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æ^éq^�í��{3ü¬ Si (100) Ä¡þ��
�Wv¶(�� Mn3CuNx ��. ÏL����L§¥
��AíN�í (N2) 6þ (N2/Ar+N2), ïÄ
�¹þé Mn3CuNx ��(�9Ôn5U�K�. ©O|^ X ��
û�¤!��>fUÌ!�fåw�º!X ��1>fUÌ!Ôn5UÿÁXÚÚ��þfZ�¤, é¤���
��¬N(�!¤©!L¡/mÚ>!^Ñ$5�?1
ÿÁ. (JL²: �����þ��Wv¶á�(�, �
÷ (200) ¬¡J`)�. �X�¹þ�O�, ��L¡o÷ÝÚ�âÝº�ÅìO�, ��>{ÇO\. �¹þé�
��>Ñ$5�vkK�, ¤k��>{Çþ�X§Ý�ü$ÅìO�, ¥y��N.�>1�, ù�éA�¬N
á�(J��. Mn3CuNx ���XÿÁ§Ý�O�u)
æc^�^^�^=C, � N ¹þ�O�ü$
^kS
=C§Ý, Ì�´du N "�é Mn6N l¡N(�¥^���^�K�¤�.

'�c: �Wv¶(�, Mn3CuNx ��, �¹þ, >Ñ$5�

PACS: 68.55.–a, 73.50.–h

1 Ú ó

Mn3XN(C) (X: Zn, Ga, Cu, Al, In, Sn �) z
ÜÔ�¬N(�á�Wv¶.á�(� (�m+
� Pm-3m). daá�ÏäkK9)ä!^��
 !^k�A!ã^{�AÚC">{§ÝX
ê�Ôn5��ÉÊ8 [1−11]. ïÄuy, ��
���Wv¶ Mn3XN (X = Zn, Sn �) á�ØÓ,
Mn3CuN á�3Øp§Ý±e�c^5½æc^
5, 3 150 K ?²{á��o���C, ¿�LyÑ
���^��  [4]. Chi � [9] �ïÄ
 Mn3CuN �
>{�§Ý�Cz5Æ, 3Øp§Ý±þ, Mn3CuN
�>{A�Ø�§ÝCz, á��>{§ÝXê
A��", ¡�C">{§ÝXê (NZ-TCR). �§
Ý�C 150 K �>{Ñy$:, pu 150 K, >{
A�Ø�§Ý�CzCz. ïÄÓ�uy, 3^
�C§ÝNCá��^{�� 4%. ù
k��Ô
ny�Úå
Æâ.�'5. 8cdaá���Ü

©ïÄÑ8¥u�7¬N�Ôn5�9 X  �Ø
Ó����,�A?1�. du�����(J
5, 'u�Wv¶(� Mn3XN ���ïÄ�8�
�é�, 8cn�zÜÔ���kX Mn3GaC[12],
Mn3CuN[13,14]. �Äu�Wv¶ Mn3CuN ¬Ná�
¥uy��þk��ÔnA5X: ^{!^�� 
�A!C">{§ÝXêy��, 3$�á�¥,
Ù>^A5¬u)�o��Cz, ò´��ék¿
Â�ïÄ��. ·���, du$��A, ����
á��¬á�Ôn5�¬ké��É, ���á
�3éõ+�kÙÕA�A^. Ïd, mÐn��
Wv¶(� Mn3XN zÜÔ���ïÄ´�~k
7��.

·�Q��L^�í��� Mn3CuN ��9
ÙÔ5�ïÄ [13,14], uy�XÄ.§Ý�,p,
Mn3CuN ��¥yÑl (111) =C� (200) J`)
��Czª³, cÙuyÙ>!^Ñ$Ú9)ä5
��¬Ná��'(¢�3����O. N ¹þ´
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��á�Ôn5U����ëê [15]. l(�þ
w, Mn3XN(C) (�� ABO3 .(�´�éA�.
ABO3 ¥Óâá�¡% �� O åX��^, Ù
L�½"��)²wØÓ�Ô5;  M3XN(C) ¥
Óâá�N% �� N(C) ��Ó�åX���
^, ØÓ N(C) ¹þ�CzLyÑék5Æ�Ô5
N� [16]. ÏL�c�ïÄó� [14,17−20], uyØÓ
��ó²é��Ô5�N��©'�. ·���>
Ñ$5�3á�Ô5ïÄ¥´���~��ï
Ä��, äk´L�ÔnSº, ��é�Wv¶(
����'�¡�ïÄmk��. 3�©¥, ·�
$^éq^�í��{, æ^ Mn-Cu Ü7q3Ø
Ó Ar:N2 '�^�e, 3ü¬ Si Ä¡þ��
Ø
Ó N ¹þ� Mn3CuNx ��, ¿éT���(�Ú
¤©?1©ÛL�, Äg&?
Tá�¥L¡/m
±9>!^Ñ$5�� N ¹þ�Cz.

