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In this study, The effect of quenching and re element R(R=Tb, Dy,
Ho) on magnetic - mechanical coupling of Feg;Gais alloy was studied.
Found in hardening quenching effect, can effectively improve magnetic -
mechanical coupling Feg;Gai3 alloy properties (include: KE, is deduced, d
lambda/dH, A Es/E0, A Gs/G0). Among them, the damping capacity of
FessGais alloy increased by 74+, after quenching, and was highly consistent
with the theoretical calculation rate (88+) of damping capacity contributed
by magnetic resonance. It is shown that the enhancement of quenching
damping capacity of Fes;Gais alloy is dominated by the microscopic eddy
current mechanism caused by magnetic field wall resonance. After
quenching treatment of Feg;Gaiz alloy (200) texture, is different from the
furnace cooling (110) texture of alloy, the influence the coupling
characteristics of magnetic - mechanical (include: d lambda/dH and A E/EO
and A G/G0) and magnetic structure, and lead to Feg;Gai3 alloy damping
capacity is deduced and the magnetic mechanical coupling factors KE. In
addition, in Dy mixed effect, found that 0.2% mixed Dy and quenching can
make FessGaiz yang-style coefficient E quan changes of alloy under
magnetic field (A E/EQ) increase greatly. In plus H = 2.5 under the test
conditions of kOe, A E/EQ can be increased from 6.1 to 12.0+, the increase
of nearly 100+. In addition, alloy Fess.s gaisdyo.2 showed a 9¢, increase in E
at a low field of H=0.25 kOe. It was found by XRD analysis that all the
FessGais alloys were composed of A2, D03 and D03 variants. With 0.2%
mixed FegsGais alloy with the highest of Dy D03 variant phase fraction, at
the same time with the highest lambda /// d of dH = 0.79 PPM/Oe and A

\Y



E/E0 = 124. This results in a Fes7Gais alloy with 0.2%Dy and a magnetic -
mechanical coupling coefficient K of up to 22%. But excessive Dy lower
DO0; variant phase ratio (x > 2+) and increase the rate of D03 phase points,
led to the decrease of the magnetostriction, and thus reduce the lambda / /
/ dH, K and d A Es/EO and other physical properties. The contrast
calculation and experiment A Es/E0 and K2, and found that both have good
consistency. In this study, 0.2% rare-earth elements R(R=Tb, Dy, Ho) were

used to improve the magnetic mechanical properties of Fes7«Gai3Rx alloy.

Keywords: Galfenol, Rare-earth element doping, magneto-

mechanical coupling properties
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R eh kR E_F|# 42( magnetic moment )#7 & £ 5 @ o B g |d E_
d R A+ B jp3 T% @ 4 2 e f+ BAE
B Xk
(1) £+ g (Orbita ) B - T FERF P OETA 2 RS
ehn

= pme (2-1-1)

Horbit

i

(2) &3 p *(Spin)E4E : 73 p @ EFHTE L RS

eh

Hspin = 2pmc (2-1-2)

H v

-

e RF LR
h @ # 4% 5. ¥ #( Plank’s Constant )
n g g
m: 73 f;‘r

|l

c: kik
() R+1EE T R+ ip paTA 2L e o

Q-1-2)F fv0 B3 PEEL 1] 0 8 T F BAR I - T L L0k

& BE A= o] utotal = porbit + pspin

2-2 RIEY A R
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Bl Fa e m b HiEr T > § ERApHBLEEA M
YR G MeHZ Mo 29 x 25 F2AnHERS « 5 Foriiz
RLERUACE L R S AU By ke sl A
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]

R

a. F g+ ( Diamagnetism )

;Ez‘;‘.ﬁ‘g\_ ,@_ﬁ@:.]@g, E‘;’ - 5;.(‘%@;4‘1_ e -H o a;};»%fr

Y

MG s SR Mo et B R IRAPE G17 e o TUE T SR
foeno LREEMD Ed B A 4 DR BRI BT MR
F PR RS R AR RIRA LB R L) g

o e - £ B E R AR T LR

G PWEGFE RS o S 38 e THRE G R B
P FR AR f 38 € RIS o F gy - B R R A Y
[30] -

b. &2 4 ( Paramagnetism )

Lo EEHT  ARE HE S 5 gt e £ o 0 L g

ko e g HEER] > FRTHF 1073~107° dcE &0 A
TS R o TR T B RS S S R AT B G HE
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¥
i
A
A
Y
3
énhn
’ﬂ‘i—z
ﬁx«r

OEE ] o ¥ BB TR B BRI

JIIE@I/-'— °
RS R KRR R R T AR Rl Rt

c
x= < (2-2-1)
Fo RS TR -2 R ) (Curie-Weiss Law ) -
c
X= 7o (2-2-2)

