WD 01/ 28677 PCT/ US00/ 28801 SOT TD STATE SURFACE CATALYSTS REACTCR 5

TECHNI CAL FI ELD OF THE I NVENTI ON The present invention relates generally
to an emweogy2ggenerator and nore specifically to a nmet hodeaengsoespar at us to
couple the excitation structure of a sem conductor substrate to the
excitation structure of 10 reactive adsorbates on the surface of a
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devel opnments in surface science showed how hot el ectrons cause heating 15
of the vibration of nol egy} e A HER 28 ysk surface. The
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has been further discovered that adsorbate vibrational energy strongly

enhances the rate of chemical reactions, and in sone cases enable
reactions that do not occur bpaCkerouNDMeRNFTHRECTHUENTOON the activation
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catalyst surface. The energy of hot electrons is
defined as electrons with effective temperatures between
600 Kelvin and 60,000 Kelvin, which means equivalent
energies between 0.05 and approximately 5 eV, or many

20 times that of thermal energy at room temperature. 300
degrees Kelvin is 0.026 eV.

It has been discovered that hot electrons that
diffuse to a catalyst metal surface interact strongly
with the adsorbed surface chemicals, also called

25 adsorbates, and can do so at a rate faster than the
process of electrons thermalizing with the lattice of
catalyst metal atoms. It has also been recently
discovered that the adsorbates acquire vibrational
energy when interacting with hot electrons from the

30 catalyst surface. It has been further discovered that
adsorbate vibrational energy strongly enhances the rate
of chemical reactions, and in some cases enable
reactions that do not occur by thermal means because of
the activation energies or chemical thermodynamics

35 involved. Hot electrons stimulate adsorbate chemical
reactions on a catalyst surface. The reverse of this
process has also been observed, where a surface chemical

reaction resulted in the production of hot electrons.
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The presence of hot electrons on the surface of the catal yst can cause a
pseudo-thermal regine in which the surface vibrations of adsorbate
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via an electronic excited state. That is, when the
adsorbate acquires an electron it transitions to an
20 excited electronic state. Within a few tens of
femtoseconds it begins to move outward away from the
surface, and then releases the electron. The adsorbate
now transitions back to a non-electronic excited state.
However, it retains the extra energy given to it by the
25 hot electron. As a result, the adsorbate is in a higher
vibration state. The tens of femtosecond lifetime for
the process causes a broadband resonance feature and
hence permits an energy mismatch between hot electron
and the receiving adsorbate energy levels. The substrate
30 electron in effect deposits energy into a vibration mode
of adsorbate reactant, such as the vibration of the
atoms in the adsorbate reactant molecule or in the
vibration of the adsorbate against the catalyst surface.
This process can repeat itself many times, to the point
35 where the adsorbate desorbs. In the literature this is
called "Desorption Induced by (Multiple) Electronic
Transitions," Abbreviated DIMET or DIET. This is the

stimulator process.



stinmulator process. 2 WO 01/28677 PCT/USOQO 28801 The generator process
works in reverse. An adsorbate with energy in one of its vibration nodes
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enhancenent ah e3@cswbhage EeRCldatiallystUp thikedls whiel Je@RGlater probability
was observed. In that work, neither reactant translational energy nor
surface tenp®r8FGrE- had a strong effect on the reaction probability,
confirmby the efThiacygeakrasiong drotregleactr process has been observed

in laboratories. The detector in this observation used
a short circuit Schottky diode to measure an electron
flux directly generated by the surface reactions. The
laboratory detector measured a current in a short

20 circuit diode, which means the detector generated almost
exactly zero power. However, the detector confirmed the
existence of the generator mode. Both hot electrons and
hot holes were observed, and with energies in excess of
the Schottky barrier in silicon, which is of order 0.5

25 eV.

Hot electrons on a catalyst surface have been shown
to accelerate reactions. Experiments with vibrationally
excited Nitrogen Oxide (NO) molecules interacting with a
copper (Cu) surface showed thousand-fold enhancement of

30 surface reactivity. Up to near unit reaction
probability was observed. In that work, neither
reactant translational energy nor surface temperature
had a strong effect on the reaction probability,
confirming the efficacy of using hot electrons.

35 In another experiment, carbon monoxide (CO) was
oxidized on a ruthenium surface. A 1.5 eV, 110
femtosecond laser pulse duration created the hot

electrons. It was observed that sub-picosecond
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35 In anot her experinment, carbon nonoxide (CO was oxidized on a ruthenium
surface. A 1.5 eV, 110 fentosecond |aser pulse duration created the hot
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couple the exc1tatlon structures of the adsorbate
reactants adsorbed, chemisorbed or physisorbed on a
catalyst surface to the excitation structure of a
gsemiconductor diode in close proximity to the
adsorbates.

20 The semiconductor diode excitation structure is
rather simple, consisting of holes in the valence band
and electrons in the conduction band. The excitation
structure of the chemically reactive adsorbate-catalyst
system is dominated by vibrations of the atoms and

25 molecules with themselves and against the substrate,
forming energy level bands, and the energy level bands
due to electronic excited states of these specie, where
the adsorbates may acquire a transient or permanent
charge.

30 Coupling of these structures occurs mainly by two
paths, either directly through the direct, typically
ballistic transport of the hot carriers such as hot
electrons or hot holes, between adsorbate and
semiconductor, or by resonant tunneling of energy.

35 Resonant tunneling couples the two structures through
oscillating electric fields produced by the excitation
structures in the semiconductor and adsorbate-catalyst

system. The coupling is greatly enhanced when the
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ballistic transport of the hot carriers such as hot electrons or hot

hol es, between adsorbate and sem conductor, or by resonant tunneling of
energy. 3B0Resssnant tunneling couples the two structures paT/@egRsso1
oscillating electric fields produced by the excitation structures in the
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A theory to use a solid state metal-insulator-metal
junctions to produce resonantly coupled, hot electrons
has been proposed. The theoretical suggestion would

20 produce resonance-assisted, hot-electron-induced
femtochemical processing at surfaces. The energies
relative to the catalyst Fermi level and associated with
the metal-insulator junctions is higher than what is now
known to be appropriate for surface resonances. No

25 experiments using this theory are known at this time.

No known mention of process reversibility has been
claimed.

The use of a neutral semiconductor substrate as the
injection mechanism into thin metal overlayers, with

30 photons derived from a pulsed laser as the creator of
hot carriers in the semiconductor, was also suggested in
the literature. It was suggested that this could be an
order of magnitude more efficient for stimulating gas-
surface catalytic reactions than using the metal as the

35 photon acceptor. It was suggested that using a
semiconductor substrate, metal overlayer and catalyst
device to produce hot electrons more efficiently with
photons and inject them into a catalyst surface. A
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injection nmechanisminto thin netal overlayers, with 30 photons derived
froma pulsed | aser as the creator of hot carriers in the sem conductor,
was al sowogygested in the literature. It was suggested thar/uséissaoul d be
an order of magnitude nore efficient for stinulating gas- surface

catal ytic reaetitqeslt Bamraudi nectba fel dend®rt Rhe3prltelsen cFFGRAKcy |t was
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made of n-silicon and platinum metal was used to inject

electrons into a reactive electrolyte solution. The
platinum thickness was varied from less than the mean
20 free path to several times thicker than the mean free
path of hot electrons in platinum. They achieved some
success, and also suffered severe problems with
interactions between hot electrons and electrolyte.
Flooding the surface with liquid electrolyte destroys
25 the effectiveness of hot electrons. Metal-oxide junction
surface states have been an unsolved problem with this
approach, where liquids flood the reactive surface.
It is now known that outer layers, away from the
catalyst surface, of multiple layers of adsorbates that
30 accumulate on the metal-liquid interface trap hot
electrons as "polaritons" and render them less useful as
a source of prompt reaction stimulators or as generators
of excitations. The efficacy of a semiconductor
substrate under a metal and catalyst reactive surface is
35 a valuable element. A semiconductor diode is a critical
element.
Implicit in all the observations is the efficiency

of pulsed operation. In the case of a reaction
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surface states have been an unsolved problemw th this

approach, where
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20

25

30

35

transitions, or to enhance the selected reaction

pathways.

SUMMARY OF THE INVENTION

The present invention is directed to a method and
apparatus to couple the excitation structure of a
semiconductor substrate to the excitation structure of
reactive adsorbates on the surface of a catalyst.
Preferably, the coupling is reversible. The reversible
reactor uses excitations originating in a semiconductor
substrate to stimulate chemical reactions by the
adsorbate species on the surface of a catalyst, and uses
the reverse process to generate excitations in the
substrate as the result of reactions. The method and
apparatus when operated in the stimulator mode uses
electrical or other forms of energy input to the
éemiconductor substrate to manipulate the reaction path
so as to accelerate reactions, to steer the reactions,
to manipulate the forms of energy produced by the
reaction, and to reduce the temperature needed to
stimulate surface catalytic reactions; when operated in
the generator mode the apparatus converts excitation

energy of the adsorbate-catalyst system into electricity
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Preferably, the coupling is reversible. The reversible 25 reactor uses

excitations originating in a sem conductor substrate to stinulate chem cal
reacti onsvoyi/tdser adsor bate species on the surface of a cetBUg@288@nd uses
the reverse process to generate excitations in the substrate as the result

of reactionsorTheheet fedmand3@nappdr dhus hehermdpendied orm sulbe tshiceyl at or
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35 reaction, ,agdclignceduee Jhe Leunreating RECIegarsl ITudle Sy ace
catal ytic reactions; when operated 1n_the generator node the apparatus
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electricity ZyWoeRlc28&AtaRCHHSRA288Lrg9r. Ot her fornms of energy in the
sem conduct or substraﬁqg; and when %%er.ate iln t he stimul at o:m-egener at or
node, may use el é&t M€ BFS5ETGt REVSPEHE of LEFEFGT e MENCHERAL e

reacti ons andoatnst b€ saeeglyl BEeTBgcdener areatkeand dintjech excdthernonor ns of
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reactions; and, bécause of the reversible _ nature of the process, one and
the sane typ&ashreapfatfCuPriPREsEl s e 28 &6 ¥ ng excitati ons

that result tppersgukagyChaBCde Baaeliteds tosuel lazthelg txcaaatiiens in a
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forms of eneFlyC FARAC &HEMpEARy SSROOUEINEL (hE et SemRRe G tuses
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LP?I |r gggt ;Ogigeﬁ%n%a%ﬁ'e%’tx"i%i%% o0 e HRIEEeR, @ RERTENt thhyght i on
exemplary embodiment, the present invention uses
electronically energized semiconductor diodes in a novel
way to stimulate the reactions. For example, in one
20 embodiment, the present invention utilizes a p-n
junction as the creator of hot carriers and as the
injection mechanism to couple them into thin metal
overlayer structures of catalyst material and to
adsorbates on the catalyst surface. The same embodiment
25 may use the same p-n junction to collect hot carriers in
the semiconductor diode, forward biasing it and hence
generating electricity.
The present invention includes a hot carrier
emitter, also known as an excitation emitter, in
30 intimate contact with a catalyst ensemble energy
collector also known as a catalytic collector. The
excitation emitter includes a semiconductor diode.
When the apparatus is operated in the stimulator
mode, electrical or other energy input to the
35 semiconductor diode causes it to generate excitations
such as an excess of holes or electrons, and the
resulting hot carriers and resonantly coupled excitation

energy is coupled to and absorbed by the excitation
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junction as the creator of hot carriers and as the injection nmechanismto
couple theminto thin nmetal overlayer structures of catalyst material and
to adsov@besseon the catal yst surface. The sane enbodi mreprcT/PSomgoiuse t he
sanme p-n junction to collect hot carriers in the sem conductor diode,

forward bi aseaguctuaadofieaceatgépstatidsgrbheet systey, Therpbgsent invention

Includes a hgt; ﬁﬂi%E?thsﬁhékﬁéFes%ﬁ8m§@%§“r§§cﬁgoﬁéc'tat'0” emtter, in

30 intinmate con ensenbl e "energy col l ector also known as
a catal ytic col | edhen. tmﬁeapﬁiéaﬁaﬁléﬁ epcreeerdi ARl bhesganseatesnduct or

di ode. Wienpbhg, a@ﬂé&@&é§oh5e99§§9t§§1gﬂnbhﬁn§thHUhaEQEaﬁ9§%» el ectri cal
or other ener Yy |n ut to he sem conduct or IQde causes |t to generate

excitatiohs @ ﬁ@ﬁbé§eaﬁY§§€@séSoFOHBF@Q dRtel eMLERTAUGRATE R8N esul ti ng

hot , Carrleréx@mdatQ&ﬁ@anWhycﬁOUEhedprQalaylGauSGHGFQMrWSrGOb@b@dlhO and
absorbed by gBe exci.tati.on N g 28677, PCT. US cture of a
cat al yst - ads 8a?8m§§ngﬁf ?ﬁe?g ICRPr Rl R A a%& Ha?g 8 ﬁFcaI

reactions. V%eafuhefapmarafuenesggperated in the generator node,

exci tati on ener gyxabi QLAZLEAGLEROR 63bALYShoSyBd80RhabBYsLemyi s coupl ed

i nto sem conduct or excltatrons can typically cause a forward
bi as i n 1& heddedrcoHugEion and geREMAEENENEEPri BRES - or THEhEMitEEah ul for ns

of energy. Thﬁléﬁnhgomaughe&mated@oheabudastﬁntﬁalEbeaayelclo di ode
junction and a ienlcon yct ase. The em.tter is._in.intimte

contact withCPh eEEPﬁPy%PEQuQSFI@c?SWlCPHéPGBQ§ HﬂanFESn§&898rlﬁhén t he
diode is a p-n junection diode, or the eniitter inelludes a metaﬂ when the

di ode is a Sgggt?ﬁéddloge %hﬁo&%ﬂﬁtgfn S tQ3615 regi.an %%gtact bet ween

the emtter basa so incl d es an e ectrlcal cont act .
When t hel5 hotregarni ef, contricbnbatwernekbet gniitheri endhtbenbasehe The

emitter also includes an electrical contact. When the
hot carrier, semiconductor excitation, is chosen to be
an electron then the base includes an n-type
semiconductor and the emitter includes either p type

20 semiconductor or a metal. When the hot carrier is
chosen to be a hole, the base includes p type
semiconductor and the emitter includes either n type
semiconductor or a metal. The base also includes an
electrical contact.

25 The catalytic collector is placed in intimate
contact with the emitter and includes a catalyst, an
optional underlayer, and optional reaction accelerator-
decelerator materials. Elements of the catalytic
collector may be one and the same with elements of the

30 emitter. A surface of the catalyst and of the optional
reaction accelerator-decelerator materials comes in
intimate contact with the reactant chemicals.

Various regions of a device using this invention
may include various and different catalytic collectors,

35 hot carrier emitters and various modes of energy
coupling, including ballistic transport and resonant
tunneling.



an electron then the base includes an n-type sem conductor and the emtter
includes either p type 20 sem conductor or a netal. Wen the hot carrier
is chosawovp28s27 a hol e, the base includes p type sen cordbusar2ssnd the
emtter includes either n type sem conductor or a netal. The base al so

i ncludes an el eCTEﬁJirQ:aﬂerCQ@b&@treSZQnHW%d&&trﬁbﬁésC d’f0|t|H|%.Ct1:Q:|’eée'iltp| aced i In
intimate contact with the tter andlncludesacata ,__an _optiona
i R

under | ayer, andBECINES P&t iB6h T SEHTTREE FECk RS ials.
El ements of t\/h&lmnsaleyrmwlmemﬂtlsectfolthmpxmmmme iavebrithersame Wit h el enent s

of the 30 emdten.; Ayt ?ﬁ[%%ac.{ tb*éq.o%?%&tﬁtre%’é‘}e?{cet & qBid onal reaction

accel erat or - ecel erator eri a s cones’in intimate contact with the
reactant ehemiccampanyamidodsamégidsns din &hgedresipsiong ltities nefirneicen  may

include vari oigiRRd dinldieneRl CRIA!NHAIC FOlFREHAchal13P 1@t 1GAI i er
emtters and various nodes of energy coupling, including ballistic

transport an§8§&%Ent tunneling. 9 WO 01/ 28677 PCT/ USOQ 28801 Furt her
features and advantages of the present invention as well as the structure

and operation of various i t_ jon are
described in detail bel ow ﬁ]ﬁﬂf eﬁ@#é%ﬁ%ﬁ%ﬁtcﬁ% c%%zr%gﬁ% ng draw ngs. In
t he drawiigs, |i ké@redeeredcenbadivens s wodi (tduteepir@amtceﬂmmnn‘ﬂmctwidﬂal |y
simlar el erg,?q; I I W

enbodi nents o %e Er%esgerﬁ%%l%ﬁsg? Vgr? w | %r@lﬂb OI}{%scrl fg?%\%é‘feof
exanpl e onl y tanithie eeror@ey incg drse iagso myamfiled «dr awi ngs in which: Figure
1 shows a general Fi@'ﬂﬁ@tll GHOWRS S RE1ErAN Afchethma®lld & WAL ) F

catal ysi s reacto evi ce of tr e 15&%1_8{3ent i nventi ond none efnb%dl ment ;
Figure 2 ill @stPatés SEakFoSVrdass YZiSargAtiod device of t
15 present invention in one embodiment;

Figure 2 illustrates a cross section of a catalytic
collector in one embodiment of the present invention;

Figure 3 shows a cross section of a reaction
stimulator device with catalyst clusters forming the

20 catalytic collector;

Figure 4 shows a cross section of a solid state
surface catalysis reactor device with a thin electrode
forming a substrate for catalyst clusters as part of a
catalytic collector and also forming the electrical

25 connection for the hot carrier emitter;

Figure 5 illustrates a cross section of a solid
state surface catalysis reactor with reaction
accelerator-decelerator materials surrounding or
adjacent to catalyst metal;

>~ 30 Figure 6 illustrates a cross section of the solid
state surface catalysis reactor having a single metal
element that is at the same time an electrical
connection to the emitter, the underlayer of the
catalytic collector and forming the metal element of a
35 Schottky diode; and
Figure 7 shows the electronic energy level diagram

for the a solid state surface catalysis reactor,
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coll ector in one enbodi nent of the present invention; Figure 3 shows a
cross section of a reaction stinulator device with catal yst clusters

form ng tweo1/27catal ytic collector; Figure 4 shows a croBeT/gsavissn of a
solid state surface catalysis reactor device with a thin el ectrode

form ng a substibateatangcahal yeyichystteom ahepardt noftyve Galsal Yo ¢heol | ect or
and also form.n he el ectrical 25 connection for the hot carrier emtter;
Figure 5 illﬁgfgﬁkégea cross section of a solid state surface catalysis
reactor with reaction accelerator-decelerator materials surroundi ng or

adj acent to catalyst netal; 3Q,dr Ul %}ééér&ﬁ’ffél\?so fPss section of the

solid state surface catalysis reactor having a su&g e netal elenent that

is at the2sane tinme an el RREFERRED BHHREMENDH QB THe BWENBION t he

underl ayer of theanCakRinhizeCekbealdenzndf ehd R ddae tmbhdlentliepent of a
35 Schottky di ode; _and Figureé 7gfsehﬁ§v\)/§ the electronjc ener%y | evel diagram
a i /

for the a soPPESsEALETLIFFale & §ALEAEESr 2P0 AND-F1 P8 FROD

PCT/ US00/ 288Q@1odel bysthat isegilchaduegoeanslibdem t IThenbazet Mpe nbaseet 0 t he
adsor bat e. Dggék%ngD%§%§lgThC@ %F Tﬁ%t%rPQ%FERREDtENBCDINENT CF THE

| NVENTI ON An exereraf"ly S Sl rreﬁ*t St the pres?ﬁ’t B nv&ftion uses el ectrons
as the hbd caemiepgdaetox .p- A fomperdnbidisode ahet he-serivoctdect or di ode.

The base is @;iLyRe i nW-CORAUSHIR 2R b HE LT LR drs ARl thRe 10
%15 b ?’ﬁe n%l ogl

sem conductor. A forwar I.as on p-n junction e injects mnority
carrier el ecEPBAECTAPE RAED ©dndliet PokYPEnGME tee Wheggp&hen PesrMgher e

they becone mAhBeRithy ceafdiledss. The MiRekity eIridiens diffffuse amd mnigrate
to the catalytic collector anq: T8 .al so tie 15 res%nantly cou%I ed into the
excitation s gEP%FetSf o Cata y¥1c collector and may also be

15 resonantly coupled into the excitation structure of the
adsorbate-catalyst system provided that the distance
from the junction to the catalytic collector is less
than several times the diffusion length of minority
carriers in the p type semiconductor. For example, when

20 InSb, InAs, or some alloy of InGaAsSb is the
semiconductor, then the diffusion length can range from
approximately 100 nanometers to several microns.

