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. �

� ��öBº CoP ¾�FÒ~ �^�� 5 �Vö V� ¶V' Wî~ æz¢ �V~&
. ÖF ¾�FÒ¢ B�~
V *~� V�~ çã� '' 20 nm, 200 nm� r��¾ ;æj B�~&�, � ;æj �Ï~� *Vê. O»b�
CoP ¾�FÒ¢ B�~&
. çã� 20 nm� ¾�FÒ~ ãÖ ¾�FÒ~ ^�OËb�~ ';W 5 �¶K� ''
0.8, 2600 Oeb�B æ.ræ ��B ¾�FÒ
ö j� Ö>� ¶V' Wîj ¾æÚî� *Vê. � *~&ê~ '
Ë� �~ ìî
. ��¾ çã� 200 nm� ¾�FÒº ¾�FÒ~ ^�OËb� ';W 5 �¶K� '' 0.15,
1200 Oeb� 20 nm ¾�FÒ�
 *Ï~² 6²~&b� ¾�FÒ~ ¶V' Wî� *~&êö V¢ ôf 'Ëj A
� ®rj {�~&
. ¯, ç&'b� Ôf *~&êöB B�B ¾�FÒ¢ >� ¾�FÒf ï¯� OËb� ¶zÏ
�»� VË>Ú ^�OËb� ';W 5 �¶K� Ã&~&
.

Abstract: We have investigated the dimensional and microstructural dependence of magnetic properties of CoP nano-
wire arrays fabricated by electrodeposition on AAO(anodic aluminum oxide) templates with different-size nanopores.
Our results indicate that the magnetic properties of nanowire arrays can be varied with their dimensions and micro-
structures. As for the CoP nanowire arrays with the diameter of 20 nm, it was found to have the coercivity more
than 2.6 kOe due to the shape anisotropy and squareness(Mr/Ms) of ~0.8. The CoP nanowire arrays with the diameter
of 200 nm, however, showed very different magnetic properties depending on the current densities. Nanowires fabricated
at 5 mA/cm2 had stronger tendency to have the preferred crystallographic orientation of (002) parallel to the nanowire
than those fabricated at 35 mA/cm2. These microstructural differences are the reason why CoP nanowire arrays prepared
at different current densities exhibited different magnetic properties.
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1. B  �

�" *¶²¶~ ²;z, ÷'z º^ö V¢ ¾�FÒ NZ
(nanowire pattern)j ²¶ö wÏ~º ��& �B~² ê¯ 7
�
1-7). ��� ��º > ¾� >&~ �� V�B ;�� B
� &Ë~
º ¾�FÒ NZ~ ßWj �Ï~� .²; :z
�, LED(Light Emitting Diode)8), �*¶ ²¶9) �~ BBj
� Ï'b� ~� ®
. ß® >ç¶zV�Òò(perpendicular
recording media)~ ãÖ ¾�FÒ NZf r¢/ V�&ê¢

�F� ;�&ËÒò� wÏF > ®Ú ôf ��& ��Úæ
� ®
1-3).
¾�FÒ~ ¶V' Wîö 'Ëj �~º &Ë 7º� v &
æ º�f ;ç(�V)" Ö;OË�¢ � > ®
. ¾�FÒº
«Çj(aspect ratio)& 
Ö �V r^ö ¾�FÒ~ ^� OË
b� ¶zÏ�»(magnetization easy axis)� ;W>º ;ç¶V
�OW(shape anisotropy)j ¾æÞ
5). 6� hcp ��¢ <º
CoP �.10)f Ö;¶V�OW(magneto crystalline anisotropy)ö
~� c» OËb� ¶zÏ�OËj &æ� c»� ¾�FÒf ï
¯� OËb� WË~² >� ;ç¶V�OW" Ö;¶V�O
W� ÿ¢� OËb� ¾æ¾² >Ú � OËb� 
Ö Ö>�



