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Abstact : Nanocrystalline Ni thin films were electodeposited from chloride baths to investigate
the influences of additive concentration, current density and solution pH on residual (or internal)
stress, surface morphology, and microstructure of the films. It was observed that residual stress
in Ni thin film was changed from tensile stress mode (about 150 MPa) to compressive stress mode
(about —100 MPa) with increasing saccharin concentration as an additive. Microstructure of Ni thin
films was changed with/without saccharin in baths. Ni thin films electrodeposited from saccharin-
free bath mainly consisted of both FCC(111) and FCC(200) phases. However, Ni thin film elec-
trodeposited from the baths containing saccharin exhibited FCC(111), FCC(200) and FCC (311)
phases [sometimes, FCC (220)]. Current density influenced residual stress of Ni thin films. It was
measured to be the lowest compressive stress value (about-100 MPa) in range of current density
of 2.5~10 mA-cm . Solution pH also influenced residual stress of Ni thin film. Addition of
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saccharin in baths affected grain size of Ni thin films. Grain sizes of Ni thin films were measured to
be about 60 nm without saccharin and 24~38 nm with more than 0.0005 M saccharin concentration.
Surface of Ni thin films was changed from nodular to smooth surface morphology with addition

of saccharin.
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A71=mdRel o8l AZE Ni 32 Ni g 9/
FHRe AGEA H =2 FARAGAHCE sl A7)
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Table 1. Bath compositions and operating conditions (unless
otherwise noted) for Ni thin films electrodeposited chloride
baths (M = mol dm>)

Chemicals/conditions Concentration (M)

Chemicals NiCl,-6H,O 0.2
NaCl 0.7
H;BO; 0.4
Saccharin 0~0.05
Conditions Current density 1~25 mA cm >
Solution pH 2~6
Temperature Room temp.
Agitation None
Film thickness 3 pm
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Zgste] o] gkt wlwste] ALtE AL

Ni 35 9ehe] 2789 e] 42 deposit stress
analyzer (Model 683, Specialty Testing & Development
Co.)9} copper test strip(PN 1194, Specialty Testing &
Development Co.)S A}&-3}4] deflection methodZ
S92, Stoneyoll oJal AAE WGAE o]&
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vlako] =S copper test stripd] F 7] tE] 5 &%
He ZEHE Zdlo]dsie] Ni whato] Ego] H%]
REE Fglen, T 3% W EFEHE guyo]
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e BHP) S8k, AFEEE 10 mA-cm %}
ofe] pHE 42 VAN, saccharin®] FiF
0~0.048 MZ BISIAIA A& st =gk A
[e]

Uro] e Bl flsl AFdE ¢ e 2
E-& (pH :4, saccharin®] < :0.01 M) IG5 FXI3t

o = =
7, g9 AFUEE

~25 mA-em™22] HoA ¥

shrZth =589 pHO| FES dEsh] flsie, pHel
e 2458 @AFEE ;10 mA-cm >, saccharin®] % :
0.01 M) dAsA FAT F, 49 pHE 2~62] W
oA WsA AT BE Age] A, =aF vt
FAE 3 umzZ IG5 STk

A71=aE Nigtehe] ¥HEy 2 g Ehe
#&317] $3ke] SEM(scanning electron microscope,
model JSM-6300, JEOL Ltd.)2} EDS(energy-dispersive
spectroscopy, model ISIS, Oxford Instruments) Z}Z}
ARESIATE A71=HE Ni dheke] miA|lxz] 74 5l
AARY 7|9 A& 28] XRD(X-ray diffractometer,
Model D/MAX 2500H, RIGAKU)S A}-&3+9th
XRD #4412 Cu Ko radiations AME-3t] 0.03° 57}
HER 20 Fol 30°~100°9] HLA 1329 dwell
times ARE-3te] A ATt

3. 4% A E9f

Fig. 1 chloride =582 25E A7|=FH Ni
oA, =g o] 7 (saccharin)®] =, AFL
%, 5589 pHO wWistel] wE Ni we] F-89
H3LE YERSITE =589 ] H7HIQ] saccharin®]
FE WsPt 7H-89 wWslel| rXle= Y-S Fig la@el
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Fig. 1. Dependence of residual stress on saccharin
concentration, current density and solution pH in Ni thin
films electrodeposited from chloride baths: (a) saccharin
concentration, (b) current density, and (c) solution pH.
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5 : chloride, sulfate, Watts, sulfamate)ol] Xt} o|E3)=
ZAog AGHET, Jgole B8 Fig. 1(b)ollA &+
ZHE 455 oo AR-gHe =addd 2=
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pHETE ofel Ergel ] Solee] SR B Aew
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DS HES = ek Wb saccharing] TR 2=
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carrier(3-2 brighteners of the first class, secondary
brighteners, control agentZ} %= $F) S 3 Nid}