According to this invention, the minority carrier
electrons are injected or resonantly coupled into the

25 catalytic collector with an energy in excess of the
Fermi level of the catalytic collector. This excess
energy is nearly mono-energetic and has a value
approximately equal to the forward bias on the diode.
When the semiconductor is a p-n junction diode, the

30 minority carrier energy may be within approximately
several kT of the semiconductor band gap energy (kT =
thermal energy, 0.026 eV). When the semiconductor diode
is a Schottky junction the carrier energy may be within
approximately several kT of the energy needed to

35 overcome the Schottky barrier. The electrons with
forward bias energy, also called hot electrons, may
rapidly permeate on to a surface of the catalyst facing

and in intimate contact with reactants if, for example,
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adsor bat e-catal yst system provided that the distance fromthe junction to
the catalytic collector is less than several tinmes the diffusion |ength of
mnoritywa@ared6ers in the p type sem conductor. For exanpbPeT/ustness®0 | nSb,
I nAs, or sone alloy of InGaAsSb is the sem conductor, then the diffusion

| ength can r angedficeBncapgron fakeby tipe serahdustior sevehal mnm crons.
According to thi.s inventi on, %he mhngtrhl t cartri r .elect rons arg i nj ected
or resonant | §UEba5FedT FPETERE V251508 VERE B0 e dfor SRSt P8R &RSrgy in
excess of theeFermil téwels ahet keecgyamgtinc foelkl petdr ofTkilecéxoass inener gy
is nearly m@géeg%Eggytgca@g\mg&g val ue approximately equal to the

t he dr ode.

forward bias on en tﬁé sem conductor is a_p-n junction diode,
the 30 nmihority cHdhenethenepgyplaf BE @i MeiLalagpcoxiavaPelfingayveral kT of

the sem condygt9nahand FRRGEREAN BY hthenitbertRl «8ReLYY meBnl28eaY). Wien
the sem conductor diode is a Schottky junction the carrier energy may be

within apprBRIFRatfeRgeseberyrerT Soflthe eRargiehédded 15285 t&%er cone t he
Schott ky bar uh@erlilereliecicopps rwvotch gofldr waed ehieasyyve meagy fralks @atal | ed hot

el ectrons, na rapidl er neat e .0 o_a_surface of the catal yst facing
and.in i nti mAPBOEENPEEeRET RO 00 2005 R BNEE Rl o 11 WO 01/ 28677

PCT/ USOO 28801 t Maedifduancd hosmetlketponpgpe nsemactridgewatht ahehe surface
in contact viklctheel eachanhasl 34 epprbidnatay SALE Bl thiPailae ener gy
mean free path of electrons in the Catalytic Collector. 5 Wen the

catal yst is &cxwpar syeweas platbgumistpaicradivom thisodahmlai icCut heni um t he

energy nmean tbegeecRathtcar@es dielweginetadsd 3@ RARGARL ehe e stbe
under | ayer |§r§cog er or _gold.the ener an free path ranges between 50

y
and 200 nanormEPEFE. °fo tfe LGk S5t SRBL COPEUEFORs 3Nt EREFEN IS/t I e
react antlhepiatal §engtappodxitiet eby aflyat ahd heddirddgexf,omward current if

the distancesgéggkggg %%E%E%PiCHot electrons interact strongly with
adsorbates.

Another aspect of the present invention uses a
Schottky diode designed to have a low barrier height,

20 also referred to as a tunneling junction. Such a device
is constructed by choosing the doping between the metal
and the semiconductor of the Schottky junction to be
intermediate between the very high doping used to make
an almost ohmic junction, typical for making electrical

25 contacts with the semiconductor, and the medium doping
used to make a normal Schottky diode. The doping
controls the width of the depletion region and hence the
strength of the Schottky barrier. The value of the
doping may be chosen between degenerate or high doping

30 and conventional or moderate doping, depending on the
application.

When the semiconductor is silicon and the metal is
any metal associated with the catalytic collector then
the doping may be adjusted to an effective value of

35 order 0.1 eV. High doping in silicon yields effectively
0.0 eV barrier and normal doping yields barriers
typically between 0.5 and 1.5 eV barrier. This

tunneling junction Schottky diode permits the use of
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collector to the diode junction is within the diffusion Ilength of the
emtter sem conductor and energy nean free 15 path | engths of the catal yst
and undewa@yeege7as specified herein. Hot el ectrons interect/usewrmssgly with
adsor bat es. Anot her aspect of the present invention uses a Schottky diode
desi gned to hawtoa lsewikanduertdieigitieri2Q salsseh efersiad don .as Thd wyel i ng

junction. Suc Vi_C i.s constructed QOS] J9 th dop| n ween t he
nmetal and tﬁ)e em%c n l((:)td(()ar 5t tplsljerogch(‘)"'tt@ék(‘th “UNES olﬁ1 1%0 rﬁ%ﬁ:tagr Stedi at e
bet ween t he wedg hihghredopiacy ivesd are rml&@edan al nost ohmi c jUI’ICtI on,

typical for makingieheghld fRlndRL ANAGHRALN J e sameon QUELiQie,and the

medi um dopi n used to make a normal S oplng controls

the wi dt h° of tife Pd8pIeicsA onegiiosicand Késc Sed that Jewmgti o8 t he Schot t ky
barrier. Theewdodamehtt bg tdhepipiasemy hevehesem betheeerdearrRidla or high

dopi ng 30 an nvent.i onal or noder.ate dopin dep ndi n n th
appl i cati on. %\N'? tRd eSER OOhd GRS S it P%ﬁ’ %tyhé’ tg‘ any et al
associ at ed wcrahrure&scahall wiiict e@IeIx@q/t @priresri mattled ydepiuad. nmy the adj usted to

an effectlvev f order V. High dopi in.sili nylelds
effectively % V%gar%?ﬁeefﬁgr? r?c?r%rrﬁ'lrd b%as vréllé:lggs bélrtrol ;t?ls typically

bet ween D05 ani@orbat@v bar Bi eur fages oft @rhltﬁielqaltgﬂjy&n@t icod 18ctrort.ky di ode
Permits the yae:Oknk2rd0-BH:28647 BETLWSAN 28803 adcomHPR e conduct or

materials such as silicon. The use such e _is appropriate for use
in the gener aP¥ENtHOTe s @nﬁé”géft P@néih&r énﬁt‘ﬂ%@ﬂl e HORE MEPh&$s and

apparat us pr @noges by thteh@ﬂ’ser5 shesptd jsitrehi oRaditada sOhnidhe SErakiKy
junction enbodi ment of. the ﬁte%y invention, .the sem cqn yctor di ode

injects hot C&FFITGFESorTy 5?& oSS & PRENWEXSyi &S & th energy

appr oxi ng? el yeegtdlont pathe ieaecgysdblieheoditheeniadr warotelsises .vol t age into

the Another novel aspect of the present invention is
the reversible nature of the present invention. For
example, the inverse of the stimulation process is the
collection of electrons generated by adsorbates reacting

20 on the catalytic collector and the resonant coupling of
energy into the semiconductor diode, creating carriers
such as conduction band electrons or valence band holes.
The catalytic collector acts like a collector of hot
electrons generated by adsorbate chemical reaction

25 energy instead of a collector of hot electrons generated
by the hot carrier emitter. The catalytic collector
couples excitations from the adsorbates to the
semiconductor, instead of from the semiconductor to the
adsorbates. The hot carrier emitter gets its hot

30 electrons from the catalytic collector instead of from
the diode junction. The hot carrier emitter may
generate 1ts electrons by resonant coupling of energy
from the excitation structure of the adsorbate-catalyst
system. The hot electrons go into the diode junction

35 towards the base instead of out of the diode junction
from the base. 1In so doing, the hot electrons maintain
a forward bias on the diode, thereby generating

electricity. This reversible nature of the present
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10 adsorbates on a surface of the catalytic collector. Wth the nethods
and apparatus provided in this invention, the energy of the injected

el ectronwomay24s27 chosen by the user so as to steer reactpPongsevassiio drive
reactions in selected nodes or pathways, including 15 reaction paths

i naccessi bl eihgehfi¢biBbepnicessas. deiekhenb @@m@&aaépeqbc@&lbheypbﬁsent
invention is_ ther verS|§% 5 atyre of .the %resent g¥gnt|on For exanpl e,

t he i nverse Sfdfﬁgc t Frvalt 8@&5?1 s §l°88||e i"6n *5f el ect r ons

gener at ed bygeadsorbatesodeacti ng 20 on the catalytic collector and the

resonant couplinggfi ¢ ggﬁgg&ebqu @cht SeTceRduck rlﬁ'gd%t&%hﬁékag

carriers such as conducti on ons or val ence ol es The
cat al yti c® coRnécgenezeter| nReea séprlEangerusiyhotnde tdetedis Igassedced by

adsor bat e Ch%ﬁb%@&lb@@9th@@ezéfﬁﬂéﬁﬁhtHQSE%ﬁ@ @be%aQQbheqho&h%f hot
el ectrons gener at ed ot carrier emtter. The catal |c col l ector

coupl es eXC|9§PF5ﬁ§°Fr§H§Fh€ Q88or hIPELLES; HE t§éﬁ|8@¥du6 , instead of

fromthe sensc@mduatom hppahetuads@ﬁbgbes aﬁﬂeshdmuaatésebdsmkbbeb gets its
hot 30 electr om atalyti.c ect.or tead of fra t he di ode
junction. Thé ﬁot carr%@r énl Péa a%loaeﬁgrggg %F% & Profs f r esonant
coupl i ngt@f éramgy off eoerruletextheaseod conductore ddbdehe ddider bat e- cat al yst

system The hot r¢bectr gpg eaugegothaer@ Lede gn@o' %mgf]xefg%“ghd% the base

instead of out of the diode junction ronlt base ol ng, the hot
el ectrons naﬁﬁ?ﬁFntlQeﬁoﬁﬂérGxﬂmaéemnlphéhélQééertﬁ§r§é§°§§ﬁéﬁéﬁlng

el ectricity. Thai pureversi beachabuke rekutiie ipr as@ibhldc¥R @biwd86hirst
PCT/USOO/2880% hnventé g gnlts t he ﬁ?VIce tQ eneraée electr|C|ty as a
of al ® P&

direct resul £ ERéfrd ¢PR8nsV1F §°P§°E1§ R&r Z€6F376d8T Thi s sane
devi ce nEy opéeateohsth Thearstudtliatiorflobdand gdrerabas mage then be

si mul taneousty 130 oL BRY BENGEREEacThELILE Y TRYS GhE Fegllt dghan

operatlon in t
electrons may also stimulate more chemical reactions and

may initiate a chain reaction analogous to an explosion
or detonation. The result is a form of surface

20 explosion. The electrons may then generate electricity
much more efficiently in the semiconductor diode. The
electric generating efficiency of a diode is a strong
function of the peak power, and the stimulator may
create a condition where the reactions achieve such high

25 power.

When the device is operated in the stimulator mode,
energy may be collected in any manner including by
operating the solid state surface catalytic reactor in
the generator mode. Other modes of collecting energy

30 include but are not limited to collecting radiations
emanating from reactions that have been stimulated, or
by collecting heat, or by collecting the reaction
products themselves, or by capturing the kinetic energy
of the products as they desorb, or by collecting the

35 phonons, or by stimulating and collecting coherent
acoustic or optical radiation, or by stimulation of

piezoelectric devices.
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generator node alone. Operated in this way, the stinmulator apparatus
triggers and stinul ates adsorbate reactions by the application of

el ectriciwgoneseot her 10 forns of energy to the sem conducpor/udeomsert Thi s
initiates and causes the reactions to conplete in a short time, for

exanpl e, in the ogger %epu@%%ori@,sopem%e@u S e RAMALQRY MRt in a
hi gh peak power, burst of chem cal reactions, wth concomtant rel ease of

15 el ect r ons StEAELAEdEN: MRy PE0GFNIEVECedly GRY AP BRen B 1USdnge bied,

thereby geneiplirdg ighe etk (?slotl)é.d Braitkesulriflare celteQtytdnrs rR-tarsdnst i mul ate
nore chem cal .re in re cti.on anal o%ous to an

action |n|t|at
expl osi on  of P§ePSREER %r‘?r é)&lhte §“°§efsor° &t tcle LI ESsi on. The
el ect r onsS mayputhemregaoer é.umle;le@cttru (srtuyrulmmlmmmlrsar@f fowdisedt |haser t he

sen conduct onR g]rh(gdea 'gq%gl%kq_c%\rﬂéc ﬁ%%gf atorrng:h%f k{oq._r %rgcr)h%frsa diode is a

strong functr of 'th stinu Create a
condi ti on wheeaerRE ete 8t |0c§r1i§ram9é\¢élss@cfh trlilreglﬁle"z5ep&biar0tf\ﬁ¥en t he device

is operated ifslh8 sl W}hlo%TeorerI&g;%ﬁ OURRRILAY mABY kR 16Rld et vy japs manner

i ncl udi ng by operatr ng the sal state surface catalytic reactor in the
generat or mod&d GREF EdEs Yo T HNOELGHTy tRdr G 130 A dRE BT Ere not
limted 10 coll eCWﬂﬁgl Itarér @t—IrDljSJndtrI&iﬂﬁfslelﬂgcde@ﬁdteﬁCterDnﬂlet ateseaite been
stinul ated, ar | ecti.n t’ w %I I edctl n Q:e react |forom products
t hensel ves, &Invg 8‘5& uPeng Cr r?ertsr ¢ ener ¢t s'as" t hey
desorb, or bwpwomwtﬁgyt e 0:55 ephdrorss eVormalyybﬁ ma:ﬂdatwntgl armﬂDrtcoI | ecting

coherent  aCQUieGa@h APHLR Ji Yot 1 W0 AR t
pi ezoel ectric \?I ges 14 eV\ID 01:L 8?7de PCT/ USCDF%%SM {%ﬂen t eessdevfaéle is

operated in thé5g&Vem@rolendried é’*th%lté‘tei Y ST e sRaased iat dfyFefanner,
i ncl udi ngs by tr@&err@bnﬂ@eﬁrﬂjéx%HI@ st quﬁsswcﬂ‘e%celdtatﬁlaah@er qagiy in the

generator nD%%tegEa s w1 ?FhQBHEQ'Egﬁﬂgégéf @ﬂéﬂ as insulators like
CaF2 with 12 eV bandgap, or any other material with
higher bandgap. In particular, the commonly used InSb
and InGaAsSb materials have band gaps that may be
20 continuously chosen in the range 0.1 to 1.5 eV by
suitable choice of the In / Ga ratio and the As / Sb
ratio. The resulting range of band gaps lie precisely in
the range of energies associated with hydrocarbon
chemical bonds. The InSb material produces 0.18 eV
25 electrons, which is ideal for favoring reaction
stimulation Vs desorption, because higher energy
electrons may stimulate an undesirable large fraction of
desorptions, as opposed to surface reactions.
The p-n junction embodiment of this invention
30 provides a substrate whose energy levels match the
excited state energy levels of the adsorbates. This
greatly enhances resonant transfers, in either
direction, that is, to or from the adsorbate. The
metals of the catalytic collector provide a resonant
35 tunneling coupling, for example, via plasmons, between
the adsorbate and the semiconductor substrate. The
resonant tunneling coupling effectively connects the

energy band structure of the substrate to the energy
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5 but are not limted to stinulation using pulsed |aser |light, a sinple
light flash, or the hot carriers generated on other regions of the device
by ot her woenrzd67ons whose energy out puts may include hot parmwsevrssand ot her
catal ytic products that stinulate reactions. 10 Wth the p-n junction

sem conduct o, 3hR LReuREESeNbE ikhkenbiseRrbatel conduehars Wrt Bikerd gaps
starting from app rOXIWHte|¥@5 05 eV to sed with room

t enper at ure RBBECsIHRCEREMa Wee&n&hﬁaﬁatﬁ‘ib?llce%’ 5 °T0. G8%¥hfay be
used when th%eﬁﬁi&bﬁ&hb%o@p@f&'ﬁe@d1&Tel|y0p&hs15hbha‘&rlfrﬁomet\@1p©rfah:lhree Thi s

does not preclud sin rlals th h| r. bandga such as insulators
|i ke CaF2 WFFE i?g %8&5%53 PR n&t%rla ARCI hi gher bandgap.

I n parti cul asentikendontonl.y a@edcbmectaw@ baGdAsSh tigt eri al s have band
gaps that maycfecplaroRbiigily ¢aseY khahNeHkage dhcl Hank ByUdhY

sui tabl e choice o and ratio. resul ting
range of ban@mgups Pqéaéréé1§@ﬁyh®@d gRe P§n§ eoﬁegﬁgﬂﬁd§§t§§906méped with

hydr ocar bon a@@%ﬁk@abb@%d%hew%ﬂnﬁsue%ue bifak her @dueasytd.cl@AaYeRor
el ectrons, which is ideal for favorlqg_ %ﬁcg%%%a stimul ati on Vs desorption,
because hi ghb¥ &REr §FMSe PEOUEns NAEP 18t i 3N FESH S| e IR Ge

fracti onlLof tﬁesbanﬁga@smagskﬁppﬁ&e@ntdrsnwba@alamanbamweeﬁTmeOﬁ-mq unction
enmbodi nent of t nv ntlon evels
5 and % b2 T4 ?b%} %h %&g%n ly

mat ch t he ex0|téd sta & TeNe) f “the "adso
enhances resenamgyt levsfleod, tlhﬁ! @YLSFb;@Im h@iviiegt itdwe, atdvﬁ@trhaé;e ta@doﬁhfer om t he

adsor bat e. T%%tarr%alcs 2 1khe ssat algyt lc@lo%%hln@ﬁt@fe RIMi AR @30y 35
tunneling coupling, for _ exanple, via_plasnons, between the adsorbate and

the sem cond@@PoftOsiBSChatde TRET WedGVat Ofuife BISRPTERATS 9y t&%f ect i vel y
connect s1% he cagBak@y chard 1sldtat, U e0malyhe FFehstinrllg tda)utgn@ emer gywo 15 WO

01/ 28677 PCT/US %§Bg£r0%%@9 trucﬁﬂrin%&n;g%- 9§§ﬁ$§§ A%_ohnlc or
al nost
process of resonant tunneling. Resonant tunneling
greatly increases the cross section for the transfer of
energy.

20 This 1s useful in the stimulator mode to steer
reactions because selected energy levels of the
adsorbate may be resonantly activated by hot carriers
coming from the semiconductor. This is useful in the
generator mode because excited vibration states of -

25 adsorbates may be coupled resonantly to the
semiconductor, enhancing energy transfer. This is
useful in the stimulator-generator mode because the
stimulator can trigger and initiate adsorbate reactions,
using a relatively small stimulator energy, and the

30 reactions may then spread in a manner analogous to an
explosion or detonation on the surface catalytic
collector exposed to reactants, which release hot
carriers. The hot carriers may then generate
electricity at a rate faster than they loose energy by

35 generating heat.

In one embodiment, hot carrier emitters are
fabricated using degeneratively doped or highly doped p-

n junctions. In this embodiment, the switching speed
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ohm c junction between the catalytic collector and the sem conductor
effectively pins the Ferm level of the catalytic collector to the val ence
band of tWeob2sem conductor. The conducti on band of the BenUsavassat or,

bei ng hi gher than the val ence band by an anount equal to the band gap of

the sem Condeahoappfreaeh apReabs @:B@Vgcthl&%tﬁ?r Hlunkeveh %tecbn%eC%tfal ytic
col | ector b% t he sane amount,. nanel s%a%eener Since 10 the

bandgap nmay EecﬁégélnCﬁFSHFﬁaFléflélEéte\ﬁeeﬁ“é 6@ 5389 {he Bdlgap energy

my be nade bemimbedudeat! Yophyg deasgy ikevdoral abiepsysuekthawvsng the
adsor bat e and.thgL gt al %gtl c By .choosi n%.tt%gs‘sﬂeirg onduct or band
&hie g

oI I Q
gap to match®tRé gyt 8\%9 §ﬁ%§5‘st,(}§ bSrESH t datra
col | ect or§ osperdy eahbiaceisvehy ebuuilleyt e twdset ¢get lsetlnmlﬂlaa@g'hatnh?e wel |

known and COEEHBEleyh‘igﬁg eBEcOES%ErOEe 23Rt t‘.tlx%'}f.' | g, Beﬁo:j%%tct; neling

greatly increases th 0ss Section for the transfer o ene % This is
useful i n t hBagt Prevader laves epesg¥enoOtr CRETIIEAS baCado¥ 36| dct0sd Seher gy

level s of thgngadeethBahe,MBy1BG begorgnt b&ﬁda@@t\ém@e@ybgyotth@awo%re%
com ng from¢t{he sem conductor. This . s useful in the %&gﬁp node
e

because exci PEBIGRBrat L6 Skt dSNGE1i98 FagoPERVEsemypy FEF¥sonant | y
to the m®m mond»uhtr@matenhabm g reiergy wlam]sfe@fergllelss equElalUS,@f ithel N t he

stlrrulator-generator use_t he i I eC a nd initiate
adsor bate re&Cti gr??duggl ng Y ;%epgpl ve Ihlcth rgllsl(lc st rrul%&t or Ig%er ?/1 and the

30 reacti onsdemycelsen §"|h|ee@dn| Duacmra@nepr@rvald@goas m@hadoneﬁm osi on or
detonation ogQ;theegunf él‘i?neﬁﬁri%hytt'h‘én ¢ Rl 'te%tforth%xg%%@ttk?/ HeACkaREsS, Which

rel ease hot _carriers. carriers may then generaté electr|C|ty at a
rate faster PR&WSEReyC083BCBREFETY B S5VE&Rer ALCAGFea Ly ofn Wiiieh
enbodi merg , hok Getr i@k réght tahs mbeatkabhicc ahe@ rusitng idegenefraldevel y doped

or highly do%%%a&&s%g u%%&h%t%lngntQESl%E%%g!g%%tmand%ac ur;g 9 speed
semiconductor devices. Further, highly doped or
degeneratively doped semiconductor junctions may be
produced with nearly ohmic contacts, mitigating the
20 surface state problems.