R0 o Te STRREA L ERALER c RRERSE A K4
BRFEF)FF I 5% 0 FER KON RS BET B

[31]

c. 4% 14 ( Ferromagnetism )

BREMEHREELE G Dt > I8 B F ) R SRR € R
Fibp e B F T F210% 2 M o H ehbf %4 £4F ezt
M L5 p#RCIeEF R, BRI AL & o 2
Mmoo R RARE-TRRER TCRF > SR 2 > BB
WP TP AR AER R g 2] chE L 3 0 ot T s
FI A58 g ehp A B BB T AN LARZE B L b

ol 42 H L g Il BA AL A2 FeGab g o
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d. & 48 12 ( Antiferromagnetism )

FARR S BRI . SRRt R ] g i Tl o B
PEAY FEAENTEEE B 54 > FerIr~ CoO % > f #-2 4
# 2 R R & TN(Neel temperature) 12+ > gAE = FEFL 27 » ;Ikg 2’
RN o R R BBRE L Xﬁ%g BARAETFE L > A SR ARF

Bl i A AR AR R 3 RAE R AR K b gt s o 20F e % ik

B F e
e. 4482 12 ( Ferrimagnetism )

i8R
14 4822 12 ( Ferrimagnetism ) 48|t ¥ L@ > i

ey 3 Fragit o ERAORGPRBELRF > - 7 BFY

ﬁn

tefopi it g R 0 R AR FRCOD S 38 B E R 0 B oF 48
BAp o &S Bt B ROBIER PR 0 FIPRAELF T (7
Pl ABEFERPAING o FEALF 0 BEEI|L By
Wb o R 2L FRARTIEE - B BRI

IR A DR ERFAAER o BRMSERAR B

Do - A R
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i T \
tL 7 |( ' —— — ~ ~ —_—— —
we b | 92

- |I }, —_—— — —_— — — —_— — —
I EE
g A \/ @“@f} — —— - & & ———
B AL lix Ux Ms Ms
foFu N ‘ A
Eopsa - 1 A
, ———T »T LT !
f#4L | | Tr Tc

gh

.
=]

R

M M

M

M

gl 2-3-1

IR 3
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2-3 BEMESE

BRI S TR 2f 2 P Gl Ty - B D H o
it P 1T ¢ 3248 (Fe) ~ 45(Co) ~ 4 (Ni) ¥ 1K » il iiit
AL IR A BB E & T (TIEH A F > wa T (TRFF o
FlIC R & G - B i) m@i%ﬁh? BB PR (A ER o d 3T
B v € X AT BB E 0 € ¥ 5 % (Magnetic domain )
—ERMNORIFIERE TS -ROETAREFHE S @fjﬁl - AP
[32] -

BEARG p B T FRODBES T T2 gt o oA i

R332 # Pk ik (Demagnetized state ) © iz & d STEABL GO 0L 2 2F B

Nud

T LBRERBPAPBEL cFLAERROREM T LR 2 8
PRV FRI AR E > B PiE& {oe it ( Saturation
magnetization )> B & 3t p 4 B o BArE IR D o B IV g2 R D
FEE G FRTIR kN R A T B R B
(Hystersis ) o &7 fogs i fogd & L 48 |2 e & $c(33] > 4o R 2-3-1 %
2-3-2 #75F o

SR TR P e BT P B T AR AT fReng it o

HEA7 % gk f AT Ao B] 2-3-2 977 o § S TE R B

+j‘<}' P ]FX-&(’,@&%‘,{&EE?E’HJ‘N} C /)é“ P E] IL 17' /p CBAO /\),’L’ CD
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E 0 o § H=0 Pt i3] g

WHF S e H P PIBE TR R EE

OD > fi 5 5% 4pz i

,::&
#1F

£

° p RAH

B o fih2 & A4 He( Coercivity) o 1 & & DE 384 »

EF 2B B F o B S BRI AR S 4

BTl f e o BRBEHE ST e 0 BB

e

F-G-C # i o 4

B B] C-D-E-F-G-C #£ & #.i# ¢ 4 ( Magnetic Hysteresis loop ) [33] °

B 2-3-2  4fiEE 1R R 2 R 1 [33]

16
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B 2-3-3 £ A EF SEI[33]
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2-4 g B = {+( Magnetic anisotropy )

