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€\ BRI REDHER2FTEHT 20CHLCEY, F—F 4 45— 7, ©
TET—=7, av¥€a— 0O A -7 7, F=Z L a—F 4 v rH7 —
TEHEELTIRSHHE N TW D,

YOI ETEEEY R, T3] (1990) 398 }
YZm, A, @marfvyln—yz 537 9/30 (1991) 77

B, RN JFHL B, B A AISHBEREAE, 1502] (1991) 133
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AR R B TH I X Y EBA B L Tw doTh h, RN 2
KT FHEE AEEICEHEECEB 4 ERET LIk VIlsEE® LY 25

TH B, IRICH REEICELIREE L BT 5 ¢ L AHREERRTH 5,
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HZAERL, XA, F) v 2T 4B WThH, T4 X7 BREE->TH S, C
D7DiC, 3RTREFEOFTEE® EIF5iciE, chE A Xy 7L TnwL L&
CRDDB, T4 X7 ENOEEEEICHSNTEDA X v 7 HFOFCERHEE EHT
HEe/phEhbo kb, CORBRT —7EEE, i8I N 2HEELETA
Tz &k D 2RIt RIC R & 72 SRRk EH 2 3 IRTEHIARIA A b o ICEEE
CHEELTW CERAEEE A D, COEYD, Ty XLT 7+ X kRS
SN AT AF BT HEZREDRRIF -2 2 KEEF -2 7 740D
AP Y =B AHNECHLTWE & nwi b, FTH, BEEAROIFCE VT,
B2 — 2SI KEOHEIES BT s 747 — 7acsk (VTR) iy

BROBEILE X 2 5B E > Tw b,

E?ﬁi—fﬁﬁyxiAﬂ“uv«w(k%<%ﬁf¥%ﬁ&§i% o
FACERTED, BREEFAELCH, NV T4 A4 TDH AT KB FHE

EEZRSMmIET — 7 CHAL I, S b Bld b A X AW H B v A
ANEET = TR RERRNSEAER L&, isESHE 2 RHFEl LT
IKFHRE R E D T A Ny FEIDAN Y T4 B4 TOH AT —(KEIE F 4 2T
GICEAINTE D, GEHEHRY FRCEHFECHHETE L LW L
ZDHE~NGLEGEORE S LERBCH LWL CATH L, COERE
7oA T - TRLEoEEE LI, SlEEROEERL LR Z » 2 i X BEC
Ty rEYOHAEEOBACL > TLALINAEALDTHEEWE EY
1969 4E o 1/2 4 v 54— 151 (EIAJ Type-1) ¢l EEEEEER 247 pm, +
Ty FR1T3 um THokd O, 8mm EFF DA N FHEKICHT

2H.Sugaya : Part 2 Chap. 5 in *Magnetic Recording Handbook’, Edited by Mee & Daniel,
McGrow-Hill (1990) '
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ﬁ%%ﬁ%ﬂﬁ?ﬁ%&i 049 yum A Y, TCTRY T I 7 vy ORKELERAEE I
TWwde $h b7y 7y FL 7 V<2 AA0HFMAcZBicE EL, Smm

EFFD LNy FHEBTEL pm & A->THD, T HLEREL LR
FS oy s ¥y FRELS umAERENLTRSE, ©5 LTEEY v + HEERER
Smm E FF DA Ny FEBICHRTR 2.5 um? 23, ¥ A2EREL <1 TH
1.35 pm?® RER ST 5P . chid, KEERCRE T 2B EEcH ., &
BRERICESOESEETSHE M X 2iiBRE0EREfL Lk 5 v 2
FEREHINLIE, TOCEEEAC T HESIEATE 2 W REERD 5 C
EEREZL T b,

AL LT, T4 VEAAERE VIR XEEAEDT VL, £ NHK 28
RIS % =g ME TV (High Definition TV:HDTV) (BITF A £ Y 2 v L HEED)
DEAERIESTE D, COEMEAMRERYEESRT 240CH, FEY
7iREECORRERSCOEAMCEL 2T 1 P2 VIRIEAEE L v,
TFu FEERTo S/NERFEARWICIE b7 v ZIEOFIHR &AL 1z E
w3 50T, F—FHEAEREY T & LAESED S/NE. (S/N)rvy BKE 0
Ry d 5.
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L ¥y BT S/NHE 2145 (6dB) M L 2720, (S/N)pey b7 — 7 D
AT, 1€y v By o7r— 7 HEEES T & T4E.

(S/N)pear o< 20 [T (2.3)

Ehb. DENTFeIEEIDLF 4 CEIARLEOT BT — TIHER KT
5 SINLLOWEERFEL W B bh Db #oTPCMEEEk & o I'M
SEOBMERERL ) 07 — FIHEE & S/INLoBIRAER U<, BErEEin
. b LAT 4 VAAEED R T — 7 HBERD DR E bbb,

ALY Y g v EEME TV (High Definition TV:HDTV) 15 (kB 25358

13K Kanota, H.Inoue, A.Uetake, M.Kawaguchi, K.Chiba and Y.Kubota : IEEE Trans. on
Consumer Electronics, CE-36 (1990) 546 »

Tt o TEKEEEITAPT) REE T IR 1988 4

SEEA K (R HDTV 207 TRoEais, 12202 (1992)
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DHEBALDFIIC D IR U CHREBKECEA Co-Cr HlE 7 — 7k o VR
B4 2 RO BLEMERF I L Tw D

[0 2-2 13 5 — 7 ISRk & b & U e RAKEIETIL O &, & C o &
%%M%Mﬂ@%%w%%Lk%®f%50HWM%&LTM\%ﬁﬁ@%@
R CERR I oM BICREL T E k. F . BILURBHEE -6, A
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VAR« TEEEEHE A = Y B & ATRH 2 31 CMC (1984)
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BALIER S AR A 1 . IR LERIE A0 15 & B R0 T &
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EFednd, xofkE (v R G EEEERE § u bR 2a
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DR DBREN % 1L 2 I TE - T, IE D DA nwic O%E B IGTR
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fHI A H W ICEEE U<, IRE K 2-3 (b) or A IR E = = 1 (Semi
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FRl2EET 5 C b I X D sREOEIEAE < & b, CofER b X 5 KR
& (a) OWSLRALKERIC LTk E A D, Ch b EEABIE O FED %
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G = 2 L F — I IC L% A [Bliniggdb € — ¥ (Circular Mode) # R+ %, C
5hb e~y FESHRZLE WAL, HERLE DA T 2, chps
FEOREFHMRFIEHACH T BB L0 TR ® ©dh b, 5BEER %5
2 Tw5h, COREEMICRD 5 vwiklElE@ibes— Fik, (1) ~v P ¥ vy 7Y
o PRI R e (2) BHARERE 4 U % B LI RIS M o Pk K.,
(3) ko BFHmcib I o WwiFt, A EBERTH 3 EZ b b,

173.Iwasaki and K.Takemura : IEEE Trans. on Magn., MAG-11[5] (1975) 1173
VR BEA - HASABERESE, 14[4] (1990) 593
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FZD~y F~EHEE - FARAEEATER &R Do
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1D.Tjaden et.al. : Philips Tech. Rev., 25 11/12, (1963/64) 289
203 Twasaki and K.Takemura : IEEE Trans. on Magn., MAG-11{5] (1975) 1173
2y Nakamura : J. Magn. Soc. Japan, 13-S1 - PMRC’89 Proceedings - (1989) 33
PR BEA - BHAISHESESTE, 14[4] (1990) 593
PSS - TEEBTEREAN (1985) 47
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S Iwasaki and Y.Nakamura : IEEE Trans. on Magn., MAG-13 (1977) 1272
255 Iwasaki and K.Ouchi : IEEE Trans. ‘on Magn., MAG-14 (1978) 849
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T3 C oFAREBKEEHOANENICETEISHCHE L 2RiEE, chvg
THHE L OEBRIBRICK > CRINTETE D, R, AR, BEES i1,
B 2-7T KT koo v ¥ 7 ABE% v 650kFRPI o EEIS 5iEk 03
EOBEX AL - FHAHLEAER LT Y, SROBEDEOE LI EbA
LT HIEE D D EEZ b b
Sl b k7 k5 e, BEREKECEART SEERED LT LD TE
5w, Eik pELEEE oM ERIFCE 5, l28@$$miofTMﬁ
NTEHERSEEOHBR YR LS DTH 1Y , BEDOREMTECERD THI
11 10°~10° bits/mm’ BECH V., CHEIERKECERDIUREE & FFRET
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27}, Hokkyo, 1.Saito and S.Satake : IEEE Trans. on Magn., MAG-16 (1980) 887
285 Yamamoto, Y.Nakamura and S.Iwasaki : IEEE Trans. on Magn., MAG-23[5] (1987) 2070
PR - HAISHBERESE, 14[4] (1990) 593
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PR B AR B S B 2 23, VEIGHE LRI s »Th s Co-Or %
Lo orBEen TR LS TH D,

#0g Twasaki and K.Ouchi : IEEE Trans. on Magn.,, MAG-14 (1978) 849
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# 2.1 K EBEMKGGEEROIIERR OBE® 7R3 K& < HTT 3K
KadbhsddboeELbhb5, 1ML LTl 1975 F~1979 FEH 1T
T~ Co-Cr BEADIRE & ZDWKIFE LD wTDEE, b X UEROIEHE
FHCOWCEEERES YR T 0B Ch ot i Bo

MM~y P DL AbbeLiEnwe, 2BEEK:T2FIHREI N, %
DERIBREFEI N T b B2 R L Uik 1980 F£~1984 F4{<, Co-Cr
L ZHFMBORERER A TCAINT WS, Co-Cr KB L TiREEEESE
2 CHEEHETERENAE D, Co-Ni-M-P o 4 » A EBEHI N D, &
ok T et ZDBRR D ok FNY VLT 2T b DRy X BT
BRI N Y, Co-CoO FAELE, ~V v A7 =T 4 MEREMREAE,
E Vo kB EIROMBEBREI N CnE, A2 2 X0 T 542D Fe
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M, . BIEREFEOE E LTEREN TS, Tk, B3I LTk 1984
FE~EHECT, X DEALT S B A BRI R, B
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AR RN B U T i, IR B B o i - RS ok & ﬁ&@
SR SHEC SR, € U B B e R, REE SR o KR o I
IR R OB BT 2 fik E R FECEEN S L B,

<TAmRE S B X U SRR >

TN LA Y BR & F° TR R IC 5 » T b B o A B % il k- 2 ¢ &

U =0, mEEILC e > TEE AR b, i, T O AR
BN %2 CEDE DML E5E D LB E b, Co-CrETih. BERKESE
# BT WAL B E wCH B EERTA O S W IRigom# Z i il
ENZRELEBZL 2B TE DL, CORD, VAL YN TR % EHEL X

DhDIC, WLBHIBEET YA LKL TwE bDRFET 5D EE
Zbd? , CORER Y AL v N TOERBHE L L. BIEELLY— T F ok

*K.Ouchi : J. Magn. Soc. Japan, 13-S1 - PMRC’89 Proceedings - (1989) 611
#K.Onchi : J. Magn. Soc. Japan, 13-S1 - PMRC’89 Proceedings - (1989) 611
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K 2.1 BEEXECEER O U OBE

(1975-1979 Proposal and Improvement of Co-Cr)
1975 Proposal of Perpendicular Magnetic Recording System
Co-Cr Sputtered Medium
1976 Alumite Medium (Co, Co—Ni, Ni, Fe)
1979 Co-Cr/Ni-Fe Double Layered Medium
(1980-1984 Proposal of New Materials)
1980 Perpendicularly Oriented Coating
1981 Barium Ferrite Sputtered Thin Film

Co-Cr Evaporated Film
Co-Ni-M-P Chemically deposited Film

1982 Barium Ferrite Coating Medium
Co Electroplated Film

1983 Co-Co0 Evapolated Semi-Oxide Film
Fe-Tb-Gd Sputtered Film

1984 Fe—-Cr Sputtered Film
Co-CoO Reactive Sputtered Film
fron Alumite (High Packing)

(1985-Present Improvements for Practical Use)

1985 Oxide Thin Film
Os added y-Fe,O
Co, Cr, Nb addéd Fe,0,
Co added Fe,O,

Developments & Improvements of :
Underlayer for Co-Cr Media
Protective Layer for Co-Cr Media
Lubrication for Co-Cr Media

Co-Polymer Evaporated

1986 Fe—-Co-B Sputtered Amorphous Columns Array
Partialle Oxidized lron Alloy Film

1987 Fe—Ti, Fe-Ti-Cr Sputtered Film
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BIROE S b EEBEERTEETH 523, CoGEREBEIANRE L
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BELETEERHEI LT B,
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%o Co it 400 CHITICHEREEE #FFH. th X b dEfd ik o H (fec EO
SHREE) &b, EETE ¢ M (hep KARERIERE) &k 5%,
Co2MHR2I RIND XS5 ICEL L Y RERIEFEIEE S ik
nTEh, Fo%EMArE 2Nt A, B, C&+% &, heptETid -+« ABABAB--
DAL L ALDOET LT, feccfHTHE ++« ABCABC »+» 0 & A 5, DX
Sicfecckle hep HOEWR CEBFAI NG PEDLTE XD, FEE 2y
2SS OIEFE 7 o v X CER S BRI dmiR AR I b C & bl
cWiEB B DT, fecc lHBARBAT B ABEESIER S NLTWwd, COkD, Cotd
PRt B EE K, TELET a flh b c H~ZRERE T, 2N <
LBERD L, EHETRERITTIE, £ ORIEICE U T hep B D J525
FUEEEChp BENRLELARDLC ERFHLNTED, INLOELD AR M,
TRA, B 7L — T L > TRWEEINLEDD Co-Cr B TH b, £ 2.2
ik, Co a4 oEEL RN 5B Via [E55F#H o Cr, Mo, W 3 X 18 3d
EB4BEo Ti. V., Mo 20m L, @it M, 43 500~700 emu/cc DfEIC L
HBE 0RO cHEAEOBLEEFZ 500 OELXRLEDIDTHEH
Abso 1t Co #HE4HEE o X EHRD 5 B Co kT (00n) o [mHT o
7y v SRR ERCEREINLTEDY, CoHE I’ hep-Co &4 T @ c #il
PEHERE S G5 b ODTHMES WO BLEYFET. CofiddT25% 0 cMiimic
— IS EFERH L s s TwiliE, Afy BEORERKEST L ETHEF
e kb, coftik Cr iz d RE AR F2 Twbe B, Co-Cr
Er s BIN AT o B IO » CE B FERSR A H L Tw 5 C & 23R
NTw3Y, cokshc trbBREMTHEAK L LTRIADEEZ bR
7z D33 Co-Cr T H 50 Co-Cr AL0THHRAERNY 1€ L, Cr oiEINE
(A>T c HOBEERRERE T 525, =) —mESET L, SRS B
HLTCHL T ERDPDE. 210 ik My, o Cr GHBIKEME %774 o Nz
1t Slater-Pauling [ IC La#3 € CriRIIE & & b WEBHICET L, £

47V Betteridge : *Cobalt and its alloys’, Chichester, Elis Horwood (1981)

483 Twasaki, K.Ouchi and N.Honda : IEEE Trans. on Magn., MAG-16[6] (1980) 1111
423 Twasaki, K.Ouchi and N.Honda : IEEE Trans. on Magn., MAG-16[6] (1980) 1111
%0V Betteridge : ’Cobalt and its alloys’, Chichester, Elis Horwood (1981)
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4 2-9: Co ffida o ffds (hep #H & fec )

25 ab.% © M, 230 &7 %25, Ay X B ATGE L BaiciE 13 at.% 205
27 at.% B ¥ COMRHE T 7 EL Y YR ERBLERD o Chiktmd
5Xon CMﬁm”v%W®%m%W®mﬁ% RS DDTHD EEN
Tw3

T LS A — A mERKE AL H L Ce b 20Tt BT
AR, FOBRESBICL 3HBAT ALY — S BB ALF —BHDE L5
AR EE Y & > TRELT b 20, BETHAOKE ZREN BT 5F2

F# 2.2 VIalEnHEe 3d BB IC X 5 CokE4MED M, & Als
ADDITION ELEMENTS [Ms (emu/cc) | ABso (deg.)
Cr 700 2,8
Yia group Mo SQ0 2.3
W 740° 5.1
T 820 4.1
3d group v E 710 4.4
Mn 640 18.0
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1200

Ms ( emu_‘/éc )
g

8

o 5 10 15 20 25 30
Cr CONTENT (Gvk. %)

& 2-10: fEFIRLE M, @ Cr &H BIRKGFE

CTE A, BMEHADOREHORED DI RREN 2B E &L A7 =X 4
RGBBEL B D, COANZXLELTRBEOY v = v 7FLOEAL, ik
BT oMb (58, B X UEN O DB FESLIE B 70 0 ICHH KR 7 = 4
AF—%BDEEDEDOEM, ERBEEEN DL, Co-Cr @Hﬁii’}féiﬂc“}“ %
DEMERE (%, Co-Cr B o TR 5 IR % G35 7220 D Fa & HE— D Al <
S A= 2 LA oTWwBE? o JiHl bk © o LEEH & - EHURE TR L 72 HE %
TEM 8523 % 2 wic, Co #ERWICx vy F v 7+ 5ty 57kl <
B0 2-11 ICRE N % X 5 ABEG 28k, 185’ ¢k CP(chrysanthemum-like
pattern) Hizk & &1, fERBA ORGSR FICEEIC DT 5 Corich 2F &
Crrich D AHELET 5 & LT, BTFR-LoMRW a2 iz ko= £ b Ak
BHREOBETH D & LT o, TR e TRICEWTRE RERETI
(. PREEMEE & R 235 nm #FF o> B e AL BIC AT L B A R
EREETE 2, % o i 528 Co-Cr EoMMBLORERF L 7Y 1T
/%@174/74/7L1k@kﬁW%%@ﬁ&ﬁﬁwmihﬁ it
D FERFIR L 75 F&FTW%LkCLWWKU%TH\ﬁ&ﬂ—7y%@&ﬁ

