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Fig. 1. (a) L2; structure of CoyFeAl; _,Si, (z = 0.25); (b)thin film structure of Co,FeAl 755ig 95

046101-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 68, No. 4 (2019) 046101

228 XA B A LV 2R d TS R
FROE, EUBRUIE R, THAESR A ER). Geresi 55 10
WF5E T Co FeSi MY HLT-4544 S ek, AL, R B
N UMHTE L 1.8—2.0 eV I 5 525 Bl W) &
I e, ASCHE T UERCH 2 eV. i T RIUETT
R R W st T T I AR DR RE 38 B
500 eV. Z5FPLALRT k2T HUE R 5 x 5 x 5 W
¥, FIRIEFRMERCA 0.001 eV /A, BRERIZS
TR 15 x 15 x 15 [ kMR, A0k
SO BEEIUCN 1 x 100 eV/JFEF. AR SCH iy
RETTIAR st R B (B) 3 DL A 3 R 2% S s e, 11
HRH BoltzTrap #0461 B2, (BSR4 & kS
£ 10000, FEABSUNF. Bk EE

0us (6) = 1 S s k) TEE )
i,k

Hrr N RS A, e R FRETRER.

Hizsk e KR s, FEHIE v.p, H
T K0 5 I Seebeck RELS; ;. BEAIAREME L
SRS IR

7o (Tip) = 5 [ 70 ()|

3

_8fu (T;e)
0

€

} de, (2)

o (Tip) = gy [[0n @) = ) |- 2280520 e

®)
0 (T3) = o5 [ €1 = | - 2L e
(@

Horp, w3 o RaIRIIATR, e T
ML, TIRZEIRIRIE, f, oA PRAL.

3 #X5it%w

3.1 Co,FeAl,_Si, RIIEEWEMHFHES

J TR Co,FeAl, Si, RIE 4 A A%
R, 3 R RE R R BE T T 1 CupMnAl RIZE
FHERT T Ak, Re i 35 AR RG2S, T4k
ZERANE 2 Fis. 1 ON A S AS H AL AR T4
REFE A A 4 SR R R TR . T LR =
T Ak & 9 Fe JRLTF 19 81 6 R 43 51 R 2.998,
3.037 F1 3.094 py, XG4 SR ST K Co
JE T B AR R 1.262, 1.337 F1 1.400 pg, X4
& RREAE A BRI TTER; AL Si T H STRkAR

INHIRESRE , BEKE LT A% . Heusler & 4 R4 H
Slater-Pauling(SP) £ M, = Z, - 24 ik 3, H
WM, N RS REAE, Z, R TR P R R
Ho & J5 7 B 74 JRy 43 3 A Co 3d74s?, Fe
3d64s2, Al 3s23p?, Si 3s23p?, 24 Si JE FHIIBZARIKE
J70.25, 0.5, 0.75 B, =Fifb & Wr¥ie SP 4 Ff
SRS 5.25, 5.5, 5.75 pg, SRATIE Y
WEAE AR W2, AU 29 0.2 pg B9 2. Heusler &
SRS RS M B VIR G, iRl 1 BR, 7E
CooFeAl fhfkr, Co i+ 548 (A, C) fif, Fe JiF

—102} @ + FM
A AFM

Energy/eV

| |
— [
(e} [e=]
> =

T T

>
>
>

52 53 54 55 56 57 58 59 6.0 6.1
a/A

o FM
A AFM

Energy/eV
Lol L
= o o
o & &
T T T
=z

7114 1 1 1 1 1 1 1 1
52 53 54 55 56 57 58 59 60 6.1
a/A
—109

© o FM

A AFM

—114

Energy/eV
I
= = = =
w ) = o
T T T

—115

5.2 53 54 55 56 57 58 59 6.0 6.1
a/A

Kl 2 CoFeAl,_ ,Si, & & 76 8k #E & (FM) 1 & &k 14 45
(AFM) T 1y fi % 3 B DL AL T 2k (a) = = 0.25; (b) = = 0.5;
(¢) z=0.75

Fig. 2. Optimization curves of lattice constant for
Co,FeAl, _ ,Si, alloy under ferromagnetic and antiferro-

magnetic magnetic order.
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F 1  CoyFeAl,_,Si, H41E z = 0.25, 0.5, 0.75 I Al AR S B mESE
Table 1.  Lattice parameters and magnetic moments of Co,FeAl; _,Si, alloys at z = 0.25, 0.5 and 0.75.

a/A mai/ Mg mgi/ U Mg/ Mg meo/ U M,/ 1g
CogFeAly -5Sig s 5.6520 0.053 0.039 2.998 1.262 5.473
CoFeAly :Si s 5.6607 0.046 0.028 3.037 1.337 5.688
CoyFeAly 9551y 75 5.6406 -0.038 -0.012 3.094 1.400 5.891
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B4 I LR 1Y U AE T R ARRL, X2 T
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eV).

