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Abstract

Sulfamate-chloride baths were fabricated to study the properties of the electrodeposited Ni and NiCo thin
films. The dependences of current efficiency, deposit composition of Ni and Co, residual stress, surface mor-
phology and microstructure of electrodeposited Ni and NiCo thin films on CoCl, concentration in sulfamate-
chloride baths were investigated. The current efficiency was measured to be more than about 90%, independent
of the changes of CoCl, concentration in the baths. Residual stress of Ni and NiCo thin films was increased
from about 45 to about 250 MPa with varying CoCl, concentration from 0 to 0.210 M CoCl, in the baths
and then reached to a plateau, about 250 MPa above 0.420 M CoCl, concentration. Nodular surface mor-
phologies were observed at most CoCl, concentrations in the baths except 0.210 M. NiCo thin film elec-
trodeposited from the bath with 0.210 M CoCl, concentration showed an acicular surface morphology. Pure
Ni thin film consists of FCC(111), FCC(200), FCC(220), and FCC(311) peaks without any preferred orientation.
On the other hand NiCo thin films make up of HCP(100), FCC(111), HCP(101), FCC(200), FCC(220) or
HCP(110), FCC(311) or HCP(112) and FCC(222) peaks. It was revealed from the analysis of XRD result
that FCC(111) peak at the NiCo thin film electrodeposited from the bath with 0.084 M CoCl, concentration
can be regarded as the preferred orientation. However the peak of the preferred orientation was changed
to FCC(220) or HCP(110) above 0.084 M CoCl, concentration in the baths. Then the intensity of FCC(220)
or HCP(110) peak was gradually decreased with increasing CoCl, concentration further. The crystalline size
of pure Ni thin film was observed to be about 53 pm and those of NiCo thin films were in the range of
35~45 pm.
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Table 1. Bath compositions and operating conditions
(unless otherwise noted) for Ni and NiCo thin films
electrodeposited from the sulfamate-chloride baths.

Chemicals Concentration (M)
/conditions /conditions
Ni(SO;NH,),"4H,0 0.669 M
NiCl,'6H,0 0.042 M
Chemicals CoCl,:6H,O 0~0.840 M
H;BO; 0.728 M
Additive None
Current density 5 mA/cm’
Solution pH 4.0
Temperature 50£1°C
Conditions Agitation None
Bubbling None
Substrate C(l}])lflesltlsgtzr‘i)p
Film thickness 3.25 um
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Fig. 1. Current efficiency and residual stress of Ni and
NiCo thin films electrodeposited on Cu test strip as a
function of CoCl, concentration in the plating baths:
(a) current efficiency, and (b) residual stress.
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Fig. 2. Ni and Co contents in Ni and NiCo thin films
electrodeposited on Cu test strip with the change of
CoCl, concentration in the plating bath.
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Fig. 4. XRD patterns of Ni and NiCo thin films
electrodeposied on Cu test strip with the change of
CoCl, concentration in the plating baths; relative
intensity vs. CoCl, concentration. (S: substrate)
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g9 A%l FCC(220) 3-& HCP(110) =7} %
ASIE Yepdth =58 W CoCl, =7} 0.640
MZYE 0.840 ME Z718t)] wt FCC(220) -2
HCP(110) 79 Hre= AAH R 7Fasiglon,
AL 7E AFA = A S JET

Yoon 5 1.533 M Ni(SO;NH,),3} 0.021 M
NiCLE %%LOPOQ A Z3%t sulfamate-chloride =58
AogrHE =FH Ni 222 A$ g2 Jas
[FCC(111), FCC(220), FCC(311), FCC(222)H 23
7= Bt} FCC(200) ¥=Lo] Ath7der} wj-¢
S A& #EsRN oM, FCCQR00) M5 $-A4 J
(preferred orientation)2} 2 R TZ3FATH19]. HE3F
Park< chloride EF8No2RE A7 |EF E Ni
dEo] A9 s °*d P& HEeA] X3k
O, saccharing 71t 7394l FCC(111) =] 7}
7t & I93aEs [FCC(ZOO) FCC(220), FCC(311)]2]
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Fig. 5. Average crystalline size calculated from the
peaks in XRD pattern for Ni and NiCo thin films
electrodepositedon Cu test strip as a function of CoCl,
concentration in the plating baths.
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B} A3 =74 A H o], FCC(111) A7}
o2k IS TH20]. E3F Park 52 NiCo
o] FCC(111)3} FCC(200) A E2] =7}
T2 ¥ 3 E[HCP(110), FCC(220), FCC(311)12] 7
THT AEs] =7 S8EAY 585 A%

A8 Kstth. 28y saccharing H7hgk
4o FCC(111) ¥ 37} Ao = A=t
[22]. ¥ 02 M NiCl, 0.206 CoCl, 0.146 M
NaH,PO, & &gt §H o= RE A|=x¥ Co-Ni-P
st vhol M= 74sk A9 [HCP(002) ¥ =2]S
A TH16].