��*Vz�²æ, B 6 ², B 3 ̂ , 2003 209

¶V' ßWj ¾æÞ
3). ��� �FöB ¾�FÒ NZ~ �
Ï&~¢ �&z~J�, ;ç" Ö;OËj BÚ~� �
� ¾
�FÒ~ ¶V' ßWö �~º 'Ëö &� Úê'� ��&
º�>� ®b¾ æ.ræº Co, Ni �~ �¢ö²¢ �Ï~�
*Vê. � �¦ ¶VË� ¾�FÒö �~º 'Ë4)�¾ ¾�
FÒ*~ ç^·Ïö ~� ¶V' Wî~ æz6) �ö &� �
V� ¢¦ ��>º >&ö �~� ®
. 6� CoP �.f B
> zBÞö j�B ¶V' Wî� Ö>~�10) ¶VV�Òò�
6Ò ÒÏ11)>Ú zröê ®�~�, *Ò ¾�FÒ� B�>î

� ��B : ì
. ��� �FöB � ��öBº CoP �
.j ';W 5 �¶K� �ÚÂ ¾�FÒ� B�~&b�, �
r çã� 
� CoP ¾�FÒ~ ßWj jv~� ¶V' Wî
~ ;ç ~�Wj C®�¶ ~&
. 6� *Vê. � *~&ê
¢ BÚ�b�� ª� ��ö V¢ CoP ¾�FÒ~ �^��
æz¢ &V~&�, ��¦V �^��& ¾�FÒ~ ¶V' W
îö �~º 'Ëj �V~�¶ ~&
.

2. 
þ O» 

� ��öBº CoP ¾�FÒ~ �^��f �V Î"¢ &
V~V *� '' 20 nmf 200 nm~ çãj <º ¾�FÒ¢
*Vê.»ö ~� B�~&
. ¾�FÒ~ B�ö �B ¾�V
�~ çã� '' 20 nm, 200 nm� �� V�B r��¾ ;
æ(template)j B�~&�, ÒÏB ;æ~ ;çf SEM(Hitachi,
FE-SEM S-4200, Japan) 5 TEM(Philild, CM-30, Nether-
lands, 200 kV)j �Ï~� {�~&
. 
Ö;WËOË�¾ ¶V�OWö V� ¾�FÒ~ ¶V' ß
W� �V(çã)ö V¢ 
� ãËWj �¢ ©b� .ç>îb
�, �¶�, �Ö;~ ��¢ &æ�®j ò¢ Ïª® ·f �
Vf 
¶�, 
Ö;~ ��¢ <º �V¢ �J~�, çã�
20 nmf 200 nm� ¾�FÒ¢ B�� ê jv ªC~&
. ¾
�FÒ~ ¶V' Wîö �~º �^��~ 'Ëj �V~V *
� � ��öBº *Vê. � *~&ê¢ æz�Êº O»j
�Ï~&
. ¢>'b� & *~&êöB ê.F>� *Vê.
[~ VËW� ±�, Ö;ã~ �V& 
ê
� rJ^ ®b�12),
*~&ê~ æz¢ Û� ê. � ª�j BÚ~� �¢ Û�
¾�FÒ~ �^��¢ æz�Ê�¶ ~&
. *Vê. � *~
&êº CoSO4Á7H2O, CoCl2Á6H2O, NH4Cl, NaH2PO2ÁH2O
b�Ï�öB 5~35 mA/cm2� æz�Vb� ¾�FÒ~ ^�º
10µm& >ê� ê.�*j �;~&�, � r Ï�~ pH 5
Nêº '' 5.5, 30Û1oC� ¢;~² Fæ~&
. ¾�FÒ~
�Wf TEM &V" ÿ�ö EDX ªCj Û� {�~&
. 
¶V�K�F(hysteresis loops)" ¶V Æ�(magnetic torque)
� ¶V' ßWö &� G;f VSM(Lake Shore, 7300 series,
USA, 25oC)j ÒÏ~� G;~&
. 