Bl o R H 57 R A fe bR B IR AER S

\

Bomd AR T 0 g XD F RO B R e g 2R
AN e a R TR B AEE R E o - BT B
EFRES TR e R BEFY RMPAR R F R
dlm g B mF hEFB o w2 5 5 B $h( Easy
axis ) @ L PR I Apfren L2 G 3t fih( Hard axis ) o — 45
w R ic (Anisotropy energy ) K3t ih b 2L 2 ¥R Y fhen D o o
UV EEAev e 2L HEOLMEFEHFZ s b HEr a2 D
ol B et @y 7 UG AR S PR A 2 AR R e

et gheld  GRHFY %7 HIZN 4 17( Cold work ) ki3

BE o SR BB S hhe 2 BT LR T B AIE ki

(Bd\

IS ICOTRS I 8 N TP S RS IR R RV E Ny RS AR

RS~ BTN GRE o TR ] 65 LR B P faap[33] -

R o #h R w1+ ( Magneto crystalline anisotropy )
Bda ph B o 12272 R Tl 03 e p ORBE R REALIESHEN 0 BT
ARe P Z R eI o 3 & F R p Y -fuxg 8 & (Spin-orbit
coupling ) > o ** f ME-#E 2 3 EF > @ TR Tap AR

1?/\9’%#{& b e B o WL BEophE etk gt 3 e o gasﬁﬂ
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SR LI B M KRR P RS B P g
T3 BB pug o L G T P £ IS R T
R I R PR P i R R v R BT R

2

QA PR F R e e b BRI

i

7 e o
¥ Rz fé”‘ Pﬁaagﬁm@w%ﬂ?’r} ° ;é%iﬁﬁ aaaii-ﬁf’%aaa_;’
woATR T (b A0 B 2-4-1 ¢ BLRBY B Y MV R F B

AT

7
<~

i

g > 0 BT LB aE R S w3 o [B) 2-4-4 FTRE T chELAR
R AR ad(100) 2. = $0 5 F 5 dhi(111) 2 2 $ib
Pl BE@ it pho ¥ - > g H R4t > RRR 243 > Bl 7
B i3 5 g1t ph el SRR 1Y phio RNt A b o B4 5 6 v 2 2 BiE

B B (1D)rs * 21 gh o (100) 5 5pes i i o
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REHERR(E J, (x1.257[mT])

1,800 T . i —
- W =3
1,soo?/f - {:’ _ et
110) | —*25k
1.400 <‘,x>'x$_'j
o] (111)
1,200 be<
1,000
800
600
400
200
0
0 100 200 300 400 500 600
H<><I—O’(A/m])
4r
Bl 2-4-1 B B 48 g b 0 4[32]
o ]
B5 i {(110)

ESE 2

(111)

Bl 2-4-4 452 %5 B2 AR gk phit {1 dn[32]
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D .

NI
(a) - '

B 2-4-3 mEEEI E"ﬁ’?@'frﬁl e p B R %O

A5, £ w14 ( Shape anisotropy )

B E R A (8 0 38 & G ehp %2 Spin €
# i @ A5 & g (Magnetic charges ) » B FRF € F 23 (81
TR % He4E L T ¥ * (Dipole-dipole interaction )fit £ 7t AL 5 FE
( Magneto static energy ) - B fRET T (T* 14 4 2 B R > Jr

W DB ARG B R RS P I[33] -

SR B w14 ( Magneto-elastic anisotropy )
#5 & w 1£( Magnetostriction anisotropy ) » # ¥ SF{reé £ v 14— 4k L d

PR BT (v A A2 o iy GABEIE A P

21



pERd R IR A A2 R R BV A BT TIR R R
T g R et o B GEATE D RATES WA A H 4 o B 2-3-1
ATA-BEPMN OSBRSS pEE ABERORE D e 8

S BRNEE T A 1L @ e 0 T B S 2 R E5[33]

& ek B v 14 ( Induced magnetic anisotropy )

REEE LT E BB G4 LG F o iR
TRIETER vt FREN Y RAGKR S F AR o A1 3 Uy
EESgtie Rl TR R EEE o bldr it § cehil
Bilh b b BB BRI & M L H SR o b 0 AL D BT
L 32 s ( Magnetic annealing effect ) o % #ceruigi |t & & 4o 0 4 ftas
( Cold-rolled )t /4 i¥( Cold-worked ) » » € A 24 4p % 5 «h & v & > fL

% itz 22 2 v 4 ( Roll magnetic anisotropy ) [32,33] °

% $% £ » |4 ( Exchange anisotropy )
BRLY Tiork Sy Falhe B2 2w 74 4 -

AE e R e B gn R EREFYRBHD 2 LT R+ HA -
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2-5 g3k @ 45( Magnetostriction)