2 ¢ �

æ^éq^�í�XÚ�� Mn3CuNx ��.
qáÀ^XÝ� 99.99 %�pX Mn-Cu Ü7q,
�» 100 mm, þÝ 3 mm. Ä¡¦^ü¡�1�
ü¬ Si (100), º�� 25 mm×25 mm×0.5 mm, �
�3R�uqL¡ 10 cm �/�. í�c©O^
ZÑÚ�lfY�(Å�W� 15 min. ý3�
.ý�Ý� 6.5×10−5 Pa, �Ï\�AÚí�íN
·Üí (Ar íÚ 10% N2 í, XÝ 99.99%) Ú Ar
í (XÝ 99.99%). �
Ø�qáL¡�À/ÔÚ
�z�, 3�È���c, qL¡3 Ar í¨¥ýí

 40 min. ��ó²�L 1. ±c�¢�L², ^
^�í�{����, �±ÏLUC N2 6þ5N
���¥ N �¹þ, =�X N2 6þ�O�, ��
¥� N ¹þÅìO\ [19,20]. Ïd�ó�ÏL�½
Ù¦ó²ëê, N! Ar:N2 '~5��ØÓ N ¹
þ�äk�Wv¶(�� Mn3CuNx �� (©OP

� N1, N2 Ú N3 �¬). �
3©Û�;�þÝé
/m�K�, ·�ÏL��í��mòØÓ���
þÝN�3 300 nm �m.

æ ^ X � � û � ¤ (XRD, BrukerAXS
(Siemens) D5005, Cu Kα ��, Å�� 1.5406 Å,
+Ø 40 kV, +6 40 mA) é Mn3CuNx ��?1Ô
�9¬N(�©Û, ¿|^ CMPR ^�?n¢�
êâ9O�¬�~ê. æ^ α ��¤é���þ
Ý?1ÿþ. æ^�fåw�º (AFM, China Sun-
nylink SPFO-I-A) é���L¡/mÚo÷Ý?
1ÿÁ. ^��>fUÌ¤ (AES) Ú X ��1>
fUÌ (XPS) é��?1��¤©©ÛÚ�Ý¿
Û. |^Ôn5�ÿþXÚ (PPMS) (Üo&�{
3ØÓ§Ý (5 K—300 K) ÚØÓ^|^�e (0 T
Ú 5 T) é���>Ñ$5�?1
ÿÁ. ��3	
^| 6000 Oe ^�e|^��þfZ�¤ (SQUID)
é�¬�^|rÝ�§ÝCz'X?1
ÿÁ, d
?,§�Ç� 5 K/min.

3 (J�?Ø

3.1 X ������ûûû���(((JJJ©©©ÛÛÛ

Äk, ·�éØÓ N ¹þ� Mn3CuNx ��?
1
 XRD ©Û, Xã 1 ¤«. dãÌ�±²w/
wÑ, ¤k��3 2θ = 46.4 ◦ NCk��r�û�
¸, T¸�IO XRD k¡ (23-0220) þ�Wv¶(
� Mn3CuN � (200) û�¸éA, ,	 33 ◦ Ú 69 ◦

NC�ü�¸©OáuÄ. Si � (200) Ú (400) û
�¸. d	, TãÌþvkÑy Mn ½ Cu ��ü�
�û�¸, �vkÙ¦�zÔ!�zÔû�¸�Ù
¦,¸Ñy. ùL²: T��/¤
�Wv¶(�
�, ¿�÷ (200) ¬¡J`)�. |^ CMPR ^�
O�Ñ N1, N2 Ú N3 �¬�¬�~ê©O�: a =
3.8769 Å, 3.8944 Å, 3.9158 Å (±0.0002 Å).

