10

15

20

WD 2005/ 052983 PCT/ US2003/ 034501 THERM ONI C ELECTRI C
CONVERTER FI ELD OF THE | NVENTI ON The present invention

wo edoansdsyieneral ly to the field of converting PERUS2003/034501

energy directly to electrical energy. Mre

particularly, aJtl | MSS
provi ded. BACKGR e,
there have been known therm onic converters such as
those shown in U S. Pat. Nos. 3,519, 854, 3,328,611,
4, 303, 845, 4,323,808, 10 5,459, 367, 5, 780,954 and

5, BIELROF THE INVENBIONnvent or of the present
invention and all hereby incorporated by reference),

whThé presaritdsesntianirelates gepearally 4o tiaa flelaedilvotisefting lddt energy
direct conversion of thermal energy to electrical

engiredtly torelbktacal&Her '_%?"Mo?e padicRiet éhﬁéﬁhlbﬁlcdﬁéetrnb%‘?\verter

a converter using ef f ect tec hiques as t he

ou: rent collection neans. The '854 15 patent
'gg#é\éﬁéée of a stream of electrons boiled off of an

em ssive cathode surface as the source of electrons.

The el ectrons are accel erated toward an anode

posi ti oned beﬁond the Hall effect transducer. The

a KGROUN T sinple netallic plate,

whi ch has a heavily static charged nenber circling

t hideptafose athdre have been khowmthermddid tdhveRers shich as those

3,328,611 discloses a spherically configured

t heHdWPH .S Joat Riokes 61@*854?'3“32’8 8rhes 8081848 33 3/808,
cat hode is supplied w th heat, t ereby emtting

oS IO, ST RSO SRR ORABLY (APH e oP e e

pl'ﬂ%ﬁt?oarll aRd aﬂ%ergby in rapol?’é% I%P Fc’efterence) which disclose various

apparatus and methods for the direct conversion of thermal energy to
electrical energy. In U.S. Pat. No. 3,519,854, there is described a converter
using Hall effect techniques as the output current collection means. The '854
patent teaches use of a stream of electrons boiled off of an emissive cathode
surface as the source of electrons. The electrons are accelerated toward an
anode positioned beyond the Hall effect transducer. The anode of the '854
patent is a simple metallic plate, which has a heavily static charged member

circling the plate and insulated from it.

U.S. Pat. No. 3,328,611 discloses a spherically configured thermionic
converter, wherein a spherical emissive cathode is‘ supplied with heat, thereby
emitting electrons to a concentrically positioned, spherical anode under the

influence of a control member, the spherical anode having a high positive
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WD 2005/ 052983 PCT/ US2003/ 034501 potential thereon
and i nsulated fromthe control nenber. As with the

WO 8®4/053983 ent, the anode of the '611 patent i SPGI/IR1093/@34501

netallic surface. U S. Pat. No. 4,303,845 discloses a
h ]
}rg rﬂi‘é‘l ﬁwe?ﬁ&‘{ %hH?ﬁsmé‘r%H%&nttﬁé gg‘)hgrfil m@hbe?. %5' ?ﬁnthe 854

€ cat hode passes thr I'r corein

Cnertss) tedcﬁ%wﬁhsn BB B SelEdatelsfic wuitaben,

interactlon of the electron streamw th the transverse
magnetic field. The anode of the '845 patent al so

conprises a netallic plate which has a heavily static
chbkgeBahiNmhet, 323,845 idisgloses pthermiamid conseittert wherfaimthe electron
it. 10 U.S. Pat. No. 4,323,808 discloses a

I asteéammmqﬁetobﬂfdaeomsmeqnwglﬁan hitdoré fducBbN coil located
SI mlar to the thermonic converter disclosed in the

StrhPP f3hsvalde rﬂ%‘;ﬁbtld*lefla efh%?% %ﬁnér{%ﬂﬁ \ l\éj&qg the induction

patent di scl oses ng a | aser

P BRI e ﬁpsrsstar{sﬁasa@agneﬁeﬂew
‘Zﬁ [&\ﬁ% é} ol uses that are accel erat ed towar
t h&he 5‘@ qfﬁ Ratent alse soBmrisdsa mekalie plate m@maas a
within a transverse magnetic field. The anode of the
' gheayiytsiatic charged rsambessircling thei plateoandiinsnlated froga .
patent, i.e., sinply a netallic plate which has a

heavily static charged nenber ~circling the plate and
insulated fromit. 20 U S. Pat. No. 5,459, 367

adyast PHIE N3 UY3285868 a&cldmgcafl%geﬁek@%d fery |$HI®Bbnverter that is
wi th an anode having copper wool ers a copper

8yl BB haBLBL il Thomai

f E@#fgrﬁ.ﬂf% |§§Héfi tngu éateel,n(fa ’qsesyl}smg rath esrersw rr?kljsng;l);g]l?ed toa
grid on which electrons are collected at the same time the potential to the grid
is removed, thereby creating electron boluses that are accelerated toward the
anode through an air core induction coil located within a transverse magnetic
field. The anode of the '808 patent is the same as that disclosed in the '845
patent, i.e., simply a metallic plate which has a heavily static charged member

circling the plate and insulated from it.

- U.S. Pat. No. 5,459,367 advantageously uses an-improved collector element
with an anode having copper wool fibers and copper sulfate gel instead of a
metallic plate. Additionally, the collector element has a highly charged (i.e.,

static electricity) member surrounding the anode and insulated from it.
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25 2 WD 2005/ 052983 PCT/ US2003/ 034501 U.S. Patent
Nos. 5,780,954 and 5,942,834 are directed to the

w@e@gisioeh of a cathode that is constructed aBCHUSZ00&034501

grid, with the cathode being of a non- planar shape to

| DG Pgi_nt NoseFI788I052 sid Eane 8‘3‘433 e ditE&ed Qﬁ?ﬁé‘{)ﬁ)\ﬁéléﬁ ofa

di scl ose the technique of using a aser to

e L
eelectro I €S _may .pe nore readi| capt redb t he
88@ 'PCB?% SRS %ﬁ?@de BRiSHRIsO

which are reI at.ivelty cl ose together such as two
rifligelone thg tachniquenpiiising adasen tothititherstresune of alegtions before
desi gn uses no attractive force to attract el ectrons

dhiey redcti themandde, @stahombasure of pvidinglguahten intbderence such
i nduction of cesiuminto the chanber housi ng the anode

ahelt il SledRonith endielé HBreQahdil E@ptﬁfh‘tfj8¥ fhd Bnéde.

positive charge to keep the €lectrons Tlowng. Wth
t he cat hode and anode so cl ose together, it is
difficult to maintain the terrperatures of the cathode

PoBRERpEle R ReB deias A Geihale Whish aak Fogbvel close

1800 degrees Kelvin and the anode at 800 degrees

Keggther such agitwednickns aparh withinia yacuumeehanmipey. Suchederior
and a coolant circulation systemis provided at the

Fesign usendattractivedoraediorattractaletinensl eriittexdifrom the cathode to
tenperature. Even though the chanber is nmintained at

dhe anededthéenttantifiductioheof RSiumIo Uhs %harrlb%ahohém@tﬁé anode
the cathode goes to the anode and it takes a

N e T

tenperature dif ose

Ce?ét.?ﬁogxes fl H%B\V\ﬁ%etpg%h’gqq%aﬁé’ nohg\é%rc ose {%ge{hercft ?sn3|¥ﬁcult

to maintain the temperatures of the cathode and anode at substantially
different temperatures. For example, one would normally have the cathode at
1800 degrees Ke|vin and the anode at 800 degrees Kelvin. A heat source is
provided to heat the cathode and a coolant circulation system is provided at
the anode in order to maintain it at the desired temperature. Even though the
chamber is maintained at a vacuum (other than the cesium source), heat from
the cathode goes to the anode and it takes a significant amount of energy to
maintain the high temperature differential between the closely spaced cathode

and anode. This in turn lowers the efficiency of the system substantially.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to provide a thermionic
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OBJECTS AND SUMMARY OF THE | NVENTI ON 25 Accordi ngly,
an object of the present invention is to provide a

wao b@sosass ¢ 3 WO 2005/ 052983 PCT/ US2003/ 03450RCT/US2003/034501

converter having enhanced and/or inproved features

oV v 0 .

F s PR Siged B o R L AEHERRE Gler e previousty
provi.de tHernionic 5 electric converter with
ing$%9@%§86 GUPlOPEA- ef fici ency. Another object -of the
present invention is to provide an inproved cathode

for a thermonic electric converter having an

i ncreased cat hode output. 10 Yet another object of the
pr Aderther priresihalwbjéct df dthey presené irventienis provides hehémmionic
converter in which the cathode is bonbarded by a | aser

t OgleBfficeTveHBE withTinpPbved dorflersiBh cFAdiBAGlE- A further
object of the invention is to provide an ‘anode or

target designed to 15 capture electrons emtted from

" the cathode, while al so accommpdating a | aser cathode

enhancer. Th ove and, other obj.ects of the present

T aaihEL Aol e RS Rl tart s 8 Rudvide Auovas fetode for
proceeds, are realized by a_thermonic electric

c omtharfrienic aleqiEG cagverteriaving avimeased eathedeoutpyti n

t he casi ng nenber operable when heated to serve as a

source of electrons, and an anode within the casing
menber operable to receive electrons emtted fromthe

caysslfothdhsbjest Sofe prasenthisventitin’is tabrélvida 'y thermiohfSelectric
going in at least two directions that are transverse

t %&%hggsﬂgreﬁ,hngmhawwdﬂe fsi @g@@&gjﬂé{g ddeP 9o firerbasd e

casi ng er, between t r|1 t he ano%%e,
ANGnls2AD BF 0L Bathdad! " et

A further object of the invention is to provide an anode or target designed to
capture electrons emitted from the cathode, while also accommodating a laser

cathode enhancer.

