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Nanomaterials provide the basis for flexible embedded components 
that meet the demands of new low-cost, large-area, flexible and 
lightweight devices.  by Rabindra N. Das, Frank D. Egitto,  
John M. Lauffer and Voya R. Markovich

There has been increasing interest in the development of 
electronic circuits on flexible substrates to meet the growing 
demand for low-cost, large-area, flexible and lightweight 
devices, such as roll-up displays, e-papers and keyboards, 
etc. Flexible circuits are often used as connectors in various 
applications where flexibility, space savings or production 
constraints limit the serviceability of rigid circuit boards. 
Organic materials have attracted much attention for build-
ing large-area, mechanically flexible electronic devices. These 
materials are widely pursued since they offer numerous 
advantages in terms of ease of processing, good compatibility 
with a variety of substrates and great opportunity for struc-
tural modifications. Recently, much attention has been paid 
to Q-switched Nd:YAG laser-micromachining for MEMS/
microsystems applications due to a number of advantages.1 
It is a single-step process with high flexibility. It does not con-
taminate the material being processed, and it allows highly 
localized treatment of materials with a spatial resolution of 
tens of microns. The present study describes a novel process 
that uses a computer controlled Nd:YAG laser system to cre-
ate complex 3D micromachined embedded capacitors.

Nanocomposite-based embedded capacitors deserve spe-
cial attention as they provide the greatest potential benefit for 
high-density, high-speed and low-voltage IC chip packaging. 
Capacitors can be embedded into the interconnect substrates 
to provide decoupling, bypass, termination and frequency-
determining functions.2,3 For embedded capacitors to be use-
ful, the capacitor must be flexible and show high capacitive 
densities to make layout areas reasonable. Available com-
mercial polymer composite technology is not adequate for 
flexible, high capacitance density, thin-film embedded pas-
sives. Several polymer nanocomposite studies have focused 
on processing high capacitance density thin films within 
small substrates/wafers.4-7 One of the important processing 
issues in thin-film polymer nanocomposite-based capacitors 
is to achieve flexibility and high-capacitance density with 
large-area coatings.

There are novel barium titanate (BaTiO3)-epoxy-based 
polymer nanocomposites that have the potential to surpass 
conventional composites in producing thin-film capacitors 
over large surface areas with high capacitance density and 
low loss. New flexible composite dielectric materials are 
available that can be integrated into boards, laminate chip 
carriers (LCCs) and roll-to-roll manufacturing processes. 

A variety of nanocrystalline BaTiO3 powders were utilized 
with the objective of manufacturing low-cost, high-performance, 
flexible nanocomposites with subsequent laser micromachining 
of the nanocomposites to produce novel micromachined 3D 
capacitors. Micromachining technologies can produce variable 
thickness and discrete capacitors from a single sheet (layer) of 
capacitors and could be integrated in the same layer (Figure 1). 
Moreover, an improved micromachining technique was devel-
oped to control the surface morphology of sol-gel thin films. 

Laser Micromachining of 
Nanocomposite-Based  
Flexible Embedded Capacitors 

TABLE 1. Laser micromachining parameters. 

Material Thickness (µm)	 2.5	 8.5

Power (watts)	 0.3	 0.3

Z-Offset (mm)	 -0.45	 -0.45

Rep Rate (kHz)	 12	 12

Repetitions	 4	 13

Bite Size (µm)	 8.33	 8.33

Velocity (mm/sec)	 100	 100


