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cccÄÄÄ Heusler ÜÜÜ777 Fe2Co1−xCrxSi ���(((���!!!
^̂̂555ÚÚÚÑÑÑ$$$555������ïïïÄÄÄ*

ÚÑ �©ö† Ü�² 4�� Ç1ð

( ¥I�Æ�ÔnïÄ¤^ÆI[­:¢�¿, �® 100190 )

( 2011 c 11 � 29 FÂ�; 2011 c 12 � 30 FÂ�?Uv )

Äuõ«¢�ÃãÚU�O���{, éo�Ü7 Fe2Co1−xCrxSi �¬N(�!^5!Ñ$5�9U�(�
?1
ïÄ.ïÄuy, �X Cr �O\, Ü7 Fe2Co1−xCrxSi �±
pÝkS(�, Åìl Hg2CuTi (�� Fe2CoSi

LÞ� L21 (�� Fe2CrSi; dug¬��ä�»�, Øp§ÝÅìeü; X�Ü7�©f^Ý¥y�5eü, ÎÜ
�7áA5; �{>{'Ç��fÓ kS§Ý���', ¥yüà�!¥m��A:. 3 Cr O� Co �L§¥, á
��7áUYÅì�m, Ly�7áA�. Ó�¤�U?l Fe2CoSi �7áUY�d�ºþ£� Fe2CrSi UY��
�.. ���UY°ÝÑy3 x = 0.75 ?, ùL²o�Ü7k�U¤�äk�pg^4zÇÚ�r|Z6Uå�g
^>fÆá�.

'�c: ^5, �7á, Heusler Ü7

PACS: 73.61.At, 71.20.–b, 72.15.–v, 72.25.Ba

1 Ú ó

�7ác^N´�«äk4�A^då�g
^>fÆá�, §g^�þ�U�(�3¤�U
??¥yÑ7á5, 
g^�e�3¤�U??
��Ý�", ¥y��N5�, Ï
§�D�>f
g^4zÇ P = 100%. 1983 c, Groot � [1] 3é
� Heusler Ü7 NiMnSb �>f(�?1ïÄ�J
Ñ
�7áù�Vg. ²L�X��ïÄ, 8c@
�äk�7á5�á�NXÌ�8¥3 Heusler Ü
7��L�7ámzÜÔ!�zÔ±9ð ¶(
�zÜÔ [2−4] �. |^^g^©E1>u�Ì,

Park � [5] uy La0.7Sr0.3MnO3 3 40 K§Ýe, 4
zÇ�C 100%; 
��|^��:�> Andreev

���{, Jin � [6] ÿ� CrO2 ü¬�3 2 K �g^
4zÇp� 98%. dd��, nØýÏ�7áá�

��3´Ã¦�(�. �´þã�zÔ�7áá�
Øp§ÝL$, Ø|ug^ì�3¿§«m�A^.

3 Heusler Ü7¥, du Co ÄX�Øp§Ý�
p,ïÄó�'�õ. ~X Co2MnSi, Co2MnGe[7,8]

�´�@�nØýÏ�äk�7áU�(��á
�, �@Ïæ^g^©E1>u�Ì�ÿþ�{,

¿vkuy�7á5 [9]; �����(¢�y²

Ù�7á5 [10], �|^:�> Andreev ��ÿþ
p�þü¬ Co2MnSi �4zÇ�k 55%[11]. 
n
ØO�L², Co Ä Heusler Ü7�g^4zÇÉá
�¥��fÃSÓ K�é� [12]. �C¢�uy,

^�í�)�� Co2MnSi ¥ Co-Mn �f�Ó ¦
+�k 7% �m [13], �%v±��ü$á��g^
4zÇ, Ïdk7�Ïé�«é�fÃSÓ Ø¯
a�#.�7áá�.