The above and other objects of the present invention, which will be apparent
as the description proceeds, are realized by a thermionic electric converter
having a casing member, a cathode within the casing member operable when
heated to serve as a souree of electrons, and an anode within the casing
member operable to receive electrons emitted from the cathode. The cathode
may be a wire grid having wires going in at least two directions thét are
transverse to each other. A charged first focusing ring is in the casing

member, between the cathode and the anode, and is operable to direct
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4 WO 2005/ 052983 PCT/ US2003/ 034501 el ectrons emtted
by the cathode through the first focusing ring on

w0 b@s05298y to the anode. A charged second f ocPGI/H§2003/034501

ring is in the casing nmenber, between the first

¢ , : . _ : _

| P58l BhieBY 14 ORIl 18 BOERBL RG' Bl Al vy o
r ofrRger prihefliey SBond aishd e, AdBERastia werber, between

preferably separated fromthe anode at a di stance
behRdiss! TBWeIRgAing Achine aapdasid I operabie e direstelestrons
More preferably, the cathode is separated fromthe
argritedybyathediathade throtigb rilee second tosusing impbritheir way to the
| aser operable to hit electrons (i.e., apply a laser

besoden Additioriat fdousir®) rings RREY e Recsksap). \ERNcARBde is preferably
cat hode and 10 anode. The |l aser hits the el ectrons

j L@yﬁﬁ%@{f@)r@ :i!lg% iagéaé it bheis@ned ‘Bepﬁ@é’n ab@ﬁ?{l Hini?%ogs to about five

ope e quantuminterference w

el ] S I an re nmore readil
oS e BT ihe 2ol TRbSmuSEeRt theyanode by a
soc;,id mat‘?rial r formed of a wre grid. Wen the 15
wi¢igtages of oprde ?W@?i%ﬁ‘ imetgtse 4\ laparOoREiableyiq it electrons (i.e.,
preferably includes at |east four |ayers of wres.

Fuanrmhea lagerdieas to the electrong)yis posiiienedihetween tiea dathpde and
ina different direction fromeach of the other of

t fenoder Fhedasarditstthe elécteorgy just béfoidtheyaebbhdiee bhdde. The
including wires extending in at |least four different

dijs&srtis Operabl&its prévide USRS e é @At Wit eS8t b such that
em ssive surface of the cathode. 20 The present

[ ' : ri as a thermonic
el@é%@b?ﬁg]a%gﬁegér {egd'ﬂﬂfgg ﬁudgg bggéﬁg ﬁ&gﬁgh‘oer , a cathode
within the casing nmenber operable when heated to

serve as a source of electrons, an anode within the

The cathode may be either a solid material or formed of a wire grid. When the
wire grid construction is used, the wire grid preferably includes at least four
layers of wires. Further, each of the wire layers has wires extending in a
different direction from each of the other of the wire layers, the wire grid of the
cathode thus including wires extending in at least four different directions.

This is designed to greatly increase the emissive surface of the cathode.

The present invention may alternately be described as a thermionic electric
converter having a casing member, a cathode within the casing member
operable when heated to serve as a source of electrons, an anode within the
casing member operable to receive electrons emitted from the cathode; and a

laser operable to hit electrons between the cathode and anode. The laser thus



10

15

20

casi ng nenber operable to receive electrons emtted

fromthe cathode; and a 25 | aser operable to hit
web@shsss bet ween the cat hode and anode. The PEBHES2003/034501

thus 5 WD 2005/052983 PCT/ US2003/ 034501 provi des

qu o Bl : _ |

o) BRVHSR BUERURT PRAorthbs Wilting GELEAR s qufEhal Sictropg are more

| aser ,.4.S o, hi ectrons j ust efqre they .

- el eaPRTER Ly ke, TnBIaIa detanis Wit clectrons just

elecfrons within 2 mcrons of when they reach the

anga e @ﬁOhBB@ 3nods. &beéa@ri i ORg(AkIY tas hikielegiragsi wighin 2

in at least two directions that are transverse to each

ot figronsios whesmt they éeach thepanede dHe cathote isavdee aitid having

di stance of about 4 microns to about five

cemresgfoinigsin ditleastrtadeaditections Mhatcdre skt toés8hother. The

described as a thermonic electric 10 converter

hayhthgda i§ §§bék?até@ff’8ﬁ{ we@a@étﬂad& di¥ Ao dBo %%W?ns to

menber operabl e when heat O Serve as a source o

el gsa%ﬁq%,cém%&grsanode Wi thin the casing nenber

operabl'e t0 recerve electrons emtted fromthe cathode
and whi ch proceed generally along a novenent direction
defining the direction fromthe cathode to the anode.

The cathode has a planar cross 15 section area nornal

t ol hepressndiventionraay aiiernately beadesstibet @s athermionic etectric
em ssion surface area for electron em ssion towards

t heoraveotée haring 4 basingneemben ocathotiewithin fraceasing meéraber
at | east 30 percent greater than the planar cross

segpérablehan hEBfed R K16 dssa SoWckbfElddrdiRY hRE aff drfcde within
going in at least two directions that are transverse

RS PR R e g B s e canoce

LR M Bhobd oS TR ok i find e

beéi\rl\éec?irc])n from the cathode to the anode. The cathode has a planar cross
section area normal to the movement direction, the cathode has an electron
emission surface area for electron emission towards the anode, and the
electron emission surface area is at least 30 percent greater than the planar
cross section area. The cathode is a wire grid having wires going in at least
two directions that are transverse to each other. Alternately, or additionally,
the cathode is curved in at least one direction perpendicular to the movement

- direction. A laser is positioned so as to be operable to hit electrons between

the cathode and anode just before they reach the anode. Preferably, the

electron emission surface area is at least double the planar cross section

area. More preferably, the electron emission surface area is at least double
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t he cathode and anode just before they reach the
anode. Preferably, the electron em ssion surface area

w0 20080539¢nst doubl e the planar cross section BCEHS2003/034501

More preferably, the electron em ssion surface area is

! : .
at theeplanarnierobs sebtioDarL) THSSAS8iRrkd . gggl‘{q? zlfnle5 9v11re, the larger

the planar cross section area. The sm

di thewdreissivt dr88. This 6 i m ssive area.
This is an expotenlti%ﬁh:bgﬁplgﬁrg%iﬁel%ﬁb e present

- invention also involves the use of a | aser positioned

to inpinge 5 upon the cathode while being rastered or

st the cat hode em ssive surface, for the

puﬁ%@%sgbf)@ﬁﬂaﬂ%@ ﬁ%‘ot'ﬂlé‘)'lé@% e use oka daserqusitioned edmpinge

fromtBe cat hode, The |aser may be positioned behind

t HPOR{BECatiodewhEe being rastered casteppedeaibhg dte céfﬁ%d%rb?nissive

Iasgcr befarr}hr%))/ be emtted through an opening in the

t Heface tfor theppurpese wficnbansinhaps g

specially designed to 10 havg anog?eﬁﬁﬁﬂgng@ﬁﬁed from the
I ) [ i ded t

pcafhedab| The lhé@ﬂ@iaytﬁéepéﬁﬂérﬁéq kgﬁ!ﬁggé? .gngﬂgég\ggrg%t and aim ed

accommodat e the opération o

Dg: i The, invepntion will be

d eggﬁ?il %;H&&:Jéﬁ gjgjt t}al:llgl '%‘%\%ﬁﬂ‘%b? @F@H@ﬁ droughtaieopening in the
f | : igures. in which |ike reference nuneral s
dgﬁ%%ﬂ'?'fﬁg% érrlrg?ﬁ §?th8f38- whirgeter anade spediallyadesigned to

schemati c dj agram of a prior art thermonic electric
SRR QP?"'ﬁG%he'zelm,sprsf@ahlyrfhtdugmmegfmmeﬁed?r is¥rovided to
art laser-excited thermonic electric converter:; Fl d
FAgcommedate the epenation phthedager, cr oss secti on and

schematic diagramof a 20 thermonic electric

converter according to the present invention; FIG 4

is atop viewof awire grid structure used for a

BRIEFIDESCRIPTION OF THE DRAWINGS

The invention will be described in detailv herein with reference to the following
figures in which like reference numerals denote like elements, and wherein:
FIG. 1 is a schematic diagram of a prior art thermionic electric converter;
FIG. 2 is a schematic diagram of a prior art laser-excited thermionic electric
converter;

FIG. 3 is a side view with parts in cross section and schematic diagram of a
thermionic electric converter according to the present invention;

FIG. 4 is a top view of a wire grid structure used for a cathode; .
FIG. 5 is a side view of a part of the wire grid structure;
FIG. 6 is a side view of a part of an alternate wire grid structure;

FIG. 7 is a side schematic diagram illustrating multiple layers in a wire grid



FIG 5is a side viewof a part of the wire grid

structure; FIG 6 is a side view of a part of an
w@bdosnosease wire grid structure; FIG 7 is a sSiP@r/us2003/034501

schematic diagramillustrating nultiple layers in a

Wi ] WO 2005/ 052983 PCT/ US2003/ 034501

st%tﬁ%(%tég;angnd FIG 8 is a sinplified side view of an -

al t e cat hod ructure. FI.G is,.a . side view

o 15 s SHPIRES sl ebt B an Alictrate rirPe8 attiglird o
therm onic converter according to another preferred
enbadi nent of the 5 present invention. FIG 10 is a
sﬂ%’& ISi 3 pide oW iy parts Inuerosgtsestion gnd seaamaticidirgram of a
target subassenbly enployed in the FIG 9 enbodi nent.
FItBermipnic cenvauiss @gaording jo sobthenpreferied @mivediment ofithe
target subassenbly of FIG 10. 10 DETAI LED
DEsieRERTINGBNidN. THE PREFERRED EMBODI MENT FIGS. 1 and 2
show prior art thermonic electric converters as shown
and described in U S Pat. Nos. 4,303,845 and

4,383, 1808 a Sussbanidllychenfiticirdrt eléﬁiﬁi‘ot of viw @?Yhétarb@f

i nventor of the preSent invention, di scl osures™o

et RSB T 1) O A S RBR (e onic

converters is described in detail in the incorporated

DBy P B R €l D51 B2 2R RS o o
phpvide background useful in understanding the present
i &ht10on.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIGS. 1 and 2 show prior art thermionic electric converters as shown and
described in U.S. Pat. Nos. 4,303,845 and 4,323,808, respectively, both to
Edwin D. Davis, the inventorv‘ of the present invention, the disclosures of which
are incorporated by reference herein in their entirety. While the operation of
both thermionic converters is described in detail in the incorporated patents, a
general operational overview is presented herein with reference to FIGS. 1
and 2 This may provide background useful in understanding the present

invention.

FIG. 1 shows a basic thermionic electric converter. FIG. 2 shows a laser-

excited thermionic converter. The operation of both converters is very similar.