B A RS ehIT T ORI (TR R B 0 L BN
‘fﬁ CREFT B R L A R o ARY T o R BRI oR
T HS ) Ak 3 R D R e (AR ) AR
BAT 2% §REFAHS P 5% 1 & £ HH ek
o WO MPREE o MRV RS ATHSFA F L 0 i
R g Aot i R R 3R 5 o R o T AR
PSR g o ML R EARARRARE R 0 L2 A
MEw Rl PR PRLE AR M R Pl A PGE 48 & o f
PR A AR g R o APR RN EL I LR RN T
M 4 B i > RSB ) T - BRA(X,, Vo, Z0) N R 1S % 1
B(x,y,2z) e ®&krry% 7 OA4r OB e £ » PR 0 (s nE R 1

bo N (2-5-1) 9

L 1 (2-5-1)
FERS D Pk e g or51de g BlAF 10 3 e e

B 45 4 Ry o B SR 1) (10-3-10-6) L i gE )

TP ] %0 JREES B9 PR 0 T RN T I MY

%
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X =X + A11x9 + A12Y0 + 4132
Yy =Yoo+ A21%0 + A0 + A232 (2-5-2)
z = Xo + Az1%9 + A32Y0 + A3320

(X0, Y0, Z0) LA B fh > (x,y,2) LB Bk > Ay 7 %A

BB %R s %0 e w ARz L Bl B2 2 33,—;431:&\32:

To

2 fo By =20 7 M Q525 R F H(25)

To

X = ro(ﬂl +Z]A1] ﬂ])
y =10(B2 + Xj Az B) o)
z =1o(Bs + X;43; B))

AT RS BARE R ORRM A E G S

1
2

r=r1o(1+ X 24iB:B;) (2-5-4)

Fla 5% 1] 0 A PR hg I Lk 0 T 5N (2-5-5) ¢

81

= 2ij AijBiB; (2-5-5)
FRHES ol 2 % - X BI100)(111)F & chée frps © 558
Moo * A1 & 74 ((2-5-6))

2
A100 =§h1,(a1 =p1=LlLa,=p,=0,a3=P3=0)

2 1
A111 =§h2,(a1 =pL=a, =P, =az = L3 =ﬁ)
(2-5-6)

v 0 EB(100) 0 (1) o e fops @ 555 40 M e B 50 50

(2-5-5)7 @@
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dl 2 1
7= 51100 (afa% + aZai + a?a? — §)

+ 3111 (@121 B2 + azazfrf3)
(2-5-7)

RN AL e BB B g0 = Aygq = A0 LT R
a_3 2g_1 _5.
= 2/15 (cos 6 3) (2-5-8)

#7 o 0=cos 'Y a;a; 0 cosO = a; B + Ay + azfs
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A4

5= % FEIAR

AR R BIRAR 0 Ao 3-1-1 4 0 RS 8

ek

fed
% TIRGRBAE RS L & 0 P AR BT Ao L PR S A
SEG AL R MM F %R ER o ¥ 5% VSM £ Rl SR
g XRD A H S

idod fh4eE I 6kOe T RaE T EBEE S £ XRD EP

S B BRI hdt B 25k0e T BN A2 BB

I B AR LIRS o

Fe-Gaé £ pie & (Fe-Ga
-';’E

£ 42 2 4)

RS o R4 T

(VSM ~ MFM ~ XRD -~ 800°C;2 X (VSM ~ MFM ~ XRD -~
RFDA -~ RLC-meter ~ RFDA -~ RLC-meter ~
MS-meter) MS-meter)

Bl 3-1-1 7 %42 R
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3-1  FH&7 A
AEAFHRAL T AT RPEAHFLF T BB R S5
4> 11 CNC S7 23 4v 1 f4c 1 > A ul#2 42 $12 X

5x1mmd -~ 6X6X1mm3ih> ¢ 4% ¢p=3,t =12 Fl4r48 » 2

i m W AR G R{o B L T E R~ XRD fw VSM £ 7] -
322 ‘R&ERFE FH(VSM)
B gL E I SR TS E P KR( Vibrating sample
magnetometer, VSM ) o 1 &
F o BITAREZ ] RE NG
R w5 EE P ol g1

RTINS TR

v

75 o

3-3 B 4R R
TN BRI A BT RN G ZTHRBE T LT R

B I R o BT EER R A 7 5N o B A L

o R ek Bk RE o F B

FARIEFET VR ETEMIBERE  THRE -
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v

FOFEFRPALRABREBTIEZ - ESRR R EFEAD

3t

2REIZROVZTEIpBafE AT AL

(3-1)
FEd G-DA % 25 FEF > BG-Dib A 5 47 F(3-2)5

dR _dp , dL dA

R p L A
(3-2)