Fe Äá�´ Heusler Ü7¥�,��[x, Ï
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7áá�. ÏL1�5�nO�, Luo � [14] u
y Fe2CoSi Ú Fe2CrSi ´;.��7áá�. �-
<¯U�´, Fe2CrSi �g^4zÇéu�fÃS
Ó !¤©"�!(�ÆCÚ�«"�Ø´�©
¯a, ù´kOuÙ¦ Heusler Ü7�7á�#A
:. ,
 Fe2CoSi ¤�U??ud�ºÜ, ¿�U
Y�Ä, 
 Fe2CrSi ¤�U?Øu��.Ü. ù¦�
ü«�7áN´É�9-u6Ä, l
»�§��
�7áA5. É�ë¬¬� [15] 3 Co2Fe1−xMnxSi

X�ïÄó��éu, �©æ�� Fe2CoSi �¥�
, Cr ��Y, ¢yN!¤�U?�8�, ¦¤�U
?£Ä��Y¥% �.

�©�ïÄé�´0u Fe2CoSi Ú Fe2CrSi m
�o� Fe2Co1−xCrxSi Ü7X�. ÏLÜ¤�X
�Ü7�¬, ¢�ÿþ
§��¬N(�!�Ú
^Ý!Øp§Ý!>{§Ý­�, O�
¬N�
fÓ �kSÝ. Äu�Ý�¼nØ (DFT) �2
ÂFÝCq (GGA), Ó��Ä>fm¥Ô�p�
^ (GGA+U ) ��{, ?1
1�5�nO�, ¿©
Û
>fU�9U��Ýã.

2 ¢��O��{

Fe2Co1−xCrxSi X�õ¬�¬æ^�í�o�
>lLõ�ª��, ¦^�7áXÝ�u 99.9%.

z��¬Lõng±þ±�y¤©þ!, Lõ�
�Ü7ý��µ3�=+¥, ?1 800 ◦C kSz
ò» 72 h, ±¼�p�kSÝ. Ù¥ Fe2CrSi vk
/¤X�, ÏLQ�?n��
§� L21 (�ü
�. ·�^ Cu q X û�¤©Û�¬�¬N(�,

^��þfZ�¤ (SQUID) 3 5 K§Ýeÿþ�
¬��Ú^zrÝ, O���©f^Ý. ^�Ä�
¬^rO (VSM) ÿÁ�¬� MT ­�, ��Øp
§Ý. >f(�O�æ^ Materials Studio ^�g
�� CASTEP �¬, O�¦^Ú��ëê��, U
þ 350 eV, K : 8×8×8. ¦^ GGA, PW91 �{,

ÄkO� Fe2CoSi �U�(�, '� Co Ú Fe Ø
Ó U ��U�Cz, �Ñ Co Ú Fe � U �. ,�
O� Fe2CrSi, (½ Cr � U �. ��, ?1�X�
O�. O�¤(½� U �Xe: Fe = 0.5 eV, Co =

5 eV, Cr= 2.5 eV.
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ã 1 Fe2Co1−xCrxSi Ü 7 � ¬ � ® " XRD ã Ì (a) Fe2CoSi; (b) Fe2Co0.75Cr0.25Si; (c) Fe2Co0.5Cr0.5Si; (d)

Fe2Co0.25Cr0.75Si; (e) Fe2CrSi Q��¬

147304-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 147304

3 (J�?Ø

3.1 ((( ���

Fe2CrSi ´;.� Heusler Ü7, äk L21 (
� (225 �m+), �âÙ�fÓ 5K, d>fê
���f`kÓ� A, C  . Ïd, Fe Óâü��
� �, = A (0, 0, 0) Ú C (0.5, 0.5, 0.5)  , Cr Ó
â B   (0.25, 0.25, 0.25), Si Óâ D   (0.75, 0.75,

0.75). � Fe2CrSi ØÓ, Fe2CoSi äk Hg2CuTi (
� (216 �m+), Fe Óâü�ØÓ� �, = A (0,

0, 0) Ú B (0.25, 0.25, 0.25)  ; Co Óâ C   (0.5,

0.5, 0.5), Si Óâ D  (0.75, 0.75, 0.75).

