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Magnetic Properties of (Fe,- .Cox)sZr;, Amorphous Films (11)
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Abstract Magnetic properties of (Fe,-.Cox)ssZr amorphous films fabricated by RF sputtering method have been in-

vestigated as a function of Co content x. By means of two step field annealing at 190~200C for 10 minutes in the

magnetic field of 130 Oe, the film with x=0.4 among the samples shows the superior soft magnetic properties in spite

of showing the high magnetostriction. For example, the obtained magnetic properties of coercivity and differential

permeability measured in an exciting field of 10 mQOe at the frequency of 8.7 MHz are 0.25 Oe and 280, respectively. It

is confirmed that such behavior is due to the variation of magnetic anisotropies caused by a optimal compressive stress

within the film.

1. M 2
wjAal Z4gtaubule g HebAl (surface  acoustic
wave, SAW)AxzFe] IDT (Interdigital Transducer,

IDT) Abolol] Z2kstel Sj¥A7Iato 2 whotsh ob 7))
o AgolA F T2 7AN ARE BH SAWS o

sho) Alsbzhe) A W utetulel A9 AR R ET (4

EE7) & A o2 2218 SAWEEE I
AASmA she AT7F SR ek

ofw AL AR LTHE Fo HAE, uek g
7174 %‘-oﬂﬁ B} 2 AEEHE L7 Yo
Ashe} ¥ BALEAE A BEA7)E AHolch.
4 % S4e Ar|dez ahiEle 44 Aoz Bl
B2 A)71e AR WAL A7 Gt olol WAE ole}
2 AL FFA71E ASPL Bt olzt A A}
1545 ATl FEATe BAE B & SHoz
(Fei-Cox)sZrn B1AE FFAE =] A wpats)
A7-E $Yw gick. 2 Aohe) YR x=04, 0.5 ¥
9] wiele. x}7|EA Zz]ubskol] wisle] S=zMleko @ 130

Aoz

o
fn R
xo
s v
a8

Oed A}713+g alzbsled 150°C ol 4 90 7k S elslde
R4 Z}QH el e 24 E 278k et Al
Hjalod o wate Hel 900 AT F3gt wHFAE

w} el g 2astgch.? o] AThe & el uhe} ol

odubx 2 Aol A Hs #xEgh Bell uh)#sla o]y Ay
T, A 2 &Y Sl v|EEte, p= Holl didiEs §
A& Jehditie Ao vlsta gle R el Hakgh
T Aasfdolales SHAA g FoF gu|E SR
=

B dFolM= &E 1.1 MHz~8.7 MHz2} AF a9
A FE7ERE 222 AT Atele F A R217)A ]
W3 E doiz] SAW o] &5 ¥stg3 217|545 o] Agit
AE 8X-HAE & S22 [9.1m~205m 57 2
(Fe,- Cox) wZri F3& 4obA 3]4-2] (soda-lime glass)
Z13Adel BAAIA AAFTAXE Helsle 27154
ZAF o R2H x=04, 0.5 F2o A ehd 2754 9] o)
A0 delg st aAt st

2. A & gt H

=

TE 999 % o174 Fe, Co & Zr& AHE3}o] Ar 714
714 olz £HE A Ho] Scmal (Fe,-Cox)aZrn
249 et Ast ot gt B4 RF 29
Blgubyo 2 7hx o g Ul 2z o] Lok F e
{(76mm X 26mm X 1mm) 7] # 9] ¥ WHo} 20mm
><20mm FAE 19.1m~205m7}t 58 Z3=Egc)
fate] AL E dF SVMAE Az &
o)X 7] ¢t Ao = sebd dujAdyd A



832 g3 5.3 3] %

£ nlgte 8 ~Hey 271L 700 W FHH, 24
mTorre] Ar 7F2AE, 33mme) 718-ebAzr AR &
gdom, 27 AFEE F4 8X1077 Torr °ls7} HEE
stadch AlztE A e FaAEsE o 59~6.3
A/sdh. 349 Fu H9718s g As 45
7} 2~ 3mAER HAL AlFE 7ige 2R welEigle
U At} G e E JTe g AR o RN o] EAE A
g x 19.1m~20.5m 57 2] wreh Z3bo] 7h5-slgin).

AlHA= £ dXe]E 3l dSolA e W3t of
S3ke A7lolEFA, By, A3}, vlREAge] HetE
A AL FF Ssheo] vlRe dFepAd e
38ke 7Byl Aedsicty Ak® 25k AAF A M S
et &, GA=E gl glo] HA =hhed le
Eafsls BFdE WSS 93X A AT ASHLE
2 9g7] Y5t sl Aubgo B RE] 45° o R
130 Oed) AFANAE A7bska 200C oM 2417 G4
2 (2 dFae 45° AXR AF)E W, T F
45° Ao 2Jgte] FAH dEHFEAL| oIS Aoist
7] gste] Q7kA7IAre) Az o] whekelld 90° 3AA|A
100, 150, 175 185 195 205 % 215 C7#]| 2] 2= oA F
Ag AAFANASE A7iske 1087 7paEA A (2
AFe e -45° MR AF) & At Holth

