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Abstract

An interpolation scheme which is applicable to Heusler alloys is developed as an
extension of Mueller’s method. The electronic structures of Cu,MnAl are calculated
by the interpolation scheme. = The.parameters in the interpolation scheme are
-determined so as to reproduce the energy values calculated by SAPW method. The
topology of the Fermi surface is determined. '

$§$1. ]

BBSBLATHAASOREHERECCEL TS COMEN LI TEL, HAE4D1
D TH% Heusler 4%, <2 10 FRICHABKSGORESCHMETFEITC L5 A € v EDOT#K
IR HBRIC X 0 skab D h1™Y, ZORKHNCHIKD 5B FMCH~OR T\ %, £h
BORBRERITLAL s-d HEFRCECTHET SN T 52, TLECHBTETLHRT
it Tk, A v FERICELSBETEEOMEILEE NS,

#0501, Heusler A4 DM & LT CusMnAlY %Eh BT, FDEFHEEY SAPW LD
Rbtc, TOBCEDL NICREEE RS, 1 7 FYU)OMKRE~ AV 3.8us DIFLALE
% Mn 2\ - T 5 2 Ex DT, BIZ, NipMnSn'® & PdsMnSn'® @ 25D Heusler &4
COWTHREEDFEAITV, MM Heusler ASICI@BBEHAETAL TV 5,

— i B A T 5 & 121X, Brillouin zone(B-Z) D% DET=x ¥ — ZEHET
HLLBENDD, ZDXOeE, APW ER KKR D X 5 e —FEICE v FEHREX
% D LB LT 55, Interpolation scheme HMWEFTH 5, Mueller'? L combined
interpolation scheme Z#HEL, feccNi CHEHAL T, ZOHENBEYVITHHZ & ¥ RL T, F
7z, Ishida'™ ¥ hep Co ICZDHEXHMA L, hep BRESRBICEA TEX 5 X 5 IKIKERL 72,

T DS TILRICHKE fL S L2y % &2 Heusler 41T # A T & % X 5 I Interpolation scheme
EIKRT 5o £ L CHEERC CusMnAl ICHEA L, SAPW & X bRt E(k) M4 BHHR S
ZEuMDDH, —H E(k) i BHEHE¥® S X 512, Interpolation scheme DT 2 — & — &Pk
ETHE—MDE ZETO=FIAF -~ IBHLHATES, COXSCLTRDLND=5
¥~ DOEHFE L EHBE D HYEENHETE 5, CuMnAl DEHHKRE 1(g, ) 23,

* BIRE RSB pmEY s (Department of Physics, Faculty of Science, Kagoshima University)
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ZD=F ¥ —DOERE L EHFBEENSHE S, Ishikawa £ OEHIEE L —FARL T
Wh,

EEE X CupMnAl, NigMnSn & PdoMnSn @ 32D Heusler A4 DEFHEDF B O B
wEbhic E(k) g2 L, ond 3 2DALICH L, majority-spin states D 7 = /b 3 [H
EIZAITY 5% minority-spin states D7 = & I EIXARIE - TWBTHH 5 L& 1E
WLico WAHALATL Heusler BLTD 7 = 4 IHEHDE D, EDX 5L DAEITRIEI N
BNIEERHDHZ ETH D, FIHDIZ, CugMnAl D7 = L 3 [HHZ Z TR I 5 Interpola-
tion scheme Z{f > TRD L, Thbr#HEINDH, LnL, EEEDHMAHRY TiX Heusler
BRLD7 =N IEREERBT 5 X5 e ERIERILCDICER L OB TE L, 20D
THDOERNEGELINDZ EHARCEEND,

§ 2. Formulation

T DEITIL Mueller's combined interpolation scheme % 1b%:3% XoeMnY TH-x b i % Heusler
BRTIERT 5, FORLMEE L2, 12 Fig.l CREIR TS, TOEERTFOERNs
@ b, e xRAC LY HExbhb,

a=-2 S (), =—(J+k) <k+i> 1)

