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Adhesion Strength of Divect Copper Plating on Al Alloys
from the Copper Pyrophosphate Bath
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The optimum process conditions of the direct copper plating from the copper pyrophosphate
bath on several Al alloys, in which Al alloys are activated in the potassium pyrophosphate
bath and/or the copper pyrophosphate bath, were searched by design and analysis of
experiments. Adhesion mechanism of copper plating on Al alloy substrates was also
investigated by measurements of Al alloy potential immersed in the activation baths, XPS
spectra for the Al alloy surface and the peeled copper surface.

Adhesion strength of copper plating on Al was found to depend primarily on immersion
time in activation baths, in which hydrated Al oxide produced by preceding processes of alkali
etching and acid dipping was removed by pyrophosphate ions of the activation solution.
Adhesion strength was achieved over 2.5kgf/cm, 1.5kgf/cm and 1.5kgf/cm for the plating on
ADC12, Al1050 and 6063 substrates, respectively. Cuprous oxide detected by XPS measurement

in the interface of the copper plating and the basis metal was considered to play an important
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role in adhesion strengthening of the copper plating on Al alloys.
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Process of direct copper plating from copper pyrophosphate
bath
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Factors of direct copper plating process in design of
experiments
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Changes in adhesion strength of copper plating on

A1050 substrate with K,P;O, activation time

Alkali etching; 1min., acid dipping; 30sec., water
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Heat treatment after copper plating; 20min. at 200T
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Isolation and characterization of Polyvinylalcohol

degrading bacterium

BB W

Nobuaki Fujiwara

TS S 7 (5 N
Takuo Sakat

e fE* M EEr
Kazuhiko Yamamoto Akthiko Masui

(19954 8 A21H )

Polyvinyl alcohol (PVA) is widely used with starch in large quantity as fiber sizing agents
in textile industry because of good film forming properties and stable viscosity. Although
there are some reports on PVA-degrading enzymes, the enzyme is not practically utilized to
treat PVA. We have tried to find a novel bacterial enzyme which effectively degrade PVA,
and isolated a suitable microorganism from soil samples for this purpose. Strain No.6 selected
as a potent producer of a PVA-degrading enzyme belongs to Alcaligenes sp. The enzyme was
purified by Toyopearl HW-55F gel chromatography and the molecular weight was about 41,000
by SDS-polyacrylamide gel electrophoresis. Judging from the wild strain and the cured strain

obtained by the treatment of acrydine orange, the enzyme gene is encoded on the plasmid

DNA, not on the chromosomal DNA, of Alcaligenes sp. No.6.
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£Yv=ar7ra—,i (Polyvinylalcohol, LAF
PVALBRT) 2, BENLEL, FEKktcEL, Fi
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hTEied, BETEdisr VEEDLDILfbh 2D
»5.
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WO TH O HRRI T 5 LETET, Ltk

PHEEW R BT RE
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THT LR L VEEKAEL TIebh T 5 &k
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BT s HREMAEMENBESTIERD2 2,
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_cHz"CH—‘CHz_CH_CHz_
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OH OH

| metes sy amams
_CHz_(l.lj_CHz_%_CHz_

O (e
lmmﬂ%&
—CH,-C~CHj, HO—(II,—CHz—
il
(0] O

K1 MECILIPVAGROBEE
Schemes of Enzymatic degradation of PVA.

(2) PVARRREMORIE

PVADO S RENIZ 2 TPVAR SLRKFERETOHOE
BRIGIC L ot Thebb, KEREX PR EHL0.1
BPVARREERFHR ECHE LIc—1"~F 1 27
(EZF 8mm) KHHK20pl% %, 30T THEDKRH
fRIA L7, FinleyO HEP K Lich->T, I vEE
% (1gDH;BO,& 16mlN0. IN-1.% 7& B K T50mlic L7z)
YIHFE L, PVAOGRRICE S EWN L a—BHTH -
TR L 7.

(3) 85 #b

PVAG BERAPER DO BED 1o OEFIE R,
0.1%PVA, 0.2% NH,NO,, 0.1% KH,PO,, 0.02%
MgSO,*7H.O, 0.02%Ff =+ 2 (HAMEN) 24
Gtz v, DMEOSEICL, R ROR %
KE1.5K D & Oz i BERsER L% v o,
BEEEC I Lennox3Eith (1% <7t v, 0.5%BR
¥ A, 0.5%NaCl) ##HL .

(4) PVARREBFRERRO YR
MRZRTFOLE L Frio @l TH TR LB
#1,50086 % 7R & LT, 30C CHRBER{R%TRL -
fo. 2EMEZ RGO LERR Y HR LM
MM L, 0CTHEHX L. WHLkzo=—%0L S
VALt avRBRYMEEL, 20=—HUrnEY
ERSTcbDEPVAGRE L L.

