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Imagine that you live in an isolated house that does not deal 
with outside world, but you can still enjoy the amenities of 
materials civilization.  The house roof is covered with solar 
panels that generate ample electricity for storage in batteries.  
The electricity can then power many electronic devices, 
including a heat pump for temperature control, a cooling box for 
food storage, a lighting panel for illumination, and a wall 
display for showing movies. 
 
It is possible to construct such a house today with silicon based 
solar cells, mechanical heat pumps, light emitting diodes, and 
compressor driven refrigerators, but the above dream house uses 
no semiconductors, nor it contains any moving part (e.g. 
compressor for air conditioner) in the device.  Moreover, the 
efficiencies of these electronic gadgets are much higher than the 
theoretical limits of current designs.  Above all, the 
manufacture of these new devices is lower in cost and their 
maintenance is trouble free. 
 
All the above features sounds too good to be true, but the 
substance that makes such advanced devices possible is not an 
ordinary material, it is an amazing substance of its own kind 
known as amorphous diamond.  In terms of electrical 
properties, ordinary materials fall in categories of metal, 
semiconductor, and insulator, but amorphous diamond is neither 



of them, it exhibits a complete mix of all the above three 
attributes. 

 
 
Carbon atoms can form two distinct crystal lattices.  Each 
carbon atom has four valence electrons that can form covalent 
bonds with neighboring atoms.  At low pressure, graphite is the 
preferred structure, but at high-pressure diamond’s structure 



become more stable. 
 
Graphite’s carbon atoms form layers of hexagonal net.  Each 
atom is surrounded by three other atoms so three valence 
electrons are tied up in covalent bonds.  However, each carbon 
atoms has a free moving electron that can travel along the 
hexagonal layers.  This is why graphite is a conductor. 
 
Diamond’s carbon atoms form regular tetrahedra, the simplest 
form of a three-dimensional solid.  Each atom is surrounded by 
four other atoms so all four valence electrons are locked up and 
immovable.  This is why diamond is an insulator. 
 
  
 

 
 

The metallic graphite (left diagram) and the insulating diamond (right 
diagram) are both made of carbon atoms.  Graphite has layered 
structure but diamond’s lattice is symmetrical. 
 
Amorphous diamond is a completely deformed diamond.  Each 
carbon atom is still surrounded by four neighbors, but they form 
a distorted tetrahedron.  All tetrahedra in amorphous diamond 
are different.  Consequently, all carbon atoms are bonded with 
different angles. 
 
The angle between two carbon atoms determines its electrical 



conductivity.  If carbon atoms form flat planes so their bond 
angles are 120 degrees, it is metallic graphite.  On the other 
hand, if carbon atoms form tetrahedra so their bond angles are 
109 degree, it is insulating diamond.  
 
Semiconductors contain chemically doped atoms that belong to 
different elements.  Amorphous diamond is physically doped 
material with dopants of itself.  Unlike semiconductors that 
contain very few discrete energy states for electrons to perch on, 
amorphous diamond possesses unlimited energy states.   
 
Metal also contains unlimited energy states for electrons to 
move to, but these energy states are overlapping so electrons 
cannot occupy higher energy states without moving.  In 
contrast, the energy states in amorphous diamond are separated 
so electrons can stay there motionless. 
 
Amorphous diamond’s numerous discrete energy states may 
allow electrons to climb up the energy ladder by accumulating 
low energy packs such as thermal energy.  Eventually, electrons 
will build up energy (voltage) with time.  The leverage of 
energy with time can turn heat into electricity of high voltage. 
 



 
 

Diamond’s lattice with regular tetrahedra does not allow any electron to 
occupy in the energy gap (top diagram).  Amorphous diamond’s 
distorted tetrahedra can permit an energy ladder in the energy gap 
(bottom diagram) so electrons can occupy its rungs. 
 
Amorphous diamond is so unique; it may be viewed as 
non-crystalline diamond, single atomic diamond, glassy 
diamond, super cooled liquid diamond, tetrahedral amorphous 
carbon, distorted tetrahedral diamond, or graphitic diamond. 
 
 
 
 
 



 
 
Amorphous diamond has the tightest packed atoms of all materials.  As 
all atoms are different in terms of bond angles, every atom is totally 
unique.  This is the randomest structure with the highest configurational 
entropy.  Amorphous diamond has the highest number of discrete energy 
states for electrons of all materials. 
 
