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Abstract

Ni-Mn-Ga alloy is a multifunctional smart material, which has
various features, such as: shape memory effect, magnetostriction,
magnetocaloric effect, exchange bias and so on. Among them, the most
striking of which include the magnetocaloric and magnetostrictive effects.
In this study, structure, magnetic, magnetocaloric, and magnetostrictive
properties of NisoMn,Gaso. (X = 26-32) alloy ingots and films have been
investigated. For NisgMn,Gasgx bulks, NisgMnysGays and NisgMnogGay,
alloys show a ferromagnetic martensite phase at low temperature. When
temperature is rised, the ferromagnetic martensite phase transforms into
the ferromagnetic austenite phase, and then into paramagnetic austenite
phase at higher temperature. However, Mn content is increased to 30-32
at%, only transformation of ferromagnetic into paramagnetic phase is
observed. Besides, magnetization of the alloys is decreased and thus the
maximum value of the magnetic entropy is decreased with increasing Mn
content. Their values are ASy, = 1.1 J/kgK for x = 26, 1.4 J/kgK for x = 28,
0.74 J/kgK for x = 30 and 0.4 J/kgK for x = 32, respectively. On the
other hand, structure of NisgMn,Gas films prepared by PLD at room
temperature then followed by various post-annealing temperature can be
divided into three regions: 1. A (austenite) phase: lower annealing
temperature and low Mn content is A; 2. M (martensite) phase: low
annealing temperature and the high Mn content; 3. A+M phases: high
annealing temperature and high Mn content. Phase constitution area is not
distinct for the thickness region between 300-500 nm. The maximum
magnetic entropy change is increased with increasing Mn content, which
might be due to increased volume fraction of M phase with higer

magnetization. Large strain of 5054 ppm is obtained for NisgMnz,Gayg

iv



film at applied magnetic field of 2 kOe. Two possible reasons are
proposed for such a large strain value: the magnetostrictive effect of the
films induced and also nonuniformly applied magnetic field may

contribute.
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T..K (AT)* K
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23 49,6 219 2B.5 <4.2 — — 356 0,584
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poly-vinyl alcohol # 4 > £ & 600 °C~1000 °C - -] P {439 L &J2 >
‘E: T %L[‘/%@m §+55w7 fgg° ;’:]:“a‘]’} R L:"_.Z e ‘EJ N I'—v{ [ER Ni52Mn24Ga24

E i Hd cubic & % & tetragonal » T TN {5 H1IR MO 2 BES4E

=3

MELom AR P26 NI A EFEH e RES SHAAEERE
EERE N B AEERANES M o ¥ 4190 800 °C Z % 518 3

7 ;ggl BRIz kR o

*+ 2001 & > Jae-Pyoung Ahn = Ning Cheng % 4 [36]# * 7 &+ &
B 4% % 2i( lon-Beam Sputtering ) > #t#% 100 nm 2 Ni-Mn-Ga /& %3¢
NaClI(001) ~ MgO(001)4= Si(001)# 4= » & 4% 4 nm Pt w3k > A7 5
PR AFERNAERZ PR RS A b E RN kD
AEHFECHFER A I A 300°C st Si(001) A ER
TR R 67T°C o REE N > ¥ ipi %R A 5 500-520 °C - ¢
3l e R BT T 0 d TEME % 865 0 4o e fid 308 en M
B4t AR & 500-520 °C jeff BF o % = Cubic S -

2005 = > \olodyr Chernenko 4= M Ohtsuka % * [37] > .27

WG RE 2 R o BHIERTIRAE E S 0 TH NigsMngg oGagos 14
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Z S N|52Mn24Gaz4ﬁféE\; i» % I\?’“S—/%-(Ol 04~06-~1-5 /,Lm) I
W ALOs A c R ERT o AEHEI AT L2 T PR

)

L
B ARYESE B m H M NETF R A2 B LR oY
KEFH IS R e 0 H O MESTIE B0 BIBDH 58 0 @ MESTIE B G YT
fooo BEFETIEER AR ST 0 20 NigsMnygoGays &k & |
W loum T o PEFEREFREELE R A PR Ao 2R
Nis;Mno,Gagy » FIMEF W53 4em AP R R ST "% o @ § W E &
fepE > R4 o