2Rk SHBER e L5 TRERBZEEH ] (1985) 17
53y Maeda, M.Takahashi : J. Appl. Phys., 68[9] (1990) 4751
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b pE—AMERER LT 352, EREE2EL &S oMM 2 O
LT, m Or BE I & Cr BENICRAE L 2R om 2 /R EEEAEILC
B X bICERIRE R E IREE T, EEERR OEHLcE - T, HUFE
MR 5 LT 2 ERARAL, FEEIK 400 CLLEDFEBIRE T2 2 » Tk
BIBETLTLES CEBRIABC L > TRENT VS, THHLDEDLH]
FZEEE 2-11 KRE N5 X5 AEREERNORTEEZIREL w5, ©
D X 5 R o SR Hud, KRR AR 1 SR A BRI T &
LCHRDEES FAAREL A D BRI AR T 5, BREED A I =X Lk
LT EEA TN ABEEE R LR X 5 ABmE A I MR E Y
HY BB TOEEERE LTRELFv, MRoRELCHST b0 L%
Zbohbe %k COBMARSKH TR EIE, EAE T LEE -G &L
BDCERFEE N, B2 EE XK 1000 A oEEC @ 72 ofie o H A E o
[R5 D 23 v 100 A BETH . 2o FEIAE 1/3~1/10 BE ol
PR AT & B 2 TR, O ERWITESS LRI 20 A B & B o
. CEEMICRRECEEE CHE T, 5,000~10,000 kI'RPT & v 5 BEE
HIREFEEC RS, 2%, Co-Crick c AT DitED D RT v v+
ABHD LN TNDE EnZ b, TOkDEETCRESF — & —Coitskn Bk
%A 5 STMGEER b v A A THEMES) = APM(EFRIBERE) & & oF
BIC X b BXBHEORABHO b TWEYM

X T, ERoREEAE Co-Cr HEZ H vl 2 55 ik, EkEEsT
B8 (Back Layer) 235 ZE & & B0 FIMICIRR S N, HETHIHEAI LTV D
B ERBEME & Lk, =<4 (Ni-Fe FORMEEE) TH L, ~—
~ Aoy EEEEo NGB oREefMo Mo, Cu, Nb 7z & oiRn, &
GBS C X - TRIFIEAL 25 500 emu/cc~1300 emu/cc R, & O HIE
RS AT ~100,000 BB 2 2L s MECcH 6% o chxEBELLD D
TRBEWUELRFHTEED D OoE b, VEREEOIER A A 7 2 ED I X -
CTHRIRHELEET 2ERCcE b, S—~ufd fecfiEe2BL. o (111)
T D f 7 B -l 1k Co(001) E o i B R F-RElFfE I IER I wE A L Te

5+7.Ohkubo, J.Kishigami, K.Yanagisawa and R.Kancko : J. Magn. Soc. Japan, 15-S2
- PMRC’91 Proceedings - (1991) 469
SSUTFE, AR TR v KTy 20 BEEE (1975) B
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Be COEW, A—<aAfo (111)EBEEEXE2ERZD ECEAMT 5 Co-Cr
o cfloE L ELYRET 5HICR S, CoMBEICTT 2 EERRELE 0
ECoEmT b0

2-4 RSy Y AT & B EERAT
2-4-1 EBEHERERNvFE

EikRo@EE 4 E 3R LTk, BCEEIERFTEATHLNL T D75,
Hitopzr s ez AHOBRTFICEHI L 20ICE, £ OBEREIRAE
“HoThEFOMBOBEAEORESRETE X5 R, Dbk, EETRT
NEEHCE RS ET 5, WhRLAEWME T L ) EWEERBLECTD Lo
r o X5 AEsRKt L C i EIEERNE R o BUE A fIEE, BEEEoEE, B
B o TR I Bk X L B RRME B 2B L By v Atomistic Deposition 233 L T
7 » I 2 HiLD. Atomistic Deposition & HHEFERS D¢ FFIRD 5 »
TR ECHRLEBC M R ERE € HEETHE, COX S ICHET
B/ 5 AR T 5 ik e LT, (BP0 (B ERILE) &b o L YE s
LOEICKMENETHD 5. CODFICHE > CHBETZRZEE DL 72 b D2
4212 5 %% .

F . C O OEREE O FIEREENSHE (5:2%) S0 b O LK
L FRTE Do EOML LS %R D 5 ko ik —RiIc BZZIRBOF T
EE ¢ b HREF L R D, BEED AT T O % mmm@@ﬂW
COMEAELTE D, CRICREET, AX v 7L —F 4 v 7H 2y X
Y o 2, AEEERR MR EE (Chemical Vapor Deposition), MBE(Molecular
Beam Epitaxy) %435 ) # N F OB AL L HETER ST 5

f%m&\ﬁﬁm%:r@ﬁwﬁmjﬁﬁﬁmu%zm)
STrERE VR i B B — ATk E LCTF O b e BRL .
(1) R.F. Bunshah et.al.; 'Deposition Technologies for Films and Coatings’,
Noyes Publications (1982)
(2) L.I.Maissel and R.Glang ; "Handbook of Thin Film Technology’, McGraw-Hill (1970)
(3) J.L.Vossen and W. Kern ; "Thin Film Processes’, Academic Press (1978)
(4) BRI« [RMEMoRER ] HFICHEIHT (1977 F)
(5) BLJIEE, A - TR Far HIAR (1982 FF)
{6) Eizt<+vh%h‘irﬂ SERE 131 BELR: TEETY v F7 o271 -4tk (1964 4F)

(98]
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2-12: FEBIEEED 5

ﬁ#éwmamkémﬂﬁwmﬁwﬁwxﬁ‘$<%ﬁwﬂém%mmbﬁﬁbf%Hi
BEFX G, EH BRI CHERI b 0TH 5. AT OET
$»$~¢m*s@ﬁlxwﬁ—@aféékb\~%K@0Lﬁﬁev@£
bR G, % e, BOFEREECIEL TR C Ehb, G2 bamEo
HECEOR DG, ERE ARSI E A B M oSSR AR OERSE L < H
%ﬁﬂ@ﬂ&&EﬁD\E%ELT@V@E&#A§<THTL1)A5ﬁ@
. roRARGIRL, WL EB o LR LICIS U 2 E R 0 B E %
FIE O EFRE A HEIE LTS L, FE i Boy e » UL S L TR
HAETLLOREHL, T €2+ —REHALTHMILGHERATE
LT Y 2 % v — (MBE) g 11 - V g I - VIEZo {Lap Pk
HLCHEEAX T w5, ARIEREA~DRH & LT, &, BEERE,E
X I 7 BRI L C D B Fe 6Ny GaAs B AR Fic MBE 72i-¢
VERE X LC s 0% (LBl oMEz 2 % v v AECHEL TS C &
HAFT T D, Sy AF Y T L—F 4 v FEREERCOEBN T2 7
0 WET I X~ aEEs b o bc kA b L. BEELEINL 223k

<

83\ Komuro, Y.Kozono, M.Hanazono and Y.Sugita : J. Appl. Phys., 67[9] (1990) 5126
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W E~ES T oA F— % A5 L CHERBE ¢ 3 FETH 5. R TOx
IAF—=REHL B DH#%@ﬁm%ﬁﬁﬁfﬁéﬂﬁ%%7ﬁ\771v%%
X g B e DICRIEEF 24 BAFT 2 cichb, chbD N XL FRIFHCA
ﬁykéhfﬁﬁﬁl$ﬂ$—%%oTA%Takb\E$@Eﬁﬁﬁﬁﬁ%
ot D, i o THEWRNEFE b, ChubikE s LTTLE] EEDE
R REORE A EICHA b TWwE, cofliicy 72 2 —RoFFEH %
AF AL LTRS¢ 2% 7 72X — 4 v ¥ — nHEFHEY ERMohTenbe
(22 E MR E R (Chemical Vapor Deposition:CVD) W #BE{LL 7 WERTER
B S TAT, FOYEEMOEE L) bEIEA TS WEEHERIECL
CRISHIIC L ) AL, BMHFEC 7 9 X< D, &It KAE-EHEIG, SUH-
SHRIEZED Wb ® 5 EERIES T ER L ic Ao B 2 ¥R S & 5 H1R
BB, CHIEFIEOEE Y BKE LAHEERICERNRS Xy 2 Y v 7

H&k%ﬂ%ﬂm&E&CﬂLf BRELIOEINLTW S,

Kt e LTHRREEL AL XAy XY v 7 dPEAKHERECET
70T, BRI REE TR, &4, hEPEoMRER 2 HN X v
WA IREECTR T & 5 A & HERRRLT )@ﬁlﬂﬁ#“#mmC& %
LT BEET S A OEEE (KEt), #2EZCX > CRUHEMEO % -7y
N AT LT D B s A T o Tl S . RS, LA RIEIRER <
VEBLC & 2 DT, B4 BILHEDZ WEHEF <4 2DVEICIA S v o T
5.

GE A MEE oM R ER SR TS & T REL ke I 54
Boa4Th bEERIE A ETH B, fhoVpllikcdflilh & 2% 2 C
a%%%m@ﬁ&ﬁé~Aﬁ@é 7o & 2 X RERR RO ARIT e LM EE
A E CHEADSG AL, BECESA Y CE - THIKEMHET S
WREEE R LBERD Do i#CVD%mﬁmfwﬂﬁéggf%ﬁﬂﬁ;@

SRR o SR R L T B0 L LS A%y ZIETC I, HUERY £ —

IR I IR L IR D i 2515 H L B 0, BaC L EYEIR O BRIC
HahTwb,

# je |, FERER I NG CEERIRE & 8 5 it S ko @ET i b E

97 Takagi, I.Yamada and A.Sasaki: J. Vac. Sci. & Tech., 12 (1973) 1128




BoE EERKEERTE ANy FE Hﬁ!ﬁ‘é%ﬁﬁﬁz& 34

LTH D, BZEZLOUE %E#mbﬂtmé

2-4-2 R,y FIEB EEFR

VI A A TR ERES ¢ £ 213 wRT L5 RY Bar oHEAE
g2, Aoy 2 Y v e MR oR R T - SfofthoSig kET.
. Ay 2 Y vy roHE LTREERA:z y F v IR ERELDL
Nhe COHHEIATHERET - TR R LR X ¢ CEIE R T 55
R IRE Ay REELFFAT WD, A F v ZEHES HCEFEAR R EET &
BOMBED T R E—F oy FEFFER, 2Ry XY v TBRD AN =X LELT
F. A4 F Y (BTFHC XY FEEI TR 35E D H 52, AHTROE
Bral¥—%52 b5 eDICRELOEEAF LTIk U\ ETHMEE
BEE S 5T\, ) O OEEER, 4 -7y F EOBEROBUC K =7

N EFOEFICEEIE R EE L, —KERS, CRICH R TR 52
KBRS EREEERCL D) 2 -7 v FEEEFICOEFEABEL T, T
R LTL B e+ 5, EHFEBRECI 230 LINTnD, JIFIC K

BERICE > ORI TEBEOR T AN X — BT A F DR THLD
Cr POFH L AT A ~02eV BETH b, L LanbA Sy 2K
AT AFET O 2L F — 2588 BE eV U ETH 50, X =7 v b
BT RIEEEREDEERE LT w s HE s T, KEREHREEESTDH
WD, Ay A TOIAAF —EEOFEH T A LF — T eV, End
@fﬁ+~ﬂ§éVif@%@%éinéi6ﬁ1$»¥~%ﬁ%%0&én
3. O, BIECHRA L X9 B OB TIHEECHERLELAN L9 %
%ﬂ@%#?%@ﬁ&*ﬁ@%ﬁmw%ﬁifﬁbﬁ?c&ﬁf%kb\%%
VEcHE R A, B B AR &R R c & s RS b LS .

2y ZEEHE R EERIC E b2 LD LTH, b0 ERILTe
%75 wEAICERBOBES Y LFCERCE b0l Boh Ty, TiLE
e @zﬂyﬂ)/ﬁ%MH&<@7%L&dﬂﬁﬁ%ﬁmxﬁ@@éﬁ%f
B L b ER, SREcmEREAEHECET LD TH LD TR
LI Do m%@rﬁﬂ@wciéﬁlX”$”wQT@ﬁn&LT\WMML

Oy B . [EEERO L B TIICERRE (1977 #)
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B4 2-13: B A + MR T2 EE T ¢ A HE0HEE

HOAFA F v BERETC R Y ke R R AE o ETE RO LT 5
FEROL 22, RolIC X B 2%y 2 RO FES? | Keywell o HET- & HIER OHLE
WA X 2SS | Henschke iIC X 8 23y 2 O 2 F — D{R7E & ASHE
e DAL D T 3 — (AT b 2ty ZREFHE L b 0™ G2 b
. % 7% Langberg REFHD K7 v v v v 2 FEIC WL ABIEHETRD b X -3y
FEOHELZToTwb® . Bz f—Hilcr, WEEFroEHTERE
S A BHoC, HEEETEMILX T Goldman & Simon i X %/ v 724 VIR
FoHWFREOFHIIC X 2 2y X RO FR A & 23D %, Harrison LI THZE
BiF-& 20—y MEFLZ AEEICHEL, ch oKD &5 eE 2 ikl
BRAFLL X VB AT —hbEn L ¥ — ks c2inild 2%

“'G.K.Wehner : Phys. Rev., 102 (1956) 690
G.K.Wehner : Phys. Rev., 108 (1957) 35
G.K.Wehner : Phys. Rev., 102 (1958) 1120

2P K.Rol and J.M.Fluit, J.Kistemaker : Physica, 26 (1960) 1009

82F . Keywell : Phys. Rev., 87 (1952) 160
F.Keywell : Phys. Rev., 97 (1955) 1611

84F B.Henschke : Phys. Rev., 106 (1957) 737

8 F.Langberg : Phys. Rev., 111 (1958) 91

5. T.Goldman and A.Simon : Phys. Rev., 111 (1958) 333
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BT F7, Sigmund ZEERE A AT — VEREEL T/ v 7 4 VK
TFoEE v WA HERE B CL L VSR —7 v F D ANy XERE
LTWw»3%, %7 Silsbee HHERO = <y X CBWTBAI D ﬁZ%%%f
FIANDRAA Y RROFE RED ANy ZEOSAMCHET 2 HEmE LD Tn
5%, ch o OBRRICEH T 20RO % Fe IEEER Ay 2 ) v SRR EEE
WETYIalb—va v RERBACAYDDHE, CRLLICIEFELLT2
BEOT7a—FB8E2bNb, —DEAFNTFEZ—7y VEF & OHEENE
H#xatHF e b, 2—7y FEFHELOEEVER% b FRICEHHET 2
JiE T TEINZHEH (Molecular Dynamics Calculation: MDA) & FFE L 5
LDTHH, b5 — 2k AEKMEZEYTL (Binary Collision Approximation:BCA)
CEBEHZRVELTAL b DTH b, BIFOHTIL Gibson ™ FiL X 5 %
D%, Erginsoy, Veinyard ™ | Harrison ™ | Beeler ™ En b o234 b1 Twn
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BEREAE cm BBIY) Tk, 2%y ZRFRISIEIEEE 2, 1 BIREE O f5e 4 %
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Ut
Ut

2% MEEITFUEIEME XSy %F&i&iﬁiﬁﬁié

T T T T T T
—~ 07 F
< 7”1-01'{ !
= i
@ 05
5 ;
O 04 j ,,"I
w H
@ 03
o ; ;
S 02 F i s
a i
O 01 L J ’."," ’.’/,'

0 Yt
500 600
Discharge Voltage (V)
B4 2-27: MBI o MR LN uRh
OeTd b,

B 227 1k, TAT vy HALREZ GG OBEMBERNETH 5. AfREK
NGB D HIC LY BEREFEIN L 256, TR IEE 2-26 (a) (WRd X5 A=
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Ar 18] 3%.9| 15.76 27. 6 40. 9
Kr| 36| 837( 1399 24. 56 36. 9
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SR OB RIGHEEE O E 2 — 5y P2y ZIEE W BRE S LU E
DEHEIC DO WTIR~E b DTH D
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D B S E SRR FAE L T E T v b, AETEHERD Co-Cr i
B g 2%y ZHC X D VRS 5 58 0 RI R ERE N L 3 T 2 B0 faEr & |
WX — 7y PRy 2R B ORRER ¥ R B O BER X <y X
HEOREFECTH LT A bry 2Ry ZFELEOHBICENTIToTH Db BhEL
T, =7 A b w vty 2T B R Co-Cr B4 VER T 2 200
wAEe, RF 7o w22 AL ZGEE0EBE0EILCODwTh x5, F
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3-2 Co-Cr /3w 7 EQEELE 7 0+ RIEKFHE