AT GGA + U iEX} CogFeAl, Si,
FINE G FERHT T, A% R
K 4(a)—(c) s, =M URIET, Bl Co,FeAl, 75
Sig5, CoyFeAly5Sig; Al CoyFeAlysSigzs HY i T
FIIEASTE DK BB BT A B R psie B, 1) B A s
& ERE, ARRWMALRAZXN P = (Nt—Ny /Ny
+N) x 100%, H Ny AN | 45 A e L
Fm) T ASTE SOk AL 282 B B, SRR = Ak

BV HER AL P2 100%, 2 IARLFAE 4
JEFREPE. H I A R BB S BT LUE
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Fig. 3. Energy band structure of (a) Co,FeAly,5Sig5, (b)
CoyFeAly5Siy 5 and (c) CoyFeAly 95Sig 75
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Fig. 4. Thetotaland atom-projected density of states for
Heusler alloys Co,FeAl, _ ,Si, (z = 0.25, 0.5, 0.75) film in

(a), (b) and (c).
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Fig. 5. The transport properties with variation of chemical potential ft for Co,FeAl; _,Si,(z = 0.25, 0.5 and 0.75). The case of z =
0.25 corresponds to (a), (b), (c) and (d), and the case of z = 0.5 corresponds to (e), (f), (g) and (h), and the case of z = 0.75

corresponds to (i),

(@, (k) and (1).

conductivity o , electronic thermal conductivity K¢ and PF (S 20 ), respectively.
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Fig. 6. Full phonon spectra of Co,FeAl, _,Si, (z = 0.25, 0.5 and 0.75) alloys in (a), (b) and (c). The temperature dependent heat
capacity C, with an inset graph showing the temperaturefrom 180 K to 250 K in (d).
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F 2 HER CoFeAl,_ Si, (z=0.25, 2= 0.5, z = 0.75) A ABIER R, (A8 Lo siE
Table 2. The calculated cubic elastic constant Cy;, Cjo, Cy, shear modulus G,, G and Gy in GPa.

C11/GPa C1,/GPa B/GPa Gy/GPa Gr/GPa Gy/GPa
CogFeAl) 7:Si 2 247.38 166.97 193.77 101.48 70.60 86.04
CoyFeAly;Siys 266.15 143.57 184.43 109.55 92.94 101.25
CoyFeAly 55Sin 75 176.46 51.042 92.85 107.69 93.14 100.42
-1
4 103
Gr = {(Cn —C2) 4+ -Cy )
5 5 120
1 (a) ® Tot
Br = 7 [(C11 +2C12)] = By. (7) I AU Co-3d
3 80 . W m Fe-3d
) W, -—so0
F)Tu, 40 WWMA -0 —05 0 05 10

1 1(1
G =5 (Gv+Gr) = 3 {5 [(C11—Ch2)+3Cd]
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few-eur 3] |
B =By = Bg = (C11 +2C1,) /3. (8)
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184.43 1 92.85 GPa, 1] UWLBHZE Si J5F 3 {4
BERAER/N, 24 2 = 0.25 A4 IR &K,
RI& & MPT R4 RE )1 . 76 2 = 0.75 B, &40
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ATDVERY o = 0.5 W& Ui Em R, i
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Fig. 7. Thetotaland atom-projected density of states for
Co,FeAl; _ ,Si, (z = 0.25, 0.5 and 0.75) film in (a), (b)
and (c).
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Fig. 8. Calculated total energies as a function of the ¢/a ratio for Co,FeAl; _,Si, (z = 0.25, 0.5 and 0.75) Heusler alloys in (a), (b)

and (c) andfilm materials in (d), (e) and (f).
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Fig. 9. The total magnetic moment and the magnetic
moment of each atom of Co,FeAl, _ Si, film change with
distortion at z = 0.25, z = 0.5 and z = 0.75 in (a), (b) and
(c).
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Abstract

In the recent decades, the half-metallic materials have become a research hotspot because of their unique
electronic structure. The 100% spin polarization at the Fermi level makes them widely used in spintronic
devices. The Co-based Heusler alloys belong to an important class of magnetic material, and Co,FeAl and
Co,FeSi have been experimentally confirmed to be half-metallic materials with 100% spin polarization at the
Fermi level, and the Co,FeSi has a high Curie temperature of 1100 K and a large magnetic moment of 6.0 uB,
which is a good candidate for spintronic devices. We here choose and substitute Al atoms in Co,FeAl with Si
atoms, and then carry out the theoretical predictions of Co,FeAl, ,Si, (z = 0.25, 0.5, 0.75) for both bulk and
film . In this paper, using the first principles calculations based on the density functional theory (DFT) we
study the electronic structure, tetragonal distortion, elastic constants, phonon spectrum and thermoelectric
properties of Co,FeAl; ,Si, (z = 0.25, 0.5, 0.75) series alloys. The calculation results show that the electronic
structure of Co,FeAl; ,Si, (z = 0.25, 0.5, 0.75) series alloys are all half-metallic with 100% spin polarization, and
the down spin states (semiconducting character) all exhibit good thermoelectric properties, and the power factor
increases with the substitution concentration of Si atoms increasing. The calculated phonon spectrum does not
have virtual frequency, indicating its dynamic stability, and all cubic phases fulfill the mechanical stability
criteria, i.e. Born criteria: Cy; > 0, Cy > 0, C;1—Cj5 > 0, Cy; + 2C, > 0, and Cj, < B < Cy;. With the
variation of lattice constant ratio c¢/a, the lowest energy point of the structure for Co,FeAl, ,Si, (z = 0.25, 0.5,
0.75) series alloys are all at c¢/a = 1, showing that the stability of the structure does not change with the
variation of distortion c/a, and further the martensitic transformation cannot occur. For the Co,FeAl, ;Si, (z =
0.25, 0.5, 0.75) series alloy thin films, the calculated electronic structures all show a high spin polarization, and
it reaches 100% at z = 0.75, and for = = 0.75, the lowest energy point of the structure is at ¢/a = 1.2,
suggesting the martensitic transformation in this structure. With the variation of the tetragonal distortion, the
total magnetic moment also changes and it is mainly determined by the changes of atomic magnetic moment of

transition-metals Fe and Co.
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