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Amorphous Diamond Electron Emitter

Imagine that you live in an isolated house thatsdnet deal
with outside world, but you can still enjoy the amtes of
materials civilization. The house roof is covenadh solar
panels that generate ample electricity for storiagéatteries.
The electricity can then power many electronic desj
including a heat pump for temperature control, @iog box for
food storage, a lighting panel for illumination, dam wall
display for showing movies.

It is possible to construct such a house today siltbon based
solar cells, mechanical heat pumps, light emithgdes, and
compressor driven refrigerators, but the aboverdreause uses
no semiconductors, nor it contains any moving p@&@g.

compressor for air conditioner) in the device. Bhtoer, the
efficiencies of these electronic gadgets are mughen than the
theoretical limits of current designs. Above alihe

manufacture of these new devices is lower in cost @oeir

maintenance is trouble free.

All the above features sounds too good to be thu#, the
substance that makes such advanced devices posssifobé an
ordinary material, it is an amazing substance &foivn kind
known as amorphous diamond. In terms of electrical
properties, ordinary materials fall in categorief metal,
semiconductor, and insulator, but amorphous diamemeither



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

The Full House that Pays No Electricity Bill

Amorphous diamond solar that converts 50% of sunlight
into electricity (compared to semiconductors of 10-20%)

Amorphous diamond lighting panel that consumes
lower power than fluorescent tubes.

Amorphous diamond Amorphous diamond cooler that Amorphous diamond wall

heat pump that has no is maintanence free (compared display that is bright & vivid
moving part (compared to noisy refrigerator) (compared to dim & blur LCD)
to compressor driven

pump)

All Electrical Devices Are Lower Cost Than Conventional Designs

Carbon atoms can form two distinct crystal latticegkach
carbon atom has four valence electrons that can fanvalent
bonds with neighboring atoms. At low pressureppit is the
preferred structure, but at high-pressure diamorstisicture



become more stable.

Graphite’s carbon atoms form layers of hexagon&l nEach
atom is surrounded by three other atoms so thréenca
electrons are tied up in covalent bonds. Howes&ch carbon
atoms has a free moving electron that can travehgalthe
hexagonal layers. This is why graphite is a cotmluc

Diamond’s carbon atoms form regular tetrahedra, singlest
form of a three-dimensional solid. Each atom is@aunded by
four other atoms so all four valence electronslacked up and
immovable. This is why diamond is an insulator.

The metallic graphite (left diagram) and the ingirlg diamond (right
diagram) are both made of carbon atoms. Graphites Hayered
structure but diamond’s lattice is symmetrical.

Amorphous diamond is a completely deformed diamorteiach
carbon atom is still surrounded by four neighbbrg, they form
a distorted tetrahedron. All tetrahedra in amogshdiamond
are different. Consequently, all carbon atomshaneded with
different angles.

The angle between two carbon atoms determinedatdrieal



conductivity. If carbon atoms form flat planes tb@ir bond
angles are 120 degrees, it is metallic graphiten tii® other
hand, if carbon atoms form tetrahedra so their bamgles are
109 degree, it is insulating diamond.

Semiconductors contain chemically doped atoms lik&ing to
different elements. Amorphous diamond is physycalbped
material with dopants of itself. Unlike semiconthre that
contain very few discrete energy states for elestto perch on,
amorphous diamond possesses unlimited energy .states

Metal also contains unlimited energy states forctebms to
move to, but these energy states are overlappinglestirons
cannot occupy higher energy states without movingn
contrast, the energy states in amorphous diamondegarated
So electrons can stay there motionless.

Amorphous diamond’s numerous discrete energy statag
allow electrons to climb up the energy ladder bguaeulating
low energy packs such as thermal energy. Evegfusdctrons
will build up energy (voltage) with time. The leage of
energy with time can turn heat into electricityhagh voltage.



Diamondss lattice with regular tetrahedra does adlow any electron to
occupy in the energy gap (top diagram). Amorphalidmond’s
distorted tetrahedra can permit an energy laddertie 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, sgla
diamond, super cooled liquid diamond, tetrahedrabi@hous
carbon, distorted tetrahedral diamond, or grapdmaenond.