L 1 Mn3CuNx ����ó²ëê

�¬Ò ý�Ý/Pa íN6þ' õÇ/W í�íØ/Pa Ä.§Ý/◦C

Ar + 10%N2 Ar Ar + 10%N2 Ar

N1 6.5×10−5 6 9 100 2.7 0.9 180

N2 6.5×10−5 6 6 100 2.7 0.9 180

N3 6.5×10−5 6 3 100 2.7 0.9 180
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,	, ·�uy¤��� N3 �¬�¬�~ê
²w�u Mn3CuN ¬N�¬�~ê (a = 3.9051 Å),
¥yÜAåG�.  N1 Ú N2 �¬�¬�~ê
� u Mn3CuN ¬ N � ¬ � ~ ê, ¥ y Ø A å G
�. |^ Scherrer úª: D = Kλ/βcosθ (Ù¥ D

�¬âº�; K �~ê, �u 0.89; λ � X ��Å
��u 0.154 nm; β �¸��p°; θ �û��)
Ú Mn3CuN (200) û�¸êâ, ·�é Mn3CuNx �
�÷ (200) ¬¡�¬âº�?1
O�, Ù²þ¬
âº�þ�u 100 nm. ù�m�L²·�¤õ/�
�Ñ
�Wv¶(�� Mn3CuNx B���.

ã 1 ØÓ N2 6þe��� Mn3CuNx ��� XRD ã

3.2 AES ÚÚÚ XPS (((JJJ©©©ÛÛÛ

�
©Û Mn3CuNx ���¤©, ·�ÀJ

 N ¹þ��� N3 �¬, æ^ AES éÙ?1¤
©©ÛÚ�Ý¿Û, ¤©�Ý©Û¦^ Ar+ l, í
��Ç� 20 nm/min. ã 2 � Mn3CuNx �� (N3
�¬) � AES Ìã. �~��¬L¡áN�ÚY
�K�, Äké�¬L¡?1
�¡. l�ÝÌã
�±wÑ: ��L¡L¹�þ� O ��, 3 20 nm
? Mn, Cu, N ���¹þm©Oõ, ¿���±þ
!©Ùu����, `²�©�����¤©þ
!. n�� N : Cu : Mn �¹þ'�Cu¶Â¤©
Oþ', � 0.96 : 1.1 : 3 (½Â Mn � 3). �
?�
Ú
) Mn3CuNx ���(��¤©, ·��é�
� N1 Ú N2 �¬?1
 XPS uÿ. Xã 3 ¤«.
�~��¬L¡áN�ÚY�K�, Äké�¬L
¡?1
 Ar+ í��¡ 21 nm. lã¥�±wÑ
�X¶Â N ¹þ�O�, N 1s ¸rO�. ÏL XPS
½þ©Û�Ñ N1 Ú N2 �¬¥ Mn Ú N ��f'
�� 3 : 0.93 Ú 3 : 0.94(½Â Mn � 3). nÜ XRD,

AES Ú XPS ÿÁ(J, ·�@�, ÏLéq^�í
��{UC N2 6þ�±��ÑØÓ N ¹þ��W
v¶á�(�� Mn3CuNx ��.

ã 2 ØÓ N2 6þe��� Mn3CuNx �� (N3 �¬) �¤©
�Ý AES Ì©Û

ã 3 Mn3CuNx �� N1 Ú N2 �¬ XPS �Ìã (1200—0 eV)

3.3 AFM (((JJJ©©©ÛÛÛ

ã 4 �ØÓ N ¹þ Mn3CuNx ���¬�L
¡Ún�/mã (1 µm×1 µm). dã�±wÑ: ¤
k��L¡'�1w, (����. ù`²|^�
Eâ��� Mn3CuNx ��þ!��, ¬âþ!5
Ð. 3 AFM ã�©Û¥, þ��o÷Ý (root mean
square roughness (Rq)) ´^5L���L¡²�§
Ý�Ì��I [21]. e��L¡$]?Úâå?
�åÏ��K Rq Ò��, ��L¡Ò�o÷. Ï
L imager ^�O����A� N1, N2 Ú N3 �¬
�L¡þ��o÷Ý Rq �©O� 2.0 nm, 2.8 nm
Ú 5.5 nm; �âº�©O� 61 nm, 73 nm Ú 106 nm,
=�X N ¹þ�O�, ���âº�ÚL¡o÷Ý
ÑO�. ·�©Û, 3$ N2 6þ^�e, ��)�
�Ç�é�p, Ïd��)�L¡¤Ø�Çp�´
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¬ØJ±��, ��¬âº� �. �X N2 6þ�
O\, ��)��ÇÅìü$, ùòk|u�È�
f3��)�L¡*Ñ, º�gdUþ, ����

)�L¡¤Ø�Ýü$¬ØÅì��, Ïd��
¬zrÝ�5�Ð, �¬âº���, lL¡o
÷ÝO�.