With reference to the figures, a basic thermionic electric converter 10 is
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20 FIG 1 shows a basic thermonic electric converter.
FIG 2 shows a | aser- excited therm onic converter.

wabh@sofsat i on of both converters is very si mPEF/US2003/034501

Wth reference to the figures, a basic thermonic

SRS TR o BT Sty o v
MR A S e TR S

form_ng a closed chanber 18. The housing 12 is nmade

of 1&riheohousing fBds madeeary et a sngbeasiof knewoationg, electrically
non- conductive materials, such as, for exanple,

hi rgin-tenghectiveumatepiadss suck asy fds exanpie clsighsbimperathee plagtics or
wal l's 14, 16 are netallic plates to which electrical

C ORI WhiRBHe R TR 141F aieenﬁfémc Bfa?egﬁﬁ\hﬁi&hféléét}‘lcal
bonded t oget her and herrretl cally seal ed such that the

'@Hﬁ‘zélcgéﬁsr ﬁ?%' n t e Vé?&’ﬁ\éﬁls a%eégggggﬁﬁgﬁd’ed together
A nedmﬂbc/%%i i e i, ﬂi%éﬁera £ riis it vaguum,

having an electron emssive coating disposed on its

i rangt a proderately bighelecldcakrotentiamag ke applied 2d maintained
formed as a circular, slightly convex surface which is

f iacsbssrthenerd walls 44 aricht6ul at i ng ring 21 to form an
assenbly, all of which is then mated to the 15 housing
12. In use, the end walls 14 and 16 function
respectively as the cathode term nal and the

Col*Heeﬁrts't Bﬂd Rb&H Fa 8 nafife &9ﬂ¥ﬁég§éth&ﬁ r?ﬁb‘f‘%‘héﬂﬁﬁ @n electron

two walls, an e ron stream

sub antial ly al.ong the xn r fth
aWPc%at%ﬁ;flmO?s chh B3 e s R Whfe s sGRnst end wall 16
ion 20
r eig formed as a circular, slightly convex surface which is first mounted in an

insulating ring 21 to form an assembly, all of which is then mated to the
housing 12. In use, the end walls 14 and 16 function respectively as the
cathode terminal and the collecting plate of the converter 10. Between these
two walls, an electron stream 22 will flow substantially along the axis of
symmetry of the cylindrical chamber 18, originating at the cathode region 20

and terminating at the collecting plate 16.

An annular focusing element 24 is concentrically positioned within the
chamber 18 at a location adjacent to the cathode 20. A baffle element 26 is
concentrically positioned within the chamber 18 at a location adjacent to the

collecting plate 16.
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and termnating at the collecting plate 16. 20 An
annul ar focusing elenent 24 is concentrically

weemsHised within the chanber 18 at a | ocat i BET/US2003/034501

adj acent to the cathode 20. A baffle elenent 26 is
[ o25pBiEd BBhiderttissl (ateletiehit 2 an oA Shaciiyl o8 ggmerised
Zﬁi%ﬁélf@i?@dﬁ%foé’%q%q‘%ﬁ%gogwiﬁq?éﬁég TRt d: The oofl 30

a helical induction coil 30 and an el ongated annul ar
redjitbthegmagnai3e are cgucendrieallyitis wntgm and occupy the central
concentrically disposed wthin, and occupy the central

r erggmm aff the clearmbenth@r Re&rrir@béeﬂy toythier seHdnyaticovietveof FIG. 2,
schematic view of FIG 2, 5 the relative radi al

PapktrbRIive gadial f)b@ih&ﬁlhg%ﬁh@l/m 8lehisht8 2REEYseRHIBBYnay be
be seen. For clarity of presentation, the mechani cal

r &d R0 ol A Bf h¥seh ﬁ)‘ﬁ tHenltn%Eh ﬁi'c&l lR5iRE %Eﬁg‘?&ttﬁese
it g

have not been In el t her |gure
4 i.s,electr I nnect e

" oy JocAiSd B RebieRva e SeRRahEiesY i ﬁﬁﬁ%ﬁs% Fausin
an external source of static potential (not shown

r@emabgﬂ.I%ﬁ'%&rlqa"wongeghemhyzme?ns,&ﬁﬁéea@éﬁ‘l\ar&i ahermetlca"y
pair of |leads 38 and 40 and a pair of feed-throughs
4 xemted foed threughe 26 4o anlexteradl sdurneof statiopotentiadl(potshown).
a resistor 46. The potentials applied to the various

el Eeindactior coid Bods glnitdrlyl gonslecisd viara gair of Reds S8land 140 and a
detail as they constitute well known and conventi onal

g‘jﬁﬁsof f%d-thgﬁqg‘?ﬁ&fﬁ shg H% Bheski&indf IdRelefic?®8hown simply as

Ices. Bri consi erlng
a resistor 46.

The potentials applied to the various elements are not explicitly shown nor
discussed in detail as they constitute well known and conventional means for
implementing related electron stream devices. Briefly, considering
(conventionally) the cathode region 20 as a voltage reference level, a high,
positive static charge is applied to the collecting plate 16 and the external
circuit containing this voltage source is completed by connection of its
negative side to the cathode 20. This applied high, positive static charge
causes the electron stream 22 which originated at the eathode region 20 to be
accelerated towards the collecting plate 16 with a magnitude directly
dependent upon the magnitude of the high static charge applied. The
electrons impinge upon the collecting plate 16 at a velocity sufficient to cause

a certain amount of ricochet. The baffle element 26 is configured and

10
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(conventionally) the cathode region 20 as a vol tage
reference level, a high, positive static charge is

w@ppsiosx¥si o the collecting plate 16 and t he exP@r/msi003/034501

circuit containing this voltage source is conpleted by

co [ ! .
TP REBART hPre Bt FlbsBRUchEEpREHENS o FoddiT e FRip section
el ectron stream 22 whjch originated at the cathode

" offf e GhuvehEh ArcheelrEAL SonbRhS fadt stiowil Hrecihmiigd thereto as
plate 16 with a magnitude directl dependent upon the _
natgduiredeAdtegative voiage i igw te satgdeveldg applied to the focusing
el ectrons inpinge upon the collecting plate 16 at a

v etlenignt 24Udf fanusirtg the elacisen 8eam22 indd & rrarrawbeam. In
ricochet. The baffle elenment 26 is configured and 10

WO p&Yai6R 52 Adat S8trck'HDWHIOP 86Q1 beP@srivedPiterh dierse sources

prevent these ricochet electrons from reaching the

-y : ¢ . _ _
ConbiE g bhitBysfion bf foss ) Silar 8o SR Bevices, atomic
required. A.,negative voltage .of lLow.to noderate |evel

| SWasls: Srdpat £XE Rangel oM X thg APTIC A TIIoRSL iS4jsgg to heat the
the electron stream 22 into a narrow beam In 5 .
op@legirpo gmissive gpating epdhe gathgsiectl. dberehydiling off egantities of
fromdi verse sources such as conbustion of fossil

f uelestrosa| e ieassskeleatrons aralfociised jntateonawowkesing by focusing
heat exchangers from exi sting atom c operations) is

us@idnieht Raaind fve acefsrhtatoWdrds theecsieting plate 1618Vhile
cat hode 20, thereby boiling off quantities of

el ﬁ&ﬁéiﬁ’rﬁbsthe-ﬁbsu((‘t%r?%@éjrn?%, rtﬁ’é‘%le%% ng%gﬁlrz(?gna&t Rednfluence

narrow beam ocusl ng enment

BTG T e B BB GRS b el fptractve

rGLRR AT SR B0 e indiice U et s caiiae indygtion coil

g? éé?&tm%&lg ﬁ;@;ﬁ'hﬂ%’\g trtlg 38:131 ci:fn.e:JI Ilg;geg niurr]nbtehr%fti#driCigual
electrons executing small circular current loops thereby developing a
correspondingly large number of minute EMFs in each winding of the coil 30.
Taken as a whole, the output voltage of the converter is proportional to the
velocity of the electrons in transit, and the output current is der;endent on the
size and temperature of the electron source. The mechanism for the induced
EMF may be explained in terms of the Lorentz force acting on an electron
having an initial linear velocity as it enters a substantially uniform magnetic
field orthogonally disposed to the electron velocity. In a propeﬂy configured
device, a spiral electron path (not shown) results, which produces the desired

net rate of change of flux as required by Faraday's law to produce an induced

EMF.

11



10

15

20

25

30. Actually, this induced EMF is the sumof a |arge
nunber of individual 15 electrons executing snall

w@Rreossx83 current | oops thereby devel oping a PCT/US2003/034501

correspondi ngly | arge nunber of minute EMFs in each
wi nding of the coil 30. Taken as a whole, the output
vol tage of the converter is proportional to the

< TR apreRgeln Rt B ot ) SR A58 Hntatona

the el ectron source. The nechanismfor the induced 20
EMrathejongitudingl)dueste the acselrration aption of eoltesting miate 16 and a

acting on an electron having an initial |inear
vetimsilarypath (fransversesdue suthe iataraefidry ofithiefinitial elegtrenivelocity
field orthogonally disposed to the electron velocity.

| Nafd ﬂ{éJfPQﬁé\)ér% ﬁfdgiié'tlecfleldjéf/h’{é@ne%@ HDéﬁéncﬁhQ‘HnrtﬁB relative
pat h (not shown) resu ts, which produces the desired

"ShebEhoS by FRER VRladl ool K CRcilo AT e

PCT/US 03/0345 | |
{ rOTRBtE ARG e wrb?f tPrdriei T heruiacmel hees%absnet 32,

(1 ong| tudinal) due to the accel eration action

c obthee mashapisamsfo1 preguring acatiegeslirestly in therladycmrt,@gvll 30 may
due to the interaction of the initial electron

vdbdpossible. dhe méehanismsaudlires aboveeisi stighested] as anmdliyrsétative
32. Depending on the relative nmagnitude of the high
vobriéreRlyaBRd i€ Aot sorishtered!dsahibionly 6b@taﬁn§6n@dk§i ab8ifable. All

strength and orientation of the nmagnhetic fiel

prlﬂ%Hﬁ&ﬂsmé h8 eag éﬂgnlturlééﬁ?sfulﬁr&ﬂrva'?ﬁﬁggﬁhfdfﬁaﬁ&{s ?f t§8

pro UC|ng a vo y in the 1n I on col

C e CaeRl snd B IR Blentry, “and i & not

consi dered as the only operating node avail able. All
nmechani sns, however, would result from vari ous
conbi nati ons of the

The basic difference between the basic converter shown in U.S. Pat. No.

