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2 o —Metalloid®] kel A9 UAB, Si 2t 10at.% RE)EM §X5x Aslo)|A FeCoSiB 12hie]
Co ¥ 7Pt o8] 7 2713 BAel| njxle 83}, 22)1 gAz] L9} A7l whE 2] 2454 W
#E ) ¥okel de magnetron sputterZ ©]-§-3led v]AA T Adulnte: Zslolon] vl =
B} Hsted 7l lsigch 4] 2L £ argelol] 23ES pellerd] $F A3, ok
FegoxCoxBioSip (X =8~18 at %)= sl on, S5 =he] A2 ICP EMYE o] 438l Zalslai}.
Sputteringel] 93 ZA9 wizte] A3} 5= XRDE 319920, ¥} 23} A3zt 5o A7 A
AL VSME o]-83led EAsIc). Ao w2m 2 Co Fafo] F713lel| wlel 2AE-L Zhash= A
2 vlehglom | 3543} 2k Co dake] HlEk 10 at%ell 28 wi7Al= Z7)sler) o o)AM= 7+
23R A4S viERiSlel 2=)1 53 3E dell Arie AR-eRe] AAEAE Hslr) Y8 dAlE
L25(100, 200, 300°C)2} AZHO~60)E A 7]o] Agdt Ao, dAlE gy viiE A5-39] 7H4E o)
Co A7IAIs} mRRPIX 2 BAlE o] Zhadle ASE epigic).

Abstract — Effects of Co addition and heat treatment on the magnetic properties of Fe-Si-B thin films were
investigated. The compositions of metalloids, i.c, B and Si, in the alloys were kept 10 at.% cach. Heat treat-
ments were carried out in the temperature range from 100 to 300°C for up to 60 min. Amorphous thin films of
FeCoSiB were deposited on the water-cooled substrates by dc magnetron sputtering. The composition of thin
films was controlled by placing proper number of pellets of alloying elements and analyzed by ICP, resulting in
FegoxCoxB oSip (X =8~18 at.%). Saturation magnetization of the alloys increased as Co concentration
increased up to 10 at.% and then decreased with further increase of Co concentration. However, coercive force
of the films decreased with the increase of Co concentration. Furthermore, the coercive force was also reduced
by the annealing due to the residual stress relief.
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2. HEYY

Agutate] 21714 BAlel| mlAE Co®l dS ZAL
3l7] S8l =34 target $lol ol B Si pellet 4
o] HlE 3:2 ®E 3:.30% AP TAJE AelelA
Co pellete] $5 A2 Coo] Fafg WA
o ol 23" =l Sig BY A 7] 10
at% Rxeld), olFA) AT o= metalloid %2
ol =¥ 20a.% A= FeAl Ao HAH 2=
W BapEat 2 Adgks Jeidiy, vigAs {44
FAEE ZleE d=A 7] Wil [5-7). o2
sty F2sl 9] A S ICP(Inductively Coupled
Plasma) A& §3le] A& 23, B Sio] =
e F 19 VR viel Ze] 7k Co pellet
o] Z7hl BAGlel 2] WElEtA] e g e
Wglew, Fee] 247kl Co H7FF 37l met 2
He %S et =8t o] bH ] uhte] 24 S
7] $13le] B Si pelletd] 75 F /M F3oE

s=A13a 3= A|9W A 43, 20009

¥ 1. Chemical composition of the films

Number of pellets Film composition (at. %)

B Si Co Fe B Si Co
2 3 83.05 6.7 1025

2 4 7637 914 1449

2 5 729 7.1 194

3 2 7994 1084 922

3 2 0.5 7275 1092 85 7.83
3 2 1.0 6846 1077 953 1124
3 2 125 6456 1199 909 1436
3 2 2.0 63 946 9.1 18.44
3 3 7729 1118 1153

3 3 0.5 69.18 11.14 11.14 854
3 3 1.0 6759 986 1116 1139
3 3 125 6339 1086 1123 1452
3 3 20 60.51 993 1135 1821

ol A Zhztell di8k Co A7 o3ke s
2o} 245 Hg 9o 2e F7 1mme slide
glassE AME-319] 27, maskE AME3te] 77 mme] #HE
Zatsiint. 2213 ICP ¥AE % e BA9] o
A5 Eo)7) 3 22em®) 7|2 A|WE FR|FH
ubako) A ALS. Z271A]7)7) $13] substrateZ 3)3A]7)
o Z3kslelon, e oF 5000 A AER AYEHE
= SA2E A8

Sputtering®gol] oJ3) =& FHsPH o2 why
ol A &) ARG (8]

ol213} AF-2H-& magnetic spin®] FEL FEA
EE ulgAg B BaEE Zhe e A 2E 9
A= A=Y AA7E Do aEA] 2 Al
M o] AR dojuhA] e W viellA dAje]
£ 58 AF-EE ARk shsdeh. 2= (300°C,
15~60 min Y T AR Salaon, 4
2] F 94| Tk ALEY7|A e 23t
Rrelvt BAE 58] Ap7)A EAE VSM(Vibrating
Sample Magnetometer)S- ©]-8-3tod 225153t}

