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. �

� ��öBº "zzÎªj �F� *�îöB CoP ¶W�. ;ïj *Vê. O�b� B�~� "zzÎª~ Î&
ï� 
� Ï�öB~ CV � *Vz�'� ªCj Û� ��W" Ö;z(electrocrystallization)ö �~º 'Ëj �V
~� ¶V' Wî"~ ç^&ê¢ C®�¶ ~&
. Ï� 7ö Î&B "zzÎªf Î&ï� ôj>� ª�ê¢ 6²
�Ê�, charge transferö ~� electrocrystallization ";j ³ê�'b� BÚ�b�� Ö;ã~ �V& 
æ�
orientation factor& Ã&B
. ��� ��', Ö;�' æz& CoP ê.[~ ¶V' Wîj æz�Új &V~&
.

Abstract : In this study, the effect of ammonium chloride on the electrodeposition of CoP magnetic alloy film was
investigated. The correlation between the electrodeposition condition and the magnetic properties was tried to
elucidate by the electro- analytical tests such as cyclic voltammetry. It was observed that the magnetic properties
of the films were varied extensively with the ammonium chloride contents in the solution. The reason why the
magnetic properties of the films were varied with the addition of ammonium chloride was thought that the addition
of ammonium chloride controlled the electrocrystallization of CoP kinetically by charge transfer and increased the
grain size and the orientation factor. This may cause the variation of the magnetic properties of CoP films.

Key words : CoP, NH4Cl, electrodeposition, hard magnet

1. B  � 

CoP �.~ *Vz�'� B�º �² Z*�ê.(electroless
plating)" *Vê.(electrodeposition)~ v &æ OËb� ��
& ê¯>î
. ~öB~ ÒÏb� �� ¶�Ê#² � �.�
áÚæº Z*�ê.»f 1960j&ö �� ­­ ��¶
ö ~
� ��>Ú zb�1,2) 1980j&f 1990j& .öº CoP �.
j ¶V&ËÒòf zÎÒ :Ê�ö wÏ~² >�B Z*�ê
.ö &� ��& �B® ��Úr
3-5).
�"öº MRAM(magnetic random access memory)" .�
&ê ¶V&ËÒò ª¢ �Ò� �*ö�V¾ ^2 �j .�
^ ��� �*~º MEMS(micro electro mechanical system)
VFö ®ÚB .�^ NZzB ;¶WÚ �.~ >º& 
Ö
�
. ß® *Vê. O�f CVD, PVDf ?f ê�ÃOO�
ö j� ¸f «Çj~ NZj 
ã~º ËK� �Ú¾� ãB
W� ±V r^ö '7A� ®
6,7). CoP �.f *Vê.O�
b� B�F > ®º ;¶W �. 7 ¶V' ßW� Ö>~�

­­ ��¶
ö ~� ��>Úz
8-11). ��¾ &¦ª~ ��
öB B�B CoP �.f P~ �ï� "
~� j;îç�� ò

Úr�, ¶V' Wîj BÚ� > ®º º�ö &� Úê'�
��& ô� ¦�� 
;��, �ö V� wÏª¢ê B£j A
� ®
. V¢B �¶Kj j�� ¶V' Wîj wÏª¢ö �
² �.� > ®º *Vz�'� B� ��~ {ã� jº~
.
*Vê.Ï *�îöB "zzÎªf j>'� Î&b�B j
�, î., zBÞ �~ ê.�f &¦ª .³"" "zzÎª~
b�Ï�b� �WB
. "zzÎª� ê.�ö j>'b� Ò
Ï>º "B �Fº ææ*�î(supporting electrolyte)~ VË
b� "zzÎª� Î&>îj r ¾æ¾º �� &æ Î"ö
&� � ÿn ôf ��& ��Úr
12-16). Barcelo �12)f ¸
f zÎª ³ê¢ �F� "zb ê.�� �. ê.[~ �¢
ê Ëçö Î"& � ©b� ��~&b�, Baugh13)º *� �
�~ Ö²ª¶f Öz[j B�~º Î"ö "Ï� : ®
.
Marozzi �16)f �" "zzÎª� î. ê.[ö �~º 'Ë
ö &� ��¢ Û� ÖWê.�ö zÎª �Nj Î&�b�
� î. ê.[~ Vê' Wîj *&® çß�Ò > ®rj
��~&b�, � ö�b� Ï� 7 "zzÎª ³ê& çß~
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�B *�ö �&� > ®º *~&ê& /Ï® çß~� ��
�� î. ê.[" V6 Ò�~ 7OW" Vê' &�W� Ë
çB
� J«~&
. ��¾ �B� Ï�*êê Ëçb� ��
*~&ê~ çß ö jî¢ ê.� ê¯>�B �¦'b� ç
ß~º *��� pH¢ 6²�Ê�, Ni(NH3)n