TIER TG AR SRR S L r o ¥ iilick &7 2

A =kr?
da _2kdr _ ,dr ., dl
A kdr? r L
(3-3)
v b | : : _ dL
H ¢ v % Poissonratio ° $# ;8(3-3)% » (3-2)® » E R F € % T o

v H(3-4)5

Bo@+2nNE+ L1421+ 2

R L p p

(3-4)

O~ % R A (strain sensitivity)k0 » ¥ % 77 GV%R =koe ¥ #(3-5)5" ¢

%s=k0=(1+2V)+(%p)s

(3-5)

A

5N A TR, 52 N LI o @ kO( gauge factor )

e~ ) 205222+

A2 P
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REDOTIEMS ool b fip j SRTFLIRDER - ATED

Ak o A AR EFRE AR o T MR R 2

FeAPEZRAOERFEFINFEF R T IEE R B8 temperature

coefficient of resistance )| o 7 [EAE 4L - 4 * ;N Cu-Ni & £ » &3
T i@ * Ni-Cr & £ -

B FIR R A A o A X HE phs SR BRSO R

H k%3 (single element gauge ) » A& 3 - BRIEAE B
T e R FAR BB o 0 iR %3 (rosette gauge ) 0 Bl
—ARIRESBULIDTEAE T INEER oD EAE

'

SR SN R Ry I

T i

R X Ty Nl SRR RN LRI R

A

Flt A F BT 0 RRERDFRAATF AFRFERT LE MR

=

J;P\“t\‘» ’ ,Ea@

33

=H
a}\\_
I
i
9
e
i
o
Ak
S
Bt
Ly
IF
\
%
ﬁ\
o
Ak
m
(w

v

AR R & AT R T 8k k( gauge factor )~ ﬁ{a*ﬂ:}aéﬁ-m o

N

29



B 3-5-1 eV T % B
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PR EE S EE CE RSN B B S SR RS

e s s B BB AR T RS - % FRULEA -

BR e AT - BB EARPAEL C RABRRBRIEFI(-)V ()~
V()T (+) R > FRARET T (-1 (+) pEid R
120 Current Source » #&57 V (-)~V (+) dUpREZEF] 5 # 0 7 % °

PHBEFARLTARLAS S FAR AL Rikepig o b

NF TR SR IEEE RIEF R 25 AP RRESE T B 12X
5X 1mm?° o
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B 3-4-1 wZERFEFTHREL B
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3-5 R+ 4 2 g4 R s (Atomic and Magnetic Force

Microscope ; AFM & MFM)

B+ 4 BEps AN R+ 2 B e~ i@ X 4 (Van Der Waals Force ) 1
FRERFSDEG S BXA BRI 0 - BAGREIFE
Ko ¥ - BEARASDRG > VL FeniTr 4§ R g

2

mosgiv s HiTH 3 BEEI il e B 3-5-1 411 0 F R BRSO

B 33254 nied A3 RFIEETF 22 Famiisldir
oo EREA AL R NEY > F 2 ES RI ARG - TEE
B, HE 32 54 chied [ R RIPBTIF 22 B arild
TF > B LA LBLI A niEF o

AF B A& g3 N a0 e (Tapping mode) ™ 4% 17 > 2 50

e (S H RIT G BRI R SRR A iT 0 RIS FARIEIR N L 3R
b RIFEBRFTIASFEAESE  d R EDL G F MAzR
® IR I mAPR G P EATRY F 2R i 2
TIHFFEHF SRR [T 3 R o

B WA ARG A s E R B B k(-
L e Co-CrzFfafFé 2B HELag®w L3 7% o & AFM

2RI MFM RS € 84— B AFM 2 B3 & 8 5 60~110nm 2

BAz 457 W55 LR A G R A
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B RGBS N €T ARSI AR T MM & F %Y § 117

i3 2 AFM Bl w4 LI % Fh v K2 5 B84 4pd0
FIHFE 2 B K > R i idsda st - o T RIGTFRLT R

2, L L
PRI

RaERNA
YERT

ff7
bi:d. B

(tip-to-sample separation)

FFERT

®sI7

B 3-5-1 @ Apgn + B ie* 4 22 5 W EERE (2 ) o
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2

