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ABSTRACT

An electroless plating bath for normal orientation of HCP-structure of Co-P to the film plane
was developed. An ammonical succinate-citrate bath containing MaSQ,4, NiSO4 was studied

Ni was codeposited inio the films in order to decrease the saturation magnetization (MS) since
low MS is necessary to decrease the magnetizing field. Mn was also codeposited to increase perpendi-
cular orientation of Co-P film.

Effects on film composition and magnetic properties were studied in connection with following
four factors such as concentration of NiSQ, and MnSQ,, bath temp and pH.

1. 2
o} #Hol £2u Coutute] NifF H44]7]7 o] Ms
1B o} hepT ol Wt o 2 ARl Be] o 2rE i HEobn Ba Hol gleh

o E% e PatEol oel elFsle] ftony olF K3 upela] gbeFoll4 B8l succinate- citrate =
of &5t Cots withell ®HARE Yoldd & H3A =2 & T8 =FFei4 MnSO.9 NiSO,#
Aol Al c-FF A dFe Prbd el FE 0 AHrlel @& 9 2425 9 pHel WE ot

9% EdAclntn 22 o] ek AR o) 444 Y FEE 2AE Fao ALEY
71% oA e 42 olulyd A7) A Hk7]— x5 (de- o Hgh =AwlE T B o) ol eke maksol
magnetizing field) Hd==47xMs (Ms:@ X3=}3) = c},



4 FaEudse Ao A1E 1968
2. AE dit Table 1. Basic bath composition for Co-alloy plating.
Chemicals Concentration/M
2.1 A2k B AR
Nal.PQ,H,0 0.2
ARE-E] AloF2 mF B ajeto # Fad o 20~ (NH.},S0, 05
CoS0,, leoh -'Vlnb().-,r Agglen]  gheld g
L Succinate 0.b
NaH.PO.=, p FaAl 8 4= (NHL) . S0, 5 AF3-9
b, 2bAdE 0.5M sodium succinate®l  0.5M Citrate 0.05
sodium citratess E—QL shod AlG-al on] A Fuigl CoS0,7H,0 0.03
sk e SnCl, PACL §4-% AH&3L1 etchingT NiSO6H.0 0.008
Bl 8 k&oiﬂ & bl A gl o
144 Hel S e o MnSOAH,0 0.04

min, [:HOI 2X2, 5CH12C3_} 7 i 990001 }’LO] 'r"l }':(',i' ’{l'

o %ﬂ\ E'}.

2.2 A& ML

Ao =g delelA whE 8 omery
paper® A rksleich E44s No 200004 No. 1200
2o dopd) vhE polisheri opihg] #hal - 8y

ek, F=elEl Al 10% 11C] etching o Feof] 3-4-7}
who. s malelan EA §nChL{1g/¢) 2F HCH1ee/E)
ol 547}
Fal A SR 90~100T) 2 FAEel R oh
o PACL (©.1g/¢) 8} HCl(lce/#) 2] ET &of ol
R - - A e R

S 1M NaQOH @l ol 380F ¥ 2obs S 7
oAl dAagE B AldR H4] Sa

o wel EakS sheivh,

&l E ol sensitization Al# e SLd

o ‘!

500ccel FElelaal B8 v Akl o
AAlE e el sl 300

cel @

2 L I ] 2] =
A EES ke AHRE 9 ey ag
gl A& 7] Eof A fal Ay ARZolr Huln)

a;j:__éo]] % uw dobde) H W @iel T4 w)
o} gto] mobelt Wby pHEETH 053 % %4 pH
2 ol &A% Table 1o vREFWY

5 LA"TS’l% el 3L

st

bath Temp:75C
bath pH (adlusted by NaOH):8.5

2.4 NEYR Y =Y

ARAAE Fig 1o delhelsh =2% 04
of BRole 4% ETLEOA 5D FAAF
[e]

1
o oful oAl pHE WRrh = WA
12022 #elon Mbg =5 pHE T2
o vhelst ahobitel FARZIE A o 5EFH (ldcc

e L

o oolwlel b gl £0.18 Shgloh A
Z Apgebs WAl REAS Aot 192 A
Aow pEe Aelis e Pemd Eorh =7 b
ot Fk Ade FA mAE TR B0~0T)F

AR et AzA A,

» rubber hose
for air cooling.