Another novel aspect of the present invention is
the co-location of both an electrically powered reaction
stimulator and its inverse, a reaction driven electric
generator. The stimulation causes a high rate of

25 reaction, resulting in high peak power which in turn
makes the energy generator more efficient.

In another novel aspect, the present invention
allows the device to act as both stimulator and
generator. The uses of combined reaction stimulation

30 include: 1) controlling catalytic reactions; 2)
monitoring those reactions using the generated
electrical signal; 3) accelerating reactions on
catalysts that have undesirable slow reaction rates but
highly desirable selectivity; 4) causing non-thermal

35 steering of reaction paths; 5) stimulating extremely
rapid surface chain reactions to achieve high peak power
while maintaining low average power; 6) causing chemical

reaction temperatures like that of the hot carriers in
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16 WO 01/ 28677 PCT/USOQ 28801 can approach that of the Schottky junction
because of the high carrier densities, and al so because the high

sem condweo o1/2880pi ng densities formabrupt junctions, sipCl/asowssiihat of a
Schottky diode. Hi gh switching 5 speed enhances the ability to pul se the
stimul ator agde eawseyRicghwpeak mawber gagt |1@tn@xcl>§@st oft hl(hep'clatjalll?%ttl on

may provide | er hot .carri ow, as eV _and certal nly

bel ow 0.4 eVP é(ﬁdcd‘gt %ﬁ‘ipﬁé@ By S h cﬁgsgﬁ‘e 5&Agy O’theﬁleﬁ *Pkction may
provi de verymbidgh eséngyohe wpecbrfosaumlhmprcwor |pe1r1se wihieh dewvercgi es equal
to the sem cangugt Orell%%%%tegnvagwa&%@%%d BV Ol aawa (dewi ces. The

p-n junction provi des a chl usi o I mensi on than that of the
Schot t ky } unctleeningbetfnsdne @@Glﬁ@norﬁ@treﬁscaal@éesé@eﬁf@tnqﬁecmwgntWer whi ch

15 the hot C%ttte'm%aqa@)y@z%rd%% andti Ak %tlw fu@ s aeRuntdbaly stith
permtting nmuch | arger ~and manuf act ura ﬁ1"@§ onductgIC g}%\{}l ces. Further

hi ghl y dopedU§€: &dgéRétafitidty r865&d %

produced wi tkheedck) @eEceienst agkatenthiegat ong hae c%&x&lel’rfsace state

probl ens. An ther aspect of th r.esent. |n ention |s the co-1location
of both an el QEFrlP@a;éﬂ‘f PORErES S &gct% %gus& iRuAFor SXSE 5%t s i nverse, a
reacti onl@ri demeeltaotrwl endgemersdngr theheesticnltat iben acagsestaild gh rate of
25 reactlon resyltifg in high peak power which in turn makes the energy
gener at or e efticient. |In another novel aspect t he present invention

al l ows the deV| ce Ao dgscrabeotiereinaticator thied Prgssdtatevertionudes of

combi ned rea@tllx%t%u W abiraud0 als@élclt@eofl)chféorﬁtertcﬂddsn@n@atd@wtde%
reactlons nDnltorln t hose reactlons uglna ” nerated el ectri cal

signal : 3) a&@é‘ltels&ﬁ“\’t’t} &a G AEgR UG | éol?r?dé’filrn@bl e sl ow
reacti onls at ed ektitrildaghlenedesi ralpue el eetlievtied oftadausi rgnfaresher mal 35

steering of LS CE%%@ %%%%%be5%r%€tgﬂk%ﬁi@%é?@&*?ﬂ?dﬁgh an inverse
process.
For example, the present invention is directed to a

method and apparatus for making a device that will

20 generate hot carriers, especially hot electrons,
transport them and couple them to reactant adsorbates on
a catalyst surface and cause such adsorbates to acquire
an.effective vibrational temperature in excess of the
temperature of the catalytic surface. Vibrational energy

25 and temperature are used interchangeably. Energy is the
product of the Boltzman constant and absolute
temperature. Such an effective vibrational temperature
in turn accelerates the reaction rates on the catalyst.
Excited vibrational states of atomic and molecular

30 adsorbates, both against the catalyst surface and
internal to the adsorbates, are observed to be orders of
magnitude more reactive than adsorbates in ground
states. The methods and apparatus of the present
invention increase adsorbate vibrational energy or

35 temperature using an electrical stimulus without
appreciably increasing the substrate thermal energy or

temperature.
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rapid surface chain reactions to achieve high peak power while maintaining
| ow average power; 6) causing chem cal reaction tenperatures |like that of
the hot ow@poi/ese37in 17 WO 01/28677 PCT/ USOQ 28801 the cepe¢wiUgar2ssmhi ch nay
be far in excess of the catalyst physical tenperature; 7) in the

sti nul at or - gener atrar anBd@Berusispgcene theperekesiti Auanhernono igul se t he device

to make el ectrici and anot her type_to_cause sel.f 5 cl.eaning of the
devi ce, for g%ﬁﬁﬁ%édtgor@ﬁgbg ﬁnﬁéﬁtggpagﬁg%ﬁchrb§ﬁyg &&Pgtﬁgg may build
up and accumabave-deskribsd, p8pcesisti ahemgineasciontival amergsesuch that
the chem cakipeaebhans, Creaks LAREARMA BYL cARHiIENS rol@lithag hot

se 1 i rect an

carriers to di use In the reve ion, causing the device to
be an el ezt r descyéhefabsreins ageyer pBed CRaVerighoFourlie B @ invention

is directedgk@i¥dhituso2sReske ratet Radmehieds1akd rdeMitees that stinulate
and mani pul ate chem cal_  reactions using 15 el ectrical ener i nput .on

sel ected cat al yst ASGPFIEBILY @S REPSFTFoQEc &EDE BEESERN 1@YERGY FhiGugh an

inverse prodesectkdr texanpkacttiba presedbtonyerthod asidlidesdiced tio a
met hod and agpargﬁus for .making a d%%l%% h%E.mnII 2 ener at e hot

. Se. ct t Yrea e& 1C, carriexrs
carriers, espéci Fy ﬁ&FlEVécPr8n§, transﬁbrt t hem and "coupl e themto

r eact ant1@dsprivatieslamrlyahost gllgst romsf, ade antotagse rigeh eadddiehares t o

acquire an. igij%et kUBsk Roatianal JleMREEALYLL 1R £XCes% A ke
tenperature of “the catalytic surface. Vibrational energy 25 and tenperature
are used i nt 6PLR&RESEDI yPrEdergplys the cptedyst oF ﬁW%SEGPthan const ant

and absol ut e tetpeRakaldr aceduabrabeeirhaglldv auribiatthenaleacemeer ature in
turn accelera esuégg.reactlon rates on the catalyst. Excited vibrational

states of at&m& 1Bi"ecul ar 30 adsorbates, both against the catal yst
surface Bnd i nt edmalnbahelre aageathattde, paesecalisenwvesttionbe sor der s of

magni tude Mg LeACH Y8 RANALS ARALEDaEtHOHY 4 reaction
stimulator - generator that éfficiently collects
energetic carriers generated by reactions on a catalyst
surface, particularly hot electrons, and cause them to
20 charge a forward biased diode throﬁgh an emitter-base
junction, thereby generating electricity.

In another aspect, the present invention is
directed to a reaction stimulator that injects hot
carriers or hot electrons with the range of energies

25 needed to selectively favor desired types of surface
chemical reactions. Preferably, the reaction stimulator
is simple in design, rugged in construction, and
economical to manufacture.

In another aspect, the present invention is

30 directed to a reaction stimulator that is reversible,
wherein theAdiffusion of hot carriers may proceed in
either direction, that is, either from a chemical
adsorbate reaction to a hot carrier emitter, which
generates electricity, or from a hot carrier emitter to

35 a chemical adsorbate, which uses electricity to

stimulate reactions.
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states. The net hods and apparatus of the present invention increase
adsorbate vibrational energy or 35 tenperature using an electrical stinulus
wi t hout ve@pt/essiably i ncreasing the substrate thernal enerPQY/USH0/28801
tenperature. 18 WO 01/28677 PCT/US00/ 28801 In another aspect, the present

invention is diregtedomRiheds Al appaifl pddnd VRSHNGH Rises

above-descri bed procéss, wherein excitation energies, electrons or holes
generat ed by t¥feicddl Ofe ¥RPOBHE S 108 &l Fed IS ASove AU AXNVEH ed
coupl ed i nto the RRICRNHCIHF tHeb ol tdort Gueleadior.city. Accordingly,

one aspect of the pres invention rect d t reactl an_stimul at or
nmet hod and devi ce C(S:O Es‘él IeiY, ecttlth e&%iogj Credt méﬁ@r Feti e Fers, 10
particul abl y imatl ueleesc tusims, ahecetm@ialcarrar@y & thoemwaardd'biasmjaect t hose
carriers effi %lwﬁ_r&toln)é 'c’i‘.to(} 4% ?t Al 36} g:eﬁ'f)' P dl rctIPrcef a1t he catal yst

or substrate® tenperature nee rai se ring the reaction
stinul ati on. aPFoss et ﬁéecégpéi@tl Qo Jsttes @t tlh%/@@t“lwfldélﬂdm ected to

rr?]g hods ?Pd Qﬂll?{gea:cli%aft‘érs alo[te%tatﬂxqrérsstgdaﬂ @@{hoat @w@s tehadr
e icien y CO ects energetic carrier generae ﬁreac | ONS ONn a

catal yst surfHdEusgarutc @fatihe Kords ¢ ERARYFED0 char ge
a forwardobi asedudirode et lafacmgjytan: Qiﬁ]l]lefﬁt—chaSib ghaeiHendi,cadlher eby
generating el ectricity. bn anoth sent dnvention

R
directed to & rseggtaltdeyn SOSRIPAL 67 Jt”Hl a% geé_is héféoréoaartrel &5 o Ch
el ectrons with théacarge ngfl yendig exsatZ‘@metedastrteoraet@I @dtaqtedngcnfba&/or desired

types of surfgle%g]ud‘egergrté@ &n%aqltdtorl%rﬁreg_fserlqpl gy e I8 S18f on stinmul ator

is sinple in I"n construction econo ca to
manuf act ur e. 9% e@%@@e&hentwlpra@@ﬁbatm/mﬁ%qrs SEREY tkd to a

reactionisti miaisortthaly oy IRUPISIHY &he hot carriers into the
junction of the semiconductor diode, causing the diode
to become forward biased and thereby generating
electricity.

The method also includes utilizing a carrier

20 diffusion process that transports the energetic carriers
such as hot electrons to and from the diode junction to
the catalytic collector.

The method also includes using a catalytic
collector either to collect hot carriers provided by the

25 emitter to transport or couple them to a chemical
adsorbate on a catalyst surface or to optional reaction
accelerator-decelerator materials, or, the reverse
process, to collect hot carriers generated by the
chemical adsorbate on a catalyst or optional reaction

30 accelerator-decelerator materials and transport or
couple them to an emitter.

The method also includes forming metal clusters,
layers, atomically uniform monolayers, surface
structures, crystalline layers or 1, 2 or 3 dimensional

35 quantum confinement structures such as quantum dots,
quantum stadia, quantum corrals and quantum wells from
materials comprising the catalytic collector. The method

includes using such layers and quantum confinement

20



wherein the diffusion of hot carriers may proceed in

that is, ei

emtter, whbokBe7generates el ectricity, or froma hot carrprer/usowissar to 35

a cheni ca

ther froma chemn cal adsorbate reaction to a hot carrier

adsorbate, which uses electricity to stinulate reactions.

either direction,
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30

35

opti ondle MRAGIAOBE this invention includes tailoring the
carrier density of states near the Fermi surface of the
catalytic collector so as to enhance the probability of
forming electron-hole pairs with the desired energy
distributions and for enhancing stimulation of resonant
tunneling coupling of vibration states of the adsorbate-
substrate system. Such tailoring may include forming
and tailoring of the hot electron Fabry-Pérot modes of a
thin-film electron interferometer.

The electron density of states may also be modified
by forming electron interferometer structures using
catalyst and other substrate materials to form
structures to cause multiple path reflections of
electrons including but not limited to steps, channels,
stadia, corrals, pyramids, polygons, valleys, walls,
periodic reflectors, and chaotic reflectors.

The method also may include using combinations of
different catalyst materials and of optional reaction
accelerator-decelerator materials as part of the
catalytic collector, and of forming such materials in
any geometry, including but not limited to pillars,
islands, clusters, interdigital and random structures

and stripes.
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30 accel erator-decelerator materials and transport or couple themto an
emtter. The nethod also includes formng netal clusters, |ayers,

at om cal Iwoan2d60T m nonol ayers, surface structures, crystpeCtius@/188mers or
1, 2 or 3 dinensional 35 quantum confinenent structures such as quantum

dots, quantum st a@ieameGhad GNseOmag! S nanthdguahicsBiwe] I tfangmt miceri al s

i Si th taglyti |l ectar. Th t hod. includ [ h
and quant um EBETAOTERE C36 WABCO1 25677 TPERFUSIFIAS0T SPuCtIras o { ail or

the density oktelrectreactimhsholfe adsbabesesf, tsioe timttenisal ©f wiiech in turn
cause favor a@k%ﬁg&‘i!otn' el %ragt %%tft%rrm.?:%%’}fo‘if t¥e_RAUL 1A e R ot
carriers. Such conditions include depletion of the 5 nunmber of electrons
avai | abl €5 f oSuche "géeayiadfs mavbbgt PeFAl odn&hgi €atefl vistte i&@sdithat e- substrate

system W tha¥ghku@s toh of kRRSIkItaN yaRer gnd esy HRarald-0f1 ddhearkardgap of
the substrate. This invention jncludes a surface catalyst reactor 10 with
tailored el eb¥r Sheddnsilt y GFIGH#EEs "IXF Sl ored energy decay nodes. For
exanpl e, the el ectthenmdemsid \lsef mayaties 1ndye khomding ethday yisér m ng
ordered, electron- reflective,or hole-ref|ective ructyres of material on
Che cat al yt | SoEariantor T EREYee FE G Ry Pt e o St Rod of thi s
i nvent i o0 i nelesdesd: &ioltocany itehe eneangyi, eit od emdiangeoft het gredbatddr tyhe Fer mi
surface of “E‘Eatc%]%' Yo GRldeeh0L 1S %t%%a%h%%% e %[)d%%@ ety of
formng electron-hole pairs wth the desired energy distributions and for

enhanci ng st FREN&LT shadr Wisdondst Pheoony¥idratd esust féicofcakadvatti-on

states of the adsq&lléatsela?uf&t [t WS IRMMaQUEN tt /Idnddul® B diFgldade

formng and_tailoring of the hot el ectron Fabry-Perot nodes of a
thin-film el &% F iuﬁ?fér g,cg.:f&ee,theTﬁgsgce@Eagﬁ d'egngettfr&m?tda&’éfs may al so

be nodi fl®d e2&meytisothatg aglee ctrlgn liintieride iametharcksierssc tyr eheusi ng
catalyst and jQt et ;3RS UL MUGHAZ RO in length and
breadth by the ability to cut or form parts, which
limitations permit component dimensions with less than
10 microns. This permits device contouring to nearly
20 any macroscopic physical shape.
The method also includes using pulsed stimulation.
Pulsed operation stimulates the reactions to occur with
high peak power and short duration. This permits the
device to remain relatively cool during the longer
25 periods of zero stimulation after the reactions have
completed and it permits the reactions to occur at a
high temperature and high peak power during the
relatively short periods of pulsed stimulation. Pulsing
allows reactions to occur before thermal processes cause
30 the reactions to occur. Pulsing permits the complete
depletion of reactants in a time shorter than they can
be replenished by the reactant gas mixture, that is,
through gas kinetic means.
The method also includes using an optional
35 underlayer material as part of the catalytic collector.
The underlayer may be a metal such as copper, gold,
silver or aluminum, and is chosen to be compatible with

obtaining the desired properties with the semiconductor
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structures to cause multiple path reflections of electrons including but
not limted to steps, channels, stadia, corrals, pyram ds, polygons,
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and in Iength and breadth by _t he abi tQ cut or formparts, which

linitations pernit h@oﬁ’ﬁ&ﬁ@ﬁlt a&?ﬁeﬁﬁcéh@e\ﬁl tlﬁn‘ll«§§§9t k& HHLGRAESTs OfThi s
pernmts devi ct«hecmﬁ@unapgrt @oneaklsy thad aryemradr @sl@@glyc mehysiféale shape. The

hod al d I P I
The react ] onE Lboobtul M TRC REGH Btak ThOREY TRRd "SRort abrati 6RF Thie

permts the eetempde t enyemniderielyat welyy beoble tgeenngnehecnoigger
(approximately 0.3 nanometers) and 50 nanometers when
the underlayer metal includes but is not limited to
platinum, nickel, palladium, rhodium, rhenium, copper,
gold, silver or aluminum.

20 The method includes enclosing all or selected
components of the device in an optical cavity tuned to
an energy associated with the excitation structure of
the semiconductor, or of the catalytic collector or of
the adsorbates or of some combination of these elements.

25 An apparatus to stimulate reactions or to generate
electricity according to the present invention includes
a hot carrier emitter and a catalytic collector. The
hot carrier emitter belonging to this apparatus includes
a semiconductor diode. The semiconductor diode includes

30 a semiconductor base, a diode junction also called an
emitter-base junction, and an emitter. The emitter
includes a semiconductor or a metal as a diode element.
The apparatus may also include a first electrical
connection to the emitter and a second electrical

35 connection to the base.

An apparatus to stimulate reactions or to generate
electricity according to the present invention may

include an optional optical cavity tuned to a desired
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25 periods of zero stinulation after the reactions have conpleted and it
permts the reactions to occur at a high tenperature and hi gh peak power
during thweoor/edeat i vel y short periods of pul sed stinmulati oncT/Babogiseg al | ows
reactions to occur before thermal processes cause 30 the reactions to
occur. Pul si é@e&glym'lb&et].heraﬁ@ﬁk&bﬁ otepli@thiean t(hfe ree:afittamtmni natine
shorter than tt can E'u?p enlshegl%\éthe re %;/%mxture that is,

t hrough gas Ri-A&Y tgrﬁegns h&SMBTROG a1 "S6 incl udes “usi ng anh optional 35

under | ayer manediuglings tpar taghlyhe ccardllpritorcenidechemicalhe underl ayer may
be a netal Saﬁﬁo%a‘t‘:%ppersucﬂ%‘iglt%@ sV rm@l‘&@e”‘é?ikih%’i% h$echosen to be

conpati bl e bt ai ni n% esired properties wth the sem conductor 22
WO 01/ 28677 PEmitsdoresgetalc gmgoddnt 6t rilfe THETr oCaVtd e Senpegdiedithe

desired propgrittiusedn tBRm @x@lrlbaltrr%bt@fmmccuatﬂllactgla@nprlaﬁb@rtqr&erIayer may
be used as ar%ég)l ectrical connecgtion.in he, hqt carri ar em, ter and may

al so be usedTEASTEY BEELPEC LAY §I1e§onﬁ§6‘ﬁu5ﬁdt JHHE Eat lfttlr U5e%ct or . The
under| ayer nayabeg ueddeasoxssubinydie angoroupleld tsemifcabidueator cat al yst

structures, mor erotéréq,ertlla)éer Qb n%g | fll(%q_ %e%n%thhl e% qe%g)E%[ al

orientations of  Cateriars eposi d &y art Of thé &t aIytlc col l ector, 10
or to tallor fillgerarm @el@mgt dnlSPe@TSlm,elqv@Ins:um@p@sMeefdlmlt he

underl ayer. TheiiBLRodalsQqiak! vdes thiled,t Icmnttfaﬁ PccknessQlx the
underl ayer to | ess than several energy nean free paths of the hot carrier

chosen for tKkévVddieSe. LPSETIHNRINAOES My Mude Midyon gy asElipst-ween one

nmonol ayer (ﬂﬁlé&%tmfceb)laQ) &an@@@rrate@rS)caaﬂ@l%@ @@@@zﬁta@ea when the
under | ayer |nclude .but

not lim inu | ckel ,
e R R tARRT e SusTase vayasy” s, A TR ERE b0 The
met hod i hel ugds sewelsgsiatg aalkme tarl -semg cloadiuatorp dmerirS agfe Wherdewvicce i n an

opti cal Cav'%ﬁdﬁ%ﬁ%ﬁ 10 confinement layer is needed, chaotic
resonators, optical resonators with deformed cross
section, resonator designs that incorporate chaotic ray
motion, and symmetric resonators with whispering-gallery
20 modes.