2+(2ßnß6)f ?
f Oz�bj ;W�Êº "zzÎª~ VËö V��
� J
«~&
. 

Marozzi �~ ��öB ÚÚ� ©¾" "zzÎªf ææ*
�î �öê pH jÏBf OzB(complexing agent)~ VËê
>¯�
. ê.öB pHº &Ë 7º� æ> 7~ ~¾�B pH
& 6 �çb� çß~� î., j�, zBÞ � &¦ª~ .³
f .³çb� *O>æ á~� >Özb� *OB
17). 6 ê
.�~ bulk pHº ¸æ pz¢ê *� ê�öB ¢Ú¾º *�
>wö ~� �¦'b� pH& çß� > ®b� �º ö~ p
º >Özb~ CÂ� �Úê
. "zzÎªf pH jÏB�B
��� �¦'� pH çßj BÚ~º� Î"& � ©b� �
�>� ®
18-20). ß® Ji �f *� �� pH G;Ë~¢ �n
~� "zzÎª� r� �� pH~ �¦'� çßj ïº� 

Ö Î"'��, jÏB�B ·Ï�j C² : ®
20). 6� O
z�b ;Wj *� OzB�B~ VËö &�Bê �� ��
��¢ Û� ��>î
18,20,21).
� ��öBº V�~ ��öB ��>î~ :fº �Ò CoP
*Vê. ";öB "zzÎª~ �ïö V¢ CoP~ ¶V' W
î� æz~º *çj &V~&b�, � ö�j �«~V *~
� "zzÎª� CoP~ *OV�ö �~º 'Ëj �V~&
.
ß® cyclic voltammetryf ?f *Vz�'� ªCj Û� �
�W(nucleation)" Ö;z(electrocrystallization)ö �~º 'Ë
j ÚÚ�~�, ��¦V .G>º ��', Ö;�' ßW" ¶
V' Wî Ò�~ ç^&ê¢ C®�¶ ~&
.

2. 
þ O» 

(100) OË~ Si ��¢ *ö Ti" Au¢ '' 1000Å, 2000Å
O RÖ *�j ·ë*�b� ÒÏ~� ;*~� CoP �Þj
B�~&
. *~&êº .j
þ Ö"¢ :ûb� 3 A/dm2�

�;~&b� ·�b�º *� zBÞ(99.9%)¢ Ti basketö I
Ú ÒÏ~&
. *�îf CoCl2Á6H2O 100 g/Lf CoSO4Á

7H2O 100 g/L� �W>îb�, Fê�.z(induced codeposition)
>º �f NaH2PO2ÁH2O¢ 10 g/L IÚ �/~� NH4Cl~
·j 0öB 100 g/L~ º*öB æz�Ê� � 'Ëj ÚÚ�
~
. Î� Ï�f ªC/ �£b� 18 MΩ �ç~ Milli-Q .
B>¢ �Ï~� 30Û1oCöB B�~&
. Ï� v>f paddle
cell22)j �Ï~� ª� 50²~ {�³ê� �;~&
. B�B
�Þ~ ¶V' ßWf êÿ�ò¶Kê(Vibrating Sample Mag-
netometer)f MOKE(Magneto Optic Kerr Effect) Ëj¢ �Ï
~� G;~&
. 