A
Jize

LA
e

L21  XeMnY

® x O Mn ® v
Fig. 1 Heusler & D& MEE (L2,

I\

{
\J

BL L, J, k 3EMEL~N7 bAT, ¢ IBTERTH S, o EFETIX, KROME R
b

th =%1a+n2b+%30+71(j20, 1)2: 3) (2)
vy = L itk 3)

2T, NAXEK T, T unitcell NDARFONBEEZRDLTRZ P ALTHD, Tolx Y RF,
T ET3 R XBETF, ZLT Teld Mn DRERXEREHL T, T/, X (1) X ¥EFEECKT S
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primitive vector b, RO TF <27 b K ZkD L 5 CEHRI NS,

by = 2 (i), by= T (—ititk), by= 2 (i—jtk)
K, = n1by+n5by+n5bg (Mg, Mgy My = 0, £1, £2--+) 4)

ZZTHOORABEEBABIIRD L5 RHINDH, X JRF & Mn @ d-band % A F#EES
Bo—&kiEETERPbL, X EFL Mn ilF, ROY FEFIC X% conduction band % orthogon-
alized plane wave (OPW's) THb T, EHEMEHBR%

H¢nk (r) = En (k) ¢nk (r) (5)

EFERL, [EHBIH Pk () X LCAO's k(1) &, OPW's ¢xr (r) LDO—RIEETRRAD &
SIEERHLIND,

Dok (1) = X @, (VZLi(r) + 32 ak (F) i (1) ©)

B X AT L Mn O d- @ %2FEHT 15D LCAO's kD X 55265,
) o] )
Vie(r) = N2y ¢* o r—RY) (u=1,2,-+-, 5; j=1,2,9) (7)

& 2T N ZEEHD unit cell DETH Y, @, (r—R}) 1228 R} w0 %> atomic orbital
TEVREKEEEIR g(r) AV TKRATEREI NS,

@1 (1) = (15/4m)2xyg (r) [7*

@2 (1) = (15/47) 2yzg () [7*?

Ps(r) = (15/4m) 22g (7) |r? ®)
Pa(r) = (15/167) 12 (2% — y2) g () [1?

ps(r) = (5/16m) V2 (322—1%) g () [r®

NIV =T VOFHERYERILT B0, (7) REEEL 72RO 15 D LCAO's % d—
band ® basis function &L THW 5%,

¥, (r) =¥5p ()

1
¥prsk (1) = /5= Wur (1) ¥ (1) )

1
¥pr10k () = Va4 ok (r) =¥ ()}
(/": 1:2: ""5)

B, WD 5@H Mn O d- #E%, 20D 10 @S X KFD d- #lEzFEH T,
I conduction band %#Fi>T OPW's 13RO & D,

¢k (r) = [N-12exp{i(k+K)r}— by M,(k+K)¥ 1 (r)] Cki (10)

T, B ER Crr 1T
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Cp=1— X |M, (k+K) |2

ThHzohn, M,(k+K) 3 LCAO's & OPW's L DEZLEHENBRD LI T2 bbb,
(¢'E7:F, (k+K) f(|[k+K]|) 1<n<5

1 . )
Vo (€71 +e*7s) F, (k+K) f (Ik+K]|) 6<n<10

M, (k+K) — (11)

;%:@mﬁ_4Mn)FMk+Kyfuk+Kn11gng15

2T, F,i% cubic harmonics T, f(|k+K]) 1% 2k®D spherical Bessel function 7o TH %
bbb,

F,(k+K) =F, 5(k+K) =F, 1 (k+K)
= (15/4m) 12 (k+K) ;(k+K) ;| |k+K|?

F,(k+K) =Fy(k+K) =F,,(k+K)
= (15/167z)1/2{(k+K)§——(k+K)§,}/lk+K|2 (12)

F (k+K) =F,(k+K) =F;(k+K)
= (5/16m)12(3(k+K)2— |k+K|?}/|k+K|?
(w0, 1) =(1,%,), (2, ,2), (3,2,%)
J(E+K]) = A4j,(|k+K|R,) (13)
7 (10) Kb 5 PETEIIKD 3L EOMEF N7 P A THEI NS LDOE AWV,

(000), (1i1), (111), (111), (I11), (1i1), (i11), (i11),
(111), (200), (200), (020), (020), (002), (002), (220), (202),
(220), (202), (022), (022), (022), (022), (202), (202), (220),
(220), (1i3), (113), (113), (i13).