In one embodiment, the hot carriers are electrons,
the diode is a p-n junction made of InSb with n type
base and p type emitter and the catalytic collector is
located or co-located in the proximity of the emitter

25 electrical contact. The catalyst ensemble includes a
catalyst metal such as any alloy of platinum and
palladium and deposited in a surface structure, cluster
or quantum confined structure. The configuration or
geometry of the catalyst, for example, is such that the

30 distance to the semiconductor from regions of catalyst
exposed to adsorbates is predominantly less than 3 times
the energy mean free path in platinum, which mean free
path is approximately 20 nm. The catalyst metal is in
direct contact with the semiconductor of the emitter,

35 which semiconductor is degeneratively doped to form an
ohmic or tunneling junction. In this embodiment, the p-
n junction is formed a distance from the catalytic

collector that is less than 3 times the diffusion
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an energy associated with the excitation structure of the sem conductor,
or of the catalytic collector or of the adsorbates or of sonme conbination
of thesewbenessrs. 25 An apparatus to stinul ate reacti onsPOT/UsS@/I3801er at e
el ectricity according to the present invention includes a hot carrier

emtter and @igahalK iferC@lleRErhs The t ROl r@Udtalore Ban® o) @Rgeng to

thi s apparatus | ncl ude a sem.condyct or di ode. ,The sem cqnduct or di ode
| ncl udes 30 A7SBm WBiti (i IHRSEn QIGEaSS MRSk R6n o4 oo ' 6 @90
em tt er - base namoaieitet,s .andhan demickeemayThe epedagred iincltides a

sem conduct or,, Q. 3 el al, a8 adiode element . she appar %f;‘i%u’@éo%-so
include a first éllectrlcé)l connection to the emtter and a second
el ectricad 35epemsori owdeo wEhnel Wasae Alneafnodr Rthestinenst imAyl dtee react i ons

or to generatc%ea%lelacteriitﬂetry b@ﬁctglredicmmt&%a_tlh%g@zo%%\%te LRI IRY by ncl ude

an optional optical cavity tuned to a desire 01/ 28677 PCT/ USOQO 28801

energy | evel SLe&HILCRdN SFe TSI HEPUEh & Cekdier SEMgrorduai@ruddaste -t he

sem conductor or ahet heversti®Me igdaliddiste teheuadarley tdat 208/diect or and
chem cal adsor g‘?t e Sug} cavities y include and are not 5 limted to
AioR 5

metal and di &€ i $§3G5dPPoAPEATE M il &% RS SEMi bi t

phot oni cl®andnyaptpoopectirdes thabrexy-ipeartdionc dartd et rucexinerse e fimtiheor s,

di stributed r ref | L Se Si Q! c I ' d

m crocavi ti eg,%%)%?)eag:%élcg%%\% t |tezsl%"\%\/lgteﬁ1 gq\%élvgﬁl%n%&&%gt&ﬁq} %%tng a large

di spersi on, @§Eamcimreéortyéhe cgmicoaductes, spbstaditsk cdlie ia@pargiart um dot

m crodi sk cawhyt @S gelsaSRle dVRVE PHeE0% Mnh s MUl Qs laA3d NY.1n diHRl ectric
sl ab wavegui des, caviti és, associ ated el ectromagnetic surface waves, al so
cal | ed surfa@EPEF3pPIsHNE &thea SRSEFI-ESe Mifc SAFIEAS R &% Akt e no
addi tionab cedfrhnedenii dady eledct iveeded, adanldat ed @FDRAIDME, IO RIHCA
resonat ors Wit 4eLOGFRd L0838t ek BRORO AN Rl T neor porate
excitations such as hot carriers and electromagnetic
fields.
The energies of excitations associated with
20 reactions of adsorbates include excited reactant
molecular vibrations molecule-surface vibrations, atom-
surface vibrations, adsorption reactions, chemical
reactions and excited electronic states. The converted
excitations such as hot carriers and electromagnetic
25 fields are transported to the excitation emitter where
semiconductor or emitter excitations are created and may
be converted into useful forms of energy. The emitter
excitations include minority carriers, hot carriers,
carrier diffusion, coupling electric fields, excitons,
30 and plasmons in the semiconductor.
Also, in the generator mode, pulsgses of excitation
energies associated with chemical reactions of
adsorbates occurring on and with the surface of a
catalytic collector, such as excited reactant molecular
35 vibrations, molecule-surface vibrations, atom-surface
vibrations, adsorption reactions, chemical reactions and
excited electronic states, may be converted into

excitations such as hot carriers and electromagnetic
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notion, and symmretric resonators wi th whispering-gallery 20 nodes. In one
enbodi nent, the hot carriers are electrons, the diode is a p-n junction
made of Ww@br/meth n type base and p type emitter and thepCcrUaboyss@
collector is l|ocated or co-located in the proximty of the emtter 25
el ectrical conkagk. Theegal alySi L1108 d RS 1R e L HAlYSteniBIRI: SUCh
as any alloy of platinymand_ pal.ladiumand depasited in a surface
structure, cFﬁéF%F S GG S Te @F%P&?tﬁﬂ?§xﬁﬂq &ation or
geonetry of theosdtsyl yatrrifears,edtanploarriersyclrarrdtert ke £ dicsi,ance to t he
sem conduct or m_r.egi,on f t gl yst dt r S .S
predom nant | fol é)gsmlgh%r}e %trﬁr?egﬂet dzaé’er?é(r g)%%%rrl%’dn a?‘rdg S'L%ai{%%tnl%n lﬁfl atthlenum
whi ch neah f seoicpadncterappeo xine@teidy a2g may Pee comtvantstd mettad is in
di rect conta%gewhhhqu%ss%@(gyg%#§;n of the emtter, 35 which
sem conductor is degeneratively doped to forman ohmc or tunneling
junction. In thisIBnPs§ fEWRCAimeaty- the GHEHitaT icod PR Em adisstthifce from
the catal yti cateahiaet eoltikatdis n{a?ﬁ $Haht@N a3 donfshente dbnfnfdis iten b MO
01/ 28677 PCT%#S§E¥28801 di stance for electrons in the conduction band of p
type [InSb, i ¢he0if fusi on distance may be as little as 200 nanoneters.
The devite nay beFagenrat ad iill udterasteismal gteoe raddescHdmatgenenatser node or
the stimul at Q- engr at Qr d t I y be
created eit h%reclgf/lo%hg%c%e%oclg&jgg&s%%baswg%%%aec[&%gngg&dsﬁ{;rterag{{z)(g{r?i cal
i nput to theds&iceondT&eodediisge 1 0Pheomprassishlag sotiitdent &t aud ace
catalysis exGithatiral AN R aafl, ¢3RRI s ddtd heydregent 10
i nvention couples the excitation band structures of the adsorbate-catalyst
system wit h SFEIEREREEOEN Bydnd WG edt dld 45 g mSehiReGRs S ubst r at e.
The appal @t usmitiyerbe odesinghathd bppenaise OAngastater eddditisall n t he
gener ator node, _t he .ener.qgi,es 311 ceﬁ]::iil&%t.i ons zissq:ci atleoq1 15 with ch%r(rii cal

Wi

. connection 144 an 1C COl eCtor are arran
reacti ons of aalsorbat és on an he g

as shown in Figure 1. A base electrical connection 112

ener gy

is also arranged in contact with the base 108 as shown
in Figure 1. Reactants and products interact on the

20 catalyst surface 116 of the catalytic collector 104.
The reactants may include but are not limited to the
hydrocarbon chains, ethane, ethylene, propane,
propylene, propene, butane, butene, cetane, isomers
thereof. A

25 In the stimulation mode, the device 100 utilizes
electrical energy to create energetic carriers, also
referred to as hot carriers or hot electrons. The hot
carriers diffuse into the catalytic collector 104,
interact strongly with reactants on the catalyst surface

30 116 and accelerate the reactions to produce reaction
products. The stimulated reactions may cause a chain
reaction or the equivalent of a surface explosions. The
stimulated reactions may also cause an autocatalyzed
chain reaction.

35 In the generation mode, the hot electrons,
generated by chemical reactions occurring on the

catalyst surface 116 and diffusing across the junction
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surface of a catalytic collector are converted into excitations such as
hot carriers and el ectronagnetic fields. The energies of excitations
associ at adowi/eds77 20 reacti ons of adsorbates include exci t PAT/USECASS0TE

nol ecul ar vi brati ons nol ecul e-surface vibrations, atom surface vibrations,
adsorption reacti gns, e&be@sileal a peactjunrs iah] extisked €betlrdningass ates.
The converted _exci thl an as -hot carriers and.el cictroma netic 25

fields are tf"gﬁ?&?r g tjbm‘tchéoélxglnfiatgfe(r)lﬁré—’lr%et teerec\fﬁé'rf? rnduct or or
emtter excitati ods ameeeqem@tlectyaﬁmbmalymelm@ C@n\pernt edlmcrtm@nussf wisefdor s of

ener gy. The g,qlttnt & tg%’éc'ehﬁtt'tQQS ahachu@g, ! Lankiy g ,hogot carriers,

carrier diffusion, ling electric exmtons fpI asm)ns in
t he seni ort)ndﬁéleé’ltroﬂlsso AcRorRangaier &h6r JMEEE10BuNdEs Tl Becifioam

energi es assgehakad WWhBnCReE &k eastiedns ok h@ngu@@E@%ngcgggrlng on and
with the surface of. a Caﬁn'lﬁltyigl@ﬁ-&cm ect.or, such as %xm ted reactant
I

mol ecul ar  35°PPEFEC &fs @ 75 P Ead S RFtHPR '6Hs PeafomSur f ace
vi brations, gdsetpbnowit@apt tgpe, emheme&alanrdemctly@@s ba@é excited

electronic s e ver.ted. i.n t|o ch.as hot carrlers
and el ectr orr%‘gtﬁggih@ti%e% 588’?1?056?}% §8 1 %‘%’ JJrlll?es
exci t atiths #ight pamepedt eitsean aoyl H—@Npeorsemheoelxl@qt@m baser tter where

excitations such g$ tMen@kktyi168Ebhe ek neaFuyglasa eakikeqr di ffusion,
coupling electric fieids, excitons, and plasnons in the 5 sem conductor are

created and AEChdOBoREr CEGALRED NOGs SLECLEONFs SPTeREATPLEl n WHES
embodi ment, the %&@bt@bh@@c@”ﬂhbeﬁsa®da%@@ negfatliylel @neiolthecteaiitiry share a

comonent compn.Lg B9k ;LIS 0BG ol Lhustraes 2 genera
devi ce. The deeatedl(d cbeprusesian amot.t eThek0doanelactrons diffuse
through the emitter 102 and ballistically transport
through the catalytic collector 104 to the catalyst
surface 11l6.
In the generator mode, hot electrons originating on
20 the catalyst surface 116 may also ballistically
transport through the catalytic collector 104 and
diffuse to the junction 110, causing the emitter-base
junction diode 110 to become forward biased.
For example, when hot electrons transport and
25 diffuse from the catalyst surface 116 to the junction
110, the base contact 112 becomes biased negative and
the emitter contact 114 becomés biased positive, and the
diode in the present invention becomes an electron
source instead of a sink.
30 These hot electrons migrate or diffuse to or from
the emitter 102, and to or from the catalyst surface
116. Accordingly, in an exemplary embodiment, the
distance from the diode junction 110 to the adsorbates
on the surface of the catalyst 116 is formed to be less
35 than the distance over which the energy of these
carriers degrades. This distance is generally less than
several times the energy mean free path of such

energetic hot electrons when evaluated over the path
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catalytic collector 104, formed on a base 108. A sem conductor p-n
junction 110 is forned between the 15 emtter 102 and the base 108. An
emtter aveot/zseeaml connection 114 and catal ytic coll ect or PadD¥S@rmssa@r r anged
as shown in Figure 1. A base electrical connection 112 is also arranged in
contact withfirdee haseehd8tas -dhaen junetRogune 0l toReaet amisordvat o @duct s

I nteract on e 20.catalyst _surfa 116 of the catalytic collector 104.

The react ant tg%r?afaitﬁg i e%tl)lllft% gFe(iﬁgt' limted to the hydrocarbon chai ns,
et hane, et hyl ene, Usiogatde ppoggisedescpribednberieinardovisut aeactaattane,

isoners the%ﬁ%%rb%ﬁglBntQﬁesk%@%h§%kogqug%est@%c@ﬂ%iQ%byg%fgﬂgﬂl S
el ectrical energy tocreate energefic carriers, also referred to as hot
carriers or BFCIEREchVoRse TRE KILCtEaNs eMEighs PFSd tAMION he catal ytic

col l ector 104ccellbi-aitast thr @RGlY iWnt RndeFokrart produdie .catlivgt surface 30
116 -and accel erate the reactions '

0 _produce reacti products. The
stimul ated r&EQECPoNE3REy ORGsE & ERE] Ctrgé‘&e%o yog?]tehé‘e@dﬂ‘ia\%sent of a
surface expl esisorbedTha tiki wwldteedt oreaattiadys tmey sehdd ec areatan a
aut ocal al yzedocShghar 98l eo3ha) HiaAananalcon mode, (he hot
ated by che

el ectrons, ener mcal” reactions occurring on the catalyst
surface 106 and diIfif ayi sgeaplesy Eemdgdimenito®2&haOrTE/s28d77 PCT/ US00/ 28801

110, for exanph@ntd ol thdNehit@n vtaause1a febhand 4bi1a%1 AL NS deunct i on
and generate el ectrical energy. I'n_an exenplary enbqadi nent, a p-n~junction

is used witFa5etypdSeriy La¥edind FiARSENSas @ T icAdae URGEF ™| ect r ons.
Accor di ngly, nioheljayeels, 0brl B rfay-ebethacwanes .bi asede AR, t khehot carrier

| incti on wi { Ao e e MILEEE an oot ) P BREE® TANPBAIH JaYr HHE | uncti on

may be al3cheetveyrajlundmesn the wicth la emetraty ewiant €regngattt yyfe lednmi conduct or

base. electrons in the catalyst. The layers or clusters are
formed close enough to the diode junction 110 such that
hot electrons may diffuse directly between the junction
110 and the catalyst surface 116.

20 The total energy mean free path of hot electrons in
catalysts such as platinum or palladium is of order 20
nanometers and is far shorter than in Au, Ag or Cu.
Therefore, according to an exemplary embodiment,
catalyst clusters or layers are fabricated with cluster,

25 layer thickness or thickness dimension less than this
smaller value. For example, the electron energy
lifetime has been measured in Tantalum, a representative
transition metal electronically similar to the platinum
group, and is of order 15 fs. The calculated lifetime

30 in palladium based on the Fermi inverse square scaling
would be 600 fs at 0.3 eV and giving a total energy mean
free path of 840 nanometers. Instead of this optimistic
large value, it is presumed the lifetime is as poor as
that measured in tantalum. This gives a total energy

35 mean free path in platinum or palladium of order 21
nanometers. In this embodiment, the catalyst dimension
is less than the measured energy mean free path of the

hot electrons. These arguments concerning the total
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In the stimulation node, the forward biased junction 110 creates hot

el ectrons. For exanple, when the base contact 112 is biased negative and
the em t tved 01/288mt act 114 i s biased positive, hot el ectronBCHUSOIZISS@r eat ed
in the junction 110. The hot electrons diffuse through the emtter 102 and
bal l'i sti call yhtiban&ps@rbf ahr angle rilhgeeat azhytt:ihc ieolthectdrect@4 ctaa t he

cat al yst SUE;‘:)a%%c n t%lgﬁ%a%%g%%gtsbél gpl t| Chot a%l S}aron%l or| natl ng on

20 the catal yst surface néport £ gugh t he
catal ytic colkbeesssert04hand th@l phtbe tesenhbyj et ihmt rmrm@augm@mghe

em tter-base sub%”%%'t%riy@,'to%dl%theglg‘%w%hf vl Bjeased JRer Jexanpl e,

when hot el ectrons transport and 25 fuse fromthe catal yst. surface 116
to the juhct SéAnifigantdy l§1§§é”a@8mt§€t hPIZ CHEEG PR HICFTd RAEGatYe and the

em tter cont a@hehiséioble@@@ssfl@dl@@edha@sbbh\de_,tlamd ihecc@ip@®lien the present
I nventi on becones anfel %%&ron soureﬁzl i.nstead . %e[d? Sink. 30 These hot

el ectrons ni grat e P6F G 8o PeEAGHE PREY &t 165 PAR§ or from
the catal yst isvehaden Gkterdteoedenghypnsi nhat éxsrpledergdrsodnnehie, the

di st ance fro%&%g efja Gt |r%chgn g’%?ﬁg%%ﬁ%rgﬁ-fo?f el ts@e surface of

t he cat al orrre to be T éss ance over which the
energy of thé@érgé&ﬁrlamesl@eéﬁl@de‘gn%hps 08i $rafcd ey .gefamdlliayllyess t han

several ti ”E%htehﬁle%&%ﬁglto”%%rllfe"c%eeﬂ%@:'&r@sfnssg%fﬁer%Q%rcﬁ | &Hagti cghect rons
when eval uated over the path 27 WD 01/ 28677 PCT/USQ0/288Q1 fromthe

em tt er - base IRGRELPHS PPO UG CRE2AYSSr FREESces e St SLPSEYORSt ace 116.
Using the pratese dasegiked sier alicahoyeher eagi@nNict 0adsorthki ng 40R1t.he
cat al yst surfaces .bec que vi br at.i on 5 excit.e h t el e trons
Wi oh excit aPTOREAREoN gy aCod THEPRREF P8 TS G T b BALEs SH LTS | hese
nmeans, hbb eltéetr epproxéatde lyy Ot HeeNeaJalyal‘WESused Examples of such
semiconductor material include indium antimonide (InSb)
or indium arsenide (InAs) which have band gaps of 0.18
eV and 0.35 eV, respectively. The energetic electrons
produced with these semiconductors have energy

20 approximately equal to the band gap in the p type
semiconductor emitter. Hot electrons diffusing back
into the n-type base generate electric potentials whose
magnitude approaches the band gap energy. Generally,
the value of the band gap is selected based on the

25 nature of the reactants and the energies associated with
their surface activity.

In an exemplary embodiment, the catalyst clusters
may further include activators, de-activators,
decelerator or accelerators placed in their proximity,

30 such as oxides or other materials, as shown in cross
section in Figure 2. Figure 2 illustrates a cross
section 200 of a catalytic collector including reaction
accelerator-decelerator materials 206 adjacent to and
co-located with the catalyst materials 202. As shown,

35 the hot electron catalytic collector includes the
catalyst materials 202, an optional thin electrode
underlayer 204, and reaction accelerator-decelerator

materials 206 such as oxides. For example, oxides of

29



adsorbed on the collector catal yst ensenble create a potential in the
forward biased diode. 10 In an exenplary enbodi nent of the present

i nventi oowobvheseeat al ytic collector 104 includes catal yst POBUSII/EBE i N

| ayers, clusters, atom cally uniform nonol ayers, or surface structures.