| ^ X � �û� (XRD) E â Ï ~ U 

O ( / ( ½ Heusler Ü 7 � ( �, � � ± ½5
/ � ä � ¬ ¥ � f � Ó kS§ Ý. � � @
�, 3 p kS Heusler Ü 7 � XRD ã Ì ¥, ò
Ñ y ² w � (111) Ú (200) � ¬ �û� ¸, B2

kS� Ñ y (200) ¸, 
 L21 Ú Hg2CuTi kS
� (111) Ú (200) ¸òÓ�Ñy. ã 1(a)—(e) ©
O ´ Fe2CoSi, Fe2Co0.75Cr0.25Si, Fe2Co0.5Cr0.5Si,

Fe2Co0.25Cr0.75Si, Fe2CrSi � ¬ � XRD ã Ì. �
X Cr ¹þO\, Ìû�¸ (220) Åì��£Ä,

�Ü7(�vku)Cz, ½vkÑy,��û�
¸. �
��Ù/w«�¬�¸,·�3 26◦ � 34◦

�m�Ý?1Ú?×£ÿþ, w«3�ã¥, §�
´���¬� (111) Ú (200) �¬�¸. �âù
¸
��érÝ·�O�
�¬�kSÝ.

ã 2 w « 
 � ¬ Ø Ó ¤ © � kSÝ C z.

3 Heusler Ü7¥, kSÝ´�A�fÓ kS
§Ý��I, Ù¥ S �L A2 (�� B2 (��
kS§Ý, � S = 1 �, L² A, C  Ød B, D

� f Ó â, ´�� � B2 ( �. Ù ¥ α � L B2

( � � L21 ( � ½ Hg2CuTi ( � � kS§ Ý,

� α = 0 �, L² B, D Øp�ÏÓ ´��� L21

½ Hg2CuTi(� [16,17].

S = ((I200/I220)experiment

/(I200/I220)theory)1/2,

(1 − 2α)S = ((I111/I220)experiment

/(I111/I220)theory)1/2,

Ù¥ I200 Ú I111 ©O´ (200), (111) �¬�¸�
rÝ, I200 ´Ì¸�rÝ. §��¢��ÏL XRD

Ú?ÿþ�Ñ, nØ�d�[ XRDû�¸��Ñ.

lã 1 �±�*/uy Hg2CuTi (�� Fe2CoSi

� (111) ¸rÝ�u (200) ¸. �X�Ü7¥�
\ Cr �f, (111) ¸rÝÅìC�, �¥m¤©
: Fe2Co0.5Cr0.5Si �, (111) ¸rÝ����. �
±wÑ�X Cr �f��\, B, D  þ�ÃS§
Ý�5��. 
 Fe2CrSi ´ L21 (�, (111) ¸�
Ñ�u (200) ¸, éuÜ© Co �� Cr ��¹, l
ã 1 *	 Fe2Co0.25Cr0.75Si, �±uy�ØãÌ�
.&Ò�, (111) ¸�E,�u (200) ¸, �±�Ð
� L21(�.

� � � � � � � � � � � � � � � ��� � �� � �� � �� � �� � � ��	 
 �
ã 2 Ü7�¬ Fe2Co1−xCrxSi �kSÝ� Cr ¹þ�Cz

���5¿�´3 x = 0.5 Ú 0.75 �A�:?
�kSÝ. Fe2Co0.5Cr0.5Si � S ëê�C 1, L²A
�´��� B2 (�, Ù¥ α ��C 0.25, `² B,

D ��m�3·Ï. 
 Fe2Co0.25Cr0.75Si � α �
��, ��Cu", `² B, D  �·Ï§Ý��,

= B � Fe � D � Si ÑpØ�� �. Ó� S

ëê3 0.85 �m, `² A � Fe � C  � Co Ø

� � � � � � � � � � � � � � � �� � � �� � � �� � � �� � � �� � � 	� � � �
� � 
 �
� � � � � � � � � 
 � � �

ã 3 Ü7�¬ Fe2Co1−xCrxSi �¬�~ê� Cr ¹þ�Cz

147304-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 147304

U��Óâ�g� �, � B �� Fe, Cr ½ö D

 �� Si u)·Ï.