3-2-1 Co-Cr R0 c B mIEH#EIREF

C CTRFEBRIC Co-Cr @E% 23y 2 IECERT 256G OVER Y v+ KT
PRl LCREiR L C k< HED L A, EkE D o p Bt » 2 fHH
FERAEIT & L CRABE LBl Ay ZIERET b 6o BB C IR R
FEI~2HIRRE = Ry Z{EX D b EW 25, BEO STl % oEEE D ERORE
X L, BRES %8 D 720 O FERIREE 25 300~400 CREE & B & & 23fH]
EELTETbILT b, bk, ZERTORFDIET 2L 5 — P mlE
Beks 7z sRR2AadBBRLTwE EELLND, CoRYD, EmER
R BT 2A0DCEANy ZIEOHTBENTCHE L i b, LCTREEA
Ry RIEORFEL LT~ A b ry oSy ZIEEE Ay FRR Ay Rk
TR L 2B B A T > Toh Do
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(a) &3z — 4 v Pz oy 2 (BUF FTS & BEHD) 255 (b) o fiEEEcd 5
MGS ZEE i 100 X 90 mm CE X 3 mm @ CozgCryy LW ZHH L 2. TS
CREI UMM 100 mme O % 2H{EHL Cwnd, (323X —=7 v bo
BHERED 2 hic lw o ABE N5 2 250 o st U RS ERGRE o £ —
7y b bR E TR L OKFHTH E, LowrEs LR L =5y
PRy ZEEOEERE 3-1 (b) HicoRd L & LTEFEL k. 2K
FISEOH R b rARbEEHEEE4H LT b, MGS & FTS i iEHE
3 BRAEERS E N F 1.5 T 19T L Cvd, AL -7y + K
Z %y ZIEDE A ICBEMEKFER K E wold, R b 37 JE 2 MGS o
SrE IR ) v 7 OB & 7% 6 o exf LT, FTS o5E i
BRI WELER L w5, TS oBa-c, MEBEA RO o
5 bEMANERKARBIChE > TV LHFERLT S,

5033 & Co-Cr 510> ¢ BRERRIE Adsy o FEVEINE o 77 2 Kl (EHES MGS 7% &
FTSIEIC DO WTTRAFEROREFNE R LA DTH B, WiFE D 1~2 mTorr

IR.Sugita, et.al., : IEEE Trans. on Magn., MAG-17 (1981) 3172
R.Sugita, et.al., : IEEE Trans. on Magn., MAG-20 (1984) 687
C.F. Brucker, et.al. : IEEE Trans. on Magn., MAG-24 (1988) 2359
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LRSS TR —ATEIC X 5" JEEE T (escaping electron)’ 1€ X 2 FEAER)E
DERERTFEHBABTERELL AoED K T b2 o TRKEL A->RFBLCLD LD
EEZ b, chex LT FIS kel x4 52— v ¢
HoZERLhnkd, 107 Tor B THEELABMEY T 5 ERTE L
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FAF —DEDIC L >y ER oo AEEE cEIlRE 2 EH oA <
BRokBICEHRLTWE, cE RSy ZREFHECIEL R 2[HET
Lo, BlesnTd 5 —EEEL N b, €T THE MGS HEKEHW»TRICH
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7y b R REERR D o O UREET O 5 bIEREMICEE C AT 2 BRI % -
TELZAAF —TCAHT L v EFICL->TY A b INAFHENAINEI X 54
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(a) P

I

Ar 7 mTorr, (b) PAr = 2 mTorr

(c)IiAr = 0.8 mTorr, (d) PAr = 0.2 mTorr
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# 3.1 Fe-Ti B, Fe-Zr oo &

Fe—Ti Fe—-2Zr
Fe Disk (99.99%)
Target Ti Chips (99.9%) | Zr ohips (39, 9%)
Substrate Thermally oxidized Si wafer
B.G Pressure 5X10 .7 Torr
Ar Gas Press. 0.8 ~ 7 mTorr
Power ~ 300 W
Deposition Rate ~ 350 A/min.
Substrate Temperature 25 ~ 400 °C

3-3-2 Fe-Ti R\ 4 BOEEREEH M

24 3-29 (a) 1€ Fe-Ti &40 FEREN 254, Ti #8# 33 at. N i
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i b REEL AT, TiBHEN 20 at.% o bee fl e 7L 7 7 2HHDE
B oS Tk, @ARE M, paciEb LT EL 7 7 AR B L0 &
Bhe TEAT 7 AMBERCHFEIEEZ RI 0, cltidd o — Y —jBEnsE
& VBV TH ), WRCHEBEERE A2 C L2 bILTw3, [ 3-30

“M.Hansen and K.Anderko:Constitution of Binary Alloys, McGraw-1ITill
New York, (1958) ; R.P.Elliott:ibid., 1st Suppl., McGraw-Hill (1965)
R, A TEREML B T3 B 16 S 2172 (1987)
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RIS L A 0 FHE K X EAE S T Lo b BRI 25 T2 AU
DEfEICE LT 10~20 % LT o4&EolEf S 2B ic— B A b 2 1E
B . T ORARKERSIC k3 RICENT 5 BERAEAS D 2 &Y
WemTdh b, Flad, BoEBCE 5 CoNiE4eMEn, ZEHAICER L
B2 200 A BIE o RN T o BEA K el s N TE ), ZTOBEPAMICES
NS ETERE L Cn b,

COEFMEIC X RGBSR EEA E LTI TE D, & CIKEE
o High-band Smm VTR 7 — 7 ic 4 # 755 (ME) 7 —7 & LML
NTwad, LALARDL, oG sE T o BnnFBEp i E Fikr f
D EER D AR v,

FEICIRAE K 51 Co-Cr 2%y ZHC v CREBIE A ERT 5 &

DIC N o Co-Cr Ffm T # A MELIE & ¢ 2 DEAH D, ZOFTHES
HT&EBERD/IDNEAHRRIE R &b D.

*J.A. Thornton : J. Vac. Sci. & Technol., 11 (1974) 666
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1; SEM photographs of cross sectional views and 'sgrfaces
i of -the films deposited at various PAr condition

(a) P;—\r = 0.15 mTorr, (b) PAr = 15 mTorr
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Rotation) ®F A2 HTH 5% Lol bNn b, ok Co-Cr B
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v
O
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4-2-4 BEERETOFBRER & BEAIEE

H|EMT RSO R « EEROIE R OSSR, A EHF 55
Fy REABEBIEAFELRS 2230, ZOFLEE %720
THCEREFT LWL EHE LA L E->TECWE . Sk 7L+ o
BT =T a0, HERONE AL h, L) @ @B %
Lo COREAMBIEOERICH » B8, K b wEUELEEC o o Sl E
OHENREZR LA D, ALK, Co-Cr AR L Y EPUE I N AGECE W
THMBE LI N T hmERKETEL A S e 0ERL RV b T
Hbh, LLankb, CoOBERIEL L0, TOBEAC Y 2 R AE
(Initial Layer) o HExtey A B E A2 5 ¢ L TIN5, PIHERE L ER
= (Transition Layer) & & PP dr, Co-Cr EF ST & WO 5 T
Wb 7y | & A 289 %464, C4uid Byun, Judy 2 X 0 EERGICHER X

*T.Wielinga, J.C.Lodder and J.Worst : IBEEE Trans. on Magn., MAG-18[6] (1982) 1107
ShP. B E TEEEALIIES . MRSGC-T (1986)
TR L IRBEE - TmE@EES] (1985) 7
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8C.Byun, J.M Sivertsen and J.H.Judy : J. Appl. Phys., 57[1] (1985) 3997
Sl AR B B ACHBES A, 10[2] (1986) 65
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B2t 4 2D AT b BT A F =230, B 5 v ik fEFE
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¢ Byun, J.M.Sivertsen and J.H.Judy : J. Appl. Phys., 57[1] (1985) 3997
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wHETHEEE, B, MoBl, @S -2 b, BLRELS AL L LDTH S
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CORERR NI A THREAL — RIS C ERRE T | C OFEATEK
FEEARELTEELEDLC L IAEELEZ bitd, HL, ERRE &<
LT He, 28K LB cl c o BBHR E LR b7 A 7RO REE L E
b3, bbb e T LAEM 416 WWRT X S AD HEEN L 2 RALREE A R
FHAEA R T O ESECHE I N Lo aBEE AAS 2T E AL AL A D
2, EFOEETLLUTCER B AL F - RAOE DL TEEIL S
W, AEAREFALL L TR TH L EEZ LN b,
MEMTEGEEE L, H4-15 (@) [WRT XS AR P T4 TRKEEY & 5
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S5hfExR D kb, COHBBOHURT AT — L, HIRATHLH
itdo _

16\2[7 w i sin® 0 ’ (4.1)

m=1(m:odd)
R A FIATE AL R L s (0415 (b) oA KTEECS -
b 2 DOFEXIED BRI < Adud By, Vi/J\é Khbbwsobczbhi

7 Wielinga, J.C.Lodder and J.Worst, : IEEE Trans. on Magn., MAG-18[6] (1982) 1107
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STRIPE DOMAIN THEORY
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non-wall H accumulation of wall energy
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B4 4-17: R+ 74 7THEXEEES & AIEE oG
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L M N? i 1 .
l)cs = 64 (ﬂ_[{u> O—’LU Z ——3 (42)
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cct, My Ky BEU o i ZNENEFIRAL, TEEBSESIEE R

\'\

iR AL —HE & E T,

—fl e LT K, = 1.1 X 10% erg/cc, M, =400 emu/cc, HFLU o, = 1.0~
9.8 erg/om? & LT T 5 & 01 A~255 A &2 b, 200 A g o Eic v
THINBAL B S DAt E R R U 72 D B BEE S D, LR R o727
CEA2bDEEZLINLD,

Vi a i, BOFRR s BRITAHE TEEEETE ] A (1977) 8
2T Wielinga, J.C.Lodder and J.Worst : IEEE Trans. on Magn., MAG-18[6] (1982) 1107
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Fy = —=w Z sin® #

w m=1{m:odd)

/Cij:é 3%’11\ )] & gr @fﬁjﬂi’l?f‘ ﬂ/%’"‘“—' Ea H

E, = NK,D cos*0 (4.3)
/CV@ ]/)\ ME}E’I‘X“ }l/:?'_ lvfw&’i

oL ..
By, = ——sin*0 (4.4)
w

TEEND, oD Co-Cr[@olEE#EL 0 (Zsib~2 + v omE
TEDPLOEAERTH . B EOXORREMFEL Y, K42 ORI L L5 A
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21atCr-Co

1] 0s
N —— .
bl M| | M b
Trgle 6,>100A 0=5:=100A

[ 4-26: RSO ELEE) oK

BESTIEE Doy 2SMETHICRD b5, Lar L, 2 8 (£8) B s » T ialk
L7 &5 2ERITCORBINABE 2 BRBICANLLERD 5, % 2T 4-28
WCiRd X5 ARREELREL, TRBES % 6, ¢ 7 2. BHEO LD, B
X AHEAVEREEWCHE» wE o Ch 3 HOBEHOAIC LD L4 5 &
2D L EOBHER = AAF— B, B cEIND (ERKORIESHE)

16M2w 2 1 70y
. — %J P— {2 — exp (“m/ )} (4.5)

B =
72 m3 w
m=1(m:odd)

B 4-29 {2 C DRI - TG D K™ OXKIE w K+ 231 HAER-CcH
§s #RTA—ZELTwD, MPHECEINL 6 = c0 FHEBOEES D

SS‘ _ETO
C@E@\ﬁD@E@TH\Oi@?%éﬂé@%;%w¥—ﬁﬁu%@m
e ﬁ$*mthm@ﬁm BABEC ERRLTE D, TR

W 9 BT D B RE SR 7 il ﬁ%ﬁcb\ciwcko%@EMLzz»#>wmg
TIace2EE LACtLXZ2bDTHD
Bz arF—% 41 Xofb i 45K HH L. 0 2 4-28 Hicas L

e X5~ P AP T A bDEEHE T+ 5, COEETColEDOS
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B 4-27: %2 9 4 TR
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I/“f'\ﬂ/f’r“~ Etotal tt/j\’it@l 5 Vcﬁé LT,

By = E* sin’0+ E,+ E,

sm

16M? w e 1 mmd,
- { 7 2 Z m3{2—e\p( w )}

m=1(m:odd)

D1 ..
~K.D+Z }mﬁ0+KJ) (4.6)

w

= Awgs,) sin?0 + K, D

fElL/\ 14 w,8s ﬁ//\—t‘/cié#/b

16M2w o 1. mwé,
A(LU,55) = ) —2— Z T3 {Z — eXp <— w )}

" m=1(m:odd)
ol

w

- K,D+

COREARGETCHEFREERTERTEBL L LTINEY Do &35 &, F0OH
REECcRL T 2 A BmMEEIND R b,

o 4.4
A(Lu,5s) =0 |

LEC 2 A WHREY IC IR o INEER 720, S R EEE A RA L. 2 255
0> AT SR TY TR BB F i (4 (#:Newton-Raphson i %) # FH~T D, w
PRI E, 208 E0 D BSEFREE D, &% 5.

K42 KK HOPREEE 6, xf 7 2ERFREIE Doy & % OBKIE w, X
ZOMBEMEDO Dy, LDARLAEDDTH D CILED, 6 250 AREED
Biir, BRI R #E S BISIC A > T nbd T e hb, 20T, 6, Ko
T bolfEs, BEFEOEHED Y OBIYOBEECHAT 202 To{Th
B h (Depy &32%), ZALDBEPARL T S,

DCS :
Deff it x [ (/JS)

D cm

H R IBRLC > TR Doy 0 2 &0 (Mo/ML)yy D% (MM L
WRL72DRE 430 TH 5o MR TRLEDORARIETS 5. e —H
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Magnetostatic Energy

x16MZ/ 2 (x1078 erg) (in CGS)

20 T T T //,
//
//
S.=co 7 500A
15f =
R S 200A
T e
—HWH— s g
10 v -
7 o
. 100A
7 504
///
5 - -
O 1 l 1
0 500 1000 1500 2000

Domain Width ;w (/&)

4-29: HREER 6, AT 2 3 BREEOBEBER T 2 v ¥ — B}, ORIXIE wickf3

LETH(E

F A2 EHEoFHEBE 6 x4 2ENAEE Doy, & ZOEKIE w, LU 0HE
o Des &0

ds Den Domain Dew,Des  Deff (Mr/Ms)ys*
Width

(Al [A] [(A] LA]

00 250 500 1 200 0.45

50 160 560 0.04 310 0.25

100 180 580 0.73 270 0.29

200 220 580 0.85 240 0.35

500 250 530 0.99 200 0.45
Deff = Des x
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BonTtnhnh, HEELTERTQREZYEL T3 LS X 5. Lol
B 419 o v FA v FIBBOF AR TS 523, AEERTE Co-Cr &,
Carbon BN FN 10 BFOREE L 2B 2 ER L k. LALANDL, S£oif
HrEEoBEC L HEEREETH b, BEHr NEIc LASE ik, [RERD
BHE2NHEON, EWCEEESHEEE 2(N-D)EE Y, REEoME 2 d» 5
Fns BRI RE, ok 45 cEINAE B BIRELTCES

161\/[3 w s 1 mrd,
=N > | — {V (N —1)exp (—— )} (4.9)

)
A m=1(m:odd w

Esm(]\f)* -

#l z1¥, Co-CrBoEEN 10 Bo AT oEROHERFHET 2 & B, KK
N

16M2 w < 1 mwé,
E3m(10)* =T 5 Z — {lo -9 exp ('— ) } (4310)

T ]'O m=1(m:odd) m w

coA AKX 45 b D IR wT kiR Lkuﬁﬁﬂﬁcﬁwlu,_ﬁLL
ZHICTIG L (Mo /M),y #RoOT 6, wsf L7 ay b Lo, BE4-31 @
—HEERCD B FIRTE LR 2EE O FERER LD b HEEoE AIcE-S <
Enabrbo.