3. Ö" 5 �V

Fig. 1öº ¾�FÒ B�ö ÒÏB r��¾ ;æ~ �� Ò
êj ¾æÚî
. Fig. 1(a)º V�~ çã� 20 nm� AAO
(Anodic aluminum Oxide)~ TEM ��æ�B ¾� V�~ ç
ã 5 V�� 
Ö �¢~� 6� �ö >çOËb� V��
�Ò~º ©j {�� > ®
. 6� Fig. 1(b)º V�~ çã
� 200 nm� ;æ~ SEM ��æ��, çã� 200 nm� ãÖ
Fig. 1(a)ö j� 
² �¢êº ÎÚææò �ö >çOËb�

V�� �Ò~º ©j &V~&
. ��� ;æ~ ;ç &Vj
Û� � ��öB ÒÏB r��¾ ;æ� ÷'B ¾�FÒ N
Zj B�~Vö '�� ;æªj r > ®î
. 

Fig. 2º çã� '' 20 nm, 200 nm� CoP ¾�FÒ~ ¶
V�K�Fj ¾æÞ �¾*�
. çã� 20 nm� CoP ¾�F
Ò~ ãÖ Fig. 2(a)öB �º ©" ?� ¾�FÒ~ ^� OË
" ¶VË~ OË� ï¯~² �&>îj r 0.8 �ç~ ';
W 5 2600 Oe �ç~ �¶Kj �&
. ��� ßWf �¶�
�V�
 ·f 20 nm~ çãb� �� Ö;¶V�OW� Ïª
® 6²~&�5) «Çj& 
Ö �V r^ö ;çö ~� 'Ë
� ÖF'b� ·Ï~� ¾�FÒf ï¯� OËb�~ �¶K
5 ';W� Ö>~² ¾æÂ ©b� ��ê
. >�ö Fig. 2(b)
~ çã� 200 nm� ¾�FÒ~ ãÖ ¾�FÒf ï¯� OË
b� ;ç¶V�OW� ¾æ¾æò, 20 nmö j�B ¾�FÒ
OË~ ';W 5 �¶K� 6²~º ©b� �j, 200 nm~
çãöBº 
¶�, 
Ö;� �Ò~� Ö;¶V�OW� ¾�
FÒ~ ¶V' Wîö 'Ëj �~� ®b�, ¶zÏ� Ö;O
Ë� ¾�FÒ~ ^� OË" ¢~~æ pV r^ö >ç¶V
�OW� 6²®
� � > ®
. V¢B 200 nm ¾�FÒ~

Fig. 1. The cross sectional views of AAO templates with 20 nm
diameter (a) and 200 nm diameter (b). 
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ãÖ CoP �.~ Ö;WËOËö V¢ ¶V' Wî� æ� >
®b�, � ��öBº CoP ¾�FÒ~ *Vê. � *~&ê
¢ �.~� Ö;WËOËj BÚ10,12)~� ��¦V ¾æ¾º
¶V' Wî~ æz¢ ÚÚ��¶ ~&
.

Fig. 3f 'V 
� *~&êöB ê.B CoP ¾�FÒ~ ¶
V' ßWj ¾æÞ �¾*�
. Fig. 3(a)öBº çã� 20 nm
� CoP ¾�FÒ~ ãÖ¢ ¾æÚî
. 20 nm~ �Vº �¶
�, �Ö;ö &rÚ çã��, Fig. 3(a)öB �º ©¾" �¶
K�¾ ';W �~ ¶V' Wîf *~&ê~ æzö 'Ëj
Aæ pº ©b� ¾æÒº� �º çã� 20 nm� ãÖ Ö;
WËOËö V� 'Ëf ��� >&�� ;çö ~� 'Ë�

Ö æV'ªj ¾æÞ
. >� Fig. 3(b)~ çã� 200 nm�
CoP ¾�FÒº *~&ê& Ã&�ö V¢ �¶K" ';W�
6²~� ®
. ç&'b� Ôf 5 mA/cm2~ *~&êöB *
Vê.>� Ïª� Ö;zö ~�B c»~ OË� ê.[ WË
OËb� VË~Jº ãË� ��, �ö V¢ ¾�FÒf ï¯
� OËb� c»� VË>� �¶K 5 ';W� Ëç>îrj
r > ®
. ��¾ *~&ê& Ã&~� ê. ³ê& ���
Ö;z � �*� Ïª~æ á~æ� c»~ VË� Ïª® �
�Úææ á~� �¶K" ';W~ 6²� �Úê
.
*~&êö V� c»~ VËW æzº XRD G; Ö"öB
{�� > ®î
. Fig. 4º CoP �.~ X-F ². Ö"�B

*Vê. � *~&ê¢ '' 35, 15, 5 mA/cm2� æz�Ê�
B G;>î
. XRD Ö"�¦V CoP �.� B>� hcp ��
� ��Ú^ ®b�, 6� Fig. 4f ?� *Vê. � �&�&

Fig. 2. The hysteresis loops of CoP nanowire arrays with the
diameter of 20 nm (a) and 200 nm (b), respectively.

Fig. 3. Variation of magnetic properties depending on the current
density. Results are given for CoP nanowires with the diameter of
20 nm (a) and 200 nm (b), respectively.

Fig. 4. X-ray diffraction patterns of CoP disk film according to the
current densities; 35 mA/cm2 (a), 15 mA/cm2 (b), and 5 mA/cm2 (c).
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*~&ê& 6²�ö V¢ Co(002) b�~ ;ê& Ã&~º ©
j r > ®î
. Hcp zBÞ Ö;~ ¶zÏ�OË� (002)O
Ë� & *~&ê ¢>� Ö;WËOË" ¢~~V r^ö Ö
;¶V�OW~ 'Ë� �~ ìº 20 nm ¾�FÒ~ ¶V' W
îf *~&êf Z&~&æò, 200 nm ¾�FÒ~ ãÖ & *
~&êöB ê.F>� ¾�FÒ ^�OËb�~ ¶V' Wî
� Ëç>î
� " > ®
. ¾�FÒ~ çã 5 *~&êö
V� ¶zÏ�OË~ æzº ¶V Æ�(magnetic torque)¢ Û
�B {�� > ®î
. 

Fig. 5º &�& ¶VË" ¾�FÒ Ò�~ 'êö V� ¶V
Æ�¢ ¾æÞ �¾*�
. ¶VË(magnetic field)~ OË" ¾
�FÒ~ OË� >ç� *~¢ 0o� ~� 0o~ 360oræ G;
~&
. � r &�& ¶VË~ �Vº 1 Tesla�� 'êö V
� ¶V Æ� 8j Û�B ¾�FÒ~ ¶zÏ�OËj {��
> ®
. ¯, Fig. 5~ ¶V Æ�8� 0� æ6� ¶z
¦OË
(hard direction)" ¶zÏ�OË(easy direction)j ¾æÞ
. Fig.
5(a)öº 20 nm ¾�FÒ~ ¶V Æ�¢ ¾æÚî
. 20 nm ¾
�FÒ~ ãÖ 0o(180o)öB ¶z
¦OË, 90o(270o)öB ¶z
Ï�OËj ¾æÚº ©b� �j ¶zÏ�OË� ;{~² ¾
�FÒ~ ^� OË" ¢~~� ®rj r > ®î
. Fig.
5(b), 5(c)º '' 5 mA/cm2, 35 mA/cm2~ *~&ê¢ &�"
Ú B�� 200 nm~ çãj &ê ¾�FÒ~ ¶V Æ�¢ ¾
æÚîb�, �&�& *~&ê¢ æz�Úb�� ¾�FÒ~

Ö;WËOË� æz� r 20 nm ¾�FÒfº �Ò ¶zÏ�
OË� æz>º *çj {�� > ®î
. 200 nm~ ãÖ Fig.
5(b)öBf ?� 5 mA/cm2~ Ôf *~&ê¢ &�"Ú ê.j
~&j ãÖ 0o(180o)öB ¶z
¦OË, 90o(270o)öB ¶zÏ
�OËj ¾æÚîb�, �º çã� 20 nm� ¾�FÒf ÿ¢
~&
. ��¾ 35 mA/cm2öB ê.B Fig. 5(c)öB ¶zÏ�
OËf 60oöB &V>î� ¾�FÒ~ B� � *~&ê& ç
&'b� ¸f ãÖ c»~ OË� ¾�FÒf ï¯� OË" 

� OËb� WË~� ¶zÏ�OË� æz~&
.