ã 4 ØÓ N2 6þe��� Mn3CuNx ��� AFM ã (a) N1; (b) N2; (c) N3

3.4 Mn3CuNx ���������>>>ÑÑÑ$$$555���

ã 5 �Ñ
ØÓ N ¹þ� Mn3CuNx ��>{
Ç�§Ý�Cz'X. lã¥�±wÑ: �X N ¹
þ�O\, ��>{ÇÅìO�. ù8Ïu���
>{�L¡o÷ÝÚ�âÝ��k'. lc¡�©
Û��, � N ¹þ�O�, Mn3CuNx ���L¡o
÷ÝÚ�âÝ��þÅìO�, gd>f�Ñ��

AOr, ��[£Çü$, l��
>{ÇÅì
O�. �´o�5`, ¤k��>{Ç3��ÿþ
§«Sþ�§Ý�,pØäeü, ¥y��N.
�>1�. �
BuïÄ���Ñ$A5, é��
� ρ-T �^õ�ª ρ = ρ0ρ1T

2+ρ2T
4 ?1
[Ü

©Û, �ã 5 ¥�Siã. >{Ñ$A5É,�!
U�(�!>f - >fÚ>f - ^�fÑ��Ï
��K�. Ù¥ ρ0 ´�{>{Ç, 5u,�!¬
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.!"�!Æ9��§ÝÃ'�Ñ�, ρ1T
2 +ρ2T

4

©O5u>f - >fÑ�Ú>f - ^�fÑ�é
>{Ç��z [22]. (Jw«>{Ç^dõ�ª[
Ü�éÐ, N1, N2 Ú N3 �¬�>{Ç - §Ý'X
[Üª©O�: ρ = 1.0224+1.094E–6T 2 +1.7057E–
12T 4, ρ = 2.0426+3.9874E–6T 2+4.0603E–11T4, ρ

= 5.7259+6.1704E–7 T 2+6.7557E–11T 4. · � u
y > f - ^ � f Ñ � X ê ρ2 � � u ρ1, � N

 Mn3CuNx ���>{ÇÌ�5u>f - >
f�Ñ�. ,	ÏLé'uy, ���®Ná��
�>1�u)
��UC. L� Mn3CuN ®Ná�
¥��
k��>Ñ$5�, =3 150 K ±þ¥y
C">{§ÝXêy�. �´3T��á�¥¿v
k¼�ù�5�, `²T���®Ná��Ñ�Å
��Uäk���«O. ¬.é¬Ná�>{ÇK
���, Ï�¬N¥¬âº�Ï~'>f�²þg
d§��õ. ,, 3 (õ¬) ����¹e, ¬.
Ñ�é>{Ç�K�%´ØN�À�. Ïd, ·�
@�ØÓ�Ñ�Å�!$��A!¤©zÆOþ

'!(¬Ý±9Ä.����m�Aå�é��
�>Ñ$5�kwÍ�K� [13,14].

,	, À� N3 �¬3ØÓ^|^�eÿÁ

>{Ç - §Ý�, Xã 6 ¤«. Chi � [9] ��

 Mn3CuN ®N3^=C§ÝNCÑy
^{y
�, ¸��� 4%. ÏL�c�ïÄ [14], Mn3CuNx

��3 225 K NCu)
æc^�^^�^�C.
�´Xã 6 ¤«, 3	\^| 5 T ^�e, ��ÿÁ
§«�����>{ÇÑvk²w�Cz, �,
EÃ^|��Czª³, �m�`²>{ - §Ý'
X�E5éÐ, =3 Mn3CuNx ��¥, A^
 5
T �r^|, =¦´3^=C§Ý 225 K NC�v
kuy^{y�. ·�@�®NÚ��á�du3
zÆOþ'!J`��!(¬Ý!º��AÚA
å�A��¡J±�Ó�Ä, ÙÑ�Å���3�
É. Ïd, ��c���ØÓ, �©ó�¥ N ¹þé
��>Ñ$5�vku)wÍ�K�, 3^�CN
C�vku)^{y�.