BlEoX5icy 6 AEa/hswigawit, 200 A B £ o0 MBI (TP
BB FTECE T, BEBKEFESENS Ok, BEAARROBER
SEAUI A AF—2REEFLThDCEREDDDTHL, CORIKCENWTH
BRI IC BT b RIiFA ¢ BflAER H A T, o aRGHET 4
NF—HBFLTWELEERTIDEEZ bILS,

4-4 BSREFTEDOHR

chE TR X5 e Co-Cr Mo mE R FE M E Co fE T fEdm i
BAECHES W T WL EEZ bbb, CLET Co-Cr oEGEx A& — |
HRAL e B O AT EY 0 EELASE, RAD XS Asin 0 0 2 KIFEE
BT TE YR ->TE k. ‘

Y

L, =Ko+ I{y, sin? 0
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LZ%L 7[{@ CO O)fDHH 9?X&§E7§'f&"17\ e #Mﬁ@ﬁ I{-ul 2: %&_\’fﬁ I{LI.Q N
KWIm&cﬁf@a%#e@@%ﬁa%%mfﬁﬁ@iémﬁéné“s

E, = Ko+ Ky, sin® 0 + K, sin* 0 + K, sin® 0 + K, sin® f cos 6a + =+
X HlCsin®f QIEM EOBIRER AW LT
By~ Ko+ I, sin? 0 + I, sin* 0 (4.11)

ELTERINDE C EREn,

XX R L AN 42 # Co R0 K, « K, 0EEZEILZELALLD
THHHE, Ky, OFEF K, ok U clBIEEFREcr4fEokExTd
L5, FRAECRIIEREL A >Twnd, 2N EFND 288K CHOEERLT
DXSIcHlEE TS

K., = 4.53 X 10° erg/cc
Ky, = 1.44 X 10° erg/cc

LDk, K, OFFHWETCET AV D LEEI LIV,

FEE D Co-Cr GEE R —\RETIEEH K, ER b a7 fii o BT R
XY LI X 10 erg/ec BB & AREONT W %,

b s X ) EAMEERCE R 255G Tl v 2 iR Ty @3 (5-10) X U

oK

Tioy = — aél::—{IQH-+]Yw)sh120~k(I(@/2)5h140 (4.12)

TEIN, ERCE T XX 1 THE CHEA L
T(g) ~ —['\’u sin 26

ELTS KD TwEDIC K, =K, + K, L LTEHliEhTwnd b &EX
bitb, £CT, TRk K, + K, =11 x10° lef/CC LT K, &Ky,
DE k=K, /K, £ LT&E4¢T, cOBREDRZELRETT 5,
b cn K, HAFE T 2 C 2 X DM 4-32 1R+ & 5 o, R
| M-I ks S EciEdh Ly @by v v 7 AIRE - 2R3 X 9 i
%o %< @ Co-Cr B IHEP (FREE) Ba{LRHET Ik ¢ o AR F AV o FFE

VARG - MRtk o] (T8) HFikE 5%
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‘ Mg
. K1 = K2 /
‘hard axis
—liik —HC_L HCJ- Hk
/ : easy axis
~M,

M 4-32: 2 KEHIETE Ko, %508 L MBI (FHERHS)

tEpnElc L CcE Y, COoEARILFEORB-oORF: LTl e ETcES
e, EHERYIHE A E R 20N TH 5 EZEZ bV TE R, CTTERE
L7 Ky, THIC KL 52 RKEN G LEECcH 5 a[EEE D METE A,

LDES R LD BIERICGENEFBIREOFIHICYH K, HEEZE L eE7 1
THEHBRE E 1T 9,

Hrefd-3 0 E, ofKhbhic 411 2EFEL T

E, =KD+ K, D sin? f + KD sin® 0

LT BHERFTATBREEOETOLST ¥ — EL 0FRA T

72 W

162 oy
B, = ( s w— (Ny +2K,,) D+ a_) sin? #
+ K, Dsin® 0+ (K, + K,) D+ Iy (4.13)

BHL, cEPIFTRENDELHTDH 5,
2 1
c= »  —=10518-

173
m=1(m:odd) m
EEEND, T My o wEiE, REFREAL, B oL F T, BX
B xEFTLDET 5,
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coBER K, #00oRNOEE, HEETCAB I #HFEIEL L BTE
2Tk TSR D B

1 bM evfeoD — (K, +2K,,)D 1z
2K, D

(4.14)

0 =sin~

cct M, o LUK, + K, OfE% 400 emu/cc, 1.0 erg/ce, 1.1 X 10°
erg/cc L HEWTCDERE 0 2 LELOERR D RO, (M, /M,),, & LT, &
Erst3 288 LTRO2DRH 4-33 TH 3, colTi k(= K, / K,
)% 06 04 FCEIEECAGEDT— 2% 7T a2y FLTH Do k=0 CHEE
E#100 A BB CEERBIE & 2 ) %7 v TR RERICE & mNBIEE o RE
DEBT L0 L T, koEAKEL A 51E KENBILRS 28 LD 55
EREL A->TwE, BEABCOREIE 0 BZHEAET 5 2 & Ic X ) HABLAS
BT LI %o M 4-33 WIZERE DI S h w52, EREE
T (M, /M)y 205 BEQEXET 20 &0, k230 THA L, %ﬁﬁw‘
NWE K, ERBETEACREREEL TR CLE2RET b0 ELDL
Nbs

i Co-Cr HIEIL D W COWEEE L% R hGE., citbhbik)3 k5
#H+ AIEF?@L@‘, BoTL B8, BRIEw RBEEL D & LcVDI ST %
720, Co-Cr HEDHERHE A BECA » A 5HEIC AHERIE D FAEEOE
EhoTL b, MEBEEARBEELC L > TRKEAZELEAVEE 2 L & WEN
Bt o I X 2 WL 23R40 C < 2 HREMED D B C DEINREERL S
X o CTHNARLCEOBREFST o r2EA L TAHAD C EICT b,

W UL, mERKESY (E0 20 K, Ho &4 2), i
INF—FEEE M, , K,, o L, BE%*D & LAGE, WXKIE w XEN
IR DFRICE S L b,

n O’ D
4 M,

CORCAICR L 2 ICEME 2 R A . 1 pm OEECH 1900 A oI
fme A D, 1000 A k#9600 A, 500 A oEE-CRI420 A & IE S L wE &
7 boe & bICHE 100 A FREWC & » 286, BHE Lo BERIE #9190 A
LR D, IRICTEBENORBLOE T A0S % tan HICHAM > TH b, HEEIE

(4.15)
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lllllll 1 i I L)

Ms=400emu/cc
o = ].0erg/cm?
Ko+Ky=1.1x10°

erg/cc
-Experiments -
rd

O.__ .

O\*"O“—Q“_;Q:

O P l ' BRI 1l 1 1 1t
100 _ . 1000
Thickness  (A)

4-33: K, HEBE L CEHE L& (M, /M), OBEEEHE

4 4-34 WoR$ X 5 IR B MEEFH L ic 3 L e A ic ity EEEN o b &
& by 2z 74 7 A XA A L L TR TCES NS,

Pxy = 2tan = —1 {exp < (N, [A). .1:)} - % (4.16)
Tl —BETMEOR D, BEr ¥ — o QRATHZ b5,
o=4/AK,,

BhERC, TOWEDELY §, tThERXo L5 KcEIN, FXEHWT
HHT AR LE

b = T(A/N,)

T o

= = | 117
4 Iy, (4.17)
= (0;\
CAD, WMRIECFEREEQOHEE AL LAhH D, COHNNS OS5 4 HHE

TEAVWLD LR D,
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(4 4-34: WEENTEALRL & 8T8 3 5 2 D DER

€ DRIBEN D REL TR 435~ TR B IC BTN & T 7= BN B 5500 J717
T b, Thbb i ORERS—(r/2) < i) < (7/2) ORETH 5 &K
ETILE, < OBEENELO— D OMENOmARILES M, BIKEKTH 26

ds
(w/2) |
M, = / M, cos yde = m/(A/ K, )M, = 6,M,  (4.18)

(w/2)
v HEOBNEX L) oo (1/w) cEIN bk, LEdM, KX 5[
PETELE (M, /M,)5, KR & 5 CE s d,

* A’Lu ‘1 6[[:

Myer L (4.19)
]\’Ll,l \/E ) T

COFREREFBEICT LT T vy b LD 4-35 TH 5. A Caleulation 2’

E LR FRXOEFERETH 5, 'Calculation 17 & Lk idiEo K, HEE
MLl & k=03 0GEOFFHHERTH 5, T oy b rldFERIAZ RS &
725 c Initial Layer Effect & L 7 ZF5EFESIIRECE L D £ 2 HiLT ¥ BN
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I I\ T 1 Triiry L 1 l|1llll

©
=~

Calculation 2
{domain wal] effect)

(Mr/Ms) 1/
o o

©

Calculation 1 (k=0.3).
]

| NS IS MR NTS

100 1000 10000
Thickness (A)

O

[4 4-35: BEBENREILAR D £ E R L 72 (M, /M), ORI

(b5 % 7F Initial Layer B2 100 A 52 & L ABE O EREECTH 5, ¢
EY

DEHECITWEZBZ DT ERTE D,

4-5 F L&D

BlLEBERTE LS, @D Ry ZEC, 2o ¢ BRI o R R AE
DRECEBIC D W, Z oSS A 2 BRbEsF L cE X, M
BRI c o c BN AE 0 BE A b MERKE T Z 00 E FLTw5
CeERbhorke ULBLANL, XEEX =47y b Ay ZEECRE LA X5
7 ¢ TECEE O BEEFED R wEBhc T, 200 A BEoBIFE b &
WA c BIAERHLTwsb, co 200 A ok, BEciliEd 2 & e
by ARBIEAZER A2 RT. TRz AL F—-BREEE 520,
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WX oM EREEES N, CHICE VBB AL —BREAEC ), BRE
BLUTF AR EICK2HRLEL NS, KRETTHE T DR MR E L
CEA-THBERIEAEIALF—FNEL T &%, ZEELICID
%@ﬁ%&ﬁyfvyﬁ@%@é&éc&Klofﬂ@@ﬁ%ﬁ@&ﬁ@ﬁé
HLHEFREL. T2 0MHmIEE 2T, EBCERCL ) ch b2 E
FEL7z0 ¥/ X O REAFEESBB MW s HAREHBEORILY v v 7
%Klé%%*@UMLv¢%M@§ﬁ@EKME&MWWWk@EW&%
#EETHCETEDVEHECEAFEMREEE L c L8k, chbidw
THh e E CHRIEXNTE & & 5 ARMEEYIHE O BERIE T HOELLE
RETHCEELEMBED DT, MAZX =5y PRy 2iECRE XL
Co-Cr #E o MR I N T o hep #d&a o ¢ MERE O BIiF < 2RkiET 5 b D
twnz b
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B4 EEEEC BT 2 BEBKE M 1

(R v FA v FREEEE TR 94 7 VAL vIEoB@ER ¥ —]
R 45049 BNTRENAEF Y P v FEERET 52X -4 7K AL v
BoOBEIT AT — B, "OFHOFEEZBRRTEL v F 4 v FEET
BRREE R 4-28 DEEC AR > Tw b LRET 6. EOFER = AL F —1F, &
KECHTH L B L HC I AL T —ey &y B 0, AT 2HEELE
ChHEETCERE DL AHEVEH T 2B X > THET 2220 F — ey D
FIC X »TRD OB, e KD DI, Cooy %Y oHffio = 5 4 7
RoBEOHEOHENER 2 ZE LN EZZBLLTH L v, ¢ CTHAE
[EA LW CcOLEEERAD 5 b0 & Lt L CiHE T 5, BESRY
428 offrc b, T =2468,/2 LFHE, FEBCEHLEA-HEHTORT Y vy
AGHG G FIRKTH 2 DAL

KR o 1
M, D2mw < a < (2m+ 1w
Om =
" —My (2m+Dw<a<(@m+2)w

4M, &1, (Au1>
= Z —sin

™

TEIND
civb BT, FEMEIERE % B ERET 0 B EREE S 70 b OFHERE = 4
s :‘:\“_' €sm ﬁ\

1 1 2w
Csm = Em/ Um(,b/n(_,zr)dm

SM? s 1 mwd,
= — ¢l —exp|— 2
72 v Z m3 { P ( 0 )}

m=1(m:odd)

ERIND
ﬁ%ﬁﬁ@@ﬁ@#ﬁiaaalz»¥~gsm

1. Kooy and U.Enz : Philips Res. Repts., 15[7-29] (U(’O) R383
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8M? > 1
[P ) w Z —3

" m=1(M:0dd) m

A D,
HEBHOBESo BBz A F— E,, L THSOBMIcEX L,

1602 &=
— 3 —_— S ]
E = 2¢, = p w Z —
m=1(M:odd)

HEEoHaoefER T AL F — B, BIRA L 25,

Esm = €5 T Csm

16MIw & L, mwé,
= 5y Z — 92 —exp |~ ’

m3

4 m=1(m:odd) w
%70, EIERMERE 25 N B S 5 8581 By (N) K (5:9) & % 5.
2e55 + 2(INV — 1)egp
Esm(jV) - N ‘
16M?% w s 1 mwé
_ s SN = (V= 1) exp [ =
w N m:l%:odd) m? {j (1 1) o < w ) }
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5-1 (FL&®IZ

NTHRNCHEEFRRE R S Ve D L FARFHC @ IFAE L 72 T L etk
B4 6 AR T, 1970 £ Esaki, Tsu ! 1€ X - CRERER &2
ZONTHABGEUFEC LY, HiLwn "y FREEYERL 5 2 08EER S 2
CERIEELCLIR S ) b EERO ST CE L CRELTE ke SBATH
FACBI LT it 1940 2B i X i Brage [ o> 7 0 0 A\ TR HIRS S % 12 2 B
TR btz 1970 ERICA - Th b E B AEERO G ZEo i & Lok
A% &MU AR E D BEOURE, BEXRWVEHE, T2 L, BROIH
M ST AH L W21 2 2 0 ORI T & L CIERAICHIZE S I
LE5ChE->TER?,

EWKEIEMA o Co-Cr MBIk, 20y 45 5 wEAEE K X DK
MRS NWAEBBEICH 5, Co-Cr BIEE L T =0T & & 2 v 2 5 WEES R
Jith, IE ﬁﬁf@ﬁﬂﬁﬁﬁ&&ﬁbLLD\C%if\®xgcmﬂgﬁ
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LA B — R AT, 40 (1989) 1058
e f— B5E: [T ALLRT ) CMC (1985)
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OIS L. MELC XY zolE, BEEHEL LS tvwsE Al Aro
7ok vz o ARETTH Co-Cr EA RSN & RAEEN A RSSO AL & FEiE
HRRENOFRIEE L, coZBE{LoEl#ISHA L 2l owTEsbic
B H D EF 5,

5-2 THEEAHBEREOREBES SR

5-2-1 Co-Cr/C ZEBEOHEE tm

FRECEKEE O BEIMC & b A > THHEEERBIEAS BT 7 7 A — 2 FBE OfHIIc A -
TEC Eh b, BEEREERCE T 3 —2 o /LREE (FlskkREo 1/2)
CHL T2 7L A vDRES &, 77 A —Z0F — & —TliliE4 5 Bk pk
UT&7%,

X 5-1 fEE4 210, 650, 1000 A & L7 Co-CrEofisEmE o SEM #lektg o
55, 210 A DEEOFRE IR 20 A BEOM s I ABER X 1 A, H
E oI - CRET2EE L i Y, 1000 A oEE-C i 200 A BEOEH
HMoOFRAMBABEI NG CEnD b, CoX S KEEOEE & b I EH
CHN A A BRI E ONERKELL A-oTwd o ik, BlE T =
AELTCHS2 CEEINDL XS R EERELbND, D% ) IEEROYIE

FECRIEF KM AR T R BB R IN S L5 KR L, o, &k
THERE Lz ofESEB A A 4T w C EICAh S £ OSSR DI
RBEETCOREIRBEEOREI/I0EETH D, ERE LI Y HECR
WRLf- 23 DL H BB A LT XS R EN T LIRS 5. 4 5-3
i X SREHTER 0 2 EIE 25 & Sharer @3 1€ X » TR D b AffmbifE D ofE
BT H 5, & Fic SEM GETCHISE L A HES AR RGE & C o X[
FrICk 2R5RRPIOREL L BLT LY - L A, COBEASERORE X
7o b T LC b B o BANINC X - TN D HIAHIE LT % © & 45 B

co ks afEEDEFATE, Co-CrfMiEDRD N A A VB RIERE
WC s EPBEI N, BROBHARLECh 2GR D 2. coGEHE
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STRUCTURE MODEL

o oF Co-Cr FILM

T c-AX1S of hep

FILM THICKNESS(um)

0.05(pm)

(c) 1000A

5-1: JEE 210, 650, 1000 A o Co-Cr B &R o SEM BHEZ



ot
-1
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Continuously Depositted Films |

Continuous. Growth of Grains

D)) NN |
_ _ MULTILAYER ]

AS —  Supress Grain Growth -

&\ 11 AL LA [L‘ LLIL) | Intermediate Lay'er_]

( Carbon )

JLLLLLT
O T TR

4 5-4: #5i# Co-Cr BoiE L X 2k F{bo &

FAENABREAREL LAY, BERO /A XoFERCE -7,
AbEEBE oMM X 2 BEEFOE AR C 2 HEHEAD . wIhic LT
b S/NEHOET b 2bTbneEL b5,

% C ¢, EEBE QWK & SRR OB T 3 20 ikt AR DRSO
AL B F & FE L b Do BHER{EOENR D 720k, fEdabio R # 5
TORHERECELT 2 Cc e EHTH L L EL BN S, LA LA b, ilsk
BALEESLE Y BT A0, DOIEEOREBOIELBBLEE b, T T
4 5-4 WCREN D &5 AMGEEE Co-Cr E Fﬁmm;qfwmuiﬁéiéz
NN

Co-Cr J& (2 z ki 200 A) %431 % g ik C (Carbon) [l % v 2o

e L. 2ofbEnT7er 7 7 20RECH D, EROFENELRWL

ERFEEI A A vk, CoOFEBRCELE->TCED Co-Cr Eo F
HiJg & U CoFHili % {To e CREEXIZ-7y bRy ZFEIC LM AL %
2Ry ZHAE LTHATVER— U ks £ =% » R 99.9 % oFikE A% H w7,
4 5-5 WCRFRRFE R R T B o uklid XEEircu € — s psiiliah 37 =
A7 ZARAETH B C AT E B, [ 5-6 1k C el o 7 A E 28 b s
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GO X s oo e A e A N Y N N Y Y B
— 7.3mforr N
2 .

e 40mTorr -
@2.0 — —
5
U — —
w
o
2
c 1.0 1.5mforr .
0
= 080miorr o 40miorr

i 058mTorr

0.30mforr
ol AN L1 10'\’701 !
600 650 7OO 750 800
Applied Voltage (V)
5-5: C(fRFR) % —7 v + D KCEFRHE
e CHEED Fic, 0.8 mTorr TYES L A 2500 A @ Co-Crlifio c @

BIEADs DIEFHECH B HAERECEECEA HEELTEHED, Th
TR ECE S ERH I OBRICEZ DD EELLNL. L LA, 2
mTorr BLFCVRE L7z CBEECHAO D ELIZEED AL v, B 5-T 12 145
mTorr CYEH U 7 C #HEo -ic 0.8 mTorr -CEEL L 72 2500 Ao Co-CrEmc
EhEL A S AOso o C BEBEGFEETH 5 CBFEEAKE { RiLd Al 23584k
T 525, ChiREEOERCLZE ML OMACLZ D EEL LD,

Lo Lanb, CEE 250 ALFTrA REELTHE Y, EEoHFRE
L LTOBEE G E£200 A BE A0, AIECHTDTH DL Evr b, 58
it 1.45 mTorr ¢VEHL L 72 250 A o C HlEo &, B oSN b EETRR
L7 Co-Cr HfipAlsy OBEERTETH 5, CEODH LM LICHID LT,
1z — aMWﬂaéc&ma\c@mwmﬁ&L CHFHRIBECH 5 C & iy
o

rCl 59 RT &L 5 A Co-Cr B (200 A) & C e k 2 Z HEIEE O
WAt s, Co-CrBofBE 200 A & L, CEOERFZE(L X ¢, FEK
10 & Lo B 5-10 ARZEEVERIF i/ L 2 sd i %77 b alAoy 2
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10 i | T rid 1 T T 1 1 1T |
. CoCr i
. PAr=0.8mTorr o
. §=2500 A |
5H |
B Carbon .
X 6=250 A
O I B N B 2 | Ll i | B B B | ll
1 10