(5) BADORIE

SHE Lo oREIE, “Bergey’s Manual of Systematic
Bacteriology Vol.1"® & “84 M s RE™™ » 5
i LT T - e,

(6) LB VO M T 4 —
BERAEREE % Lennox b T—MpssaE L, @O
E-oTHRELLLOYEBEERE L. COHBERY
RAME (5ifis 13,000, BILKE) TR L
Db, b IA—WHW-55F7 AV (b—v—8) #HT
AndrewD HHED W Ll T AMB YT -1, &
FREAUECITIE®E 2 28 & LT, Boehringer
Manheim#: 8 * v b (bovine serum albumin
(68,000), ovalbumin (45,000), chymotrypsinogen

A (25,000), cytchrome C (12,500)) » i\ i,

(7) BRUAHEH

Sodium dodecyl sulfate* &L RV T7 7Y vy I F
T ESKkE) (SDS-PAGE) X, ATTORS v &4 % -
A7 7EIAKBEEAE-6200% VT, #/LE1.0mm,
FABEI0% DE&HET, Laemmlio FEP i Lichi -
TiTihev, kB TH, Coomasie Brilliant Blue
R250TH M Lo, BEFE O S T RIE I Pharmaciatt
WMOPE+ v LMW [(phosphorylase (94,000),
albumin (67,000), ovalbumin (43,000), carbonic
anhydrase (30,000), trypsin inhibitor (20, 100),
a-lactoalbumin (14, 400)) * fi\., EEXEHE DOBEE
E DB D HLRDI.

(8) PVARBYO S FERIE

0.5%PVA (HAKS00) #B LIcH 7 A bic < —
N=FT 1 AR EE, T CHEBRKIOp Mz, 30
CT2KfRIE . £, o —ERE52&H
KTHi L TPVAG BB ORARE L, BAS KWK
HPLCE FALC-800D ' v B%&EZ a< 757 (GPC)
THFREZPE L. FTRMNECIEShodex s B 1t
ME (P-50(48,000), P-20(23,700), P-5(5,800)) *
Mwic. HPLCORERMAILTORY TH 5. HF 4;
Shodex OHpak KB-803, ##w ; KE KA, W ;
1.0ml/min, ##; RI

3. RBRBREIUER

(1) PVARREBREEROS B

(A) PVASRREOERISE

¥R, BABRLE LTER STV 2 EHAK
1,700, 7 V{bLEE99.7mol% DPVA% f\ - THEREXR %
fTofe. TOBREPK2 IR, H LUVEHERKIZI0% 1

BREE (%)

b2z - J= k3

K2 PVA (n=1,700) D5 REOBSHZEL
NC, O:MxPERL A HAHE1EH;
O:fizgz 20

Time courses of degradation of PVA (n=1,700).
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100 9=

80

60

REX (%)

m}

20 ¢

0 A A A A A A

0 2 4 6 g8 10 12 14
AR

K3 PVA (n=500) OmROERE
0T, O MxMELL; @ Mtk
Time cources of degradation of PVA (n=500).

B EHCHBERYH KT - IEROER L
BORLICH, xHE0REAHT I EPVADHK
BRIy, BRAPCEFTSPVARK 1 HETE L
AER ST -1, L Lieps, BEECYOH T AR
PVALBEbhaHROLDAEL, LrLPVADOERE
BRIGERTZ &Emb, BittFhOPVARAREILL LI X

5THLH. BEE, r/LEAVCTRLE, Wbhd D
BEEOEVGPVADEE, THELESC kD, A
DFEEN ERATHAENND L Z L0 b, EFIEHRIT
IBESE1,700, 7 V{bLEE99.7Tmol% DPVAX HW 5 C
LR@EyThw s EnE ot Lichio T, LIBROER
TiE, BEatoEVESE0DOPVARHWLZ LT L
1.

FEEMES00, 7 V{LEE99.7mol% DPVA R A\ 1o 8
EEORKEYHMIRT. PVAGMHERHE L5
A&PVASHIZ, 2,4,7, 9BORETE X L X H101,
104, 107, 97% & i3 & A EBALH e <, Lichi-TPVA
BABELTWisWwWEEX bh b, PVADG#IL, H
PEICHAKC S SR I VETEL DA, #18M
NRLETH - I,

(B) PVARBEDY B

ERBERE A1, 00085 K ARE, PVASHERKIIC
201 A L, 30C T3 ARMEE LA, HMBlLicam=—
n5Y, WOk KER o—%2FKT 58 (No.6
¥R) HPVASMBFFERERE LToBELT.

(2) BORE

No. 6D E¥ MM EL % 1 WRd. HEEOPVAYG
fREE R\ 3 R b Pseudomonastil & R & hTE Y, #HE)
W, Ao F—EiEM, h2 T —EiGE WEERTE
BB TH D, No.6Eibks B L E¥EMIREZRT.
LhLinh, ZhLEAVWThLBETHELDIIL
AEHIEETHY, LrdIva—2%2HELLEVZ &

11

0.4
0.3
£ [
% S
~0.2 }F
e
P
0.1 F

0 a 2 Y
0 20 40 60 80 100

SHBES (5m | /HRE)

K4 BEROBBEROTINAEAI v T4
#r b as—AHW-55F, #1154 :2.5X64cm,
0.1M NaCl%&150.1M V v BEE®K (pH7.0) %
HHLLE.

Gel filtration chromatography of concentrated broth.

