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ABSTRACT 
 

We present a novel laser processing technique to 
produce nanodielectric films, which are based on 
polymer coated metal nanoparticles. The polymer-
coated Au NP composite was spin-coated onto a 
nickel foil serving as the bottom electrode and 
aluminum was used as the capacitor top electrode. 
We will also present a second approach towards 
achieving high-k dielectric structures by embedding 
metals (i.e., Au, Ag) into low dielectric materials 
(i.e., BN) with proven high breakdown and low loss 
properties using traditional thin film deposition 
methods. The large difference in lattice constant, 
thermal coefficient and wetting behavior between a 
metal and a dielectric material usually results in 3D 
growth for the metal layers. Post growth annealing 
can further develop this geometry and yield metal 
nanostructures (nanodots) embedded in the dielectric 
layers.  Studies on capacitance measurements, TAS 
for density and energy of trapping centers, and IVT 
measurements for the energy of the dominant leakage 
path and relative magnitude of leakage current are 
currently underway and their results will be presented 
at the conference. 
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1 INTRODUCTION 
 

The development of high energy density storage 
and fast discharge capacitors (high power density) 
with reduced size and weight is very important for 
pulsed power applications such as: electric guns – 
ballistic missile – high power microwave, directed-
energy weapon (DEW), propulsion, and guidance 
pulse power systems. A direct way to significantly 
increase the energy storage capacity is to develop 

new materials with extremely high dielectric 
constants materials while preserving a low loss factor 
and high breakdown characteristics. Embedding 
metal nanoparticles (NP) in polymer matrix seems to 
be a very effective way to enhance the dielectric 
performance of the nanocomposite [1-4]. 
Pecharroman and Moya experimentally observed a 
giant dielectric constant of 500 000 in molybdenum-
filled ceramic-metal composites [5]. The dielectric 
constant of such nanocomposites increases 
considerably with increasing the metal nanoparticles 
load into the host polymer and so does the 
capacitance of such composite till a specific 
concentration is reached, called here threshold 
concentration, after which the capacitance drops 
rapidly. In order to increase capacitance of the 
nanocomposite and, therefore, the storage capability 
without compromising the inter-particle spacing, we 
need to have core-shell capacitors uniformly 
distributed in the host polymer. These devices should 
allow storage of a large amount of charge per unit 
volume (high energy density) that can be released 
rapidly (high power density). Current 
supercapacitors have either a too low power or 
energy density to meet future power storage needs or 
are too expensive to manufacture. They are finding 
applications in load leveling, power back-up in 
electronics and automotive industry and various 
aerospace and military systems [6-8]. Smaller 
supercapacitors are already in use in digital cameras 
and mobile phones. They are usually made of 
nanomaterial electrodes such as activated carbon 
where highly performant prototypes being made by 
using multiwall carbon nanotubes.  
 

For composite capacitors, such as a carbon fiber 
polymer-matrix, the dielectric strength of the 
composite can only be maintained through the 
production of high quality composites with low flaw 
and porosity content [9]. For high power applications, 
developments include capacitors based on polyimide 
films [10]. The present state of the art in microsecond 
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discharge appears to be 1-2 J/cc high energy density 
packaged capacitors based on improved 
polypropylene (PP) dielectrics [11].   
 

2 EXPERIMENTAL 
 

We are currently exploring a novel laser 
processing technique to produce nanodielectric films, 
which are based on polymer coated metal 
nanoparticles. We have successfully processed 
polyacryl -coated gold nanoparticles (Au NP) as the 
nanodielectric material. First, Au NP are synthesized 
by laser ablation of bulk Au in liquid, e.g., ethanol. 
This colloidal solution is added to a liquid monomer 
for further polymerization. It is assumed that both the 
monomer and resulting polymer are transparent at the 
laser wavelength. Then the mixture is exposed to 
laser radiation, which is absorbed by Au NP. In a 
sense high temperature is equivalent to UV photons 
needed for polymerization. Then the laser exposed 
mixture is centrifuged and washed in ethanol to 
remove the residuals of the non-reactant monomer. 
The polymer-coated Au NP composite was spin-
coated onto a nickel foil serving as the bottom 
electrode and aluminum was used as the capacitor top 
electrode. 
 