Amorphous diamond has the tightest packed atoradl afaterials. As
all atoms are different in terms of bond anglesgrgvatom is totally
unique. This is the randomest structure with tigiést configurational
entropy. Amorphous diamond has the highest numibeiscrete energy
states for electrons of all materials.

Although diamond’s atoms are loosely packed withy dour
surrounding neighbors, because they are much amtén
other types of atoms, diamond has the highest cirateon of
atoms (2 x 18/cm’) of all materials. For example, diamond
has 13 times more atoms than iron per unit volunenehe
latter forms the closest packed lattice, i.e. eatbm is
surrounded by 12 neighbors.

Amorphous diamond has even higher atomic concemtrat
(about 10%) than diamond. Because each atom igueni
amorphous diamond has the highest degree of rareksmn
(highest entropy) of all structures. Such a higidomness can



allow the maximum number of energy paths for etawdrto
accumulate energy. No other materials can all@etedins to
accumulate energy with such efficiency.

In addition to graphite, diamond, and amorphousmdiad,
carbon atoms can also form carbon nano tubes (CNIN).
essence, CNT is the rolled up graphite tubules Wigin aspect
ratio (>10). CNT is the smallest tube possiblegs nano size
can allow electrons to emit at low voltage. Inezg®, CNT is
the most efficient electron guns.

The bonding nature and crystal structure of carbuaterials. All of
them have high work functions. But their electraffinities differ
dramatically. As a result, diamond can repel el@tcs, whereas
graphite and carbon nano tubes tend to attract tebes.

Graphite or CNT can allow electrons to flow insideit these
electrons cannot emit outside in vacuum. Diamoal ipel
electrons outside, but it does not permit electton®ove inside.



Amorphous diamond can have the better tributedeftivo, it
can allow electrons to move from inside to outsdea circuitry
can be formed with a continuous flow of electrares, to allow
the generation of electricity.

Graphite can conduct electricity internally, buetfiow stops in vacuum.
Diamond may emit electrons in vacuum, but no eestwill supplement
the lost electrons.  Amorphous diamond is the ordserial that can
allow electrons to flow internally and externaltyform a continuous
circuit.

Amorphous diamond can facilitates electrons to flram a
cathode to vacuum. This property is useful to wpr the
electron emission in fluorescence lamp. As a tesué lamp
can consume lower power and with a longer life.



Amorphous diamond coated cold cathode for minirdsocence lamps
can improve the electron emission. Such lampsuaesl as back light
for liquid crystal display (LCD) and other devickibumination.

Field emission display (FED) is the ultimate digpla the
future. It is brighter and faster than LCD, thereuat best
solution of panel display. FED consumes less pothan
plasma display is will not leave permanent “burh+mark on
the screen. Moreover, FED has a lower cost fodyection and
there is no limit for making mural-sized display.

CNT has been considered as the ideal electron gumaéking
FED. Tens of millions dollars have been investgdvimtorola
(USA), Samsung (Korea), Noritake (Japan) to makd GED,
but to no avail. This is because CNT is not reéédbr electron
emission.

All tubules of CNT have different electrical resiste. The
electricity will concentrate in the least resistanbule. The
current density will be very high in the thin walfil hollow tubes.
The heat will build up where the defects are cotred¢ed.
and the fragile tubules will burn out one by onés a result,
the CNT FED will show dark spots continually deyeiamg on
the screen.

In addition, CNT’s tubules are packed too tighthg electrons
in these tubules will repel one another so to phelse tubules
around. The stress will be concentrated in thirtabules and
cause the movement of dislocations. Many of thesak
tubules will break gradually due to fatique. HenC&T FED,
although bright at the beginning, will become dinnwwéh time.

CNT FED is also handicapped by using an organie gustick
the tubules on the cathode. The glue is high intad
resistance and it will gradually deteriorating witime due to the
exposure to heat and the absorption of contaminamacuum.



In contrast, amorphous diamond can be coated birextany
metallic substrate to it is attached to cathodeatly without
contact resistance.