Par [Carbonl(mTorr)

5-6: C J@ Licfp# L & Co-Cr o ¢ #HELFIE Al o C BIERFF 0 Ar &7 2 FEK

1o

5-T:

1 l 1
- 7T carbon- 7
_ Par=1.45mTorr
6 = -
o 5p .
]
B
@ 47 i
< Co-Cr
3k Par=08mTorr ]
© 6 = 2500 A
2 - . -
T : 1 ,
0. 1000 (1)

Film Thickness of»Carbon

Clg i L 72 Co-Cr o> ¢ SMCIAEAlsy o C IR Ak
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6 T T T l"‘ll 11 1 1 ]IlTll—
o O withC
5 0 ® withoutC —

L\,
l

| s
Co-Cr
PAr=0.8mTorr - @

A@SO(deg-)
w
l

2 |~ Carbon ©_
Par=1.45mTorr
1 ”— —
O’Ll 1 11111111 1 '; 1 ll'l!l
1000 10000

Film Thickness of Co-Cr 6 (A)

5 5-3: C B_RICHEE L 7 Co-Cr B & 547 L IC TOHEHERE & 4 72 Co-Cr 0> ¢ FTRIAE
Abso 9 Co-Cr BB K (< |
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4 5-9: 3ﬁfﬁﬁfwﬁfﬁ?¢é B o HE i

%E@ﬁ%@&ﬁ%”%ﬁ#%mtf%?o

B 5-11 FHREECH 5 CBOBIE b #2{LX 4k & X oo ERR
<D>&c%ﬁﬁ§AmmﬁkﬁﬂLhd@T%éo%wﬁﬂ\?&b%@
FEHEFRIE I B TGS I 200 A BB ©H s o L, PHREIER A & 2
50 ABEOHBBTLFAI L ThILE, <D >y 100 AFE L Co-Cr o
200 A BB (BT i = 00 D) LIEEF—-TH 0, kg Co-Cr Bl /E
DO 200 A 0 Co-Cr BB b0 Lt BERABECH L L2 FELT
WEDBDTHD. DFDFERMOMERIGI LA C Lk b, COFEREHIC
FLVDLLEHI1I2 DI SCICTREN D, CBEH AW B W fEER
DHERLBEF bk s, 50 A o CEEHRE & Lclv B siEes
%200 A o L FBE OB L2, RO L 2SER S cw b T b
By Bhe Lo LiEmilmEA sy EEFAE R 5 & T deg FBE & EFT oML
EH 500, Eel <L oBFAE ZHE L Twv 5. 200 A o Co-Cr FRD
FED 5~6 deg BECH B0 COMIRL S AT T b 0TH b, BFART
b H WY Z — 7y PRy X EHC I AR IR 5 b c il



£S5 m%&@mxammﬁﬁxﬁﬁ%@ﬂm 163

%

Vd

N ( Alternate  Deposition )

A S s
7; S
[magnet |

& 5-10: ZEEVEHAE £ —4 v Y28y ZEE o B

BHRIGER SN TE Y, SBOMBRKE TS  BERKE THAE
RPIBC EDEAC ERIEE N, LaLARL, B oBERIEY
g FEF &EZ o s BERTERST Hp X 5-13 o &5 W HEEE din @
HEINCHFEAET LT C E3bh INLHDFAETHEABVFEEDE
TKI%%@ﬁiiw¥m@%MK¢5%@f%é&%ib%éoHW&LT
HFHT 220 ToAhBEERIETERA R IREREwEEZEIZONLAVE
W, Bl ERBE A BEoRScrEXTOaBEBIES L E LT
Wb EEZ LN, TAEHNERLEOMEMD /NS WEIETH S C &b b ]
B2 50 A LIFEE® Co-Cr BIBLEARERKEEA & LCHaEET
HDHTEERLTWD,
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5-2-2 TEEEISIZL B RED O/

Co-Cr MK ELEREA oMEH MREES Ho, HEVEERE O SLHIRE i X b
HTEDC ERFELRTWE® o Bz E, B15-14 it Co-Cr BIE 2000 A 054
DRI He, o VEEIRE 0 FAMRRBE I E T H 5. MR 23 100 T2 6 200 C
4 3 e He, i 400 Oe 2s b 2000 Oe BEFE ¥ cABMICHNT 5, BIER
TECSHEA L Lco@YARENEF1kOe £ 2 biL, CORBEHEEZ -~
» OIREHF XY 120 C~140 CREE & gD b b, ChEEFDO Ry X
7 e 2 CHEEREER CBEVEE T 5 20 0B IEE & U Cir i D IERWEDH & A&
D, BEROVER~—- Yy R0 EEL LD, R 5-15 i1 Si

HHEH R EoZFEREECET 2 H, oBERKEEZELTwb, BEE
251000 A BI_ETHRE, KEPREICHK > 2318 —E 0 H. %7573 25, 1000
A LITFCREBEE AR R O, C N EEE SO BRI R — &
LTwndbDL#E ibnéoC@mC%Qﬂh@%@%Fﬁﬁmmhmﬁf
i - SO R - Ex OfEEIC X Y ERE T 3° . BEOBEK
S C IR OB 2T K 1000~2000 A FEE X TH D, L b RS
L kOe FEE & 2 o T b, 1000 A HFoRE @b EcE 2 wRETC R -
T3 EELZbNb, TENECOX S ABKWICRE— 2% L5 afiEc
EARCIBEEAACE - ABIVEBESYHT 23 08EELwEELLND

¥ e L OFICES A RREEAE T R AL X — IR E £ v L,
EWREGEZE L 2HETH 5. LLARDL, COIERFEMICGER S 1L
REETH T, Lo b EREIOBEEE /DS IR B wTiky BREE
DIFEATEARE L R0, 2 lxaxdma-7y 1A xRy 2O XS5BT I X
< X % [T R 8 e R Fe T 0 BB ~ 0 A o 7 o iR Ol % VR 2 iR
BnTh, K> O OEHERY 2y 2RO FER AL F— DN ~nE
BECK T, PR VEREEZZEDT 08B 0N 5, (516 177

SRM—LERBER v 3 - THREETREAR 1985 4 17
SK . Hemmes, W.Lisowski, J.C.Lodder, L.J. Hanckamp and Th.J.A.Popina :
Apl. Phys., 19 (1986) 1311
M, K/, B BRISHEZ SIS 10 (1986) 65
C.Byun, J.M.Sivertsen and J.IL.Judy : J. Appl.Phys., 57 (1985) 3997
Y Maeda, and M.Asali: J. Appl. Phys., 61 (1987) 1972
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1 T T T T T T

600 CoCr (200A) L] 1%
N Par: 0.8 mTorr Cot —_
°<L500-  Carbon(Bint.) ko

Par: 1.5 mTorr E

4OOF 18
N A8 S
Y ‘ h

2000 ', 1

OO O----0

1001 . | 12

! - 1 1 ' 1 (1 0
0 100 200 300 400 500 - "

Thickness of Carbon : &t (A )

I ZEBEORGRRE<D > & c MEMEAG o CEDERE 6, KF1HE

o
‘§

2 ERY A I FoEREEEOERNE I v CEWICKHTE L 2 RIECH %

WL G oREAMRE)) U, OFEEKFETH L. cOREBECEHEWTH
RS & — 7 (7Y (uvmm&er VX oX (@ ﬁﬁﬁ%iécaﬁﬁ
HEREIRE 202 B £ L AR LT H D, ENAETERMEC X ) HEGRE 2 L
AL L EERL aom$f@uxﬁ@ﬁ7x%ﬁf%%@§#%5m

(MMﬂ%amﬁ\%ﬁmﬁﬁ%méﬁak%m&@mif\%ﬁﬁ®@M%
Lum 282 25D b Lol LA LEBY L, EROESR 150 pm & #
Y, BEERNE AT, BT AEE,S O, k&< A D Ro,
HEREH O BEIRE L AR D EL A>T E bR LT, ST b
S5 12,5 pm &R Y A 3 P LcHERS T 5 &L 0T A B TR
SMMiR I 150 CLL R Il Cwnd b eELLNL. 2 0BEEE
255000 A BELL ik o 288 U, $iicIE F LAY 525, c ks % b
CHEEMURE 21200 CHEZ TR A>T L$ v, H., 0ofFHEEZ b5 RIT
HEs . B EEEEREC X 2 B K DHIKL T 2 2dici 2 - 72
b EFEZ LD,

Lk kRic Co-Cr SRR o TE ik ) U, ofIEc B L <, &
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(a) Single Layer Films

200A thick |2000A thick

3
A%Y
LN
0

| | 4
<D> 150A 330A

(b) Multilayered Films

without - with
Carbon Layer |Carbon Layer

3%

e
v 4

W

D> 330A 150 A
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o A
' on Si
-150°C
o - A
o 1.5- ‘ = A
O
= A/ 125°C
1.0 ' O——0—0—___
v O O
I O
05k / 100 °C
o0
| [g/l/l(I nl\tl 1 TR U | |o||l 1
100 1000 10000

[ 5-15: Si#EH Lo Co-Cr o & IEBURE IC 3510 5 11, DEURRAFHE

Thickness (/i)

l T T]lr![l T T H ‘Tlll] T T llllr]
Thermally isolated substrate
t5r polyimide ]
—~ (12.5um)
(9
O
= 1.0 -
_{
)]
L glass
0.5r slide -
(Imm)
O 1 1 Al 1 o el 1 11!11111
100 1000 10000 100000
Thickness (A)

4 5-16: BB L2 7 9 2 &R Y A 3 FHH LD Co-Cr o SEEEREE) 1L,

O REELAT A
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FEolEfl<— 2 v pIEF I nc & &y BEHAA~EM 5-17 (a) KRS 5 X
5 AT AR —E, £ EREEOBE RN WS QB IR S iU
R COERBEEEROMEARD 2L v b. COX 5 AMHEAO MR
LTy BFoHERERET 2, Thbb, BHEETICE T SEEW AER
BIERTEEE b b \wE 5 aBHEMICR Y] > CEL BTl BrEE S
K A —REZROBOEEBERBE LN EELLNSL, COL
5 BTG CIEHE T2, ENEEoEE R ER LT sBE i oh
bo ¥l DOEBRERCEREEICERE L Crdd, {515 KT TIORL L
Y5, BE A o ENEEERE - ®mEHRENBET 2 LA
5o COXORIRDUCVRE U B % FOR B & § 2 2R, [ 5-17 (b) i€
REND L5 RIBEE ENC HIRA KA E oW - 7 g & § 6 & 23a]RE
Ez bbb,

%300 ARED Co-Cr BEK%Z BB & L AR AR L., Bk
B — e E~— Y v DA R Ml > 7o VEE O 7 —F 4+ — F L LTE
EDRDNRH 518 TH B T Ay 2o, EREE A 150 CIKakE L &
HHIC KT 300 A B AT 5 BHERGEE 249 750 A/min ©H 2 2o,
264 PREEOHTR L A2 5. COBBEKIREAHE 150 Cleieed 5 % R
DR B & ET b BHEEIECETE LAREETD 5 —% 300 A o4
WG %, coXshrTREPREIRT LD, FIEOBELELECCD
Lo RERA ANy I L BHEERERVET IO LT 5,

B 519 ks LTELNASERO X RO E— 27 5 b3k 0 2 ibdE
< D >oEEEGETH 2, HER-CERERE L AR L EKE A TRL
Thb. MEBEREBEEE b IR L CH Y, CAudle U CHEFR L 2Bl
L EEROBERTH 5 Ceinh b, CEBICHIETCli~A £ 5k
JE % EECHHET 20 2 E CTEo X 5 AlelEnm i i, B A & 2 ke
ROBHNERE H 07 2 LCb, MEWICHET 3 C L2FLT 5. %1
B 5-20 [FZEE & HEE D Ay OEBEAFIECH 5, iR BE ol &
Ao THRACEILZ LT WwD 25, CAud AR B o Bt R & 28
hoARWHERICA>TH ), BRMEOIEFRIEAENLTwE b0 EFELLND
&C%T\CCK%Lkﬁ%ﬁﬁ@ﬁmﬁﬁfﬁ$%ﬁ§%%ﬁLfméﬁ\
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SSNNNIETISTISINY

(a) BB

5-17: M55 o BREFE 17 o B
RS D EGE

.multilayer

Hc.

' i
| 5
i o
:I/—um :
_Thickness

[ 1]

<
e

N

(a) AR, (b) ZERGELC X 5K

Preparation method

Sputtering

Interruption
! [(10~15min.) 11

T_t Deposigion
———] (300A)

Multilayer

X 5-18: ZEE LI L2 HE oW L ZHBEER D 7 v —F + — b
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T T T T Trre] T LONEL I R |

700 I O Single layer ’

600 ® Multilayer

]

500 F Tsub':TSOOC

"< 400 | unit : 300A _
a
V; 300 - N
200 N
100 - . 1
O 2 g daaadd s v 1 sl
100 1000 | 10000

Thickness (A)
# 5-19: ZBIEORRBHLE < D > 0 RIRKA

CNRERREREECL b0 b b, FRNCOWTEEZL 20
b A s, — R IC EEIRE 2 IR ARG I, BRICE 25 100 A FEE o -
RESCEIAE AL T 5. HE. Bk X 5 e, FXRIIC RSy ZETEL S
BB T, EREESICEE L CHER LA E b bAnE A S C b
By inote L LAERGBIFEC O wCTREEAE AR O, [ 5-21
HEERIRE 150 C o EEE C s U o mEFAEKES H., oZ2ibe, H
B o HE AT & BRI D TR Lk b OCH B BEEEHERIC
BEE 23 1000 A BLRI 2duE, BEJI289 1.5 kOe BEC 2 V. L oBE D
BATICE L C b IBIEERI L C v %25, 1000 A IR oBE © RIEE OB i
vy AEICHIT L T Do B 300 A FREET IR 500 Oc B CH o 72 Hoy 1
1000 A T2 o fEEMHE & @I b A BA 2 BAWHEE AL Twb b0 e
A boNbe —F. BEFEOHECH LT, BIRADEE 235595000 A 1% -
THEI600 Oe BLECTH D, CHIILIEA & L HAE 300 A of e s im e A
FRILTH D. 2F Y, BEDECHETHROLNER 1T (a) o X 5 ailET
7L, FK(b) ok 5 ARG E LTwd b o T E 5, diicnz
F. HLEEOE H, #HT ok, BlaEk L CEMI 2 &pn
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i 1 llllll { LI llllll
10: O single layer |
5 o multilayer
AN umt.BOOf\ _
2 5 - ' -
S5
4 F -
O_ S R ; 11 1aasl |
100 1000 . 10000

Thickness (A)
5-20: BB £ BB D A5y oIS T

PZ s CERDhb. COEBIEOFERY X 5-15 WERNE, ¥ 5-22 1«
Bhbe TOXSICLUTVERE AL OIEORIEN %15 5 7 0 O ZF MRy 7 3
PRSI, #9110 CRERE & A bivs . MR L AZHGEE 100 CofEic
BTl EEAKE A WA RSN OEEIRE A 0 55
b, BERBOBTHEEDO R — I BNAREERTFEINL, Dk 5 A
Ehb i, ZEEICE > TERLABREEOHEFcTtE s ir %

@iiﬁ@k%@f@é&wi\ﬁ%ﬁﬁ@@ﬁ%ﬁ—é%ﬁﬁfwé&wi
Do Fies BUB23 BEST 7 40 L BICERZHER L /2 & & 0IBE A LRI
H., OFEKEETH 5o EHIRE R 130 CEE & LT w523, BEoEkiHE
BLABCE - TE S B~ £ 5 aEROBAERED/NE & K 2 U
OLFRICIVES16 KLz L ok I, BEEFICE L THBREEY &5 X5
REEEAR->TLESe UL, MM e L1250 A 0B+ ES 3@ %
BELASGCENTORSAD L 51K, 1EE 500 OcBED—FEDE & A4 5E
BT DX REIRAN Y ZOFERENCTHDL E i b, CDX S RHEIKRA
Ry ZHERED I X BRI o IEE . ARPGECHED & A o AT L v Co-Cr i
o REEDHEEO—D e F X b,
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2.0

1.0

Hcl (kOe)

05

l 1 ¥ 1] ‘ |1‘1l 1) T L § III"‘K!!
Top ' 150°C

O Single layer
unft : 3004

| @ Multilayer

-— -—-—"—-
- - @TT® .
1 1 TSN B 1 1 LJ;';:;!
100 1000 10000

(o]

Thickness (A)

[ 5-21: B 150 CCVEil U 7 B o HfcHERIIE & ZEHRE o H., oZk

Z.O"! TU LELEN LA ALALE B T L
on Si
15k A 150 °C R
S T TTTRTTTT A
= A 125 °C
Ji.O- K ////O_’“—O““-()\\\\\ -
I // okl © A ©
N : o
05k MC -
é ’,_D——-—D"—jj——{]—-
. _-0oU
l [A]/ 1 1 l lJll‘ 1 1 1 l Y 1|‘1l 1
100 1000 10000

Thickness (/3\)

19 5-22: KR IC BT 5 1, OIEEKENE



53 EEEEEC X 3 EEHE X U0 5@ 174

llll" ¥ T L3 Illl" L] 4 L] ]‘
o single layer
e multilayer .
—_ unit - 1250 A
3 1.0- o * Teub:130°C
. S . n
X~ ' \\\\O -
®
5 . ,_\L
T I oN
05" O—’ ® -
llllll 1 NI TR 1 e b
1000 10000 ,