CV �þf ·ë*�(0.5 cmÜ0.5 cm)" 
þ��j ;*~ 

þ" ÿ¢� �� ~ö EG&G 273A¢ �Ï~� 
�~&b�,
ç&*�" V&*�f '' �&ê w�6(7 cmÜ7 cm)" �z
¢�� *�(SCE)�î
. CV �þf NH4Cl~ �ï æz&
CoP �.~ .V ��W�¾ Ö;WËö "º 'Ë" *OV�
¢ �V~V *~� OCPöB cathodic OËb� scanj �·~
� scan º*¢ -1.1 VöB -1.3 Vræ �ê'b� æz�Ê�
� r "overcrossing **(EC)"~ æz¢ &V~&
. Anodic
scan º*º cathodic scanöB �WB CoP~ dissolution� Ï

ª® �¾º **� 0.5 V� �;~&
. .j
þ Ö"�¦V
-1.25 V �çb� cathodic scanj 
�~� >²B�>w� �
·>Ú CoP~ *OV�(electrodeposition mechanism)¢ 2k~
V ¾
V r^ö -1.3 V �ç~ º*º � �þöB B�~&

. Scan ³êº 20 mV/sec�î
.

3. Ö" 5 �V

Co~ *Vê.f j¾~ � (1)ö ~� ¾æÚÚ î > ®
.

Co2++ 2e-
� Co (1)

6� �f �ëb�º ê.� > ìº Òò�� Fê�.z
*ç(induced codeposition)23)ö ~�B Æ�(Fe, Ni, Co) .³
"~ �. ê.ö ~�Bò &Ë~
. � r �~ ê.f j¾
~ � (2),(3)ö ~� ¾æÚÚê
.

HPO3
-2+ 2H2O + 2e-

� H2PO2
- + 3OH- (2)

H2PO2
- + e-
� P + 2OH- (3)

*~ >w
" �þ Æ� .³ö ê.öBº &¦ª >²B
� >w� >>>� ÖWÏ�öBº � (4)ö ~� ¾æâ >
®
.

2H+ + 2e-
� H2 (4)

� (1)~(4)ö ~� CoP �.~ *OV�¢ Fig. 1ö ê�z
~&
. Fig. 1öB r > ®º ©¾" ê.� �·>� *�>
wö ~� >Öz �N� B�~� *���ö �¦'� pH ç
ßj Fê~² >Ú CoP �.� jò >Özb� áÚî >
®
. V¢B ��� pH çßj ïV *� "zzÎª" ?f
pH jÏB~ Î&& j>'�
. 

Fig. 1. The mechanism of the electrodeposition of the cobalt/phos-
phorus alloy. 
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Fig. 2(a)öº Ï� 7 "zzÎª~ ·j æz�Ê�B ;*
~ *Vê. O�b� B�� CoP �.~ �¶K æz¢ ¾æ
Úî
. Fig. 2(a)öB Ï� 7~ "zzÎª~ ·ö V¢ ê.
B CoP �. ;ï~ �¶K� ôf æz¢ ��� ®rj r
> ®
. Ï� 7 25 g/L~ "zzÎª Î&ïj V&b� ��

 ôb� CoP~ �¶K� 450öB 550 Oe~ ç&'b� Ôf
8j ���, � �
 'f ·� �F>îj röº 1000 Oe
�ç~ ¸f �¶K 8j �&
. ê.�ö Î&B "zzÎª
f ææ*�î�¾ pH jÏB, OzB �b�~ �ªî& ��
>� ®b¾ ¶V' Wîö 'Ëj ��
º ��Ö"º ìî
b� �º 
Ö ß�� *çb� ��ê
.