Moreover, amorphous diamond can be spray-coatezhtinpdic
arc to form asperities of controllable sizes (&@.nm). The
application of amorphous diamond can be mass-pextiatlow
cost.

Amorphous diamond can be spray-coated by cathoadiqtap) to form
surfaces of controllable roughness (bottom).

The nano asperities of amorphous diamond are tsiegbectron
guns and they are much more robust than CNT sa thei
performance is not time dependent as CNT does.



Amorphous diamond form solid pyramids (left diagydhat can reduce
current density and heat. CNT contains hollow tabyright diagram)
that are weak in mechanical strength and vulnerablelectrical surge.
As a consequence, amorphous diamond can emit @bsciwvith high
stability, whereas CNT is intrinsically variable.

Amorphous diamond coating can succeed where CNS3 fiau
FED. Amorphous diamond FED can be viewed undeghbri
sun light and it is low cost to produce. Amorphdismond is
the ideal material for making field emission mudaplay (e.g.
wall movies).



The contrast of the display between FED and thencomcathode rate
tube (CRT) in terms of bulkiness and electron a@omsgerformance.
Amorphous diamond FED is the best display with gaigbl covered by
millions of robust electron guns.

In addition to be the most efficient and reliablec&ron guns,
amorphous diamond is the only material that isyfthlermionic,
l.e. it can convert heat into electricity.



The thermionic response of amorphous diamond bytidgea Al
materials, including CNT, will change little in eteon emission at high
temperatures up to 1000 C. In contrast, amorphzars will “boil out”
electrons in vacuum upon modest heating (e.g. © GP due to its
extreme disorder of atoms.

The unique feature for amorphous diamond to bdilebectrons
in vacuum is demonstrated by experiments.



Amorphous diamond can increase substantially thisseam current in
vacuum by heating above 300 C. All other materialduding CNT,
will do so only when the temperature is increaseovae 1500 C.

The unique capability of amorphous diamond to bmuit
electrons in vacuum by modest heating will makéhé best
solar cell material. The projected energy coneersgfficiency
is over 50%. In contrast, the current silicon ssEmductor
solar cells based on photoelectric effect can atiyze about
15% of the sun light energy.

As a solar cell material, amorphous diamond dodsre&qguire
semiconductor doping so it is easy to use and lovost to
produce. In addition, amorphous diamond is extigme
radiation hard, so its property does not alter by gadiation.
In comparison, amorphous silicon and other soldrncaterials
will deteriorate with time due to the ultravioledbrnbardment of
sunlight.



Amorphous diamond solar cell can produce elecyri@t a cost about
half of fossil fuel generation. The supporting ian the above

illustration is not necessary if the gap between ttvo electrodes is
reduced below about 50 microns.

Amorphous diamond may also be used to generatgieigcby
using heat produced by other means. In this thsegenerator
involves no moving parts (e.g. turbine for convendl
generator) so it is essentially maintenance free.

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



As a thermal generator, amorphous diamond cannatdiehed
by any other materials, including CNT. The enezggversion
efficiency can be increased by closing up the vatuyap
between the two electrodes used for thermionic €oms

The conversion efficiency of heat to electricity dofferent materials.
Amorphous diamond has the highest conversionefitgi for a given gap
between cathode and anode.

The thermionic can be used in reverse to extraat ne electron
radiation. This cooling plate can be used to dets heat from
ULSI or other high power electronics (e.g. lasedeis).



Electron radiation from amorphous diamond can caihliot integrated
circuit to avoid it from “burning out.”

Amorphous cooling plates may also be used as s&dtigerator
that is noise free. Moreover, amorphous diamondatao be
coated on transparent electrodes (e.g. indiumidedp. The

parallel planes of these transparent electrodesiamiar to LCD

panels (gap as narrow as 5 microns). Such paaalb¥e used
as window heat pumps that extract heat from houséngl

summer and heat up house during winter.

The unmatched efficiency of amorphous diamond whenused as a
cooling plate.

© 2005, Advanced Diamond Solutions, Inc. This mate rial is the sole
property of Advanced Diamond Solutions, Inc. and ma y not be
reproduced in any form without the express written permission. Please
contact bmonteith@advanceddiamond.com _ for comments or questions.