·�?�Úòû�¸�Iz, ��ØÓ¤©�
¬¬�~ê�Cz, Xã 3 ¤«. du Cr ��f�
»�u Co ��f�», Fe2Co1−xCrxSi �¬�~ê
� Cr ¹þ�O\, ¥�5þ,ª³. ù
¬�~ê
�A^3�¡�U�O�¥.

3.2 ^̂̂ 555

ã 4 �Ñ
Ü7�¬ Fe2Co1−xCrxSi �Øp
§Ý� Cr ¹þ�Cz. �±w��X Cr ¹þ�O
\, �¬�Øp§Ý��¥yÑeü�ª³, Ù¥
�S�dX��¬� M -T ­�. �±w� Fe2CoSi

�Øp§Ý�p, �L¤¦^ VSM ����p
�ÿ§Ý, æ^9©Û DSC ÿþ��ÙØp§Ý
� 1039 K. �X��¬�Øp§Ý��� 652 K, �
pu¿§, �p�Øp§Ý�±�ydX��7á
á�3¿§«­½ó�, äkûÐ�¢^d�. d
X��¬�Øp§Ý (TC) �X Cr �� C  � Co,

Øp§ÝüNeü. Fe2CoSi ¥� A, B  þ� Fe

�f©O�¤ü@¡%á�g¬�, �k 4 � Fe

�f. �X B  Co � Cr ��, Co �g¬��äÅ
ìÑy»". Fe2CoSi ¥� Fe Óâ A, C �. 3 Cr

�� Co �L§¥, Cr r B  � Fe �f@� C  
þ, »�
 Fe-Co �m�ÍÜ�^, Ó� Fe-Fe �m
�åld�C�'XC�gC�'X, �� Fe-Fe

�m�ÍÜ�^Cf, l
��Øp§Ýeü.� � � � � � � � � � � �� �� � �� � ��� ��	 
��
 � �� � � � � � �� � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � �� � � � � � �� � � � � � � � �  � � ! " � � � �# � �! � �$ � �" � � �" " � �%& ' ( )* + , ' - . / 0 ' ( 0 1 2
ã 4 Ü7�¬ Fe2Co1−xCrxSi �Øp§Ý� Cr ¹þ�Cz

ã 5 L²ØÓ¤©:�X Cr ¹þ�O\, �Ú
^ÝÅì~�, Ù¥�ã´�¬� M -H ­�, §�

��Ú|�� 5 kOe. Fe2CoSi, Fe2Co0.75Cr0.25Si,

Fe2Co0.5Cr0.5Si Ú Fe2Co0.25Cr0.75Si � © f ^ Ý
©O´ 4.82µB, 4.14µB, 3.58µB, 2.78µB Ú 2.1µB,

� Slater-Pauling {K Mt = Zt − 24 �ÎÜ [18], ¥
y�5eü�ª³, Ù¥ Zt�od>fê. �X Cr

¹þO\, od>fê Zt l 29 ü� 26, ^Ýe
ü
 3µB. du Fe, Co �f 3d >f�,z�^,

3¤�U?±e/¤ 12 �� (3×t1u, 3×t2g, 2×eg,

1×s, 3×p), �[©Û�e©. �â�©�O�(
J, ¤�U??ug^�e��Ý��Y¥, >f
ò¤�U?e� 12 ���ÜW÷, �e�é^5
k�z�>fòW¿�g^�þ��¥, Ï
Î
Ü Slater-Pauling 5Æ, ù´§�¤��7á�­�
A�. � � � � ��� �� �� � �� � � � � � � � � 	 � � 
 � � �� � �� � �� � �
 � � � � �� ��� �� � � � � � � � � � �  � � � � ! " # � $ � � " # % $ �  � � � � ! " # $ � � " # $ �  � � � � ! " # % $ � � " # � $ �  � � � � ! �  & ' ( ) * + ) , - . + / 01 234 5678

ã 5 Ü7�¬ Fe2Co1−xCrxSi �©f^Ý� Cr ¹þ�Cz

3.3 >>>ÑÑÑ$$$555���

ã 6 ´dX��¬�>{Ç -§Ý'X­�.

