Impovement  of Adheson for  Layertolayer

Coredion for BukHp
By T. Kobayashi, J.

Itappears possible to improve adhesion of copper printe

circuits to insulating layers on resin substrates. This

study confirmed that adhesion can be improved by re
tarding the rate of electroless copper deposition throug
addition of potassium thiocyanate.

The density of printed circuit boards has increased
miniaturization of the electronic devic€$.The build-up
method has been found useful for the fabrication of h
density printed circuit boards. It is a new manufactu

process implemented by stacking the insulation and cor

tive layers sequentially on the core circuit boards, as i

trated in Fig. 1. This process requires several technolg

such as selection of insulation resin, formation of via-h
and preparation of fine patterns. The adhesion strengt
tween copper wiring and insulation layers is critical
connection reliability*®

Adhesion strength is mainly governed by etching of

insulation layer. In practice, adhesion strength of 0.8 tqg

kgf/cm is required between the insulation layer and
deposited copper. High adhesion, however, is not co
tently obtained. Accordingly, improvement of adhes
strength between the insulation layer and deposited cqg
was the objective of this study.
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Fig. 1—Preparation of built-up printed circuit boards.
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i Experimental Procedure
Two types of resin substrate were used in this study: liquid
r photoimageable dielectficwhich is coated about 50m
thick on the epoxy resin (LPD) and unclad epoxy resin. The
unclad epoxy resin was obtained by cupric chloride etching,
using the copper-laminated substrate, which thus had a rough-
wighed surface. LPD resin was treated with a desmear solution
to get fine etched holes. Both resins were then treated with a
gpalladium catalyst, followed by On of electroless copper
ingating, and finally copper electroplating. Adhesion strength
du@as measured after 36n of copper electroplating.
lus-The experimental procedure is shown in Table 1. The basic
gieath composition and operating conditions of the electroless
bledpper plating are shown in Table 2. The fracture mode after
N peeling of the deposited copper from the resin substrate was
fasxamined by a scanning electron microscope (SEM). As
shown in Fig. 2, the plated copper films were cut into 1-cm
therips and the adhesion strength measured, using an Instron
ﬁé)ster at cross-head-speed of 30 mm/min.
the
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Fig. 2—Peeling test evaluation.
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Fig. 3—Surface morphology of LPD resin after etching.
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(a) Plating rate : Fast

Adhesion strength :Low

(b) Plating rate : Slow

1 2

Adhesion strength :High

Fig. 4—Schematic model of cross sectional views of electroless Cu pl
(a) with fast plating rate; (b) with slow plating rate.

Resuts and Discussion
Pretreatment conditions, such as swelling, desmear and
ing may affect the adhesion strength between copper an
insulation resin. Among these factors, the desmear and
ing conditions are the focus of this study.

Influence  of the Desmear Treatment
LPD resin was etched with a desmear solution for 15 t
min at 80°C to get fine etched holes. The surface morph
gies after etching are shown in Fig. 3. Fine holes ranging
1 to 4um were distributed on the etched surface. The
adhesion strength between the deposited copper and thé
may therefore be obtained because of an anchor effect
adhesion strength after electroplating showed only 0.2 t
kgf/cm, however, which is too low to be applicable
fabrication of copper circuits on the resin.

f

Adhesion Improvement by Plating Rate Control
These results suggested that high adhesion strength cou
be obtained even under optimum etching conditions. Th
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Fig. 5—Surface morphology of epoxy resin after removal of copper.

because auto-catalytic deposition occurs continuously at the

.iHgPer portions of the etched holes. Thus, most of the copper

ions are consumed before reaching the bottom area of the
holes; consequently, the bottom portions of the holes are not
plated, preventing effective anchoring. The model can be
AlRfstrated by the cross sectional views of deposition films on
etched area, as shown in Fig. 4. If the reaction rate of
pééctroless plating can be retarded, copper ions may penetrate
the small etched holes, gradually filling them with copper. In
this case, efficient anchor effect may be achieved after
electroplating and good adhesion strength can be obtained

D @€g.4-b).

plo-Based on this assumption, various kinds of additives with

reaxalytic poisoning effect are evaluated for retardation of the

1igéaction rate for electroless copper platiig.avoid the size
> [€$gtt of the etched holes from desmear treatment, unclad

Téwin was used for evaluation of the adhesion improvement.

D Gl9e surface morphologies of unclad resin obtained from

teopper laminated substrate are shown in Fig. 5. The holes are
essentially about 2 tojim in diameter; however, they seem
larger because of agglomeration in the vicinity of the resin
surface.

Id ndhe results are shown in Fig. 6. Electroless copper reaction

issimrted on the palladium nucleus at the early stages. Within a

ive B
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Fig. 6—Effects of various additives on electroless copper plating rate: (a) on palladium catalytic nuclei; (b) on copper.
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Plating time : 15min. | Plating time : 30min. _ Tobe 1
Bpeimenal  Procedure

(Basic bath’)
i ke - Swelling: 80°C LPD resin
v
Etching: 80°C
v
Neutralization: 45C, 5 min
v
Conditioning: 45°C, 5 min Epoxy resin
- v (etched out Cu foil)
o] Predipping: 25C, 2 min
\V/
Catalyzing: 25°C, 5 min
v
Accelerating: 25C, 5 min
(5% H,S0,)
v
Electroless Cu plating
v
Cu electroplating v_ v_

v with rinsing Vv without rinsing

Process compounds supplied by Shipley Co.

