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line innerlayer HDI product. This had become a major weakness 
of traditional reduced oxide process due to the heavy oxide precipi-
tation associated with the alkaline-chlorite chemistry. As a direct 
result, the newer sulfuric-peroxide technology has been better able 
to support the growth of higher density/higher layer count prod-
ucts. The alternative oxide chemistry has also delivered improved 
bonding performance with the more advanced materials, including 
higher Tg and lower Dk dielectrics – both of which have paved the 
way for the necessary increases in interconnect densities in high 
performance applications.   

The recent industry shift towards lead-free technology 
has brought renewed challenges to the whole spectrum of 
PCB designs and manufacturing processes. With the peak 
assembly soldering temperatures (IR and wave) operating in 
the range of 255 to 265˚C, and some 30 to 35˚C higher than 
with conventional eutectic solder product, the thermal and 
mechanical stresses on the PCB are substantial. This shift has 
compelled the introduction of a whole new range of more 
thermally stable dielectric/resin systems. A good example is 

the influx of Phenolic-cured FR-4 epoxy products to replace 
the less stable DICY-cured counterparts. Many of the new 
resin-based materials also have much greater chemical resis-
tance, which can be seen not only in the rates of desmear 

table 1. Parameter�and�levels�of�investigation�
according�to�Taguchi�L9�orthogonal�array.

Process Parameter Unit LeveL of adjUstment

Chloride	 ppm	 I	 II	 III

Organic-1	 ml/L	 I	 II	 III

Organic-2	 ml/L	 I	 II	 III

Organic-3	 ml/L	 I	 II	 III

Post-dip	 g/L	 I	 II	 III

table 2. Evaluation�of�Taguchi�L9�experiments.�Top�
–�Process�parameter�importance�based�on�ANOVA�
p-values�as�well�as�e-factor�and�validity�of�Taguchi�
prediction.�Bottom�–�Optimal�process�parameter�
adjustment.

Parameter etch fr-4  fr-4 rcc ir
 rate PeeL t260 t270 refLow

Chloride	 **	 *	 0	 **	 0

Org.	1	 ***	 **	 **	 ***	 ***

Org.	2	 0	 *	 *	 0	 *

Post-Dip	 **	 ***	 **	 *	 0

e-factor	 2%	 9%	 25%	 4%	 10%

Validity	+/-	 8%	 20%	 14%	 1%	 79%

0	=	not	important,	*	less	important,	**	important,	***	Control	Factor

Parameter etch fr-4  fr-4 rcc ir
 rate PeeL t260 t270 refLow

Chloride	 Level	I-II	 Level	I	 Level	I	 Level	I-II	 Level	III

Org.	1	 Level	II-III	 Level	II-	III	 Level	II	 Level	I	 Level	III

Org.	2	 Level	III	 Level	I	 Level	I	 Level	II	 Level	I

Post-Dip	 No	 No	 Interaction	 No	 Interaction

Interaction	=	no	logic	correlation,	ANOVA	e-factor	<	5%	good	&	Validity<	10%	good.