Fig. 2(b)öº "zzÎª~ �Fïö V� CoP �.Ú~ P
~ �ïj EDS� ªC� Ö"¢ ¾æÚî
. Ï� 7~ "z
zÎª~ �ï� æz>Úê ê.B CoP �. Ú~ P~ �ï
f 1.5~1.75 at%~ º*öB ¢;~² Fæ>î
. �º Fig.
2(a)öB ÚÚ� :f ?� "zzÎª~ Î&ïö V� CoP �
.~ �¶K� æ~º *ç� CoP �. Ú~ Wªæz r^ö
¾æ¾º *ç� jþj ~��
. Dijokicö ~� ;*~ *V
ê.B CoP~ ãÖöº Fig. 1(b)~ Ö"�
 ç&'b� ôf

P& �F>Ú *Vê.B çê j;î ç�¢ ��V r^ö
CoP �.j �¾Ò~&j r j;îöB Ö;î� Ö;��&
æz~&�, �� �� �¾Òö ~� �¶K æz& .GF >
®î
9). 6� Z*�ê.B CoP �.öB P~ �ï� æz~
�B CoP~ �¶Kj j�� ¶V' Wî� æzB .º
Schlesinger �ö ~� ��B Ö"
�¦V dj" > ®
3,4).
��¾ Fig. 2(a),(b)~ Ö"öBº �¾Ò¾ P �ï~ æz ì
� pH jÏB� ê.� Úö ¢;ï� Î&>î~ "zzÎª
~ Ï� 7 Î&ïö V¢ �¶K� æz>î
. �º "zzÎ
ª� *� ��öB~ pH jÏÎ" �öê CoP *OV�
(electrodeposition mechanism)ö � 'Ëj �~� ®b� Wª
~ æz ì� ê.�ç Ú~ ��', Ö;�' æz¢ FB�V
rj ~��
.
V¢B � ��öBº "zzÎª~ Î&ï� 
� Ï�öB
~ CV � *Vz�'� ªCj Û� ��W" Ö;z(electro-
crystallization)ö �~º 'Ëj �V~�¶ ~&b� ¶V' W
î"~ ç^&ê¢ C®�¶ ~&
.

Fig. 3öº 100 g/LO~ CoCl2Á6H2Of CoSO4Á7H2O, 10 g/L
~ NaH2PO2ÁH2O �Ò� 25 g/L NH4Cl� �FB >Ï�öB
G;B *;'� cyclic voltammogramj ¾æÚî
. Scan ³
êº 20 mV/sec &b� Ï�~ Nêf pHº '' 30oCf 5.5
&
. OCP(open circuit potential)öB �·B scanf cathodic
OËb� -1.1 Vræ ê¯>îb� 
� anodic OËb� 0.5 V
ræ 
�~&
. -1.1 VöB cathodic scanj «ò~�, anodic
scanj �·~� V�~ cathodic scanöB ¾æÂ �¾*f v
��~ vN6j &V� > ®
. -0.75 V ¦"öB ¾æ¾º
Ñ®� vN6f "nucleation potential(EN)"� rJê 8��24),
-1.1 Vf EN~ º*öB cathodic scan � ¾æ¾º *~&ê&
anodic scan �~ *~&ê�
 � ©f *�ê� "¾öB~
Co2+ ³ê~ 6²ö ~� *çb� �'B
. Anodic scan�
z ê¯>� -0.65 V ¦"öB 6 ~¾~ vN6� ¾æ¾�
Fletcherö ~� "overcrossing potential(EC)"� ;~B **�

25). EN" ECÒ�öBº anodic scan �~ *~&ê& J®J
cathodic scan �~ *~&ê�
 �² ¾æ¾� ��¦V Co
��öB Co2+~ ~ö>w� ¢Ú¾º ©� �«*� Au ��

Fig. 2. The Variation of the Coercivities (a) of the CoP electro-
deposits and the P contents (b) in CoP depending upon the NH4Cl
concentrations in solution