#1 No.6BkDOHEFMMLHE

Taxonomic characteristics of strain No.6

No.6
21N HE
KEE (pm) 0.7X1.3~1.5
wHE: +
*F o X —EiEH +
h#5—EiEH +
OFF & b —
WRRERTTHE +
B g G +
S a— ZEAH —
FREE —
BEOLE ey

b Alcaligenesit}B3 5 EE 2 bR, Lich->T, Xy
ML HAKPVASRE TH 5. KW % Alcaligenes
sp. No.6& 44 L1z,

(3) BMFROHIRR

Alcaligenes sp.No.6% Lennox3S#h T—HETFE L, &
OB > THRELICODORHEBERRE L. 201
REF % FRAMIERIE (95 F 21,37, i)
TEH LIeob, bI A AHW-55F7 v (F— vV —8)
THNIEBRE T -1, M4 TRT IS 77T T
LE3o0E—27 (FRh¥h#Pl, P2, P3&T3) %
KL, H#E— 7R BFAPVAGRERZRILILEC
ABMFEIENEERT o —BREPICERD Hhil. BE
OHFRMEDI-HIZ, ZOERBSPILLIVS it
Branoopide 2 v /2 0 HDOSDS-PAGE*fT»1c & 2 A,
50 &> ICF41,000 &£ KD Hh T

(4) PVARBRHOIFEBAE

0.5%PVA (HE&E500) DOEEFS MY DODHPLC-GPC
so< 75 a% K6 CRT. BRIFACL > THLC
A LtcE—2 3(H3) DN FRIIKRT7 TRTLOECH
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100000 o
(o]
50000 }
m
H.‘
®
]mm r g r 4 Iy 2 s .

0 0.2 04 06 08 1
BE}E (Rf)

K5 SDS-RYT7TZUATIFFLVERKEIC L ZBE
Dy FEAE
O:B#2vAIE @: XK
Molecular weight estimation by SDS-polyacrylamide
gel electrophoresis (PAGE).

& F ST BRI B

H1 H1
H 2 H?2

/ H3

X6 PVAOEESGMHDOHPLC-GPCY < +7/J A
414 : Shodex OH pak KB-803h J 4, i ; H,
O, ¥ ; 1.0ml/min, #BH% ; RI

HPLC-GPC chromatogram of enzymatic PVA-hydrolyzate.

100000
e
P£ 10000 P
1000 — - 4
6.0 6.5 1.0 1.5 8.0

FHEBM(min)

M7 HPLC-GPC/u~=< bk s TFRHE

ORoTFENTCHERYH, @MYL Rd.
Molecular weight estimation by HPLC-GPC chro-
matography.

6,000 CH-7. ZHIZPVATIEAEISOCHY TS
e, WAKSODPVAIILS S AHME FTHRIC L -
THREN, ¥/3OEEEISNC LTl & %Rt =
hH ORI, APVAG MR IPVAGFE2 KN D
YK+ AExoRl oy EEEH T, AEE KT, LY
W3 AEndoflOBEETH A L ER LTV A,

4. LIV

RV E=ATALa— (PVA) OBEFESFB LT
G OFFEIIV- 31 & Pseudomonas sp. X & 35
ot L, 46, B5n1-PVAS#BEEFEIT Alcaligenes
sp. XBBETHIFALMETH 5. AMEOH TR
#141,000TH H, FMRICHOGFRUEL LEAK
500D PVA%1/3DEAELS0 K E »iIc4 %4 5 Endo
MOMFTHL. PVAOMESM L, RIS
5V ARERERIC & > TRISDO KEEE A S L £ = L3k
CEDYD, KOTIMAKG BRI & > TEHOMANE
CH 2RO L EEbhT w58, KBEDY
&, BRI HHMT 5 & —DDRFE TPVAR
TEAHLHOTHAH. IV, PVABBRYHAVWTORIET
2, PVARBEAEGMENRVWZ END, SEIOE
BRTRIPVAEREXRFEHR LTO o - Th - T
PVADSGBRIE % FFE L 7045, BRRETORIG &%
K7V~ ECORIGCOBVCORERESWTIZSH, &
FABRLETHS.

PVAG M FERETF IOV TOPFRH G ITREH It
NTAR. EH LI PVAS RERKBIEF IR Gk
Ca—FERTWBEHRELY, HIELIPVAS MK
LT TAINEFEELTVA0Y, Y523 FE
MEFOBBIZ OV TRAILER LT iev. ABEEOM
BFREOCTRH LIcE LA, BABEFTHLT T A
IFZa—-FIhTWBZ M- (GRS EEAAK
EMTHERKECTREK). 77923 FKa—-FEh<T
WAHPVAGEFRBRLFOVEREIMOA TV AL
DT, SHRIIHHEFR OV TERLYND 5 3
fLFmie OB & & b i, BIEF T EIZ O
THELIEHMAEMEET> FETH 5.

2 £ x #
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(Lai-xCax) MnOs DI kB4
Transport property of (La;-xCax)MnOs

Absract

IEI?:‘? E*Z)

Tsutom Yotsuya

(19954 8 A21H <H)

Transport prorerties of (La,-xCax)MnO; system were investigated. The samples were

prepared by ceramic route and were polycrystalline in nature. After fired at 1400TC for 24

hours, they were cut into rectangular sheets.

The resistance of the LCMO increased with

temperature decreasing. It reached the maximum value at around 150K then decreased

gradually. The resistance hump possibly related to the first-order phase transition, since it

showed hysteresis behavior. Ferromagnetic phase transition was also observed and the Curie

temperature was much higher than that of the resistance maximum. In the temperature

range below the Curie temperature, a giant magnetoresistance was observed. This suggests

that spin ordering of Mn site plays an inportant role on the giant magnetoresistance.

1. FL®IC

SIS M EGOBEIENNET 5 &2l
SEHHEE L THLS AL I<HBA TV, ZOBHR
F—RCERTKE, ERTIRBET200EELE
/. La LEAERERE, BlEdoS S, EX
EHOBNH IR 2HK0H 0, Bohi-5FT
BEhANHESBEET A AL LTHBAERTWAY, L
D UERROBKEINLDESL LDTInSbTHITORS T
Tl Eh20%RETH 5.

