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Abstract 
In this study, we have demonstrated new patterning method 

of epoxy/BaTiO3 composite ECFs for fine patterning using 
the combination of reactive ion etching and ultrasonic 
cleaning. And the effect of patterning processes on the 
dielectric properties of epoxy/BaTiO3 composite ECFs has 
been also investigated. 

The capacitance and dielectric loss of the fine patterned 
ECFs were lower than those of non-patterned ECFs. The 
dielectric constant and capacitance of patterned ECFs 
decreased by 10% and dielectric loss by 40% due to thermal 
history during the etching process. 

In addition, the pattern size of ECFs has also affected 
dielectric properties. The dielectric constant slightly increased 
from 34 to 37 and capacitance tolerance from ±5% to ±9%, as 
the pattern size decreased from 4mmⅹ 4mm to 1mmⅹ 1mm. 
It was mainly due to the increased tolerance of finer defined 
electrode areas. The dielectric constant of 37, capacitance of 
2.4nF/cm2, and capacitance tolerance of ±9% was obtained by 
1mmⅹ 1mm size fine patterned capacitors. 

As a result, ECFs patterning method using plasma etching 
and ultrasonic cleaning was successfully demonstrated for 
fine patterned embedded capacitors.  
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1. Introduction 
Electronic systems are composed of many electronic 

components such as semiconductors and passive components 
like resistors (R), inductors (L), and capacitors (C). The 
passive components become of increasing interest, because 
the number of passives is steadily growing as the electronics 
products are progressing toward higher functionality. For 
example, the ratio of passive to active components in mobile 
cellular phones is over 20.[1,2] Currently these large numbers 
of passive components are surface-mounted as discretes 
format, so they not only occupy large area of substrate but 
also lower electrical performance and reliability due to longer 
interconnection length and larger number of solder joints, 
respectively. To solve these problems, embedded passives 
technology, which incorporates passive components into 
multi-layer substrates, has been actively investigated. Among 
the various embedded passives, embedded capacitors call for 
special attention, as they are used in relatively large numbers 
for various functions such as signal de-coupling, switching 
noise suppression, filtering, and tuning. 

Thin film embedded capacitors materials formed by 
vacuum deposition techniques have an advantage of fairly 
high capacitance, while at the same time they have draw 
backs of higher processing temperature, larger leakage current 
density, and higher cost. However, polymer/ceramic 
composites, which combine processing flexibility of polymers 
and high dielectric constant of ceramic powders, are 
promising materials as embedded capacitor dielectrics 
because of their lower processing temperature, lower cost, 
and compatibility with various organic substrates.[3,4] 

Most polymer/ceramic capacitor films have been 
fabricated from a solution spin coating which has a major 
advantage of thinner films. However, there are two major 
technical challenges in a spin coating method. First, more 
than 90% of materials become waste. Second, film thickness 
control over a large area is not easy resulting in non-uniform 
capacitor properties over a large area. 

In previous studies, we have introduced embedded 
capacitor films ECFs for organic substrate applications, and 
demonstrated that excellent embedded capacitors could be 
successfully fabricated on PCBs using ECFs. Advantages of 
ECFs are flexibility, good film formation capability, longer 
shelf life up to 6 months, stability at high temperature, 
uniform thickness, and lower capacitance tolerance over a 
large area. However, their results were obtained from non-
patterned ECFs. 

In the general fabrication process of embedded passives, 
film types of embedded capacitor occupy large unnecessary 
area on the surface of interlayer. However for improving 
space utilization in the interlayer within organic substrate, 
which is an important factor to further miniaturize substrates, 
embedded capacitors should be fabricated on the selective 
area of substrate interlayers. Therefore, the patterning of 
ECFs should be possible. 

In this paper, new patterning method of epoxy/BaTiO3 
composite ECFs for the fine size patterning using the 
combination of dry and wet etching will be demonstrated. 
And the effects of patterning processes on the dielectric 
properties of patterned ECFs will be also discussed.  