4,303,845 and the laser-excited converter shown in U.S. Pat. No. 4,323,808,
is that the laser-excited converter collects electrons boiled off the surface of
the cathode on a grid 176 having a small negative potential applied thereon
by a negative potential source 178 through lead 180, which traps the electron
flow and mass of electrons. The electrical potential imposed on the grid is
removed, while the grid is simultaneously exposed to a laser pulse discharge
from laser assembly 170, 173, 174, 20 causing a bolus of electrons 22 to be
released. The electron bolus 22 is then electrically focused and directed
through the interior of the air core induction coils located within a transverse
magnetic field, thereby generating an EMF in the induction coil which is

applied to an external circuit to perform work, as set forth above with respect
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appl i cabl e Lorentz and Faraday consi derations. The
basic difference between the basic converter shown in

walz®ds/02983 No. 15 4, 303, 845 and t he | aser - exci P€riUS2003/034501

converter shown in U'S. Pat. No. 4,323,808, is that
t = ' : coIIects el ectrons boil ed
o?@ %Eﬁsbﬁﬁgé@%ﬁ%pﬁgé%% hode on a grid 176 having a

smal | negative potential applied thereon by a

negati ve potential source 178 through |ead 180, mhich
traps the electron flow and mass of el ectrons.

el Aeset taith therRreeeRl inveRyese @rioh U HePgt iNp. .554@@367 there are
renoved, while the grid is sinultaneously exposed to a

I amamemﬂsattehdarﬂaﬁsﬂvama@esl ussially assecibted Witld hating,a

174, 20 causing a bolus of electrons 22 to be

reécﬂm:ﬂﬁ elérfieft ﬁmpgpmda@lu@oﬂa coAduittie Rked pldte aThgrefore, the

focused and directe through the interior of the air

co
m%cﬂ%e{cﬂ@b‘%ﬁérﬁ%n?&ﬁg?te %é’é?gl‘é ﬁrg:rllg\‘ﬁ@ng '&gﬁd&{{@éﬁ‘é%ﬁ&f copper sulfate
i ndyct i on to an externa

ot 9% e ol i sk viomy #BBis. el sreBBaliBVEnEdh may use such
respect . 12 WO 2005/ 052983 PCT/ U82003/ 034501 to the

el anpsier Howeaver, dam pisest Invastiga @lsamey e pPRdugiive metal
inventor's prior U S. Pat. No. 5,459,367, there are
nuplateanode ae mmnaameg’@omfdhemesemtémntgpmﬂianinanize or avoid
with having a 5 collecting elenment sinply made up of a

c agine tof Vise dishdlamtages thalxseichfapplate bhede esifhtesthendise cause.
el ement of that design includes a conductive |ayer of

(o t
f i"%&ﬁgaﬂﬁgﬁp&gsgﬁe%cmd%f%é%tn%ﬁe"érérho? %Eﬁﬁél ogial reforred

I nventi on nmay use suc an a

BN or IEQREBRERlEhAEN | on o s0 ey use a

'ate dnode as ot her aspects of the
present invention will mnimze or avoid 10 sone of
t he di sadvantages that such a plate anode m ght

ot herw se cause.
With reference now to FIG. 3, a thermionic electric converter 200 according to

the present invention includes a casing member 202 in which a vacuum would
be maintained by vacuum apparatus (not shown) in known fashion. The
casing member 202 is preferably cylindrical about a central axis 202A which
serves as an axis of symmetry of the member 202 and the components

therein except where otherwise noted.

The collector 204 may include a flat anode circular plate 206 (made of copper
for example) surrounded by a statically charged ring 208 (charged to 1000
Coulombs for example) having insulating rings 210 concentric therewith. The
ring 208 and rings 210 may be constructed and operable as discussed in the

U.S. Pat. No. 5,459,367. A cooling member 212 is thermally coupled to the
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Basically then, the specifics of the anode are not
central to the preferred design of the present

WO poosisioeh. Wth reference nowto FIG 3, a theemiiseuwd034501

el ectric converter 200 according to 15 the present

i %S{g 2(%‘311(2? %%of’a goﬁgﬂp%ur%g%mnls"l‘@ I?&Jl%t

uum wou mal n a ne vacuum ap ara

et PoripRarlin 0 Theing haost %Emmraa%s the

serves as an axis of symetry of the nenber 202 and

t rRNasienplataeat @ desined éernp@rﬁéwst ThRg&o0ling eempee2hd fmeay

20 The collector 204 may include a flat anode circul ar

pl aiteznaiel; herthizsamecaspiherandderplatea?d®® éh ather wardsecbdignt would
a statically charged ring 208 (charged to 1000

Cogitcorans tﬁr@ugﬁ@a@ Z)6)hAveadbadksatratdertient (Mos sR3WNn) using one

concentric therewith. The ring 208 and rings 210 may

ecg‘iﬂ@% ééiﬁéﬁg él%l%éfbg\g{) %kﬁcg?z |“.gﬁ§ %Aé%dihié“tf%ﬁ@n?p@rature of
therql%?é%coupl ed to the 13 WD 2005/052983

PCf) /034501 plate 206 such that coolant from
cool ant source 214 is recirculated therethrough by

coolant circuit 216. The cooling nmenber 212 maintains

the anode plate at a desired tenperature. The cooling
mefeecathode mspemiblly 21 8 of theypriesenthinveatien includas ansthode 220
plate 206 (in other words coolant would 5 circul ate

t MHeitgd bpla'\h@atwbrce duéietiit tamits eRsegoneWhic¢mgenésfzdiyvimove
usi ng one nore sensors (not shown) coul d be used

L st Pdd\/ nﬁgfmrécﬁaﬁczbémbﬁlams thAe 966 @%qn the U.S. Pat.

cat e asse of the present invention inc es

a l&&t@,gg&%?the charged ring 208 helps attract the electrons towards the
anode.) Although the heat source is shown as a source 222 of heating fluid
(liquid or gas) flowing to heating member 224 (which is thermally coupled to
the cathode 220) via heating circuit 226, alternate energy sources such as a
laser applied to the cathode 224 might be used. The energy input into source
222 could be fossil fuel, solar, laser, microwave, or radioactive materials.

Further, used nuclear fuel that would otherwise simply be stored at great

expense and without benefit might be used to provide the heat to source 222.

.Electrons energized to the Fermi level in cathode 220 escape from the
surface thereof and, attracted by static charge ring 208, travel along
movement directioh 202A through first and second focussing rings or
cylinders 228 and 230, which may be constructed and operable in similar

fashion focussing element 24 of the prior art arrangement discussed above. In
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10 heated by a heat source such that it emts
el ectrons which generally nove al ong novenent

walreensi9en 202A towards the anode 206. (As in PEEULLS3/034501

Pat. No. 5,459,367, the charged ring 208 hel ps

£ IAsOREe Al e SclB0R sHAVE L the diBpefifdioh 4'shRRKES2 may
E'valiﬁ'"daﬁln?féh? Gatheale S22 s Shieled Ry de ArindfiEabonsotieal or, as

heating circuit 226, alternate energy sources such as

a showse indliysls a eylindriaal osiamelasestihe wathndee24,3ad a qonical
energy input into source 222 could be fossil fuel,

s @ontion fuather from theovathede @24r fdapp case,dhesshizld aen;ds to keep
Further, used nuclear fuel that would otherw se sinply

b%léétﬂirﬁﬁhoeérr@hem dir€XRATEE2ARThe\elebRbhs kmmﬁnd tobaRdpelled
be used to provide the heat to source 222.

E'fFo%E €§h|§|?f%§2 §ﬁ|%ettﬂetshﬁ§ Wil é%ldti@egﬁﬁ nggmaépature

escape from surface ereo attr

G PSS KBS %mio%@wge%%ﬂﬁ@s.a@
rings or cylinders 228 and 230, [

c s addiftonally.dadeing repsliedi by té‘ﬁrh'@'&ﬁemBefaéQ'f‘ﬁ @fﬁhe shield, the

focussing el ement 24 of the prior art arrangenent
dishicld 282 cabild/kave a nepativechacgs apaiesito it. In the latter case,
PCT/ US2003/ 034501 order to help the el ectrons nove in

t hl@SLﬂém’ﬁg notshewh) eduldl Iseused bétiveatthe shieldR8Mand eathode
cathode 224. The shield 232 may be cylindrical or

cefigcal - o as shown, include a cylindrical portion
cl osest the cat hode 224 and a conical portion further
fromthe cathode 224. In any case, the shield tends to
keep 5 el ectron rmvement in direction 202A. The
electrons t end repel | ed {romthe shi

S SFhe.qiRpEic RNy Brediped ceEbsRonaNG: ogIrGkPy ﬂﬁwgfﬁom cathode

t enperature
220 to anode 206 is supplied via cathode wire 234 and anode wire 236 to an

external circuit 238.

Turning from the overall operation of the converter 200 to specific
advantageous aspects thereof, electrons such as electron 240 tend to have a
high energy level as they approach the anode 206. Therefore, the normal
tendency would be for some to bounce off the surface and not be captured
therein. This normally results in electron scatter and diminishes the
conversion efficiency of a converter. In order to avoid or greatly reduce this
tendency, the present invention uses a laser 242 which hits the electrons
(e.g., hits them with a laser beam 244) just before they hit the anode 206. The

quantum interference between the photons of the laser beam 244 and the
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(fromits proximty to the relatively high tenperature
cat hode 220). Alternately, or additionally, to being

w0 epeiosmed by the high tenperature of the shi el BCT/UB®03/034501

shield 232 could have a negative charge applied to it.

PR BB hRao S 86 o b pRBle U 1R B more
FIrGarhy Gavuchbaihe SHATEOLAOAS 308 | s Suppl | ed vi 8

cat hode wire 234 and anode wire 236 to an 15 external
circuit 238. Turning fromthe overall operation of the
converter 200 to specific advantageous aspects

t ey @iif be ehdetstaptbfremctheatuad waverparti@iéGheenydftphyisiose the
hi gh energy | evel as they approach the anode 206.

Thee &reHEhit bg %é‘%’s@ﬁbeaﬁh ﬁ'\é?cbé’\é)kth\MH? proygerties of waveb@nd/or

boynce off the surface and not be captured therein.