Although diamond’s atoms are loosely packed with only four 
surrounding neighbors, because they are much smaller than 
other types of atoms, diamond has the highest concentration of 
atoms (2 x 1023/cm3) of all materials.  For example, diamond 
has 13 times more atoms than iron per unit volume even the 
latter forms the closest packed lattice, i.e. each atom is 
surrounded by 12 neighbors.   
 
Amorphous diamond has even higher atomic concentration 
(about 10%) than diamond.  Because each atom is unique, 
amorphous diamond has the highest degree of randomness 
(highest entropy) of all structures.  Such a high randomness can 



allow the maximum number of energy paths for electrons to 
accumulate energy.  No other materials can allow electrons to 
accumulate energy with such efficiency. 
 
In addition to graphite, diamond, and amorphous diamond, 
carbon atoms can also form carbon nano tubes (CNT).  In 
essence, CNT is the rolled up graphite tubules with high aspect 
ratio (>10).  CNT is the smallest tube possible.  Its nano size 
can allow electrons to emit at low voltage.  In essence, CNT is 
the most efficient electron guns. 
 

 
 

The bonding nature and crystal structure of carbon materials.  All of 
them have high work functions.  But their electron affinities differ 
dramatically.  As a result, diamond can repel electrons, whereas 
graphite and carbon nano tubes tend to attract electrons. 
 
Graphite or CNT can allow electrons to flow inside, but these 
electrons cannot emit outside in vacuum.  Diamond can repel 
electrons outside, but it does not permit electrons to move inside.  



Amorphous diamond can have the better tributes of the two, it 
can allow electrons to move from inside to outside so a circuitry 
can be formed with a continuous flow of electrons, i.e. to allow 
the generation of electricity. 
 
 

 
 
Graphite can conduct electricity internally, but the flow stops in vacuum.  
Diamond may emit electrons in vacuum, but no electrons will supplement 
the lost electrons.  Amorphous diamond is the only material that can 
allow electrons to flow internally and externally to form a continuous 
circuit. 
 
Amorphous diamond can facilitates electrons to flow from a 
cathode to vacuum.  This property is useful to improve the 
electron emission in fluorescence lamp.  As a result, the lamp 
can consume lower power and with a longer life. 
 

 



Amorphous diamond coated cold cathode for mini-fluorescence lamps 
can improve the electron emission.  Such lamps are used as back light 
for liquid crystal display (LCD) and other device of illumination. 
 
Field emission display (FED) is the ultimate display in the 
future.  It is brighter and faster than LCD, the current best 
solution of panel display.  FED consumes less power than 
plasma display is will not leave permanent “burn-in” mark on 
the screen.  Moreover, FED has a lower cost for production and 
there is no limit for making mural-sized display. 
 
CNT has been considered as the ideal electron gun for making 
FED.  Tens of millions dollars have been invested by Motorola 
(USA), Samsung (Korea), Noritake (Japan) to make CNT FED, 
but to no avail.  This is because CNT is not reliable for electron 
emission.   
 
All tubules of CNT have different electrical resistance.  The 
electricity will concentrate in the least resistant tubule.  The 
current density will be very high in the thin wall of hollow tubes.  
The heat will build up where the defects are concentrated.   
and the fragile tubules will burn out one by one.  As a result, 
the CNT FED will show dark spots continually developing on 
the screen. 
 
 
In addition, CNT’s tubules are packed too tightly, the electrons 
in these tubules will repel one another so to push these tubules 
around.  The stress will be concentrated in thinner tubules and 
cause the movement of dislocations.  Many of these weak 
tubules will break gradually due to fatique.  Hence, CNT FED, 
although bright at the beginning, will become dimmer with time. 
 
CNT FED is also handicapped by using an organic glue to stick 
the tubules on the cathode.  The glue is high in contact 
resistance and it will gradually deteriorating with time due to the 
exposure to heat and the absorption of contaminants in vacuum. 
 



In contrast, amorphous diamond can be coated directly to any 
metallic substrate to it is attached to cathode directly without 
contact resistance. 
 
Moreover, amorphous diamond can be spray-coated by cathodic 
arc to form asperities of controllable sizes (e.g. 50 nm).  The 
application of amorphous diamond can be mass-produced at low 
cost. 
 

