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Abstract: In recent days, the wire width of IC is narrowed and the degree of integration of IC is increased to obtain
the higher capacity of the devices in electronic industry. And then the surface quality of FCCL(Flexible Copper Clad
Laminate) became increasingly important. Surface defects on FCCL are bump, scratch, dent and so on. In particular, bumps
cause low reliability of the products. Even though there are bumps on the surface, if leveling characteristic of plating
solution is good, it does not develop significant bump.In this study, the leveling characteristics of additives are investigated.
The objective of study is to improve the leveling characteristic and reduce the surface step through additives and plating
conditions. The additives in the electrodeposition bath are critical to obtain flat surface and free of defects. In order to
form flat copper surface, accelerator, suppressor and leveler are added to the stock solution. The reason for the addition of
leveler is planarization surface and inhibition of the formation of micro-bump. Levelers (SO(Safranin O), MV(Methylene Violet),
AB(Alcian Blue), JGB(Janus Green B), DB(Diazine Black) and PVP(Polyvinyl Pyrrolidone) are used in copper plating solution
to enhance the morphology of electroplated copper. In this study, the nucleation and growth behavior of copper with variation
of additives are studied. The leveling characteristics are analyzed on artificially fabricated Ni bumps.
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Table 1. Chemical Compositions of Ni bath

Chemical Compounds Concentration

Nickel sulfate 1M

Nickel chloride 02M
Boric acid 05M
Saccharine 0.0055M

2-butyne-1,4-diol 0.0025 M

Table 2. Chemical Compositions of Cu bath

Chemical Compounds Concentration

Copper sulfate 025M
Sulfuric acid M

Cr 0.17 g/l

SPS 10 ppm

PEG 200 ppm

PVP 10 ppm

MYV, DB, SO, AB, JGB 20 ppm
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Fig. 1. Experimental schematics of measuring leveling characteristics
with artificial bumps.
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Fig. 2. Galvanostatic plots of electrolytes containing various levelers.
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Fig. 3. FESEM images of the surface morphology after copper electrodeposition with additives.
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Fig. 4. Schematics of leveling characteristic of (a) Poor leveling characteristic, (b) Good leveling characteristic.
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Fig. 5. Evaluation of leveling characteristics on artificial bumps.

3 )

LC = (H cumi) / (H CulCu)

=

%

2

lo
-1
(=,

o
T

__?‘_
Eas)
o]
Bé]

£ oox

>

ki

il

o
oo X
2 >

2 & o rok
B
o o it do rob oF & & |

ol
o
=
4 5

3L St} o] Hjgo] ¥
d 570 e AS vepd gd s 54
3l YA J1FE715 A&t o 9ol e
Alayst & %Uﬂ SEM AF4S Fig. 6 YERAI T

ol

ol *v 1 % o
av)
e o o

25

PI film 9]¢} w‘LFJE—’L
1 MV, SO e
1::.2 o 1 pum o])\]-
@a EA z ] o S 9
7004 8¢l & £ gl%o], PVPY A% 0.94, MV ¢
0.88, SO°] 7% 0.855 YERH AL Ut 2HEZ A 714
gl Z S0 #HEy 540] /M Erhee AL °H
ARRLE Eate] &1 & = ATk 2y U =7
o] A7), =7Z 2 F79 $1x]dl e} o] 2 g SEM T
ARRLS o] 83 Hrke AdA o] BolR W  Fa}sl=d
SEREIN=

r—?l‘: n\l —l-4
o
N
)
oot
I
rulo
jus]
I
oft
o
ut
T
o,
T
&3
[0}

wo] 22 -2} 9 s 7] e85 A] A 199 A|25 (2012)

(Cu/Ni)/(Cu/Cu)

PVP MV SO

Fig. 7. Leveling characteristics with levelers.

mMAmwﬁ%$=ﬂ@a%@
H7) ol =F ¥ FHe] vhAls
A g A 7HAIBA o2 uA
55 249 Arde wd 4
550 nm ¥ F-HE EH HRALE X
ok PVPE @ & ARS-slle o ubA
Al S7F sk AE &9l & ¢ AT WALET ETe
H o] Wkl ZolE Wtﬁ%ﬁ@ﬂﬂﬂﬂq
AUlsz} PVP7} 7P v} & 29 g 7HA =
8= &oll #91 &  ARATh SEM HAAR &
2 S| i, iatEE ST

s A2+ 99

[o
ol

T3} A1717] ©f
g3t A<l
shol] wpe whA}
Aol et
o) 7} 7] A%
}57} =

_|_/

m[m U
N

.‘_4
r—r‘ —:—‘ JllTl I"-E 4

rE

SR [ W)
sy o
X m[o =5

aQ

X op o
ob
£
oZi

5
Ao
] o
=

E X
W 54

=]



A7 =aH S o]83 FCCLE &gt

o Az o] 9F AT 71

100

3
o
T

Reflectance(%R)

-
(=]
T

20 |

/—v\)‘ (1)
/ — Stocksolion (9

== PVP 10ppm (1)
= S020ppm (2)
MV20ppm (3)

200 400 600

lltrlvlol
Igmnnn | Xerays | T

_rexr —1d 5~ 10 "
- Visible |.m
- '
400 soo

l'us‘lg‘

800 1000

Wavelength(nm)
radar v

Whv'l mlh m Ol.f-)

Wavelength (n @m‘on)

Fig. 8. Reflectance of electroplated copper surface with levelers.
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Fig. 9. Surface roughness of electroplated copper surface, (a) 3D surface roughness, (b) average roughness.
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