Thickness (A)

™ 5-23: B3F 7 4 A~ s EDRED H,, DBEEE A
L

5-3 T EH

PR SR OBWEL 2 E Ly X Y S A M RGUSREE C 5 1) 2 XK D
B 5 e ic, WA AE S5 8 F 2 bkl 5 200 AREED Co-Cr
EATEEILT 23 L WIERIEE 2 RE Lk, o850 AFEED =2y
Z2H—KREERAEICE Y, Co-Cr o MRERIEHL 2> b o f& SEFIYE & TE
BXETECEN R EE AT 2 Fncd, ZERHERomREE LTED
BIEBID ol FHED Co-Cr/C ZEIER TEX Nz 18 D 4502 B L &
WCHED, REFOTDARERKEAFELHE L AEE & & D5 RD 5 - s

% 7z Co-Cr BEKECEMAIAR D REKURFIERIEE & LTk, Co-Cr EHEAETEE L
FBEIRA Ny 2Rl HC XY R o RKEHE0 B {E R 5 & EFF
B ORE~— Py bIEKE 45 2 L 3HIEZ C ek B L, Hirhs
EHERE I OREI AL A DVE L e 2R wE Lk

Ch b OFEEMERC B B TEBERIN < X 2 KR fIEE, clvE-cid
itk & Lcia o e Bndin <, KK TR LD THLLILAE LD
LA b TNLOHMIC L Y, EfnE A KA O KELSEHA DB D /2 0
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EE W ELER T — 7 AR DR

[HH

6-1 [(FUL&®IZ

7 — TR R RO T b e DI, B E L TCRROES T 747 —F
BHAT LD, CNETCDLSR LY HBRFTTARLST V277 —
FQY Yy FERYERL GG, Ny FRACEAHET 2G50 2%y
27 aw R b 5 o RSN 5,

Z DO

O = FERBEROMEE CER T 6 Hrikry 7 RHlE
@ BEER LellET 2 ¢ & l2HT 2 VERTE EolblE

CCRFIENDIDEEZDLIND,

2% W[ 6-1 KRTHECSEEE 7 — YUK ES A2 BB 2 20k E
DR BB B TlE L, H2EE OSEIURE R ICRE LA

B, EHLICED LCEBMELTZRL Aot L. Lo bt EAEL &
FICHE L AT E A LAY, L cokih 7 vt A2 B CER S LB E
ity ERORE 274, ELELTAAHE~y Fr Y v —~ona—F 1 v 7
mh%%ﬁ%/XfA@%%*KW%%%&%%@H%%% Z AP,
AITEHEAR S D P T A N e VR ERHE S ER S D o, B TR 03
FUCEHE AT T AR LEAREIRBLE L A D,

AECE FFH 2 o0BEEAD S b, s Fhics e TREN A, (1)
WNESIG I ofbE &, (2) B AFHES C L 2EREOFHE, KDnTE

<t

i)

£

AL
CJ
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|7 — TR o B

(73) (HE) (BE k)
' BE A X
| & WM OB | e sk PEN (Tg: 120°C)
NN ) e FEE (Polyethylene Naphthalate)
'u@%ﬁ%mﬁ —

120 R [ I A
R & A gt

CEREESE
E&@:’!juﬂz ]< = R [ﬁa‘rﬁ5’~b’\y }\5_;(;2)_\"?5’&

B 6-1: BT — 7 REKES A % EE T % 2w o RIE M

BEIZINZ, COERE L, ZNIC Ko THICATEE & % - Z ERVERLE I© 5
WTIRR 5,

6-2 F—T7HEMHAEEICE I BRIES

6-2-1 SAFERBFOMEIZERET 3ME

COMEIC DT, BSTHEEROHBEOEE ©, MnEko7 o
LATH L HEOBEEORY, HBHABE ORI L2, ERox Ay 27
2 ZCE N CEE MBS & o FHICIHE DAy A BT T T X
vmé%éh\4iy@@¢%i#)\wL7%¥V WVEEEZT s eT
BB EEPZEE LT L E S WHEME S D b $A L~y by o —A FY
7EHEOBMMA ST DNBE %2, 75 X~ Bk b OBIES 21 Xk 0 B2
BRBGEZ0 2T ve $AFEMCT AT 2K, BIREEICE 55
éﬂ§<\ﬁﬁﬁwﬁ&m HRHEREEDERD D 2o, BRI
BLCTh, LB RE2ZERIC AN AZI AL L A 2,

6.1 CES T 7 4 v o (Flexible) #E o BEKECEREARIC & - CHE & Ebiy
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LMER F L0 B /RS L T — TEEEA L LCHW LT % £ Flexible
FHFBLE LTk, PET (Polyethylene telephthalate) 23{XZEHI<H h . 2 DiE
o PYRRBENTH Y, $AEBEHEED L - FBARRAREONS &
DIC, BEOEHTIOSE « 8@ 7 — 7HEAHE, <=2 & LTELBws
NTwbe LoLaRb, CoMBZy 7 2EBIEE T, M%<, #80 CH
ETH b, Co-CrHEIC E T ZORBEAFAREN 2@ 5 20k, BED
VERL 7 = e 2 CRERIRIE % 100 CYEFEELATHEA LA V. #-T,
PET MBI Cc 0BAERE et XA CTHNE WS BEA R H-Tn 5,

MEE7 L x e 7R E LTREN AL DARY A4 2 F (Polyimide) T2
o KUY A I Kk, 500 CLLEDEMAYERFF>Twd C &hb, MEEEY
TR E LCRBAFHAINTwE. LALARDL, KUY 4 3 FERIEE
Es T oo 2 QWA 2 & U TH Y AL AR RS W BT S %
W, FEHMED Bk, 77 X~ho0BEHEC Ly, gEd e H,0 5T
FEORM 7 X % B USRS C e BMbhTnwa?, c v i<k
DICHBIBCSESL b RY A 3 FERERY AR L AT LEA A VwED, 7
n ZAREBEIC R Do ERNBIT X ORHEZCGEERT 5 L b ) Fa—
e, BT ORI AfERILICE D e AL N D F Y T — LI B BRI
) 2V E LA CER IR I LT LE s AL ofMBEARH V3, 2i1b
o~y F-BERRB D 2 R — o v IR B RS, ~ v F-EKRE o B
Mz raey 77U roREE AT 520, BUEEAHOZN & LT
BT LOHEHLTwd EkvwiEhv, $2HES 2 G- & b IE ko KEH
fBrre-sToilEo—-2Th 5,

PAA (Para-Avomatic Polyamid) Fe8 i3 BIAEPAR R o el E ¢ b, HEE\
FHtEcEIL, » 0B oML D RIFCH 5 2 &b 5B oOERT M T
H x5 M s 5 25, = A REL BRETRRIOGEHES & E e bR AL X
NTWEEEEREAACORBRTH %,

PEN (Poly-ethylene Naphthalate) 1 PET Heb it E % 15 F % 4 7 b1} &

" Techuical Data for Substrate Materials” : ed. by Exhibition Div. of PMRC 91 ,
~-PMRC’91- (1991)

PREE, AL, REEF, R B 510 B B A RS A IANHAEIEEE, 13 (1986)

*R.J.Artley, K.Ouchi and S.Iwasaki : IEEE Trans. on Magn., MAG-24[6] (1988) 2335
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Fx b, FOH T AEBRE 1Y 120 C & PEN Eiic b~ 30 CEE SR
CTHEHEFATE 5, COMEEDE X 1t Co-Cr EE O T E F FR1E T o HIH 1c 4
7 100 CULEFHEWREFRIHICA > T ETH ), BEFFERE S 1 kOe B
DE*B2CETREEELACETYL, BELEL2HALTWE L S
FAEEFEEECE-THENAZFERAE LTS L w5,

BlboX s ABHE»OARPZETHE, 3bICPEN % ~—27 4124 ¢ LT Co-
Cr BB % T - o

PEN offlfER & LTREUTO 2 a5E 2 bt b,

<Y Yy FERICHARERMMARE v,
- T, 120 CEECH Y, BIETEET L & nBEEN 5.

AREickco 2 JicER L, PEN Bl LICRE L 256G O ¢ BhifcE #:, TEE
BEEFEC D> WCTH~ K,

4 6-2 £ FEER OFEEH & % gt =UREFH C L b JIE L 2GR TH b, K
A I K& PEN BEZBE AT E ST &L CEEREL A>THED, 7+ —
b ECREBEAKE A BEOEREMME D 5. K63, Bk o 2N 4 0
LaSGE o c B #Aly & HNEEL (M/M,);, oZ{LE2E LT3,
SIELUARYA I P TR, BEMEIBAKECALICL 22> TAls 2380
LTwb bbb, PEN #6HL2HER, BEH S BEEED R Y 4
TR EHB LT, Al DERKE LS (M, /M) Ef10.2 & 2B 0fE% R LT
5, EEHIRABRETCH L ICL b bT COBEAMERE LN DI,
PEN o T, B{EwE®, A PEN oS AaZbriE & <, SRblEic
EHEELEZ2 LD THDLEEZLND,

koo &mb, PEN o AoBELE, BEMMEY LA T, 28 120
CEETHLCECERTIBMA LA —-C5F 0T we & THLEEDIL
bo ECAHM, Hoy 8T Oc $CLA W20 CENRE Tow 0% &
110 CRLEIC EFadig Az o3, PEN Eilo&Es szt L, Co-Cr
Eom@REEm AL S Lz b, PEN 28U i /@t % (105 Cx 30
min. DBEILE-C 0.6 % , 150 CX 30min. ©4.4 % . »wdird MD ). #
CCy Tew #BINEE5EORMBEN & EIFEOZRC D wTHH <,
B4 6-4 1. Abso & (My/M,)); @ Top IBIEMETH 50 Abso 1t Towy DA
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# 6.1: ®45rF 7 4 4 (Flexible) A o bk
Substrates PET PEN PEN
ltems MD | TD | MD | TD | MD!| TD
Tensile strength (ka/mm?) 42 | 24 | 47 | 30 | 40 | 40
Elongation (%) 70 1140 | 44 | 78 | 60| 31
Mech.anical 25°C 750 | 470 |} 900 | 600 | 700! 730
Young's modulus 105°C 220 | 180 | 430 | 250 | 330 380
(kg/mm?) 150°C 80 | 60 | 130 | 90 | 110| 125
Heat shrinkage 105°C X 30 min 1.3 0.9 0.5 0.5 0.5 0.5
(%) 150°C x30min | 4.7 | 38 | 34 | 35 | 30| 25
Dimensional - Thermal expansion coeff.
( x1 0‘6 /oC) 4 O"“2 7
Hygroscopic expansion coeff.

~ (X10°%/%RH) 5 6 10

Moisture absorption (%) 0.4 0.4 0.4

Glass transition temperature (°C) 68 113 113

Thermal : ) :

Melting point (°C) 264 272 272

Surface Ra (nm) 2~35 2~35 2~35

. 6-15 4-12 4-12

Thickness range (um) 62~75 (25-75) (25-75)
Surface Roughness of Substrates
Si Polyimide PEN

100

JTa
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-

Co719Crziat.s "'02
Thickness: 1300A
Par: 0.3 nTorr

L5

o - -
—

- 401 =
2° = 012
2 | ] 2
O 12.5.um‘25umlsoum 12um O

s 4

Polyimide PEN

6-3: L« DIEHT o> Co-Cr B ¢ WAL & FIPMETZL (M, /M,),, o2k

LA TOEDEME R L BRI N AMGREEOB L2 b v, F,
(M,/M,),; AEEIEREZRL 150 CCrit, 024 BEEDOREAHEE A>T w5
ciidy Tsw BE< 25 EHEOBE A EAL, BN M-I L — 7 o )

WAL Y + v T RE L 20 TH L EEL N DL, Ay BEIAIMEDE < %
LIE EEOREETEICR RET okt Ly (M, /M), By v v 7o
NEEDLNEAECHE ) EL 2 WEEMIBIC L YIEI D 20, B
T bk WEORAXISHBONA VLD E R >TwE, K 6-5 HIEHH H, o
Tow IKFEHETH 5. U Yy FER ECHE L 258 Ch, X 6-4 & FEEARE
BERLTCnE2, FBRED T, CHELZSECTYh Ho ofEslne &,
Hy AT oOEMEMAZRLCnb A SoEELSL B s, 2ibnl
ErRit, PEN LicilE L2 5a., MRaEnECascbciEZBRLTwns & &
Db BA6-6 [k, L T IKIEHTH Do Tow 0BEINE S Hy o rbﬁ-é
SHCHIMLCE D, oA H L 286 R UEEA R L Twb, L L

AL HpdER2 AV /INSL, coc & b ERERBEARZDTH L EE L L
b,

PEN FEWR BB L 2B 0 A0k, #EREEAE-c L th b, «
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~ CongCryy 5 1500 A _ i}
5 500(V) X 3(a) Z
el -
— 0.3 mTorr 1=
—0.2
- A
7F a
_l
: . . . 0.1
5_.
Tg
1 |
L//‘ P ST TR BT PR
50 100 150
Tsub- (°C)

B CO79Cr21 ;1500 R
1.0 500(V) X 3(A)
= i 0.3 mTorr
> L
e L
0.5
0.0 i TR RN NN NN DS SN NN N S N R S lb | I
0 50 100 150
Tsub. (°C)

D’ZJ G-5: {%{Iﬁjj H:C.L D Tsu,b {f{{?'ﬁ:
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| N A SU I S SRS SN S SN S B B B B
C o15C s 1500 A
5 - i Fay -
= 0.3 wlorr /O |
—~ . o) :
48] O
oL o~ © .
i o <
~ i O/O A
. O/
3 - —
2 S0 N U SN WO YU DN SO NN SN WY SN | | Y
50 100 150
o
Tsub. (°C)

B4 6-6: FmEFEFWERST Uy o Ty HAFE

DCE b, MOER LB L 285G & B L T, RS 2272 ) End
DEHo>TVD, fHmlE% s LT, MEMIETHELHEME &5 T &,
PEN #i % ~ =27 4 1 £ & LTHC 2 5B ORRDORETH S &0 b
FRCDLS ARDTERAH-ECI DT ERc I HHEEARE LTH,
o DOFEWR ECHERE L 2R, NI T2 & LA T TR W ASE
CHERER LY, #—AZB|ERC LAV TEETH L, CoMEFHON
WHEEToERTHIE, 71— AR YofEZREC LAV, 7L F0 7
ARG ECRERBEA G ERCTECR D, BOHiCEWTE
DN ORIEEC D W TE R T %

6-2-2 HEEREICHET S 2 SICERT SRER

BOEN Ll s c b cERT 2R L, BRO 7 — 7 Hlr E
ZefEN TS 5 EIC X BT D BobRE, BFEXILE &L, RorE
D% O 77— 7R T alHE s, £ coRR 07 — 7 IEHIcH
mmmme<®%¢@U%®Mmum@m%Jékb@()mmw i35
Fiy b, Rt sboeE2 bbb,
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zoosb O 07— 7R AR Uik, 5, ERoEEs — 7
DREHEE L RoRGECRKERBIEEA2DbOTHE, L LAEEL, BiC
AZNEE (ME) 7 = 7 EpBlic KEAEI L TTH s e b, ¢
DFEIE 7 — TVERICEE T 2 Bl 2 KEPMHCTE 2D EEZL b b kD,
MR, AU BBEINTWCECI VMBI X2 L0 EEL LN L, #Eo
Ty X OVARBWARMECH 2 REAEEY, BEIL o203 2EBR7 — 7 HiR
EREIICER LT 2 20 DM ARIERE AR L E L HiLE. & Db, WEY
HEEoER LR o2 0, BEaRoimE»sTE s 2555 5,
DX S5 ARENEMEL, RETHEE coMo AFHOMETH 5,

XA F =5y bRy IR 3, 2 Z2FEE RO L 5 heEBERE
DDA XNANFERTT — TIRERRVER T 5 56, BAWKHER OS5 —
TEREFr v - CEEMT T, CNEDBBEERRICL, oA B~
CHEBREAELI AT E AL LS KEORE A F v va - B EHITC,
CORCHBEL T FCARDL, ot i, BHMEIHOEB CE Ty
ZRFREERECKT L CROCAS S A2, Bichz@y, #lo A
FEOE RTINS C b ich b, COMAEBEREL, Lid ciizi
WCWLFIEO LRI N EED, BUEHEAEC, cEAE X, X bk
MERKEFTERLIELTLE 5,

BEE, COMEL RS 2200C, <X 7@%/NX T 5, EHEIL
EEAH ERDE LSRR IBRELLT 2, Do, Frvrvu—roFrA
ELT 2, ok HERELNDN, COYE, BMIEEENMEH T 2, 22
7 P AREERESREC AR L ok T A Y v FBEU D £ CTARWUIETH,
KA HTIC 2 B =%y ZIERARE L <, iRm0t WXFEEo [ Ex 3

B e

6-3  MEBIS S HELE

6-3-1 FHEMEEHOKREE ZhiERT MES

FARVEHS B EREC X b ~—2 7 4 L L OBZE, 8UE, #liixty
ZEHKRICHEREI N AN A YTy L F o VAR i # oIk E
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ERELEAS IR EONBICHEBEI NG, FRD 7 L+ o 7 L,
mx@7uyt—%4x7%Mﬂ%—7£@$ﬁ%mkmfﬁ\cﬂ@@ﬁ%
DEFREFSN . BEARBEELHF o, 21— v 7EBEL AT r Y,
~y P BERORSGOBREDFERDO—2 L h 2k, TXLEVBREFZ - &
BEEL W, CORD, BED7 L+ 7ARIRC B w3 liTE e b AL
zwﬁbfﬁﬁéﬂgﬁbko\»y7:~74v7aW@n5$&mxbﬁ
PRRENCIERETR D 7o 0 OHELS I 18 % 550 2 Ml % B+ 5 Sk
BRonTnde Co-CrlihRICENTY € DEEAFHEC OIS EIE, BikEF
ROLEIEBDBE LEZ b 23, BB C OIS IR ERE 2 3, 1k
NE 2 ORIEE 2R T W E RO Bt KBTI EX 25 2 L 235k 5 4
DEFEZ b Do ARETRETEMICH > THEAEMICEHE S 1L 2 WSS H DR E.
EUEZDHEHEC Wi~ % 2 it 3,