2006 £ > V. Chernenko % A [38] 17 &f#F 247 AR & 3L T f
Nis; sMNog3Gazes # e %5 (0.1~ 0.4~ 0.6~ 15 pm)z &5t AlO,
AEL (- HRBEEREHEF - E R -F L BT >
s T HARERERY BREEWE P AR ! RS
HEAR202 % EFEFEEERE AR T AT R AENE Ry A
¥ 5 B vt 5 (Nisy1aMngg sGagos * AlOg) 1130 pF > Ji {7 7 B3R ¥ &5 0 4r
Bl #7on o

2009 & > ALAnnadurai % A [39])4 E S iR4E K AL A g F R
T Ni-Mn-Ga %3¢ Si(L00)AFH#BAFE AL AR & 7 B
ST e BB PR SRR 0 GRS
g BEZE TV RED 3 FAMEL M pE 3EE 8 A
& RiEE T RE "ﬁ B AR RS & AN TR

g R W T B REAR T & AP R 2 A o

13



420

- Films B —— T,

400 —h— Ty
—%— Ty

380 —— T,

360

340

%
I

320

—

Transformation Temperature (K)

=
- Films A
350 |
340 |
330 |- -
X F ,1270K, 36k
o 870F 7§ S 4
320 O [f71070K, 3.6 ks
F 360
310 00 20 40
[ Thickness (mm)
300 N 1 1 A L l '} 1 ' ' ] A 1 1 A ] L ' L il l L L ' 1
0 1 2 3 4 5

Film Thickness (um)

Bl 1-3-7 NiMnGa & %5 & &2 & 4p %8 & (FRBI[37] -

Displacement/um

25l

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
Magnetic field, H/ T

B] 1-3-8 Ni51.4Mn28_3G320.3 : A|203 E“i@ i 2‘1?:5‘% it & ¥ ok 4y 31T B

[38] -
14



2) g HmFEA L NIMnGa %2 R % %%

2002-2003 # 'R.C.O’Handley % « [40,41]> % * Nd-YAG %
bprl A ke F btk £ 355532 nm 123 7 kAR R E A NiMnGa
e itk 355 nm o AR R 823 K et (220) 8 <
HMAAEE > AAFERE 723K > Q200 2% /1% & & KA o @
w2 532 nm gk KRR 773 K pFo EeG (220) 8 268 A
A B FAFERTEE T epE E NI A FEF A
RGESE L A o Lo HHEWREFEAAFT LB A B
ook £ ST B PE > B3t e R B A Ni-Mn-Ga & sepF o
B g EFAFERAEM J TR o § AFFEARK 500 °C + 23
600°C FMn ~3%2 + 2 > a g EARY AP 2 Ga ~ERIE2
T om Ni 2 FRARETHERREDS o

2004 # > A. Hakola % * [42] > r2 £ 248 nm-Kr-Fr i& (7 7% fiF g
B4t 550 °C it Ni-Mn-Ga &%t Si 742 450 °C i ff i st
GaAs Af BEZ P AFHES2Z BT S5 8T > &SI A

VR DR RSB RF i g AR o

15



- (a) 5 mTorr Ar atmosphere
1 723 K

Vacuum 1 x 10°° Torr
] 823 K

40 42 44 46 48 50
20

Intensity (a.u.)

—
t
e

Bl 1-3-9 Ni;,MnGa # %% F 4% 4¢ 8 2. XRD B[40] -

2

20 - 20 2
pm
o (a) (b)

) 1-3-10 (3)Si(b)GaAs # F &4 + Ni-Mn-Ga %4 & ) R §I[42] -

16



3) NiMnGa & "k + s < %Je
2009 £ > V. Recarte & * [43]4 RF 27 iR4% % 5L > o f 400 nm

A

NiszgsMnysgGay 7 EH3t ¥ it4efr F o Ay B gt oo m

-4

- Ap 8 R B T & 60 KOe s 3-+ & 19 2% 5 -8.5 J/IKgK -
2011 # > Yuepeng Zhang % 4 [44]r F S+ & 5 it NisgMngeGagg

e TR ST T o Al B L 355K PF 0 7 B3 R A BT W

—»