T, SRR & JERM OB ORTIBET A
PR INAERAMC IR TEL?, RIS ETH D
Co, Nite KDl & Cud & 5 fe FEREME il & hi~
InmZ LK INIEELZRHED. COLH hFETER
FKOFTF &K L TSI R ERICK &  EXRH
SH%D R (Giant Magnetoresistance- LA T i # o 1=
HCGMREBET) LR ER T 5.

GMR%Z/RTHE L LTLaMnOR DMK G IEH 2 15
UTw 5, LaMnOnAd &< » b st sn B 4 5 #xt &
LTELHABRAT VA, ZORMEHIBEHRETHEH, 3
flivLad A # 2{ficoCa, Ba®SrcE# L1 (Lai-xMy)
MnOs M3 2 io&R) X 5BELT T&ENLE

1«) —¥ Jpn. J. Appl. Phys. i #5f
2 MEEHE BF 7 APRE

SEHERL, L2L10°% b OCGMRE/RTY LR MK
HER-O2Mh ot 20fed, IGAKRT 5 RIEN Y T
<, BXBREDOL O EHEERYEOXR L L TRk
ZhlchT&l. (La-xMOMnOD&E LS 2 KT
ACEET5E, Mny A MIEBEEN L X € v RFI%
L, Lav A MEIEREMEMRETIZ 5. Z RiZohmkiE
&M L ORIE S ELIL T 5.
(La-xMx)MnOsD & & fe#hkt 2 FVTF /34 R % 4E
BT 5D HER S LETH LD E ORI S LT
PR DOF IR IV TR R PR U BB, S i
RREZIE LD THRET 5.

2. RHOEREATEE

Lav o/ b2 BT 5 2Mfi&E s L TizCaZ AV 1o,
Cax H\ 7o Dl Venkatesan b D45 T Cafi i L 1o %
DGMRA Ba, SriEtfi LI RICHB L TAE VD TH 5.

AEHI VDWW B IR RS F VG TYERI L Ao, ik
bbHLa,O;, CaCO;, MnOME*FTERHRE L 18,
W TS L. BB E—ARARY Y KR ETK
DERERERD. FOE FORESY IBHESFEOEE
ERHBE A LTI h, (RS Sh”L
VMOBMKREBDLIENTEDL. COBKERL Yy bIZE
¥ Lict, HEH TI1400T, 24BERIMEL, Beks L 1.
La,:CaosMnO;DBEREH# DSEMEBEH # K 1 wRd. Kh
LML &k D ICEMBIIRIZ3~10umTH b %44 sk
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K3 <a7s2hq 4 bORER
Structure of manganese compounds with perovskite
lattice.

DCurielRELL T OSBRI IEELHT 5D RE
EN1R T, LaxSrHMnODR—TR (1) X2 BIETE
5.
(DA»SHLM R LS KESESIBE AT 5.
L’ LLa;-xSrxMnO; (x=0.2~0.4) % Tt 4 wr3
IOKR-TH-7ERBFIBNTCEAL 5. &
D e ZETBRBESHEEERA%2 Z ORICEMICER
THZERTERL. ARLEEHRTHD, £ DL
Regel-dhd Ly, BEST BRIV
ORI CESBHORELNENLETH 5.

R4 HAEhiclogR)EY/TEDT vy b LG
gk 5 Tmax A EO BRI TR ESERLRIZ

In(R)x<1/ksT 2

TRTZENTEL., ZOZEBFEKNL Y FFr v
7hTmaxbl ECHEHET DL Z EHREEL TV 5.

QRELOVRDIL AV EFr » TDOKE ZIZH0.1eV
THh - 1.

R ¢ OREKRFELBRLRIBV 2T 5. X
5WRT Lo, ¢ 12220K (Curieff) X oL,
TmaxA F T4 5.

SERE MR DOBRIEMIE

M= N, ps JB;(x)

Bi(x)= 2'2—;1 coth [<2£71)x]~ %coth(;—j) (3)

x=g upBJ/ksT

1000~ 10% —
o

800k
o
5 600- 10%F
Z.
< i
» 400- IR
w 1000/T
88
v,

200-

1 N L ) )
0 100 200 300 400
TEMPERATURE(K)

4 L%7C%3Mn030iiﬁﬁ®ﬁgg€ﬁﬁ ﬁ)\lz”i
log(R)%#1/TT7 oy b LIcEHE.

Resistance of the Lay:Ca,sMnQO, compound as a function

fo temperature. Clear hysteresis was observed on R-T

curve. Inset is log(R) vs. 1/T plots. An energy gap

of 0.1eV was obtained from the slope.

TERTIENTEREY, ZZTNRREYOHK, git
Lande® g RF T, g=3/2—(L(L+1)—S(S—1))/2J(J+1),
usld X7 —F, JXAY Y -EEMAEFRAEcHund
DR E 9 J=|L—S| (Half fullldA F) ¥ 7212 /=L+S
(half fullbl E) TH 5. BB B A& BRBIEM D
LEE(3) KT

_ trB.ss
M=M up Jtanh (T) (4)
TRENG.