HEONTBISIIC DT % OVEREIC R & CIKET 5 © & 23 b T n
o LV DITAAY ZEDOHEIIZDEANRE LW , EXEECBESE D 5B
FEOBECRF LU CHRECTE D EEINT E . Flad. O KED04IE
BRI TR EE,

@ SREE R FE LT IREE,

® C, B, Ga, Bi, ZnS, Si0 RIEGESHEIC 4 ) 5\,

@ KNFT X x105~10° dyn/cm? 21,

® @B O FoRHn A % & EfmIS I+ 5,

FTHD, EEHERVZAVWETY, »2EEEENICRTHECTE 3 8%
THbe L LADKD ANy ZECRVEREOEWEY 2, IR, o
ATABEBCE > TSR ZOREE D & L VFEX2 b ZhoT L
iiﬁfwﬂ%#ﬁﬁﬁmmmo@%@Wﬁfﬂ@ﬁ@aL AR, B
akPRECE . HIETRRGETET ICE ¢ 4 1 2 b B~ o KRS 1 PE 5 KESZs (L.
NG - R S QR L 5 b o, ERENC L3 DA & nE 2
LALD 23y Ay ZWOGE & o ICEHERETE T EE O 7o & — BT,
VIZES 77X <D 2L v, MR 2T, EE 2 KBTS ofEE

( 79 )
FRFHRS (1984 4F)

YR SR, BEER AR swWE
PHE R (2SR y 2y FES] B
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¥ RTHEBOEMERENTT 5. #£- T, FrBEHEK T rREECEELH
TEHZAF v, KEkH 2 T I AS L it s cesibs &5
2B EDEBYE XD, FERBR TOMR Ay ZRECBEELR>T
%o D7 Peening($I#] 5 ) WNF L WX 5 EEE # 21} 2 40T 23 Knock-on
EEY B CEBEAROR THOMNBIC A X AENINREEC - T 5 & X
NTnd, o XY EOTFMR ALY, Blids b ICEREHT2Z 0
Ll RD WHAETRCTAA Yy Z%(T5 &2 =4y VEMDE VERET
BERERT 22D, 2= 9 b ~DAEHAF v Oz 3AF—BEL Ahds T
DHBHIE W AN F —DAFA X v 32 —4 5 FRERCR T & 18225 % & [Fl:
CEDEM%E X~y MCHATHEAL L 28, FEWRNE HE~ 0 EEE % Ff o
Fe &g Aud BIBRCENC &R o R T35 ASF 3 2 ATHEME S B A D, L
ORAEMICHEFRET 2 L BEZ bR D,

IR~ XS5, coARED NG, SR o v v 78BN
SErOE T L TR E ARG CR, DERILTITH - TH K
ERA—AEES CERTIEEIND D, A OWNEBISS OREE % i1/ X
T2 epERkaen s,

6-3-2 © NEBIS 1D A X [EKFFHE

B4 6-7 & Co-Cr AN ICHBE S AL 5 NHIC &~ 5 2D Il L 7 5[
=7y b AZAy ZEEOMBECH b, AIEEEFEOEE 7 — 7R %
VERT 2 HICHWEL 2 b D TH L 0FWHIC it F v v 2 — A 25H5E X,
ZOLEREDF T AN LD BWBEEIN T L A>T b, 2 =5y
AL R ETOREREZ 150 mm TH Y, ER AL A0 F 4 vz — L DEE
150 mm TH 5, BOERICEFESTEEE AL 4 -4 v FEOBEHEE D,
ELTRZEHBED L5 LTHh b BMURE T, bEEAART AL R D,
B4 6-8 Exfi s — 4 y P8y 2R L HEE 20 pm o PEN FEH i
B 7 Co-Cr HEDWNIBILT) 0 O H AFEEFEE R L2 b O TH B, X —% v
FREEEEE Dyy 12 105 mm TH b Co-CrMEinER ty #35 A —2 & LT
5o COERERTIE 0.7 mTorr #8 & U< m A EICVER L A5 -
ﬁ@%ﬁ%%@éh\@ﬁxﬁﬁﬁfﬁﬁéhkﬁmﬁﬁﬁﬁﬁﬁﬁﬁéhf
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Machlne .-
Direction

Flexible Tape
Substrate

6-7: WIS B BHWER N m 4 — 7y bRy 258

WL LR Db Ty EONRICHREECS F ) IKFES, BEFXE
CEY —FWICREINT WL L bbb, M 6-9 HERRES S0CEL
7B e OO NERIGTI OBIVE T A EARTEVETS b, FEPGRIEIC X - CIEH o
ﬂf@%d\é {RoTwd, 100 CLUTFOEMELE ¢ Co-Cr e LEiikic
WRE COBVERIC X VISTHBHREC o b0 b EL b b, FAIBHORF
SOEbEHAEVETEN XE/MICy 7 F LT3 e nbhb, Bkt s
L5 oI ERERE 2 E G E I B mTorr BUF o4 = [T i ¢ /E8 L
Tl TSR & T HIEMIG T & B b, 6-10 (k% —4" » FEEEEE D, # 65
mm &R LGB olnIoZilbe R L AboT, 2 VEEST 2 Textd 3
ZEERL T Do BEDRDE TWCHF 7 Dy =100 mm @ 7 — 2 H18H L
Twd, COEHRENCHFESNDIGNEKEAEHELEOIETIcH D, 20
FEE D RE L Ao Twds B 6-11 1k Co-Cr o ST dogs o EWfE 7 =
FEEFEMECH O & DR R ECVER & 4L 2 B8 o0 75 2B oo a8 /5 18 oo 6 - 4]
[EARKELS A>TEY, COFEL LD AAF RIS E A > THILTWS C
ERDD L. COERMEMEAER SHEEFECHN S,



¥ 6% BEBIECHET — VEEROVER

I T T lllllll T T TP hTT

6 Di=105mm o 1
Tsub=R.T.

w
T
> QO

(x10% dyn/cm?2)
\com >

o) S o
L O 8 ]
O 8 % O ~0lum -
-3+ A ~0.2 J

i = O ~04
| ) | paal 1 N S 1J_L
01 1.0 10

PAr (mTorr)

6-8: Co-Cr BEDNERIET 0 O H AEMKTER:

‘l’ L T l‘{lllll H -l 1] IIIIll
6F D;_t=105mm .
& T Teyp=80°C .
E i SUb i
8 -t
c  3F

& L 0 )
2t o ",
G I SRS
] i

- o
O i A 5 i
-3t A ~02pm 4
N 0O ~04 |

1 1 s 1o ot 1 1 PR O}

01 1.0 10

Par (mTorr)

6-9: FEHGRIE S0 C W E OB WIS ¢ DTIWES 2 FEIEF:
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Q

(x10% dyn/cm?)

o]
|
[@))
T T ]
| 3 2
.\>
(@%]

o ~01um
=12+ / A ~02 -
i ® m ~04 i
' NPT BT e Ul
01 1.0 10

PAr (mTorr)

6-10: % —%" v }[EIREHE Doy : 65 mm & OWIIST o OBYVEA 2 [EAKAF

'I ¥ ¥ llll’lll T BR3 llllll‘

Dt—t =65mm

Tsub= R.T.
2.050

]

01 um

(A)

2.040

N T~ T

2,030} A~
1 -1 L I

PAr (mTorr)

I
1

| doo:
RS

6-11: Co-Cr B ST ¢ IR door D BIWEH 2 E{AFHE
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6-3-3 XNy IARBERBET R LFE—KT

CN b DEBFER IR O KR T- O EA R T 2 D L2 b b,
oi@\ﬂ~€ykﬁ+miofﬁ%*nkM%@%ﬁxiE@ﬁ$f@ﬁ%
HELIC X o THES D ICT A F =23 U, FHEH 2 DR 5 BESfICE 5
j& < (Thermallization) % & & # 2 541 % 23, (B4 = [E SHKTHNEEL 2T

ZFPHSA 2RI F & DELER (TS € & < B % CEES 4 ATRE M B 2 2 7+
DEE~OEEEHBROERNRE o2 b D E#EZ2 555, %/, Thornton
Fh 2=y P CORB T, [6-12 o ic 2 DR ERA F R T o
ERETCLERELTWET . ¥/, Eckstein 253 at & FEERSIEE o % 1o Ve
L ANy 2Y v 7rBED Computer Simulation (TRIM) o fftc, =<
ZORA R & b, EOREEE T X —5y bk WR o HIAA K BIE D
RECEDEECTHDEC &% &LTW7“O»MDQC&AO\.613kT
TEOCE =5y b oS OB ICESEE 2R T, X —% 5 1

fEr e LBk, X Dﬁﬁﬁﬁ@ﬂ%mM+f5bbn7c&maéo
COXS RGEWCE, X HERICEES 5 KB FoBE 2800 L, e
ETTodDEEZLNDE, B 6-14 4 —4 » FEIG 110 mm, % —’f‘y s
DR D b FEHCERTH % ¢ 0 BEEE 80 mum ICEFE L A B IC TS X o i Bl TE
Bl ooz % X FROMTEC X - CHMC 5 mm BIFRCRIE L AR ch 5 o fH
SRR L b BB E D & Tl 4 £, CoER b, o —
Ty MCE W S FEFTER doe BAELS A ->TED, 20 0.2 mTorr OIE
EZHACCOEBMARE C L Bbh b, COBEX =5y b dETH
AL AR E SR, EBRCEBERET 288k, X0 duns bl niE
mﬂ@?éﬂ%%ﬁ%<té(EWTH@M@&—&ybﬂmtmﬁ)&%i
bIo kD, KPR FORERRKECL D EEZ LILD,

ey MR 50 mm T dogy BE— 2 Bl -4 H & % o =Rl
DR, ZDOHECH 2 2 —5 5 b o O KB T-0 5 A 1 o BREE 23 3 2
Ty RERATIDZ —27 o b+ b DET-ORBANT 5 € & 1€ K » CTRIEH 2

®D.W.Hoffman and J.A.Thornton : J. Vac. Sci. & Technol., 17 (1980) 380
"J.A.Thoruton : J. Vac. Sci. & Technol., A4 (6] (1986) 3059
®W.Eckstein : Nuclear Tnstruments and Methods in Physics Research, B18 (1987) 344
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Tbhs&HTHHLHEEZ DD,
zZ
[C
2 200 T 1] L T T
w CPM=SPUTTEARLD Mo FILMS
= SHIELBEQ CATHODE
r ARGON PRESSURE« 0,14 Py 1
’ OEPQSITION RAATE m Inm/s
TOTAL FLUX SUSSTRATE t SOUACE SUESTRATESQ.l4 m
ol ‘ Q [ TR T T = ]
g 5 .
zZ Q
~ @8 ™ centen aux
. xz 8 =200
=
CENTER FLUX SHIELD " a &
s2° = Z 4
L SIS =)
[-oo== e 3 400 ;
SIDE FLUX . CENTER FLUX TOTAL FLUX
SUBESTRATE SUBSTRATE §
SIDE FLUX SHIELD o
CYLINORICAL-POST MAGNETRON . § 600 B
SPUTTERING CATHODE (TARGET) RATE coﬂn:cnw\‘ii\s.og FLUX
-800 1 { 1 1 L
o] 100 200 300

FiLM THICKNESS (nm}

B 6-12: X =% w b OiH & 4 b ki & ERATE OBEGR (Thornton 25 o SEBRIERE)

B XU HIERR

Dt-t =65mm

Substrate

Mask

105mm

B 6-13: st 2 — 7w v a8y 2 EBEO X —57 & ER o MEMER

Target
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| 1 I | I I 1
- Substrate -
y mre— :
20361 o 7@@&%} o
s \ i/ — / ]
10mm e}
2.034 Q .
B P .
- 0.2mTorr
ot 2.032F | o o o
O ' .
8 2.030 l N o o)
LV AN
2.028 - \D\DﬁrD/D 2mTorr ]
2 026 _s; 'Distance Between Targets .
' N 1 I 1 LR
-6 -4 -2 0 2 4 6
(Edge). ( Center) (Edge)

Position on Substrate (cm )

6-14: EDFETHEIR doox DER LT ZTH

INbDC Edb, B HHEIEK & > TR AAORIE 2R LETH 5 &
WA Do ARy ZECENTIEL =4y F O & B EE O A WElfE 4
A5 EIBETOMRSRREZ b kO, BROMERFESEE S
NEXEHECHLELE L b,

PLERTERX 5, KRB & AbNEETAAF BT DOFEZEDIR
T, it Y E L G250 LTHEHINLERELDTH L0, EHR
OEDIENEHIET 2 20 0FHHEE LTy 22y 2 EoMTaJgin Hik s LT
LT ERBELLILD,

D) #HAERZEZ D (57 Ao R J1#)

Q FHRVEEEZ b,

Q@ Z—% v FORMFHNELLZ Do

@ ~A T AEELERCEIIIL, A4 vAMEENZ 5.
(4T/NKI0Wﬁ4ﬁy&ﬂmKWWLﬁﬁb&?% o )

G 2 —%y VEEAF AR 25y MEETFOEE L ZE L CERT 5.
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INHLON D ~Q KonwTRINETCOERMEREILLITEMEIE A>T
wE2, @\ @ KOV TORMET>THE. TDS BER~DNAT X
CEBIEHFHEERSHONT L L THE, CIHEERNSA T2 GEER
BAA T X) QEIINC X > TRIERICAS T 2 1IEA A v B E—= v ZR) R % 5]
ERCTEEILNTNECE 2R TH L, D5 Eiﬁﬂi/\‘% T Ak
faihe | MEmTEAEELE L TLE S AEEERD b, BEEEOR* B
LTHEAKZAINT S, L L RN TRAEH LS, BFEE
MEISTI~F25 3D TH Y, O KINHFEIEO 2D ICHRAA T A EH ik &
LTy, fEEME, BLAbEAEL LT LE S ABEER D b0 CO XS R T L b,
R AERICE T A F =BT OAH % C & 3 ZFHEIT 5 X 5 CFHEIET
OFFAIFEE N b, cnXshctnb, O ox—%y M EEBA X EL
Bz b0 E>TSHHE A S 2 C e icd %,

Z—5y MERRET R Ay 2) v SEBIC X ) RO AR, ASR T
& X =5y NRERUR T & O SEIC X B ETERH L XN T n B 28, T
ERREL HE, & EHERENE LR O O FOEENFEL »
EXTH Do Ty ANy ZFED X =5 5 FNEF & ASRT (4 4 . ik
16 ) BRI BRI A ER 6-15 0 X 5 Ch>Tw5 EEZ b, BT
DEETL T2 . AR MBI E o CASTR FOEELOETFHE D » T
{BDDEEZ LILE, AR TOERELHILETOEREL Y b/hE i
RS SkAm & A A o B S0 2 B 518 5 AIREER D b0 LI
X LT AFR T OBEERKE EEI ik, AFHRfoEEiEo 5 b AR THO
NI M AERDFEREDDL C LAV R R v, DF VEAFHGELEI A
Ch 5

CoC e HMHEAFFIC X VIERL TH D, X 6-16 (GEE O K70
ROEKH % 7T coBE, EEMkoHE., HToEELREL LS.
SCRFERE ¢ & LEeSEoAFA 4 v ofZgo iy Vi, BiLEIE ¢ kX
THEREID,

. mq — ems| | . my -+ mg \? a?
V= Vll——l—|, 1+ <;> — 1y
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12¥ Hoshi and M.Naoe : IEET Trans. on Magn., MAG-24 (1988) 3015




5 6% MEMRTIET — 7K

o
(81

Can Roll

Machine ,.-
.Direction

Flexible Tape
Substrate

Flexible Tape
Substrate

7=

W\

\

0

/ Z2

Magnets

6-27: 7 — FEBEHM & — 7 v F Aty ZEE

Vacuum Chamber

Targets Targets Targets Targets

[ 6-28: 2 BfE = Sy ZFEICA VAR 4 =7y bR RSy X S



%65 BEPSREES — Tk | 206

1 1 1 i 1 ! i |

B r@ 7

| Targets , ......... .\ |
.»'w“- /‘?
10(- —10Z
- — LQ Substrate - s}
% 1=
s [ —
S r 1 c
s — g
B | O
< 5F 15 @

<] L B

- 0
0 | | 1 |

; | |
0 20 40. 60 &0
Incident Angle : % (deg)

2 6-29: =<y 2 RT ORD AFI RN 50 0cans L5 BHE

HICREL AZEHEBELDL C Lo b, EREOMETORMETRD ASHIC LY
RKELBEAZTLLDEEZ b,
[ 6-30 12X 6-28 IR L 7 — 7 HAVEREE I L Y, ER W — 7 &
ROV L 2 ERE R TH o £ —5 y F DML CorgCray TH B0 HIT
BEHE~DZY v FMEE 90 mm TH 5, BEGH 1500 A ks ks iciA
\BheF— 7ﬁDL”#@%LkO%M@A%M9Wn$;@\ﬁW@k%ﬁ
3R AENAIEE (M, /M,),) T 5. BHEREFEIICIEAlsg « foane & D
¢é&@%%tfm5®cﬂtf\?wf%%@ﬁﬂ%%%tk L M e A
b 10deg b REFLAD, LA by b -9degBEORE AFERL, Bilo
FEmFRRELE T B C R bhbhd, cHCEd iy, (M /M), b KX
RERTRTC LD, BEBIEAEIETLTCRS CERbh 5, ILEEE
CEL DRERD B X 5K, FEFBME R T 5 2%y 20 AHAIE
KR LTwD EEL LN D [ 6-31 hEHEX R L4 e s & %
BEDHR FOBKNBIC BT E5AN050 « Ogny TR LELDTH D, 2V v ME
290 mm OEGETH Do Ougnt AV v FHBRIECEHIEIIE O deg TH DA, =
U oy b EIEIC R B IR E A%y 2T NS ENCHE » TR 23 E < G 28