Fr i BRENG
i gafrRgt A FRRVGFERE » BF 0 B2 MRS
SEBPITEN MG L AL G R SR B TONITE £ T
ERMLET BASPBRBRZ ER MRS AT A R

#(Hs~ 100 Oe) ™ it 40 £ B R ¥ 45(hs ~350 ppm) » &% {Fihdz & £ 7

ALY TRAMEE RPE LA AR BEER P E[1-20] -
AR HT  Fe-Ga & 2 B-HEEFEEE LML

FEARARME Y DO M ESHEE F 2£(001)> v P52 Ga-Ga

+ 43 H Fe-Ga & £ 2 B-18 48 & 125 - 2t *t » Fe-Ga & £ 2. D03

WS 52 Ga e Fe-Ga & £ 7 enle =1 FAphl s LR -

¥ Gaz R F At 5 19988 27y % > Fe-Ga & & 2 D03 % 18 5 440 1

FEFAPFHES B0 & R Fe81Gal9 2 Fe73Ga27 7 fLepiik W 45

ek

oM 0 B GaFZEHMT Fe-Ga s 2 st B> it B 7 #F=
Lo NFIHER BT ERFEBFIET > AR RS

(it 82 i%) % £ 42 <% (Th, Dy, Ho) %3e4 % Ga § £ FewGan &
E2B-BRET 2R 29 ¢ 7 E~G % 2R i # (damping capacity)
pESgH)Y gtk 7Py B RE BER B R

R H ALY RS R L -
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4-1 Lz 4t FesrGais & £ 2-B w25 2 B8

LL

P

A afE T R Vs $ FesrGans & £ - IET 2 B 5 Vf
#.7 Yg 4 (furnace cooled )£2 %5 800°Ci3 ¥ (Quenched)wd® {é FegsGaiz
&2 BRI ET e ¢ E~G 2 LR it 4 (damping capacity) &g 3-(H)
gt AT BB B B BRI

FALY R BT -

4-1-1 B2 # 47
Bl 4-1-1(a)% (b)4 % +“ §&1 7 g 4 (furnace cooled )2 &5 800°Ci3 %
(Quenched)z2 {5 FessGais &£ £2. E 2 G @3 (H)¥ % i e g (r
AE 2 AG »tjig)od Bl® ¥ BT 5%V eJ2 2 FeyyGanz & & o
HEZ GAH=0p(A%47%E0Z GO)» # 8% T% -E2 G &
BT gt A w2 AE/E0 82 AG/GO 0 s N RS H P
B oo vt 4ediE T] 2.5k0e FF 5 i3V rd® 2. AE/E0 22 AG/GO 4~ 9|
F 7] 6.00% 3.1y 0 B E Yt md2 2 FeyrGann & £(4.1%2 1.94)4p ¢ >
G KRB L 460, 2 630cTd o
Bl 4-1-2 vt g b 805 ) B2 ¥4 FegrGars & & 2. 2 R it 4 (damping
capacity)2. B & o d B ¥ v Yp b &5V FesGaiz & £ 2. 1L L s #
(AW/W)SER % 1 2 484 4p 002 % 2vh 4% H=0 3 0.75 kOe T F¥

¢ RERSAE R Sed < MFA T 5 ¥ A H=0.75kOe T 2.5kOe ¥
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MRS BB b dl e b A o R L RJE (5 2. FegrGas & & v e 3

\\%‘

H=0 2 [= 2 it 4 (AW/W)H=0 £ 37 1.430, o 4p %+ k2 > S50 A

\\-a

FeyGars & £ 2 (AW/W)H=0 2 4 0.82y o 3= 2 > i% X fdm i
Fes;Gaiz & £ 2. (AW/W)HO 3= 7 74300 B8R nd > i e
2_ ¢k 4e H-(Hs~0.8 kOe)PF » 54 4 8275 L g2 2. FegrGanz & & AW/W
£ rE D 0120 o

T fEBHH AW/W 2B { 2% 7 (5 H=02 H=Hs 2 AW/W
Lo 7 = (AW/W)H=0 - (AW/W)HS » 2+ 5 % B4 1 i £ B 45 F ez
AW/W o 3-8 7 (8954 8375 X g8 2 FegyrGaiz & &£ 2.4 W] 5 0.704%

131 © B % dpdl FewrGais & £ i V87 5 2 kg @ Hy{ZL
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138

154 (a) —@— Furnace-cooled
LEN —m— Quenched B
I .-.‘.\- ,.,-’$ i 136
L e -0
12 Sy . * Jov® .
~ oy \ o 1134 =
s I N o P [~
- L) ® T
O 150 \ . <
Al Furnace-cooled FeGa Quenahed FeGa {132 =
= " Eg=152.1 GPa Eg=136.4 GPa
148 - E¢=146.2 GPa E¢=128.7 GPa 1130
| AE/E=4.1% AE/E=6.0 %
146————— — L. 1128
-2000 -1000 0 1000 2000
H(Oe
72.0 ( ) 515
|(b) —e— Furnace-cooled
—m— Quenched
-m-m, _m-E-m
TSy o.= .\'\. x’—.’ o 151.0
71.0 - \. \. / 1505 —
= =
o T ched &)
g | Furnace-cooled Quen 4150.0 &
] FeGa FeGa ] &)
| P G¢=51.1 GPa
| G=71.4GPa s 1495
- G3=49.6 GPa
69.5 | Go=70.0 GPa 0 |
| AG/G=1.9% AG/G=31% | 49.0
-2000 -1000 0 1000 2000
H(Oe)
Bl 4-1-1 Fes;Gais & £ 5% 4 205 L EJL (8 2_ ()i X a8 E % (b)) *»