�X Cr ¹þ�O\, >{ÇÅìC�. c[*	$
§« 0 � 30 K �>{ÇCzª³, �±w��§Ý
O\, >{Ç¥yk~��O��ª³. �34�
�:, Fe2Co0.75Cr0.25Si � Fe2Co0.5Cr0.5Si ��$
:Ñ3 20 K NC. c<3� Heusler NX NiMnSb

¥ [19] ±9Dè��zÔ����Laqy� [20].

7áá��>{3$§Ñy4����U�Ï
k: 1) CB�A, >{4���Ñy, ´du3�
^5á�¥�3^5,�, 3$§�¸e, ù

^5,�ÚD�>f�)ÍÜ, é>f�3Ñ�
�^, Ñ�L§��uéD�>f$Ä�{N, ù
Ò´>{O\��Ï; 2) Uì²;gd>fíN

�., >f�m��p�^�±�Ñ, σ =
ne2τ

me
,
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1
2
mv2 =

3
2
kBT , λ = vτ =

√
3kBT

me
τ , duX��

¬�,�L§�¥, �U�)¤©Øþ!, kÜ©
,�Ú"��3, ¦²þgd§ λ ~�, µþ�m τ

C�, ?
��>� σ C�, >{C�. �´, �©
ïÄ�o�Ü73 20 K �w,Ñäkér�c^
5 (Xã 4 ¥�ã), ÏdØU�{ü/n)� “C
B�A” ½ö “�^5,�” Úå�. Ïd, Ùý�
�Ôn�
�I�?�Ú�¢�ÚnØïÄ.

·�3ã 6 ­�þIÑ�¬��{>{'
Ç RRR, =¿§Ú$§>{Ç�'�: RRR =

ρT = 300 K/ρT = 5 K
[21]. � ± w � Fe2CoSi � Fe2CrSi

� RRR ��, ¥mA�:�{>{'Ç RRR

Ñyeü. ��@�, 37áá�NX, �{>{
Ú�fÑ�k', Ñ���, �{>{'Ç��.

,	, lkSÝO� (�ã 2) �±wÑ, Fe2CoSi

� Fe2CrSi ´üàkS�p� B2 (�, Ù�fÑ
���. �X�\Ù¦�f, ¤©Åì l�©, »
�
(��g¬��ä, O�
�¬�·Ï§Ý,

�� RRR eü, Ïd�{>{'Ç RRR �X¤
©:�Cz, ¥yüÞ�!¥m��A:.

3.4 111���555���nnnOOO���

L 1 �Ñ
O���� Fe2Co1−xCrxSi Ü7
�o^ÝÚ��f^Ý� Cr ¹þO\�Cz. �
X Cr ¹þ�O\, dX��¬�o^Ýl 4.82µB

�5/eü� 2.1µB. éu Fe2CoSi, A, B  þ�c

�fäkØÓ�^Ý. 3�¬���O�¥, ¥m
¤©�¬¥ A, B  þ� Fe Ï¤?ÛÜ�¸ØÓ

äk�Ø�Ó�^Ý, L¥��ÑäN� Fe �
f^Ý. L 1 w«O�(JÚ¢�(J'�ÎÜ,

ù`²O�L§´Ün�.