A)=tg) wiele] MBS [CP (inductively coupled plas-
ma) o2 EAMstglor elAle] A7 +£02 at.% HH
Well 4] 2 dx)stdct. Bl ATFZ o el Histe] A
387 X-4 3473 (Rigaku, RU-200B) & °| &
3l AbeE X-Ae Cu-KeAdols, #A 2 #xdfe
zkzk 40 kV, 150 mA 2 stgdet. 271542 100 Oes =}
713 717} 7% B-H loop tracer (Riken-DenshiA},
BHS-40) & 435t} v]E-Fx1& (wle]ejz riatr)
Abell 9J§F EFFRE 2 ‘?ii})-fi— Impedance Analyzer
(YHPA}, 4192A B5Hz~13MH2) B &A3 5o &45xt
712 ol7brt 7hEste® Akt 301 Oe/Adl 2
< Aakslgnt. Aol Optical cantileverf o & FHi
200 Oed] A7)1AZ A &3} Ho}.

R

45° %iiﬂ T RzAol) AR AHE X-4 FEATE I
Az, 28 A AN 20=44" F-ZNH9] H3
halo-patternite] B350 dxg) Fof A AL vt
B o] whukele #olakglr}. ol Coskol whe ZAA3} &
S (To7F AzRA A oF 400C AF9 e ez
A&7l 71Tt

2tk dajelo) 9sle] Ajme] 2A7|EA ) vlRls 2z
EHE 73Es}7] gste] 2 dx=] 2ol dojal Al
o]g Ao B HE] bsholl FoF R EE 2H 1] 14
gfgdct. Ex 2p7|o)@Adn A5 o2 FASHE F
2 ‘\’32423—7*51 TFalgdet. ¥ 71 H5e TS
A, o2 45° A, 1 o -45° AAE 4
B F5E 4‘3]?‘5}4. 45° Q=)o 2zt Fo Wste x

3. 4

ot

¢

p2L

o2 mRFl

it

A9A A8E (1999

[

T T T 1

(Fey_xCox)geZryy
~O0—:X=0.1 —8—:X=0.6
—0—:X=0.2 —4—:X=0.8

5+ —y—:X=0.3 —y—:X=0.9 !
—0—:X=0.4 —e—:X=1.0
—g—:X=0.5

A 0 |

E (x10° J/m%)
T
L

* .
——r
vy 1

o PR TN NS RO W B
b4 100 120 140 160 180 200 220

T, (°C)

as. depo. Pre Ann.
at 200°C

Fig. 1 Annealing temperature dependence of the magnetization
energy(E) of (Fe,-.Cox)wZr: films as a function of Co content x.
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Fig. 2 Co content x dependence of the magnetization energy(E)
of (Fe,- .Cox)wZr, films.
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Fig. 3 Annealing temperature dependence of the coercivity(H.)
of (Fe.-Cox)wZr: films as a function of Co content x.
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Fig. 4 Co content x dependence of the coercivity(H.) of
(Fel*\COX)u'JZrn fllmS

o] x=0.5, 0.6 2dA4E Za
x=0204E tha S718kar e} 2 Halo dsjae
@) gherZFoln), g x=0.904 B E—°4 22 Fhrt
Axjelol) eJste] 33| 2= F,,& HAH2R Cos
=9} @A Fadte A%E Bola gled o) o9 H,
wistoll H B} i) = e},

2% 3ol Aozl zr|elHF A A 3 H.o) d3ig)
&AL Yl HE FH29 45° dxjgjol] 9 =)
agbth, Fo A FAHem g wpe) o] A e
olzlo] whubulo A 6 2A € el Hrt 7

g0l ulw ﬂu}. EE
A

O

(<

(Fei-Cox)wZry ¥ 2bAdutatel A5 4 (1) 833

400 T T T T T T
(Fe,_xCox)geZry;
250l T,=185°C,~45° f=8.7MHz |
+ :X=0.1 H,,=10mOe
x :X=0.2
A :X=0.3
100 m :X=0.4 -~y
® :X=0.5
® "X=0.6 '
+ :X=038 . .
250 ® :X=0.9 N - -
* :X=1.0 » -
» .
.
-‘A‘*‘A‘l
= 200 LI A -
2o ¥t
! H
t
1501 £ iy _
' y
s 1
» EL Ll ] 1
”xxm;x. u!uu“”g
100~ (xxTERE Ry, —
o xx® H 4.++ t’..,‘“""tq. ""x,,‘
x b Xx
" e o .'; o, -
+ *s H
+++ H ] H LI +4
H
30 et ] e’ i i ++*+ B
++ e' ﬁ.’ ..' :‘ +e
N s
o “gngtll!llu!h! :ﬂ!l&!mu;g"ii

-80 ~60 -40 -20 0 20 40 60 80

H (Oe)

Fig. 5 DC bias magnetic field(H) dependence of the differential
permeability () of (Fe.-.Cox)wZr. films as a function of Co
content Xx.
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Fig. 6 Annealing temperature dependence of the differential
permeability change(dw) of (Fei- .Cox)wZr), films as a function
of Co content x.
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Fig. 8 Variation of thermal expansion ratio differences between
the film and substrate as a function of Co content x for the
(Fe,-.Cox)sZr films deposited on soda-lime glass substrate.
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Fig. 9 Co content x dependence of the calculated anisotropy en-
ergy(E,) of (Fei—.Cox)wZr, films.
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