@g% n@’f {:%urgssm' Lol % &'tﬁﬁ:fémssd?%é ﬁfes%’h‘ii invention are not

’bonve I on efriciency o convert

tﬁla%{ﬁoﬁéoan R AT G N

electrons (e.g., hits themwith a |aser beam 244)

| expressly Feferaneps such ehibeaRs atoperetion RUIChEA% HHARM
|nterference bet ween t he photons of the | aser beam 244
angitetfeeenceb WO 2005/ 052983 PCT/ US2003/ 034501
el ectrons 240 drops the energy state of the el ectrons
such that they are nore readily captured by the
surface of anode 206. As mAII be understood fromthe

h.t Bm! FigRt, e rerafhioe ig mdly f e a2 Al iR tectrons

beam ma Iting properties o

C|vg g%%/ft[fé"jﬁﬁr o e?pﬁ, gﬁc%rgﬁsig%crm}e 356RE 266 rhdins that the

electrons which have been hit do not pass through any other components
(such as a focusing member) as they continue to the anode 206. More
specifically, the electrons are preferably hit within 2 microns of when they
reach the anode 206. Even more preferably, the electrons are hit by the laser
with 1 micron of reaching the anode 206. Indeed, the distance from the
second foc;using element 230 to the anode 206 may be 1 micron and the laser
may hit electrons closer to the anode 206. In that fashion (i.é., hitting the
electrons just before they reach the anode), the energy of the electrons is

reduced at a point where reduced energy is most appropriate and useful. -

Although casing member 202 may be opaque, such as a metal member, a
laser window 246 is made of transparent material such that the laser beam

244 can travel from laser 242 into the chamber within member 202.
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limted to any particular theory of operation unless
and except where a claim expressly references such a

w0 bwsng298F operati on, such as quantum i nt erf er BCIES2003/@34501

As used herein, when reference is nade to the | aser
24 tbiricitbIp Sthich8s ! na bl gy bef or e’
the el ect ?gtns reac%% {%cgu anoétlngggfigg&nemaﬁéﬁrﬁat "he

el ectrons whi ch have been hit do not pass through any
ot her conponents (such as a focusing nenber) as they

cont i to the anode 206., More 15 specifically, the
o1 BAGGHHRN b LG CasvESion eficiency By Heiod dh laseriderto reduce
they reach the anode 206. Even nore preferably, the

el tBerenatgy lgvel nf elesirons st hefore thiey hedachiheranodaf 206, the
reachi ng the anode 206. |ndeed, the distance fromthe

s ecathddé @20siftige presenbinv2dloh ds speciclfeiRfhathts iBfbréve
mcron and the laser nmay hit electrons closer to the

ansffi€ieReP by limcreBgihg tRS Bletron erfijssidH 4
el ectrogg J}IUSt befgre t hey re%cl?s{cweé'tglr?o ég'jg%?ﬁ-g)de 220.
energy of the electrons is reduced at a point where

reduced energy i s nost appropriate and useful.

Al u casi r 202 may. be opaque, such as a
rre\{vgﬁ r e PogFlr&a'%ZIFe GA 2Akisishoygyas arcircular grid of wires

transparent material such that the |aser beam 25 244
c 46 MMires 260 ehpiter oF first Jayeitaf panallel vareseaxtend i direction 252,
menber 202. 16 WO 2005/ 052983 PCT/ US2003/ 034501

Awhereas slires 2940l asecorthzyeoof fakdleliviree sRtbridintdiRction 256,
chanber. In addition to inproving conversion

eftfansverseytoliraeson @5pMhd Mra%%é@eheﬁu%? to H@Ectti%ré 252. A

energy |l evel of electrons just Defore they rea

AMGFE |76 ' r Lovention ..

IS spea% T PI:EP'I%)I/I%QE%%J g%gyt%,égi ‘&r’%‘? g\sg S?'O%%P ea5d of llfuspratlon)
extend in direction 260 (45 degrees from directions 252 and 256. A fourth
layer of parallel wires (only one wire 262 shown for ease of illustration) extend

in direction 264 (90 degrees from direction 260).

It should also be noted that FIG. 4 shows the wires with relatively large
separation distances between them but this is also for ease of illustration.
Preferably, the wires are finely extruded wires and the separation distances
between parallel wires in the same layer would be similar to the diameter of
the wires. Preferably, the wires have diameters of 2 mm or less to fine

filament size. The wires may be tungsten or other metals used in cathodes.

With reference to FIG. 5, the wires 250 and 254 may be offset from each

other with all wires 250 (only one shown in FIG. 5) disposed in a common
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efficiency by increasing the electron em ssion area of
the cathode 220. Wth reference to FIG 4, the cathode

WQ2®si05298hown as a circular grid of wires 248PCTNS®93/034501

250 of a top or first layer of parallel wires extend

i rpldne effsebftoRER diffckOntduhsaT PhAET BRNAI RiS€98AG e

| ayer of parallel wires exten rection

o mena el e e aydnenbYiolt i FIG P Hag uresi250' oy one

pay Ly one Wi re 258 shown for ease of

i f\{lﬂél‘te ar }qn(%f%sv@%”e%'ﬁ 'HE?QQ’PP’ gadn ﬁ?ﬁ peonensf @dgicees
fromdirections 252 and 256. A fourth |[|ayer of

parallel wires (only one wire 262 shown for ease of
iM{ustrati on) extend 15 in direction 264 (90 degrees

f VI dpfeeRnaede FIGOY, antalteoateccathode DROTRAY Hald ¥ire! Srtions
4 shows the wires with relatively |arge separation

01266268 sarmb2 R eEadtenpdtions 6, B8 Ahsd2T Tméf‘ﬁgvé){wo
nel y

illustration. Preferably, the wires are Ti

eperpetriicuiar B§eRNsF Winss m%rn%}noiﬂ Fqgs Z?gg&i fargﬁ 5§$e§r¥d\§§g4 (or

parallel wires in the s ayer Wo

t i : ' .. Preferably, .the wires have
LSO ARIZEES. rioh 286 BB VR HERS Goily iing e Thdew of

| he tungsten or other nmetals used in
oh (G0 8Bd witgs RaTAleldP dhe plans e IiG.g. Romiom268 hagi@odayers of
254 m %e of fset fromeach 25 other with all wres

2WHes, lAdng Mg exterriy i difextion 80 deyrees BBHPBne of the
17 WO 2005/ 052983 PCT/ US2003/ 034501 pl ane offset from

digpations @f the wires foppertieni 266MFckoRRT0 Wik %\ﬁlo%r@gﬁ’ wires,

di sposed. An alternate arrangenent shown in

véaakslafsidhaving Wiree extevdify th ?Zﬂ;ﬁbgoa Mggﬁggﬁbﬂ% of the

i nterwoven in the manner OoOf

tdirdcki ode 220" may have three
porrtilﬁggftzﬁwﬁé%g%rgoéégg Each of portions 266,

268, and 270 may have two

It will be appreciated that FIG. 7 is illustrative of the point that multiple layers

of wires extending in different directions could be used.

The various wire grid structures for the cathode increése the effective electron
emission surface area by way of the shape of the wires and their multiple
layers. An alternative way of increasing the surface area is illustrated in F IG.
8. FIG. 8 shows a side cross section view of a parabolic cathode 280 operable
to emit electrons for movement generally along movement direction 220A".
The cathode 280 has a planar cross section area A normal to the movement
direction 202A. Significantly, the cathode 280 has an electron emission

surface area EA (from the curvature of the cathode) for electron emission
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per pendi cul ar | ayers of wires (not shown in FIG 7)
such as 250 and 254 (or 250" and 254'). Portion 266

wowewsads1esye wires going into the plane of vi eww@f/USTDEA34501

7 and wires parallel to the plane of FIG 7. Portion
q@&%ﬁ@%%ﬁhggg %é(g{ llsjaq '%"?%l?%ﬁéh} 5%:%"‘%%@“@%% Rlanar cross

dlretlons of he wires for r 266. Portion

C&'\% qrﬁ?eﬁ QHS figreater dsagﬁv t@@.ctrﬁa%.aﬁ@ gﬁp?@eg ?Or a given
extend| ng in a direction 60 degrees fromone of the
di sia%caﬂmeoﬂlﬂwnugmtheagam@de&ﬁ%[is@homs aparabala) othee curved
appreciated that FIG 7 is illustrative of the point
t haurfavelstmay ®el wseel Theahtvodee28@ xianbe nadeofth ol reimber or
directions could be used. The various wire grid

Stmug%&ﬁlcﬁﬂdorhféem%ﬂfp@%er M’ée%r&?sttr@&u%sf e detribed for

el ectron em'ssion surfacé area by way of the shape of

) i1 7 e 5 balt ey MouRd bR B} REERT ,"°

FIG 8. FIG 8 shows a side cross section view of a

par abol i ¢ cat hode 280 operable to emt electrons for
novenent generally al ong novenent direction 220A".
Th%ltfwtgfbf%@ @Bvet sathedpiairigemerdof £d6t Barovidea an electron
normal to the novenent direction 202A. Significantly,

t remissidnosiefatROateatAthatlizat least 80ipescant g2éateuthiaicthe side
area EA (fromthe curvature of the cathode) for

el ®6&$ 8BCHIN SfdaPA, the&/aYiBus YR ﬁ@%&%@@iﬁéﬂ@éﬁ@@éﬂ 8341814

towards the anode which is at Teast 30 percent greater

Y ZﬁBvﬁd I%B?r[){'n S Sion $BFaLE Ar A %t’% aﬂ%‘é%t d@ul&%qﬁé Side

I"'ectrons are genera Iven
hode. Alth th th de 280
‘;Zcﬁaﬁ%?scvqs{ A Lar JBhed SR ol focf éegi?ﬂeieee?ﬁee electron
cat hode 280 may be mde of a solid nmenber or
al%'sﬁwm Feain {thq)g@d pERBgeRands ghoydhe %?d?ﬁﬂe@n times

| i ke descri bed for
the side cross section area.

Advantageously, the present invention allows the cathode 220 and anode 206
to be offset from each other by from 4 microns to 5 cm. More specifically, that
offset or separation distance will be from 1 to 3 cm. Thus, the cathode and
anode are sufficiently far apart that heat from the cathode is less likely to be
conveyed to the anode than in the arrangements where the cathode and
anode must be in close proximity. Therefore, the coolant source 214 can be a
relatively low coolant demand arrangement since less cooling is required than

in many prior designs.