Sz

i /:'2”_14‘]/KQK’§]1311’ A 05T ewEs— °;&§*@‘F"i)@-’;’}i

TR A B SES SHARR R § ERF R R e R

B o
{a} 1-6' T T T T T ¥ T ¥ T
L Upon cooling 12
—_ 1.2k « 05T b 10 EE
x = 04T L 18 "
o i « 03T A o
= 08 02T I 18 5
=2 L "
- « 01T IANY, {4 E
?Eg 0.4r (] T =
2le e w0
' + . " ': 42 ]
1 ] :. r # '-l. L !
oo ¢ . -t e L

320 330 340 350 360 2370 380
T(K)

Bl 1-3-11 NisMngGayg /& et 2% % 1 £ &8 & v B[44] -
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1-4 #-{$8 P

TE R 5N AR B A K e Ni-Mn-Ga k7] & & Flie

SHRBARPESF A B S EF Y B EZ B RT A X 5IF S

BEH 27 [1-44] 40 1-3 & 557 o L & &
TR XL FRE LA PR o KA 0
MALE " 2RI 2P (AT

wgu 7 5[23-25] > Ni-Mn-Ga 47 & £ Hp @M b > 430 8
X FRFREREL SLARAFTHRYEY TR R
NisoMn,Gasox (X =26-32) & £ T/ F o

PLEne e d [35-44] 0 5 B AlLOy & H ) Si AT
Ni-Mn-Ga &% > Flpt 2" M@ k> AXFHYET T ERRY
#* o t#E Ni-Mn-Ga % sf &5

7] t vﬂ[4041]uﬁ Tt R e BT AR BAE Y B R B 6

600 -~ 700 -~ 800°C {5:9L 10 4 44 -
ot AFT Y @ * % 6% 5% 2 (Pulse Laser Deposition; PLD) %l
T Ni-Mn-Ga z & 3 = PR RS H B4 ~ B~ B4k

X /@_—y( e »1ﬁ;*‘3‘ I"‘l‘ _%.K °

18



Bl

2-1-1 $ FRait2 A2 R[43,44]

TRRF P FRLREN RSP L3 @ d o a R A4 R
fert R F s RESd WRFIPETFhp PERFa A2 RAE -
e+ Pehpd ARk 2 R RAE PIRAE AR
- Bm T RABELE RN IRE D T
MERETR + p "BED fE -

i R34 ERAV RENRRLE G 8
1L R+ RERETFTERIPIOE  ARBES

Worbit= €hn/4mtmc  (cgs 1)

N

TH B TS AL RE S

Wspin = €h/4mmc (erg/Oe or emu. cgs #1)
3 A3 PEE A+ pEN CEBEFTE L TEE RS PRE
AR (B RS AL PRI IR) o - B

% 7 h
- WA

C:F?
w
h: ¥ 48 5§ #ic(Plank 's Constant)

G

n: s —+

m:é{:-l?ﬁfé_
c: ki

R RBENLERRLITIREBEET T pOLEES ;ﬁgﬁé,

T R+ AR BEES ] S Heoiz| M Tl
19



2-1-2 EFEEE[43]
By g p T REN T RGBT R AR MHE MG
U A
B=H-+4nM
#¢ > BIELARA -
H @ oh o i 3 ~
M : = B b g 3T TR e it £ o
d 3 8 B N 4p 48 R < i #E(Magnetic Dipoles) € F1¢ <+ ¢ 3
¥ # (Exchange Interaction) > & # 7 [r engts|m A) = [ 40 R chg |4
o mREA IO B A B S (Susceptibility) )2 2 B F
(Permeability) & &+ » ® &K 40T
BE Y % x=M/H (emu/cm’ Oe)
FEE T F yx=1/p (emu/g Oe)
Aeid p=B/H

Wl 23 T o - ARk O R D EHHE R e R i S
X

Pen$it s e Ruad > VAR R ST S
g 22 t+ (diamagnetism )
F #.% (paramagnetism)
sei s (ferromagnetism )
F 4+ (antiferromagnetism)

