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made in order to further increase acid resistance and pre-
vent formation of micro wedge-voids on laser drilled blind 
vias, during the subsequent plating operations. The resulting 
surface analysis, before and after post-treatment, typically 
shows changes in composition and a further increase in the 
ratio of cuprous oxide to cupric oxide. The amounts of 
carbon, nitrogen and oxygen are also seen to decrease after 
a post-dip. Most importantly, the chloride is removed com-
pletely from the coating. It is, therefore, to be expected that 
such a change in composition will correlate with a change in 
delamination performance. In general, the post treatment of 
the standard coating results in a significant increase in peel 
strength, typically of 10 to 20%, but also gives rise to an 
inferior delamination performance. In such cases the peel val-
ues may start very high but reduce much more quickly with 
successive reflow cycles. For this reason the initial peel values 
obtained from a single lamination cycle are of little value in 
predicting total delamination resistance and final assembly 
performance. 

The alternative chemistry was further evaluated for post-
treatment performance using standard (baseline) and modified 
post dips, which were developed as part of the total process 
concept by using time to delamination (Figure 5). With the 
appropriate chemistry adjustments, the ability to withstand 
delamination during cyclic solder dip testing was increased 
significantly over the standard. In Figure 4,  the “new” product 
was an optimized version developed during the preliminary 
study and formed the precursor for the development of  New-
10 and New-15.

Surface Structuring
Part of the research strategy had been to optimize the surface 
morphology/topography of the copper through an enhanced 
microetch pre-treatment. Surface topography adds another vari-
able to the overall adhesion performance, as the copper surface 
structure clearly influences the adhesion in a physical way. Dur-
ing the research, various new microetching chemistries were 
tested and a modified process was developed to optimize the 
contribution to the surface texture imparted by the process. 

Validation Study
The overall performance of the newly developed microetch, 
together with a new alkaline cleaner (not described in this con-
text) and also a new post-dip chemistry, was investigated in a vali-
dation study in combination with a standard oxide replacement 
(reference). The evaluation of adhesion was made using cycles to 
delamination during solder dipping at 270˚C. The performance of 
various combinations of new chemistry is shown in table 4. The 
reference was based on the existing microetch, alkaline cleaner 
and post-dip in use today with the standard process. 

The solder float T270 performance was doubled (experi-
ment #1 vs. #2 in Table 4) by using more optimized pre- and 
post-treatment chemistry, i.e. microetch, alkaline cleaner and 
post-dip. However, applying a post-dip still reduced the over-
all process performance (#2 vs. #3-4).

Scale-Up Verification
The new high temperature process performance was then 
tested on a larger scale. A vertical pilot-line was used and all 
the test boards processed were evaluated by a major PCB fabri-
cator. Various laminate cores were processed using resin coated 
(RCC) foils (supplier A), HTE-foils (suppliers B and C) and 
prepreg (suppliers B, C and D). No post-treatment was includ-
ed in this first control study. For all test boards, the number 
of cycles to delamination was between 10 and 15 (IR-reflow) 
lead-free conditions with a peak of approximately 260˚C.

Extensive performance evaluations under production con-
ditions (horizontal processing) have been completed and pre-
liminary results have shown a uniform color and low etch rate 
(1.1µm/min) immediately after start-up. A second production 
trial, including the new post-dip process, is also running.

Summary
A new process for high temperature applications, consisting of 
optimized microetch, alkaline conditioner, oxide alternative bath 
and post-dip, has been developed and demonstrated to improve 
delamination resistance on a pilot scale. Process performance, 
measured as peel strength, and time to delamination (solder-
dip and IR-reflow simulation) have both shown a significant 
improvement. The new, improved adhesion promoter is now 
being tested under more rigorous industrial production condi-
tions. The primary factors that were instrumental in delivering 
improved performance included the incorporation of a second 
organic material to the oxide alternative and the appropriate 
optimization of the chloride. The lack of correlation between 
initial peel strength (one lamination) and subsequent delamina-
tion performance questions again the reliability of peel testing as 
a suitable measure of performance. Further work is planned to 
find a more reliable alternative measure.  PCD&M
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table 4. 270˚C�solder�dip�cycle�testing�of�oxide�
alternative�in�combination�with�new�developed�pre-�
and�post-treatment�chemistry.

exPerimentaL triaL #1 #2 #3 #4

Microetch	 Reference	 New	–	I	 New	–	II	 New	–	I

Alkaline	Cleaner	 Reference	 New	–	I	 New	–	I	 New	–	II

AlphaPREP	 Reference	 Reference	 Reference	 Reference

Post	Dip	 Reference	 New	–	I	 None	 None

Cycles	to	Delamination	 4	 8	 10	 10

table 3. Benchmarking�of�cycles�to�delamination�of�new�
high�temperature�product.�No�post-dip�treatment�(n=10).

Process soLder diP ave. cycLes to 
 270˚c deLamination at 280˚c

Standard	Process	1	 4	

Standard	Process	2	 4.5

New	Formulation	10	 7.8	 4.5

New	Formulation	15	 8	 4.5