HAaNEBAT 2@ X2.000 27mm

Fig. 2. Dependence of surface morphology on saccharin concentration : (a) 0 M, (b) 0.0005 M, (c) 0.0073 M and (d) 0.05 M.
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A codeposition Fl= &(S)9] F23 FHUolth
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Ni =l Fee] e =ae Ni 2 T FHo)
Ao} w1124 (smooth) HS AWkAL & & =
o] EAI2A, Feo] 93ty Q= Niel =55
2AFE] LT w9 Fad 4ot Hg Ni
g o] BT 958 AAFE oA 3 AAdst
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siM= obd Aeks] delxl vk gith
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——— 10¢0m
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- - 10Mm
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25mA-cm 9] Z9-ollE= Brh Azl dhte]
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A =agele] pH Mslel] uke 39 JHE YRl
Art. ==& pH W3} €19 thE F71E-2(saccharin
3k 0.0l M, AFEE : 10 mA-cm 2, Funl, T
D28, Nk A 23 um) SRS ST B
golo] pH7E 491 7%, 7F¢ smoothdt FHo] AojArt.
Nigfere] FHgAel] v pHES = 7o) d7eA] &
3 9tk ol pH Rth= #7HA (carrier, brightener <
< auxiliary brightener)®] §3fol] we} 3T Fgol
AR == 77t titel”] wiitolz}t FkETh Fig 2,
39 49 FUFY AR2RE, g e AES
A& 4= Ut} Chloride =F-§ 0 2HE H7|=FH
Ni #2te] ¥ P42 saccharing] 7l 7Hg B
%

ofl

3971

H

Qo2 W3, AFAE L =F§A pHol ol FE
JPE W T F Aok
i

o
Fig. 5 3! Table 2= a8l saccharing 71814
esks wiek A7t &S wl, Ni 9] XRD pattern
st 9 grain 7] F4 AFHE A7 UERd Zlelth
Saccharin =g} £]9] T2 =525 2FHFEE
10 mA-em™2, £42]pH : 4, Fuwrl, EFEE AL Nj
HFHEA 03 mm) LDAFSHA STt Saccharing 7}

10mMm
20KV X2,000

HANBAT

10Fm
X2.000

HANBAT 20KV

Fig. 3. Dependence of surface morphology on current density : (a) 1 mA-cm 2, (b) 5mA-cm 2, (¢) 15 mA-cm 2 and (c)

25 mA-cm 2.
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-— 100m
HANBAT 20K 3 QA0 27m

HAaNBRT

10rFm
HANBAT X2.000 27mm

Fig. 4. Dependence of surface morphology on solution pH : (a) pH 2, (b) pH 3, (c) pH 4, and (d) pH 6.
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Fig. 5. XRD patterns of Ni thin films as a function of
saccharin concentration. (S : substrate).

3R] % chloride bathE 25 A7|=F% Ni ¥pke
FCC(111)°} FCC200)2] 7 7K 4EZ, 4= AU
28 & 4 Atk 23U 0.0005~0.05 M2 saccharin®]
A7kE]E 7S FCC(111)9F FCC(200) A58 oy}
FCC(311) AFo] =3 9lom, 0.0341 M2] saccharin
o] HA7F A$- FCC(20) “FEo°] &= Qo). Tt
saccharin ©] H7F8 739~ dominant phase 1 FCC(111)
o] w7} F7¥8ka, FCC(111) B FCC00)2] peakE<]
line broadeningo] =Tt =F-8de] saccharinS:

Table 2. Dependence of grain size on saccharin concentration
for Ni thin films electrodeposited from chloride baths.

Saccharin concentration  Grain size (nm) of each phase

FCC FCC FCC FCC

gL Mol 11y 2000 (2200 (311
0 0 59 59 - -
0.1 00005 37 25 - 25
02 00010 40 28 - 28
0.5 00024 37 25 - »
15 00073 39 28 - 28
00097 39 26 - -
00195 36 27 - 30
7 00341 38 28 30 12
10 005 38 25 - 2

w2 ook wl, Ni ¥eke] dominant phases ¢! FCC
(1113 FCCQROO)ZERE] ArE Ho 2 /=
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