Fig. 3. The typical cyclic voltammogram measured in the solution
containing 25 g/L NH4Cl. The scanning was conducted at 20 mV/
sec and 30oC. The area of the working electrode was 0.25 cm2 (0.5
cmÝÝ0.5 cm).
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öB ¢Ú¾º ©�
 ö.æ& � ²ÎB
º ©j ~��

� � > ®
. º&'� anodic scanöBº cathodic scanöB
�WB CoP~ anodic dissolutionö ~� peak& ¾æÂ
. 6�
��� *Ú'� cyclic voltammogram~ ·çf NH4Cl~ Ï�
7 Î&ïö Z&~² ÿ¢� ;�� &V>î
. 

Fig. 4öº Ï� 7~ "zzÎª~ �ïj '' 0, 10, 20,
50 g/L� æz�Ê�B G;� cyclic voltammogram�
. Scan
³êº 20 mV/sec�îb� cathodic scanöB anodic scanb�
scan OË� :2º **� switching potential(Eλ)f >²B�
>w~ 'Ë ì� B>� 'Ëj �V *� - 1.1 V� �;~
&
. Fig. 4~ cyclic voltammogramf Fig. 3" jv� r �
F~ ;�º �~ ¢~~æò cathodic scan �~ ª�ê
(polarizability)& æz~º ©j r > ®
. ¯, Ï� 7~ "
zzÎª~ Î&ï� Ã&�>� ª�êº 6²~º ãËj �
�
. � ��&f �* ��öB Ï� 7 �Ò�N ³ê~ æ
z¢ Û� ª�ê¢ æz�Ê� 
�W�b��~ *�j �Ï
~� �Ò¢ ê.� Ö", ª�ê& �Òê.ö ôf 'Ëj �
~� ß® Ï�~ �¢ *~&ê ª�K(throwing power)¢ ²
Ö~º º�b� ·Ï� > ®b�, ª�ê& � r ê.B �
çf �W�
 �W� �� �º Ö;ã~ �V& �^z >V
r^�¢� .G� : ®
26,27). 6� ª�êº ê.B �ç~
Ö;ã~ �Vf &7� &N� ®b�, ª�ê& � ç�öB
ê.B .³~ Ú¦�ç¢>� Ö;ã~ �V& ·jê
� r
J^ ®
24). V¢B Fig. 4öB "zzÎª~ Î&ï� ôj>
� ª�ê& 6²~æ� Ö;ã~ �V& ç&'b� 
ê
�
.G� > ®
.

Fletcher �ö ~~� �~ WË � ·Ï~º ³ê�' BÚ
V�º Eλ¢ æz�Ê�B EC¢ &V�ö ~� {�� > ®b
�25), � ��öBê �¢ {�~V *~� -1.10 VöB 0.05 V
*Ïb� -1.30 Vræ Eλj :ÞÚ CV �þj ê¯~�B EC

8~ æz¢ &V~&�, � Ö"¢ Table 1ö ¾æÚî
.
Tabel 1öº NH4Cl~ �ï� 10, 20, 50 �Ò� 100 g/L ¢
r~ J&æ Ï�ö &� 
þ~ Ö"��, �º Fig. 2~ 
þ
Ö"ö V¢ ¸f �¶Kj ��º '�" Ôf �¶Kj ��
º '�ö ³~º &�'� Ï�
�
. -1.3 V �çöBº >
² B� >wö ~� B>� CoP~ electrocrystallization ";