Turning now to FIGS. 9-11, a further embodiment of the thermionic electric
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FI GS. 4-7 except that each |layer would be curved and
not planar. Although the curved cathode arrangenent

W@B00FH§2988 provi des an el ectron em ssion surfBCEUS2003034501

EA that is at least 30 percent greater than the side

arcrogl&gﬁégﬁfﬁlte S@%ﬁ%ﬁﬁiﬂ,\fé@&ﬁi% .N@%{/é% (?e g#ris:?mbo?gp]ent is designed
IS AR R teé%f?ﬁ%&f' B theGatiads, WereBy fitner

8). Indeed, the eI ectron em ssjon surface area in_the
grln@rearsmgrig@ renversion effisiansy And e/gslricabpurrentgenaration of the
side cross section area. 15 Advantageously, the
preaswetter.nventi on all ows the cathode 220 and anode 206

to be offset fromeach other by from4 mcrons to 5

cm More specifically, that offset or separation
distance will be from1 to 3 cm Thus, the cathode and
anode are sufficiently far apart that heat fromthe

fﬁgﬂ?ﬁ\%rhﬁﬁ@éﬁe&ﬁé‘%ﬂvér%r%O%c%%ﬁglfﬁ%é @g’fﬂ&ﬁﬂﬁ@ own in

arrangenents where the c ode

cl ose X o t (o]
sdips S PSR vr%mgi’%ﬁ%v SRR —
arrangenent since |ess cool [ red than_ j
A he epBYeriRis Qfhillustated & %@ﬁﬂt\@ﬂrr@e%tqﬁlGﬁ- 3-8. In
further enbodi ment of the therm onic electric 19 WO
2qesiiasa0 e PaVersatiE) pedcebly ivclkdes eeeasing member 302, which
present invention is illustrated. This enbodinent is

denay prsferdbly bercylindrical alarmsat [éhst oporioh offitsdbrgitudinal extent.
fromthe cathode, thereby further 1ncreasing the

Coméeé&i\iérr‘te?fﬁ)b%ﬁﬂéb’ inRR[Ie8lRCEIEEGSH target Sfibassembly or collector

gener ati on converter.
304, the constructional details of which will be discussed later. A cooling
member 312 is provided to maintain the target subassembly 304, or specific
components thereof, at a desired temperature, generally lower than an
operating temperature of cathode subassembly 318. The cathode
subassembly 318 preferably includes a cathode 320 having a cathode emitter
321, the cathode being heated by a heat source 322 thermally coupled to the

cathode such thét the heating of the cathode will cause electrons to become

energized and escape from the surface of the cathode emitter 321.

The heat soﬁrce 322, as illustrated, includes a heating member‘ 324 coupled
to the cathode, and a heating circuit 326 which delivers a heating fluid (liquid
or gas) to cathode 320. As with the embodiments disclosed in FIGS. 3-8, it
will be recognized by persons of ordinary skill in the art that the source of

thermal energy for heating the cathode from an external source may take the
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5 The thermonic electric converter 300 according to

t he enbodi nrent shown in FIGS. 9-11 may preferably
weppbos29sany of the sanme or simlar conponent SPCT/0S100&034501

converter 200 illustrated and described with respect

or S e o B35 b '%é%%%g?"@%‘%%%&ﬁa%%rwr thermal

refera | indrical ast a, rtlono

't §n¢r@ud%we‘5rf lBR e oS B S rAChRE B A o spent
i ncl udes an el ectron target subassenbly or coll ector
3omdieantive snaterials: i Wsed nuelear fusl dratwrpuld oflienwise be required to
di scussed later. A cooling nmenber 312 is provided to

mebe stred ah gréatreypensea wasiked Liged €t pravides fiwrirfal @nergy for heat
conponents thereof, at a desired tenperature,

gegQlirak 3p2l omRy célﬁlﬂjeﬁﬁn &%%Eéﬁ&eﬁ@@?%h@éé‘é&n@fes for
cat hode subassenbly 318. The cat'hode 15 subassenbly

B T i

source 32 ermal Ly. coupl ed to the cathode such that
th%erﬁtQH?oﬁBr 'Fa'iylfé("té@ttﬁ&?éfw || cause el ectrons to

beconme energized and escape fromthe surface of the
cathode emtter 321. 20 The heat source 322, as
illustrated, includes a heating nmenber 324 coupled to

t h@onwerterd300 may sdsd peaferaply employt fir8R&ndisecbnd ébcusingsrings

a heating fluid (liquid or gas) to cathode 320. As

Wi 378 t43D, itk eRdmsHsimiastd Biaeshown il B, 3- A shiéld 384 may also

be recognlzed by persons of ordinary Skl|| in the art

t l3on :
P Bt Sircling bR 326085 BTSN PSR hygame function

2005/,052933 45 form of sol ar energy,

{ RRRPST SRR F38 I eI SRerba, cnergy. or

thermal energy derived fromradi oactive nmaterial s,

such as radi oactive waste or spent radioactive

materials. Used nuclear fuel that would otherw se be
r elgigctrieal energy produced corresponding to an electron flow from cathode

emitter 321 to anode 306 of target subassembly 304 is supplied via cathode
wire 334 and anode wire 336 to an external circuit 338. Circuit 338 thus
receives energy in electrical form, which energy is produced or generated
from thermal energy by converter 300. Circuit 338 may preferably include a
transistor 337 connected in the circuit return line (shown as cathode wire 334
in FIG. 9), so that the current in the circuit is restricted to flowing in only one
direction, j.e., in the direction back to cathode emitter 321, via a feedthrough

339 in casing member 302.

The converter 300 further preferably includes an electron interference laser

342, which operates to lower the energy state of the electrons as they reach
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be stored at great expense could be used to provide
thermal energy for heat 5 source 322. The construction

wWo@Roobmsi983 syst ens or subassenblies for provi dPEyUS19e3/034501

various types of thermal energy will be readily

ppa s _of .ordi nar [ in.tk .
CHpEring. Zsebrad ARt i eRas by Bty AePidian
second focusing rings_ 10 328 330 a er
sirhengmens. tmeraea% 344 pasaps ﬂ\rOAgbrh@s@rdwgg@Wr%P ando
be provided to surround cathode 320, to perform
esstensédis the paid ofaoe Hitshdhedncomingddeetrens tl redege the energy
the FIG 3 enbodi nent. Electrical energy produced

C @toreeldinnbe eipdtionsn Refemsncamby be Hadio thatdisslessidrbof this
em'tter 321 to anode 306 of target subassenbly 304 is

LEF thednFetitiRta chnb%tn&?’@vﬂW]QsmaM‘ﬁ (ReP BeahP244, and

an ternal CI rcuit . Grcuit 338 thus recei ves

Zgﬁé§§t léq{e r%rf%rh%f tﬁgotrhlgh%t/l&gergggﬁv A ce?é%gu e‘rﬁ% rBluction
rcul 338 ma refe i.nc ns or
cdn#&t?earg VHevdlot the @[ﬁct?rq)'/‘ét'ﬁ‘ﬂ"fr‘\ecf PW@/ PUOF, %ﬁ%ﬁagﬁﬁ%&d 306

wre 334 20 in FIG , so that the current in the
cidesm¢asassthedendéensy Qlectrwrmam@t PROG® BP6 @ to bounce off and
direction, i.e., in the direction back to cat hode

erscatter b82dusevofathe dodlisitirhr Angtie 386 Will thusacaptgrera idrger
302. The converter 300 further preferably includes an

eI &é,ﬂg b e RIcBRfify bRtfons25 342, which operates to
wer th energy state of the electrons as they reach

21 WO 2005/ 052983 PCT/ US2003/ 034501 anode 306, as by
quantuminterference or other particle int eracti on

nraﬁ nu #gﬁ%&gg%ﬂ%& \?@ %ﬁ)sre ragﬁ% i {? V\écp gg Y6 have a
| ncom ng electrons to reduce the energy
central opening 370 sized and adapted to aIIow a'cathode output enhancing
device or auxiliary cathode enhancer 372, in the form or a laser 374, to emit a
laser beam 376 in the direction 376a of the emitting surface 321 of cathode
320. Alternatively, target subassembly may have such an opening in an off--
center location, or, alternatively, may be sized and positioned within casing

member 302 such that laser 374 can direct laser beam 376 from a position

outside the periphery of the target subassembly.

Referring to all of FIGS. 9-11, target subassembly 304 may preferably
comprise an anode 306 having opening 370 therethrough, shown centrally in
the drawing figures, for the sake of convenience. An insulating (electrically
insulating) ring 378 is positioned at an edge of opening 370, and is preferably

secured to anode 306 at that edge. An electron repulsion ring 380 is
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stored in the electrons. Reference may be had to the
di scussion of this 5 aspect of the invention in

w@onsessdon with | aser 242 and | aser beam 244, PERuS2003/034501

FIG 3 herein, insofar as the theory of operation is

et o §?§%“68?Pf' et 8 BY e, TR AR ring 380

decreas t he tendenc ectro to hit _ano
Pt it sy 1o SietadtialfaRvEel SetBont em?@agng 8 cathode
collision. Anode 306 will thus capture a |arger

pS20anditjaveling aleng RabinBAda &oat Passing intaragskt rough the opening
subassenbly or collector 304 is preferably constructed

s definetl dyhepalsion dreg 888 oripeminimizEihesiumnberavftlectagnsepassing
to allow a cat hode output enhancing device or

a%ﬂe'tmbm ﬁa@@&ﬁ:refémmm riAg 380 i8 préferaisly Providéd Wathes

4. to emt a 15 |l aser beam 376 in the direction 376a

ggﬁv q/éqgr%ﬁdé%ﬁ‘ﬁﬁaﬁ %%te‘?ﬁ%lcs%d?eg E’hot%%%wng goupled to the

rna arget ‘subassenbdly may ave su
| ocati on

°per9u'y§%§a' r%ggﬁgdmgv ) eGP et ng RERRL S to

such that | aser 374 can direct Iaser beam 376 fro
paepelielactrong. sPeaserahly. Has ripg 380 will anssatedpglaflect at least portion
subassenbly. 20 Referring to all of FIGS. 9-11, target

s olf v eldotrpns Oatoreagatpribéewilregult dothe ¢lectrams aolliding3aith anode
havi ng openi ng 370 therethrough, shown centrally in

t Bpethfautded subassatablyf3od. t he sake of conveni ence. An
insulating (electrically insulating) ring 378 is

positioned at an edge of opening 370, and is
preferably 25 secured to anode 306 at that edge.

oY ”mr&'d;% S g Mﬁ'ﬁ%@%@#ﬁ%@? orf'av

| at
! g?tgrr?at:vg?y kr)é rc}urved in eltner adi ec{|on owardngr away from cathode 324,

or otherwise shaped in a manner designed to effectively capture electrons
traveling along paths from the cathode 320 into contact with the anode.
Anode 306 preferably has, at its outer periphery, a highly statically charged, or
Faraday, ring 308 bounded by inner and outer insulating rings 310. This
portion of the target subassembly will be essentially the same as that
disclosed with respect to the FIG. 3 embodiment, and will operate in generally
the same manner, to aid in attracting the electrons toward anode 306, where
the electrons can be collected in order to generate an electrical current. A
feedthrough connector, shown schematically in FIG. 11 at 382, is employed to
couple the Faraday ring 308 to a means for imparting the desired high static
charge. Insulating rings 310 operate to electrically insulate anode 306 and

the main electrical circuit 338 from the static charge imposed on ring 308.
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is provided in order to substantially prevent
el ectrons emanating fromcathode 320 and traveling

wabk@sgsyses h 302a from passing into and thr oughP€T®S2003/034501

opening defined by repulsion ring 380, or to mnimze
t he nunber of electrons passing 5 therethrough.
El ectron repulsion ring 380 is preferably provided