RGBS H 2 MR o
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16 F —B— Furnace-cooled

14 _ —0O— Quenched
1.2 -
<> 10 )
E\/ | Furnace cooled Quenched
0.8 |
E L (AW/W) =0.86% (AW/W) =1.43%
% 0.6 (AWIW), =0.12% (AW/W), =0.12%

04

0.2
00 Y L . L . - ; . * :
-2 -1 0 1 2
H(kOe)

B 4-1-2 Fes:Gais & fJ}§/¢E/; N ELR S (AW/W) £z ¢} 4e
BHH 2 M %
Li- B IRV AEIL R FesrGais & & AW/W + 153k 5 2 1%
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a) Furnace cooled Fé'Ga
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R ARl T RE (430 FE R AT E Y J B R AL
FATFRRL LG 4 R F B R * £ (88%) A FewGans & £ 5% X
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dSBHEAY FUER SRt R gVl FewGan £ £ 27 7
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%\' 4-1-1 Feg7Gais /‘;\' &

Bt 2 800°CH X ML i 2 BA-1E R 4E & 4

- T

GS Hce uR  KE p Dw 0
(emu/  (Oe) (%) (nQc  (um)  (kHz)
g) m)

Furnace- 203 8.5 45 0.64 66 0.5 7.7

cooled

Quenched 185 6.5 58 3.32 80 0.6 5.0
EO GO AEs/E  AGs/G § As d\/dH
(GPa) (GPa) 0 0 (%) (ppm)

(%) (%)

Furnace- 146 70.0 4.1 1.9 0.75 60.1 0.125

cooled

Quenched 128 49.6 6.0 3.1 1.31 59.2 0.364
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E (GPa)

E-H curve of Quenched FeGaTb,(x=0;0.2)

E-H curve of Quenched FeGaDy,(x=0;0.2)

114
138 =-@- Fe,,Ga
138 - 4135 g72813
-@- Fey,Ga, “.‘ -@-Fe Ga Dy ““‘
[ PS “ 57>%3-%02 @ .. m
000,y O 900® 000g%, 0% 00°° "
e 0O o®" .= 135} 00 o o —
135F Bmm o, o - P . e -
=) (] [ = 1132 © 3 5
Bm =B Mo/ 1108
= ™ O Qo 0
gy e (Binary) FeGaD 0
i ~ ~~ 132 FeGa(Binar eGaDy,
132} FeGa (Binary) FeGaTb,, W oW 132 E-1364GPy i bz L
- =136.4 GPa E.=112.8 GPa 1105
E=136.4 GPa E,=132.6 GPa 129 E 21987 GPa = 1007 ap
E,=128.7 GPa E,=126.8 GPa AOE/E _'6 0% A(I)E—/E _-12 .
129} AE/E=6.0% AE/E=45 % 129 "= 0=12.0% J102
1126 L L , L .
1 — 2 1 0 1 2
-2 -1 0 2
H(Oe
H(Oe) (Oe)
E-H curve of Quenched FeGaHo,(x=0;0.2)
1381 =@~ Fe;,Ga;,
=A=Fe. Ga.H 4102
.... €g78,3M0 , ..‘. |
() o®
ol A .'0 0‘. AA 1100 ©
s B YV AV e &
O fa% os Y
N
132} s LU
S FeGa (Binary) ReGajio,
E.=136.4 GPa E~99.9 GPa |
129 | E0=128.7 GPa E=95.9GPa |q¢
AE/E,=6.0 % AE/E=43% |

-2 -1

0
H(Oe)

1 2

] 4-2-2. FegssGasRo2 & £ 2 E-H +* i [

50



4-2-3 ST 2

# 4-2-1 % FesesGanRo2 £ £ 2 B WHMELFREL o d 27 &
FesesGasRoz & & 2 B 42 F 4 %) 5 E0=128.7 GPa~dA//dH=0.35~
AES/E0=6.04 > % As=59.0ppm - 4 Tb 2. %3e{s » E0 ¥ & ~ * s %
(126.8GPa )+ £ ¢ > dM//dH 2 = % % 0.04 &3 AES/EQ % & 4.5 -
®H As BI#&2 3 624 ppme Dy & Ho 2 %30 & B0 A %7 % 1
100.7 GPa 2 95.9 GPa » F&p] &_ ’J‘ ~E2pF LR KRE 4