Wb B o] XRD 24 Ao} A7) A4E
9] A}=S ¥ B sulfamate- chloride =8

E Ho o)
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E rlr
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OHOE‘:'FH x']7]_4‘1j % Nl E]:r-/] “ ?l' _ol‘
A RFEHFCC(200)]0] ] =] v chlorlde E%%QH
S2HE HA7l=w © Ni ﬁ—i% Aol 543
FALI7E BFEA] T 15,19,22]. - AT A

0.084 M Co =5 i3 NiCo = Jéu-‘ﬂ Chn
of FCC(111) HA7} o= AA=JA N 1
9/] \:]'*— C0C12 o.:. 1 1 ﬁHoP%7} %%E]'E]X] 9}
%tk 2yt saccharin & FH7Fste] SH(S)©] co-
deposition =, NaH,PO,7} 3 71=]e] <1(P)°] co-
deposition == 7%, Ni-Co-S &2 Ni-Co-P Z 59|
/‘ﬂi‘ 7k 91 7F R E I TH15,16,22]. b
Ni % NiCo ZFolA #FE= FARE =58
o Oﬂ H7teEl= H7HAIS /4= (saccharin S
NaH,PO,)°ll ZdsiAl o|Eial deken.

Fig. 5& =589 U CoCl, % W3}l wE Ni
2 NiCo 229 H7 AAY 327|182 Yol Ni
259 49 oF 53ume ZAAY A7|7F B

o, NiCo B9 A$-ole 3545 ume] 249
A71E zhal Qo] AEHJT A =F Tl
olate] A%+ Ni 2 NiCo ZE9 Aol e
A71¢] ARYL 7HA™, saccharin & H7lete]
(S)°] codeposition E= 7-F-ol= ZAH w|Ast
olste] H& e UYnZdAgyo] dojzite= AL
zh ezl Aol tH1,15-17,21-22].
4.4 B
AARF2] W28 Bo] AM8-%= Ni sulfamate
gNo] A%l Ni chloride §%& F718lo] Az
Eg8d3 o] g CoCLE #H7lete XMEJ
Niz} NiCo &5 A=x3I¥ Tk Nizt NiCo 2 &
EAE digt A1E g8t =589 U] CoCl,
FEE HIZoH, ol WE AFEE, FFS
Az 5o Nizk Co &, ¥ A 2 vlA|
3 8N o] CoCLe Wsle] #A
°F 90 % oo EA HFAFHUT B AT
of AFEE A7|=FEd U9 =& Nit° o] Tk
(0.711 M: 0.669 M Ni(SO;NH,), + 0.042 M NiCL)
2 Co*" o] FE(0~0.840 M)E ¢lale] FAkA|n)
TA o] doJubA] ekolr] wjEe] F 90 % ©]X49]
=8 AFggo] doy¥ty AHEEHTH Ni E Ni-
(0] rﬂég Zl"r:ﬁ‘%‘gd—r ] o‘T, COClz‘/] 0—4—7]' %7}'
E 173~256 MPa] W71 F7FslAth o=
Cool & W3lE 93ty CoCLE #7713+ 7] ul
Fol| =38 AHHo| sulfamate ==& ozH
o

il

QH

1:1

ol =
Bl sulfamate A%} chloride A &o] &3 &9
2 =7 wfEoletal AeE AT
=FEY W CoCLY s&=7F S7HE Ni
NiCo & H&== Co ol 94 wt.%7HA
7etd o, =589 o] S50 FE7F 2
AEjeA 42 o AT AHE 2 YA
CHEY U CoCLe Fx9 S7teke #AIRll
22 Z(nodule)E°] EHE TW FAJo] #AAHS
o™, 0210 M CoCl, TEdAME HAAAAA
(acicula)®] EH o] HFAHoH, o] ot
F7H41 A7 2 esita ddE T
Ni 252 533 9499 (preferred orientation)
7F A=A ko, o= 7]}‘94 A= FAF
3t 7S YERATE NiCo 259 7%l 0.084 M
CoCl, o= 97 AE=EUoY, 1 9]
38| CoCl, %Eoﬂ’\i‘:‘ A7 Hepslth 1™
o= EB3l2 NiCo HE9A CoCl, 3EHT=
EFgdo) saccharin®] F7tel < gh %’f(S)-‘ﬂ co-
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deposition =2 NaH,PO,2] 7ol W& <21(P)Y]
co-deposition®] 7}gt -2 "9 (preferred orientation)
ZY gt A=k Ni 3 Ni-Co 59| 2%
A7l Y A7E ZHe FoE AFEglon,
715 ExE AAEH A AEE 2
o

e

SO

o
fr

%

o] =F-L 20199 % dhauhsty Wil sh<rd ]
o] A YL wo} AF7E FYEYPoH, olof] A} =
JYoh
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