4 48s 4 (ferrimagnetism)

20



O% Om O¥ O O O
O O% Om O o/ o
<O 40 -O» O O O
Om -Ob 4O O O O
Iy 17y

+
0 T 0 T
paramagnetism diamagnetism

Bl 2-1-1 g f e B fa g [43]

21



(1) "arz it (paramagnetism):

MR B R g R AR ERESR G AT A 2 T iplt
BBARG T ITH Y S 0 H ok B el B ooopvE A3 1o
DRSS B RPN e B B D e T fF Al
e Rm i PRSP R RER R T T BT EAE

PEAFF AR o IR R (R E)E W g F b g

HER
m=c
T
gt Gt eh Curie 22 > 2@ C & Curie % #c> 77 &7 4
_C
£ R

2 ] g gt a4 48(L0) ~ 4 (Na) ~ 48(Al) ~ 44(V) % o

(2) 21+ (diamagnetism)

BB m Bk e B w ARk o dpEd Nt e BT 4 D
REREK A TR R BT AZ BT BB B
PR Bt nf BE opwgop Lo

5 A ehk B4y 4 (Cu) ~ £2(Zn) ~ £ (Au) ~ & (Hg) ~ -k (H0)
PiH)% -

(3) 4= lE (ferromagnetism)

WRMY T R T BAE S TR A RS o Lt €
TiTeod i - L BERIGE FROGCBEFHL > MAFEIRETE
Hd NP IRl I T o R AP B L DAk
Fogy o g RAEIARERNE AR Curie R R) By A2
fiAREAT o do ] 222 45 0 A AR TR T R o L

22



U R 5 48(Fe) ~ 45(Co) ~ & (Ni)% -
BREPFFRANEVE pFEORE B TP INE A F 5 B
¥ (magnetic domain) 4B 2-4 #7151 » 2% B g2 kE (domain wall )

AR A

TF S BELRYR- S kB BEET T AP
T A f

PR o BE M HOEIRT o d ML RFEED v B RAEAE

Y

Fod P BEP BRI RS S e 2 ¢ BRERES S
FREHAIE - AR BEE L MBS LSBT ER
S BB T E AR b 4o 25 5
B M2 - o

AR

f =
~] S
N NN

Bl 2-12 Sabbd Fem s S 7 & M[44]
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Bl 2-1-3 &% o A7 3 BI[44]

(4) ~ 41+ (antiferromagnetism)

FAREsaEl s L] it il BIRR HE I g5
PR -T W AR > F 8 & |3 Thee (Neel Temperature) » 2= &
HETEok s F R eI S o AR BRI T
e B g enied 4 Flpt it GETERM B R o FEAF
Neel B » gifs 7|30 > it GECTE R H S 7 8] -

(5) m e E (ferrimagnetism)

PR RTR B pR o B AR FoolicE 2 i
- 5 4 10°~10° emu/cm®Oe - H % CRER SR T 0 SR
E R AdpF B2 EET EE > A4 BRE w7 BRI

2 e e R TR G BRI o BB R A gL

g\x“{

MEBET

24



2-2 B3 % 14[43]

BRePiTEEHEAT R e TREMERIES 2 R oHESL
PR e LR B R R A %o B2 SRR e R LS
FT B

1. =& 2 w4 (Magnetocrystalline anisotropy )

2. A5 R = 4 (Shape anisotropy )

3. &4 B =+ (Stress anisotropy)

4. 2 B » & (Exchange anisotropy )

5. #% 2 » £ (Induced anisotropy ) :

i. # %35 (Plastic deformation )

ii. B3 ed2 (Magnetic annealing )

iii. §5 %+ pe %+ (lrradiation ) »