ã 5 ØÓ N2 6þe��� Mn3CuNx ���>{Ç - §Ý� (a1), (b1), (c1) ©O�ØÓ N2 6þe��� Mn3CuNx �
��>{Ç - §Ý�[Ü(J
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ã 6 Ã^|Ú�\ 5 T ^|e Mn3CuNx �� (N3 �¬) �>
{Ç - §Ý�é'

3.5 Mn3CuNx ���������^̂̂555���

ã 7 �Ñ
ØÓ N ¹þ� Mn3CuNx ��^
|rÝ�§Ý�Cz�. lã¥�±wÑ, �X
ÿÁ§Ý�,p Mn3CuNx ��u)
æc^�
^^�^�C, ¿��X N ¹þ�O\, Øp§
Ý TC ü$. dã¥������ N1, N2 Ú N3 �
¬� TC ©O��� 275 K, 245 K Ú 225 K. ù�
Czª³� Koshi � [23] ��� N ¹þé Mn3CuN
Ú Mn3CuN0.8 ¬Ná�^5�K�´���, = N
"��O���
 TC �O�. ,	, l·��(J
¥uy, Mn3CuNx ��^kS=C§Ý?u Koshi
� [21] ��� Mn3CuN Ú Mn3CuN0.8 ¬Ná��
Øp§Ý�m. ?�Úy¢ N ¹þé Mn3CuN z
ÜÔ^5�K�wÍ, =�X N ¹þ�O�, ^k
S=C§Ý TC ü$. �Xc¡¤J�,  uN% 
�� N ½ö C � Mn /¤ Mn6N(C) l¡N, l
é Mn3XN(C)x á��Ô5äkwÍ�K�. N "
�¬»��C����^ J1 ÚgC����^ J2

�m�²ï, l�� TC �Cz [23].

ã 7 Mn3CuNx ���^zrÝ�§ÝCz�

4 ( Ø

3ØÓ N2 6þ^�e��
÷ (200) ¬¡J
`)�� Mn3CuNx ��, �X��¥ N ¹þ�O
õ, L¡o÷ÝÚ�âº����O�, l��
��>{ÇO�. �´ N ¹þ¿vkK����>
Ñ$5�, ¤k��3��ÿÁ§«þ¥y��N
.�>1�, =�X§Ý�,p, >{ÇÅìeü.
Ó�, �\	^|, Mn3CuNx ��3^�CNC�
¿vkÑy^{y�. ïÄL², Mn3CuNx ��á
���A¬Ná��>Ñ$5��,ØÓ, ùÌ�
´duÑ�Å�!$��A!¤©zÆOþ'!
(¬Ý±9���Ä.�mAå��¡Ñ¬K�
���>Ñ$5�. ��5¿�´,N ¹þ�O�
ü$
 Mn3CuNx ���^kS=C§Ý, Ï� N
"�¬»� Mn6N l¡N¥�C����^ J1 Ú
gC����^ J2 �m�²ï, l�� TC �C
z.
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Abstract

The antiperovskite Mn3CuNx thin films are successfully deposited on single crystal Si (100) substrates using facing target mag-

netron sputtering. The effects of nitrogen content on the structures and physical properties of the Mn3CuNx thin films are investigated.

The crystal structure, composition, surface morphology and the temperature dependence of resistivity and magnetization are character-

ized by X-ray diffraction, Auger electron spectroscopy, atomic force microscope, X-ray photoelectron spectroscopy, physical property

measurement systems and superconducting quantum interference device. It is found that the thin film has an antiperovskite structure

and a preferred orientation along (200) plane. The surface roughness and particle size increase with N content increasing. N content

has little influence on the electronic transport behavior of the film. All the films display semiconductor-like behaviors, i.e. their resis-

tivities monotonically decrease considerably, which is different from the bulk counterpart. The film undergoes a magnetic transition

from ferrimagnetic to paramagnetic with the increase of temperature. Moreover, the Curie temperature (TC) increases as the N content

decreases, owing to the effect of N deficiency on the interaction of Mn6N octahedron.
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