ZZTBu=(BwmtapM), 2=2ZJ;,/(Nuog?us), Ji,;
BEHBEHFS, B dHIMBBTH 5. HERBRE (Tc)
ABETI

T ( T )o.s (5)

Tc 1=

MIﬁN#a] Te

ERTIENTES. (3), (4), YRRV, 1 MEL
MEZHBATHZE LD, K50 ¢ HRES220KL D TF
55 - TS 5 DId 2 D R A Ep M i iR 3
HDEEXHIENTESD, Ly LTmaxA T ORE
T HMWAT D DREMBNEBOL TIRFWT S &
AT, (3), (4), ORI Y MIEE O BFMMD
—ffRK TS 0 LB T .

DEDZELEEDRDED nfinBEBELIELLNS. &
RO E, Mn-MnlElDBEEEN KDY FF¥F v o 7
BB & LHEAR B A B TH 5. KRAITH
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T T
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w20 -
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>
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0 100 200 00

TEMPERATURE(K)

K5 Lan:Cap:MnODHEEHR DR K
Susceptibility of the Las:;CansMnO; compound as a
function of temperature.

EHER A TmaxfHETH Z », Mn-MnRipEREA /s X
{leh., ¥RV FDA—R"=F o TLAKCEE 5.
FOHBRCESEINMNPNEL B, ¢ HTmaxhT
TN E L 1B DI 2 KIGHE TOMn-MnB O E 47 ]
DAZREZHZETRHALNEBETH S, e bid],
ARG L TKELSBEENHLTHA.
WEFRIELTHZD LS R R T 51D
GIER T X ERERT 21TV, Mn-MnRBEgE% E&EC
RETHLENDD.
(3) HKEHR
MEEADHRLZMUETI LA CHRTHMERR
(In) LHIINEESS (B) O AR A ERT 5 LR H 5. B
Fx—yFHEECED, L xlihHECE S & D IcHER
FrEZL. RECH e — vV Y NFRBEEEE2ZE
AR S

F=eE+euxB—%v (6)

Thxbhb. ZZCERRAMOESTHY E=E (E,
0,0), Bt B=B(B,,B,,0), eid* + V)7 —DERH
TEFOBEe=-1.9%x10"C, miZERER, I2F
WEENEMTHS. UFHEOLHB,=00& & &£B,
=0DBAKHITTE)REELSH. TTB,=0DL 2
BEBEBMNFTTHS. DL E(6)RIL

duv, m

m 77 _eE_T”'
d m

m dl;’=eBu,—Tu, 7
dv, m

m it =—e¢eBuv,— T Vs

ey, (MNDOxFEDAEZHEDTHI L LD

17
7 T T
8-
,-::,: s H=4.1 kGauss
‘[__‘;_]‘i 6 » H=0 Gauss 7
O
Z
< 4 |
:’_f .
S
2 |
100 200 300

TEMPERATURE(K)

X6 Lao.acao.asYomMnO:o)'%i}g‘.ﬁwﬁgg{#ﬁt
(213 B=0T, (®){3B=0.3T
Resistance change with (@) and without (A) magnetic
field. The nominal composition of LagsCao.1YeerMnO;
was served for the sample.

V.= cEx —Coexp(—:—) (8)

m

/5. ZZTCRBETERTI=0DLEV=0&T
hiECo=-eEt/mTH» 5. BQ)RNIBBDOI\&EEDF—
LDBEAIERLTH V> Tx FROBERBEHEEK 0 2
c=ne’t/mTE 2L, BB RBEILRDZ L
THAENZIEV. ZIZTnikdF+ VY —FBETHS.
[AtkDitE%Z B=8B(0,By,0) D& {75 & xHAD
BMESMLEREL LT

o= 228 [p—(ezr)2+HO] (9)

m

%85, HOZeBr/mD/ A Y —*—XThH5bH. ¥+
Y —%EFEEE Le=1.9%10""C, m=9.1x10 kg,
B=0.1T, t=10""sec& 35 & ¢ RSB IAKIF Lisv &
KE L THRHRIET NS B ENLE LD, D
EDM LRSI A NET S & ERHCERICHTICRSE %2
HmL .
Lao.7Ca0sMnO:D i KA 2 B 13 Tmax 3L THRKIIK
70, 0.3TORB T TR TH - 1. & 2 CTHRREH
BRSO & X OEMR(0) LWHBB HHIF S h
to & 2DOEHMRB)EHVT, (R(0)—R(B)/R(B))T
EF L. GMREAELTHHCA 4V ¥ERDpE
72 Y 2% L1 LansCaon Yoo MnO 2 fERL L, % DER
EIOBREKFHERRE L. TOREREZXN6 IRT.
K7 (a) kGMR%, X7 (b)iSQUIDTHE L iofibd
BEKEERRT. O b ENSEEH, HGMRIZK
¥ e Tmaxifi THRAMAY R LIMEDE T L& BIC
BUBAT 5.

(Lai-xMx) MnO;BZ DGMREEDO A HIZ F 1> Tw
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H=0.3T T=77.4K
] : _
208 (a)
% 0.6 kL ]
:f" MT .0‘ 7
> 0.2 .
I | \—sl - ]
= 0 y R T
; 80/ . b—:
.§ 60f . ()T
5 40r . ]
E?D 20+ % 7]
=0 ' 100 ' %00

TEMPERATURE(K)

M7 (aEFIENDEOREKFHT

(b) RUL O TR EE AT

(a) Magnetoresistance as a function of temperature.
The Magnetoresistance was defined as (R(0)-R(B))/
R(B), where B is applied magnetic field.