Pr ef er?bl y, the da&:}éﬂly[%torit@ellit,eroi fhmqmi ﬁ:&&%’iﬁf i fm::’lé‘silQmﬂrﬁﬁrS nta{@ahn 15
several times the tot ner an free pat.h_.of hot ectrons jn the
cat al yst. Thz)q é"hedgtbe w&f%rtg‘%arcé‘taﬁé’ﬁro‘fe&s& é)ﬁoﬁgﬁ?'etros t héﬂ}}ﬁ ode
junction 110 teuell tdiatension elfedthreonsitmy st fangs e bdir ecltdgr deeteneen t he
J unction 1lgjln%‘11taﬁz%r9%%' ygt p'srlérgeq:%%lﬁ/lqeszﬁo cHi% ts%t\?elragj]”ecri edTRaN, free

pat h of hot ectrons in cataltysts suchH as platinumor palladiumis of
order 20 Snanetetleeneqay imeararfraeomadh dfad ihetAglemgFmsm-Cu.  Therefore,

according to an exsuph@y modigignts i 10&fdinate JHSRIS DIfdausls are
fabricated with cluster, 025 | ayer thickness qr thickness dinension |ess

than this seEREINERLFe OfFdh % et iyt ihE W &GHn Ussst gyt 3 i¥ti%e has
been neasur eGtdtel @irdladd cat=ApfESLMeidted dff s tgrasary al

el ectronicallyy sim.ar tq th | at.in .ou and.i s of order 15 fs. The
calculated Ii Vﬁr‘:?é'% i %Spﬁ‘?ﬂdg’d} a t){g}see%rlﬁ%ﬁiel’?’e ﬂ: remca}tna\?lé’r s€ square
scaling lOoulablieded frsyatin®:ideV catdlgisd @ tetictlalswerieray imlamdsdS r ee
path of 840 Qlfi{éf%”‘%e%fi%e 'dlsxfe%ac‘iffoﬁ@ WU B Hd ot dr2T @8 HA 16y toqd S
presumed the Tifetineg Is as poor as that measured in tantalum This gives

a total ener ®f FRUPEHAREY @ Fatthim lentnade smdsulaamum biowialdr) 21
nanometers. kihildi 199N tchd RE Latraldest B ih ficy 11a8s Hdwan the

T o o G D o oL S5l o5 A o
under| ayeb, wdldrstidre relteotialealsuoanetiiprt adjm-cast el sthe and t he
eyt Sl ISP AROd U6 P GRS e e
which also forms the electrical connection for the hot
carrier emitter (Figure 5).
The catalyst may include materials such as Au, Ag,
20 Pt, Pd, Cu, In, Fe, Ni, Sn, and Mo. The catalyst may be
formed into structures including metal clusters,
pillars, islands, layers, crystalline layers, atomically
uniform monolayers, interdigital and random structures,
stripes, or surface structures. The catalyst may also
25 be formed into one, two, or three dimensional quantum
confinement structures such as gquantum dots, quantum
stadia, quantum corrals and quantum wells.
Figure 3 shows a cross section 300 of the solid
state surface catalysis reactor device comprising a hot
30 carrier emitter where the carrier is an electron, a
catalytic collector. The catalytic collector ensemble
includes catalyst islands 302, preferably formed such
that the distance to the semiconductor 304 less than the
three times the total energy mean free path of the hot
35 electron in the catalyst 302. Preferably, the catalyst
islands 302 are bonded to the p doped or heavily p
doped, p+ region of the semiconductor 304. In one

embodiment, the catalyst materials 302 are spread over
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5 significantly degrade the hot carrier energy, and any dinension
satisfying this condition is acceptable. Preferably, the nmethods provided
in the pme@entssrnventi on generate el ectrons that have enepQi/@sooassiihe
range that favor reaction over desorption. These 10 energies are in the

range 0. 05 t@h@.éuQYacéi6EIahbysemhbenﬂabhod.tanahbambrebmbbﬁam&ngenerated
by chem cal geactio S n.thg catgo%s% surf ces c%l ect, . el ectrons whose

energi es aret4fsG3RWYEE FEn§E*EF Y9 ECEVE T RECF EiSngl y, a
sem conduct ocomaténiialg wtbmibaﬁdygaplﬁesm Sntlaryeaspr oxi mately 0.4 eV nmay

be used. Exanpl espf gueh f??mxg()%%g%t %1@%&%&@ aar}fillléqeelmri@tg@ anti moni de

(I'nSb) or |nd|un1arsen|de have band a&DT 0.18 eV and 0.35
eV, respeztivacyudgise t@ﬁeus@étlp@néwé:@pﬁoﬁiéod&r é@&@@g! megRédye

sem conduct ok ekaveqeneingy 120 capRbex Makel v egyRl stequrcmdb@@@rg@ml n the p
type sem conductor emtter. Hot el ectrons .diffuysin 0 the n- type

a t
base generat & &VBEt FRRLFOPENEILEIs 3ttos® ™ nnﬁﬁHFF&&Q gﬂﬁr%&%ﬁ@g t he band gap
energy. Cenebaklgen the wakqgeo%emheohdmdt@ap3ms smbemmedpbag@é on the 25

nature of the react he ener a Cl. helr sur face
activity. In S 5?8%51% g&gddpngopgdt%e %%%gﬁé t%blu ter may further
i ncl ude h@tlS&mocgpd@@taatB@&Loﬁgd peedsligeatdecsragecdlldrat ors placed in
their proximty, 3Q.8yeh,as19%i¢83tQs A helJmmirdalsd, @% $own s'orilgr 0SS

section in Figure 27 Figure 2 1llustrates a cross section 200 of
catal ytic coFltetBoBUrAciCediCRG ¥ FdE 818 2CAO&e CeVACS e teidt or naterlals

§g6t ﬁdl ﬁC?nt letlgtc@&el)dect%:zoc’f«zbtraﬁn\lg«I tah shlb%t@:&'ftél yf%rt r&i@aly?tf 202. As shf)wn
e hot el ectron cata i C.GCO S al ys erials
202, an opti GHEMCEMERS eIeﬁPr&@és &ﬁ?ﬁ@ %‘ éﬁ%aﬁ % 5@Hleé£

accel erator - demﬁb@e&t@rthmmteﬂe&k&oﬁ@6um@ehlayeaxwwes d&mahys¢nple,_oxiQes
of 29 VO 01/ 28471 RETUSTY 280N Hlt® 163! 2l il ToontlectqhMogt i tant um

or al um num
1n electrical contact with the thin electrode underlayer

402. The hot electron emitter includes a semiconductor
diode formed by negative electrical connection 408, n-

20 type semiconductor 410, p-n junction 412, p type
semiconductor 414, p doped or heavily p doped p+
semiconductor 416, and thin electrode underlayer 402.
As shown, the thin electrode underlayer 402 may be
common to the hot electron emitter and the catalytic

25 collector. The thin electrode underlayer 402 may be a
thin positive electrode. The thin electrode underlayer
402 is preferably selected from those materials that
make an ohmic or almost ohmic junction to the
semiconductor.

30 The thin electrode underlayer 402 provided in the
present invention forms ohmic or almost ohmic junctions
to the semiconductor 416 while also providing a path for
hot electrons to enter or leave the catalyst 404. With
gsome selection of combinations of catalyst metal and

35 semiconduétor, the ohmic properties of the junction
between the semiconductor 416 and catalyst 404 may form
a Schottky junction instead. In cases where a Schottky

junction is formed, a layer of metal, i.e., the thin
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be fornmed between the catal yst islands or |ayers. The total dinension of
the catalyst and thin el ectrode wunderlayer 204 is preferably | ess than
several twoes28he 5 total energy nmean free path of a hot PCERUSe0@3801 Fi gures
3, 4, and 5 illustrate several different enbodinents of the catalytic

col l ector usedebnr@deohhderﬂtaazte& quref dee usabalagsither eecine taf fidhen pr esent

nvention. As shown b g Fi0uLes. she GALALY LG 10 Qb Ral QhiIay gynel ude

catal yst mat &rral tsicnYas sl rrectly
sem conduct o tRngeddny) Schottdly cangityons ofhg tcﬁltﬁllé’lséctqlcb@éetmd@m ayer

(Figure 4)' 1uhie¢h alyg0 har %etnh?) 18126t UnCRlopC FNeeHd ¥hifPle 1l e
carrier emtter or catalysts with reaction accel erator 15 decel erator
material s suPP@Gﬁ&@H&roF‘eéd’jlaé@@t t 3% RS SEeMRLFIs emhadimeditdi f§€n a thin

ﬁl ectrode un@el&b&yl@rss W ftlhea|ei(éd;t]‘ﬂfold% h:ﬂﬁe@l%@/ferﬁ a@:z aennregldcerd @&o t Ee

ot carrler emtt ur The cat a i nc such as
Au, 20 BF, mﬁ& S% %BI{% thy engfay. aﬁ‘ n%)é fﬁh#att?ﬁ%%e f or med
into st ruct ueéecmmomdmg;srmﬁgaltmiwg&en& pi | I ars i sl ands, | ayers,
crystalline layers,  atoni ¢/ fe\iecLUPofn%r Tnn%r&pr}ﬂ@ﬁg&iuéﬁrg %roqiftgilcttal and random

structures, stripés, of surface structures st  may al so 25 be
formed i h0o oesalewsucdr ashredd véirmeidiodnal gdant d'ﬁhu"donfélfl@emwegt ructures

such as quantu@,egt s ¢ H@UANHEPrcH adied yqqarf&mnﬁeorer@e%@@oquantum vell's.
Figure 3 shovvs a cross section 300 _of the solid,K state surf%ge cata Sis

reactor devi CEMEGRFFPEITg 2Rhdthe $3 S Per SRty Wh&fe is an
el ectron, a aataryl/isecenld.ectiilie rHw@lcdng et ggo ezt (ﬂre@snmrﬂﬁ els i ncl udes

catal yst isl 02, preferahly fornmed such that .the dlstan to the
sem conduct o%?lfﬁf%logss tfﬁa O?ehr 284 hrrlealéloﬂelr%gst heafihd’t “alPener gy%grlean free
path of the hmtdesaaerlee“cterl@m:tlquie coatt@lopstt BGhe Rreafigraaigiuctarhe teat al yst

I sl ands 302 Yt aIﬁOQQ%II Qe I?ﬁg?xdﬂ:q{a%d t‘?ﬁcﬁk%@v'tll'ﬂérp t}‘féOQ:ea&alei"clrceg' on of the
sem conductor 304. |In one ment, the catalyst material's 302 are
spread over collector and enhances manufacturablllty Thin, 1 to 5

nanometer ("nm") layers of Au, Ag and Cu conductors are
routinely fabricated on semiconductors, permitting a

20 thin layer to form the ohmic or almost ohmic contact
with semiconductor. This thin layer, e.g., the thin
electrode 402, assures that the Fermi level of the
catalyst and the Fermi level of the p type semiconductor
emitter are the same or practically the same. In this

25 embodiment, a thin, 1 to 20 nm layer of metal such as
Au, Ag or Cu may be used as the electrode 402 or
substrate for the catalyst ensemble. It should further
be appreciated that the present invention does not limit
the choice of contact metal used to form the electrode

30 to Au, Ag or Cu, and other metals, alloys or semi-metals
may be selected to form at least a nearly ohmic junction
with the semiconductor.

For the embodiment in which the hot electron

emitter includes a heavily doped semiconductor, for

35 example as shown in 304 of Figure 3 and in 416 of Figure
4, the material used for the thin electrode 402 may be
selected so that the junction between the electrode 402

and the heavily doped semiconductor 416 forms at least
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30 WD 01/28677 PCT/ US00/ 28801 the surface of the sem conductor. In another
enbodi nent, the catalyst is forned with surface structures contai ni ng

at om cal Iwoan2d60T m nonol ayers. The hot, for exanple, el ecPeDUSONCEBI1 er
emtter 5 includes the sem conductor diode forned by negative el ectrode

306 in contagh wihbsh bhmecsguheamductopraearabpytypaesguhe@aductor 312,
p-n junction_310 f.or.nmed en thgﬁg 3 %nlconduc or. 308 _and the p
qvi I

type seni cohdulEsr 15131 83866eau q5Ped p? 1o s d M ESA8Tct or
304, and posbtri ae ellacstodem3&djubicgdure, 4thblasmaabe§uatoro§9psegtu@n 400

of asolld SEALRcSH! Lﬁ%m@%ﬁuy RiGRACLOLRARVGE Wikllaklibh ogl ectrode 402

formng a substrate for cata uct ur es his e nt, the
catalytl65cthé@k@ﬁS§5OﬁnéPMd§§h9tFHVnbéﬁééﬁﬁoé@r@ﬁéebwayéﬂS402 cat al yst

structures 4G4napdoa Q@ssaﬁﬁleh@ﬁtuycahaqqn@%gtl@neé9§onl@uah@qhhgcal
contact with"the thin el ectrode ungﬁgla yer electron emtter

i ncl udes a s8RMBAAEES &P GPEIETFornBY - by AREGA éﬂ?@qgveEFFl€alY@Gnnectlon
408, n 20 typemsesndoaduet aay4be, haanluynokldﬁgéh%xap1w¢n9 d@@@dconductor

414, p 'doped Qr h vily p doped duct or 416, a d 4hiy Iectrode
underlayer 4823* Eg ﬁ%ﬁﬁon ﬁg Fﬁpgaglec r%dg%Un gFFayerg 6% % conmon
to the Hdt eHeptingnoegutrsewhandthhedoppatyconc2htealtiont @rxceélql@ th| n

el ectrode Unggp B&%&a%@%g”&%l@eggergﬂFﬁcp%%hEh% t%EECt%Q@%reTEesh%M%

el ectrode un aﬁ is pr selected fromthose materials that
nmake an ohni Ehés ﬁﬁﬁéﬂyoﬁﬁp@djaﬁeﬂpan P4 prer bokhcSHEuEIMGELe30 The thin

el ectrode und@éb@y&eaéoaoah@&tdaﬁ B4t Bad REESERst RYeRtke’ Bonns ohm c or
al nost ohm c_j.unctigns %Eﬁ nlcogdu tor 416 Whl|§ %Iso pro |d|ng a
?OWS & &v

path for hof t8PEE: Foff &RV OPRE FELAPYsE1R04™ HPPH 3 Sone
sel ecti arb of weahbithet ithrin eflecatabysundet-dlayemrd 432 .sem conductor, the ohmc

properties of the&s“%%t %gmple, a preferred doping of 2el9 per cc
donors in InSb or InAs is considered to be such a heavy
doping. Degenerative doping of the semiconductor to
2e20 per cc and bonding a suitable metal, such as Au,

20 Ag, or cu, as the thin metal contact can make an almost
ohmic electrical connection to the semiconductor.
Nearly any metal may form such an almost ohmic junction
because the junction dimension under heavy or
degenerative doping is of order 1 nanometer or less, and

25 at this dimension tunneling across the junction is
predominating. A junction of this type typically has
characteristic p-n junction dimension of order 3
nanometers or less and electron diffusion length in the
emitter and collector regions in excess of 1 micron.

30 The dimension may be limited by Auger recombination.
Therefore, the junction between the emitter and the
catalytic collectof elements of the present invention
can be readily constructed since .1 micron thickness and
greater dimension is routinely achieved in practice.

35 The thin electrode is bonded to the p type
semiconductor surface. The catalyst clusters or layers
are placed on the thin electrode and preferably near to

the p-n junction. "Near" is defined to be "a distance
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bet ween the sem conductor 416 and catal yst 404 may form a SchottKky
junction instead. In cases where a Schottky junction is forned, a |ayer of
metal, i veopiegee7thin 31 WO 01/28677 PCT/ US00/ 28801 el ecpendsonnss@r | ayer
402 is used as the neans to forma practically ohm c junction, which may

be al nost ohmhatohs @itWAnelkiheg dSETelstion jddfehnisabn ernciaioailmt clusters or
| ayers 404 are then pl, acgglleon t of the thin %I ectrodge .5 derl ayer net al

402. In an eX&WPrary éfp teﬁe THCORTESE 5t 't he LT FYSHS "Thder | ayer
402 i s sel ectied typiché liyucit Ioe@srt fan ntieremeogy meean fr‘Iée pat h of the hot

€l eCLr one PasaUG IO e O 1%1%@ 2l SRS GOPMILY, Laag, cont act

10 netal s such as sil copper
el ectron enedgped et 262 lepededs 2@00 féﬁﬁd@§e€oﬁ‘d§r@ﬁ@ tarli’éi1 & éct ron

velocity is aqfi Quder ih 460 TRk ReCoRMseThR I asidd NG rRItan@s BFan free
path is therefore of order 280 nanotet er s. Tg ptglrmts t he underl ayer

el ectrical cEHCRSLLHS FEISERte bhgudidit Usdomy . thude

t hi cker than ntlheoelat alngt lwcillc(bld %@:tp&fecﬁradeelnlh@n(teﬁss@mlﬁﬁdlaﬂabi ldHey. Thi n,

1to 5 nanong "nm). | ayers af Ag, %nd Cu COI’ldl{Ct Qr.s r.outi nely
well i %C)r M

fabricated of™ ém divd &tm&n loﬁ‘erlrﬁ tting a ?dnt fin Ia el 1o e ohmi ¢
or al nost0ohmitateomfache wirth séwicomddogtlor,. this S:att:mlr}’stay@rtale 32 the

thin el ectrady 403, RSHEes ihAlndiha FeidflackOYlacddh i a5t and the

Ferm | evel p type sem conductor emtter are the sane o
practical |y t&V€ams. bokht fhhe =3 tediyddicmsml leg b ﬁmdl Ao Y- 4HRY ayer of

][Tet al hsuch aI os&lt,lv/égﬁglrec@iﬁmh%ru@?@l@% A helbl@ %qtsrd)d%&&%@%hewh)st rate
or the cata e e e t. sho ur.t her. e appreC|ate that the
ﬁ‘{qS&naﬁ%}e q‘Jt%

present inve SOBLepiifiv © PH&eEd 9B contact netal used to form
the el ecisode 30 tRigAtr,e Ag shiowsu a anebsat serctieinalsd0 alfl ey saridaetatret al s

may be sel ected (0. QDAY 183 o2 UG I i UG o 4G L et N the

sem conduct or
illustrated in Figure 4 and with reaction accelerator-

decelerator materials 502 surrounding or adjacent to
catalyst structures 404. As described with reference to

20 Figure 2, in an exemplary embodiment, the catalyst
clusters may further include chemical surface reaction
activators, accelerators or decelerators placed in their
proximity, such as oxides or other materials. As shown,
the catalytic collector includes the catalyst

25 structures 404, an optional thin electrode underlayer
402, and catalyst accelerators or decelerators 502 such
as oxides. For example, oxides of the catalyst itself,
or oxides of cerium, titanium or aluminum may be formed
between the catalyst islands or layers. The distance a

30 hot electron must travel through the catalyst 404 and
thin electrode underlayer 402 is preferably less than
several times the total energy mean free path.

Figure 6 shows a cross section 600 of the solid

state surface catalysis reactor device including a

35 single metal element 605 that is at the same time an
electrical connection to the emitter, the underlayer of
the catalytic collector and forms the metal element of a
Schottky diode.
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For the enbodinent in which the hot electron emtter includes a heavily
doped sem conductor, for 35 exanple as shown in 304 of Figure 3 and in 416
of Fi guravodingeshe material used for the thin el ectrode 402CTvEgooms80isel ect ed
so that the junction between the el ectrode 402 and the heavily doped

Sﬁm: conduct or 4lgsf1—Mf ,,rﬁbiialt ﬁi@@&feh 6329V %Hfl&%ﬁéla?@_ |/suse_=(yh 3801 an al rrgst
ohm c junction, Prefera .t unction or i.S.an c junction. To
form an ohni &G Sién re@%’/:té)ﬁ’ %elr’(&ﬁe SiThnE jau%g:?qo&%,k% Fﬁglo i conduct or
doping is seeectattsufddsairéntdny thieglrasa lyltdic tdvd ldiamensied® 06 0% tadndckness
of any Schot bar,r i f.Qr .Dys L hi S ¢ ] [ ' fifi cihent | 'l that
el ectron tuntrﬁslg?ﬁi'ngA onqoﬁgtkg};%[l%\gecgrsr g%ﬁ%%ﬁ%@ﬂg%ﬁéh%%ﬁ% ﬁbeét% ype
seni conduet ongey sy slre &89,y tde dogendearvivyl yakgse demiamnduss arediodn of

contact Wi thghagnmRiak Heh degauy 143 t4oRiRg AEpichrheR the deRAMot

concentrati on exceeds .approximtely 1el8 per CubicC centinmeter. Figure 3
shows this KEXFHSY BSHEF MY 61 eS6AREar Gt HaSseeManRsst el ectri cal
connecti on 3k4makdneRicAorstret)ivst &g ,302d thegwe ckeghasyddthing heavi ly
doped regqi ongﬁlG i.n _cqgntact 13iwit hin.el ectrode underl|layer 402. As

C S % the S ar oV
an exanpl e, & praférfed SCORSSiSH 28P9 p&HSc PSS LY InAs is
consi der&@ t eleetsiciala dremect idopifieg. thegenenatit eadopiimg,of the
sem conduct 060 13620 A8M 66 ARG DANYYAY 8 SUIdALE 1T AleneSyaRAs Au, 20
Ag, or cu, as the thin nmetal contact can make an al nost * ohm c el ectrical

connection tdst Belsed eEidud drorwanshiiysanyhedt dls nd samadsudP tad sal nost

ohm ¢ juncti @u1sker e thifR Wdtd reRpddvenrsy ;%éirtqeve haaet Jde drOenerative
doping is of order .1 nanoneter or Iess,E?’nd 5 at this dinension tunneling

across the j@CEHERNSs © dim REMSEg. I AT (WS ASFpe typical ly
has chat&ct erasttiions o Whet icent adiyeen eneendil ecoreder ahd et ers or | ess

and el ectron i usion d GaOtdL L f e g @l e AN SOId SRS 01 Ons 1N
excess of 1 i crom.
produce a burst of hot electrons which travel through
the thin catalyst structure 607 and element 605, surpass
the Schottky barrier potential and enter the diode
20 regions 601 and 604, forward biasing the diode and
producing electric power.

The reversible nature of this embodiment is shown
for illustration. The reaction stimulation properties
of the same device may be its principle function. The

25 electrical generation properties may be the principle
function.

Figure 7 illustrates the electronic energy levels
diagram 700 of the elements of the solid state surface
catalysis reactor device appropriate for the case where

30 the hot carrier is a hot electron. These elements '’
include an adsorbate 702, catalyst 704, positive
electrode or electrical connection 718, electrode
junction, highly doped semiconductor in the collector-
emitter region 706, p doped semiconductor region 708, p-

35 n junction region 710, n doped 712 and the heavily n
doped 714 region.