(9), (10) I= 5 %2 H 1t basis functions VN5 &, 46X46 {TFID -~ I b =7 VILROKE

w7 ey 2B,
d—d d—c >
(15)
< c—d c¢—c¢

tZtd kol FNER d-band & conduction band ZEWRT 5, d—d 7w v 7 DITFIEHK
t%, Slater and Koster @ tight binding approximation® D FEEICH - TR D 5 %, third
nearest neighbors ¥ CTORTHOHEERAAERT DL d—d 7w v 213, KD X 5 7s 15X15

@ﬁyl”:fi%o
A’ V2B vVac
<1/ZB A+D 0 > (16)

v2cC 0 A—D
T A,A',B,C,D 1 5X5175|T Table . ©5 2 b N T\ 5,

(14)
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Table I. d-d 7= o 7 fTFIEE, 5%5 FHARLTHKTITH %5, o, 1,8 1%
Slater and Koster'*! @ (dde), (ddm), (Add) %FEI>3, ¥WF 31, 32
WL 3 BETFRIOHEER S 2 — &% —D Mn-Mn B, X-X EF/H
FRATH,

(A+D),, = dec,+E, cos §[2 cos 1/2+ Ey(cos ]2 cos {[2+cos (]2 cos £[2)
+ {27,(cos £/2+cos 1/2)+25, cos (/2}

(A=£D),, = B4 sin (/2 sin 2

(A=%£D),3 = B¢ sin 1/2 sin /2

(A+D);, =0

(A%D),5 = 2, sin £/2 sin 7/2

(A+£D)y, = decy,+E, cosn/2 cos {2+ E,y(cos £/2 cos 1/2+cos /2 cos £[2)
=+ {27m,(cos n/2+cos (/2)+25, cos £/2})

(A£D)yy = B¢ sin /2 sin 5/2

(A+£D),y = V'3 B, sin 7/2 sin ¢/2

(A+xD)ys = —E, sin 7/2 sin (/2

(A+D)g5 = dec, +E, cosé]2 cos |2+ E,(cos 7/2 cos ¢[2+cos £/2 cos 7/2)
=+ {27m,(cos £/2+cos ([2) +25, cos 7/2}

(A+D)gy = —3E, sin §/2 sin (/2

(AxD)g; = —F, sin §/2 sin (]2

(A+£D)yy = dyc,+4mss cos §)2 cos n/2+ Ey(cos €12 cos (/24 cos /2 cos ¢/2)
£ {3/20,(cos £/2+cos 1/2) +1/23,(cos §/2+cos 1/2+4 cos (/2)}

(AxD)ys = E,(cos £[2 cos n/2—cos 1/2 cos ([2) & {—E,(cos £/2—cos 1/2)}

(A£D)ss = dyc,+E4(4 cos £[2 cos 1/2+cos 1/2 cos ([/2+cos (/2 cos £/2)
+ 3mgs(cos /2 cos {[2+cos (/2 cos §[2) £ {o5(1/2 cos &2
+ 1/2 cos 7/2+42 cos (/2)+3/25,(cos §/2+cos 1/2)}

A’y; = depp+Fy cos E]2 cos n/2+Fy(cos 7/2 cos ([2+cos (/2 cos £/2)

A’y = Fgsin (/2 sin £/2

A’y3 = Fgsinn/2sin /2

A, =0

A5 = F,sin §2 sin n/2

A’y = depr, +Fy cos n/2 cos (|2 + Fy(cos &2 cos 7/24cos (]2 cos £/2)

A’y = Fgsin )2 sin 7)2

A’yy = 3F, sinn/2 sin (/2

A’y = — F, sin 5/2 sin (/2

A’y = depry +F1 cos €2 cos (|2 + Fy(cos /2 cos (|2 +cos £[2 cos 1/2)

A’y = —3F, sin §/2 sin (/2

A’ys = — F, sin £/2 sin /2

A’ 4y = dypry+4ms, cos E)2 cos 1/2 + Fa(cos £/2 cos [2+cos n/2 cos ([2)