2. Experiments 
A. Materials 
BaTiO3 was chosen as a ceramic powder, because it is one 

of widely-used high dielectric constant powders. In this work, 
0.83 µm size BaTiO3 powder produced by a hydro-thermal 
synthesis was used. Phosphate ester was used as a dispersant, 
and 2-Butanone (MEK) and Toluene mixture was used as a 
solvent.[5] Specially formulated epoxy resin composed of a 
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thermosetting epoxy and thermoplastic resins was used as a 
polymer matrix which has good flexibility, tackiness of 
uncured film, good adhesion strength, and high temperature 
stability after curing.[6] Dicyandiamide (DICY), a latent 
curing agent, was selected as a curing agent for longer shelf 
life [7]. 
 

B. ECF formation 
BaTiO3 powders, dispersant, solvent, epoxy-resin, and 

curing agent were mixed, and then ECFs were continuously 
coated on a 12µm thick Cu foil and dried using a comma roll 
coater. After coating and drying processes, ECFs were 
exposed in a vacuum oven at 100oC to completely remove 
residual solvents.[8] 

 

 
 

 
 

 
 

 
 

Fig.1. Capacitors fabrication processes 
 

C. Capacitor fabrication & ECF etching 
The capacitor fabrication process of ECFs was performed 

as shown in Fig. 1.ECFs were pre-laminated on a PCB with 
18µm thick copper used as a bottom electrode using a vacuum 
laminator. Curing of ECFs and bonding on substrate copper 
electrode was completed at a same time during the lamination 
process. During lamination, temperature was elevated from 
room temperature at a heating rate of 10oC/min, and kept at 
180oC for 20 min under an air pressure of 40~50psi. After 
lamination, Cu foil was etched for forming top electrodes, 
1x1mm2, 2x2 mm2, 3x3 mm2, and 4.5x4.5 mm2, non-patterned 
ECFs show the dielectric properties such as dielectric 
constant of 41, capacitance of 2.7nF/cm2, capacitance 
tolerance of ±3% for 4.5x4.5 mm2 size of the top electrode. [8] 

For patterning ECFs, plasma etching was performed. 
Using O2 and CF4 gas mixture, the epoxy based polymer resin 
of epoxy/BaTiO3 composite ECFs was removed by RIE 
(reactive ion etching). For preventing decomposition of ECFs 
and damage of an organic substrate during plasma etching, 
the temperature of ECFs was maintained below 200oC. 

After the RIE treatment, the agglomeration of BaTiO3 
powders with residue of epoxy based polymer resin was 
removed by an ultrasonic cleaning treatment. The process 
parameters like RIE powers, times, and number of repeatation 
of RIE and ultrasonic cleaning were optimized.  
 

 
 

Fig.2. Remaining ECFs thickness vs. RIE treatment times 
& plasma powers 
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Fig.3. Surface morphology of Cu foil after various RIE 
treatment with plasma powers 

 

 
 

Fig.4. Side wall of etched ECFs, top electrode was formed by 
Cu sputtered. 

 

The thicknesses of remaining ECFs at various RIE 
treatment time and plasma power were shown in Fig. 2. As 
RIE treatment times and plasma power increased, remaining 
ECFs thickness decreased. 

As shown in Fig. 3. , the surfaces of Cu foil were damaged 
by RIE at over 400W. As a result, RIE etching conditions 

were determined at 350W, 12.5 min, and ultrasonic cleaning 
of 7.5min. Fig.4. is shows the side wall of etched ECFs. Fig.5. 
shows the front surface of substrate with ECFs before and 
after RIE treatment. 
 

 
 

Fig.5. ECFs before and after etched 
 

 
 

Fig.6. Temperature of ECFs during RIE process 
 

D. Dielectric properties of ECFs after thermal 
treatment 

When polymer materials are aged above glass transition 
temperature (Tg), there is the relaxation of contraction stress 
generated during curing of polymers.[9] During RIE 
treatment, the temperatures of ECFs increased at various RIE 
powers as shown in Fig.6. 

To measure dielectric property changes due to heating 
during RIE process, non patterned ECFs were heated during 
5min to 40min at 80oC, 90oC, 100oC, 110oC, and 140oC. After 
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heat treatment, the capacitance and dielectric loss were 
measured by LCR meter at 100 kHz and at room temperature. 

3. Result & Discussion 
 

A. Dielectric properties of etched ECFs 
Table.1. shows the dielectric properties of ECFs before 

and after etching. The capacitance, dielectric constant and 
loss decreased after etching. 
 