(e Bl A6 SFeSHE B oBBRRRAIY R sBigafbnaIOHE i

f eedt hrough 379, or may operate in a different manner

t @N0dep06 Wl RIG. 98 may be @f any pthartype kngwedo the art to be
operate to deflect at |east portion of the electrons

i reuitablepfar this use. WEathode 820tmaynalsbebetenstrusisd of the same
colliding with anode 10 306 of target subassenbly

3(GfatefiBROGNSROtHERYame nﬁaﬂrf@? &sas cattodrt 220 Hiseligsedhnd flustrated
as illustrated, or may alternatively be curved in

e'ﬁlﬂfﬁesﬁegls goele §n?> %OWE%fhéi“Q% thé)é‘i‘r&&hré)gﬁc%géd in the prior

shaped T n a tanner eS|gn

F iR ArasRaHd" ¥ Brrkarolf sheidy {Va‘fé'bﬂg anode. T

Anode 306 preferably has at its outer periphery, a
highly statically char ged, or Faraday, ring 308
bounded by inner and outer insulating rings 310. This
pdnitheemifodiment af G3S.Q:bAsthermitputdi theluathedseistgraatlly
the sane as that disclosed with respect to the FIG 3

enheréasBd oveptitht \Wotdingd &1 thiecernbodiaretahownZif RIGS. 3a8eAs
manner, to aid in attracting the electrons toward

gpgﬁ gp&lomf% aukiisry®afifdde ﬁhmrksezzc% triRefoRd dftaser 374,

0 gene 'ate an electrical current

i SiYidEly ﬁ@?%k@%%sabé%%ﬁ{@%%%ygys 3?68&%86
ot TR gL B2 oA, B e
anode 306 and 25 the rral n electrical circuit 338 from

t e exaitatiorcobiained by thecthetmal engjogsepplied by heating source 322. -

In the illustrated preferred embodiment, the laser 374 is positioned inside of
casing member 302 and on a side of anode 306 opposite the side at which
cathode 320 is positioned. Laser 374 is aimed to direct laser beam 376 such
that the photons travel along path 376a in essentially the opposite direction of
the path 302a of the electrons traveling from cathode 320 to anode 306.
Laser beam 376 preferably strikes the emissive surface 321 of the cathode
either orthogonally to that surface, or at a small angle of incidence thereto, to

maximize the energy transfer to the electrons.
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WD 2005/ 052983 PCT/ US2003/ 034501 The pl ate anode 306
may be constructed of the sane materials as is the

warmdes286 in FIG 3, or may be of any ot her tBEEUKWONMB4501

in the art to be suitable for this use. Cathode 320_
T GR8r M4 SATPLANRATBlcch EISAEY SoTRIGAGS B 8t Lot or
|II str ted C

iR ioh RaPLE o dwiatoh dribe s Of o ﬁ%gvera'

d| scussed in the Background section herein. In th
erRieRRaeends oat a-freguency of akotd 191 QR Mtz Dﬁ@ermefau@walgeglmes

‘greatly 10 increased over that obtained in the

emhaylalseribe atioptedi anélitGhoutd Be resognizedthaitikesepaiayneters are
an auxiliary cathode enhancer 372, in the form of

| 358vidéd brimarily BsraNustestiviepuitposss. a | aser beam 376 at
the em ssive surface 321 of the cathode, which

further excites the electrons on that surface, over
and above the excitation obtained by the thermal

iR e R eI fstably fn%%e@ retaing
posi tioned inside of cas mﬁgéjer %2 and on a

ofd%ll'ﬁﬁal shavs sshesatically ﬁé3§§ derle. Whi dhe r%t(eﬁaa@'eyz:@ 382 will
is positioned. Laser 374 is ained to direct |aser beam

3te candtolledhprefetablpaispdyscantepller 480 ologcausettheigzeribeam 376
essentially the opposite direction of 20 the path 302a

oftotsiep! i Wotle Ritetal §sidéitogide) emdoairticalup26-dowrg P dice versa)
306. Laser beam 376 preferably strikes the em ssive

S LaneQESn?"%ﬂ £hahher fak WHP'E? r@é&ﬂﬁippﬁé’r&ﬁpﬁgﬁ%bﬁs &Rilled in the

hat surface, or at a snal angle I NClI

citit i ec g R DS s o BB B e g S sed so as o

prevent erosion of the emissive surface of the cathode. 320 at regions where
the laser beam might otherwise constantly or frequently impinge, thus
prolonging the life of the cathode. The rastering device will preferably
complete a sweep from side-to-side and from top to bottom of. the cathode at
a frequency on the order of one to several nanoseconds. Again, this period
may differ from the stated preferred range, and may be coordinated with the
frequency and duration of the laser pulses to provide different desired

degrees of auxiliary excitation of the electrons at the cathode surface.

It is expected that the use of an auxiliary. cathode enhancer of the type
disclosed will increase the output of the cathode by approximately 20-25 times
the output of the cathode in FIGS. 3-8, for example, when that converter is

operated without the auxiliary enhancer. Again, the operating parameters of
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The laser 374 will preferably be controlled by
controller 400 to emt "shots" or pul ses having, for

wexasps®s3 a duration on the order of one to SeRET/EHB2003/034501

pi coseconds, at a frequency of about 10-100 MHz. O her

oper atjona [ . . [

P PhBaC BT M el By et YRR 1 pa8Ey Wborease the
provided primarily for illustratiye purposes. The
ad&‘(ﬂ'ioﬁﬁﬁﬁﬁ'&?%ﬁﬁy gif@tho QUW”}/’I al so preferably
include a rastering device, shown schematically at

382 in"FIG 11. The rastering device 382 will be
controlled, preferably also by controller 400, to

CaRFIGE he, pessible tematie ddsitianssfoe tie laseb874 of Hheaaxiliary
(side-to-side) and vertical (up-to-down, or vice

VeLide ShHdider 372 ark B haWIPAYR! B tahatC Wrhksb @lekRitBtiblis are

apparent to persons skilled in the art upon reading

ggﬁégggé ?é%@!r)]\i{v%at t-ﬁgqaéé\séfﬁéﬁg t?eeN{o%ﬁtéJdgg‘?‘-ic%n’t@reF%Iﬁ@e to

erosion of 't m ssive surface of

cat hode. 320 at regi ons ere the |lasgr bea L ght

o TPERhS YA SSER Y LTy VBT ESRAING FEfiege o0 208 Yuld be of-
prolonging the life of the cathode. The rasteri n?

deentsr, ar mayhemauatad outsisieptherqutar RewRierY o farget subassembly

side-to-side and fromtop to bottom of the cathode at
a 30dedndhis)atter ¢dve, theterwaild deena nesad te@pedvide an opening in the
nanoseconds. Again, this period may differ fromthe

SteioRd, RbEWBIIesh ERREBN rapdisiBMyriMEbe PrcesSdye hahbted
the frequency and duration of the |aser pulses to

gp&&i{igﬁlslg{qift Lﬁ?&?ﬂé@‘é@éﬁ?ﬁﬁaiﬁ% f@&i\%ﬁggﬁﬁg %\lg?gié bfikidence of the

ctrons at t surface.

It is expected that the.use of . an idhar
elfSFi G f elgﬁ%e F@%@ egisShe RS W?ﬁltp%e‘%/ﬂ%g&% gﬁ’ Yeter to
out put of the cathode by approximately 20-25 tings
t eaiptaipan efficientirangfacakeneior dge at-genter pogitighinas could
when that converter is 25 operated w thout the
aypaskibly reseilthaadess-effipient enhancemenhof eathpde auitpwr Bowever,
25

other design consideration may be simplified using such positions, which

could compensate for the slightly lower efficiency.

Further, to this point, the discussion of the positioning of the laser has focused
on positioning the laser at the back side of the target subassembly 304,
opposite the side at which the cathode is positioned. While such positioning
tends to maintain a smaller angle of incidence of the laser beam with respect
to the cathode surface, it would be possible to position the laser 374 forward
of the anode 306 (i.e., longitudinally between the anode and cathode),
provided it is positioned radially outside the path of the electrons traveling

from the cathode to the anode.
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WD 2005/ 052983 PCT/ US2003/ 034501 the enhancer may be
varied as desired to either increase or decrease the

wo eanelo52983 enhancenment to the cat hode out put. |PCHUS003/034501

10, possible alternative positions for the |aser 374
of the auxiliary 5 cathode enhancer 372 are shown at
A, B and C. These designations are intended to show

th he | aser 4 ma e upt ed, of f-cent.er, rel at.i

t o& Ve dealie gL e v ntion TsRars 1S T3S e basioner a
anode 306 would be off- center, or may be nounted

owpluiality efelestiets39feanopnditpe mnermj@me@uefa%%seﬂ% member 302, to
304. Inthis latter case, there would be no need to

praidl il ecavergirnany strayteﬂm:t@sathatjmayrhnunmewfﬂo%anode 306 or

el ectron repul sion ring be necessary. As noted

prcﬂHéﬁM§é lfall idbé sapiered By tlﬁ@ afBH8! Fughatrayl sléttyéis/can create a

angl e of |nC|dence of the |laser beamrelative
%pté?:% ﬁgr é‘WtﬁlrF’ ﬁ? hQrfanPeTﬁ fts '3@%%@55
n an e |C|en ranster o ener gy

off cen 05|t|on|n resu

" csereptadiolgiBubticth Bete AibyRntERh Siedelt AR Sass fadiae buidup.
15 ot her design consideration may be sinplified using :

such positions, which could conpensate for the

slightly lower efficiency. Further, to this point, the

di scussion of the positioning of the |aser has focused

on positioning the | aser at the back side of the

t avBRé tise hRenpol has Heen dHbcribpash tenjuhetion dethapeetficch
the cathode is positioned. V%lle such positioning

t eémﬁo%%émé Hebbr & is 'é@lde‘ﬁ'it %Ité é’ug%‘%o@iﬁ?éﬁ%s and

| aser ean1mnt r éspect ace

woul d..be )
oAy 06 BaTBs %e%eferg% ?ﬁcﬁﬁaeg%k E%f R, Achekihof the
anode and cat rovided. it is i.tioned radj
o STRIEN SEDPHCHERE of HEE ENVEBHPhAS $HidoBhinagingsd ngeded to be
the cathode to the anode.
illustrative, not limiting. Various changes may be made without departing from
the spirit and scope of the invention as defined herein and in the following

claims.
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26 WD 2005/ 052983 PCT/ US2003/ 034501 A further feature

of the invention illustrated in FIG 11 is the
w@e@giosioen of a plurality of electrets 398 arpCmuS10n&034501

i nner periphery of casing nmenber 302, to aid in

SW el ectrons that may bounce off of
a wise fail to be captured by the
anod Such straﬁnel ectr&ns can .create a space charge

wi thipthemaiopiG gIGRicICORNETeT SRPEFG r et s 398 will be

connected to ground, so as to substantially prevent

any a;pamagcmﬁﬂger bui | dup. 10 Wile the invention has

been described in conjunction with specific

enbadcathote withém eaid, casing memberdravind atcatieode emitter operable,
alternatives, nodifications and variations will be