A’y = Fy(cos &[2 cos ([/2—cos 7/2 cos (/2)

A’ss = dypry + Fis(4 cos £/2 cos 7/2+cos 1/2 cos (/2 +cos £/2 cos (/2)
+ 3mg1(cos 7/2 cos (/24 cos £/2 cos (/2)

By, = G, cos &[4 cos n/4 cos /4 Bys = —~/3 G, cos £/4 sin 7/4 sin (/4
By, = —G, sin /4 cos n/4 sin (/4 B3y = G, cos £/4 cos /4 cos (/4

B3 = —G, cos &[4 sin 1[4 sin ¢[4 By, = —3 Gy sin £/4 cos n/4 sin (/4
By,=0 By = —~'3 @, sin £/4 cos /4 sin (/4
Bis = 2v'3 G, sin /4 sin /4 cos (/4 By = G4 cosél4 cosnf4cos (|4

By, = G4 cos £/4 cos n/4 cos {[4 By =0

B3 = —G@, sin £/4 sin 7,4 cos (/4 By; = G, cos £/4 cos n/4 cos (/4

B,y = G4 cos £/4 sin 1[4 sin ([4

Ci, = @, sin /4 sin n/4 sin (/4 Cy = G, sin /4 sin n/4 sin (/4
Cis = —G@, cos £]4 sin n/4 cos (/4 Cy3 = —G, cos £/4 cos n/4 sin (4

51
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Table I. (Continued)

(13 = —@, sin &[4 cos /4 cos (4 C,y4 = 3G, sin £[4 cos n/4 cos ([4
Cu=0 Cas = —V'3 @, sin £/4 cos n/4 cos (/4
C1s = 2V'3 @ cos £/4 cos 1/4 sin ¢ [4 Cys = G, sin &/4 sin 7/4 sin ¢ [4

Oy = —3@; cos £/4 sin 7/4 cos (/4 Cis=0

Cys = —~'3 @y cos £/4 sin n/4 cos (/4 Cys = G4 sin §[4 sin 9[4 sin (/4
Cu4 = Gy siné/4 sin /4 sin (/4

E; = 3055+83, B, = 2(rm55+4032)
By = 1/4(305,+ 4755 +955,) B, = V/3]4(053— 4msy+385,)
By = 1/4(055+353,) B¢ = 2(—ms5+08s2)
E, = “/?_’_/2(0'32—532)
Fy = 305,485 Fy = 2(ms1+851)
Fy = 1/4(305, 44751+ 933) Fy = ~3[4(05— 4y, +355)
Fy = 1/4(03;+355,) Fg = 2(—ms +335)
F,= “/glz("sl_asl)
Gy = 4/9(30y+27, +45,) G, = 4/9(30,— 7, —25;)
G = 4/9(m,—35y) Gy = 4/3(2my +8,)
E=lke, n=kya, =k

C—C 7wy rfFFlERIL,

($xx (1) | H| g (r)) = Cgi CxhH 1+ Hy+ Hy) (17)
Lich, W2m=1 LEfra L5,
H, = {(k+K)2+V} dkr’+ Vi-x’ (1—3kk’) (18)
Hy— 3 M,(k+E)My (k+E)Hy (19)
15
Ha = - Z {CKkPn(k+K)Mn(k+K’) +CK'kPn(k+K’)Mn(k+K)} (20)
n

K F,(k+K)g(|k+K|) 1<n<5

1 .
— (‘K14 k7)) F,(k+K) g(|k+K|) 6<n<10
P.(k+K) — /2 ( ) Fu( ) 8(] | @1
—% (KT —eiETa) F, (k+K) g(|k+K]|) 11<n<15
g(|k+K|) = Bj;(|1k+ K|Ry) (22)

LELINE, 22T, (18) ® Vg-g’ iX Pseudo potential parameters T (14) TH 2z 5 hic
K;| Jodkhkxu |[K—K'| @il it Veg-g'=0 L LT, BF vV + LORFRMEND,
IRBIEIRD T HODLDTERINS,

Vo = Vooo ’ V1 = V111 ’ Vz = Vzoo ’ Va = szo ’ V4 = Van ’