ã 7(a)�ØÓ¤©�¬���Ý (DOS) ã. �
±²wwÑ�¬þäk�7á�A�, g^�þ
U�¥y7á1�, g^�eU�3¤�U?N
C�3��UY. 3 –6 eV ±eÌ�´Uþ�$
� Si-s >f, §�É 3d >f�K�é�, Ïd�3
ã 7 ¥�Ñ. 3 –6 eV � 2 eV �m���Ý�z
Ì�5g 3d >f, ù� Fe-Co Ú Fe-Cr �f�m
�r,z�^k'. ��5¿�´, Fe2CrSi g^
�þÜ©�ÑyUY, aq��NU�(�, ¿�
O�(J�^Ý�C 2µB, �±¡�c^��N.

ØL, O�(J�¢�ÎÜ�¿Ø´éÐ, Fe2CrSi

� Q � � ¬ Ï L > { ÿ þ u y, § � ä k Ê Ï
�7áA5. ã 7(b) ã¥J��L�Y�àd
�º�Uþ� EVB, ¢��L�Ymà��.
�Uþ� ECB, ¥m�J��L¤�U?� �.

Fe2CoSi � Fe2Co0.75Cr0.25Si ¥, ¤�U? �U
Y�à, 
3 Fe2CrSi ¥, ¤�U? �UYm
à. ¥m¤©: Fe2Co0.5Cr0.5Si � Fe2CoCr0.75Si

¤�U?Ñ?uUY¥m �, ù��±k�;
�96Ä�5�¤�U?£Ä��Y�	�«
�±E¤�7á5��»�. ã 7(c) ã¥ØÓA
�:éA��YUþ��ØÓ, Fe2CoSi �UY

� � � � � � � � � �� �� �� �� �� � �� � �� � �� � �
� 	 � 	
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 � � � �� �� ����� � �� ������ �  � � � ! �� � � ! �� � � ! �� � � ! �� � � ! � � "  � � � � �� � � ! �� � � ! �� � � ! �� � � ! � � #  $ % & ' ( ) *$ % & ' ( + , - . ' / + , & . ) * $ % & ' ( + , - . ' / + , & . ) *$ % & ' ( + , & . ' / + , - . ) * $ % & ' ( + , . ' / + , . ) *$ % & ' ( + , . ' / + , . ) *$ % & ' / ) *
ã 6 Ü7�¬� Fe2Co1−xCrxSi �>{§Ý­� �{>{'Ç RRR = ρT=300 K/ρT=5 K
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� � $� � " � � " ! � "  � " � � " ��� " !� " � % & '% ( '� ) �* +,

- � .
/ 0123 4 5 678/ 09 : ; < = > ? ; @ A B ; C A% D

� � � � � � �� �	
�
� � 


��� � �� � �� � �� � � �� � �� � � �� � � � � � � � �� � � � �� � � � �
� � �

ã 7 Ü7�¬� Fe2CrxCo1−xSi �O���Ýã (a) Fe2CoSi, Fe2Co0.75Cr0.25Si, Fe2Co0.5Cr0.5Si, Fe2Co0.25Cr0.75Si

Ú Fe2CrSi; (b), (c) �7ág^�e�UY°Ý; (d) Fe2CoSi ��ØÓ ��f�©��Ý

°Ý��, == 0.05 eV, �Y¿����m. �X
�\ Cr �f, UYÅìO°, Fe2Co0.25Cr0.75Si �
UY°Ý��. æ^ 0.75 ¹þ� Cr �� Fe2CoSi

¥� Co �f, =�¦ Fe2CrSi � Egap (0.50 eV) O
° 0.21 eV, �� 0.71 eV, l
ü$
96ÄÚ¬
� " � é g^4 z � K �. ù � O � ( J L ²
FeCrCoSi o � Ü 7 ' ü à n � Ü 7 ä k � °
��7á Egap, Ïd�±�Oo�Ü7, Ù¢S

� g^4 z Ç ' n � Ü 7 � p, � k | u ¢ S
A^.