ARAReAbafed, Ed‘@é@esd‘slébédrdefbﬂéléct?éﬁs Accordingly, the
preferred embodi ments of the i nvention, as set forth

Ihle:ne% %ﬁ%é'tr %rdc‘i.’ﬁﬁe'\ﬁmnttﬁe Resin} rhéﬁﬂe?%bmrﬁg@{ an anode operable

I'OUs changes nm

departi.n m 15 t.h a C of the

b 2heeiud electne: statrSRdh ihé, raodRiBeD, 3 ng

cI aims. 27 WD 2005/ 052983 PCT/ US2003/ 034501 WHAT | S
cLAIaemhpde output enhansing davice apa@ble to insrrasear excitation
conprising: 2 a casing nenber; 3 a cathode within
santrgpsft algctrond disposed @y saidceathode eanittet.er oper abl e,

4 when heated, to serve as a source of electrons; 5 a
target structure within the casing nmenber conprising

an anode operable 6 to receive electrons emtted from

the R3hbRfsioRId dib&Fic cBRferter as set forth in Claim 1 wherein said
cathode output enhancing device comprises a cathode enhancing laser

positioned to direct a laser beam to strike an emissive surface of said cathode

emitter.

3. A thermionic electric converter as set forth in Claim 2, wherein said

cathode enhancing laser is positioned in the interior of said casing member.

4. A therimionic electric converter as set forth in Claim 3, wherein said
cathode enhancing laser is controlled by a rastering device operable to cause

the laser beam to sweep across said emissive surface of said cathode.

5. A thermionic electric converter as set forth in Claim 4, wherein said
rastering device is operable to cause the laser beam to sweep across

substantially the entire emissive surface of said cathode.
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7 a cat hode out put enhanci ng device operable to

i ncrease an excitation 8 energy of electrons disposed
wa@reoosasx¥sxat hode enmitter. 1 2. A therom oni c eP@DUS1003/034501

converter as set forth in Caiml wherein said 2

cath t Dyt anci j [ ;
cihandnaaMPBL s BEREIErPeLEr s S8t b, il 2 fbicht Said,
strike an em_ssive surface of said cathode 4 emtter.

T Cathode Raamtmed 2l St FES ) WP RRrdeTeLpaip SATIOde,
Caim2, wherein said 2 cathode enhancing |aser is | ,
p&hhencingdaser is mesitionediaia gacong side 8t Al aRadsPPPosite said
4. Atherimonic electric converter as set forth in
Cifisstrsi@e. wherein said 2 cathode enhancing | aser is
controlled by a rastering device operable to cause 3

the | aser beamto sweep across said em ssive surface
of said cathode. 1 5. Athermonic electric converter

a5, SRinbRhihid dethidldinfertehaS Bbioh i CIdin 85 Wierdi said anode
device T's operable to cause the l'aser beamtfo sweep

across 3 substantially the entire emssive surf

o1 Snereins Dol BB PR RbRGTR T ¢ithode
6. Athermionic electric converter as set forth in
cleshangingraseli e pagsdherelBioy®e i s positioned at a

first side of said anode, and said cathode 3 enhancing

| aser is positioned at a second side of said anode
opposite said 4 first side. 1 7. Athermonic

elgecArthermmionicasibetficanveitef as bbt forthGhaliginG 7, wheteinrsaid
said anode 2 has an opening therein to allow a |aser

DR RAA SnbrioT RRLLANIRARich 9 B 8of g anbée.

roug ermonic electric
converter as set forth in Claim7, wherein said

9. A thermionic electric converter as set forth in Claim 7, wherein said target
structure further comprises an electron repulsion ring positioned in the
opening in said anode, said electron repulsion ring having an opening

therethrough.

10. A thermionic electric converter as set forth in Claim 9, wherein said
electron repulsion ring is joined to said anode by an electrically insulating ring

positioned at an edge of said opening in said anode.
11. A thermionic electric converter as set forth in Claim 10, wherein said

electron repulsion ring is operatively coupled to a source operable to impose a

negative charge on said electron repulsion ring.
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2 opening in said anode is |ocated substantially in a
center of said anode. 1 9. Athermonic electric

w@ewsesoes as set forth in Caim7, wherein saPdI/usa00&034501

2 structure further conprises an el ectron repul sion

rig, AQﬁéﬁmi@)ﬁﬁ;delé&r'b%n%ﬁ@PQé 38t fd?’tlﬁﬁ'(ﬂam?j%hel%% daid target

e ectron repu ston ring aV|ng an openi ng

l?&t[]ﬁi eb%oﬂr%ngé‘s h%é@.yg&é@ﬁ’%bf%é&%q f aﬁ?srpo%ed % an
elg%?bgﬁpﬁm %‘a dr|t (r)]gsalsdpgglotdleoggdagt an edge

of said opening in said anode. 1 11. A therm onic

el ectric converter as set forth in Caim210, wherein
said 2 electron repulsion ring is operatively coupl ed

t 013 Adbemeionicerleditie conveéngoas sat foithrie Gihiny ¢ 2 asareih Sdid
said electron repulsion ring. 29 WO 2005/ 052983

P@Mdﬁgﬁ@éﬁmgﬁ?&téﬁoallﬁ chBggen ﬁﬁg aré|dheéd tdgether watan inner

converter as se orth in daim7 wherein said tar

lﬁéﬁl‘égﬁg hg. gﬁ& Wer&ﬂ'g%ﬁdﬁ lf*s IQQH %ﬁé{;ﬁfﬁgﬂ s, an outer

ch arge SpOSG at an

tri onverter as set .
7 URS et &g 40ebsd P ft 4 E}aageiﬁﬁ'ast%m@% 3okt eaing
statlcally charged ring are joined together via an
i TR&MbeS. | nsul ati ng ring, and wherein said highly
statically charged ring has an outer 4 insulating
ring adapted to nount said target structure inside
said casing 5 nenber. 1 14. A thermonic electric

C o) eX tiearrriisnie @ledtis tbnvettdr 4y setXortiye CRifh $alReredn said
cathode emtter conprises a wire grid having wres

g%aﬁﬂod@eﬁﬁﬂér%?ﬁ%ﬁéﬁé a ﬁnr@'g’rﬁfﬁé\ﬂﬂé wildlgdh§ in at least two

transverse to eac
directions that are transverse to each other.

15. A thermionic electric converter as set forth in Claim 1, wherein said anode

is a substantially planar plate anode.

16. A thermionic electric converter as set forth in Claim 1, further comprising
an electron interference laser operable to hit electrons between the cathode

and anode.
17. A thermionic electric converter as set forth in Claim 2, further comprising

an electron interference laser operable to hit electrons between the cathode

and anode.
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1 15. Athermionic electric converter as set forth in

Claiml, wherein said anode 2 is a substantially
w@bk@aas2ogd at e anode. 1 16. A therm onic el ect rPCT/US2003/034501

converter as set forth in Caim1l, further conprising

2 3p. al Rekrhmid SletiricEcVeftel 88 Yot FOHET ﬁ"rbé% rhol fﬂl‘rfher gomprising at

el ectrons between the cathode 3 and ano

th r

r LTS PRt SidRA posfioRed il sptFchg bidrbpel %ﬁ%@@ozperab'e to
operabl e t% i t, el ectrons tge the cat hod 3 and
ohSeavergs sy ReEr o5 AR WIE BHY eSO TOMbes. A
therm onic electric converter as set forth in Clai m 1
further conprising at 2 |least one electret positioned
wi thin said casing nenber and being operable to 3
sca9eAdhesnionic eketricraomverteesempriginghi n sai d casi ng
menber. 1 19. A thermionic electric converter

conpr h¥aBiig ménefasi ng nenber; 3 a cathode w thin
sai d casi ng nenber having a cat hode em tter operable,

4 V"he? ?r?&oeed\mtllilﬂ Vﬁiﬁﬁs@ﬁ rAemBRl ﬁﬁvﬂﬁ,&{:ﬁgéﬁ% r%?‘rsn t% g8‘perabl<—:',

targe ture e caS| ng ne
ectrons emtted from

an erable to rece| e
F huPEaRat. & Refin S S EERb SeSlfianci g T aser
positioned to direct a |aser beamto strike an 8
eni ssAjargel sirelurewithin ineasingimesmhereomprigiag ananode
control |l er operable to raster said | aser beam across
saoperableski reeeive@lectrérscemiiedsfionh thetdaditmdeconittaar . 1
20. A t her m oni c el eptri c converter as set forth in
A ai ny E8thodeesrtiahci® Fiser positioned to direct a laser beam to strike an

emissive surface of said cathode emitter; and

a controller operable to raster said laser beam across said emissive

surface of said cathode emitter.

20. A thermioﬁic electric converter as set forth in Ciaim 19, wherein said
cathode and said cathode enhancing laser are positioned on opposite sides of
said target structure, and

wherein said anode has an opening therein to allow a laser beam
emanating from said cathode enhancing laser to pass therethrough; and

wherein said target structure further comprises an electron repulsion ring
positioned at said opening in said anode, and a highly statically charged ring
extending around an outer periphery of said anode, operable to aid in

attracting electrons in said casing member toward said anode.
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2 cathode and said cathode enhancing | aser are
positi oned on opposite sides of 3 said target

W@ eosos52982, and 4 wherein said anode has an opROI/0§2003/034501
therein to allow a | aser beam5 emanating fromsaid

© caphoge i Bdis €6n\§éhé?aa%ssétt?ﬁ|‘tﬁ‘imfi%lﬂi‘20ﬁfﬂﬁﬂér comprising

wherein said target structure further conprises a

el ectron 1 . . Do , .
ol S Efod Idtr opoRie o BRI Hani Uy BBR thE dgthode
extending around an outer periphery of said anode, ,
op8PdENadey aid in 9 attracting el ectrons in said

casi ng nenber toward said anode. 31 WD 2005/ 052983

PCT/ US2003/ 034501 1 21. A thermionic electric

converter as set forth in Caim20, further conprising

2 an electron interference | aser operable to hit

el ectrons between the cathode 3 and anode. 32
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