 
 
Amorphous diamond can be spray-coated by cathodic arc (top) to form 
surfaces of controllable roughness (bottom). 
 
The nano asperities of amorphous diamond are the best electron 
guns and they are much more robust than CNT so their 
performance is not time dependent as CNT does. 
 



 

 
 
Amorphous diamond form solid pyramids (left diagram) that can reduce 
current density and heat.  CNT contains hollow tubules (right diagram) 
that are weak in mechanical strength and vulnerable to electrical surge.  
As a consequence, amorphous diamond can emit electrons with high 
stability, whereas CNT is intrinsically variable. 
 
Amorphous diamond coating can succeed where CNT fails for 
FED.  Amorphous diamond FED can be viewed under bright 
sun light and it is low cost to produce.  Amorphous diamond is 
the ideal material for making field emission mural display (e.g. 
wall movies). 
 



 

 
 
The contrast of the display between FED and the common cathode rate 
tube (CRT) in terms of bulkiness and electron emission performance.  
Amorphous diamond FED is the best display with each pixel covered by 
millions of robust electron guns.   
 
In addition to be the most efficient and reliable electron guns, 
amorphous diamond is the only material that is fully thermionic, 
i.e. it can convert heat into electricity. 
 



 
 
The thermionic response of amorphous diamond by heating.  All 
materials, including CNT, will change little in electron emission at high 
temperatures up to 1000 C.  In contrast, amorphous can will “boil out” 
electrons in vacuum upon modest heating (e.g. to 300 C) due to its 
extreme disorder of atoms. 
 
The unique feature for amorphous diamond to boil out electrons 
in vacuum is demonstrated by experiments. 
 
 



 
 
Amorphous diamond can increase substantially the emission current in 
vacuum by heating above 300 C.  All other materials, including CNT, 
will do so only when the temperature is increased above 1500 C. 
 
The unique capability of amorphous diamond to boil out 
electrons in vacuum by modest heating will make it the best 
solar cell material.  The projected energy conversion efficiency 
is over 50%.  In contrast, the current silicon semiconductor 
solar cells based on photoelectric effect can only utilize about 
15% of the sun light energy. 
 
As a solar cell material, amorphous diamond does not require 
semiconductor doping so it is easy to use and lower cost to 
produce.  In addition, amorphous diamond is extremely 
radiation hard, so its property does not alter by sun radiation.  
In comparison, amorphous silicon and other solar cell materials 
will deteriorate with time due to the ultraviolet bombardment of 
sunlight. 
 
 
 



 
 

 
 

Amorphous diamond solar cell can produce electricity at a cost about 
half of fossil fuel generation.  The supporting bias in the above 
illustration is not necessary if the gap between the two electrodes is 
reduced below about 50 microns. 
 
Amorphous diamond may also be used to generate electricity by 
using heat produced by other means.  In this case, the generator 
involves no moving parts (e.g. turbine for conventional 
generator) so it is essentially maintenance free. 
 
 

 
 
The static amorphous diamond generator that employs burning heat (left 
diagram) or nuclear energy (right diagram). 
 
 



As a thermal generator, amorphous diamond cannot be matched 
by any other materials, including CNT.  The energy conversion 
efficiency can be increased by closing up the vacuum gap 
between the two electrodes used for thermionic emission. 
 

 
 

The conversion efficiency of heat to electricity for different materials.  
Amorphous diamond has the highest conversion efficiency for a given gap 
between cathode and anode. 
 
The thermionic can be used in reverse to extract heat by electron 
radiation.  This cooling plate can be used to dissipate heat from 
ULSI or other high power electronics (e.g. laser diodes). 
 
 

 



Electron radiation from amorphous diamond can chill a hot integrated 
circuit to avoid it from “burning out.” 
 
Amorphous cooling plates may also be used as static refrigerator 
that is noise free.  Moreover, amorphous diamond can also be 
coated on transparent electrodes (e.g. indium tin oxide).  The 
parallel planes of these transparent electrodes are similar to LCD 
panels (gap as narrow as 5 microns).  Such panels can be used 
as window heat pumps that extract heat from house during 
summer and heat up house during winter. 
 

 
The unmatched efficiency of amorphous diamond when it is used as a 
cooling plate. 
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