(b) Temperature dependence of the magnetization
measured by SQUID.

v, &S XD BIEOWEOBIR TIRFEET 5 DMk
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LLGMRAF2— VG T TRERATHI LT ALY — X
EYHEFERATb L/ HGMRE2 D 5 BE & E %
BIcLTWBZERRLTVA, BB & A HEHER
PHEKIBHA2HERD 5 &5 Tokura%'? o Xz - D%
CRBATER., ThiIfEREBR2BZTL3%E 2
bhitwWwk o e+ 4/ NS B CLGMRABIHIT &
5L THAH.
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T TRHSEIZE L. T0fRYX 8 RT.
AENR /S TORRAHZ/DNE . L La/3%82
HEREKRAFMMNBR SN, oz &i2(D), (8),
@)X TERIND L REBKIWENOLTREMTCE
. x FRAOBESE o WEE L E 2 IO Ty FHD
BHH G DAL EZDHEQRED e ~DHIEAG T

eBzrsing )2

Aa=( o

(10)
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5. ¥l AROMILLEEROLTHAENEAENTH
2T

21 T T T T ]
Lat 77K . ]
200
@)
3
<Z[:‘ 190 i 6 =90°
— f H 8 ] 675
2]y i
2 180 :3 i e
30
- "00

| I RN ST S N

0T 2 3
Magnetic Field(kGauss)

M8 BMRENLDRORLMY:, BB LEROKTHE 0 LE
WHE» HLRE LI,

Anisotropy on the Magnetoresistance. The 6 was

defined the angle between magnetic field and the

sample current.
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1/a = p,sin*0 + p,cos® (1)

TETIRTTHBY. 22T, 027195V 7
NG A=2TH5H. Lo LIWELEIGMRD RS
sin® @ THATE™ (10), (11) A TR RBREERLHY
TER. SOPMCORAHYTHATHZ L IHETDH
50, AREELNKEABBRAES L OMTREM S S .

4. & @

Lai-xCaxMnOSERS D BE BRI DOV TOREEY &

LD 5.

1) Tmax & ) ERMTESEIUZog(R) <1/ T T&1L
T35 TExAF—F+v 9 TI3#0.1eVTH - 1-.

2) TmaxLA FCRIZEEIET T 5.

3) TmaxLAF Ty d/h&L k5.

4) Tmaxftfi TR—TICL X5 ) v ANBH X h -,

5) Curie 8 AT TGMRAEN X 1z,

6) GMRIZEHMEHNH 5.

7) YOBRMIGMRE2 KEL T 20O ENH 5.
Tmax¥ A TOR-TIRELAF U ARLZENE D
EEDBEREEOHERD L 5 k—KOHEB I G
LTVbEE2HN5.

Curief L' FTGMRA A R 5 Z & & H GMRzMn**
isAavy -2 vHEEHTEZTV5. GMR
DUBRAMTZ o — LYy Y N TIRRBPTE L.
LCMOFZ TitTmaxn 100K H - h TH Y, B
TGMR%RTHEOBEENSEROMNETH 5. SQUID
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Separation of fullerene by evaporation method

BEH JrRg*> Bl —hEx*
Yoshiaki sakurai Kazuki Natsukawa

R SEHETTT

Shigeo Goto

TPl e
Toshikazu Nosaka

A P LIS S S
Tsutom Yotsuya Katsumi Nishida

(1995% 8 218 %)

A evaporation method was used for separation of fullerene from both soot and a C60-C70
mixture. The mixture was obtained from the soot by usual Soxhlet extraction with toluene.
The fullerene was evaporated from a carbon crucible in the vacuum chamber. It was heated
by W fillament in the range of temperature of 400~600 C and was deposited on a glass
substrate. A C70/C60 ratio and a C60 concentration of the deposited film were evaluated
from the peak area obtained by the high performance liquid chromatography (HPLC).

The C70/C60 ratios for the deposited films decreased with decreasing a nozzle diameter of

the crucible. Using the crucible of the nozzle of 0.2 mm ¢ in diameter, the C60 concentration

in film was increased to 96 mass%. It was found that the C70 and the larger fullerenes

condensed in the residure.

1. LB

19851 v H—K—NVROFLWIRFE I T 224
H(77—1vv) BRAY hl. £DOHINER 7 —
IMERC LB 75— LVYDORBREME? KRRV LA
&, 773-VYDRERROBRL r BFHEEEHD, 7
NAVEBEDa Y TV 7 A L OBERELY T, 7
T LVVYARSENHNTEINRD, »5WIINEELRT
Ie&, XDOBERD LML, YL DBACHR SRS X
Sigotc? L Liehs, 75— voffikitBie
lghtch2~8hHHEEMTHY, KMHBILANEE L
HRBTHS. mffic/esr—FiE75— v vossihkic
H5.