3. ¢EEn ¥ I

3.1. Co &7l H&

YWk 02 Fe-base B]AHA 9] 7%, Co gifol
10-20at.% A=Y A-telle E AdEs & 23 A
3RS 7RRIEkE dBiA glet [5-7]. 2EA £ Ao
A= Co glol= oz AXE & ko g} o2 B
AHE 7M1= FeSiB 3l Sizt B k& dAs}
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3% 1. Effect of Co addition on the coercivity of amorphous
alloys. () : B=10.5+1 at.%, Si=9+0.5 at.%, (b) : B=10.5
x1 at.%, Si=11.3£0.3 at.%.
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7 2715439 MBS s

a3 1 = Ax 43 B Si 2AS HE
uhttollA] Co A7lefe] 27l W EAHe W3E
BolFE ™ol Q7]M (bye (@it oF 3at% A
= Sighego] w2 A9EA, (@9 (b) BF Co¥aol
Z\gtol ule} 2t} AAAL TR WIS Ho|x] ¢
skout, BAE 7hAsls A3 velde. Co 3=
o] oF 14at% HEY o Hio] FAHE vebyA]T,
7~8 at.% 73Sl vlaid 17 B 7hE A e o=
o}, BAEE AP o] 5-g whellsl AP 3] ¢
8 2 A9t} Kronm llers 7FA 7<) Apix
Z §32 D3e, ol 1) LAY F5-A o
ukbAd o] Wl sk A, 2) 38k gy A=
(CSRO : Chemical Short Range OrdenE 7}Al&
clusterdl] 913+ A, 3) T E73Alel o3 A, 4) =
B 22 A4, 5) AL Al &g A Foldt [9,
10]. ©1ZllM AxpAZ ) &3 s AAAT e 28
ehd-53o] 2N AT 13 AT A2 A,
o|Re AZPEEel oo obd EE el SAsH
gxglel] A ks AATRe A2 ErFsd AL
2 oJdeiA T gt 2e|x g2 89l s BAale
gt 7edrt wis- =27] Wl BAtHe] 22 ARE
7] Qs A Z)E AT Hle] u)
% Fgsie, a2 v FeSiB Tl A-F
Z3A7E 7Y, Co) A= -50ppm A=
E3Apshghs 2ok g vIAA FeSiB @51 Co
7} A7 73, A Atas Ha, 2z s
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18] 2. Effect of Co addition on the saturation magnetization
of amorphous alloys. (a) : B=10.5+1 at.%, Si =9x0.5 at.%,
(b): B=10.5%1 at.%, Si = 11.3+0.3 at.%.

BAEE 2pAs "o} w23k a3 63 A% Aol A
ZH) & 7%, Co A7l oJs) HAlFo] Ftashe A
2 Co A7V} iy $ET) WHIE dog|dA
$EE $37)e 98E 3] dial AoRE A7
& 4 glot e Agkt dais s SEMe
F AUt stress $AHAIF ] o Zlow Hr

% 2= Co A7lee) wislel] whe ¥3}1 #ERle
W3S Jepdcl, Feolt} Cor E7 ZFAHdA| o] AL,
Cot= Feoll ula] A0l A2 23} 2p3igks 73
a8 Weiss®t Forrer?) 2ol 98k, Cogtao] o
0wt% AT/ @ 7R E Fedt CoZ o]l &
29| 23 AR FTIs (11 £8 o8] A¥
2 bulkellAe] Aol gk, £ AlFY AelE o=
Ax gx3k= ARE Jehiddh &, @9 7AiM
E Co ol oF 8ar% 7HA] BVl Bt £3} 2
gkl 7R S Ve, ()] A=
oF 12at% AETAE Flele A3 ved.
a3y @< GelA A E3 Asighe] vehe
Co9) ke oF 4at %Y AolE Jehigler, AAH
22 (Ee (2lEHAEREe] HAs oA (vl
735 Si A7kEe] Z71E Q18] Fedt Cofl el 4
Ao 7l wet AAHoR 23} ARsite] 7
&3t dlef] 71918t el [4].

3% 3 PergouBiossSioz®t Feguss CotasB1199Sio00
o) 24L& 7R F 9 A7) o)HFAE vt
aoA & & dEe], Cort HIMHOl we)
permeability’} 5718} 0m, B} 3 8.679 Oedll
A} 2.614 0eZ FA Zashe 7102 FHHAH. o)A
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%7 3. Changes in shape of hysteresis loops due to Co addi-
tion. () : Fezg.04B 10841922, (b) : Fees 56B11.00810.00C014.36.
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¥ 4. Variation of coercivity of the films with the annealing
time (at 300°C). () : Feo.14B 10845022, (0) : Fer7.29B11.185i1 1 55.
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% 5. Changes in shape of hysteresis loop due to the anneal-
ing. (a) : as-deposited film, (b) : annealed at 200°C for 30 min.
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<&, Ao L) HdeE dA e 3 HAE
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12| 6. Variation of coercivity of the films with the anneal-
ing time (at 300°C). The contents of B and Si in the films are
B=10.5+1 at.% and Si=11.3+0.3 at.%. (a) Co : 0 at.%, (b)
Co: 8.54 at.%, (c) Co : 11.39 at.%, (d) Co : 18.21 at.%.
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