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Chapter 1: Introduction
Many functional materials, such as ferromagnetic shape memory

alloys (FMSASs) and spintronics device materials, have been reported in the
Mn-Ga-based alloy system. Especially in recent years, a ferrimagnetic
D0,; metastable phase and a ferromagnetic L1; stable phase in the Mn-Ga
system are aftracting much attention, because reported as candidates of new
functional materials, such as rare-earth free permanent magnets and new
spintronics  device materials. Moreover, FMSAs with X,MnGa
Heusler-type structure undergoing martensitic transformation also have
much attention.

In such Mn-Ga-based materials, some alloy composition regions in
the Mn-Ga-Co.and Mn-Ga-Cu ternary systems shown in Fig. 1(a) and (b)
were selected as targets in the thesis. In the Mn-Ga-Co system, there are
some possibilities for practical materials showing a halfanetallic
ferromagnet (HM) in CoMnGa composition region, a spin-gapless
semiconductor (SG8) in Mm,CoGa region and a spin transfer torgue
magnetic random access memory (STT-MRAM) in Mn;.4GaCo, region. In
the Mn-Ga-Cu system, the Cu,MnGa alloy can be expected applying as the
FMSA which can be driven at high temperature, because of its high Curie
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Fig. 1 Composition regions for

functiopnal materials 1in (a)
Mn-Ga-Co and (b)) Mn-Ga-Cu

systems.



phase transition pass as YMn (fec) — W-D0y, (fef)— 1-D0ys (hcp), where the n' ferrimagnetic phase appears for a
metastable phase, can exist, while in the vicinity of 70 at.%Mn, the € (hcp) phase directly transforms to the 1-D0yo
with ordered hep structure via no ferro- or ferri-magnetic metastabie phase. Furthermore, in much lower Mn
concentration region, the magnetization increases again by the appearance of ferromagnetic stable v,-L1o phase.
‘Thus, the magnetization behavior during ageing reported in the Mn-Ga system can be understood by using this
phase diagram. Hence, it is important in order to obtain the metastable phase Mn;Ga-DOzz (n' phase) that parent
phase before ageing possesses an fcc structure like yMn.

Chapter 4: Determination of Mn-Ga-Co ternary phase diagrams
In this chapter, isothermal section diagrams at 800 °C, 900 °C and 1000 °C, and the order-disorder and

ferromagnetic-paramagnetic transitions in the Heusler phase were investigated for the Mn-Ga-Co ternary system.

The B (bec) phase including the Hensler phase exists in wide composition range at high temperatures,
and B2/L2, order-disorder transition temperature shows a maximum value at around stoichiometric concentration,
MnysGaysCosp in both sections of Mnysp.yGa,Cosy and Mngss.,9GassCo,.  The crystal structure of Mn,CoGa
Heusler alloy, which has been reported as a spin gapless semiconductor, is suggested to be L2;, type by
STEM-HAADF observation. This result means that the previous ab-initio calculations suggesting the spin
gapless semiconductor do not show real condition of the alloy, since Hg,CuTi type structure, but not L2, type,
was used for the calculations. Nevertheless, magnetic moment of Mne.yGazCo;, (25 < x < 50) alloys well
follow the generalized Slater-Pauling rule and magnetization curves seem to be indicate a very small high-field
magnetic susceptibility. These behaviors suggest a possibility that the present alloys have a relatively high spin
polarization at least.

Moreover, a martensitic transformation was successfully obtained by quenching from  phase region.
This martensite is first reported in the Mn-Ga-Co system, and further investigations are required.

Ga - o 2M-fee

T=800°C.

Chapter 5: Determination of Mn-Ga-Cu ternary

phase diagrams
In this chapter, isothermal section diagrams at

600 °C and 800 °C and the martensitic transformations
(especially crystal structures of the martensite phase) in
the B (bcc) phase were systematically investigated for
the Mn-Ga-Cu termary system.