Ho m g g ke AR g 2y Bt R
FEMET Y R RFARELE - B AABEHMESY S PR

Fedo R b1 &% 8 f gL (Spin-orbit) endy & 5 35 0 5

5 0 fe Ul R 6 £ B A

&
i
g
o+

JERH 4R K,ért,ﬁb’)é F F Lttt 4 F
IF rtee @t U 5 80 b o 0Ly e B R BT E AT
PF e o SR TR i £ T 5 B i (Anisotropy energy )

bR B RIS R w123 (Anisotropy field > HA ) -
25



1)@985 2 ’B”Ii
=3t Fe-Ni TR HEwa v PIMEL 2 wfoz B hbdh
e~ % 4k 5% (direction cosines al~ a2~ a3) 2 > 40T 50
E, = ki (a3 + o303 + aza?) + ky(afa3al) ...
B uFEN o

—4.5 x 10* erglem® > k, = 2.34 x 10* erg/cm®

=
=
Il

k, = —4.5 x 10* erglcm® > k, = 2.34 x 10* erg/cm®

!

d

oo i HMe Ni 2 Fe ¢4 %R ¥ ko
L o RES AR EPEEFSERTIR -H N &5 0 R
iLhI] & B e ih S A W] 5 <111> - <110> ~ <100> ; ¥t Fe
MO SRR T A b BT fhenfy ih & B 5 <100>-~<110>-~<111>

Yo 2-2-1 i o

26



1800 <100)=
1600 e ard
| ETITI] =111
1200 Medinm
- <110
[T
B
= 800
E 6D Easy
2D -
i | L ] i | i | L | L
i 200 404 GO0 B0 1 DMy
H{Oe)
ia)

200 -
ﬁg Easy
400 <111

<100>  Medium

&
< 200 f
E Hard
= 100 ¢ <10
| | | | | I 1 | | | | |
0 100 200 300 400 S00 600
H{Ow)
(b)

B 2-2-1 (a)Fe (DN 2% & & w 7 % [43]
s &P EME R 2 |2 (4eB] 2-2-2 977 ) AT EF
PRIREE IR S 2 B C dhT 7o h R IME R i C
phpr > Bl 5 C et p 301 2 B cho &3 < @ 34 0 &
P=180 "PERIEiE A ¢ =90 FihkiAE o LELHERHE
WBETE N sin?e gt sk
E.=kisin® ¢ +kosin® ¢ -+

AFF-FTrLLAETFEPE R R Kk FLEBEESF

-~ ]

i o
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100 [ |

i)
Hard

| I I I I I I I I
B 100 20 MG 4000 SO00 G000 TOBO KOG MO0 10H00

i)

Bl 2-2-2 Co g & B % 7 5 [43]
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2-3 B+ s (MCE) % A #

2-3-1 B+ sy i + & 2 [45]

AN R T g R B R fr2b Rk o
TG ROE RSP AT 1L PlE T ok TF G AR e S(T)s S Bt
EWHR S doB2-3-17 Gk TR EE AT 0 ATyq = Ti-To e § &8 %5 4¢
hHEE o Ay Vol REBEFRKEAT 0 T ASy=S5,-Sp 0 4P
B3 B2-3-17 ed-E 5 Ef o )I}{ PR S(T)g S BernE 8 % 1L o 7]
PG EGE RS ATadf F % ASy A% T Bt ATt e B
Ao (B BRERR Mo TR AAWERE To frgd % it
Beo 2319 B R G 0 BERA CRBIETG A T AT
T FERA B @ ASy i f o BER | P ATy (T, -AB) v ASy
(T,-AB) % it Rl 4pF o

H,>H,=0

Entropy, S

B 2-3-1 s+t scfpen S—T 7 3 BI[45]
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RET AR FER TN

dS(T)yp = CGT) = dT (2-1)

C(Mup » ¥ B P~ ¥EHFH T EE  S(Hup Pl 540 F 5
ETarRF o TIAEHER - BRRZIPREALTRTE ~ Ty
2 B(Ty>T 2 T148i0) 0 &3 BHLHEHT Hi~ Hy (Hy>Hypo
Hidd % 3 0) BRI R PIFRFAER T2 T (TIST=Ty) &7

FEFT H ~Hy 70l % 221388 Ta oV i@ 8 anidy

S(T)Hl,P 7 I C(T.I?HlypdT (2-2a)
S(T)HZ’P o J‘ (T)H R (2_2b)