Table 2
Basic Bath Composiion &Operating Conditions
— 10um For Bedidess  CuPhiing
Fig. 7—Surface morphologies of electroless copper on epoxy resin.
. . ) CusSQ, - 5HO 0.03 M
few min, the copper deposition covered the palladium cata- EDTA 4H 0.24 M
lysts, then continued on top of the deposited copper. Herg, the 2,2_-bipyridine 10 ppm
differences of deposition rate with copper substrate and the Polyethylene glycol 1000 100 ppm
palladium-treated epoxy resin were evaluated. The deposi-
tion rate for the first 3 min was measured and was regarded Temp 60°C
as the deposition rate on the palladium adsorbed resin be-  PH 12.5
cause copper covered within a few min. QR s
. : : Potazsium-thiocyanate-
Jji i
Basic bath Thigmalic-acid-added bath addad bath
L
il
B
Fig. 8—Surface morphologies after peeling test (epoxy resin): (A) resin substrate; (B) backside of peeled clopper. I 'Il:lum
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Potassium-thiocyanate-
added bath

Basic bath Thiomalic-acid-addad bath

Etching 5 min. Etching 10 min Etching 15 min Etching 30 min
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(81 DET kglicm (6] 0,61 kghicm (7h 0,53 kghom (E) O 5% kghicn

Fig. 10—Surface morphologies of resin after etching (potassium thiocyanate bath).

The reaction-inhibiting thio-compound additives wereesults, thiomalic acid and potassium thiocyanate were se-
found to have little effect on the deposition rate on [thected as additives.
palladium-adsorbed resin. On the other hand, the reaction
rate on the copper substrate was retarded by the additipinfioénce  of Suface Coverage
thio-compounds because they tend to be adsorbed opdhithe Resin by Addiive  Agents
copper surface and act as a catalytic poisoner for the autqCakgs surfaces of the etched holes were covered within 15 min
lytic reaction. Once copper was deposited on the palladjugiplating time with a standard bath. On the other hand, the
adsorbed resin, the plating reaction stopped. Consequendiface was not completely covered even after 15 min with
copper ions could reach and be deposited at the bottom oftHiethio-compound addition bath because the plating rate was
holes, leading to a successful anchor effect. Based on thgls@er and the reaction reached the bottom of the holes. In the
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Fig. 11—Influence of electroless copper plating time on adhesion stre
(epoxy resin).

latter case, therefore, plating was extended to 30 min.
surface morphologies after the electroless copper platin
shown in Fig. 7.

The adhesion strength was compared using the basic
the thiomalic-acid-added bath and the potassium-thioc
ate-added bath. Resin surfaces and peeled copper foils
observed by SEM afterthe measurement of adhesion stre
The results are shown in Fig. 8. Adhesion strength is obtg
in the following order: 1.03 kgf/cm from the basic bath, 1
kgf/cm from the thiomalic-acid-added bath and 1.43 kgf;
from the potassium-thiocyanate-added bath. The adhe
strength obtained from the thiomalic-acid-added bath
almost the same as from the basic bath. This was be
copper was deposited only on the palladium-adsorbed
and the deposition reaction stopped when copper compl
covered the surface of the resin. Accordingly, the etc
holes were not filled with copper, voids were created g
electroplating and the adhesion strength did not increas

For the potassium-thiocyanate-added bath, copper
apparently reached the bottom of the etched holes and |
an anchor effect between resin and copper. Becaus
plating rate was retarded on the copper surface, the de
tion reaction could occur at the bottom of the holes, allow
sufficient adhesion. Fragments of resin were found adhe
on the copper side, plus fragments of copper on the resirn
after the peeling test.

Adhesion strength was also evaluated on LPD resin.

results are shown in Fig. 9. Adhesion strength was 0.61(k§

cm from the basic bath, 0.56 kgf/cm for the thiomalic-ag
added bath, and significantly higher (1.14 kgf/cm) for
potassium-thiocyanate-added bath. As expected, torn
ments of resin were found on the peeled copper in the cg
the potassium-thiocyanate-added bath.

Influence  of Eiching Treament Time
The etched holes become large with prolonged etching.
influence of the etched hole size for the adhesion strength
therefore evaluated. The results are shown in Fig. 10.
adhesion strength did not increase with etching time bec
the resin was overetched.

Influence  of Blecoess ~ Copper Pating  Time
The relationship between adhesion strength and electr
copper plating time was examined using unclad epoxy re

in Fig. 11, adhesion strength reached its highest value after
approximately 15 min and decreased with increased plating
time. The reason is that hydrogen and water are occluded in
the deposits with increasing time, degrading the anchor effect
between the resin and deposited copper.

In the case of LPD resin, the adhesion strength decreased
significantly with increased plating time. This was because
the resin was degraded in the bath with a pH above 12 and
high temperature.

Summary
Adhesion strength between the insulation layer and the con-
ductive layer was investigated, using LPD resin and unclad
resin. It is confirmed that the adhesion strength can be
improved by reducing the electroless copper deposition rate.
n@ddition of potassium thiocyanate as a catalytic poisoner
was effective inretarding the plating rate. Adhesion strengths
of 1.14 kgf/cm on LPD resin and 1.43 kgf/cm on unclad resin
Twere obtained.
j are
Editor’'s note: Manuscript received, April 1999; revision
begbeived, June 1999.
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Adhesion strength was affected by the plating time. As sh
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