNTHOMEDBITES D255 5. Mk
TFHIIODWTRAROBEER U ZOBEHEDR VI &
BT ENBVY. NEMEMIT OV TIIERERICHER
THMAKREY AT LIKEETSIEEZZH NS, M
KFITIE Table 2 &0 FIC Si THBINBMNT & X
HRA DMK T O 2 BN H 5. Fi Si CHERS IS
WELT1X AL, Mg E¥EET NS, 2AICE->THER
Fe, Cr, Ti 5 EDTHZEDLITHLEHET H. BRTHEIC
DWNT, Julef®id Mg, Al, Fe, Cr, %>Z Al, Si %
ﬁ%bfmé.%of,wﬁ¥Q£<mm,$?$m
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INTHHEEZSL., Al SiAEOTTHETHERIND
PR DR ABIITE CABMR, AIROLIER ik, Al
MH s EDHFNBERICEL L™, £ oMot
A%, NEMEOAMPTCE & RIS IR
THFICOVTHFAL.

A, —RBUCAED 1001 T THRHCE ) T8
LY (PE) #{#H 9 %. Table 3 i& PE O8IEHETH
B, Fhn A —H =3 KRIEKBITOVCREDO A K OBk
FHDOFHAARB ARG U, K TORENSD 5V EEE
iz 5. LA L, @%E5NE Table 3 ISR L
FONE S A A O T AT 5. ZDrzs, PE M
YIC AL Si, Ti, Cr 5EDTENEHINLEDLEE
ZoHhb.

Table 4 I XBEWRT — 7 BHH I & 5 ES5%E PE
A DOAMYTHEEZ RS, AT HILENRERIC L -
THRIEDP, Si, Al, Ti BENE W, X7 v{bk#ERE
I LU TV 4 PE A8 i3 msicEinbmnne &
WD B g, A = — AT S A
KO T PEARMABRETLLOTH D, KEFIZ SI, Al

Table 3 Polymerization processes of polyethylene

P()lymmﬁization Density Catalyst Cata!):st
process of product carrier
High pressure low — -
Medium pressure  high Cr,O4 S10,-AlL,O4
M()Oj; 7‘A1203
Low pressure high TCl4 —
Al(C,H5 )4 —

Table 4 Impurities in high density polyethylene
Sample
[mpurity g S0, HNO,  NH,OH  HF
bottle bottle bottle
Al + + —
Ca + —
Cr +
Cu — —
Fe + —
Mg + - -
Na + -
Ni +
Si + ++ +
Ti + + —

+ +: 30~300 ppm; *: 0.3~3.0 ppm; +3.0~30
ppm; —: less than 0.3 ppm; Analysis: DC ark
spectroscopic ash analyzer
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Fig. 6 An relationship between number of parti-
cles and molecular contamination

(O: Na; @: Fe; &: Al; A: Ca

DEHEN S VDI, Table 3IC/RLZLHIC PE OE
AR & AR AR O R D BT IR 2 & Ry
BTHbH.

Fig. 6 (XKL (& - FIH R & DBIR A RS, ki1
¥id/8—7 4 7 )vh >~ % RION KC-14, S FHERIE
MR RGE I CHBEAR U T, BrReEst e oL
fz. M HRIE T T D KXW Al, Fe, Ca, Na
D4 wHFE UL EEFRS» SBRAT 29 FHRE
0.01CF 24720 1E3 (>0.1um) VL ETH D, AFEBRT
FHLULALRI 7MY —-0 Ry F137 5 2100 T,
R BUL 2E2 TEBEH RTINS W EEZ D,

RICHiRE~TE R U 12 8B & TR oL+ O A K
TTEOREMEILZFH . DI EH L iR 0.2
um A=W F 70T 4N -TFRLELDTH 5.
NEMICEARMI O 2T b O L EME O H7AS %
JHO T, SHHCHOW RO R TABROARIZF e
n51&2KTHA5.