3 Fe2CoSi �¥, du A  Fe �f� D  Si

�f´�C�'X, 
 B   Fe �f�él D  Si

�f��, ¤± A   Fe �f�N´� D   Si �
f�)�d��^, /¤�^>fé, ù�/¤^
Ý�>fC�, �� FeA ^Ýü$, Ïd FeA �
u FeB �f�^Ý. FeA, FeB �^Ý��dL 1 �
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L 1 Fe2Co1−xCrxSi X�Ü7�©f^Ý9 Fe, Cr, Co �f^Ý�O��Ú¢���'�

X M nØ� MCo MCr MFeA/MFeC MFeB M ¢��

0 4.99 1.46 — 0.9 2.8 4.82

0.25 4.25 1.42 2.84 — — 4.14

0.50 3.50 1.38 3.00 — — 3.58

0.75 2.75 1.36 3.24 — — 2.78

1.00 1.99 — 3.44 –0.7 — 2.10

� �� �� �� �� �� ���� �	 
 �	�
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 � � � 
 � �� 
 � �� 
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 � � 	 
 � � �	 
 � � �� � � � � 


� � �
ã 8 (a) �¬Ü7 Fe2CoSi �U�ã Ù¥J�� spin-down

U�, ¢�� spin-up U�; (b) Fe2CoSi �,z;�ã

Ñ, MFeA = 0.9µB, MFeB = 2.8µB. ÏL*	ã 7(d)

©��Ý (PDOS), 3 – 4 eV NC FeB g^�þ�
��Ý¸��u FeA �f�, 
3 –1 eV NC FeB

g^�e���Ý�u FeA �f�. ^Ý��
�ug^�þ��Ý�È©¡È~�g^�e
��Ý�È©¡È, FeB �À¡È�u FeA �,

¤±�f^Ý MFeB �u MFeB . éu L21 (�

� Fe2CrSi, Ù A, C  �� Fe ´���, � Si Ñ
´�C�'X, �d�^�Ó, ^Ý����Ó, ¤
± MFeA = MFeB = – 0.7µB.

ã 8(a) ´ Fe2CoSi ¤�U?NC�U�ã, U
þ":?�î�=´¤�U?. l¥��±w
Ñ Fe2CoSi ¥yÑ�7áA�. g^�eÜ©3¤
�U??k��YAC�m, g^�þÜ©��î
B¤�U?. Co 3d, FeA 3d, FeB 3d �3¡%á�
¬|¥, ©�¤n­{¿� t2g (dxy, dyz Ú dxz) Ú
�­{¿� eg (dz2 Ú dx2 − y2)[22]. �
��Ù/
©Û��ÝÚU�(�ã, �©rU�(�©¤8
|?1©Û. ù8|3U�(�ãpé¡ Γ :?
®²IÑ, éA�Uþ����� 1.0 eV—1.5 eV,

0 eV—1.0 eV, –1.0 eV—0 eV, –2.5 eV— -1.5 eV, –

3.5 eV— –2.5 eV, –6 eV— –4 eV. �©Û�ÙUY
�5
, ±g^�e�U�(�ã�~, le þ
ê, 1�^U�duUþL$vk3ã¥xÑ, Ì
�´d Si � s >f|¤, m��þÎÜ s �A�.

1�|éA1�!n!o^U�, �:� Γ15. �
âã 7(d) ���Ýã, w«d|U�Ì�d Co 3d

� Si 2p |¤, U�(�w«´n­{¿�, �Ò´
d Co 3d � t2g �� Si � 2p �,z
/¤. 1�|
KéA1Ê!8^U�, �:� Γ12, ��Ýã 7(d)

w« Co 3d, FeA 3d, FeB 3d Ñë�,z, U�(�
w«´�­{¿�, Ì�´d FeA-Co ,z/¤�
�­{¿� eg 2g� FeB � eg �,z/¤. 1n
|éA1Ô!l!Ê^U��:� Γ25, ��Ýã
2gw« Co 3d, FeA 3d, FeB 3d Ñë�,z, ØL
U�(��n­{¿�, ù`²Ì�d FeA-Co ,
z/¤�n­{¿� t2g � FeB 3d >f,z/¤,