In the stimulation mode, a forward bias 716 drives

electrons from the n+ region 714 where they are majority
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30 The dinmension may be limted by Auger reconbination. Therefore, the
junction between the emtter and the catalytic collector elenents of the
present iwe@entiédn can be readily constructed since .1 n eeDUSeEsskiness and
greater dinension is routinely achieved in practice. 35 The thin el ectrode

i's bonded tochheiprikypentseiheopducahctiicnaga.o, TAateatdley $t teigest ers or
| ayers are placed c}g th ﬁi@?n el ectraode andg@lrefer bl near .to_.the p-n
L§ e (o)

junction. "NE§FOMs ‘def SEELCRNGUSTRAc &3S WBoy A3 Se T RoTitY

PCT/ USQQ 288@arrtikats,i dnwiot ihe théadiytudioan dindetdieon tof tienority
carriers in It t 1.C t ., Ehi i i @n isyd%ggj Iy of
order 0.1 m tc?rl‘;\gﬁt(?L rsttrr%lrhgig‘?ﬁe%ﬂgglgcg?‘lg.eg?l&%ggﬁs@?g%t er%lteh °6 éili)%é:te?/ons in
p type | nSb 508opedheohps2elpetron exciitesy GERLESTiiey §he &¢I PRteni crons

in I nAs. Howgwelkh @hsearvedAvgakthiibhetimes of 1  picosecond suggest the
diffusion length is of order 1 mcron. As will be appreci atgd by those

skilled in the art YR gederehdronPsdewedn FEFFY APehParendfadii® i ng 10
state of thee&ktitelcetadienglfy thehadesataret drebales3®dt anédc4dbrey drhe thin

nmet al cont act .under | aver. 402 .nma rv s hoth the talytic collector and
an emtter %5% tcia\t/:«g1€f1L Isgcﬁllirgglc%éo?fﬁleect?ﬁc%n.eqfﬁtgoglss%%reéld%rggg %he cost and
conpl exi 1§ ofthirsmghc &hicorat sl yEitgtioe thes lpowyre ceossondettonr 5@@iomh a sol i d

state surfageOabalysinciope! ob ARW ¢e Sl Al o Alalnddd Yo ated in

Figure 4 and wth reaction accelerator- d erator materials 5

surroundi ng éRtgdpradestecsricatdr)se it fdreurenisenduss e sticehed HA™ h

reference too@rFitdUi@eZn+ Redl caXeMRl,alck NG B Forwahd ®akdl,yst
clusters may further include chem cal_ syrface reaction activators,
B8

accel erators CEMSS0Ps SPMEEEd Ofn SRET 1 DPE¥EFty, such as oxi des or
other mat®erials. As shdwnandt hé 1catthleyt iembedimecite, ithel udes the cat al yst

2 o et o SR 0B 907 AR LB Ceac
may be greatly enhanced by providing reactants in the
gas phase. In this case, the adsorbates on the catalyst
surface interact with the hot carriers. When a liquid

20 covers the catalyst, multiple layers of adsorbate absorb
the hot electron and diminish its effectiveness. Thus, a
point of novelty of this invention also include the use
of forward biased devices for the purpose of reaction
stimulation or electric generation.

25 While the invention has been particularly shown and
described with respect to a preferred embodiment
thereof, it will be understood by those skilled in the
art that the foregoing and other changes in form and
details may be made therein without departing from the

30 spirit and scope of the invention. For example, those
skilled in the art will appreciate that the features of
the invention may sometimes be used to advantage without
a corresponding use of the other features shown or
described herein above. Similarly, some features may be

35 combined, within the scope and equivalents of the

present invention, to achieve a desired result.
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as oxides. For exanple, oxides of the catalyst itself, or oxides of

cerium titaniumor alum num my be fornmed between the catalyst islands or
| ayers. Weodesstance a 30 hot el ectron nust travel throughCT/ivsocasal yst 404
and thin electrode underlayer 402 is preferably | ess than several tines
the total energy nean free path. Figure GLaOMA&S a cross section 600 of the
solid- state urHQQ% catal ysis reactor device including a 35 single netal
el ement 605 {hat 16 at the same tinme an el ectrical connection to the
emtter, the underlayer of the catalytic collector and fornms the netal

element of a Schattky 4iade s34cWORLEARR7 €RGIANIQ0288QL: jeown i n

Figure 6 is a solid state surface catalysis reactor device using a SchottKky
di ode. ﬁ%aoﬁ&ﬁp§ §6S6F8C6ﬁophép€§F§FV§|EQﬂHWH%%¥W 605, 606 and 607. A

Schot t ky di ode |Saf@bﬁ&dyh&tmﬁbﬂlbhto&hlﬁn@Eta| 5 underlayer 605, the nore
heavi |y doped sem_conduc il lustration

appropriate for tR& F&E* égﬂPPeFmﬁg%ﬁé ﬁgfqué r8n§ Dt HECESSS doped
senlconductodlpdgl@hoeelexandathentbﬁ@ﬁesta@gawmee1seb@@pdedatcconnect|on

606. Bus bareQQ%tQEQ%EQ%Eth%t%%c% tr' %%%@e%&%%nt%@’égyaaytlc

current- carrylng positive ine ectro I'n operation, the diode
i s pul sel wi €RlaefcéOkard bias, that is, electrode 606 is pul sed negative

with respect to posictieve ehrCbrod@ré0ane rcQRHRAGAILRE W cpovwer. This
triggers surface 15 reaéxéggg 2p t he cat al yst ensenble 60 and causes

products to BERFEHES. © BLES QR ETErEY gy Ehsr Y& Yurst of hot
el ectrons whicolllecavel atrer eogirertiee nhm@ @&b&ﬂﬁﬁho&brumﬁumeaaﬁﬁc&mdxelenent

605, surpass, t S re | _an enter, dlode 20 regi ons
t Q%e %Q% E%Xl % %S&t%%é &% é% %ter tl

601 and 604, irasin pro u0|ng elec Fic pomer The
reversi ble naneme@a@fedt laingl @memsm 1|n§os|<mm orf morig |Eggmsatifon. The

reaction stigplaihon properties

2. The apparatus as claimed in claim 1, wherein
the reactions of adsorbates occur on a surface of the

20 catalytic collector.

3. The apparatus as claimed in claim 1, wherein
the reactions of adsorbates occur with a surface of the

catalytic collector.

25
4. The apparatus as claimed in claim 1, wherein
the one or more energies include one or more excited
reactant molecular vibrations.
30 5. The apparatus as claimed in claim 1, wherein

the one or more energies include one or more molecule-

surface vibrations.
6. The apparatus as claimed in claim 1, wherein

35 the one or more energies include one or more atom-

surface vibrations.
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of the same device may be its principle function. The 25 el ectrical
generation properties nmay be the principle function. Figure 7 illustrates
t he el ectwoni/zseenergy | evel s diagram 700 of the el enent spof/usévessal i d
state surface catalysis reactor device appropriate for the case where 30
the hot carrier i§.a The eppetratms dsesdaghedenns'clainmcllyderhareddsor bat e

702, catal y?"théoéne%%! (‘n;g#% glegelikads nan  glectil ¢al m%%”%]%ts'o 4%

el ectrode junction, highly dope Semi conduct of i n t he coll 6ctor ‘em tter
regi on 706, peaepe@Sem conductor region 708, p- 35 n junction region 710,
n doped 712 and the heavily n doped 714 region. In the stimnulation node, a
f orwar d q%as 716 drives electrons fromthe n+ region 714 where they are
majority 235 WO 08/286%% PEPAUSHHF2880F1adHer érs CLladf rh&her®iunct i on
710, into thehp bypeor egren ehZgikest A csadieC onduokomomeeichehlieylar e
mnority carriersb into the catalyst 704, and then to the catalyst
surface mherge?ﬁgﬁ Pteract with the adsorbate 5 706. The hot el ectron
excites states in the adsorbate which stinmulate reactions. In the

generation node, gn e'i"ﬁ'ég)é'p 8GaY Rabl iAhRea §XCihgdpshat Gral-clibe

adsorbate creates hot electrons on the catalyst surface; the hot electrons
then tral@l tbet PREUGH FREecghngirgdest dncREds PPFe OFefMoaen@¥CidES egi on  and
then continueikett-baip- BtihwReti on 710 where the internal electric fields
in the sem conductor sweep them over to the n+ region 714, creating a
forward bias, which becomes a source of electric power. 15 In this and al
ot her enbodi nent s10t. heThef bephirdenes asotlbliaest iimulcatdin 1gemdkeaednh and

reactor nmay . a vi di re ants._i.n_the gas phase.
In this caseFB%h%&§§§%¥%§ggsq%%qP%é %%taP%éR%rgur%%cgafﬁFg%gbt with the hot
carriersl>Wien a liquid 20 covers the catalyst, nmultiple |ayers of

adsorbate absorb 131, The apparatus as claimed in claim 1, wherein
the excitations include one or more electromagnetic
fields.

20 12. The apparatus as claimed in claim 1, wherein
the emitter excitations include one or more minority

carriers.

13. The apparatus as claimed in claim 1, wherein
25 the emitter excitations include one or more hot

carriers.

14. The apparatus as claimed in claim 1, wherein
the emitter excitations include energies transported by

30 carrier diffusion.

15. The apparatus as claimed in claim 1, wherein
the emitter excitations include coupling electric
fields.

35
16. The apparatus as claimed in claim 1, wherein

the emitter excitations include one or more excitons.
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the hot electron and dimnish its effectiveness. Thus, a point of novelty
of this invention also include the use of forward biased devices for the
pur pose oWopezssvT on stimulation or electric generation. PETNVkeI/Bsiihe

i nvention has been particularly showm and described with respect to a
preferred enbodi nefit Ther epbaratusi ks béaameedr Snoad abiyn tlhosesieiilnl ed in
the art tha h oi e es....n fo il s may be
made therelnka%t%g QEggpS%%ﬁ%g %%%1€ﬁeﬁgggsgﬁflf&éﬁg} gﬁggoF%

i nvention. For exanple, those skilled in the art will appreciate that t he

features of the hgventl‘h@ns@lds%’E'%tt'en%%rk?_ﬁcés%QttaQy@‘i\éa@@Qa‘Mlb&OUt a
correspon |ng use of the other features shogq escri hed herein above.

Simlarl reneESEuFE8 ChdPTh @PP3E AP FhPARe A% e 3ddpge and

equi val ents @hetrbén pheseatalgrant icolletaoachiseva actesidtediiteshie. 36 WO
01/ 28677 PCT/US§Q/28801 CLAIM5 W claim 1. A solid state surface

catal ysi s exClratton 5 transfer reaction apparatus conprising: a catalytic
collector; and an excitation emtter including a p-n junction diode whose
excitation band shouct he LpROURled 018 GalH0R1BAR 1St LG
associated with the catalyt g | ect or erein one or nore energles
associ at ¥l withe Pr8adtinshioss dd@ssr Bat éoryaadr PiiRgech t he catal ytic
collector are converted into excitations and transported to the excitation
emtter where emtter citations are 3 ener at ed .and conv rted into one
or nore forms of 28ner§§ FPPPAACHS 3FaCud B8 AT F8@ i 1ol FBREEIwher ei n

t he reacti onshef cadstelrakeas icationen ares erkbatedofwhielme th20 peat al yti c

col lector. 3 ,The ;aRPRLALHS A% ShA ;L0 al m 1, wherein

15
21. The apparatus as claimed in claim 20, wherein
an electric potential applied across the p-n junction
diode causes a forward bias in the p-n junction diode.
20 22. The apparatus as claimed in claim 20, wherein

optical absorption of photons in the p-n junction diode

causes the forward bias in the p-n junction diode.

23. The apparatus as claimed in claim 10, wherein
25 the one or more hot carriers include one or more hot

electron.

24. The apparatus as claimed in claim 1, wherein
the p-n junction diode includes a p-type emitter region
30 and an n-type base.

25. The apparatus as claimed in claim 1, wherein
the p-n junction diode includes a highly doped p+
region.

35
26. The apparatus as claimed in claim 24, wherein

the p-type emitter region is highly doped.
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t he reactions of adsorbates occur with a surface of the catalytic

col | ector.

25 4. The apparatus as clainmed in claiml, wherein the one or

nore enemngder2d86mtl ude one or nore excited reactant nol eceCBUSW/IsB@EL i ONS.
30 5. The apparatus as clained in claim1l, wherein the one or nore
energi es include @ve orhaepIaets es ss:urafia@ei virbrAlbdiang., hekhe€rappar at us

as clained in.claim1l, whe t.he 0 i ncl ude one or
nore atom s&rhfeaéoen\/l Wgttllgr?s%lﬁl%s 1'](3311/ %‘é‘?f”d@’om *7. The

appar at us as reladiomed in claim1l, wherein the one or

nore energi es include

one or nore adsorption reactions. 5 8. The apparatus as clainmed in claim

1, wherein
reacti ons®

apparatus as cl aine
nore hot carriers.

the one or nore energies include one or nore chem cal

excitations include.ongher appaeaghec tasorAgieted i icdlads 120 whizrelire
apparatus as cfl e”%q.tlartl:l%lnalemljt’tfg %_ﬁe]If%brtlh% Ig tftreorm esxe%{ c%t Iéjnscl I nCl ude

one or nore mNorit carr
wherein 105 trrhaé:eezmatlt éhagx dincariderss amt lande cone b imgtd diotse leartrcer s,
The appar at Us,%, Glrai gd i %In@ Bpl, Wherein the emtter excitations

appara Us ‘as cl-al e

i ncl ude energies transported by

15

20

25

30

35

30. The apparatus as claimed in claim 1, wherein
the excitation emitter is fabricated from semiconductor
material that includes any one or combination selected
from In, Sb, Bi, and T1.

31. The apparatus as claimed in c¢laim 1, wherein
the excitation emitter is fabricated from semiconductor
material that includes any one or combination selected
from Hg, Cd4, and Te.

32. The apparatus as claimed in claim 31, wherein

a concentration of cadmium (Cd) is between 20% and 30%.

33. The apparatus as claimed in claim 1, wherein a

distance from a p-n junction in the p-n junction diode
to the catalytic collector is less than three times a
diffusion length of minority carriers in the p-n

junction diode.

34. The apparatus as élaimed in claim 1, wherein
the catalytic collector further includes:

a catalyst,

wherein total path traveled by energetic carriers
between a catalyst surface exposed to adsorbate

reactants and a semiconductor of the excitation emitter

40

aim 1,

9. The 28ppaf&eusrraradtasnms® i admgdnin adipdimeiat, whandedone or

nore ener gi egHaNGl- g@eomﬁs@r iRDHE BNG tdzgl)edel ectronic states. 10. The
in claim1, wherein the excitations include one or

15 11. The apparat us as clained in claim1, wherein

t he

14.



30 carrier diffusion. 15. The apparatus as clained in claim1l, wherein the
emtter excitations include coupling electric fields. 35 16. The apparatus
as cl ai mmoobmssiai m 1, wherein the emtter excitations ipCT/Ud®/38@ or nore
excitons. 38 WD 01/28677 PCT/US00/ 28801 17. The apparatus as clained in
claim1, wherigi neldie terint toreexdiidld @i ivotlaldeneiemdd € agayrs. 18,
The solid sta%etgfrface C Eal sk%d%épitqpkpnt 5tr @§fer reacti on apparatus
as clai med i ¥ cl-am IS dvers worhe Cat & ﬁlgc &?I F&ctor is in contact with
the emtter. 19. The apparatus as clained in claim1l1l, wherein 10 the p-n
junction diode isfor V\%g o] %%&%-ttéo-asﬂﬁaﬁ atus.qas (£l mxie'lnd aim1l,
wherein the em_ tter excitatrons are create en the p-n’ junction becomnes
forward bPas@RlIIStAIE CREEiggpiraniPdE dsaivasd ite HX@NALEEt wherein  an

el ectric pot eifdrfetaRPlda8d id6i05$ it Ratdiyield 1 1dads- Gaksaha forward
bias in the p-n _junction diode. 20 22. The apparatus as clained in claim

20, wherein SSPHtitEHCREFHESEn of photons in the p-n junction di ode
causes the forward bias in the p-n junction diode. 23. The apparatus as
claimed in claim 1Q, V\/q;l%el n..25.the Qne. Q. oy _elnhotl carriers include one

. aratus clai aim 1,  where .
or nore hot el ectron. & appar atus as "¢laied i cldi ML Wier ei n

t he p-n }@ncttben M@tmﬁélfmilee: pofpelesniant ehmigyiedrect30cald an n-type
base. 25. The ApRARALUS BhneldiiiRd di2 Cdaaaagﬂg%icvw&%ﬁ%r&téxhearﬁ dinction

di ode includes a highly doped p+~ region.
excitation emitter.

37. The apparatus as claimed in claim 1, wherein
15 the apparatus further includes a tunneling Schottky
junction connecting the catalytic collector and the

emitter.

38. The apparatus as claimed in claim 34, wherein

20 the catalyst includes one or more catalyst clusters.

39. The apparatus as claimed in claim 38, wherein
the catalyst further includes one or more reaction
accelerator-decelerator surrounding the one or more

25 catalyst clusters.

40. The apparatus as claimed in claim 39, wherein

the one or more reaction accelerator-decelerator include

an oxide.
30
41. The apparatus as claimed in claim 40, wherein
the oxide includes one selected from titanium, cerium,
rare earth metals, tin, lead, and aluminum.
35 42. The apparatus as claimed in claim 40, wherein

the oxide includes material of the catalyst.
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26. The apparatus as clained in claim?24, wherein the p-type emtter
region is highly doped. 39 WD 01/28677 PCT/US00/ 28801 27. The apparatus as
cl ai med iwool/z86m1 1, wherein the p-n junction diode incl uBesusoonmsgil y doped
n+ region. 5 28. The apparatus as clainmed in claim24, wherein the n-type
base is highly doped. 2%e tppazppasatisscasickd mad dlaial di8m Whewkdmhei n  t he
excitation e t bre f. 1 ductor . 1 al that
i ncl udes anyg})l%e%(%rtai ﬁglga??%%qseﬁggkggglggg %% Hogs Qﬁg%kqgth 30. The
appar at us asagkailswd ton - desererataite péiACenke tex &Neaonen ognimorer i s
fabricated f@gghg?gkchQgQgQ% 15 material that includes any one or
conbi nati on sel ec fromln, Sb, Bi, and Ti. 31. The apparatus as cl ai ned
inclaiml, wherein the excitation emtter is fabricated from
sem conductor 204mat erhel appatainel u@esslaameananorclraqmbimat whereghect ed

' as clainmed in cIa|n131 wherein a

f Cd, 32. Th t
cggg;:?ratloﬁ%Sfc8§8%V5ﬁ1%E§f%g s %égﬁ $209Cad 35%¢ 1555335 The apparat us

as clai nmed |accbaewatprwﬁeceﬂﬂratod|3hanoatbcmnmatm-mqeunmblom morehe p-n
junction diod h tic collector is less than three tines a

di ffusion Iengtﬁ&gfkn?%§%%?§%carrlers in the p-n 30 junction diode. 34. The
apparatus9as clained in claim1, wherein the catalytic collector further

includes: a catal yst, &ﬁewa%%lrlath@t aks @qhhmbea\ieﬂ ed sy ener gekheigarriers
bet ween a cat%% yst sErfac exp osegyto adsorbate_ reactants_and a

seni conduct oF6f CARBL¥RE i 8nDE FtéFeﬂﬁeﬂﬁﬁbiﬁf@ﬁ??a§CTPGSOOI28801

vibration decay frequency of the dominant mode of energy

relaxation of at least one of adsorbate reactants.

15
46. The apparatus as claimed in claim 1, wherein
the catalytic collector includes a material having Debye
temperature less than 500 degrees Kelvin.
20 47. The apparatus as claimed in claim 34, wherein

the catalyst includes material selected from any one of
Au, Ag, Pt, Pd, Cu, In, Fe, Ni, An, and Mo.

48. The apparatus as claimed in claim 34, wherein

25 the catalyst is formed into metal clusters.

49. The apparatus as claimed in claim 34, wherein

the catalyst is formed into a quantum confinement

structure.
30
50.. The apparatus as claimed in claim 1, wherein
the catalytic collector further includes at least one
electrode underlayer metal formed between the excitation
emitter and a catalyst in the catalytic collector.
35

51. The apparatus as claimed in claim 50, wherein
the electrode underlayer metal forms a substrate for one

or more catalysts in the catalytic collector.
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is less than three tinmes the total energy nean free path of the energetic
carriers along the path. 35. The apparatus as clained in claim1, wherein
5 bal | i stw@onzs6ri er transport is used to transport energepCT/wS@eassilers in
the catalytic collector and the excitation emtter. 36. The apparatus as
claimed in claiml1, wherein 10 the apparatus further includes an ohmc
electrical - connegbi on gANGRELIAG.LNG CRAAHEC 16O0LhETHOE 0BNdHR 1 n
excitation emtter. pparatus as aled | &h In 15

t he apparatu§hﬁu¢ﬂﬁ€ﬁrpd§luéé@réaVGﬁn@ﬁﬁﬁé é@ﬁ@ﬁtﬁysupﬁﬁéﬁﬁﬁnféﬁhﬁéhilng
the catal yti grcabect-ahcRdnt BecetBirhter-338e1EhataRPanAkWe as clainmed in
claim34, wherein 20 the catalyst i ncl udes one or nore catal yst clusters.
39. The ébpaFéFﬁ§Y§§ch8#ﬁ§8 Ph-claim 38, wherein the catal yst further

i ncl udes one or nore reaction accelerator- decelerator surroundi ng the one
or nore 25 catal yst usters, The apparat us as d in_cl.ai m 39,
therein the one SP-moPS POREEPOHCacoraPalEE. dbcoiar 0 i HEFAGED an

oxi de. 30 4lth@heleppacdeusndsrdbyiemeteitalchaismad@hinkaesisn letsive tdvainde

i ncl udes one o r iLt,a A r a ls« tin, |ead,
and alunlnunfﬁggg %ﬁﬁe%eggﬁgg a@hgﬁ;;%% a%%kg F% ? %l%%%&ggkﬁgrg n the

oxi de i ndd udgeipgt EMranIsdf ithe catal yst. 41 WO 01/28677 PCT/ US00/ 28801  43.
The apparatus as clained in claim38, wherein the catalyst further

i ncl udes one or myr e r& ction accel erator-dec erat r ,adj_acent to .the one
or more catalyst °¢lrus Fsapgaﬁﬁtu?hésaﬁﬂéﬂ cCraAMred i Wrersim 38,
wher ei n an ohmic junction is formed between the electrode

underlayer metal and the excitation emitter.