[+ thermometer,

TTI I | k ~+ plating bath.
- “ J « cvlinder for
E PH adjunrm(:ni.
f— = water bath.
R . sample.
s g * rubber.
1% "
i + hot plate
Fig. 1. Apparatus for:experiment.



Suceinate-Citrate Al FA 8] %ol 28 4#x7] uleke A4 EAH 5

2-5 RNMEN 5 MdEsy olch olu] ERlH L 1500 0e® Fo)i Agu)E=02

r= o P
CodhZ whubel A 542 AEAE 427 Hogel ang },g 3ol & AbAdol e El &&=
(VSM-1I Toei Kogyo-Japan) 24 uhabe] o % hyteresis A& vehiizi =
WA A4 e HFsc ke 248 gohrr| 100 10
Aol mAL B BAG) SEREL Hqohs B » E
shzel 4% £47Span [1-B Argon Pasma - 2O o 1° 3
mission Spectrometer) 24 Co, Ni, Mn, P& 2% 60 | - o\o.giﬁ_ 6 %
Wl et a\g‘:" a p :
o s 4P | =
wdh 55 wlate] A s pua HX Lo - ~ 14 'GC:
#r)7 (JSM 350 F Jeol) & olg-slai=h . £
. a0 | a i1 v o Ni g
o LT e )‘/ 2 o
3oERE e %”/ M 5
{ i
3.1 MnSO, S0l (48 & © ©
71 o MnSO, & drlistnay gl = 0-317 b)
= vkl 2 g} A S Fig 20 vhepd 18 .?;g
1]
gdet, Fig.2(a)%& B9 Cof mole%= Mn% 4% ] 153
of wtet 77mole% 8 80mele% R AAAH o i 0.2 & 3
sgl o1} Nio) mole%E 7€) Watslal eisiel pol 24
mole%.5 &7\l <Fzl FrAasls 7 dko] ¢lgl o} E§
2 Foln A MiS0, 2 EFRe] Faeeich Ma 00 3
2 0,02M MnSQ, 72 & hebell A &= ggkendt f:j g =7
0
0.02Mell 4 H-el MnSO, mole% 7}t Aijdoz % 3= .=
- ol 1 ] [
7} ahedeh, A T ot 00 008 0bR 30
Fig. 2 (b) ol TATE wle}itel 0.04M MnSO, ol 4 MuSO, conc/M

2= 2) 13 g ¥~ gl ol Hhzlx .
Frawiekel (002} el AE X-A e} A Fig. 2. Mn3Q, concentration effect on film composition
s e W7l MnS0,8 55 Frtel wet e and magnetic properties using Cu substrate.

t A%E vebied e 349 (Ho ® X-43
7z

19) zolzEel ebskxl 2 0.04M MnS0,F5e]
A Hngg vepsiet
FH MnSO. 8 FE7b Aap Frhol wa) 2hg 40 -5 > 5 He/KOe 10
Vi ASFAE 2l 0.0MAA A $4 ATk
Mot ez MaSO.8 FE7F0.04Mes 1 -2
AH, gy g w50} lg 238 Jekdle -3
A 59 Cotretgal Vesl el 0 5molety Hel S0y e
Bewel 7 EE&E dsuth Mr | remained magnetizlaﬁo_n
o] TooldL 2 za329E cel Mpo| 3 Ms © saturation magnetization
S5 opelr AJEHEl 4xlujdhao] 98-8 abs g Fig. 3. . Typical hysteresis loop for plated film meosured

perpendicular (1} using Cu substrate.



6 A

Azid

A1 & 1988

3.2 NSO, 0 cHsr g

OM NML Arbon whz wr

i -;IC— o U 2=z
uhef 24 4 /M%Ké & 4oﬂ 4] stdek,

¥l NiSO, o FEZ 7ol BAlel 4
FapabEe] Mnike Ao a’ﬁ 3ted 2F 0_5mole%
ke 7R Nigl geke Zxdes Frlsig
o} whubel Msthd w3 Faa Hs4E N
4(c)oll viebedt whelzke] Nioj gheke] Frvixlel]
2 M » 2 stelgrh

sl @xjEa) AEeie AYPELL NSO, F
E7F0.008MEAAA g vl X444 O
02) "ol w8 peak2} & 9lH sleich zbdEe|s} 91
atgh FAS veple kel 2L HA peak o
vigzdh gl s #3kch 0.004 -0.006MAHel 2] NiSO,
Froldie X-Al 84 Alsel (100) el =3 peak
7b obFEbAl vl (002) d-F A ebdA ¢
skebzh 0.008M NiSO, ¥ 5o Esbni  oppahe
o1) e 2 ® glesld (002) el vil$-aAl o}
100v 8} =712 viebtew 0.012M o]l A (10
0) A7 ©02) Wl W peak?t BF g3 7»*:% °]
Ae abebzol Nigj ghaks]| 7t 25mol% ol4k  Hof