Rip#d 5= 2> AR S F R ;4(2-20)2 54 (2-2b)4k
KeR o P HEEFAMN PIES TR RS 2 & AH=H,—H,
LR 5 (2-3) ¢
ASy (M1 e =[Su (Mu, =Su (M ke =[SMy, =SM I (2-3)

BN (2-3)F A N (2-2a) N (2-2b)fE A B R F OKFEREAT

B A R THESET B S5 (2-4)

ASy (T) e =AS(T) g p :].[C(T)HZ _C(T)Hl]p dT (2'4)

=
d e a2 R F 2T 0K B R TZEF 25 1%
RERFREAE D PR AUE R T €T (S GAS, (T) 0| B o

R R S Aoy S ey S Sy

BF RS SRR B B K R % 7
LR RARET I ARRNAFLE DI P ERERER P
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d Bl 2-3-1 7 v 0 B ATog(T)anp - B FTH AH BT {8 &
T2 7 > FETHNTIaa0 0
ATy (e =TS, =T()u, I (2-5)
38 (2-3)8 58 (2-5) % £ kA ME BREHE SR FLER

BEHRE 0 54 Bt vtk A o
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2-3-2 R Rt ¥

el el l[#'a‘i&%ﬁq*a TR Sy BBV XIER B
2 AE S F LR A BEFSEFR ASy EA P L%
Spit S B ARM ' 23-1 &3 AT b 0 ASue F ALY KA
B f e R4 i o

B PR i B 2 BIRAHES A B S (S) &R H
U (SO TR F TH B (Se) 183K SL v Se A RS R
i

S(H, T, p) = Sm(H,T,p) + SL(T,p) + Se(T.p) (2-6)
(1) & tee0% S_ 7 d Debye 1% k25 :

Tp /T 3
S, = R{—sln(l—eTD’T)+12(Tl)3 jo é‘_‘i"l} (2-7)

HY RLZ7M¥# > Tp: Debye g & -

<

(2) TF % ST A7

£

% % 10°~10"/(mol K) » ]t -

’Erd ae}‘""?,'* LB

b
)
|k
¢
frt.
/\‘
1

AL
(3) /@J%’S '-7;}%’# A}—-J-ii—z’ﬁ‘n},z— P"‘_Ef » o S(T H V)--(@F/@T)H \% ﬂf‘?
FM = -kBTIn(ZJ(X)) &

2J +1
sinh( X)
S, (T,H)=Nkg|In——23 B (x) (2-8)
sinh(gx)

BREFRT(Z2E25 H=0,T>©0) BF 52 HE S &5
Swm = NkgIn(2J+1) = RIn (2J+1) (2-9)
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d B dn I M2 oAt AR Y (Maxwell's

Equation)™ 3+ & 1 » g3-d Hy % ) Hy PR 44 chgt % % ASy ¢
ASy (T H) = 8y, (H,, T) =8y, (Hy, T) = [[7(MED) .aH - (2-10)

g 78(2-10)F 4v o BF 8 hBe X (8| ASylmax -7 Tt AR 4 80 BE YT
(2 PFe(OM/OT) B = )2 Tl 7 & F 45 A0 48 0 2 5 3 8 T ik 1%
3 RBRABOE fo

G40 (2-10) 5 2 HFd 04 DI H R R Td 0 (M=Mp) F]oo(s
P M=0) » Bl ¥ & 3] 489 g ehid o 2

j:AstT = j:’ [S,, (H,0)-S,,(0,T)]dT =-M,H (2-11)

He My s Hifleaéeforiic 5 & o 34 (2-11)% 77
M ek - BEREEF RSP ASyF > 2B TR R FE L T E
FARHR K AFRE -

BG A S REAY BRI A ] $ 10 dSy “TEER e
AR R gt dT > 7 &0 5

» AR Mg e

TdS,,
Cu.,

B (2-12) g "NERFRP A > ¥ BRI AT § s
BN AR R REFIRT 0 VU Cup A EREF A BT
AS/Chp BB | » B AT 22 ASyi% &7 54 ¢

dT =—

(2-12)

TAS,,
C:H

AT = - (2-13)