3 RESULTS 
 

Our preliminary results were obtained with 
commercially available LockTite® 3761 Adhesive 
supplied by Henkel Technologies. Basically, this is a 
monomer that can be polymerized by using soft UV 
radiation (wavelength shorter than 350 nm). The 
main component is Acrylate oligomer. The product 
was mixed with colloidal solution of gold NP in 
ethanol. This colloidal solution was obtained by laser 
ablation with a pulsed Cu vapor laser of a bulk Au 
target immersed into ethanol (Fig 1). Laser ablation is 
a simple and reliable technique that allows generating 
of large variety of NP in virtually any liquid [12]. 
The plasmon resonance of Au NP (520 nm) is quite 
close to the laser wavelength of 510 nm. Laser 
exposure of Au NP in presence of the acrylate 
oligomer results in a substantial temperature rise 
confined to Au NP. This induces the polymerization 
of the monomer around each NP. Typically Au NP 
are 10-20 nm in size with a polyacryl shell thickness 
about 10-20 nm. 
 

The resulting Au NP were coated by polyacrylic 
polymer as observed from the red shift of their 
plasmon resonance. The plasmon resonance spectra 
are shown in Fig. 2. Au NP in ethanol have their 
peaks centered at 516 nm. After laser exposure and 

subsequent washing in ethanol their plasmon peak 
shits to 550 nm indicating the formation of a 
polymeric shell around the Au NP.  
 
The polymer-coated Au NP composite was spin-
coated onto a nickel foil serving as the bottom 
electrode and aluminum was used as the capacitor top 
electrode. Capacitance measurement from a 100 nm 
thick nanocomposite and a 0.1 mm2 aluminum plates 
indicated a value of about 0.9 nF, which suggests an 
ultrahigh dielectric constant of about 12000 for the 
processed layer.  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. TEM image of Au nanoparticles obtained by 
ablation of an Au target in ethanol with radiation of a 
Cu vapor laser. Scale bar denotes 25 nm. Particles look 
fused only due to drying on the microscope grid. 
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Fig.2. Optical spectra of pure Au NP in ethanol and 
Au NP with polyacryl coating dispersed in ethanol 
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Specifications of typical nanocomposite capacitor 
devices are shown in Table 1. The energy density of the 
device per volume and per mass could be at least 6.3 
J/cc and 2.71 J/g. This is estimated for a 100 µm thick 
metal foil substrate, a thickness of 20 µm of the 
nanocomposite with a dielectric constant of about 
12000 and for average electrical field about 50 V/μm, 
which is comparable to normal fields in DC bus 
capacitors. For higher electrical field about 300 V/μm, 
the energy density of the device per volume and per 
mass could reach 10 J/cc and 5 J/g, respectively.  

 

 
 
 
 

 
Locally, the dielectric breakdown strength in these 

polymer/metal nanocomposites is low because the 
electric field is only in the dielectric surrounding the 
metal particle. However, and because of the 
nanoparticles ability to act cooperatively to mitigate the 
internal charge creation, we do expect high dielectric 
strength and less than 1% energy loss. The relaxation 
frequency is generally controlled by particle size and 
conductivity and we plan to show the frequency 
response of the dielectric constant and loss. 

We will also present a second approach towards 
achieving high-k dielectric structures by embedding 
metal nanostructures into low dielectric materials with 
proven high breakdown and low loss properties using 
traditional thin film deposition methods [13]. Very thin 
metal (i.e., Au, Ag) layers are inserted into BN 
dielectric materials. The large difference in lattice 
constant, thermal coefficient and wetting behavior 
between the metal and dielectric materials usually 
results in 3D growth for the metal layers. Post growth 
annealing can further develop this geometry and yield 
metal nanostructures (nanodots) embedded in the 
dielectric layers.  Studies on capacitance measurements, 
TAS for density and energy of trapping centers, and 
IVT measurements for the energy of the dominant 
leakage path and relative magnitude of leakage current 
are currently underway and their results will be 
presented at the conference. 
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Dielectric 
Thickness 
composite 

d (μm) 

1.0 1.0 3.0 10 20 

Dielectric 
Volume 
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92.0 92.0 278.7 929 1858 

Capacitance 
C (μF) 9.8 9.8 3.28 1.0 0.5 

Voltage 
V (V) 100 300 300 500 1000 

Capacitor 
Volume 

Vol (cm3) 
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Volume 

Edens 
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