V5 = szz—, Vs=V4oo .
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(19) ® H, 13 d—d 72 v 7 DFFNERTH B, c—d & d—c 7 v v 7 DFTFIEFRIL
(kx(r) | H|¥ i (r)) = P, (k+K) (23)

ThH25h, Pt 21) C5E2LRTWAHELDTHS, (13) & (22) @ f(|k+K|) L g(|k+
K|) 1izkx\ |k+K| wx L Tt Mueller iIC®kD X 5 1CELI N5,

Ajo(|k+K|Ry)  O<|k+K|<L,
) k+K|—L
FUREED = — djp(LR) AT Lk KIS, @)
27 41
0 L,<|k+K|
Bj,(\k+K|R) 0<|k+K|<L,
) k+K|—L
g(k+K|) = — Bjy(LRy) — =5 1 k1K<, (25)
L—L,
0 L,<|k+K]|

tziwEbn b A B RyR, Ly, Ly, Ly, Ly Mn & X FRFIH L TR - oA VT,

§ 3. Results

B2 ETRRE L ckRic, R L2, %> Heusler A4 153 % interpolation scheme
1L 39D 5 2 — 2 —p3dh 5, SAPW L bRz CuMnAl o E(k) fifgc»BHET 5 X
SICInbDRFI A~ R —HRELICEL Table I I 5 25 T3, Z D Interpolation

Table II. W% 5 2 —2DfE. | BIlL majority-spin, 1 EIL minority-spin
EF¥RANTS,

Parameter 0 } Parameter ) i
depn —0. 306 —0.51 v, 0.018 0.018
AV M —0.3233 | —0 5258 Vs —0. 058 —0. 042
decy —0.6394 | —0.6565 Ve —0.044 —0.04
aAycu —0.6190 | —0.6 Apn 0.38 0. 301
dde, —0.0188 | —0.022 Aca 0.934 0.574
ddn, 0.0072 0.0122 oMn 3.3 3.3
dds, 0. 0025 0.0025 0Cu 3.4 3.4
ddo, —0.0173 | —0.0173 1Mn 0.91 0.91
ddr, 0.01 0.01 1Cu 1.06 1.16
dds, —0.0025 | —0.0025 oM 1.56 1.61
ddog, —0.0020 | —0.0020 2Cu 1.65 1.7
dd g, —0.0022 | —0.0022 Mn —0.56 -0.7
ddd,, 0. 0025 0. 0025 Cu —0.478 —0.438
ddog, —0.0021 | —0.0021 \Mn 3.78 3.48
ddms, —0.0022 | —0.0022 1Cu 3.68 3.38
dddy, 0. 0025 0. 0025 s Mn 1.015 1.015
Ve -1.19 —1.198 aCu 1.085 1.045
v, —0.0571 | —0.0601 aMn 1.38 1.43
V. 0. 0268 0. 0205 aCu 1.38 1.43
Vs 0. 048 0.043
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scheme ZHWTHEL I XL F —(EDFRZED root mean square (%, XFERED E > 20 fED
k £i235\ T majority-spin &% L Ti% 0.013 Ry, minority-spin 2% L Cix 0.011Ry TH %,
unit cell NIZ 4 FFEOHHECKHL TR OBEDO—KTTS TH 5, SAPW HEIL I H1EDL
NICIRBE E #AR & interpolation scheme 1€ X % & ® & D #EH Fig. 2 & Fig.3 /s ¥ T\
%o majority-spin & minority-spin $£1Z SAPW I LA REAZB LB L TW5 2 E03F %,
Fig. 4~Fig. 14 Z Fermi Surface %7~ ¥, Fig. 4 13 majority-spin DR/ND DT I' J& L

o[ SAPW | SPIN
.g. L. sescecces LCAO :‘zé CuzMnAl
> '
[a
- 100
T
(8]
.E. -
3
o F 60
c
e
=t
o
v L 20
...... e "'-l. e, 1..' . . ‘,. ..;

-2 -1 -10 -9 -8 -7 -6 -5 -4 -3 =-.2
Energy (Ry)
Fig. 2 SAPW kL Interpolation scheme 12 X D 3RS Wi IREBEE B #5 0 H#E (majority-spin states)