15
55. The apparatus as claimed in claim 50, wherein
a tunneling Schottky junction is formed between the
electrode underlayer metal and the excitation emitter.
20 56. The apparatus as claimed in c¢laim 50, wherein

an almost ohmic junction is formed between the electrode

underlayer metal and the excitation emitter.

57. The apparatus as claimed in claim 1, wherein
25 the apparatus further includes an optical cavity coupled

to a region of adsorbate reactions.

58. The apparatus as claimed in claim 57, wherein

the optical cavity is tuned to a selected energy level

30 transition in the excitation band structure of at least
one of the excitation emitter, the catalytic collector,

and the adsorbate.

59. The apparatus as claimed in claim 57, wherein

35 the optical cavity includes dielectric micro cavities.

60. The apparatus as claimed in claim 57, wherein

the optical cavity stimulates emission of radiation.
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the catal yst further includes one or nore reaction accel erator-decel erator
in contact with the one or nore catalyst clusters. 10 45. The apparatus as
cl ai mred iwool/z8em 34, wherein the catalyst has a Debye frepgnesay2sB@ss than
the vibration decay frequency of the dom nant node of energy relaxation

of at |east one of adsorbate reactants. 15 46. The apparatus as claimed in

claim L, herein ehfle pbalyble 8ol S6! 81 Reludes TR o al,adige Debye

tenperature |ess t rees RelVi n he "appardt us as cl ai med
in claim 34, t\hﬁep@ﬁlﬁcatlhéaé'afiaﬂ péimud el ege SNRESY LAl NSAltdOned offr fcany one

of Au, Ag, BkciPdciGh phRd ERrubtur@noraffieMax48atlle aRAtALUS as
clmrmdlg claim34, wherein 25 the catalyst is forned into netal

clusters.”49. The apparatus as clainmed in claim34, wherein the catalyst
is formed into a quant TheC apilatartest assbrludmuaeln%laam 1Tharh@méamat us as
clainmed in cl mhereln t he cat.al tlc collﬁctor f i ncl udes at

| east one eFectPg e Ui 88Fﬁafgfmﬁepgle FREd e gnﬁgﬁybn

emtter and a catalyst in the catalytic coIIector 35 51 The apparatus as

claimed in claimgq, whgeel @ga&%%u%' agt 'E:‘i‘i%m%'&d‘i | aven m”%tza' Jh%&%“i?

substrate for one or nore tal'ysts in the catalytic collector

01/ 286771 pCTLBSOOR288T1MOSe. fPREISy phacaeygYad nEladre®uUlifed ai m 50, wherein
the el ectrodeldpderlaveeneet®. forns a substrate for one or nore reaction
accel erator-decelerator in the 5 catalytic collector. 53. The apparatus as
clainmed in claimb50, wherein the electrode underlayer netal has a

thi ckness Il ess thaa. The apparatus as claimed in claim 62, wherein

the one or more forms of energy include pulsed optical

15 energy.

65. A method of converting adsorbate reaction
energy into power, comprising:

coupling one or more excitation band structures of

20 an adsorbate-catalyst into one or more excitation band

structures of an excitation emitter;

optimizing the coupling to a diode in the
excitation emitter; and

converting one or more excitations in the diode to

25 power.

66. The method of claim 65, wherein the coupling
includes forming a catalytic collector in the adsorbate-
catalyst with one or more quantum confinement surface

30 structures.

67. The method of claim 65, wherein the coupling

includes tuning one or more optical cavities to a
frequency of the one or more excitation band structures

35 of at least one of the adsorbate-catalyst and the

excitation emitter.
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three tines energy nean free path of the excitations 10 going through it.
54. The apparatus as clained in claim50, wherein an ohmc junction is
formed bavowszssthe el ectrode underl ayer netal and the exeCT/asoomssan tter.
15 55. The apparatus as clained in claimb50, wherein a tunneling Schottky

junction is fornedshet ween refttodebecivlede widerdrayerinmehal cangitikey
excitation emtter. 2Q 56.. The apparatus as .cl ained.in _claim50, wherein
an al nost ohdPELAGRE: TR LY &r ﬁ@%at}é{t elr Cézloéfctltr]o&g’e SHPARS met al
and t he exci tatiadlysematidethebpptime zapgariataisides Clcanmedaimicigaitiel,
wherein 25 thg apparatys f ‘ifebflg@ 'b%‘&k)é%“ﬁs A QR Lalo Ryl Ea%%ﬂ] ¢ to a
regi on of adsorbate reactions. . The apparatus as clained 1 n claim 57,
wher ei n  ? he coptliesdlorc @XpOEeds touREE b ag es aleasttaédtenangy thevel 30

transition i R dNe X aldi@RcRand nat rdelivie fvidly lLa%Hi kR f Jhe
excitation emtter, the catalytic colléctor, and the adsorbate. 59. The
appar at us as JES& (@D FhRIes FRSTIVWAERS: f Tes5 Rt o PRt CRRTAFETShel udes
di el ectric mesichagajed ietweed thEheadppatdldl s A edtairrethd ithel ai m 57,
wherein the g ti.%al .cavit‘_%.L timul ates em ssion of radiation. 43 WO

01/ 28677 PCTF%gd 33801 €"8E®Frie apparatus as claimed in claimb57, wherein
the optit@l cavity stinulates energy transitions of the excitation band

structure of the gl t aHORRH el Aa0% cEhe AR YRS R N
claim1, wherein the one or nore forns o en,ergélnc ude pgl sed en rgy.
63. The appaf@cdsides cediemdnion acSHbACEAL awertdl Parg! 9w GReTelY sSs for s
of energy i nghage JulesR@l eleet seadleteueeddti thdiohe rap aldédrdatd-ai med
in claim62, wherein the one or nore fornms of energy include pul sed

opti cal catalyst.

15
70. The method of claim 65, wherein the optimizing
includes adjusting a forward bias of the diode such that
a band of excitation energy in the excitation emitter
matches a band of excitation energies in the adsorbate-
20 catalyst.

71. The method of claim 65, wherein the coupling
includes selecting a catalyst with Debye frequency lower
than a selected energy level of the one or more

25 excitation structures of the adsorbate-catalyst system.

72. A method of converting reaction energy into
power, comprising:
converting one or more adsorbate reactants into hot
30 carriers;
keeping the hot carriers hot while the hot carriers
are transported to a diode;
converting the hot carriers into a forward bias in
the diode.
35
73. The method of claim 72, wherein the method
further includes:

converting the hot carriers into minority carriers;
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15 energy. 65. A method of converting adsorbate reaction energy into
power, conprising: coupling one or nore excitation band structures of 20
an adsor lvad et/zsaval yst into one or nore excitation band speUsSawmgoiof an
excitation emtter; optimzing the coupling to a diode in the excitation
enmitter; and conveihivRyivge thle MITRHrEXS) ialirdred td ke gdirndaidaiczh power .
66. The nethod aof cl afu %S,d.v@%r.ei n the coupling includes formng a

catal ytic colM%E0Y 9 e SafS6rbafE- catalyst with one or nore quantum
confi nenent surfagengdastingc burfeswadd bilees et lgecheofate giawed5, wherein the
coupling includes tuning one or nore optical cavities to a frequency of
the one or nore excitation band structures 35 of at |east one of the

adsor bat e5 cat al yst74and Thise megheid &fi sHadm t73er Wherenn ¢h2gerer

PCT/ US00/ 288Q1, - 168t sTha J®thed (gf claim 65, wherein the coupling includes
formng a catalytic collector in the adsorbate- catalyst and the optim zing
i ncl udes constraining the thickness of a region between a surface of the
catalytic 5 col | ectsar @xeowed Hodl ats @lkdaie T85achies mthd heetexci tati on
emtter, thefre iLon havi.ng _a thickness of |ess than three energy nean free
paths of hot TCHrHI%r smcé}?%ﬁgriged bet ween the catalytic collector and the
excitatibh emtterfortingd.a Topuistthoh dnvEraimmHy wier diat tdeeroysrsn zi ng

i ncl udes sel ecti : str wi th band gap energy less than or equal to
a selected eg‘g} ttg% (;%lnl%il&r%ft ﬁgltdgds.or bate- catalyst. 15 70. The net hod of
clai m 65, wherei n PHE3GHENG ARG cal energy.

76. The method of claim 75, wherein the extracting

15 includes extracting laser action.

77. The method of claim 75, wherein the extracting

includes extracting super-radiant emissions.

20 78. The method of claim 72, wherein the method
further includes:
modifying one or more electron density of states of
a material in a catalytic collector to match a selected
range of energy transitions of one or more excitation
25 band structures of an adsorbate-catalyst system having

the adsorbate reactants.

79. The method of claim 78, wherein the modifying

includes forming one or more catalyst monolayers.

30
80. The method of claim 78, wherein the modifying
includes forming one or more ordered electron-reflective
structures on a surface exposed to the adsorbate
reactants.
35

81. The method of claim 78, wherein the modifying

includes forming one or more ordered hole-reflective
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includes adjusting a forward bias of the diode such that a band of
excitation energy in the excitation emtter matches a band of excitation
ener gi es waot/tss7adsor bat e- 20 catal yst. 71. The net hod of pct/asenB8)1 wher ei n
the coupling includes selecting a catalyst with Debye frequency | ower

than a sel eckeduenaigy bavel sofrfble exposedmure t2e exdsordtaten structures of
t he adsorbate caEaI¥st system 72. A nethod of converting reaction energy
into power, conpr|5|ng converting one or nore adsorbate reactants into
hot 30 carriers; keeping the hot carriers hot while the hot carriers are

transported to a @hoderHeORLeHiang sl ke et 7aar wr@x%fnntt@leanio@ﬁwﬁgb' as in
t he dlode 35 73. The nmethod of claim 72, wherein the nmethod furt her

i ncl udes:® coRPEAHORE ERETHIY OREr P&r BOKRt JOY KM Fafiabaws Pexpt W

01/ 28677 PCTHUS@Q/ 28881 t GeN¥aim@ 1kelke rdinnahitiet fedidniedfex t 0 @ p-n junction
region of the diode; and generating a forward bias to generate power. 5 74.
The nmethod of claim 73, wherein the power includes electricity. 75. The
met hod of cl ai m 733 .whahel metthedreifthed aifurishewhendiondedre tddfidyiingg a

popul ation i %%rlgxg%@.#%rﬁn ‘?#‘ SR b3 g’a@\%}gﬁsed'm% 14 q: extracting

optical energy of clarm~7 int tractlng 15
i ncl udesl@xtracting | aser action. 77. The method of cIa|n175 wherein the

extracting incluges extiAagldiipdserel-1oad !, YHY i The2hot £yl Met hod

of claim 72, wherein the nethod
includes forming one to one hundred catalyst monolayers.

85. The method of claim 78, wherein the modifying
15 includes forming one or more integer catalyst

monolayers.

86. The method of claim 78, wherein the modifying
includes forming one or more electron interferometer
20 structures to cause a plurality of electron path

reflections.

87. The method of claim 72, wherein the method
further includes adding one or more expendable additives

25 to the adsorbate reactants.

88. The method of claim 87, wherein the expendable

additives include one or more catalyst materials.

30 89. The method of claim 87, wherein the expendable
additives include one or more reaction accelerator-

decelerator materials.

90. The method of claim 72, wherein the one or
35 more adsorbate reactants have a partial pressure such
that no more than one monolayer for each of the one or

more adsorbate reactants is formed.
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further includes: nodifying one or nore electron density of states of a
material in a catalytic collector to match a selected range of energy
transiti omg@oofseone or nore excitation 25 band structures BET/ER00/28801

adsor bat e- cat al yst system having the adsorbate reactants. 79. The net hod
of claim 78, whereiln tmaemodichyidngf iclainded ,f eteired nondeoparrialcat al yst

nonol ayers. 39:e%%11r-£h§ mite%%dt%fa clt%inmlI o8 %rr%isn the nodi fying includes
form ng one &7 SRore “or dered el ec ron-rgf e€ctive structures on a surface

exposed to the adsorbate reactants. 35 81. The nethod of claim 78, wherein

the nmodifying inghudesLoru-RP0RE QLR €207 d@lsd 1hole- nefdLctdne 46 WO
01/ 28677 PCT/USOQ 28801 structures on a surface exposed to the adsorbate
reactants? 82f the REEREBGE CRFTHATES WFeB&SEMFe nodifying 5 includes

form ng one or nore hot el ectron Fabry-Perot nodes of a thin-filmelectron
interferonmeter. 83. The.nmeth f ai-m.78, wherein.the nodifyin i ncl udes
forning one or m)ge-"ca zslleyg‘te%rd?t?%ologyé:rlsa.lml(7284.“'h‘?ﬁ§lr?et do&eycﬂ ai m 78,
wherei n t he modief widsgrbianel ueasthortm rgadnele onenerhmadree dlecatlanggtor

nonol ayers. 85 Theg method of claim 78, wherein the nodifying 15 includes

form ng one or nore integer catalyst nonolayers. 86. The nmethod of claim
78, wher®Pn the nodifying includes formng one or nore el ectron

interferoneter 20 ogtruatldl 8 thRC ISR 1R iR Wal ke refi reheed IR Rat h
reflections. 87. The nethod of claim 72, wherein the nethod further

i ncl udes addiRg SoRESErORGEe TERGEAPLS addids wa§ or more accelerator

materials.

15 95. The method of claim 72, wherein the one or
more adsorbate reactants include one or more hydrocarbon

chains.

96. The method of c¢laim 72, further including:
20 cooling the diode with a heat of vaporization of

the one or more adsorbate reactants.

97. The method of claim 72, further including:
cleaning a catalyst by a reaction of the one or

25 more adsorbate reactants.

98. A reversible solid state surface catalysis
excitation transfer reaction apparatus comprising:
a catalytic collector; and
30 an excitation emitter whose excitation band
structure is coupled to excitation band structure
associated with the catalytic collector,
wherein one or more energies associated with
reactions of adsorbates occurring in the catalytic
35 collector are converted into excitations and transported
to the excitation emitter where emitter excitations are
generated and converted into one or more forms of

energy, and
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25 to the adsorbate reactants. 88. The nmethod of claim87, wherein the
expendabl e additives include one or nore catalyst materials. 30 89. The
met hod ofw@bakssrB87, wherein the expendable additives i ncPoO®Savassar nore
reaction accel erator- decelerator materials. 90. The nethod of claim 72,
wherein the one owhe3Binore ademgpaagpﬁéadtantshbaeacatpadbhabmﬁtessure

Sdsor bat e reEPakes OB SRS cHRRoLaYRE gt P R PSP Y eS0T L BT Lo
met hod of cl &rANSOTHRAEr sPnafkerpakeral npEbss GrEallyties solRartean

at nospher es. wﬁ%reTEﬁenE&Bagpe&tebabth%erwe%eltat%nlse@sﬁer@a%e gnef the
adsorbate reactants is gaseous. 93. The nethod of claim 72, wherein the one

or nore adsEXEALBLLERE afihs ENELGAELORE GRURBFRE dERSteéPRtor materials. 10

94. The net hgdiahlekabm 12, theeraktaliReconreloectmer.e adsorbate reactants

i ncl ude one or nore accelerator naterials. 15 95. The nethod of claim 72,
wherein the one or nore adsorbate reactants include one or nore

hydr ocarbon chai 89.. 98heThpparbhod ef cllaimed? inf glieher di8ncWwheiregn 20

cooling the diadenuitly apheabaotovaparzatianieh cie.ane iof Jiceaadsorbate

reactants. cl al urt including: clfeaning a
cat al ystlby glees&ticoRowrrt-he one or 25 nore adsorbate reactants. 98. A
reversible solid state surface catalysis excitation transfer reaction
apparatus conpris a catalytic collect d .30 an eXC|tat on emtter

whose excitation BQﬁd IPFuEP F&aFESCBEngalPS A8 Catigh Han¥PEEREE: ur e

the reaction stimulation generates hot carriers.

15 101. The apparatus as claimed in claim 100,
wherein the hot carriers further stimulate additional

reactions.

102. A method of stimulating reactions,
20 comprising:
creating hot carriers in an excitation emitter, the
excitation emitter in contact with a catalytic
collector, by applying power to a diode in the
excitation emitter;

25 transporting the hot carriers originating in the
diode into the catalytic collector having catalyst
material;

manipulating thickness properties of the catalyst
material such that the hot carriers remain hot while

30 they are transported to a surface of the catalytic

collector, the surface being exposed to reactants.

103. The method of claim 102, wherein an
electrical power pulse is applied to forward bias the
35 diode.

104. The method of claim 102, wherein the power

applied includes electrical power pulse with duration
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associated wth the catalytic collector, wherein one or nore energies
associated with reactions of adsorbates occurring in the catalytic 35

col | ect owane28s0nverted i nto excitations and transported PCDUSOR2880CI t at i on
emtter where emtter excitations are generated and converted into one or
nore fornms ofshoat@rgthadnd 48 tWRitl 23647 1REHAISOQ 12880 bxasteiigt e ener gy
applied to thgt%g%i tha ion_emtter creates the emtter excitations, the
emtter exciati Fr £7EBGFEED to adsorbates in the catal ytic col | ector
where the transported enmitter excitations energize the 5 eXC|tat|ons t he

excitations causi % reach Ol}let%bl ng)gatél%qn{ riotg‘ne “ﬁ%tr%lﬁﬁt ;}:%a(.ep or. 99.

The apparatus as c aimed in clal wherei'n ™'t he ener to t he

excitation esbrlded dnslnsies elecsrdsrdi @G PULEG) Wi dalp’r%\'—rlaltms as

clained in claidpt8, taer @ N irlhe meeddt i stitBH afdergenerates hot
carriers. 15 101. The apparatus as clainmed in claim 100, wherein the hot

carriers further stinulate additional reactions. 102. A nethod of
stinmul ating react oS, THe @@mrddSidfg clerientiorg Miex@arrr itdleS pdwean
excitation em t t.he 3t emtterwln cg t"Mt a atalytlc

col l ector, by¥&) eﬁi &5’0&8 THSEE EY e Phts D YERATRT
transpori®ng lelss hdtancdr na@logemom@i nating in the diode into the cat aI ytic
col l ector having catalyst material; manipulating thickness properties of
the catalyst nmaterial such that the hot carriers remain hot while 30 t hey

are transported t &% -sulitgcdeshochefcglaipm il boMhedted™ thise PAWSace bei ng
exposed to reagf1aris inci@esTRa SRENRGA 10 e BULRR WASS &It y@ltycle

less than 1/2.
15
108. The method of claim 102, wherein the power
applied includes electrical power pulse with repetition
times comparable to or less than an average time during
which gaseous reactants can replenish a surface of

20 depleted reactants.

109. The method of claim 102, wherein the power
applied includes electrical power pulse with repetition

rate higher than 50 megahertz.

25
110. The method of claim 102, wherein the
reactants have a partial pressure such that not more
than one monolayer forms for each of the reactants on a
surface of the catalyst material.
30

111. The method of claim 102, wherein at least one

of the reactants is gaseous.