Table.1. Dielectric properties of ECFs before and after 
etching 

 

 
 

The decreases of dielectric properties can be explained by 
the thermal dielectric relaxation which is probably due to the 
increase of free volume because of the relaxation of curing 
stress. 

The temperature of ECFs during RIE process is as shown 
in Fig.7. During RIE process, the temperature increased from 
room temperature to above Tg, 90oC. Fig.8. shows the 
changes of capacitance and dielectric loss, when non-etched 
ECF was treated at 140oC. Fig.9. is shown the changes of 
capacitance and dielectric loss treated below and above Tg. 
Below Tg, the changes of dielectric properties to initial values 
were very small relatively to above Tg. Above Tg, all the 
changes of dielectric properties at each temperature were 
decreased and saturated. 

 

 
 

Fig.7. Thermal history of ECFs during RIE process 
 

 
 

Fig.8. Relative changes of capacitance and dielectric loss of 
non etched ECFs 

 

 
(a) Relative capacitance vs. temperature at each heat treatment 

times 
 

 
(b) Relative dielectric loss vs. temperature at each time 

 
Fig.9. Relative changes of dielectric properties of non etched 

ECF treated below and above Tg 
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B. Capacitance tolerance vs. capacitor size 
The tolerance of ECFs capacitance was related to the 

etched ECFs size as illustrated in Table.2. The capacitance 
can be expressed as, 

t
Ak

d
AC 0εε =⋅= , )(

0ε
ε

=k  

where C is capacitance, k is relative dielectric constant, 0ε  
and ε  are vacuum and dielectric material permittivity, t and 
A are the thickness and area of dielectric material. So the 
dimension of electrode and thickness of dielectric material are 
important factors of capacitance tolerance. The measured 
thickness tolerance was ±1.74%. 

As shown in Table.2. , as capacitor size decreased, the 
capacitance tolerance increased. It is presumably due to the 
dimensional accuracy of Cu top electrode pattern. The 
dimensional accuracy of Cu top electrode pattern acted as a 
shadow mask of ECFs during RIE etching process as shown 
in Fig.1. and Fig.4. Therefore, the dimension of etched ECFs 
was determined by Cu top electrode pattern. 
 

Table.2. Capacitor sizes vs. capacitor properties 
 

 
 

For precise measurement of top electrodes dimension, 
WSI (White-light Scattering Interferometer) was used. The 
accuracy of the height and dimension of Cu top electrode and 
ECF could be measured within ±1nm errors. 

As shown in Fig.10. , the sign of over-etching was shown 
at the edge and corner of Cu top electrode due to different 
etching rate of each place. The ratio of inaccuracy on the total 
Cu electrode dimension due to the over-etching increased. At 
1x1 and 2x2 mm2 electrode, the dimension tolerance were 
±3.64% and ±2.98% respectively from the 92 measurement. 

As a summary, for improvement of capacitance tolerance 
in ECF patterning, it is important to produce good 
dimensional accuracy of Cu top electrode pattern during Cu 
electrode etching process. 

 
 

 
(a) Inaccurate etched edge of Cu top electrode & ECF 

 

 
(b) Inaccurate etched corner of Cu top electrode & ECF 

 

Fig.10. WSI scanning images of Cu top electrode & ECF 

4. Conclusions 
For patterning ECF, RIE was used to remove the cured 

epoxy based polymer resin. Using O2 and CF4 gas mixture, 
the epoxy based polymer resin of epoxy/BaTiO3 composite 
ECFs was removed by RIE treatment. After RIE treatment, 
the agglomeration of BaTiO3 powders with residue of epoxy 
based polymer resin was removed by an ultrasonic cleaning 
treatment. 

After etching process, the dielectric properties of ECFs 
like the capacitance, dielectric constant and loss, decreased by 
RIE. It is presumably due to the relaxation of ECF curing 
stress by heating of RIE process. 

For small size capacitors, the capacitance tolerance was 
much larger. The most important factor of capacitance 
tolerance of etched ECFs was dependant upon the 
dimensional accuracy of Cu top electrode during Cu etching 
process. 

As a result, using O2 + CF4 RIE followed by an ultrasonic 
cleaning, ECFs were successfully patterned with fine pattern 
maintaining low tolerance. 
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