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Abstract: A kind of salt-based colloid palladium of high concentration was prepared, with concentration up to 3.6

g/L on amount of PACL. The optimal preparation conditions of the salt-based colloid palladium were that the PdCl

and NaCl concentrations were respectively 3.6 g/ L and 175 g/ L, mole ratio of Sn to Pd was 50 1, reaction temper-

ature was 20 =35 C, with urea, ascorbic acid and vanillin added in a proper amount. The test results of optimal con-

dition show that the time of starting hydrogerr deposition is 9s, the time of completely coating copper on a test sub-

strate is 2 min, the stability time of colloid palladium is 98 h after it is diluted into 0. 1 g/ L( on amount of PdCL)

when the solution temperature is 20 C, the backlight lever of electroless copper plating layer is 10th grade of 10-

grade system, the adhesion force of the copper layer is up to GB5270 —85 of China, and the average particle size of

the colloid palladium is 81 nm measured by Master Sizer.
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1 INTRODUCTION

Electroless plating is one of the most impor
tant surface treatment technologies. An amount of
activation particles must be adsorbed on substrate
before electroless plating. The activator used in
electroless plating influences directly on the uni-
formity, adhesion force of the layer and the time of
starting hydrogen-deposition. Therefore, activator
is most important to electroless plating'" . Two-
copper-tin
colloid and ion palladium are applied in electroless

step activation, colloid palladium,
plating'” . The two-step activation is rarely applied
in automatic production because of the complicated
process. The coppertin colloid is rarely applied
because of little activation. Though the activation
and stability is nice, the ion palladium has a high
cost because unstable and expensive NaBH 4 is used
to reduce Pd** . The colloid palladium is widely ap-
plied in electroless plating, especially the electro-
less copper plating in printed circuit board ( PCB)
due to the better activation, less dosage, simple
technique and reliable quality.

There are two kinds of colloid palladium,
which are an acid-based colloid palladium and a
salt-based colloid palladium. The acidity of acid
based colloid palladium is so high that “pink ring”

is produced on the hole wall after depositing cop-

per' 7' In addition, the acid mist pollutes environ-

ment badly during production and application'™ ®' .
In contrast to acid-based colloid palladium, salt-
based colloid palladium can overcome the above
disadvantages. As present, reports on salt-based
colloid palladium are mostly the introductions of its

[2, 3, 9713]

components . In these reports, the concen-

tration of colloid palladium is in the range of 0. 1 to
0.25 g/ L(on amount of PdCl2), while the reports
on high concentration colloid palladium are few. In
this paper, the palladium chloride concentration
was up to 3. 6 g/ L, while the concentration was di-
luted to 0. 1 g/L in application. Obviously, the
salt-based colloid palladium has advantages such as
low cost and convenient transport.

2 EXPERIMENTAL

2.1 Preparation of salt-based colloid palladium
An amount of stannous chloride was dissolved
into some water. According to mole ratio of Sn to
Pd(2: 1), the SnClL solution was gauged and add-
ed into PdCl2 solution with slow agitation and at
constant temperature. After several minutes, the
surplus SnCl> solution was added into the above
mixed solution of SnCl, and PdCl, when the color
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of blended solution turned brown dark. After agt
tating for 10 min, the total mixed solution was dis-
persed into the stabilization solution which con-
tained NaCl, SnCl., urea, ascorbic acid and vanil-
lin. After maturing 4 h in a water bath heater, the
salt-based colloid palladium was obtained.

2.2 Activation test of salt-based colloid palladium

In this paper, a PCB was used as the substrate
of electroless plating. A piece of PCB was cut into
many test pieces with size of 4 ecm X 4 ecm. A test
piece was first washed in alkali cleaner solution at
70 = 80 T before etching the test piece in H202/
H:S04 solution. After etching, the test piece was
dipped in the NaCl/ (NH2)2CO solution, then the
test piece was put in a activation solution of salt-
based colloid palladium for about 5 min at 20 ~ 30
‘C. The concentration of an activation solution was
0.1 g/L(on amount of PdCl2). After activation,
the test piece was dipped in HBF4 solution.

After the above pretreatment, copper was
electrolessly plated on the test piece at 30 ‘C. Cu®*
concentration was 2.3 g/ L. in a bath solution. The
time of starting hydrogen-deposition and the time
of completely coating copper on a substrate are a
dopted to measure the activation of colloid palla-
dium in the test. The time of starting hydrogen-
deposition is the time when hydrogen bubbles oc
cur in the bath since the test piece is dipped into a
bath. The time of completely coating copper on a
substrate is the time when the surface of test piece
is coated with copper completely since the test
piece is dipped into a bath. The activation solution
was the colloid palladium diluted by the solution of
NaCl and NH>2CONH:, and the concentration of
the activation solution was 0. 1 g/ L. (on amount of
PdCl2). The test time was measured by a stop-
watch.

