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capacitance, then electrically connect the 
capacitor with other devices and encap-
sulate the capacitor to protect it from 
various environments. To increase the 
rate of utilization of the board area and 
allow more freedom for board designers, 
removal of unnecessary high Dk dielec-
tric is very important. There are several 
methods historically utilized to remove 
unnecessary resin in the PCB industry. 
They are laser ablation, plasma etching, 
dissolving by organic solvent and degra-

dation by desmear solution. The authors 
have actually conducted several attempts 
with some of these traditional methods. 
The conclusion is that a sand blasting 
process (also called jet scrubbing or 
wet blasting) is the easiest, most eco-
nomical and the most environmentally 
friendly process. Sand blasting machines 
are also very popular in the PCB industry 
for mechanical surface cleaning pro-
cesses and many board shops are already 
equipped with them.

Figure 7 shows the process with 
sand blasting. As the curing rate of 
the high Dk dielectric is adjusted to be 
similar to FR-4 prepreg, standard FR-4 
press profile can be generally used for 
the lamination process. The thickness 
of dielectric is substantially stable and 
unchanged during and after lamination, 
because the flow of RCF capacitor is 
minimal through the lamination pro-
cess. Upper electrode is formed by the 
standard etching process, and the upper 
electrode acts as a mask while the board 
is being sand blasted. After sand blast-
ing, lines and vias can be formed by the 
standard HDI process. As described, 
RCF capacitors do not require any spe-
cial equipment or machinery to process; 
therefore we believe this is the easiest, 
fastest and most economical way to 

embed the capacitors inside PCBs and/or 
organic chip packages. 

For embedding singulated capaci-
tors, one of the most important perfor-
mance factors to be achieved is tight 
capacitance tolerance. Applications such 
as bypass capacitors may allow +/-20%, 
but applications for a filter circuit, for 
example, may require +/-5%. In order to 
achieve these tolerances, it is very impor-
tant to understand how to control the 
tolerance of embedding capacitors. 

A test was conducted to investigate 
the tolerance of capacitors formed by 
using RCF capacitor material. Various 
sizes of capacitors, from 0.0625mm2 

(250x250μm) to 4mm2 (2x2mm) were 
formed using the test vehicle shown in 
Figure 8. Capacitance measurements 
were conducted using flying probe 
capacitance measurement equipment 
from Hioki E.E. Corp. Measurement 
results are shown in Table 3. Regardless 
of the size differences, all of the capaci-
tors had less than 10% variation. 

The tolerance of capacitance is 
determined by mainly two factors. One 
of the variations of capacitance is due 
to non-uniformity of the capacitance 
material itself, and another is variation 
associated with etching variation when 
forming electrode for capacitors. The 

Table 3. Test results from vehicle shown in Figure 8.

Cap. size (mm)	 Measurements	T olerance %

0.0625	 576	 8.9

0.25	 15696	 5.5

0.5	 576	 2.9

1	 576	 2.9

2	 576	 2.4

3	 1152	 2.3

Table 2. RCF type capacitor material.

Characteristics	 Condition	U nit	 MC16TR	 MC12TR	 MC8TR

Capacitance	 1kHz	 pF/mm2	 17	 22	 33

Df	 1kHz	 N/A	 0.019	 0.019	 0.019

Dielectric Thickness	 Nominal	 µm	 16	 12	 8

Dk	 1kHz	 N/A	 30	 30	 30

Peel Strength	 IPC M-650 2.4.9	 kN/m	 >0.7	 >0.7	 >0.7

Thermal Stress	 @ 288˚C	 times	 >10	 >10	 >10  
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Figure 9. Simulation result of expected capacitance tolerance.
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Figure 10. Comparison of actual result with simulation result.
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