4. Ö  �

� ��öBº CoP ¾�FÒ~ �V 5 �^��~ 'Ëj
rj�V *� çã� 
� ¾�FÒ¢ B�~&
. ¾�FÒ~
ãÖ «Çj& 
Ö �V r^ö ¾� FÒ~ ^� OËb�
;ç¶V �OW� ¾æÂ
. ��¾ *Vê. � Ö;WËOË
ö ~�B ¾�FÒf 
� OËb� Ö;¶V�OW� ¾æÆ
ãÖ ;çö ~� 'Ë" Ö;WËOËö ~� 'Ë� ãç'
b� 'Ëj �~V r^ö ¶V' Wîö 'Ëj �~² >�,
� 'Ëê ¾�FÒ~ �V(çã)f ç7'� �&Wj <º
.
20 nm çã~ ¾�FÒº ;ç¶V�OW� Ö^~² ·Ï~�
*~&êö Z&~² ¾�FÒ~ ^� OËb� Ö>� ¶V'
Wîj ¾æÚæò, çã 200 nm~ ¾�FÒº � *~&ê(ex.
35 mA/cm2)öB ê.F ãÖ Ö;¶V�OW~ 'Ëb� 20
nm çã~ ¾�FÒö j� ^� OË~ ¶V' Wî� �zB

. 6� *Vê. � *~&êö V� c» VËW~ æzº
XRD G;b� {�� > ®îb�, ¶V Æ� G;j Û�
200 nm ¾�FÒ~ ¶zÏ�OË� *~&êö V¢ æzNj
&V~&
. 

^�^ò

1. S. G. Yang, H. Zhu, G. Ni, D. L. Yu, S. L. Tang, and Y. W. Du, J.
Phys. D, Appl. Phys., 33, 2388 (2000).

2. S. Y. Chou, P. R. Krauss, and P. J. Renstrom, Science, 272, 85
(1996). 

3. S. Y. Chou, Proc. IEEE, 85, 652 (1997).
4. S. Ge, C. Li, X. Ma, W. L. Xi, and C. X. Li, J. Appl. Phys., 91, 509

(2001). 
5. K. Ounadjela, R. Ferre, L. Louail, J. M. George, J. L. Maurice, L.

Piraux, and S. Dubois, J. Appl. Phys., 81, 5455 (1997). 
6. J. M. Garica, A. Asenyo, J. Velazquez, D. garcia, and M. Vazquez,

J. Appl. Phys., 85, 5480 (1999). 
7. K. H. Lee, H. W. Lee, W. Y. Jeung, and W. Y. Lee, J. Appl. Phys.,

91, 8513 (2002).
8. M. S. Gudiksen, L. J. Lauhon, J. Wang, D. C. Smith, and C. M.

Lieber, Nature, 415, 617 (2002). 
9. U. Banin, Y. Cao, D. Katz, and O. Millo, Nature, 400, 542 (1999). 

10. K. H. Lee, G. H. Kim, and W. Y. Jeung, Electrochem. Commun., 4,
605 (2002).

11. T. Homma, Y. Kita, and T. Osaka, J. Japan Institute of Metals, 62,
1025 (1998). 

12. J. W. Dini, ÍElectrodepositionÎ, 141, NOYES Publications, New
Jersey (1992).

Fig. 5. Magnetic torques as a function of the angle between applied
field and the direction perpendicular to the axis of the nanowire.
Results are given for the CoP wire diameters of 20 nm (a), 200 nm
(5 mA/cm2) (b), and 200 nm (35 mA/cm2) (c).