j >'�
 � > ìbæ� 
þº*öB B�~&
. Table 1
ö ¾æÞ EC~ æzº Fig. 2ö ¾æÂ �¶Kö V¢ CoP~
electrocrystallization ";� B� 
�² ³ê�'b� BÚN
j ~��
. ¯, ç&'b� ·f �¶Kj ¾æÚî~ 50 g/L
Ï�" 100 g/L Ï�~ ãÖ Eλ& Ã&~�ê ECº �~ ¢;
~² -695 mV� Fæ>�¾ �^~² anodic OËb�~ �ÿ
� ��
. �º �
 Ï�öB *Vê.>º CoP~ electrocry-
stallization� charge transferö ~� ³ê�'b� BÚNj ~
��
. ��¾ ¸f �¶Kj ¾æÚî~ 10 g/L, 20 g/L Ï�
f EC 8� cathodic OËb� �ÿ~º ©� &V>� NH4Cl
~ �ï� z 'f 10 g/L Ï�öB z× Â]~
. EC& cathodic
OËb� �ÿ�
º ©f *Vê. �ö z ôf ö.æ& j
º~
º ©j ~�~� electrocrystallization ";� Eλ& 
î
>� mass transferö ~� ³ê�'b� BÚB
� � > ®

.
*� ��öB �� WË~º ³êº *� ê�öB *OB
ö¶& Ï¶ö �öæº ";" ê.>º �N� �b� {Ö
~º ";ö ~� ²ÖB
. ß® mass transferö ~�
electrocrystallization ";� BÚ>º ç�öBº ê.>º �
N� �b� {Ö~º ";� �B~æ á~� �� WË~º
³ê& ��W ³ê�
 ¶J^B Ö;ã~ �V& ·jê
.
6� �b�~ �N~ {Ö ";f ³êª�b� ¾æ¾V r
^ö Ï�~ ª�ê& 
î>� Ö;ãf ·jæº ãËj �
�
. jÝ� �F� CoP *�îö Î&B "zzÎªf Î&
ï� ôj>� Ï� Ú~ ª�� 6²~� �~ WË ³ê&
Ã&~� Ö;ã~ �V& ç&'b� �² ª�B
. ��¾
"zzÎª~ Î&ïf 25 g/L¢ ªêïb� ~� ��
 ô�
Î&>îj röº charge transferö ~� electrocrystallization
";� ê¯B
º ©j Table 1j Û� {�� : ®
. ¯
;*~� *�ö �&>º *~ï� ?
� ª�ê& �¢æz
¢ê z �ç ê.B CoP~ Ö;ã~ �Vö 'Ëj �~æ
pb�, Fig. 2öB 25 g/L �ç~ "zzÎª� Î&B Ï�ö
B B�B CoP �.~ �¶K� �~ ÿ¢� �¶Kj ��º
©f ��� �F¢� � > ®
.

Fig. 5º "zzÎª~ �ï� 10 g/L� Ï�" 50 g/L� Ï
�öB áÚê CoP �.~ ¶V�K�Fb� "zzÎª~ Î
&ö ~� ¾æ¾º ��' ßW" ¶V' ßW~ ç^&ê¢
¾ ��Þ
. �
 v Ï�f Fig. 2~ "zzÎª~ Î&ïö
V� �¶K ª�öB '' ¸f �¶K" Ôf �¶Kj ��
º '�ö ³~º &�'� Ï�
�
. �öB Þ/� ©¾"
10 g/L~ "zzÎª �ïf ª�ö ~� Ö;WË³ê& ¶Ö
'�b� ��W ³ê& ç&'b� ��V r^ö Ö;ã� �
^z>Ú Ö;ã~ �V& ç&'b� ·f ç�ö ®
� �
> ®
. >�ö 50 g/LöB G;B Ö"º Ö;WË� charge
transferö ~� æV>� Ö;WËö &� ª�Î"& ·V r

Fig. 4. The cyclic voltammograms measured in the solutions
containing 0, 10, 25 and 50 g/L NH4Cl, respectively. The area of the
working electrode was 0.25 cm2 (0.5 cmÝÝ0.5 cm).

