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the development and enhancement of the following 
applications for various areas:

Capsule core - ceramics; capsule shell - copper; 
silver; aluminum; nickel;

 - tungsten; - copper; silver; nickel; aluminum;
 - iron; - aluminum; copper;
 - beryllium; - aluminum;
 - magnesium; - aluminum;
 - silicon; - copper; silver; gold;
 - zirconium; - aluminum;
 - diamond; - copper; silver; gold;
 - sitall; - copper; silver; gold;
 - hard alloy; - copper; aluminum; cobalt; 

molybdenum.
An example of using a composite material con-

sisting of:
- Beryllium - aluminum
- Magnesium - aluminum
These composites can be used to fabricate bases 

for hard disks for computer storage devices. Due to 
their technical characteristics such disks can oper-
ate at a speed exceeding 20,000 RPM.

These materials offer new opportunities:
- For hybrid disks creation.

- For coating technologies in microelectronics.
- For the creation of activating fuel additives.
For comparison, as of today the following com-

posite materials are known to be used for similar 
purposes:

Copper-tungsten
Copper-molybdenum
Aluminum-carbide-silicon
Aluminum-silicon
Aluminum nitride
Synthetic one-crystal diamond
Chemical diamond
Diamond-copper composite. This compos-

ite has a commercial designation - DMCH, Dia-
mond-Copper Composite (Diamond Metal Com-
posite for Heat Sink). It is produced by SUMITOMO 
ELECTRIC USA, INC. According to this company, 
the thermal resistance and thermal conductivity of 
this composite is only three times higher than that 
of ordinary composites. Modern electronic-optical 
systems require much higher parameters - 4-5 times 
higher than conventional composites have. Such 
results can only be provided by the proposed nano-
composite material.

FIGURE 7.
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After completion of all operations on its pro-
duction this proposed composite material takes the 
form of a complete geometric structure, such as a 
prism, which must be considered in full as a cur-
rent-conductive object, within which volume di-
electric spheres made from synthetic diamonds are 
evenly distributed.

The cross-section of such a conductor is large 
enough, and it has low electrical resistance because 
of its developed three-dimensional structure. Since 
there are inclusions of diamond grains (spheres) in 
the volume of the current-conducting structure that 
do not conduct current, current bypasses these ar-
eas in the structure body and enters only the cur-
rent-conductive volume.

Such a scheme of current dispersion or dis-
tribution across a relatively large section allows 
cutting losses sharply and increasing the speed of 
current flow. In case it is required to dissipate heat, 
the pseudo-porous structure represents a specific 

lattice at which nodes diamond spheres are lo-
cated. The thermal resistance of these nodes is 4-5 
times lower than the thermal resistance across the 
entire structure, therefore heat is directed to the 
nodes of the abovementioned lattice and it en-
sures very fast efflux (dispersion) of heat from its 
source.

In other words, in both cases a phenomenon of 
spotted three-dimensional distribution of areas with 
different specific coefficients of heat conductivity 
and electrical conductivity is created. 

In addition, the size of capsules on a scale of 
nanometers and the resulting plastic deformation 
in the cold flow mode allow significantly reducing 
the gaps between the capsules, which increases the 
efficiency of selection and dissipation of heat and 
current pulses.

The calculated and expected effect during heat 
dissipation is 4-5 times higher than the best param-
eters in existing technical solutions.

FIGURE 8.

FIGURE 9.
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It is possible to consider the packaging and the 
case of a semiconductor laser (laser diode) as an 
example of composite material use. Let’s consider a 
laser diode with multimode radiation and an output 
optical power of 1 watt as an example. To control 
the operation of the diode, it is required to supply 
at least 1 ampere current to get an output power of 
1 watt. Taking into account the internal resistance of 
the laser diode itself and the control electronics, the 
voltage will be at least 2 volts. So, the total power 
consumption will be 2 watts and the actual output 
power is 1 watt. 

The power loss index of 50% is the best param-
eter known today. In other words, the least loaded 
laser diode with multimode radiation (the beam 
cross section is 300 microns x 1-3 microns) has to 
dissipate 1 watt of energy. 

The standard housing for this type of diodes 
is designated as SOT-148 and the diameter of its 
mounting flange is 9 mm. The composite material 
is needed to dissipate such a tremendous amount 
of heat, and it should be capable to carry away heat 
produced by conversion of energy with a power of 
1 watt from the heterostructure of the laser diode, 
which dimensions do not exceed the dimensions of 
a standard integrated circuit semiconducting crystal.

The nominal operating temperature in the area 
of the heterostructure cannot exceed +25 -+27 

degrees Celsius. To implement the transfer of such a 
huge amount of heat, the heterostructure is soldered 
to a composite carrier, which dissipates heat to the 
diode body, which in turn supplies produced heat 
to the cooling (thermal electrical cooler) system.

The more effective the material is, the more ef-
ficient the operation of the laser diode is, including 
stability, durability and output power. The prob-
lem is much more acute, if it is necessary to carry 
away heat from a single-mode diode, since beam 
cross-section in diods of this type represents a circle 
with a diameter of up to 0.6 micron. In this case the 
energy concentration is even higher and the func-
tion of heat abstraction and dissipation becomes 
even more important.

In view of the fact that the system of laser light 
sources in different spectral regions is required for 
the needs of all kinds of video systems, optical 
memory systems, optical memory drives for per-
sonal computers and similar products, the number 
of laser diodes only for these needs amounts to 
100+ million pieces per year, at a price of a 1 watt 
laser diode equal to $1,000+. 

 In general, the optical power of laser diodes 
used today is approximately 80 milliwatts, but it’s 
only those ones that operate in the red spectrum 
and are single-mode, so use of a new effective com-
posite is urgent today.