77 VVRECREEYRACLET - BRI L
NEHENT VD, DT — IV HEBETAR LI X Ak
D7 7—VLVvEFRBEZPEL, 10~14mass%TH 5.
AAREEENE 75— L Vid, M vicEOBRT
BRE, WL 3 757 1 —%AGEBRETH

* MR BTN AR
> MR BEHRTTRE
o F-RE TR

LTS, 0L aBElERERRIS A S & &b
i, 77— VYODOBRCAKBROBRNALETHD, it
G hT o, BT TR EDH S L RTIEH
NLBETHD., EHREIIT—VVEEDAY—NLT v 7
LV, AT I HHEFIRHMEEICE U BRIY S A
KRKEDAARZDOUBHAETKE LB 3&8b
hd ZhIETR7II— VYDA REERY, B
dilEE, ) v IRT U VIRY R EEREh TV B0,
77 VVYERKBEGBTEDLE TRESTUV V. %
DIehWHIL 75—V Vv OFEAEERBR TR TV 5.
T I HMBETHER LIAZXHDT75— L vizER
IR #6018 (C60) & IKFE70M (CT70) D 2 Hmbis
D, TNLIRHERTIEATS LRSI T 5.
ZITT7 7 - VY RHEZEHKEEC LD AR b EES B
THZEERAI. XOKE, 75— LvVidsoFRE
400CLLETHERT AL LD, 223 KRBDEOEF
HOEEZPNE T2 LBHWHDC075—-Lvvoas
HRIWMMTE2Z L0090 DT, FOERLHRET
5.

2. RBHE
KB HCICARE 7T — s MEFRD7 57— L vElE
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EBRWIDER LI A2 (75— L vE&HEL3. 4mass
%) &, EDARDL MY TRIHME Lz 7 5 —
Ly (C60—CT0IRAY) D2 MEIZHEA L. K1k
77— VLY OEECHH LICKBE OB LIRS,
ARHIE 1 WRTHRENOERRFRCEE LIS
FREAR, RBENOEN%10°Pah ¥ TELHSHK,
B EMEDCRE T TMEALTATA NI T AHMRE
K75—LveEELL., 22 ARLARERIT A
A T100mg, #iH 7 5 — v v Tl0mg¥ 721350mgTHh 5 .
50T TR 2500T ¥ 7212600 T ik E L, 7&5WR 1
Befal & Lic. o3 Splig Bt (K& /ni
14mme¢X15mm) T, A2 FF0EEL0.2mmé, 0.5mme,
Immé, 2mme D KEZDLDOEFMHALI. 521 F—
BB M 2160mme L, AT A FH T AEFITIE
Lich oo, 521 RERD DIFTEH»S v — ABEX
REMIETRELL. A54 FHT7AEREEEL
D C70,/ C60LtLIzEES b v = v TR, AB%, A
WA EERA s n< v /57 14— (HPLC) itk H C70£C60
oL, oftLi-v—sor— JhikitkE L, F i
C60, CT0REH+TDCO60EIIC60%2.08%x10
mol/l, C70%3.57x10"°mol/1D AR AR DOHPLCHIE
BROC—IJHB»HBRE L. TOHPLCH &M%
#1wRt.

#1 HPLCH¥&H
Table1l Analytical conditions of HPLC.

B 3 L:COSMOSI L

HNE 4. 6mmXx150mm
B # M| by
pi #:1.0ml/min
h7LEE:307C
B EE:330nm
£ Hh:37kg/cm?

Substrate

Evaporation
Source

K1 75— L vESEEOBEBRX

Fig.1 Schematic diagram of the evaporation apparatus.
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3. REBRER

K2BEHLLAR (A2, ith75—-vv) %
HPLCTH#r L, C70,/C60kt% L U CO0DEE % R
LERZPTRT. B ARADHEHIZARRXZRT VI VK
BR, Alatk, PBRESGHLICLDTHS.

#2 HREDC70,/C60tt KXV C0RE
Table2 C70,/C60 ratio and C60 concentration of
samples.

S 2 CT0/C60M | CHOBE (mass¥)
AX (FBMVT ) 0.123 84.5
mE75-vo
ceo-cTomam| O 139 82.0

CDERMS, ARADCT0/Co0tLitmE 75— 1L v
DfictRTHEL, BETICIODBEMMN P &
Bamhsb.

Lol 7 I - LY EREARTIMATS &, 52
HEH400CHh B 75— LY DRRERVAD R, £ 2
T, 52 F 1A A100mg¥ 1ot 7 5 — L v50mg%
AR, 521305 EHKLTE00T, 1KHEEEE
Lz, ZRFHOBEDCT70/C60Ltiz L h £ h0.07,
0.128% /R L1c. R2OBFRELEL, A RE LTt
75—V ThORFRSCI00 475, FICA
A B7EE LIcEFHENCT70,/ C60LI20.07 /& <,
CIOnEFRELIEL W Eighoic.

A A100mgH L URIHE 7 5 — L v 10mg% 5 2T A
h, 52FEES00T, 600CT 1BHIAR LIEEDD
DIFBOREFEHFEDCT0,/C60Ltt & DERA K 2 1R
7.

0.15
® C60-C70 Mixture
O Soot
— 600°C
2 oo} 7500C
[0
o
o
©
O
S
N~
O 0.05F
0 00 L 1 1 l 1
0 1 2 3

Nozzle Diameter of Crucible(mm ¢)

K2 C70/C60k & %2 iFinEORER
Fig.2 C70/C60 ratio as a function of the nozzle
diameter.
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K2nmb, C70/C60LIZARDHINEL B & &
LIZ, WThoRKL 3 2FMnER2PE<T513E
C70/C60Dttik/hE< Ted. Fi, 52FRES00T
DFHHCT0,/CO0LIT L D/ NEL Bz &n5h 5. K
3N 2 DEEREZABFHEAOCOOBRE CRE LR
.

CORERMS, HOIFREEE00T, 2o 3HOR%

100

85 |- e C60-C70 Mixture
O Soot

— 600°C
500°F

0 1 2 3

C60 Concentration (mass %)

80

Nozzle Diameter of Crucible(mm ¢)
X3 Ce60RREE %> ROk

Fig.3 C60 concentration as a function of the nozzle
diameter.