A

e el

Fol 1A= o

Codl AT Abel7) hepol (0023 =de] A=zl 7t
'?-M 35mol%ell A= (100), (002) @ =5 glo]=] i

Zheol 2,089l Fxate| UFHAAHE Xoray 2l A E
olol stdch wheba] 4 ol Skl Rt (002) dE

I

CoBFEel NiZdhol wak o 2 o 35 03 9
& agrer

3.3 pHol| st 24

g2 pHell whap A
HEE epdedel Fig. s
& Niz} Mng] @kate
[ Aol 2l Mool A2 A Zaha] ggkel
g8l 70 ek 59 4D 3, S MO,

Nl(OH) Fo] gAEel A58z okgtdd Ro

1e

52 24

(a
dl

wlof ) $
Joi 4l pH2l Zbel
4“1_. 7uL oioﬁ pl 8.8

o

o[ Q-0 PH

ptl 8. 30-ﬂ11~}‘= of - ke ol of
4o degsh olmel pel 3

Az Eold @

ke 24mol% o ok,

Co, Ni content in deposit/mol%
Mn, p content in-deposit/meol%

foe)

i
TN

He/KQe

o

x-ray- diffraction intensity
for Cof{002) plane/KCPS

S GuUATEness
Ms/emu/FS

0 L L L 0
ok 046 0.8 ]

NiSO, conc/M (x10° %)

Fig. 4. Ni50, concentration effect on film composition
ond mognetic properties using Cu subsirate.



Sucginate-Citrate 2 sl &

i oll Sl qk A o] whmle] A b /

elo 10

) > <
% sof T 48 £
= a / P A z
: §
g 600\_2’/4\ 46 o
= [ 5]
Z wok 1y 8
§ 0 :
% 3]
- 20f ° 4, =
z N i =
S x\&{"\\( -~ 4% =
© . i —U

0 0

0.31...5

b)
48
| S.R |

0,2 2 o -6

for Co(002) plane/KCPRS

x-ray diffraction intensitv

0.1 4
al O
[ A
£t o
; T 1 0
7 8.15 8.5 8.8 9
8.5 8.85
PH

Fig. 5. Vorious PH effect on film composition and
magnetic properties using Cu substrate,

o] Z.& Codl A=t 2787} po] 2=} hvbrl  Agm
Felv] orthorhombic AA} F&5 2= Co,P +2

o 2 oA F X-A HE4d HEE hepTRE B
0]+ v} pH8.301 4= orthorhombic 2 =2} Co, P&
2ol o4 34 =AY randomutH e AR T =7}
A4 slgleelzt A5l pH7 83w P
off =bek pihakol §-7 3 4t4£ 87| Alztsled pHB.65
oA HAAEZ =Helckrt oha] A e Agsts A
& ey

X-4 34 peakst A

AEAL Fig 5o el

wWalrk Copel Zak vk HA ejzt A7
¥ pHE. 304 A 54 W 54 peak B R W
obyZ 2 4 9ok THHulw EF Srkde 4k
A 9 (02) e X-41 A pH 8.65¢]
A FAs Foldgen oA 001 Hell N peak
A ks 2A velbdiolnh < falla] A
Rl ebebalol S Boafl wifeoll wlolid
7ok pH 8,504 Eap#ie] shab 2Zhe
(002) Hell M3t i peakst & A whye

3.4 2E0 0 HE

peakts

f_] fjl’.f’_

2o whE A5 Fe 24GE Fig 6ol &
A shedel, SE 70~-90T & W94l Al Ni
Mn, P2l ghake] F71 shadet

F1g 6blollaz AAEA o N-A 33 peaks) =
E4 spgieh Nigl ghake] otk o2l #)
Al CH}xl F7b 245 Mot 2 oolaly] w2
2 = Ni c.twl-o] o],t' ,{!-A-] o] L].uu]_zl Ls]
S odeh, el 4w wWsjel A 3 wel oy
100) 8] peakiz obF AHgirvh 85¢ olabe] &
ol 4 A4 EA o] vielx = - X-A

o mfi rl

Do2)wlel SHet 2tan ol sxwigrde] vlwl
ol 2 Heleletn Gabrleh aejmz 2l
gridoel 85T o)Ak ol 4 offER] gkel wlEFA !
24 24gd SAde) odake éaioa!»% Az, =