Ï
´n­{¿(�. 1o|éA�!��!��
U�, �:� Γ15, �±l��Ýã¥uy, ùgë
�,z��k Co 3d Ú FeA 3d >f, ù`² Co 3d

� FeA 3d ,zL§¥/¤ t1u ���, dué¡5
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Ø��,Ã{� FeB 3d >fu),z. 1Ê|éA
�n!�o^U�, �:� Γ ′

12, ù|U�®² u
¤�U?±þ, ©Û��Ýã, �±�Ñd^U�
ë�,z��´�k Co 3d Ú FeA 3d >f, /¤
�´ eu ���. 18|éA�Ê!�8^U�, ù
|U�´1�|U�����, du Co 3d Ú FeA

3d � eg �� FeB 3d >f,z/¤3�, Uþp�
Ü©�L¤�U?/¤���, Uþ$�¤�1�
|U�. �±lã 8(b) ¥�*/wÑ,z�¢yL
§, l¥ØJ©Û�Ñ(Ø, UYÌ�d��C¤
�U?� t1u Ú eu /¤, �,L§Ò´ØäN!U
Y��Ú¤�U? ��L§.

4 ( Ø

· � Ü ¤ 
 � X � � o � Ü 7
Fe2Co1−xCrxSi, Ï L � « ¢ � Ã ãïÄ 
 § �
�¬N(�!kSÝ!^5±9Ñ$5�, Ó�
�|^ CASTEP ?1 GGA+U O�����ÝÚ
U�(�, l
ïÄ
dX�Ü7��7áA5.

ÏL¢�(J©Û, 3�X Cr ¹þØäO\�L
§¥, dX��¬l Hg2CuTi (�LÞ� L21 (
�, Ñ�±
�ékS� B2 (�; du»�Kg¬
��ä, l
UC Fe-Fe, Fe-Co ÍÜ�^, Øp§
Ý TC ¥yeüª³; o^Ýl 4.82µB �5/eü
� 2.1µB, ÎÜ�7á^Ý��ê�A:; X��¬
>{ÇÅìO�, ¥m¤©:?�¬>{Ç3$§
�¹Ñy4��, �{>{'Ç��fÓ kS§
Ýk', ¥yüà�!¥m��A:. �âX�Ü
7ØÓ¤©:� DOS ãA:, 3��O�L§�
¥, du Fe, Co Ú Cr �m�>f;�,z�^, ¥
mÜ7Ñäk�7á5. �X¥mÜ7l Fe2CoSi

� Fe2CrSi =CL§¥, ¤�U?u)£Ä, d�à
�d�º£Ä�mà���., ¿�UY�m�°
Ýu)Cz, d�Ð Fe2CoSi UY°Ý 0.0552 eV,

ÅìC°, 3 Fe2Co0.25Cr0.75Si �UY°Ý��, �
� 0.7139 eV. UY°Ý3¥mÜ7?3�Z�, ù

(JL²o�Ü7k�U¤�äk�pg^4
zÇ!�FÉ"�Ú96ÄZ6��7áá�.
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Structural, magnetic, transport, and half-metallic
properties of Fe2Co1−xCrxSi Heusler alloys∗
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Abstract

The structural, the magnetic, the transport and the half-metallic properties of quaternary Heusler alloy Fe2Co1−xCrxSi are in-

vestigated. The studies of X-ray diffraction and temperature dependence of magnetization reveal that Fe2Co1−xCrxSi alloy always

maintains a high degree of order, while the Curie temperature decreases gradually with the increase of Cr concentration x. Importantly,

the lattice constant and the saturation magnetic moment of Fe2Co1−xCrxSi alloy follow the Vegard law and half-metallic Slater-Pauling

rule, respectively. Based on the band structure calculation, Fe2Co1−xCrxSi alloy keeps a 100% spin polarization and Fermi level moves

from the top of valence band to the bottom of conduction band, depending on Cr concentration x. Our results indicate that quaternary

Fe2Co1−xCrxSi Heusler alloy is a promising robust half-metallic candidate for spintronics applications.
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