Table 5 WXHEEHNBH U B AP ORBEL %
RARIKERTH L., BEZIZ0NH (ETABK) &2
PHELK. BTABEBKIE, EBCRBRICATAL, B
RICEFOREGPOERBEMOB UL ER2RT. XET
A2, —HEREBROHLLZBEROSELT 2
PHBICHERREROB UL EZRT. SFEE
Ca, Al DIFHET LV — 4 L AFRFERICOCEE %, £ 0fth
DILFIZ OV TREME 75 A< BE et Hu .
SHTREIRT — 7 B gr el s o R 2 ERE
HFIITFo 0 BB No. 1, 2 £ 612 Si OBEHEMSET
Ront:n, ORI ITETCIIEEAERSNE L,
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Table 5 Impurity ions eluted from polyethylene No. 1, 2 EHFICHE»HD S & Si, Ca, Na, K /&
bottles (ppb) ETHRSNTL A, 2 I RIEE TS, Si, Ca,
Chcmical, HZS(); Na, K (Dﬁu ﬁ)llﬂ:*’l' No. l 2 (l: t}dﬁklj/\ lJ, *mﬁx%\(])
— HO2EM No. 1, 2 E 68Uz F 128 No. 1 €
Bottle No. | No. 2 . N
ﬂ.Anbﬁé,aﬁ%ml2f01m%ﬁ%ny¢m*ﬁ
Elapsed time (month) 0 2 0 2 MU 7. Ca, NaWd Fig. 6 (R U 72 &5 1B
Al 0.81 0.91 0.86 0.92 NEO., CORORBREBOER-EZ2 505, $12
Ga boo oLl 0 12 FENFZLICPEORIINL 72 Ti, AL 5 & 18 Table 4 1275
Cr 0014 002 001 004 FIFEALICHEORINL 7 T, Al S able U
Fe 1.0 1.2 1.0 1.3 A 9] ‘V%?:?%$/"*4‘ <A ?E nTH VJ PE @d_tp@ﬁlﬂm{fﬁ
Mg 0.12 011 015 15 BINU T D EEZD, ARG OEMIZ OV T, S
?i ?ﬁltﬁ? gﬁlgﬁl fr OB I & aﬁhf@ﬂ bdh. FICHRRIC
i ). . . . Lo i s 7 ] = N S -
Ti 01 ) 01 b 01 b 001} &)thwﬁw&77xum@7u YRV FNT
Si 1.5 3.0 1.7 4.9 Az 0.2 um LIEORKNFEIL 1 ml 2470 0 BIRRERE
El /. > E A\
Downward arrows mean “less than” (ppb). 10 M55y 3 M6, 725 12 OBk 2 I [ﬁmt 5 Ao
Bhunshont, S, S OB IC & DMk
DEMUE D720 EARL, ARG ORI %%ﬁ%
Table 6 Relative element percentage in particles WHDHEMVEEZ D, (- T, EinhomK b LU
for sulfuric acid 2 OMBLHEOREBD D BRETH O, KO
Immediately after 2 months after PULICWE LI 7 4 v 5 ) Y THETH %
the filling, % the filling, %
Bottle No. | No. 2 No. 1 No. 2 PAEDFERI D Z ENH O & -1,
S 82.8 67.5 14.6 1.0 (D ﬁ&*\f/_]?‘d)*ﬁﬂc}[l jf“ i%!‘]r‘l@ %llf?! A—=H—=Il k>
Si 5.5 16.0 1.2 1.0 CHIE DD, FIZ ST ERALT OV CTHH. X2D
Ca 45 7.8 0.7 2.0 filtic D § H I Al, Mg, Fe, Cr, Ti 5 EDTEEZ S
Na 4.5 6.2 0.7 0 o
¢ 5.
K 2.7 1.4 0 0 ) ) ) )
Ti 0 0 1.1 0 @ WK THOLRM THEORERIIE) ZFL VD
Al 0 0.7 1.0 0 OO AR O LM E 2 5D
Cl 0 0.4 0 2.0
3D FREE AL 3 ho A D1
Unknown 0 0 70.7 84.0 ()%”H&{LJ: 0 el O A BEPIIRL Lib}:ﬁ& B,
Si CHEMITHEMA A LN, UL, 20Dt
CUHREIZZ L O Lo 7.
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Electron probe microanalysis of particles in washing chemicals for
semiconductor. Tadayoshi Honpba and Masamichi YosHiva (Fujitsu Limited, 1015,
Kamikodanaka Nakahara-ku, Kawasaki-shi, Kanagawa 211)

Wet-cleaning processes using chemicals will continue to play an important role in
VLSI manufacturing. It is, thesefore, vital to reduce metal concentrations and particles
in chemicals, because the dimension of VLSI continues to shrink. The metal concentra-
tions are believed to have an adverse effect on pn junctions leakage current. In particu-
lar, the number of residual heavy atoms on wafer surface is to be kept within 10"
atoms/cm”.  Metal concentration level in the chemicals is not less than 1 ppb at present.
The true impact of particle control, however, has not yet been realized. The constituent
elements of particles in the chemicals were analyzed by an electron microanalyzer (SEM-
EDX) which can detect light-element as well. Samples used in this study were prepared
by filtering various chemicals with 0.2 um Nuclepore filter.  After undergoing filtering,
the filter was repeatedly put on sheets of wet filter paper until the contamination of the
back side of the filter was removed. Then, the filter was dried on a filter paper under

clean atmosphere. Carbon or Pt-Pd film was then sputter-deposited on the surface of

the filter. From the results of analysis, it was found that the particles were mainly com-
posed of Si and unknown materials with a little amount of Al, Mg, Fe, Cr, Ti etc. In

case of HySOy, only Si concentration increased a little by an elution test for 2 months.
(Received June 4, 1991)

Keyword phrases

electron probe microanalysis of particles in liquid chemicals for semiconductor; an elec-
tron probe microanalyzer; wet-cleaning process using chemicals; metal concentration
level in chemicals.
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