P
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g

2-3-3 kA Fent®

$ TV 0 EREW F(ASw)TrE £ B R (ATy) 2] S L endd
Boob o A2 F ey VAR R P P E R L F 3 20 R
*ﬁ E = 7@_ :
(1) F1* -ASw(T)# &R e T fr To 2 B #1F cha ff k3-8 %04 5 (q) -
q:—jTT:AsM(r)dT (2-14)
2) ﬂ * -ASM(T) & 85 (8 -ASymay 22 % 25X & B 8Trwnm I3k 4
¥ 4p ¥t 3% 4 ## & (Relative Cooling Power, RCP) -
RCP=-ASm(Max)xSTrwhm (2-15)
BE - R FESAR R G R R R RCP 4 q
wendl3 e
(3) & Wood = Potter #73& d1 e3> Ji| * B0 =B g B Thot v Teold
MR v P AT R R % E-ASy k3B R4 F(RC) .
RC=-ASw(Thot~Tcoa) (2-16)
BH 2P o O E Thotfr Teow #744 £-ASw AR F o
L2 g5 R AR SR E P ] 2-3-1 4T

Sl
12
ASy (max) ——= -
10
l I
" om
5 I
< . .
a’ / II'.
S 61 h "
= ] 1
w | A
T, M Trwam |
i ....
u [
..
2 /_..-" ..""\
0

180 210 240 270 300 330 360

Bl 2-3-2 33 R4 sed S HE B 1 FI[46] -



2-3-4 B+ R £ 2 2 [47]

F oo RFEN 2 ARG S & 5 (D)E &pIE 2 (direct
measurement){-(2) & #ip] £ ;2 (indirect measurement)- & g £ 2 &
EERHEEEFOE TR S ATy 2R R B{oiB 42 f4f 52
MRS W E R T R E ATy B 7 W EF I ASy» 11T
FRpE2EE AL -
¥ 3¢ £ /% (indirect measurement)

FRPEZLIZ IS AN PdBCREAE MELE ASyd
Bit3h B2 fod i ant B E C B 2- 8 ATy fo ASy st # % 2 o
1 it Ri2

ARSI P ZRERFI P RRFE- KA RERT

SEFR M-H & &is o #55(2-15)ag A * oo ¥ i b

AS,, (T,H)=ZMi+l(Ti+l+H);_Mi(ri’H)AHi (2-22)

i+ i

He s M(Ty, H)ECE B Tife - H TR St % & o
Fp > BRI EARER T AR BARA TR R MG
F(2-22)3 BN ASy RSB ERBHEVHE E ASUT AR AT,g0 d 3

BB AR A 0 S R AR (3%~10%) 0 2 E RBIE R HA

h

F

BB - o Fpl L ERRT R BF chAg

Ik

W RS IR
¥R R (VSM)RBIEF BEARATHMHY R FIHT £ 43 -

]“’M,’H-\#ﬁﬁmps?ﬁ} P - F-”“'i”i‘;h oo
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2-3-5 B %2 & iEip[48]

BRAFAPREAT A LA - A8 - & 4p % (first order
magnetic transition - FOMT) > ¥ — & §_= ‘& 4p % (second order magnetic
transition > SOMT) » % 1-3-1 7 &1 & 1t 4o

% 1-3-2 - mdp R = Bdp gt 1 [48]

- % 4p 8 (FOMT) = & 4p % (SOMT)
1p % 573 BH Rl AR
i %IRRT % E(ASw) P+ IR RT R E(ASw)H]
3 2 TEERRE O RAFROR) | 1 TR R R KL F(RC) R A

GdSiGe x5 ¢& &

MnFePAs ki 7] & & £ % Gd
Sz s | LaFeSi s52 & (Th,Gd)Co,
NiMnGa & #7#+ GdAICo & 7

(Heusler) & &

12 %8 M-T o REBl&E#F
AR M-T Y SR G AFR %o
RH oo
T g P 2.Arrott plots & &5 § chsl & &

2.Arrott plots & s 5 - & =
GLER E g

.
o

FREMHM G - AP RARRRER G S R
ol ¥ A2 R e RBIEpDREL - d N7 PR LBEEE
ARBRA O RFANERERAF B EHERARLLLPHE D
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