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Abstract '
In this study, NI/MWCNT composite electroplating was developed with a dispersed MWCNT N1
plating bath The MWCNT was dispersed uniformly 1n the bath by a dispersion material and the ,
Ni/MWCNT composite was electrodeposited from the dispersed MWCNT nickel plating bath The ,
Ni/MWCNT composite electroplating obtained at the optimum conditions showed flat and smooth

surfaces The NI/MWCNT composite electroplating obtained in this study showed excellent mechan-

1cal and thermal characteristics This NI/MWCNT composite plating also demonstrated outstanding

wear 'characteristic as shiding contacts Especially 1t had an outstanding thermal characteristic of

'+ emissivity, 1n the broad wavelength range and dissipated the heat generated 1n the thermal chamber
effectively Maximum emissivity reached 0 89 (wavelength 3~30um) Additionally, 1t maintained a
high fixed value for that wavelength It had the effect of decreasing heat resistance as a heatsink

Key Words: Carbon Nano Tube, Dispersion Material, Composite Plating, Frictional Coefficient,
Wear Characteristic, Emisswity, Conductivity, Heatsink
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Fig. 1 A schematic description of composite electro-

plating equipment

Table 1. Composition of NVMWCNT composite electro-

plating bath
Nickel (1) sulfate hexahydrate 100 g/L
Nicke! (II) chloride hexahydrate 50¢g/L
Boric acid 30g/L
Saccharm sodium 1g/L
2-Butyn-1,4-diol 04g/L
Dispersant 1~6g/L

Dispersant Main chain 1s alkynedior, it has Oxyethylene side chain at least
20 wt% 1n the molecule

Fig. 2 Effect of Current density on the Ni/1000MWCNT
composite electroplatings. (a) 1A/dm?, (b) 3
A/dm?, (c) 5 A/dm?, (d) 10 A/dm?
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Fig. 3 SEM-images of MWCNT and Ni/MWCNT compos-
ite platings electrodeposited at 1.0 A/dm2 (a)
MWCNT, (b) Ni/100OMWCNT, (c) Ni/500MWCNT, (d)
Ni/1000MWCNT, (e) A cross sectional view of the
Ni/1000MWCNT (150 um thickness), (f) A Surface
side of the cross sectional view.of the Ni/
1000MWCNT
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Fig. 4 Effect of MWCNT concentration in the solution
on the MWCNT content in the deposits
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Fig. 5 Effect of current density and MWCNT concentra-
tion in the solution on the roughness of
Ni/MWCNT composite electroplatings
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Fig. 6 SEM-images of CB(0.1), CB(10) and Ni/CB com-
posite platings electrodeposited at 1.0 A/dm?2. (a)
SEM-images of CB(0.1), (b) SEM-images of -
CB(10), (c) Ni/CB(0.1), (d) Ni/CB(10), (e) A cross
sectional view of the Ni/CB(0.1), (f) A cross sec-
tional view of the Ni/CB(10)
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Table 2. Effect of MWCNT content 1n the deposit on the
vickers hardness, ware resistance and frictional

coefficient
MWCNT vickers ware resistance Frictional
contents hardness (Hv) (mm%kgf) coefficient
Ni 5583 4683x1077 04
N/I0OMWCNT 632 3778x1077 03
Ni/500MWCNT 793 12421077 02
N/1000MWCNT 8347 1532%1077 01~015
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Fig. 7 Relationship between the Ni/MWCNT composite
electroplatings and the emissivity
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Fig. 8 Effect of MWCNT content in the deposit on the
emissivity.of wavelength at 10 um
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Fig. 9 Relationship between the emissivity of
Ni/MWCNT and Ni/CB composite electroplatings

Table 3. Relationship between the roughness and lumi-
nous mntensity of NYMWCNT composite electro-

plating
MWCNT roughness [Ra] Luminous
\ . Emissivity

contents (um) intensity
Ni 008 225 . 006
Ni/100MWCNT 196 049 ' 045
Ni/S500MWCNT 141 069 072
N1/1000MWCNT 128 083 089
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Fig. 10 Effect of plating surface on the emissivity

wll B

SEM-images of the Ni/1000MWCNT composite
electroplating and ‘the etched surface of this
composite electrodeposited at 1.0A/dm? (a)
Ni/1000MWCNT, (b) Etched surface of Ni/
1000MWCNT ‘
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Table 4. Thermal conductivity and emissivity of
N/MWCNT composite electroplating

Ni Ni/1000 MWCNT
Temperature (°C) 25 25
Density (g/cm®) 8899 8644
Specific heat (J/kg K) 447 447
Diffusivity of heat (1075 m¥s) 131 124
Thermal conductivity (W/m K) 521 492
Emissivity [wavelength 10 um] 006 089
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Fig. 12 A schematic description of the thermal radiation
test equipment. The case capacity is 28 cma.
Plating thickness is 20 um
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Fig. 13 The results of the thermal radiation tests for the
Ni/MWCNT composite electroplating
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Table 5. Measurement conditions of thermal resistance

PKG Size 1143x11 43 [mm]
Chip Size 9525X9525X0 5 [mm]
Board Layer 2LPCB
Board Size ) 114 3X76 2x1 57 [mm)]
Chip Power 07W
Aur Flow Velocity ’ 0,05,1,2[m/s]
Heat Spreader Size 10X 10X 0 25 [mm]
Method ) Pulse
Anisotropic ‘\X(/Ilieswe
Conductive
Film (= ACF)
Stud Bump
BT

Resist

i3
* Thickness : [mm}

Fig. 14 FCBGA144Pin Structure

Thermal resistance ("C/W)

0 0.5 1 1.5

Air Flow Velocity (m/sec)
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