Appendix 1
United States Patent Application 20120040166
Kind Code A1

February 16, 2012

Composite Material, Method of Manufacturing and Device for Moldable Calibration
Abstract
Composite materials and methods and systems for their manufacture are provided. According to one 

aspect, a composite material includes a collection of molded together multilayer capsules, each capsule 
originally formed of a core and shell. The shell, after a plastic deformation process, forms a pseudo-porous 
structure, with pores locations containing the capsule cores. The cores are made of a material, e.g., syn-
thetic diamond, which is harder than the external shell, which can be formed of, e.g., a ductile metal such 
as copper. The composite material has high thermal and/or electrical conductivity and/or dissipation.
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Appendix 2
United States Patent 5,122,509

June 16, 1992

High temperature superconductor/diamond composite article, and method of making the same 
Abstract
A multilayer superconducting thin film composite article, containing a carbon-containing substrate, 

and an interlayer comprising a material selected from the group consisting of zirconium, yttrium, niobium, 
and carbides and oxides thereof, platinum, iridium, gold, palladium, and silver, and an overlayer compris-
ing an HTSC material. The carbon-containing substrate preferably comprises diamond and the interlayer 
preferably comprises a zirconium carbide sub-layer at the interface with the substrate, an intermediate 
sub-layer of zirconium metal, and an outer sub-layer of zirconium oxide at the interface with the HTSC ma-
terial overlayer. The superconducting thin film material may comprise a copper oxide HTSC material, with 
YBaCuO, TlBaCaCuO, and BiSrCaCuO HTSC materials being preferred. The interlayer accommodates for-
mation of the superconducting film in an oxic environment at elevated temperature without destruction of 
the substrate, while at the same time protecting the HTSC material in the overlayer from deleterious reaction 
with the substrate which otherwise may cause the HTSC material or precursor thereof to be highly resistive, 
i.e., non-superconducting, in character. The invention thus permits the fabrication of devices incorporating 
HTSC films with carbon-containing substrates such as diamond, including high operating temperature bo-
lometers, and high power, high speed switching devices.

Appendix 3
United States Patent 8,483,249

July 9, 2013

Diode-laser bar package
Abstract
A diode-laser bar package includes a gold composite heat-sink on which is soft-solder bonded a cop-

per-pad having an area much greater than that of the diode-laser bar. A constraining-block of a metal having 
a CTE matching that of the diode-laser bar is hard-solder bonded to the conductive pad. The constrain-
ing-block is configured in the diode-laser bar has a CTE about equal to that of the constraining-block, and, 
accordingly, the diode-laser bar.

Appendix 4
United States Patent 7,861,768

January 4, 2011

Heat sink 
Abstract
A heat sink having an embedded heat pipe and fins attached to opposite sides of a base plate having 

a heat spreader component made of a diamond copper composite is disclosed. In various embodiments, 
the diamond copper composite heat spreader contains channels for receiving a main heat pipe as well as 
auxiliary heat pipes.
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Appendix 5
United States Patent 5,783,316

July 21, 1998

Composite material having high thermal conductivity and process for fabricating same
Abstract
A process for fabricating a composite material such as that having high thermal conductivity and hav-

ing specific application as a heat sink or heat spreader for high density integrated circuits. The composite 
material produced by this process has a thermal conductivity between that of diamond and copper, and 
basically consists of coated diamond particles dispersed in a high conductivity metal, such as copper. The 
composite material can be fabricated in small or relatively large sizes using inexpensive materials. The pro-
cess basically consists, for example, of sputter coating diamondpowder with several elements, including a 
carbide forming element and a brazeable material, compacting them into a porous body, and infiltrating 
the porous body with a suitable braze material, such as copper-silver alloy, thereby producing a dense di-
amond-copper composite material with a thermal conductivity comparable to synthetic diamond films at 
a fraction of the cost.

Appendix 6
United States Patent 7,816,011

October 19, 2010

Structural material of diamond like carbon composite layers
Abstract
A structural material of diamond like carbon (DLC) composite layers is provided. The structural material 

includes a composite material which is consisted of a metal layer, a first metal nitride layer, and a DLC thin 
film. The metal layer includes aluminum (Al), copper (Cu), zirconium (Zr), nickel (Ni), or vanadium (V). 
The first metal nitride layer includes aluminum nitride (Al--N), zirconium nitride (Zr--N), vanadium nitride 
(V--N), or nickel nitride (Ni--N). The DLC thin film of the structural material of DLC composite layers has 
high quality tetragonally bonded amorphous carbon (ta-C) with a sp.sup.3(C--C) bonding ratio of more than 
30%. Therefore, it is suitable for the work pieces in the mechanical, chemical, electricity, photoelectric, 
and heat transfer fields.

Appendix 7
United States Patent 6,264,882

July 24, 2001

Process for fabricating composite material having high thermal conductivity
Abstract
A process for fabricating a composite material such as that having high thermal conductivity and hav-

ing specific application as a heat sink or heat spreader for high density integrated circuits. The composite 
material produced by this process has a thermal conductivity between that of diamond and copper, and 
basically consists of coated diamond particles dispersed in a high conductivity metal, such as copper. The 
composite material can be fabricated in small or relatively large sizes using inexpensive materials. The pro-
cess basically consists, for example, of sputter coating diamond powder with several elements, including 
a carbide forming element and a brazeable material, compacting them into a porous body, and infiltrating 
the porous body with a suitable braze material, such as copper-silver alloy, thereby producing a dense di-
amond-copper composite material with a thermal conductivity comparable to synthetic diamond films at 
a fraction of the cost.