140
t sPIN

CuzMnAl

1100 . i

- 60

electrons/unitcell Ry spin
]

- 20

KON LN \ . | . ~‘:. A
-9 -8 -7 -6 -5 -4 -3 =2
Energy(Ry)
Fig. 3 RAEBHEMBEOLE (minority-spin states)

-2 -11 -10



Cu:MnAl ©7 -V iTH 55

LT, FBLEHOR 2 00UMAMALERLEA L, hole like 7t 7 = 4 I HTH %, Fig. 5
WB2HFBCINZIWLDT, D 7= sHEIRUT 8D L AR, Bt (111) FRICEK %
otk L, F2TBZ DERICELT WL %, 25D hole like 7 TH 5, Fig. 6 1213,
Fig. 5 DHiE® (100) M TOWHENZHRL TR, F5HLuH N UAF AL, closed hole
orbit 23H3% %, Fig. 7 (XA U < Fig. 5 @ (110) @ TOKERT, KEIL X FHELLTED,
extended zone scheme TE< &, electron like 7% closed orbit 7’ T& %, % #% Fig. 8 IZ/~

Fig. 4 majority-spin EFOR/PD7 =V I [H Fig. 5 majority-spin BFOFHD 7 =V I [H

Fig. 6 Fig. 5® (100) F-COWER Fig. 7 Fig. 5 ® (110) BWCOWER
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LT\ 5%, Fig. 9 7 majority-spin Db AKX\ 7 =L T, Fig. 5 LA UkRIC L & T B-Z
L Tk D, L9 hole like /¢ TH 5, Fig. 10, Fig. 11 1Z3IC Fig. 9 DWEX TE
Zh (100), (110) M TOWENTH 5, Fig. 10 TRUAFKDOEZELD RO D LAZ AR
&L THkD, hole like D closed orbit 5 ik %5, Fig. 11 % extended zone scheme TE <
&, electron like @ closed orbit 233K %, Zih% Fig. 12 (/" $, KIT minority-spin electrons
D2OD7 =N IHERTHSD, Fig. 1327320 50D 12T, X ZDElY T B-Z LML T

Fig. 8 Fig. 7 D¥iEN% extended zone Fig. 9 majority-spin BFOHEKD7 =V i W
scheme CTEWX,

Fig. 10 Fig. 9 @ (100) ECTOKER Fig. 11 Fig. 10 ® (110) B TOREX
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W%, extended zone scheme THEHi &, WAKED 7 = IEIHEKS, T i, electron like
HTHb, Fig. 14 1 2BH DL DT, I' & K S%is 2 @bcd o UFO Oik/c%x L
TR, 1st B-Z HIC12f8H 5, Z L hole like 7 closed HITH 5,

CupMnAl 0%, unit cell WIZ d- BT LZHEBFHAE 32D Y, ZD 5 H majority-spin
states IC 16 18D full zones & 3 fED hole zones, minority-spin states < 13 fE® full zones &
LfED electron zone & 1fE®D hole zone 235, T b D T & D carrier D net number

Fig. 12 Fig. 11 OliEiRI% extended Fig. 13 minority-spin BF® electron like 727
zone scheme TE\W =K ]

Fig. 14 minority-spin BF®D hole like 787 -V I [
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X1 THDH, CusMnAl DEF & hole IX uncompensate TH5HZ DT 5, LTk, BT
XD closed orbit LasHRLWHECIIRSEIIRBCH LANL, REXEET 5 &
open orbit 23K A HEICH L CTIBRELFHONHETH S, LnL, BHED L ZAH De Haas-
van Alphen effect RREKIBILIRD L 5707 = v I W% MFET 5 galvanomagnetic experiments
DB DT, 7=V IHDMRr Y —~HEREMBRT S L3RV 72 IEHDMRR
¥ —1¥, conduction-band & d-band DD = F L F—~ECHKFELTRED, ZO=FRLF
~ZIAVDIET VY » VICEFRCERTH S, ThikZ 2 TRDI7 =L s ANSERBHZ
NETHH5HDEFEFECR—FERTZ ERIFETE RV, LL, ZThbhIhnbik
SNDERT — ZOBPOERLBERLENRDTHH 5,
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