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Abstract

An innovative composite material characterized by the combination of high thermal con-
ductivity, electrical conductivity, and mechanical strength is presented. The material is based
on a three-dimensional structure composed of nanoscale multilayer spherical capsules forming
a pseudo-spongy volume with uniform distribution of thermal and electrical flows. The compos-
ite demonstrates stable performance under high thermal loads and pulsed energy conditions,
which makes it suitable for miniature high-energy electronic components and smart home
infrastructure. The structure, fabrication principles, and key performance advantages of the
material are examined.
Keywords: Composite material; pseudo-spongy composite; pseudo-porous composite; na-
noscale capsules; three-dimensional composite structure; mechanical strength; thermal con-
ductivity; electrical conductivity; 3D lattice; microspheres; dielectric spheres; high-energy
systems

Introduction and electrical energy under high power den-

The development of smart home tech-
nologies and compact high-energy electron-
ic systems is accompanied by increasing
demands for materials capable of providing
both efficient heat dissipation and electrical
conductivity. Traditional metal composites —
such as copper—tungsten, copper—molybde-
num, or diamond—copper materials — remain
limited in their ability to dissipate thermal

sity conditions.

The proposed composite material ad-
dresses these limitations through a three-
dimensional nanocapsule architecture that
enables uniform heat and current distribution
within a pseudo-spongy structural volume.

Structure of the Innovative Composite
1) Nanocapsule Architecture
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The material is formed from a multitude
of identical nanoscale multilayer spherical
capsules. Each capsule consists of:

« a solid spherical core made from

a material featuring minimal thermal
expansion, such as synthetic diamond;

o plastic metal shells, composed of

highly conductive materials such as
copper or silver.

This combination ensures a balanced set
of properties: high structural rigidity due to
the core and excellent conductivity and plas-
ticity due to the metallic shells.

2) Formation of the
Dimensional Structure

The capsules assemble into a regular
three-dimensional lattice in which each ele-
ment has an equivalent system of contacts.
This provides:

« stable geometric configuration;

» absence of internal deformation;

« precise calibration of structural pa-

rameters.

Three-

Physical and Technical Properties

1) Thermal and Electrical Conduc-
tivity

The pseudo-spongy organization of the
composite ensures:

+ uniform heat spreading;

« reduction of localized overheating

zones;

+ high-speed current transfer through-

out the volume.

The nanoscale capsule architecture con-
tributes to enhanced thermal and electrical
conductivity.

2) Mechanical Strength and Sta-
bility

The combination of a solid core and plas-
tic shells provides:

» resistance to mechanical impact and

thermal shock;

o minimization of internal stresses;

» preservation of geometry under high

pressures.

3) Resistance to Pulsed Loads

The material can efficiently absorb
high-amplitude energy pulses while main-
taining stable performance in rapidly chang-
ing operating modes, which is essential for
miniature electronic components.
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Composite Manufacturing Technology

The fabrication process includes several
key stages:

1. Synthesis of nanoscale multilay-
er capsules.

2. Assembly of the capsules into
a three-dimensional pseudo-spongy
structure.

3. Final plastic -calibration in
a cold-flow regime, enabling:

» elimination of internal stresses,

+ reduction of inter-capsule gaps,

 increased efficiency of heat and cur-

rent dissipation.

Strict control at all stages ensures repro-
ducibility and stability of the material’s func-
tional properties.

Applications and Prospects

The composite is particularly effective in
environments with high energy concentra-
tion, such as:

« semiconductor laser packaging;

« miniature electronic modules;

+ high-frequency and pulsed systems;

« smart home infrastructure compo-

nents.

Example:
Package

The material:

« ensures efficient heat dissipation, sta-
bilizing the operating temperature at
25-27°C;

« enables reduction of device size with-
out compromising heat dissipation
performance;

 provides reliable operation in pulsed
regimes with peak loads exceeding
nominal values.

A distinctive advantage is the ability to
combine functions of thermal and electrical
conductivity within a single homogeneous
structure, enabling simplified and more effi-
cient device architectures.

Semiconductor Laser

Conclusion

The composite material featuring a three-
dimensional nanocapsule structure presents
a promising solution for high-energy elec-
tronic systems. Its key advantages include
high thermal and electrical conductivity, me-
chanical durability, and resistance to pulsed
loads.
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The proposed material has strong poten-  quiring efficient management of thermal and
tial for application in smart home systems, electrical flows.
microelectronics, and modern devices re-
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