#6FE BEMXEET — VAR R

N
]

-

—| l— slit width
-~ )4 (L(—
a
-0.
T R— & R
40.3 2
Copglryy 3 1500 4 Eh
y 500(V) X 3(4) : =
g)ﬂ 01 0.3 mTorr 10-2 >~
2 ;
o 40.1
5 -5t
(8]
®
-1ok o T aus=120C .
10
< 5
o B
zZ L top )
o . l tm faany
w - s i
S 1 il
<1 5

~f

] 1 !

t | B .
0 10 200 30 40 (cm)

distance from the top of Co-Cr layer area

6-30: T = 7“%7%72;. L ﬁ piRs %VF% L fiﬂﬁ@ABSO ~ eca’n,t ~ (NL/NI?)//

KEL Do FRBERRUTRT A bTEIL LB Tnd, oA EL

BT A0, 2V v MEEREZERF RS L9 AFRIRER 20 mm FH
I D ADER WA, CORREXY v MECRIBHEREESE L CETFT
BT EWCh D,

Co-Cr EDiESE T OBIBE %50 b b, lix o THEY . 2wt Seeds
Layer " (UF@ N BERAHILT W25, SO EwhIEHR & s ofim
% Co-Cr b o c 2 BBEET LT WEEIC L TwdbprEZ HhLs,
C Dk, FIERVIHBO c #hfiii& % Rific L < T E %2 o LR T 5

ZOFOAFICE >TwThH Co-Cr i TR RERA T2 b0 EF L LI
Do CNHFEBITLIHEE L CEBAELLILLA, £ THRIM6-32 ICRT X

AL Futamoto, Y.Honda, H.Kakibayashi and K.Yoshida : IEEE Trans. on Magn., MAG-21
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On the Stationary Tape Substrate
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On the Stationary Tape Substrate
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On the Moving Tape Substrate
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On the Moving Tape Substrate
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NigFets '
A5, 04 On the Moving Tape Substrate
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7 U F v 7 AR VERIE B4 5 TR A
ETREEAERHRAREAR L » £ VY 4, $33 (1957 4/3 )
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PHHE, deA 2, I RS, BT EE:
CoCr 2~y z OB IC X 5 12 URFHEIE
%11 EIS BRI ELFIHEES (RE) (1988 4£/10 A)
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Clo-Cr R % o X B> BGMES & PR seE)
RS [~ 7 o KIS i () (1989 28/12 A)

< 1990 4 >

Shigeki NAKAGAWA, Takeshi TAKEUCH! and Masahiko NAOT :
Preparation of YBaCuO Thin Films with Excellent Crystallinity on Amorphous Substrates
Prepared by Facing Targets Sputtering
INTERMAG90 ( Brighton/U.K.) (1990 ££/4 f)
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Shigeki NAKAGAWA, Setsuo AKIYAMA, Makoto SUMIDE and Masahiko NAOE :
Improvement of Magnetic Properties and Crystallinity of Co-Cr/Ni-Fe Double layer with
Very Thin CorgCra; Underlayer
INTERMAG’90 ( B,ighton/U.K.) (1990 4/4 A)

IR, B B, EIL EE. MR
EEMTAIESELET S Fe-lr 28y 2o Ve
TS EE A RO RS MRIO-1 (1990)

g Co- Cl }%w X z)»—v = Tiﬂ;‘%@?ﬂﬂf’ﬂfi"%ﬂ?ﬁﬂ
%Ia#& B{EXAFHHTHEHE MRI0-3 (1990)

R B HTH R4, HIL EE:
Fe/Ti Z2TEHE o B TURE M I8
T HEEERAEIN RS MRI0-26 (1990)

ANy R /i"“?t I ) rm&f*ﬂiﬁ?ﬁ@%?%ﬁﬁﬁq
1990 £ BEALERBIRS. B 1IF09(FIE) (1990 4£/9 H)

Shigeki NAKAGAWA, Hiroki TAANAKA and Masahiko NAOE:
Fe-Zr Sputtered Thin Films for Perpendicular Magnetic Recording Media
31st Anneal Conference of Magnetism and \[agnetlc Materials (MMM’90) (San Diego/U.S.A.

(1990 £/10 A)

Kenji HASEGAWA, Shigeki NAKAGAWA and Masahiko NAOE:
Preparation of FeN, Films by Facing Targets Sputtering type of lon Beam Deposition
Method
1st Workshop on Beam Engineerig of Advanced Materials Syntheses (BEAMS 1990) (Tokyo)
(1990 5/11 H)

Shigeki NAKAGAWA, Hiroki TANAKA and Masahiko NAOE:
Periodic Length Dependence of Magnetic Properties in Fe/MnSh Multilayered Films
1990 Fall Meeting of Materials Research Society, (Boston/U.S.A.) (1990 4£/11 A)

< 1991 4>

Shigeki NAKAGAWA, Yoichi FURUTO and Masahiko NAOE:
Fabrication of Co-Cr:C Sputtered Thin Films by Reactive Souttering in CHy
International Symposium on 3d-Transition Metal Thin Films (Sendai/Japan) (1991 /3 B)

Setsuo AKIYAMA, Shigeki NAKAGAWA and Masahiko NAOE :
Small d-Spacing and Internal Stress of Co-Cr Filins Deposited by Kr Ion S]mttmmu

1991 Spring Meetings Materials Research Society (Anaheim/U.S.A.) (1991 4£/4 1)

Shigeki NAKAGAWA, Hiroki TANAKA and Masahiko NAOE:
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Periodic Length Dependence of Magnetic Properties in Fe/MnSb Multilayered Films
1991 Spring Meetings Materials Research Society (Anaheim/U.S.A.) (1991 4£/4 H)

Shigeki NAKAGAWA and Masahiko NAOE:
Increase in Coercivity of Fe/Ti Multilyered Films by Cr Addition Into Ti Layers
5th Joint MMM-INTERMAG Conference, (Pitsburgh/U.S.A.) (1991 4£/6 A)

Masahiko NAOE, Nobuhiro MATSUSHITA and Shigeki NAKAGAWA:
Successive Growth of Ba-Ferrite Magnetic Layers on C-Axis Oriented YBaCuO Supercon-
ductive Layers
5th Joint MMM-INTERMAG Conference, (Pitsburgh/U.S.A.) (1991 /6 A)

Setsuo AKIYAMA, Shigeki NAKAGAWA and Masahiko NAOE:
Deposition of Stress-Free Co-Cr Thin Films on Thin Tape Substrate by Kr Ion Sputtering
5th Joint MMM-INTERMAG Conference, (Pitsburgh/U.S.A.) (1991 /6 H)

Setsuo AKIYAMA, Shigeki NAKAGAWA and Masahiko NAOE:
Electrically Conductive Layer of Wear-Resistant Fe-Mo-B Alloy for Protecting Magnetic

Tape
5th Joint MMM-INTERMAG Conference, (Pitsburgh/U.S.A.) (1991 4/6 A)

Setsuo AKITYAMA, Shigeki NAKAGAWA, Masahiko NAOE and Ken-ichi TAKAGI:
Thin Films of Mechanically Hardened Fe-Mo-B-Cr-Ni Alloys ; Deposited by the Facing Tar-
gets Sputtering Method
7th International Conference on Rapidly Quenched Metals (RQ7) (Stockholm/Sweden)
(1991 42/7 H)

Shigeki NAKAGAWA, Yoichi FURUTO and Masahiko NAOE:
Ta and W Addition to CogszCry7 Thin Films Deposited on CozgCrs; Underlayer
International Conferernce on Magnetism 1991 (ICM’91), (Edinburgh/U.X.) (1991 /9 A)

Shigeki NAKAGAWA, Kenji HASEGAWA and Masahiko NAOL
Magnetism and Structure of Iron Nitride Thin Films Deposited by Facing Targets Type of

Ion Source
International Conference on Magnetism 1991 (ICM’91), (Edinburgh/U.K.) (1991 4%/9 A)

Shigelki NAKAGAWA, Yoichi FURUTO and Masahiko NAOE:
Structural and Magnetic Characteristics of Co-Cr Films Sputtered in Mixture of Ar and
CH4 Mixture Gas
International Conference on Magnetism 1991 (ICM’91), (Edinburgh/U.K.) (1991 %£/9 A)

rRI R, BRI BN, TEIL Ee
7 — SR VERI I B3 T B R 3y 2 7 2R BRET »
B EHBEFSEINIEHEE MRIL-29 (FER) (1991 4£/9 A)

Shigeki NAKAGAWA, Setsuo AKIYAMA and Masahiko NAOE:
Control of Internal Stress in Co-Cr Thin Films on Polymer Tape by Using Kr as Sputtering

Gas
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Perpendicular Magnetic Recording Conference 1991 (PMRC'91) (Hachimantai/Japan) (1991
£/10 A)

Shigeki NAKAGAWA, Hiroki TANAKA and Masahiko NAOE:
Occurrence and Thermal Stability of Perpenducular Magnetic Anisotropy in Fe-Zr Sputtered

Films
Perpendicular Magnetic Recording Conference 1991 (PMRC’91) (Hachimantai/Japan) (1991

#/10 A)

Jingyu PARK, Takashi KAWANABE, Shigeki NAKAGAWA and Masahiko NAOE:
The Effect of Additional Elements in Cr Underlayer of Co-Cr-Ta/Cr Bilayered Films at

Various Substrate Temperature
Perpendicular Magnetic Recording Conference 1991 (PMRC'91) (Hachimantai/Japan) (1991

/10 A)

Shigeki NAKAGAWA, Setsuo AKIYAMA and Masahiko NAOE:
Improvement of Crystallinity of Co-Cr and Ni-Fe Layers Media by Using CozgCry Ultra
Thin Underlayer and Interlayer
Perpendicular Magnetic Recording Conference 1991 (PMRC’91) (Hachimantai/Japan) (1991

/10 A)

Setsuo AKIYAMA, Nobuhiro MATSUSHITA, Shigeki NAKAGAWA and Masahiko NAOE:
2-Step Deposition at Low and High Ar Pressure for Curl-Free Co-Cr Magnetic Tape
Perpendicular Magnetic Recording Conference 1991 (PMRC’91) (Hachimantai/Japan) (1991
/10 H)

Shigeki NAKAGAWA, Setsuo AKIYAMA, Masahiko NAOE:
Continuous Formation of Co-Cr/Ni-Fe Recording Tapes by 3-step Type of Facing Targets
“Sputtering Method
S RERL T ®HE MRI1-44 (Seoul/Korea) (1991 /11 H)

< 1992 4>

Nobuhiro MATSUSHITA, Shigeki NAKAGAWA and Masahiko NAOE :
Preparation of Co-Ferrite Thin Films with Large Perpendicular and In-plane Coercivities
by Facing Targets Sputtering
INTERMAG’92, JA-13 (St.Louis/U.S.A.) (1992 45 /4 H)

Shigeki NAKAGAWA, Takehiko HAMAGUCHI and Masahiko NAOE
Preparation of soft Magnetic Films by lon Beam Deposition Method with Strict Control of

Plasma Potential
INTERMAG'92, GC-07 (St.Louis/U.S.A.) (19924 /4 )

Takehiko HAMAGUCHI, Shigeki NAKAGAWA and Masahiko NAOL :
Ton Beam Deposition of Iron Nitride Films with High Permeability and Large Magnetization

BTSN E AR RIS MRO2-17 () (1992 /7 A)

Nobuhiro MATSUSHITA, Kenji NOMA, Shigeki NAKAGAWA and Masahiko NAOE :
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The Control of Coercivity of Co Ferrite Films for Rigid Disk Media
= TEEEEFARIRPICEE MRI2-23 (f8f) (1992 /7 A)

Shigeki NAKAGAWA and Masahiko NAOE:
Effective Suppress of Internal Stress in Co-Cr Films by using Mixture of Ar and Kr as
Sputtering Gas ,
Magnetic Recording Media 92 (MRM’92), CP-2-14 (Perngia/Italy) (1992 £/9 A)

Shigeki NAKAGAWA, Hiroki TANAKA and Masahiko NAOE:
Fe-Ni-Zr Films with Large Perpendicular Anisotropy Deposited on PEN Tape by Facing
Targets Sputtering
Magnetic Recording Media *92 (MRM’92), CP-2-15 (Perugia/Italy) (1992 F£/9 H)

Masahiko NAOE and Shigeki NAKAGAWA :
Magnetic Properties of Ba Ferrite/Cobaltite Multilayeres Deposited by Arc Discharge Evap-
oration

6th International Conference on Ferrites, 29Bal-2 (Tokyo/Japan) (1992 £ 10 H)

Shigeki NAKAGAWA, Takehiko HAMAGUCHI and Masahiko NAOE:
Synthesis of Soft Magnetic FeNx Films by Ion Beam Deposition Method with Facing Target

Type of Ion Source
6th International Conference on Ferrites, 29Bal-5 (Tokyo/Japan) (1992 4 10 A)

Nobuhiro MATSUSHITA, Kenji NOMA, Shigeki NAKAGAWA and Masahiko NAOE:
Magneto-optical Properties of Cobalt Ferrite Thin Films Prepared by Facing Targets Sput-
tering

6th International Conference on Ferrites, 29PpIIl-16 (Tokyo/Japan) (1992 4% 10 A)

Shigeki NAKAGAWA, Nobuhiro MATSUSHITA and Masahiko NAOE :
Preparation of High Tc Phase BiaSrCasCuzO,, Films with Excellent c-axis Orientation by
Facing Targets Sputtering
th International Conference on Ferrites, 30PplII-12 (Tokyo/Japan) (1992 4 10 A)

Shigeki NAKAGAWA, Nobuhiro MATSUSHITA and Masahiko NAOE :
Preparation of BaFel2019/YBa2Cu30x Bilayered Films with well c-axis orientation on
Amorphous Substrates
6th International Conference on Ferrites, 05B1-6 (Tokyo/Japan) (1992 4210 H)

Nobuhiro MATSUSHITA, Kenji NOMA, Shigeki NAKAGAWA and Masahiko NAOE :
Preparation of Co-Zn Ferrite Thin Films for Rigid Disks with High Recording Density
6th International Conference on Ferrites, 07P2-4 (Tokyo/Japan) (1992 4= 10 )
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(3) WroE%

| TR, HON R, T EE
<73 rrrvABIUHEZ-7 v r X2y 210 X B Co-Cr oz - Btk
BT EREEFAITTT7 SRS CPMS5-114 (1936)

R BB RIS, VL IEE:
Co-Cr 2%y Z DS & Bl
T BEREEEANITIIERE MRSC-13 (1936)

oyl PR dbAs (o2, PRH L HUE ME. B EBA. T EE:
M Co-Cr A%y X B RERALT & BKHIZE)
BT EEEE RIS MRIT-T (1987)

Shigeki NAKAGAWA, Makoto SUMIDE, Masahiko NAOE, Yoshitaka KIATAMOTO and
Yoshiro NITMURA :
Magnetic Properties of Multilayered Co- Cr Thin Film
BTSSRI RS MRSS-26 (1958)

Il R, . BRI AR, ENL EE:
@ 27 NR Ay X X B REBZEEN Co-Cr 7 — 7RO VER 7 = £ 2
DREET
T T ERE S EM IR ® S MRS9-29 (1989)

E—gﬁ/"i\‘ua@}i@i’ﬁ“f % Fe-Zr A%y 2 EOVEE
= A B ARKRTICRE MRI0-1 (1990)

khggas, A1 RS, BRIL BT, I IEE:
EEIE Co-Cr BT X 6 -8 — 1 A M o e B2 il 4
B FIEREEE L HORTITER S MRIO-3 (1990)

il FEME, B R, EIL 2
Fe/Ti 25 B o i SR HEHI1E
= R S H T A E S MRI0-26 (1990)
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T 5 — SRR IC 510 B Ry X ATEORE]
EFERARE YA INUFEE S MRI1-29 (1991)

Shigeki NAKAGAWA, Setsuo AKIYAMA, Masahiko NAOE:
Continuous Formation of Co-Cr/Ni-Fe Recording Tapes by 3-step Type of Facmn
TArgets Sputtering Method
B BB E AT e S MRI1-44 (1991)

Takehiko HAMAGUCHI, Shigeki NAKAGAWA and Masahiko NAOE :
Ton Beam Deposition of Iron Nitride Films with High Permeability and Large Mag-

netization
ETIEREEEA MRS MRI2-17 (1992)

Nobuhiro MATSUSHITA, Kenji NOMA, Shigeki NAKAGAWA and Masahiko NAOE :
The Control of Coercivity of Co Ferrite Films for Rigid Disk Media
E - EREBEEAIIN7ERE MRI2-23 (1992)

gk A, HI R, EIL B
Co-Cr ZMER DA « FEIE R KRR o il ]
E T HEREBEEAFINPIERS MR2-38 (1992)
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(4) fig Bt
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THT EHFEM L, Vol.3 No.b, 47~52 (1992 )
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5 EER T = 74 A (1989) AaSCE (Best Paper Award) ZH
Fifth International Conference on Ferrites : ICF5 (Bombay/India) (1989)