Fote i % 5 B o E ks A %" 2 35.0ppm % 36.5ppm- @ Ho
2%l dV/AH T '8 1 0.14 F]a@ *5 17 AES/E0 I 43¢, £2 50 3
S3ercb IS Dy 2 367 % i A dV/AH I 079 5 7

Mty B H AES/EO & 12.00, 0 p* #-7 4-4 &7 JF ~ FE3¢ o
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# 4-2-1. FesesGasRo2 & £ 2 4 L B 4 5 4

R EO AES/E0 d\///dH As
(GPa) (%) (ppm/Oe) (ppm)
None 128.7 6.0 0.35 59.0
Tb 126.8 4.5 0.04 62.4
Dy 100.7 12.0 0.83 35.1
Ho 95.9 4.3 0.14 36.5
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425 ) i
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%92 0.2%Tb £ % L it & FeyGan & & bmsh™ 2 & fp X 0 58
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552 02%Dy % Ho ¢ g 17 & £&rfrm W g8 ™ "% - Xa > &
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4-3  Fes7xGaisThx & £ BB IEF 27§

kT T e § B (0% ¥i5 L AJL 2 FeysGaisTbx & £
(x = 0-2) -T2 58 - ",ﬁ% 7 7 FesrxGasTbx & £ 2-18 312
TebompEy o A *4{# B E RN qﬁ,—;;}n L= AL RPE 2. A

BT -
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B 4-3-1 1 4 Th i3 4 £ x(x=0-2)$f FewyGans & £ 2 B 554514
> B rfo ik PR (hs)e dVAH AE x 2 A8 & FT R 4-3-2
¢ B7 o 2k Tb e £ 40 FepGas ¢ £ 2K P 47 & I REHF
GG o BB R U FEO)EME To A B RD A FRLA (55

A% o F x=02PF > FesrGais & £ 2 7 5% 2 As= 624 ppm = t “t > &
75 4v 0.20,2. Tb {4 FesrGaiz & £ 2. @5k ﬁﬁlﬁ%m}é R (dVdH) 2r g
4 5 o AP HAT A G 4 5 FewGan £ 4 2. dVAH (=0.35ppm/Oe) » 7 e

0.29% Tb i3 Fes;Gaiz & £ dMVdH # % 0.04 ppm/Oe » *% T  iE 88.5¢, °
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4-3-2 AR 2 A2 41
B] 4-3-2 Feg7xGaisTbx 2. E-H @ %R B % AE/E0 3% B-d B & >
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$e kot 6 To 2 £ & i S Bl s B BN e n B2 X B
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E (GPa)

E-H curve of Quenched FeGaTb,(x=0;0.2)

E-H curve of Quenched FeGaThb,(x=0;1.0)
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4-3-3 2 ’]#7\ AN
Bl 4-3-3 2 /,] SN o f ~ % 2_ Feg7xGai3Tbx & £ XRD B](x=0~
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4-4 F€87—xGal3DyX é‘. f@%ﬁmrﬂ; ’%‘FL s ;E

* & 45317 Dy 7 ‘v 7 B (X)) HIE N 2 2 FegraGaisDyx & &
(x = 0-2)pa- AL T2 58 « £ 7 47§ FewnGanDyx & £ B2
Feoommy i B B2 BV EE PR g 24

4-4-1 AE %2 AG <&

B 4-4-1(a)% (b)~ %] ¥_FegssGaisDyor & £ E-H 2 G-H g - H
PEPIARER A HY 03] 25k0e 2.5 w302 >4 A(full
loop) - & B] I(a)% 1(b)® ¥ 1P B2 7| FesesGaisDyos & & 2.
G hoegd it m a2 ABF A5 07 ¢ 24+2.5k0e FFiiTéefrie
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FesssGasDyor & 422 E 2 G £ 5 L EFV 2 o gt ek o
FegssGaisDyosr & £2. E 2 G f/] en¢b 4o 357 5 £ 6] 5 0.25k0e ¥ 0.5
kOe pF > if ¥ 1 i |42 e B 5798y, 04 2 99y, > &2 7 FegssGasDyo2 & £

2 E2 GAMESET LT RE SRR -
% 38— HBLE FegssGansDyor & £2. E 2 G ¥ ' »2B(AE & AG %
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% AG/GO-H & 5B ¥ 48 M35 % B (0kOe=H=0.5kOe) i % "} -
> 5] 5 4-4-1(0)% (d) -
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£ 02%2 5L 7 2_$ v FAES/E0=12.00, 12 2 AGs/G0=4.5¢,°

T j\FFu » Feg1Gag & £ 2. AE/E0 2 AG/GO & & % 5 1343 1.69
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