2.3 Stability time of salt-based colloid palladium
50 mL activation solution was filled in a tube
with volume capacity of 50 mL. Air was flowed
from the bottom by a small glass pipe when the
temperature of activation solution was 20 C and
airflow was 20 L/h (WM-2H gas compressor). In
this paper, a stability time is used to measure the
stability of salt-based colloid palladium. The sta-
bility time is the time when the brown dark solu-
tion disappears completely and becomes transpar-

. . 16
ent since air flows''" .

2.4 Backlight lever test

According to above mentioned steps, copper
was deposited on a piece of PCB by electroless plat-
ing for 10 min. The test piece was cut along the
center of holes according to Fig. 1. Then the hole
side of the cut piece was polished by sand papers.

Backlight levers were determined according to the
picture of 10-lever system.

A

3

!

Fig. 1 Picture of backlight test (mm)

2. 5 Granularity analysis of salt-based colloid
palladium

After adding 3 mL salt-based colloid palladium

solution into 400 mL methanol, the particle size of

the colloid palladium was measured by Master Siz
er2000 Particle M eter( Malvern, English).

2.6 Adhesion force test of electroless copper plat-
ing layer
A dhesion force was measured according to

GB5270 —85 of China standard.
3 RESULTS AND DISCUSSION

3.1 Impact of mole ration of Sn to Pd on activation
and stability of salt-based colloid palladium
Salt-based colloid palladium was prepared ac
cording to experiment step 2. 1. The impacts of
n(Sn)/n( Pd) on the activation and stability of the
colloid palladium are shown in Figs. 2 and 3 when
PdCl: concentration was 1. 6 g/ L., NaCl concentra-
tion was 200 g/ L. and other components were fixed.

30
=— 4 4200
.——-[2
1180
20Fr o . o
R b ¢ 4160 »
<3 . - . «&
o} — . 2 4140
4120
0 ) L L 100

10 20 30 40 50 60 70
n(Sn)/n(Pd)

Fig.2 Impact of n(Sn)/n(Pd) on activation of
salt-based colloid palladium

In this paper, t1 stands for the time of starting
hydrogen-deposition, i stands for the time of com-
pletely coating copper on a substrate, t; stands for
the stability time. It is presented in Figs. 2 and 3
that the time of starting hydrogen-deposition 12,
9, 12, 11, 10, 11, 10 s, the time of completely
coating copper on a substrate was 172, 168, 170,
167, 162, 170, 164 s, the stability time of salt-
based colloid palladium was 10, 15, 25, 35, 50,
54, 70 h when n(Sn)/n(Pd) was 10, 15, 20, 25,
30, 50, 70 respectively. It was testified that
n(Sn)/n(Pd) had less effect on the activation of



- 192 - Trans. Nonferrous Met. Soc. China Feb. 2005
30
i .—
60 e 200
50+ 20} . . -4 180
3 " 1160 =
40t < =
= 10 = n . P . 140
ol 30 F
4120
20} 0 1 ! . L 100
100 140 180 220 260
10F NaCl concentration/(g-L~1)
0 1 1 L 1 1 1 1

10 20 30 40 50 60 70
n(Sn)/n(Pd)

Fig. 3 Impact of n(Sn)/n(Pd) on stability of
salt-based colloid palladium

salt-based colloid palladium, but the stability of
salt-based colloid palladium increased with the in-
creases of n(Sn)/n(Pd).

Because the concentration of activation solu-
tion was 0. 1 g/L (PdCl2), the concentration of
colloid palladium particles was almost the same and
the quantity of Pd particle deposited on a unit area
of a substrate was nearly uniform after activation.
Therefore, the time of starting hydrogen-deposi
tion and the time of completely coating copper on a
substrate were almost equal. The structure of
colloid palladium is

{(Pd®) . *nSn™ ) *x CI” * (2n— x) CI

Sn** in colloid palladium particles and in the
solution are oxided into Sn®™ when air is aerated
into the colloid solution, and colloid palladium lo-
ses stability to precipitate. When palladium con-
centration in a solution was fixed, Sn** concentra-
tion increased with the increases of n(Sn)/n(Pd).
The more the concentration of Sn** , the more sta-
ble the colloid palladium. The stability time of
salt-based colloid palladium was 54 h when n(Sn)/
n(Pd) was 50° 1, which was equal to that of acid-
based colloid palladium ZI-14 prepared by the au-
thor and applied in industry widely. Therefore, it
can satisfy the requirement of industry application
when n(Sn)/n(Pd) is 50 1 in the preparation of
salt-based colloid palladium.

3.2 Impact of NaCl concentration on activation
and stability of salt-based colloid palladium

The impacts of NaCl concentration on the acti-
vation and stability of the colloid palladium are
shown in Figs. 4 and 5 when PdCL concentration
was 1.6 g/ L, n(Sn)/n(Pd) was 50. 1 and other
components were fixed.

In Fig. 4, the time of starting hydrogen-depo-
sition is about 10 s and the time of completely coat-
ing copper on a substrate is 170 s approximately

Fig. 4 Impact of NaCl concentration on
activation of salt-based colloid palladium
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Fig. 5 Impact of NaCl concentration on

stability of salt-based colloid palladium

when NaCl concentration is in the range of 100 ~
250 ¢/ L. Obviously, the impact of NaCl concen-
tration on slat-based colloid palladium is little.
There are some impacts of NaCl concentration on
the stability time according to Fig. 5. When NaCl
concentration is 175 g/ L., the stability time is up to
38 h.