112. The method of claim 102, wherein the method
35 further includes:
modifying one or more electron density of the

catalytic collector to a selected range of energy
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el ectrical power pulse is applied to forward bias the 35 diode. 104. The
nmet hod of claim 102, wherein the power applied includes electrical power
pul se w twWoduesstri on 49 WO 01/ 28677 PCT/ USOQ 28801 shortepeTARewesso1l i feti ne
of a longest |lived excited state of the hot carriers. 105. The nethod of
claim 102, wherneisi ttlbespodebne5 oapplored &mjuactésmnaemdr istatuchowess @i se

wth dyration gp%y%rtth%gtgl&sgeggg% gjh%@f% %%%I d%% t106 The met hod
es

of claim 102, erei i the powe inclu ectrica power pul se
with duration 10 less than 1 nanosecond. 107. The method of cl aim 102,

wherein the power ,appl irgd aghudes relaclin Galy Pouei-AW $§eM th duty CyC| e
|l ess than 1/2. 15 108. The nethod of claim 102, wherein_the power applied

i ncl udes 2l eBPALENLNGoOC Lydese ERIH NGBS CFroMmoTes Fes 3ddiMbar abl e to or

| ess than anmavienagerisi.me during which gaseous reactants can replenish a
surface of 20 depleted reactants. 109. The nethod of claim 102, wherein the
power applied includes electrical power pulse with repetition rate higher
t han 50 negahertz1125 1The Teehoet bdd cdlhiod ailn,102enshier ¢he t he reactants

have a par ti gl dieasy 4 24ehkhab AdbaToe Lhap.ane mpnalays Lons for

each of the react ona sur ace 0 he catalyst materi

met hod of0 cl ZedlegR ivighetaugtareseant tdge sugtfadse ex@aseshtts itdiegaseous.
112. The net hed @Ln¢lsai m 102, wherein the nmethod 35 further includes:
nodi fying one or nore electron density of the

115. The method of claim 112, wherein the
modifying includes forming one or more ordered hole-
15 reflective structures on the surface exposed to the

reactants.

116. The method of claim 112, wherein the
modifying includes forming one or more hot electron
20 Fabry-Perot modes of a thin-film electron

interferometer.

117. The method of claim 112, wherein the
modifying includes forming one or more catalyst metal

25 monolayers.

118. The method of claim 112, wherein the
modifying includes forming one to one hundred catalyst

metal monolayers.

30
119. The method of claim 112, wherein the
modifying includes forming one or more integer catalyst
metal monolayers.
35 120. The method of claim 112, wherein the

modifying includes forming one or more electron
interferometer structures to cause a plurality of

electron path reflections.
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catalytic collector to a selected range of energy 50 WO 01/28677

PCT/ USO0/ 28801 transitions of one or nore excitation band structures of

an adsor lvap et/zsatal yst system having the reactants. 113. Thermstdmssoiof cl aim
112, wherein the 5 nodifying includes form ng one or nore catal yst

nonol ayers. 114. The nmethod of claim 112, wherein the nodifying includes
formng one or nore.ordered el ectron- 10.reflective st.ructures on the
surface exposed t 6“te %éiag'tegnog. O%lg.]la'f‘ﬁle lﬁgt’hgélegfel& %lthren f‘ff fher ei n
the nodifyi dAgrichelrudesliudes agding onemore norge cegpemdladlel Bddeftliswts ve
structures ont syrf posed to the reactants. 116. The nethod of
claim112 W%gr tg?lr? #g%%%géf'yi ng i ncludes formng one or nore hot electron
20 Fabry-EJPerot nodes of a thin-filmelectron interferoneter. 117. The

met hod of claim 132> whenR melthed B#dichwiifg 12n¢! uaRrsfiey WiHag one or nore
catal yst netal gjg}aggnol ers. 118. E&ﬁl&mt hod of claim 112, wherein the
modi fyi ng i nEFRE PG &So n@PEd CalQLys Ca RS monol ayer s.

30 119. The matlkadadfs.cl ai m 112, wherein the nodifying includes formng
one or nore integer catalyst netal nonolayers. 35 120. The method of claim
112, wherein the nodifying includes form ng one or nore el ectron
interferbheter stAdgét-ur &het oethgseod plavial il2QL  ofvhegledat tdwe pat h

ref | ecti ons. o540 3428651 BE-USAR1 4880 bnel ok nBie HRERR R cf ai m 102,

wherein the )
accelerator materials.

124. The method of claim 121, wherein the
15 expendable additives include one or more reaction

decelerator materials.

125. The method of claim 102, wherein the

reactants include hydrocarbon chains.

20
126. The method of claim 102, wherein the
reactants deposit one or more compounds on the catalytic
collector. '
25 127. The method of claim 102, wherein the

reactants include one or more compounds that form the

catalytic collector.

128. The method of claim 102, wherein reaction
30 stimulated by the hot carriers cause a surface

explosion.
129. The method of claim 102, wherein reaction

stimulated by the hot carriers cause an autocatalyzed

35 chain reaction.
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further includes adding one or nore expendable additives to the reactants.
5 122. The nethod of claim 121, wherein the expendable additives include
one or mweoradeat yst materials. 10 123. The nethod of clecmui@hssmher ein
the expendable additives include one or nore reaction accelerator

materials. 124. Theg et hod %Eﬂ%d@'@fl%ﬁanW 8 N A 18 held 1§XPRRH: qgg The

addi tives include one or nore reaction decelerator naterials.

nmet hod of cl &eRli0g, tRgeddiode me thy dgdtamtts ViaRItidE Ry &farthéh chains. 20
126. The net hadcekbnglsai m 102, wherein the - reactants deposit one or nore
conpounds on the catalytic coI | ector. 25 127. The nethod of claim 102,
wherein the reactants include one or nore conpounds that formthe

catal yticscol |l ectan1.12& s'EI"le'Ldnettme (shmflaa:iemcleﬂialwdier @xt irteadtdron 30

stinul at ed b)é flg‘(}t r%%r a%?ﬁ%tqlss%rg"%%}%l :I osi on. _ 129. The net hod

of claim 102, er ern reac nmul at e ot carriers cause an
aut ocat al yzed 35ac|¢@|tralrye:aa |O@rlle5zo\m @IJ/<528677 PCT/ US00/ 28801 130. The

met hod of claim 1@z, ewltt%ec&dnn@n%'t@& Wéé‘%:&&%a‘%ﬂﬂﬁ i’ heat of

vaporization of the reactants. . Asolid state surface catal ysis
excitation GrINStEre é&cﬁ%‘@lﬁﬁp%%%ﬁﬂ%lw FCEREYE ¢ col | ector;
and an exgit akiser iefidd eitMese utialatiion dandctdy,ucture is coupled to

excitation band St%H%%ﬁ% an energy applied to the excitation emitter
creates one or more emitter excitations, the emitter
excitations transported to reactants in the catalytic
collector where the transported emitter excitations
15 energize excitations in the catalytic collector, the

excitations stimulating reactions.

132. The apparatus as claimed in claim 140,
wherein the emitter excitations include minority

20 carriers.

133. The apparatus as claimed in claim 140,

wherein the emitter excitations include hot carriers.

25 134. A solid state surface catalysis excitation
transfer reaction apparatus comprising:
a catalytic collector; and
an excitation emitter whose excitation band
structure is coupled to excitation band structure
30 associated with the catalytic collector,
wherein one or more pulses of excitation associated
with reactions of adsorbates occurring in the catalytic
collector are converted into one or moré second
excitations and transported to the excitation emitter
35 where emitter excitations are generated and converted

into one or more forms of energy.
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10 associated with the catalytic collector, wherein an energy applied to
the excitation emtter <creates one or nore emtter excitations, the

emtter weooi/tsations transported to reactants in the catabPgtisoo/aseiil ect or
where the transported emtter excitations 15 energi ze excitations in the

catal ytic collectang t henLXeidatiens o IdYiaf 111G | Al RS th32. The
apparatus as clained in claim140, wherein the emtter excitations include

mnority 20YERAELS 1PFIUdPh gt f@ 4SSy med in cl ai m 140, wherein
the emtter excitations include hot carriers. 25 134. A solid state
surface catal ysis&g%citg,thi on tran:{er reacti.on paratus .conprising: a
catalytic collector; "an n RGN et et dse eXctati'h band
structure5i s pedesedft @xexdtiatatcnon nvdndles texecitterde re3@ tassoaiclteatidznt h t he
catal ytic colj;egtqr, wherein one or nore pulses of excitation associated

W th reactions of adsorbates occurring in the catalytic «collector are
converted into one or nore second excitations and transported to the

excitation emtter 33 Wigle g¥arlfiuLXd tatdians 4 e apneriat adand converted
into one or nore forns of enéergy. 53 SUBSTI TUTE SHEET 26) WO

( RUL
01/ 28677 PCTFE8GHA58$0PE PSSOTHR SfH Ra LR A% OP43°,F% ein the
react ant 30 i nadatdd ygaseedd feeaeirant s. 136. The apparatus of claim 143,
wherein the 5 pul ses of excitation include excited reactant nol ecul ar
vi brations. 137. The apparatus of claim 143, wherein the reactions of
adsor bat es occur @38 sifeacepefrathes o0 Catial yit4d3e odidmtirorthel38. The

25??;?2”; OI r%a@t@alq@’o%gsg%att%es Jeat LA of Afdsyhatss gpeur with a
catalytic collector.

15
139. The apparatus of claim 143, wherein the

emitter excitations include hot carriers.

140. The apparatus of claim 143, wherein the

20 emitter excitations include minority carriers.

141. The apparatus of claim 149, wherein the one

or more second excitations include hot carriers.

25 142. The apparatus as claimed in claim 1, wherein
the emitter excitations include energies transported by

resonant tunneling.

143. The apparatus as claimed in claim 1, wherein
30 the catalytic collector further includes a catalyst, a
material of the catalyst and an electrode of the p-n

junction diode being one and the same.

144. The method of claim 70, wherein a hot carrier
35 is an electron and the excitation band of the emitter is
its conduction band.
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catalytic collector. 15 139. The apparatus of claim 143, wherein the
emtter excitations include hot carriers. 140. The apparatus of claim 143,
wherein weo1/287em tter excitations include mnority carrpPer/gson281 The
apparatus of claim 149, wherein the one or nore second excitations include

hot carriers. 25 142, ThecapRamusrazi@liadl Md iwvhededinmal hotheigiried he

emtter excitations |ncI de ener gi.es transpor b resonant tunneling.
AR RGIA IR RN S AT WA 1 T L ]

col | ector fuwhhemclen(ﬂamﬂﬂas a catalyst, a material of the catal yst and an
el ectrode of the p-n junction diode being one and the sanme. 144. The

nmet hod of claim 70, wherein a hot carrier 35 is an electron and the
excitati on band ofl4tthe diet methiod oft ©leamdra i ovhdraidy He GUBSH TUTE
SHEET (RULE 26)-+WQ,01/286,46 SCT/ US00/ 28801 145. The nethod of claim 70,
wherein a hot carrier i1s a hole and the excitation band of the emtter is
its val ence bandMoslifydnare@enoihd@rs edieatror dapsditsi h Mt akahqf

furt herI i ncl lédﬁﬁte:ﬂdlilf WinNG Qﬁ%aqutméf Q:cﬁh%@trcﬁ:ln tiiﬁﬁrgsittdh of é’etl&\atcftﬁ‘ebd)f | a
material in a catalytic.co tor to mat S eXC|tat|on an
structure of € ﬁléﬁ&%tb@“éjatsil WG "’}?gﬁﬁ%ett Hat e

react ants0 14ystéEme hastimgd tdfe eldaonba®.e \mi‘e&srcmantime m)dl fyl ng includes
form ng one or nore electron interferoneter structures to cause a

plurality of hole reflections. 15 148. A net hod of stimulating reactions,
conpri sing: appl yil4g -povidre metdofi ode dlaigh "Scivharnem dfiq madifying

includes forming one or more electron interferometer
structures to cause a plurality of hole reflections.

15 |

148. A method of stimulating reactions,
comprising:

applying power to a diode in an excitation emitter,
the excitation emitter being in contact with a catalytic

20 collector;

creating hot carriers in the excitation emitter;

coupling excitation energy of the hot carriers to
an excitation band structure of the catalytic collector
by using resonant tunneling;

25 constraining the thickness properties of a coupling
material of the catalytic collector such that the
resonant tunneling of the excitation energy experiences
an energy transfer rate between excitation emitter and
catalytic collector not less than 3% of the competing,

30 energy loss rates. 4

149. The method of c¢laim 157, wherein the
constraining the thickness properties includes
constraining the thickness to less than 200 nanometre

35 (nm) for a conducting coupling material of the catalytic

collector.
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the excitation emtter being in contact wwth a catalytic 20 collector;
creating hot carriers in the excitation emtter; coupling excitation
energy ofwohe2dsor carriers to an excitation band struct uPeT/@son1seo1
catalytic collector by using resonant tunneling; 25 constraining the

t hi ckness properthe@.ofTaecm@mhb@gofnaﬂenmah5af whe redtaltyid ¢ col | ect or
such that the %sonag% ty neI o%sgher%gc&%%%%onnp er experiences an
ener gy t ransf&fSrate be? ﬁ §XC|¥é i"on Femt T e nd " cara ytlc col | ector
not |ess thaecd¥tehiniagcGingethigkned® @nedgﬁd<mh§nréW@SOODﬂ9 The net hod
of claim 157, ifkeld (R EOASH - %&&u%ttlmgcm%ﬁlwgoweéﬁ%r g udes
constraining t |ckness to | ess than 200 nanonetre for a
conduct i ng c&isl icRgadatdc srldecteE -catalytic collector. 55 SUBSTI TUTE
SHEET (RULE 26) WD 01/ 28677 PCT/ US00/28801 150. The nethod of claim 157,
wherein the constraining the thickness properties includes constraining
the thickness to | ess than 100,000 nanonetre (nm for a non-conducti ng
coupling material of 5 the catalytic collector. 56 SUBSTI TUTE SHEET ( RULE
26) WD 01/ 28677 PCT/ US00/ 28801 AMENDED CLAI M5 (received by the

I nternational Bureau on 23 March 2001 (23.03.01); original clainms 130-150
replaced by new clainms 130-150; remaining clainms unchanged (4 pages)) 130.
The net hod of claim 102, further including cooling the diode with heat of
vaporization of the reactants. 5 131. A solid state surface catalysis
excitation transfer reaction apparatus conprising:
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a catalytic collector; and an excitation emtter whose excitation band
structure is coupled to excitation band structure 10 associated with the
cat al yti oveol/ksset or, wherein an energy applied to the excp¢aus@mnsem tter
Ccreates one or nore emtter excitations, the emtter excitations
transported to reactants in the caAMENDED ClcAIMSect or where the transported
emtter excitatiofrecdiSedbgtitp interaationzABuoess om23 Marcta2edy(28.03m@d);| ect or, the
excitations stinul atigHpinfaldimen30-1582epidbed Bp pawaldimsarsocisai med in clai m

131, wherein the emtter g¥fiajmihd @RIms DAENHRBI(APRGLY) 20 carriers. 133.
The apparatus as clained in claim 131, wherein the emtter excitations

include hot carriers. 25 134. A solid state surface catalysis excitation

transfer reaction arapus conprjsing,_.a al ytic col.lector; and an
excitation enitter q\%ﬁoSeEgicﬁ% ?dor?fll;%%almsﬁ%tt% Iét(i'lesr &853}13%11’1?0
excitation bampatingetheedigle asigdribgesdofi vapehieatdtcal wifi ¢heol | ect or,
wherei n one oryrdg¥anR4l ses of excitation associated wth reactions of
adsorbates occurring in the catalytic collector are converted into one or
nore second excitations and transported to the excitation emtter 35 where

enmitter exditati ond3dre §enelid extaed stofivcet eatalyrics exsioathome forns of
energy. 57 ANGNPERSHEELCLART! Gk rb@us\\OoR34 28677, PCT/ US00/ 28801 135. The

apparatus of claim134 erein the reactants include gaseous reactants.
136. The apparat us aoFaEFi?HiB%?l]ﬁ%roéi’naP e 5 pul ses of excitation include
excited reactant neineegkcatatiobrenitdes. wheFe heltggparabasdof claim 134,

wherein the raa6ideRe o 8039TNALRS Qe AL 98n oSl fGRicRLrkhe
10 associated with the catalytic collector,
wherein an energy applied to the excitation emitter
Creates one or more emitter excitations, the emitter
excitations transported to reactants in the catalytic
collector where the transported emitter excitations
15 energize excitations in the catalytic collector, the

excitations stimulating reactions.

132. The apparatus as claimed in claim 131,
wherein the emitter excitations include minority

20 carriers.

133. The apparatus as claimed in claim 131,

wherein the emitter excitations include hot carriers.

25 134. A solid state surface catalysis excitation
transfer reaction apparatus comprising:
a catalytic collector; and
an excitation emitter whose excitation band
structure is coupled to excitation band structure
30 associated with the catalytic collector,
wherein one or more pulses of excitation associated
with reactions of adsorbates occurring in the catalytic
collector are converted into one or more second
excitations and transported to the excitation emitter
35 where emitter excitations are generated and converted

into one or more forms of energy.
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10 catalytic collector. 138. The apparatus of claim 134, wherein the
reactions of adsorbates occur with a surface of the catalytic collector.
15 139. Weonmpar atus of claim 134, wherein the emtter PETUB@IISBIIS

i nclude hot carriers. 140. The apparatus of claim 134, wherein the 20
emtter excitations include mnority carriers. 141. The apparatus of claim
140, wherein the one or nore second excitations include hot carriers. 25
142. The appar at us 89 -cl APAePPF XIUE ML claABr 234 Whrdsdmi tP&r excitations
i ncl ude ener gi esadvanspahtedddygaseagnarhctanngl i ng. 143. The apparatus as
claimed in claiml, wherein 30 the catalytic collector further includes a
catalyst, a material of the catalyst and_an el ectrode of the p-n junction
di ode” bei ng one and%he IhfeaPBEraANENIBEDLSLEET3 ARTSESEM §PeWD 01/ 28677

PCT/ US00/ 28801puldkls ofhexaetiotomfimndlaida étcivkéreddartmndtomotaruler i s an

electron and t jtation band of the emtter is its conduction band. 5
145. The net ho‘gf%fg(tgﬁogl%m 70, wherein a hot carrier is a hole and the
excitation band of the emtter is its valence band. 146. The net hod of
claim 72, wherein tipy .netrhedapgfrdtud ke diachudes; whadidiyi mpeone or nore

el ectron densi]t_,é_{ g{i&ltsato%sag;?rga eord' Ir iog g ?Aé’et iocf %F&'e' ector to match
a N0)

a selected excit ion band structur an adsorbate-catalyst system
havi ng t hel adser bt e &OLAREROT - 15 147. The method of claim 78, wherein
the nodifying includes formng one or nore electron interferoneter

structures to Causeag%_p|%5%'558a£§t$§”é% QﬁBE%CESEPSWherein the

reactions of adsorbates occur with a surface of the
catalytic collector.
15
139. The apparatus of claim 134, wherein the

emitter excitations include hot carriers.

140. The apparatus of claim 134, wherein the

20 emitter excitations include minority carriers.

141. The apparatus of claim 140, wherein the one

or more second excitations include hot carriers.

25 142. The apparatus as claimed in claim 1, wherein
the emitter excitations include energies transported by

resonant tunneling.

143. The apparatus as claimed in claim 1, wherein
30 the catalytic collector further includes a catalyst, a
material of the catalyst and an electrode of the p-n

junction diode being one and the same.
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20 148. A nethod of stinulating reactions, conprising: applying power to a
diode in an excitation emtter, the excitation emtter being in contact
with a cavebydec7 collector; 25 creating hot carriers in paEUSCISB@L i ON
emtter; 59 AMENDED SHEET (ARTICLE 19) WO 01/28677 PCT/ US00/ 28801
coupling excitation energy of the hot carriers to an excitation band
structure of the catalytic collector by using resonant tunneling;
constraining the thiocknexhepmepibtli €8 @faitn Coyplhageid araies icalcroért he
catal ytic collector such that the resonant tunneling of the excitation
energy experiepnsesn eéledionguntir ansf&tciaitd chebura@noexehnd adnianeenist er and
catalytic collector not less than 3% of the conpeting, energy |oss rates.
10 149. The neibedcefdudtaion H484.wherein the constraining the thickness
properties includes constraining the thickness to | ess than 200 nanonetre
(nm) for a conducting coupling material of the catalytic 15 collector.
150. The neg hod of rimi mrid8mevheiebn dNEm GONSWRALAIMG e tdirgkBess
properties includes constraining the thickness to | ess than 100,000 20

nanometre (nm ifos o NORMEORALCELBY: £SO D3 dTBEethal efttdhascatal ytic
collector. 60 AMENDED SHEET ( ARTI CLE 19)

valence band.

146. The method qf claim 72, wherein the method
10 further includes:
modifying one or more electron density of states of
a material in a catalytic collector to match a selected
excitation band structure of an adsorbate-catalyst

system having the adsorbate reactants.

15
147. The method of claim 78, wherein the modifying
-includes forming one or more electron interferometer
structures to cause a plurality of hole reflections.
20 148. A method of stimulating reactions,
comprising:
applying power to a diode in an excitation emitter,
the excitation emitter being in contact with a catalytic
collector;
25 creating hot carriers in the excitation emitter;

59
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coupling excitation energy of the hot carriers to
an excitation band structure of the catalytic collector
by using resonant tunneling;

constraining the thickness properties of a coupling
material of the catalytic collector such that the
resonant tunneling of the excitation energy experiences
an energy transfer rate between excitation emitter and
catalytic colle;tor not less than 3% of the competing,

energy loss rates.

149. The method of claim 148, wherein the
constraining the thickness properties includes
constraining the thickness to less than 200 nanometre
(nm) for a conducting coupling material of the catalytic

collector.

150. The method of claim 148, wherein the
constraining the thickness properties includes
constraining the thickness to less than 100,000
nanometre (nm) for a non-conducting coupling material of

the catalytic collector.
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