Table 1. Variation of "overcrossing potential (EC)" according to the
NH4Cl content in the solution

Eλ
NH4Cl in solution [g/L]

10 20 50 100
-1.10 V -695 mV -697 mV -695 mV -693 mV
-1.15 V -707 mV -700 mV -695 mV -692 mV
-1.20 V -719 mV -703 mV -695 mV -690 mV
-1.25 V -724 mV -705 mV -693 mV -686 mV
-1.30 V -731 mV -707 mV -692 mV -685 mV
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^ö Ö;ã~ WË� ç&'b� /êB
.
"zzÎª~ �ï� Ã&~� Ö;ã~ �V& 
æ� CoP
Ö;~ orientation factor& Ã&�
. � r CoP~ ¶z Ï�
OË(magnetization easy direction)" Ö; WË OË� ¢~~
� £² ¶z>� Ôf ¶Ëöê �zB
. ��¾ Ö;ã~ �
V& WË~� Ôf �¶Kj <º
. >&� ªê~ �~~ "
zzÎª� Î&>Ú ê."; 7 ��W� �B� ç�öB Ö
;ã~ �V& ·jê 10 g/L Ï�~ ãÖöº orientation
factor& 6²~� Ö;ã~ �V& �¢ ¶�(magnetic domain)
~ �Vö "7~� �¶K� Ã&~� ¸f ¶Ë~öB �z
F > ®
.
� ��öB *Vz�'� ��W 5 Ö;zö &� �Vj
:ûb� ê.��" ¶V' Wî~ ç^&ê¢ ;ã~�¶ ~
&b�, ¸f �¶Kj <º CoP �.j B�~� MRAM�¾
.�&ê ¶V&ËÒò�~ wÏ&ËWj �&
. ~æò ¦ z
�Ú'� ç^&êº Òò~ Ö;" �çö &� .³�'� �
�& >>>Ú¢ � ©b� �'B
.

4. Ö  �

� ��öBº "zzÎªj �F� *�îöB CoP ¶W�
. ;ïj *Vê. O�b� B�~� � r CoP~ *Vê.
ö �~º "zzÎª~ 'Ëj ÚÚ�~
. �¢ Û� MRAM
�¾ .�&ê ;�&ËÒò �~ wÏb� î�² "ÏA� ®
º CoP �.j *Vz�'b� B�� r B�~º ��', Ö
;�' ßW" ¶V' Wî Ò�~ ç^&ê¢ C®�¶ ~&
b� 
r" ?f Ö�j áî
.

1. "zzÎªf CoP *OÏ�ö Î&>Ú CoP~ ¶V' W
îö ôf 'Ëj �~� ß® �¶Kf 25 g/L~ Î&ïj V
&b� z 'f ·� Î&>� 1000 Oe �ç~ ¸f �¶Kj
���, z ôf ·� Î&>� 400öB 500 Oe ;ê~ ç&'
b� Ôf �¶Kj ¾æÞ
.

2. Cyclic voltammetry¢ 
�~� "switching potential(Eλ)"
j æz�Ê�B "overcrossing potential(EC)"j &V� Ö"
CoP~ electrocrystallization ";� "zzÎª~ Î&ï� 25 g/L
�ç¢ rº charge transferö ~� ³ê�'b� BÚ>�,

25 g/L �~¢ röº mass transferö ~� ³ê�'b� BÚ
Nj {�~&
.

3. "zzÎª~ Î&ï� 
� Ï�ö &� cyclic volta-
mmogramj jv� Ö" "zzÎªf CoP~ *O";öB
cathodic scan �~ ª�ê(polarizability)ö 'Ëj �~� Ï�
7~ "zzÎª~ Î&ï� Ã&�>� ª�êº 6²~º ã
Ëj ��
.

4. "zzÎª~ Î&ï� ôjæ� ª�ê 6²f charge
transferö ~� electrocrystallizationö ~� Ö;ã~ �V& 

æ� orientation factor& Ã&~� Ôf ¶ËöBê £² ¶z
& >V r^ö ê.B CoP �.f ç&'b� ';W� ±�
Ôf �¶Kj ¾æÞ ©b� º;B
.
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Fig. 5. M-H hysteresis loops of CoP films electrodeposited from the
solutions containing 10g/L(solid line) and 50g/L(dashed line)
NH4Cl.


