Improvement in Leveling of Pulse-Plated metal
Deposit
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Fig. 1 Electrode configurations in the electrolytic bath
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Fig. 2 Finite elements of the electrolytic bath
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Fig. 4 Thickness distribution of copper deposit on
the cathode (plane anode, =2.0, i=1.0)
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Fig. 5 Effect of distance between electrodes on
thickness distribution of copper deposit
(plane anode, a=2.0)

ZNCED - EFBEERBENZLEITREND
DEEZ LD, BHRBIBOMEIC OV, HBEHK
72 i=0.2 DFAITIL, [ROBHAITHRT, H- EEE
EA B R Tk, W TEA L, TH—ErYeE
ENBZ LG h b, —F, ifEH0.6 %282 BHET
13, H-> EREBEENFHHRIZITEALELEWZ E
MAZ B, ZHZ L, TE—EE» L LEMT LN,
i=0.2 NFHA D PEITFHHEME EHEE bickbe %

N, O EREENH—EAIT EL T2 L5,
72, Ho ERBEENBIER L EBHERIHETS L,
e vp IR CII ERME A E B2 TE D, W Tz
BORRICH D Z EDPBEIND, ZUL, EBRTEDS
N7z BMMNSE, BEIEmISICATHT 2 &Ry h
KNS D EIF R VEERTH ), EFRFEOREL
iz, 2 LICEBNMHRET b 20lc, BRImRICET
FTERVERL, 2ofilrmEdnszcicksin
EEZ L, HENICERDFIVAA DA T 5 P REs
Tl3D-> EFEFEHIBL L0 EHMENE, Lizd-
T, BHOREREERPHROME L ERL Tt
TENTED SRS N kER & D HETIE, BRESIRIC B W
TEBRRERBENFHERZ LR, FRETIRZ0WENE
MZERTINDEEZ LIS,

IR ETIE, ®BA A OBBERLENERE
DML w2720, BBRIBZEESL VIS T2
ALEZLNE, ZZ T, BEIEZERENYS (a=
0.5) I L7c3ane - & EEEIC DWW CEBHHRELZ <7
A—FIHRENT T~ 72, 2 DR % Fig. 6 12K T
AR5, i=0.6~1.4 DEiIME+ Fig. 5 & RGN
2T H, BERMBESRE 212 Ldived-» & FEED
BB —IC e BREFH»RZ S, Lo, &5ICEBER
BB L, BBHRIRISOEEAREY EAT0), ZiuchE

789



10 T T T T T T T T T
W =0.05m, a=0.5(Plane anode)

cal. i Pc "

0.153
0.067
0.168
0.216

LI S B e

(R N B A
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thickness distribution of metal deposit
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Fig. 7 Effect of distance between electrodes on
thickness distribution of copper deposit
(semicylindric anode)
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Fig. 8 Configurations of electrodes and cutoff
plates in the electrolytic bath
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Fig. 9 Effect of set angle of cutoff plate against
cathode on thickness distribution of copper
deposit
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Fig. 11 Effect of space between cutoff plate and
cathode on thickness distribution of copper
deposit (case 1: with space, case 2: without
space)
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Nomenclature

a =dimensionless parameter on anode width [-]

b =dimensionless parameter on distance between cutoff

plate and cathode [-1]

E: =ux component of intensity of electric field in the electro-

lytic bath [V-m™]

E, =y component of intensity of electric field in the electro-

lytic bath [Vem™]

i =dimensionless parameter on distance between elec-

trodes [-]

ir =x component of current density in the electrolytic bath

[A-cm™2]

iy =y component of current density in the electrolytic bath

[A-cm™2]

iy.c=local current density on the cathode surface [A-cm™?]

<iy,c> =averaged current density on the cathode surface
[A-cm™]

L. =dimensionless x coordinate on the cathode surface

(-]

792

L. =dimensionless coordinate in the direction perpendicu-

lar to the z-y plane [-]

#n =coordinate in the normal direction [-]
Py =unevenness index on theoretically predicted thickness
of metal deposit [-]

Pezp =unevenness index on observed thickness of metal
deposit [-]

Va =electric potential of anode [V]
Ve =electric potential of cathode [v]
W =cathode width [m]
x =coordinate in the direction along the cathode surface
[m]

X =dimensionless x coordinate [-1]
y =coordinate in the direction perpendicular to the cath-
ode surface [m]

Y =dimensionless ¥ coordinate [-1

¢ =dimensionless local thickness of metal deposit on the

cathode [m]

<{8> =averaged thickness of metal deposit on the cathode
[m]
6 =set angle of cutoff plate against cathode [rad]
o =electric conductivity [S-m™]

os =standard deviation of local thickness of metal deposit

[m]
¥ =dimensionless electric potential [-]
¢ =electric potential [v]
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Improvement in Leveling of Pulse-Plated Metal Deposit
Shigeru Mori, Mikio Kumita, Akira Tanimoto and Junchen Lu*
Dept. of Chem. & Chem. Eng., Kanazawa Univ., Kanazawa 920

Key Words: Surface Treatment, Pulse Plating, Numerical Analysis, Potential
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An electric potential field in an electrolytic bath that contains electrodes of various
geometric shapes for pulse plating was numerically analyzed by using the finite element
method, and dimensionless thickness distribution of metal deposit on the cathode was
estimated from the potential distribution in the bath. Relations between the potential
distribution in the bath and the thickness distribution of metal deposit were investigat-
ed on the basis of both calculated results and experimental data for pulse plating of
copper. Moreover, an improvement in leveling of the pulse-plated metal deposit was
discussed.

The calculated results of dimensionless thickness distributions of metal deposit on
the cathode agreed with the experimental ones, showing the validity of the numerical
analysis employed in this work. Relations between the thickness distributions of metal
deposit and the geometric factors such as distance between the electrodes, size and
shape of the electrodes were quantitatively clarified by the present numerical analysis.
Furthermore, by including cutoff plates near the cathode, the electric potential field in
the bath could be controlled, and leveling of the pulse-plated metal deposit was also

improved effectively.
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