Four types of martensite phases with 2M-fec,
2M-fct, 2H-hcp and 6M-monoclinic structures were

Cu

observed in the specimens quenched from the p phase

region at 800 °C shown in Fig. 4. In the Cu-comer, )
. ) Fig. 4 Mn-Ga-Cu ternary phase diagram at 800
composition dependence of the martensite structures is o Symbols in the figure show compositions

consistent with that in the Mn-Al-Cu system, le., 2H  where martensite phase appears.
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REMETIREEEA SRR VY hu= s A6 e & OBREMBHIIX, MnGa REEKRLTHEHERMBH
ZLHEEL, BAICIHFEENTWS. BHIFE, Mn-Ga 2 TTRICHIRT 5 7 = U Bt DO, F°TRREME L1,
A, Ay b= ZE0FH TE T U BRSO BT Mt OFEM L L TiESh, R
WEBENRTWS., Z0L)RERPOLARRBITIE, REEEEL TV MnGa 2 JTLRIKERE Y
Mn—Ga—Co, Mn—Ga—Cu 3 Ju-RIREER 2 EBRMICIRE L, T HEE&RICBIT 2H#EEMEE LTORAD
AIREME R EME L7z, E£2, ZTORTHEICHEKRBEVREEEZ R LT MnGa—Cu 3 TTRZZBEL, KEXKOD
HFHRICE SO ERESIE L@ LT, RBEHOBWATERY U —HAMEIOBRRB LA

BIEIFRTHD.

F2EIERFETHD.

3% 3 E T, Mn—Ga 2 JTLRIREERICIS 1T S 50 at. %Mn LA EOFEIRZ EBRIICRE L. AFHT 13 0%
ERBEIEL, %< O 2 FIITHEMRIES 1 ~ 2at. $RRE L IEFITHKL, BHELREEREZEL T .
F KRR CIEENRE S TV 5 HELE MnGa-D0,, DHFEIZHSWT, EMEZFIAT 4121, &
BERTOAERMEE L y-n HOBENBEETHD I AR L.

% 4 ETIX, Mn-Ga—Co 3 TTRIREERI D 800°C, 900°C, 1000°CEiEMrmZRET D LIz, A |
=7 AELE LTEIRIN TS HRA X7 —HOBRA-FHAERICOWTHHETRELZ.
12, ARy v L RAYE RO AR A 72 Mn,CoGa A AT —H4IZDVNT, STEM-HAADF %
I L AERTORBR, BERFHE CTHOL LN TSRO MESE L IXR RS L2, BEEXIS Z L &R
L. £77, MnGa iz T, FRE LTHIERD~VIT VA MARRERER LT

% 5 EClX, Mn—Ga—Cu 3 JTLRIRFERI D 600°C, 800 CEEWE ZRET S &I, B (bee)fBICHIT
B2NT oY A MZOWTHRHRNCHAE LT-. TORKE, MRS T T 2M-fec, 2M-fct, 2H, 6M @ 4
O~ LVT YA FBELNDE, FFIZ 2M-fet DBRFEE c/a X CuBEICKEKEFETIEELR
L7

E6ETIE, 3~ b ETHRELLRERZAWT, FHtemtET ) —BROFEM & 2 2R % %
FL7-. Mn—20~25%Ga A& i2xt LKIBRFZNC X 0 y-Mn FIZHELTE DO, FH 24T HE S 1 7= S850HA 45 SR kLA
TiE, Cu OFIMC XV REES, ZEE (HE) BbEbic 2 ©REe4 L0 b LRI IHERAIE LN,
EHIZ, Mn—Ga—Cu RIZJAL BT B 2M-fct < /LT P A b & Mn—Cu Ry-Mn FBPICFETHAY ) —F
NSIRE MBI ABHEEC LY, &KT 25 kle bOKREXRMEENEMETHEFICRILEZ. =
DX, "NV IRBEAE LTIINd-Fe-BREA LREULETHY, FeFmIET Y —BAL LTORRE
HERLTWNS.

EI1TEIIERTHD.

Pk, AFICE, Mn-Ga EHEIZOWT, SR OEREL R REBRIORELITY, FRAFILEY
Y —BEAR AR D= O T R HIEE R E T 5 &3z, EBRIZ Nd-Fe-B RHA ICILET 2R &
BDHEICHII LT, 2B, KHFRBEEO—EIL, EERFMME~ORBEHRL 2B LTHEDOHNTVS.
PUEoDX iz, RmsUIELRHICE L TR RFENAMAINE : THHEREZALTRY, ¢B7n v
T 4 T LERBA~DEFEENDRL .

X oT, R THEE (TS O E LTAKLERDS.
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