(002) plane 2} i gk4f o] ALeta] 5t random W91 <) 75
Arz7t AAfchs Aelvh, AT 80~85T  Alel
of AAEAE 7t B2 HE BT (002)
o i .d peakt: L£=7} L‘i’-#—% ZHE 8
na (ooz)v-iﬁr Hé%—*é =2 12461] A EEE
A 75~80C 7k £ Zola) Azhksle
Solla] & olE 42 Z7] Eke] whatel o
& B2 Ni-P 80 pm) & £A 2§ Co-N-
Mn—PM FTETE doh FolEl A9E Pels
2 shedulg B Abale] Fig 7ol Hebliglch sl
B 4R A%E ¥oln] mhal
oAl merddsch
Co¥& whatel SA&

== ol &k

H-Z-0] whell o]

<} 6.5 mol e o H4 &



8 =4EelAde] A2 Al1Z 1938

100 10 o ERNAY A4SHE Table.2o] EAGAEL
< E Az Fee 2ot
E 4 -~
T 8k c 8 = Teble 2. Magnetic property of Co-Ni-Mn-P filmunder
fé - o o “° O?y opfimum condition using Cu substrate.
= s pPHdg ™
T 60f phym -
= = Svoe “ 2 " Saturation
= - L MS 4.479 emuw/FS§
- . 4 & magnetization
g 40~ =
£ Ni g . .
3 . s & Coercive force: HC 1470 Oe
.~ 20} B F
. :
i ;-'/’;{IX—_____*—M" > E: Squareness Mr/Ms 0.209
&5 &—_‘___,_,-X—‘ 1
o 1 t e}
4.4 E
0.2y 3
b) 9B el Succinate-Citrate %3804 MaSO,,
8 Zp NSO ¥E 9 pH, fEwal wE 445
oalal 50 e 24w 44 wekye] ek mabe w
* 6 E "6 9‘}]:[._1_
s =
=
28 MnSO 8 BEF OMUHE 4939 24 way
il “ I8 % 3gew 0.04Mol4 AUEA o Sl o) 7t
(o] : 1D 5 FEE xo}_ ; 33 oLoLE}
w kg =
£)8 EL Mewhe w3 Fod g8 NiSOE SR
[ Ry B _
5|2 “T kgl @ L3 ARG Mk 40 Goix kA
: t ] ] O .
2 s6 75 80 55 90 (°C) T E dglen Ad $rE 0.008Melglth &
o (002) A ol coé} F2| Nigtafol :m} o
Bath temperature &k =9 olol
R EMD]’.
Fig. 6. Bath temperctute effect on fil composition and -

magnetic properties using Cu substrate.

of Aaghe Moifpn] pHE 3ol E olel Fhek

ELE

urface

section

ge8a -

23 237t FEFE 24 peakt & Srishd A
[+] o

—
Lo
o
e
g
[~
=

r]r

Z 325 (Ms) = 4. 79emu/Fg 23 82 (He)
-3

Fig. 7. Scanning electron micrograph showing a cross 1470 Oe %2 w) 28 u] IMr/Ms) &= 0.2098 o3+
section of film under optimum condition listed 9 W

in Table-2 using Ni-P substrote.



Succinate-Citrate A FH & S el 213 G447 wale] A0 g

i 4. M. G, Miksic, R. Travieso, A. Arcas, and R. H.
Wright, J. Electrochem. Soc of Japan 113, 360
. T.0Osaka and N.Kasai, J. metal Finishing Scc. of (1966)
Japan 32,309 (1981) 5. T.Osaka and H. Nagasaka and F. Goto. ibid,
. T.0Osaka, F.Goto, N.Kasai, and Y. Suganuma, 128, 1686 (1981)
J. Electrochem, soc., of Japan, 49,792 {1981) 6. R.M Bozorth “Ferromagnetism” pddl, D. Van
. K. Aocki, S. Iseki, O. Takno, and S. Ishibashi, Nostrand, New York (1951)
J.Metal Finishing Soc of Japan 19,301 (1988): 7. T.QOsaka, N.Kasai, and 1, Koiwa J. Electrochem

0. Takano, ibid, 23,406 (1972) Soc of Japan, 130,568 (1983)