Because the concentration of activation solu-
tion is 0. 1 g/L ( PdCl:), the concentration of
colloid palladium particle was almost same and the
nearly same quantity of Pd was deposited on a test
piece after activation. So the time of starting hy-
drogen-deposition and the time of completely coat-
ing copper on a substrate are almost invariable.
From the structure of colloid palladium, CI” can
increase the stability of colloid palladium. The sta-
bility of salt-based colloid palladium increases with
the increases of sodium chloride concentration.
However, when NaCl concentration is more than
175 g/ L, the stability time of salt-based colloid
palladium decreased with the increases of sodium
chloride concentration. Because NaCl is a strong e
lectrolyte, the double-charge-layer of colloid is
compressed by CI” when NaCl concentration is
more than 175 g/ L., Cvoltage of a colloid palladium
decreases. As a result, the stability of salt-based
colloid palladium falls down.

3.3 Impact of PdCl: concentration on activation
and stability of salt-based colloid palladium
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The impacts of PdCl2 concentration on the ac
tivation and the stability of the colloid palladium
are respectively shown in Figs. 6 and 7 when NaCl
concentration is 175 g/ L, n(Sn)/n(Pd) is 50: 1
and other components are fixed.
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Fig. 6 Impact of PdCl. concentration on
activation of salt-based colloid palladium
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Fig. 7 Impact of PdClzconcentration on
stability of salt-based colloid palladium

In Fig. 7, the stability time of salt-based
colloid palladium is 31, 54, 85, 96, 98, 100 h
when palladium chloride concentration is 0. 8, 1.6,
2.4, 3.2, 3.6, 4.0 g/ L respectively. It turns out
that PdCl: concentration has less effect on the acti-
vation of salt-based colloid palladium, but the sta-
bility of salt-based colloid palladium increases as
PdClz concentration increases.

Because the palladium chloride concentration
in an activation solution is 0. 1 g/ L (PdCL), the
concentration of colloid palladium particles is al-
most the same, the quantity of Pd deposited on
test piece after activation is nearly uniform. As a
result, the time of starting hydrogen-deposition
and the time of completely coating copper on a sub-
strate are almost the same.

The higher the concentration of PdCl> is, the
faster the colloid palladium cores form. In this
way, colloid palladium particles are very fine and
colloid particles contain more Sn>* . So the stabili-
ty of colloid palladium increases with the increases

of PdCl: concentration. But Pd separates directly
out of the solution because colloid palladium cores
forms too fast when the PdClz2 concentration was e
qual to or more than 4.0 g/ L.

In experiment, it is found that the grass green
solution with little activation was produced when
the surplus SnCl: solution was added too early or
too late in a PdClz solution. The reaction occurs as
follows in the solution at first.

PdCL+ 2SnClL ~ [ PdSn2]* + 6CI°

[ PdSn>]® is unstable and it decomposes to
fine palladium particles , the reaction is

[PdSn2]® ~ Pd°+ Sn* + Sn*

If the surplus SnCl: solution was added too
early, the reaction occurs

[PdSn>]® + Sn** ~[PdSns]™

[PdSns]* is a grass green ion in a solution,
its activation is very little. Therefore, the activa
tion of colloid palladium is bad. When the surplus
SnCl> solution is added too late, colloid particles
become too large, so the activation and stability is
also bad. Thereof the surplus SnCl; solution
should be added into the solution in a proper time
in the preparation of salt-based colloid palladium.

3.4 Impact of reaction temperature on activation

of salt-based colloid palladium
Impact of reaction temperature on the activa
tion of salt-based colloid palladium is described in
Fig. 8 when PdCl> concentration is 1.6 ¢g/L,
n(Sn)/n(Pd) is 50 1, NaCl concentration is 175

g/ L. and other components are fixed.
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Fig. 8 Impact of reaction temperature on
activation of salt-based colloid palladium

In Fig. 8, the time of starting hydrogen-
deposition is 18, 11, 9, 19 s and the time of com-
pletely coating copper on a substrate is 210, 165,
163, 208 s when the reaction temperature is 10,
20, 35, 55 C respectively. Obviously, the activa
tion of slat-colloid palladium is the best when the
reaction temperature is in the range of 20~ 35 C.

The speed of forming colloid particles was slo-
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ard after electroless copper plating for 10 min.
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activation when reaction temperature is 20 ~ 35 C.
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tration is 3. 6 g/ L, n(Sn)/n(Pd) is 50: 1, NaCl
concentration is 175 g/ L., the reaction temperature
is 20 =35 C and urea, ascorbic acid and vanillin are
added in a proper amount.

4) Salt-based colloid palladium is prepared.
The time of starting hydrogen-deposition is 9 s,
the time of completely coating on a substrate is 2
min. The stability time of activation solution (0. 1
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