10!

100 | _

107" -

102}

Vapor Pressure (Pa)

1 0-3 C70

10—4 . | . | .
1 1.2 1.4 1.6

1000/K (1/K)

K4 C60, CT00ESE
Fig.4 Vapor pressure of C60 and C70.

0.2mm¢ & Lic & T 75— L v bRR LK
fED C60D EE 1396mass% ¥ TH L L. X4 iL,
C60, CT0DHKKHE® 23, 500C, 600CTHCE0& CT0
DESIER BT D L, CODKIEN VT RO T
bEL, COONERLRPTVZ EnSHh D, K512K4
DEERD LG TWBUK" B35 75— L v OBAEHR,
BRSO CAHT 50 FREAR LIERE2RT.
K5CBTAAHTFHLCO0DHNKELL D &
nb, BOIEHOROBACHCT0,/ Co0LEAVNE <
50, (1) COODEIENCTOLEXTEWC &,
2)B 2 FAL BN AS LTL 5C70& C604F
By FROFHEGHEHIT 5128, C6077T % <
HOMCAHT AL, ()22 FDCE0RMNCTI0R
KHAREBWZ &, KL VEFREFOCT05TFEL AL
KotéBELbLRE.
KeéedHVAMTHLME 77—y, 75—
LY OEERE LUERED 5 DI NREDOHPLCHIE
HERO—HFIHIRT.
KEBWOHPLCE R 1 b, HFC L VBT DOCI08EH
237 5 -V VvOHPLCIL B3 B ¥ — 7 2 HHET 5
EELKBALTBED DD, FHEERDED
EPAREDOHPLCHMERS K2 5 C00WEIEA L,
C70DBREMNMMT 2 & L1 C60, CTO0DE—-2 L b
BRUVCRERL Ao I Y—7 5 — 1L v (REXHT70
IOEDFROTII—LVE) OY—IRBHLN 5.
ChZAZAL IR AR DO MY —7 55— L v,

10

1001 ® i

1019 | ]

ol 060 |

10" - / N\ -

¢70

Fullerene Flux (molecules/cmzsec)

1016 L 1 . ! .
1 1.2 1.4 1.6

1000/K ( 1/K )
X5 C60, CTOAMGTHORIEKIY

Fig.5 Temperature dependence on the fullerene flux
of C60 and C70.
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C70
C60

Intensity (arb.units)

Time (min)

M6 HPLCHIEK L5735 —L voOHK
Fig. 6 Fullerene compositions by HPLC analysis.
(a) C60-C70mixture (b) evaporated film
(¢) residue in the crucible

COODFERBI B 2IFRICBH I NI EZELLNS.
COEELDL, BOEREFEIRT S ETCT0E A
Y—75—LVOEIRGAIETH D ZENTh o

4. £&B

7 REBECIOER LA AABIUME 77—
Y LHEEEEBICIN 7T LR GHET A L AR
Khi-kE8, LLFOZ Ehrh ol
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1. HERBEERECLIDAANDL 7 - VYRGB TES.

2. HRASCIVBEFOCIOEHRENELT 5.

3. BREBOLS>EMOER/NELT 5 EEHFREPD
C70/Ce0Lt iz M A L, %2iFbH#20.2mme¢ O &
%, AREESDOCE0DEE 396mass% ¥ TWINT 5.

4. KEBDBOIBRATICT0, "M Y—T75—LV
L LM, C70, N ¥—7F—L VORI
RIETH 5.

e, AERA 4 v TEICHANESLBT S 57—~
(A4, 75 X2 LDHEHT A AMLORKBEAITIFE
THbhi-dDTH 5.
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Mechanism of Secondary Ion Emission from Silicon

Dioxide Bombarded with Argon Ions

BREI6E LUI8DMHE % AV THB L -SiO. ¥ K
PEATTEIVHERI6OME N AFHELtTT AT
vA A VB LY BEECHT B 2K+ VEROK
PO 2RS4 v ARBEEYR L. T0OER,
SIOY QR) A AV ERD I DDA RBEHTE LI D
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() &8 TE UlchRRREBOS™ & SAR#

Shozo Tamaki* Naohiko Yamauchi**
Tsukasa Kuroda*** Hideichi Yagi***
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B M THEE A L THEMANEEY bk 2 &
W& A ts - 1o,

Japan. ]J. Appl. Phys. 34, 4A, 1968-1971 (1995)
»  REMER PIRARR
o FHERE®M SHTERTTIEE
oo KBRAKH BEFEBEPRAR

Characterization of Abrasively Processed Surface
of Si(100) Wafer

Si(100) Y = —% X4 Y EV FIERITHHIL, 5%
WIRT VI TR THE LI 2 ORAEEMEN, B
JUOBKEEOB AL LA, BNl L Y KEVWEM
EEFrEL D E, HMeAETIRER S QR OHM
B|HT K E W EIC I - fo. PINIERR 2B 2 TREA S
FC T 5 1o B A, B L UBER1T - 1oB A/ S VM
BHEAEOLR. Zhicky, v —RAIOHHEE /2

Toshihide Ogasawara* Masahiko Tsuchida*
Hideichi Yagi* Tsukasa Kuroda*
Hirotaroh Mori** Hiroaki Iwakuro***
Shozo Tamaki****
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Japan. J. Appl. Phys. 34(Pt.1], 5A, 2284-2285(1995)
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