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Abstract

An ultrasound-assisted Sn-Ag-Pd activation method for electroless copper plating was presented in this
study. With this activation process, it was shown that the fine catalyst particles were homogeneously distributed
with high density on the entire specimen. In addition, it was observed that incubation period occurred during
the electroless plating step was decreased owing to the absorption of Ag which holds high catalytic activity.
Resulting from the refinement and high densification of catalyst, the defect-free gap-fill was achieved within

the 20x nm trench

Key words: Ulfrasound; Ag activation, Pd activation, electroless copper, Induction time

.M B

s

2
N

| AEE7E wrhe 24 o9,
@Sl AP0 IS "
|o]'5(EM, electro-migration)oll ojgF =&t
st WA= de] S8FI
' A 8L 29 (a0t o] 2E
21ZH(Dry etching) 3422 3
ARESEAT. ey, 2] wiAd

E44 A4 47 332 AE

4
AC)

2
b o
by
fo rlo
)
oE

¢

)
=

4

M2 Ho
HU 4y N

—_
{

ju

i)
>
z P

o o B N o r|r 1
Ho rir
-

lo, o

oM, Ok
o
o orE Y

1o o 1>

N,
2
A
N
=
M

of thual 37 (Damascene process)
ol-gslA "t tubil FAHold 27 1(b)llA
, AgE dolvdl HEd 3HS F
= @48k, seSH, =S E

2o o O off T oM N ox

*Corresponding Author : Hong-kee Lee

Director of Heat Treatment & Plating Technology Center,
Korea Institute of Industrial Technology

E-mail : schwein@kitech.re.kr

= dAF & W 55 o8&k A StE(Seed
layer) S 217 & A7=aS Bl & Ed

20 Y W 2] (Gap-fil )& o] Fo] At}
H2 A3 2] aZASe| wpet v Zo] 7
et A AT FAAA e @RI EA(Step
coverage)®] wAHORE HIEHT loH 53| H
™ (Side wall)oll 4] wr& wajyuEAd e 77| =
T 71 2 Ags A g RSt
= 34 T 78 Aalmm M= FolA A
718 7t 913 AA7F e s, v E 1t
Aol wpeh o RFR| ] mA|st gk 8 FE7] ujE
o, 3AH|&ol F438] F7lel= A7F EA g
oj9} e EAIHE syl gk b A7t

>

l

= (Seedless Electroless Cu plating)
& 71E 339 hetos w7 9

=1
=]
2RNE 7RG 7o £F wwel 71eH 44



276 o)A &]/e=3EH I 47 (2014) 275-281

Ultraviolet light

|1k | >

a) Traditional Al interconnect process

+—

Photoresist

h

Al layer

* 1 -

Al deposition Spin coating of PR UV exposure
$
| |
I - I -
PR stripping Plasma etching of Al Development of PR

b) Cu damascene process

Diffusion barrier Cu seed layer
H “ ? “

Trench formation Deposition of barrier layer Seed layer formation

4

/ Cu electrodeposited

/Capping layer

*
L)

Capping layer deposition CMP process Copper deposition

Fig. 1. Schematic diagram of a) traditional aluminum interconnect process and b) Cu damascene process.
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Table 1. Bath composition and plating condition for the electroless Cu deposition
Bath composition Plating conditions
CuSO, - 5H,0 20 g/l
KNaC4H,Oq - 4H,0 50 g/l Temperature of bath 25°C
Na,COs 2 g/l pH (adjusted by NaOH) 13.5

HCHO(37%) 20 ml/1 Stirring rate 250 rpm

Additives 1 1 ~ 10 ppm Plating time 0 ~ 30 min.

Additives 2 0.1 ~5 ppm
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Fig. 3. Schematic diagrams of gap-fill behavior
depending on size and density of catalysts.
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Fig. 4. The SEM image of surface of Ta/SiO2 wafer
treated by (a) conventional Sn-Pd 2-step acti-
vation process, (b) Sn-Ag-Pd 3-step activation
process and (c) ultrasonic-assisted Sn-Ag-Pd 3-
step activation process. (d) ~ (f) are presenting the
dispersion behavior of catalyst particles obtained
by image analysis software.

Table 2. The average size and adsorption density of
catalyst particles calculated by image analysis
software according to each activation process

Sn-Pd | Sn-Ag-pd | Sn-Ag-Pd
(sonication)
Catalyst size (avg. nm 8.59 7.82 454
Density (um™) 871.5 3654.8 4127.5
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Fig. 5. Thickness variation as a function of deposition
time calculated by QCM(Quartz crystal micro-
balance) and weigh-change methods. QCM
studies were performed using a MAXTEK PM-
710 plating monitor coupled with a MPS-550
sensor probe, the equipment is calibrated
automatically.
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Fig. 7. The comparison of electrical resistivity in accor-
dance with activation processes.
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